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WORKERS AND DRONES 


BaitisH universities are fond of congratulating them- 
selves about the growth of post-graduate teaching in 
recent years. It is not so long since Ph.D. students 
were comparatively rare. Now as many as a third of 
the students graduating in some branches of science 
stay on to do research. This has been counted a ten- 
dency in the right direction because of the assumption 
that first-hand experience of research gained at a 
university adds to a graduate’s skill uniquely. Even 
though there is no objective evidence to support this 
assertion, most academics would subscribe to it. This 
is why they will now, no doubt, pay especial attention 
to what Sir Harry Melville, secretary of the Science 
Research Council, said about post-graduate students 
at the conference at Bath last week (see this issue, 
page 7). In the nature of things, the Science Re- 
search Council is the chief source of financial support 
for post-graduate students in the sciences at British 
universities. It pays post-graduates and it is the largest 
single source of funds for the support of research 
projects in the physical sciences. Evidently the 
outcome of its reappraisal of policy on post-graduate 
teaching could be exceedingly important. 

The outcome of the reappraisal could also be alarm- 
ing. Post-graduate teaching has been given special 
prominence, in recent months, by the recognition that 
the extra effort being spent on post-graduate teaching 
is not producing an equal flow of bright and skilled 
young men and women into industry. On the contrary, 
it seems that the extra, post-graduate students at British 
universities are usually extra academics by tempera- 
ment. Certainly the proportion of them going into 
industrial research or management is much less than 
the British Government would like it to be, which is no 
doubt why Sir Harry Melville was at such pains to 
hint that the reappraisal consists of seeking ways to 
make more post-graduate students turn their attention 
to industry—or to what he called “productive employ- 
ment”. 

But how is this to be done? And is the gloomy 

iagnosis really accurate ? The first thing to be said 
is that the picture cannot be as bad as it seems to be. 
More should be known in a few weeks about the 
careers on which British post-graduates embark after 
they collect their research degrees, but there is little 
doubt that a great many of them stay on in academic 


life—often in countries other than Britain. But this, 
of course, is only half the story. As Sir Harry Melville 
pointed out, when the universities are expanding 
rapidly it is inevitable that they will use up a substan- 
tial proportion of their best graduates. Given the 
generous student-staff ratio of roughly nine now 
common at British universities, the substantial wastage 
from the lower ranks of university teaching and the 
six or more years which are necessary for transient 
perturbations of the system to work themselves out, 
it is not surprising that the rapid expansion of the 
universities following the Robbins Report has made 
serious demands on the pool of available talent. (Sir 
Harry Melville could easily have gone farther than he 
did by complaining that the rapid growth of British 
universities may even be robbing industry of more 
post-doctoral people than industry is able to 
recruit.) 

A more serious objection to the gloomy interpreta- 
tion of the alleged unproductivity of post-graduate 
teaching is that it is misleading to concentrate exclu- 
sively on the apparent academic proclivity of post- 
graduate students. What really matters, from Sir 
Harry Melville’s point of view, is the contribution of 
highly skilled people to the academic system as a whole. 
If for every post-graduate staying on in academic life a 
more senior colleague leaves for industry, no harm on 
balance will be done. In other words, however alarm- 
ing the evidence may be, the Science Research Council 
should not leap brashly to the conclusion that the 
growth of post-graduate teaching at British universi- 
ties should be substantially curtailed or even limited 
in cost. There is more to be said for asking universities 
to be flexible about student-staff ratios. There is no 
question that in a great many scientific studies, a 
continued and sustained growth of post-graduate 
education is essential if there is to be an adequate 
supply of people capable of innovation, in houia 
just as much as in scholarship. 

The other half of the problem which Sir My 
Melville has set himself is to find some way of making 
industry more attractive to post-graduate students. 
Here, too, it would be wrong to look for a solution 
entirely within the universities, and it seems to be 
common ground that British ipdustry as a whole does 
not provide its Ph.D. recruits with the stimulus they 
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look for. Too often they lack money and they lack 
responsibility. So it is somehow necessary to persuade 
industry to compete more effectively with the attrac- 
tions of the ivory towers. 

Unfortunately for the universities, it does not follow 
that there is nothing further to be done. The growth of 
post-graduate teaching has not been accompanied by 
& continuing appraisal of its objectives. In most 
university departments it remains the convention 
that the natural continuation of a spell of academic 
research is another spell of academic research. Yet 
there is good reason why the Science Research Council 
should be looking for more immediate benefits for 
industry. The universities could do a great deal to help 
simply by making sure that post-graduate students 
know more about industry, and about the quite respect- 
able techniques of modern industrial management which 
can ensure that modern industry is a challenge for 
enterprising people. But it is not merely the young 
post-graduates who stand to benefit from closer contact 
between the universities and industry. University 
departments, and the men and women who work in 
them, could be enormously enlivened if they took on 
more industrial research. It is not merely that industrial 
contracts can provide an extra source of funds and lend 
flexibility to the organization of a university labora- 
tory. It is also educative and even exhilarating to be 
wringing sense out of imperfect information in the 
manner which is inseparable from a good deal of indus- 
trial activity. In other words, there is a self-sustaining 
case for asking that university departments in Britain 
should move closer to industry. It would be an extra 
and uncovenanted benefit if post-graduate students 
(and more senior people) would more frequently think 
of industry as a rewarding career. 


PUBLIC SERVICE 


Tue changes now being made in the organization of 
public science in Britain, and particularly the proposed 
merger of the Ministries of Technology and Aviation, 
come fortunately at a time when the organization of 
the British Civil Service is in any case being examined 
by the Royal Commission under Sir John Fulton, 
until recently Vice-Chancellor of the University of 
Sussex. It would be a great boon if the proper place 
of technical people in British public service could now 
be given the attention which it has deserved for several 
decades. In particular, it would be a splendid thing if 
scientific civil servants could somehow be enabled to 
feel at once more fully a part of the technical profes- 
sions to which they belong intellectually, and more 
effectively a part of the organization which employs 
them. Too often, at present, scientific civil servants 
live in a kind of limbo, neither one thing nor the other. 

There are three separate kinds of reforms of the 
present arrangements which the Fulton Commission 
should be considering. ° First, there is a need that 
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recruitment to the public service, and movement 
between that and industry or academic life, should be 
more flexible. Then it is necessary that within the 
Civil Service, talented people should more easily be 
enabled to do the jobs that suit them best; in particu- 
lar, it is important that meaningful ways should be 
found for enabling scientists with a flair for administra- 
tion to move out of their laboratories when the time 
has come. Finally, it is important to find ways of 
making technical decision-making more efficient and 
more effective, chiefly by ridding the whole process 
of the secrecy and cant which now too frequently 
surround it. Reforms in these directions are urgent 
if the contribution of the technical professions to 
British publio life is to keep the integrity which the 
Civil Service has grown to expect. Sir John Fulton’s 
Commission may well reflect that if these problems are 
especially acute where scientists are concerned, solving 
them will help right across the board and not just 
in the sciences. 

The issue of mobility is a source of ancient discon- 
tents. Throughout the British Civil Service, but 
especially where scientists are concerned, to choose 
a career in the public service is too much a black and 
white decision. Going in early is a way of claiming a 
firm place on the bottom rungs of the promotion ladder, 
but many young people shy away from this, fearing 
with some reason that it will be difficult to get away 
again. Older people, on the other hand, are frequently 
frightened away from the Civil Service by the rigidity 
of the salary structure. It seems particularly difficult 
for the Civil Service to make full use of men they most 
need to be able to recruit—bright and energetic people 
who may, for example, have risen quickly in the 
academic world. The same is true of men from 
industry, to whom the terms of service in the public 
laboratories are absurd disincentives. Movement in 
the other direction, away from the Civil Service, can 
also be impeded by the rigidity of the system and, in 
particular, by the fear of loss of pension rights. Yet 
the ideal is that there should be a steady flow of people 
into and out of the Civil Service. The Fulton Commis- 
sion has no doubt remarked already on the way in which 
the public service in the United States has benefited 
from a new scheme for tempting young men of promise 
away from the universities and industry; this could 
obviously be copied easily. The long-term ideal is 
that people should be able to contribute effectively 
to public service without having to go the whole hog, 
and make a career of it. 

Mobility within the Civil Service is a more conten- 
tious matter. In Britain, the Administrative Class holds 
most of the reins of power, and transfers to it from the 
Scientific Class are enough to be derisory. One result 
is that technical people in public service are frequently 


frustrated by the feeling of not being concerned in 


vital decisions. More seriously, a great many decisions 
involving technical affairs are made without full 
awareness of the technical issues at stake. As well as 
being cut up into compartments within itself, however, 
the Civil Service is also cut off from similar institutions 
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only just outside the machinery of government. 
Scientists working for the nationalized industries, for 
example, are not regarded as they should be as a body of 
men able to swell the ranks of the public servants. 
The result is frequently a thoroughly wasteful duplica- 
tion of skill and expertise. When the greatest skill 
happens to be outside, it is also a fruitful source of 
dispute between the Civil Service and the rest of 
British society. 

These administrative matters, important though 
they may be for the efficiency of the Civil Service as it 
exists at present, could be attended to without great 
upheavals of principle. That, at least, is what the 
optimists will think. The question of how best to 
make wise decisions is more tricky, involving as it does 
the relationship between the Civil Service, the Govern- 
ment and the House of Commons. Whatever the con- 
stitutional niceties, however, there must be something 
seriously wrong with the machinery of decision-making 
if the costs of certain guided missile systems turn out to 
be forty times the first estimates, if adherence to organ- 
izations such as ELDO is determined by political and 
not technical considerations, and if a country with a 
serious problem about balancing its foreign trade 
should find itself saddled with half of the Concord. 

One obvious moral is that decisions on technical 
matters made by the Civil Service should be discussed 
more thoroughly in public. Technical difficulty is no 
reason for making decisions in private. If anything, 
the argument works the other way. Discussion within 
the technical community as a whole is probably much 
safer as a means of reaching accurate decisions than 
the civilized but isolated processes by which decisions 
are at present arrived at on matters as different as the 
development of transport systems, the running of 
hospitals and the equipment of armies. This line of 
argument can successfully be carried a stage further, 
for it is more than probable that the British Civil 
Service keeps too much work to do itself. It would 
frequently make much better sense if the formation of 
policy on important technical matters, and even the 
power to make decisions, were transferred from White- 
hall to more independent organizations. Universities 
in Britain could probably contribute as much as they 
have done in the United States, especially in the 
analysis of policy. Commercial companies could 
often undertake the design as well as the manufacture 
of the goods the Government has to buy. It is entirely 
possible that whole sectors of government—the 
National Health Service, for example—could be 
managed more efficiently by semi-autonomous directors 
free to use the techniques of modern management and 
not by civil servants. All this is reminiscent of the 
Swedish practice of delegating executive responsibility 
outside the public service. Although the Fulton 
Commission is known to have been studying it, its 
precise advantages in Britain will be difficult to define. 
Especially in technical public service, however, the 
devolution of responsibility from the Civil Service 
could be a great benefit to everybody—not merely the 
taxpayers but the civil servants as well. 
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NEWS AND VIEWS 


Technology without Controller 


Mr. J. B. Apams, Controller at the Ministry of Tech- 
nology for almost a year, will not continue in that post 
when his present stint runs out. Instead, he has been 
appointed Member for Research at the U.K. Atomic 
Energy Authority in succession to Dr. F. A. Vick, 
who has become Vice-Chancellor of Queen’s University, 
Belfast. Though this change will bring comfort to 
the Culham Laboratory of the AEA, which will calcu- 
late that it can only benefit from having its director 
sitting even closer to the centre of power, the Ministry 
of Technology must be more than a little downcast at 
the problem of keeping senior men. In the two years 
of its existence, the Mini has lost two ministers 
(Lord Snow and Mr. Frank Cousins), its first Permanent 
Secretary (Sir Maurice Deane) and now its Controller, 
or the official with responsibility for technological policy 
at the Ministry, Mr. Adams. 

Everybody seems te agree that the loss of Adams is 
serious. Without much formal education, he has 
won an international reputation as an exceedingly 
perceptive and yet efficient administrator. His out- 
standing achievement was the building of the 30 GeV 
proton synchrotron at CERN, Geneva. His manage- 
ment of the Culham Laboratory, at a time when work 
on thermonuclear fasion has been far from easy, is 
widely admired. To have combined this with being 
controller at the Ministry of Technology, as Adams has 
done, is such a considerable achievement that his 
colleagues have been able to forgive (as well as covet) 
the much publicized car—which is really an office as 
well—in which he travels between one job and another. 
It seems quite openly acknowledged that Adams would 
have stayed on at the Ministry if he had not been con- 
vinced, several months ago, that there was little 
prospect of a satisfying career there. 

The question of what happens next is of absorbing 
interest, but is unlikely to be settled until more is 
known of how it will be decided to merge the Ministry 
with the bulk of the Ministry of Aviation. It has been 
natural to think of this reorganization as an access of 
power to the Ministry of Technology, and that will 
certainly be one of the immediate consequences. But 
the change is bound to bring more than a thousand 
of the permanent staff of the Ministry of Aviation into 
the headquarters of technology. If the existing 
hierarchy at the Ministry is not swamped, it is almost 
certain to be considerably shuffled about. The prospect 
of yet another series of administrative upheavals can 
hardly have seemed to Adams to be tempting. 


Starting Small 


Tux Centre for Curriculum Renewal Overseas, which 
rejoices in the acronym CREDO (see Nature, 210, 122; 
1966), is now a going concern. In London last week the 
new Minister of Overseas Development, Mr. Arthur 
Bottomley, said how much he hoped the organization 
would accomplish. The director of CREDO is Mr. 
R. W. Morris, a British civil servant who has been 
one of the joint secretaries ofthe Schools Council since 
its formation two years ago, and who was before that 
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an inspector of schools at the Department of Education 
and Science with special responsibility for innovations 
in the school curriculum. He is a mathematician by 
training, and in recent months he has done much to 
convince British mathematicians to pay some attention 
to the teaching of their subject in the schools. 

By all accounts, the demand for the services of 
CREDO is already substantial. The object is to use 
the experience of curriculum development acquired in 
Britain in recent years to assist curriculum develop- 
ment elsewhere. Everybody concerned with CREDO 
seoms sensibly aware that it is not possible, and not 
desirable either, to foist educational experiments which 
suit Britain on countries overseas whose problems 
may be quite different, and that the best experiments 
are those which have roots in the countries that will 
eventually make use of them. The most immediate 
difficulty facing CREDO may be that countries in 
need of educational help may want to go faster, and 
seek promptly to introduce to Africa and elsewhere 
innovations now taking hold in educationally more 
advanced societies. Help of this kind naturally tends 
to be expensive. For the first three years CREDO has 
£150,000 in cash from the Nuffield Foundation, and 
£50,000 in kind from the Ministry of Overseas Develop- 
ment, but after the first meeting of the council one of 
its members was somewhat overawed that a single 
request from Nigeria for physics equipment exceeded 
the allocation in the first year’s budget for purposes 
like these. 


Permanent Part-time 


Tux belief that part-time teachers in British schools 
are more than an unfortunate necessity now seems to 
have been formulated by the Department of Education 
and Science. The Secretary of State, Mr. Anthony 
Crosland, said last week that “part-time teachers are 
not simply an invaluable aid in solving the short-term 
problem of teacher shortage”. He went on to say that 
part-time teachers make it possible to construct more 
flexible time-tables for the schools, and described as 
“old-fashioned” the view that young children (in 
primary schools) need a measure of stability which can 
only be provided by a single teacher. In fact, the 
trend to part-time teaching is now quite rapid. In 
the past decade the number of part-time teachers has 
increased from 5,000 to nearly 40,000 and school 
administrators, like government officials, are hoping 
their number will continue to increase. It is true that 
teachers’ organizations are conspicuously indifferent 
to this enthusiasm, but that is at least predictable. 
Indeed, teachers would probably be right in thinking 
that Mr. Crosland considers the trend to part-time 
teaching to be the thin end of a wedge that may 
eventually bring team teaching to British schools. 
Indeed, Mr. Crosland went so far last week as to say 
that part-time teaching suggests “greater flexibility 
in the employment of staff in school, so that teachers 
may become less confined to set periods and places, 
working much more on a team basis”. In education, 


this is plain speaking. 


Heuristic Television 


TELEVISION has obviously a big part to play in science 
teaching, but how is 1t possible to prevent it being 
just another means of conveying too cut and dried a 
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view of what science is like? This problem is perpetually 
perplexing. ABC television in Britain seems to have , 
the beginnings of an answer. In a series of programmes 
beginning this autumn, and organized in collaboration ; 
with the Advisory Centre for Education—which also ` 
runs the National Extension College, a correspondence 
school—the company is aiming to cover the physics 
included in ordinary level examinations for the General 
Certificate of Education. At the same time it has put 
on sale a boxful of pieces of simple equipment and an 
instruction booklet to help participants in the course 
carry out some of the basic experiments which go to 
make up ordinary level physics. There are bits and 
pieces of springs and elastic, some splendid ceramic ; 
magnets, a wooden former for constructing home-made 
electrical machinery, and enough lenses to make some 
crude telescopes. It remains to be seen whether those , 
who follow the course will be able to perform the ritual ! 
of verifying Boyle’s Law. It is probably more impor- 
tant that the kit of bits and pieces lacks all measuring | 
instruments except a simple wooden ruler and the 
materials for making crude balances with springs and 
beams. 

The first lesson in the series, broadcast on September = 
25, confirmed the impression created by the kit that 
the course is unlikely to be as thorough as most exam- 
iners would expect. That criticism, however, may well 
be unfair and is certainly irrelevant. Probably it is 
more significant that the first programme created no 
necessary connexion between the television screen and 
the experimental equipment. The ideal is that each 
programme should create such an intellectual climate 
that listeners have an incentive to worry away at their 
experimental equipment from one programme to the 
next. Even this, however, does not diminish the great 
interest of this innovation. Its real promise is of a ` 
way of combining mass television with education so as ~ 
really to satisfy educational needs. There will be 
more people watching than those who want to pass in 
physics at ordinary level. 


` 
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Preprints made Outlaws 4 


Tur Commission of Biochemical Editors of the Inter- 
national Union of Biochemistry is proposing to take f~ 
firm and, it hopes, lethal steps against the Information 

Exchange Groups which have been organized, over the 

past four years, from the National Institutes of Health 
in the United States. At a meeting in Vienna a week { 
ago, the editors of six principal journals agreed to 

propose to their editorial boards that in future they 

would not accept articles or other communications | 
previously circulated through the Information Ex- ~ 
change Groups. Moreover, they decided that they | 
would not allow papers accepted for publication to be , 
circulated in the IEG system and that they would not į 
allow reference to IEG memoranda except as “personal | 
communications”. Only the last of these three pro- ‘A 
posals will commend itself to the IEG organizers, for ' 
they too ask that the existence of their network shall _ . 
be confidential. The first two recommendations could >! 
in themselves put IEG out of business. As yet it i N 
too soon to know how quickly the six journals will be ` 

able to make a decision, but there are hopes that the 2 
matter will be resolved before the end of the year, ;” 
by which time journals other than those represented at)”. 
Vienna (including Nature) will be invited to declare \- 
themselves. i 
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Post Office Research 


Tua Post Office Research Station has a new director 
“of research, Mr. W. J. Bray, and a new site at Martles- 
ham Heath in Essex to which it will move in 1969-70. 
The new Station to be built at Martlesham will cost an 
estimated £5 million, and will involve some expansion 
: of laboratory facilities. The present site at Dollis 
- Hill has been occupied for 45 years, and a large labora- 
tory employing more than 1,400 people has been built 
up. 
` The purpose of the research effort is the improvement 
_ of the efficiency, cost-effectiveness, and scope of the 
communication services offered by the Post Office. 
4 Frequently this brief involves the staff in work which 
{the Post Office would prefer industry to undertake, 
} but if a product of sufficient quality is not available, 
design and production techniques are developed at 
- Dollis Hill and passed on to industry when complete. 
Valves for use in submarine cable repeater units were 
developed in this way, and as valves are replaced by 
transistors, the Post Office is developing a technology 
for producing transistors which will perform for 20 
. years within the very small tolerances permitted. 
This involves complete cleanliness throughout manu- 
facture in a “clean room”, and new techniques for 
connecting aluminium wires to the transistors by 
thermocompression bonding. 

Of more direct interest to the public is the work 
devoted to improving efficiency in postal services. 
Coding desks, translators and automatic sorting 
machines will bring automation to the process of sorting 
letters and ensuring they reach the right destination. 
In an early stage is a project for producing address- 
reading machines. On the telephone side, the extension 
of pulse code modulation which enables twelve con- 
versations to be carried along the same pair of wires 
involves considerable work, but the advantages are 
obvious. 

These, and other projects in basic research, will 
clearly bring savings to the Post Office in the long 
term. Not all, however, are happy with the present 
recruitment policy, and a research station which has 
to compete with industry for the best graduates must 
be prepared to pay at industrial rates. It seems 
foolishness to invest £5 million in a new laboratory 
and remain unwilling to invest in staff of quality. 
The move to Martlesham is likely to aggravate this 
problem; perhaps when the Post Office is freed from 
the Civil Service and becomes a public corporation 
in a few years’ time, there may be an opportunity for 
radical rethinking. 
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Sub-Arctic Resources 


Tam question of where the sub-Arctic begins was one 
of those left unanswered at the end of the symposium 
on sub-Arctic ecology sponsored by Unesco and held 
at Turku, Finland, at the end of July. One problem 
is that the definitions based on the presence of perma- 
frost or the absence of trees do not coincide, and in 
any case, as one speaker at the symposium argued, 
there is a strong case for asking that the definition 
should take some account of the response of real 
people to the discomforts of northern life. 

. One consequence of the symposium was to promote 
the ecological role in the sub-Arctie of the permafrost, 
which was dealt with at Turku in a series of papers 
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from which emerged a view of permafrost as a complex 
dynamic system which is at once a product of climate 
and terrain in the past and a means of influencing 
climate and terrain in the future. There was a feeling 
that the importance of permafrost in the ecology of 
vegetation in the sub-Arctic tended to be neglected 
among the more familiar discussions of the importance 
of short growth season, seasonal variation of temper- 
ature and snow cover. 

It is not perhaps surprising that a symposium of 
ecologists in such a northerly latitude should have 
finished, as this one did, with general agreement on 
the need for more research based on permanent stations 
able to collect data the year round. Training was 
reckoned to be important, standardization of nomen- 
clature and methods necessary, and conservation 
essential. On the last point, however, a certain 
dichotomy was apparent at the symposium. Those 
from the sub-Arctic itself were at pains to emphasize 
the need of development (which is why the symposium 
had spent time on matters like the northward extension 
of the range of timber trees). Others, however, were 
strong in their desire to see large areas remain as 
wilderness, for the sake of their wildlife and for 
recreation. 


Last of the Mohole 


Ir there were secret hopes that the Mohole would 
survive, they have now been dashed. The National 
Science Foundation has arranged to bring work to a 
halt, and in the process has no doubt been required to 
buy its way out of its principal contracts with Brown 
and Root, the National Steel and Shipbuilding Com- 
pany, and a number of other companies. As ill luck 
would have it, the project was a curious embarrassment 
right to the end. During the meetings at which the 
U.S. House of Representatives declined to change its 
mind on money for Mohole, it became known that 
Brown and Root had contributed $25,000 to an 
organization dedicated to raising funds for the U.S. 
President’s political campaigns. On the face of 
things, to say the least, this had all the appearance of 
being an attempt to bring the President’s well known 
influence to bear on Congress. In the event, Congress 
seems to have been firmly set on the course it set 
itself in May, and the donation by Brown and Root 
seems to have served merely as a kind of relish for 
the inevitable decision by Congress to say no a second 
time. 


Unilever Laboratory 


Unizever, Lrp., officially opened its new research 
laboratory near London last week. This, the first third 
of an expansion programme, cost £1:25 million. The 
economic freeze has meant that the remainder of the 
development programme has had to be postponed. The 
present staff of 300, including eighty scientists, carries 
out basic and applied research in areas relating to hair, 
skin and teeth. 

According to Dr. E. G. Woodroofe, vice-chairman 
of the company, “It is to basic work of this kind—on 
the structure of the hair and scalp, the causative 
factors of dandruff, the mechanism of tooth decay— 
that we look for the knowledge which will lead to new 
products or product improvement” 
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Appointments 


Dr. Arma Ram, formerly director of the Central Glass 
and Ceramics Research Institute, Calcutta, has been 
appointed director-general of the Council for Scientific 
and Industrial Research in India, in succession to Dr. 
8. Hussain Zaheer. 


Dr. C. C. 8ricur, at present chief statistician (medical) 
to the General Register Office for England and Wales, 
has been appointed director of the Medical Research 
Council’s new Computer Unit, to be set up in London 
early next year. The unit will provide general computing 
services to a number of the council’s research establish- 
ments which have hitherto been largely dependent on 
university facilities, 


Announcements 


Tue creation of the first university department of the 
history of medicine, in Britain, has been announced by 
the Wellcome Trustees. It will be within the Department 
of Anatomy in the Faculty of Medical Science at University 
College, London, and will be under the direction of Dr. E. 
Clarke, at present medical historian to the Wellcome 
Historical Medical Museum and Library. The department 
will function from new accommodation provided by the 
Trust, but, until this is ready, it will be at the Wellcome 
Building in Euston Road, London. The object of the 
department is to foster the study of the history of 
medicine through teaching and research. 

Mr. P. M. Mann is preparing a biography of the late 
Prof. G. T. R. Hill, who held the Kennedy chair of 
mechanical engineering in University College, London, 
from 1934 until 1948, and he would be glad to receive any 
reminiscences or other material concerning him. Such 
information should be sent to Mr. Mann at the Depart- 
ment of Anatomy, Ontario Veterinary College, University 
of Guelph, Guelph, Ontario. 

Tux first issue of Solar Physics, a new journal for solar 
research and the study of solar-terrestrial physics, will be 
published by the D. Reidel Publishing Company, Holland, 
in January 1967. 

Tam seventh Tennant Memorial Lecture, under the title 
“Pyrites—The Fiery Stone”, will be delivered by Dr. A. 
Kent in the Department of Pure and Applied Chemistry, 
University of Strathclyde, on October 19, at 6 p.m. 


Note to Contributors 


Manvusoprets received on or after October 1, 
1966, and eventually accepted for publication, 
will be accompanied by the date of their first 
receipt, together with the dates of revised 
versions, if any. Contributors will see that in 
the physical sciences the time between receipt 
and publication will be substantially that 
required for consultation with referees and for 
preparing manuscripts for the press. Because 
of an accumulation of manuscripts in the 
biological sciences, some of these manuscripts 
will be delayed; it is hoped that the cause of 
this delay will have disappeared before the 
middle of 1967. 

The Editor wishes also to say that unsolicited 
reports of meetings and conferences will not 
usually be accepted for publication. It would 
be appreciated if organizers of conferences 
wishing to see reports appear. would make 
arrangements with the Editor in advance. 

e 
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CORRESPONDENCE 


Decimalization 


8m,—Your description (211, 1112; 1966) of the differences 
in opinion regarding the arrangements to transfer 
Britain’s currency to a decimal basis leads one to ask if 
serious consideration has ever been given to the basic 
requirements that a rational system for currency and 
measurement should satisfy. 

It may be provable that so much saving in book-keeping 
and routine calculation will result from the change, but it 
is the common usage to which a system must be put that 
should be the main consideration, and it is certain that no 
cost-benefit analysis of this aspect has been made, either 
for money or ultimate metrication. 

Our present currency and system measurements have 
evolved to provide units and quantities that are eminently 
suited to ordinary requirements. They also have easy 
relationships with one another by being divisible into 
simple proportions that can be expressed. without invoking 
unwieldy numbers. A radix of eight 1s naturally most 
suitable for volumetric purposes, but there is not a single 
subject with arithmetic associations for which the greater 
divisibility of 12 would not be an asset. The use of the 
dozen was common throughout Europe before the imposi- 
tion of the metric system, and even to-day packaging is 
by dozens and their fractions despite the incompatibility 
of these numbers with a decimal currency. 

It would surely be a retrograde step to reject our 
(mainly) twelve-based system in favour of one that is less 
versatile, and whose fundamental unit has no practical or 
scientific justification. The present hybrid twelve-twenty 
relation could be easily eliminated by the introduction of 
a twelve-shilling unit which would make all our common 
measurements of currency, size and time numerically 
interchangeable with one another without the costly 
upheaval now contemplated. 

In recognition of these facts there are associations in 
several countries to advocate the adoption of a twelve- 
based arithmetic. The difficulty that there are no accepted 
symbols for ten and eleven to allow a point position 
notation is covered by the use of readily available type 
for the publication of proceedings. The Duodecimal 
Society of America has adopted a Greek chi, similar to the 
Roman X for ten, and an inverted 3 for eleven, whilst 
the Ducdecimal Association of Great Britain uses an 
inverted 2 for ten. The fact that dozenal notation is being 
used is indicated by prefixing the number with an asterisk. 

We visionaries recognize that the world’s arithmetic is 
firmly commutted to a radix of ten at the moment, but now 
that purely arithmetical processes are relegated to 
machines there is no need to perpetuate the primitive 
practice of counting on one’s fingers. The basic principles 
of numeration are now being taught in schools, and the 
use of symbols 1 0 to represent any number is no longer 
cause for surprise. Thus, there cannot be any objection 
to a dozenal arithmetic for currency and measurement in 
parallel with binary, octal, and decimal, and the last can, 
in good time, be ultimately supplanted by the more 
efficient form for general purposes. 

In any case, the scale of twelve will be obstinately 
retained, as in the France of 1799, by the applied arith- 
meticians of the workshop and market-place, simply 
because of its suitability for these applications. The use 
of twelve digits to facilitate existing practice will require 
leas explanation than the re- (probably de-) valuation of 
the penny. 

Yours faithfully, 


A. F. Warrock 
Walnut Bank, 
Underhill, 
Moulsford, 
Berks. 
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CAN RESEARCH BE MADE PRODUCTIVE? 


What follows Is the substance of an address by Sir Har 
Science Research Council, dellvered under the title 


Melville, Secretary of the 
“The Organization of Science 


in Britain’’ to a conference on science policy held at the proposed University of 


Bath a week ago. 


In the increasingly technological age in which we live, 
the competitive position of the United Kmgdom is of 
concern to everyone. With a limited and fairly highly 
skilled population and limited access to raw materials, our 
striving has got to be towards higher quality in our 
science and technology so that industry can maintain and, 
if possible, mcrease its lead substantially over its overseas 
competitors. Our position might then be assured and the 
constant balance of payments crises to which we are 
increasingly subject eliminated completely. In the short 
term this must be done by increasing productivity with 
existing manpower and equipment. There is, however, a 
longer term policy which is my present concern. This is 
the training of manpower in science and technology up to 
the highest possible levels and the prosecution of research 
at a level ın the universities that enables this manpower 
to lead in the chosen fields of study. A lead ın fundamental 
acience with a constant absorption of such trained people 
into industry will ensure a continued revolution in tech- 
nology which, given the conditions, will maintain the 
country’s technological lead. There is continued talk of 
this country opting out of advanced technology of all 
kinds. The excuses for this move are manifold—small 
production units, small markets, lack of people of 
appropriate training, ete. The danger is that if we opt 
out of too many technological activities we shall take 
irrevocable steps to become a very third-rate nation indeed. 
In many cases there is no need for such a course provided 
we face up to the problems involved. 

The financial resources needed to mount a substantial 
amount of university research are go large that it is 
inevitable it should necessarily come from central govern- 
ment. This is a pattern common to all advanced countries 
no matter what their political colour. The Science 
Research Council, though a large operator in this field, is 
not the only body concerned. 

At the base of the whole scheme are the operations of 
the University Grants Committee, which is responsible 
for providing the greater part of the income of the 
universities—on the average, about 70 per cent. Apart 
from expenditure on buildings, this money is designed to 
cover the general operating expenses of a university, and 
the university is free to decide how it shall be spent and 
in particular how it should be apportioned between 
disciplines. It is, however, recognized that the grant is 
insufficient to support all the research that can be done 
by the academic staff. It 1s expected that the staff will 
also have to seek funds elsewhere. These come, of course, 
from charitable trusts, private and public industry and 
the Research Councils. Some might argue that the U.G.C. 
could supply all the funds that are needed. In that case 
the university might set up its own internal research fund 
and distribute it on internal advice from the steff. The 
alternative and more enlightened view is that it is not the 
best way to support research. It would meen that there 
was then only one source of government funds. 

The budgets for the Research Councils for 1966/67 are 
approximately £70 million, with the Science Research 
Council spending more than the others put together. In 
addition, the defence dopartments, the Ministry of Tech- 
nology, and the Atomic Energy Authority award extra- 


mural contracts to universities in order that work directed 
to a defined line of enquiry of interest to the sponsoring 
department should be carried out. The sum of money 
involved for this exercise is somewhat over a million 
pounds a year. It is not easy to estimate how much 
of the recurrent grant from the U.G.C. 18 spent on scientific 
research and an enquiry is now in progress to try to 
determine this figure. Very roughly speaking it is believed 
that about £40 million might be spent in this fashion. It 
therefore falis to the lot of the 8.R.C. to perform the job 
of supporting university research on a fairly large scale. 

Our first and basic job is to support a sufficiency of 
postgraduate students and postdoctorate fellows because 
the academic staff naturally cannot devote their whole 
time to research and in any case their university duties in- 
evitably mean that they cannot give the continuous atten- 
tion to the prosecution of research which is so essential in 
some fields. The question of policy is to determine how 
much money and how many people should be supported 
for this purpose. In an honours class, for example, there 
is only a limited number of students capable of doing 
research and undergomg further training and, of course, 
not all these studente want to do research. Of those that 
are capable and willing, the question is what fraction 
shquld he supported by the 8.R.C.? Going on the good 
principle that not all university income should come 
from the state, it follows that this fraction should be less 
than unity. Assuming therefore that the support of 
research students comes from a multiplicity of external 
sources, from the universities’ own funds, from industry 
and other bodies, the principle we have adopted hitherto 
is for the S.R.C. to provide all applicants with awards 
provided only the qualifications of the student exceed a 
defined lhmit—a limit set by the universities themselves. 
This means that the university really decides who can do 
research and we in 8.R.C. have naturally to accept that 
judgment. It is ımportant therefore that this standard 
should be maintained particularly during the present rapid 
expansion period. So far, S.R.C. has been able virtually 
to meet these requests. The result is that we support half 
of all British science postgraduate students—at the 
moment about 6,000. There are, however, many variants 
of the scheme for ensuring that students are properly 
tramed during their postgraduate careers. A few years 
ago, for example, we introduced a scheme of advanced 
course studentships to enable postgraduate students to 
take courses of instruction ether as a continuation of 
their undergraduate courses of study or as a means of 
studying a related subject so that they would be better 
qualified and trained for their ultimate professional life. 
Experience has shown. that these studentships are becom- 
ing increasingly popular. 

The provision of postdoctoral fellowships is likewise 
well established on a very much smaller scale than that of 
research studentships. Here there is some controversy as 
to what should be the proper level. On one hand the 
universities are interested in having a small number of 
experienced people who can carry out research with only 
very light teaching duties, end this is particularly im- 
portant in some fields of study where the apparatus, the 
techniques and the knowledgo are highly specialized and 
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skilled; without such postdoctorate fellows some kinds 
of research would be very difficult to carry out. On the 
other hand, too much of an increase in the numbers of 
such fellowships would make it difficult for potential 
employers in industry, universities and government to 
recruit suitably trained staff. The balance between these 
opposing tendencies is difficult to strike, but in the case of 
S.R.C. there are in fact only 250 such fellowships in 
existence. Such schemes can be used in a variety of ways, 
for example, each year the government agencies mount 
an intenaive recruiting drive to bring back those scientists 
who take up the numerous postdoctorate fellowships 
available m the United States. Such fellowships can, of 
course, be held by those who come back to this country, 
but in order to lessen the severity of the brain drain (and 
this is still a serious matter) arrangements are now made to 
offer a departing student a fellowship on his return 
together with a promise that the cost of travel back to 
this country will also be made. Moves of this kind have 
been successful. A scheme of industrial fellowships has 
also been evolved to permit men to return to research 
and, what is more, to return at salaries equal to those 
obtaining in industry. 

The distribution of these awards among the various 
subjects 1s determined by a great variety of factors, such 
as the demand from universities, the size of research 
schools, the size of honours classes. These really are 
factors which the universities themselves determine. 
Surveys of manpower requirements and the needs for 
partioular kinds of scientists, however, pose the question 
as to whether the 8.R.C. should take note of these require- 
ments and so arrange the distribution of awards. This has 
been done to a limited extent in applied science. 

The whole system of postgraduate awards is under 
critical review at present. Increasing disquiet has been 
voiced that not a large enough fraction of the best post- 
graduate students are finding their way into productive 
employment outside the universities. Since one of the 
objects of postgraduate training is to provide the leaders 
in technology, it is really important to meet industrial 
demand. The recent rapid expansion of the universities 
has, of course, drained off a large fraction of the most able 
people nearly permanently into the university system. 
In that sense the universities are m a way to blame. On 
the other hand, some industries do not understand how 
to employ the highly trained graduate effectively and 
consequently bitterly complain about the training he gets. 
There is here a great gap to be filled in getting the post- 
graduate to industry’s needs and particularly the needs 
of the future. Both sides have tended to go ıt alone and 
to their mutual disadvantage. A change of orientation 
need not take long, for the students are going through in 
increasing numbers. A real understanding between 
universities and mdustry could markedly improve the 
position. In chemistry, for example, the long tradition 
of the science-based chemical industry has ensured a close 
link with the universities that has led to a large flow of 
able people into this industry. Even so, this does not mean 
that the postgraduate training now given is the best that 
could be devised to meet the prosecution of university 
research and also the needs of the chemical industry. 

On research grants, it is the duty of the Research 
Councils to supplement the University Grants Committee’s 
basic provision for research. The expenditure on these 
grants has risen very rapidly in response to continued 
demand, and has increased from £0-48 milhon in 1957/58 
to £5-8 million in 1965/66. The rate of increase of these 
grants so awarded is much greater than the rate of increase 
of research students and staff and is the fastest growing 
part of the activity of the S.R.C. 

If this rate were to continue to increase, there would be 
serious problems as to where the limit should be located. 
One of the important problems at present is to justify an 
increased rate which is veiy significantly greater than the 
increase in the gross national product of the country. In 
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other words, we have to ask for an increased share of 
government spending in this field. Government pohey, 
however, ıs to increase the numbers in the universities by 
quite considerable amounts, and ıb 1s expected that the 
increase in science graduates will amount to 7 per cent a 
year for a number of years to come. In addition, the 
complexity of modern apparatus increases significantly 
and at present it is thought that this percentage increase 
amounts to about 5 per cent so that in addition the rate 
of increase of funds would need to be about 12 per cent. 

_ Increase in complexity of apparatus means more effec- 
tive ways of doing science and thus an increase in 
productivity. If, therefore, rates of expansion were cur- 
tailed, wise investment in instrumental aids would enable 
the universities to maintam a healthy output of original 
research. 

Although normally these funds are distributed widely 
among the universities there are other problems. It is 
clearly impossible to give large-scale support to all 
subjects in all universities—the men and also the money 
are simply not there. A selective approach to the support 
of research is becoming a necessity. This happens naturally 
for a variety of reasons. It does not mean a weakening of 
the position in any one university, but that support is 
given on a kind of national basis in that the position of the 
subject is considered within the country as a whole and 
that one or a few departments are selected or self-selected 
to develop strongly in the proposed direction. It means, 
too, that if postgraduate students wish to study a par- 
ticular branch of a subject they will have to migrate to a 
suitable centre. 

This mechanism of selective approach ıs of importance 
in another connexion. It can lead to the creation of special 
institutes for research within the university system. The 
staff automatically take part in the teaching programmes 
and of course teach advanced courses on their particular 
subjects. Although the traditional pattern of university 
departments tends to prevail even in new universities, 
there are interdepartmental fields where research should 
be fostered. New subjects arise which cannot con- 
veniently be brought within the existing system. This is 
where earmarked research grants can initiate and maintain 
new developments for a number of years. 

The provision of support for university research within 
the university is only part of the whole picture. In some 
subjects, especially physics, the installations are so big 
that no university could and would be willing to manage 
them. These installations are absolutely necessary if some 
kinds of science are going to advance. Quite serious 
problems thus arise which ultimately mean drastic modi- 
fication of attitudes to academic research. 

In order to illustrate I should like to consider (a) 
nuclear physics, (b) space research, and (c) astronomy. 
The particle accelerators are the essential tools for nuclear 
physics. The technology of accelerating particles has 
rapidly advanced permitting more and more powerful 
machines to be constructed. Cockcroft and Walton 
managed with 0-6 MeV. Now there are machines operating 
at 30,000 MeV, one being constructed at 70,000 MeV and 
projected machines which are technically feasible at 
300,000 MeV and a device now being built to go to the 
equivalent of 1,700,000 MeV. For the bigger machines the 
cost is £150 million with operating costs at £25 million per 
annum. These energies do not yet approach the energy 
of the highest energy cosmic rays from outer space. There 
is therefore contmued pressure to go to higher energies 
so that the nature of fundamental matter can be explored. 
Though smaller accelerators can be used in individual 
departments of physics and provide useful knowledge 
as well as providing advanced training facilities, there 
is no question that the work has to be done in national 
or international laboratories. The arrangement in Britain 
consists of two national laboratories—one near Harwell 
(Chilton) having a modest ‘7-GeV proton accelerator and 
another just being completed in Cheshire having an 
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electron accelerator at 4 GeV. Together these laboratories 
cost £10 million per annum to maintain. They provide 
equipment for high energy nuclear physics and the hope is 
that in their active life worthwhile results will be achieved. 
But they are the machines to which nuclear physicists 
must go if they want to experiment at these energies. 
This involves spending long periods planning and experi- 
ments in collaboration with the laboratory staff, then 
supervising the experiments and finally analysing the 
results. Consequently, departments have to be big enough 
to make it possible for these men to be absent though, of 
course, lecturing and other work has to be done by others. 
Thus the organization of a department has to be moulded 
m a very different way from the normal. So, selective 
support will increase in this field and, even though nuclear 
physics forms a substantial part of modern physics, 
research on 1t cannot be conducted in every depart- 
ment. 

There are, however, more serious problems in dealing 
with these most expensive installations. More than 10 
years ago Europe combined to create an international 
facility in Geneva, where an accelerator of 30 GeV which 
has been operating for 5 years exists. The problems of 
international collaboration in construction and in operat- 
ing have also been solved, but there is only one such 
machine for the whole of Europe. Collaboration with 
British universities is even more difficult, for people have 
really to be seconded to the central facilities for years at a 
time as well as spending short periods to carry out their 
experimental work. The cost of such researches is high 
and not normally part of a university budget. This is 
where the Research Council Schemes have to come ın to 
help. The next stage is really the intercontinental machine 
and may be up to 1,000 GeV. The political, financial and 
operational problems have become immense. The big 
groups in Europe, the United States and the U.8.8.R. are 
beginning to realize that, when such a situation is seriously 
to be considered, this problem has somehow to be over- 
come, for the work cannot otherwise be done. 

The second item in big science is space research in the 
field of pure science, not communication or other kinds of 
satellite. The policy is again one of collaboration. A 
certain amount of work has been and is being successfully 
done by sending up sounding rockets (at £7,000 a time) 
to a height of about 200 miles to enable experiments to 
be done for only a few seconds. But this is not really 
satisfactory and a satellite is the only way in which a 
reasonable period of observation can be obtained. The 
construction of a satellite, including the experiments to be 
mounted m it, is well within Britain’s financial and tech- 
nological capacity and it is being done now (£1 million is 
sufficient for one), but the launching of it is quite another 
matter and can cost as much again. 

Britain is therefore in science in space in a modest but 
effective way. The United States recognizes the quality of 
the work and is willing to fly our experiments alongside 
their own. Though the science and technology of launching 
is denied to us, at any rate we do not exist in a state of 
inexperience and ignorance of what is possible in space 
science. Whether this will be of value, say, in satellite 
communications is not known. 

In astronomy, both optical and radio, the position is 
once again quite different except that the instruments 
needed for the next generation of telescopes can cost many 
millions, and this compares with accelerators, though their 
cost of operation is much more modest. Fortunately, 
radio telescopes can operate under any weather con- 
ditions (except high winds) and can be located in this 
country. They must, however, be located in regions which 
are electrically quiet and thus away from most uni- 
versities. Optical observatories even more have to be 
located in suitable regions, and now, particularly in the 
southern hemisphere, astronomers have long been 
accustomed to working under such conditions and the 
position is already solved. 
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The final and most important question is: Why do it 
at all, particularly when there is every prospect that cost 
will mount very rapidly in the course of the next few 
years? The first part of the answer is that postgraduate 
students can be effectively trained to higher levels by 
domg research under supervision of experienced people. 
This wider experience at the very least can add to our 
national potential. Both in science-based industries, 
which are the biggest employers of scientific manpower, 
and in the more traditional industries it is the more highly 
trained men who should be the innovators. The second 
and not less important reason is that university staffs 
must have the opportunity to keep themselves at the 
forefront of scientific knowledge by their active participa- 
tion in research. If this is not done in the universities 
there is no question that the whole level of scientific work 
in industry, and in government, too, would fall to such a 
low level that Britain would become a very inferior 
country mudeed. 

If we accept this position, however, the next problem 1s 
whether there should be a conscious effort to guide the 
pattern of this very considerable operation. Traditionally 
the universities alone know what they want to do and 
expect financial support to do it. On the other hand, 
students are going to enter those fields for which their 
training fits them—mainly in industry, in govern- 
ment central and local and in teaching in universities, 
colleges and schools. Thus the effort in various subjects is 
controlled ultimately by the jobs available. If attempts 
were made to alter the pattern by central guidance from 
government, then there is the prospect of graduate/job 
relationships breaking down seriously. However, it may be 
desirable to attempt to alter the fraction of students gomg 
on to postgraduate study. In particular it may be desir- 
able to produce some highly trained people because our 
industry cannot maintain its competitive position without 
a reasonable influx of such highly trained graduates. 
This is true in engineering and allied applied sciences. 
The S.R.C. policy is to encourage more applied scientists 
to take higher training whether it be instruction or 
research. Many parts of British industry ought to employ 
more highly qualified people to raise their standards. 

This then raises a more vexed question. Should the 
researches be geared to practical needs? (By this I do 
not mean the solution of short-term problems of industry.) 
Or should it be left completely free for the university staff 
to choose ? This is a problem of the utmost delicacy. If, 
however, support is reasonably made available the burden 
of doing routine jobs is covered by the provision of highly 
priced automatic equipment, suitable supporting technical 
staff and adequate workshop facilities, there is now a 
tendency to make research so easy that results almost 
without limit may be produced—results which do not 
really advance knowledge. It is of the utmost importance 
to provide ample support, but only to people of the highest 
quality and originality. 

In applied science there is not the same dilemma. There, 
research should be geared to industrial problems, with 
longer-term policy in mind. Too much research in these 
fields has little relevance to industrial practice, and 
with this the students and ultimately British industry 
(which provides indirectly the wherewithal to support 
universities) suffer. Much has been said about fostermg 
closer relationships between industry and the universities, 
but both sides are extremely slow and over-cautious. 
In this country we simply cannot afford to do research on 
a large scale in the universities without having regard to 
its impact on the country’s economy. In fact, I would go 
further and say that some universities enjoy such a level 
of support that it behoves the staff to prick their con- 
sciences occasionally to make quite sure that they are 
doing everything ın ther power to promote by their 
scientific activities the economic well-being ofthe country 
so that they can look forward @o the contimued health of 
the universities as a whole. 
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PARTY GAME MODEL OF BIOLOGICAL REPLICATION*® 


By Dr DONALD MICHIE 
Experimental Programming Unit, University of Edinburgh 
AND 


Pror. CHRISTOPHER LONGUET-HIGGINS, F.R.S. 
University Chemical Laboratory, Cambridge 


COMPARISONS are so commonly made between the informa- 
tion processing systems of the living cell and the operations 
of digital computers that it seems worth trying to work 
out at least one comparison in detail. We have taken for 
the simple exercise reported here the vegetative propaga- 
tion of a single-celled organism—for definiteness let us say 
the H. cols bacterium. Our task, then, is to specify the 
minimal informational transactions required, in the 
manner in which a computer systems analyst might 
approach it. By this we do not mean something elaborate: 
on the contrary, simplicity and clarity are all. The following 
party game provides a sufficient, and certainly an enter- 
taining, vehicle for a minimal specification. 


Phase i. Prepare a form set out as in Fig. 1. 
Hand it to one of your guests. It may be wise to 


“plate out” one or two further duplicates of the 
form, in case the first falls on barren ground. Having 
ensured that supplies of paper and ink are available, 
allow a suitable interval to elapse. Then search your 
guests and confiscate for analysis all documents in 
their possession. What will you find ? 


For the present we will leave this for the reader to work 
out for himself, since experience shows that the discipline 
of solving this problem is essential to prepare the mind 
for the next stage of the demonstration. 


Phase 2. Now restore to your guests all confiscated 
documents, having made suitable inventories of your 
findings. ‘After an interval, release among them 
one or more copies of a smaller form, set out as in , 
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(1) Remplir la plume, s’il faut. 
(2) Sii 


tete une 
comme suit: 


“l. 
BELOW.” 


“A 


|. TRANSLATE INTO ENGLISH AND OBEY THE DIRECTIONS IN THE BOX BELOW. 


en a, prendre un grand morceau de sapiens dessiner aupres de la 
ite a vingt-trois lignes vides, et au-dessus de cette boite imprimer 


TRANSLATE INTO ENGLISH AND OBEY THE DIRECTIONS IN THE BOX 


Au-dessous de la boite imprimer comme sult: 
IF YOU NOW POSSESS A NEW PRINTED FORM, COPY THE CONTENTS 
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ll. IF YOU NOW POSSESS A NEW PRINTED FORM, COPY THE CONTENTS OF THE 
ABOVE BOX INTO THE EMPTY BOX ON THE NEW FORM. OTHERWISE, IF THERE 
IS AN EMPTY BOX AT THE FOOT OF THIS FORM’ COPY INTO IT AS MANY LINES 
OF THE MESSAGE AS THERE IS ROOM FOR, AND THEN RETURN TO INSTRUCTION 


OF THE ABOVE BOX INTO THE EMPTY BOX ON THE NEW FORM. OTHER- 
WISE, IF THERE IS AN EMPTY BOX AT THE FOOT OF THIS FORM COPY INTO 
IT AS MANY LINES OF THE MESSAGE AS THERE IS ROOM FOR, AND THEN 
RETURN TO INSTRUCTION |; OTHERWISE STOP. 


“SI. HAND BOTH OLD AND NEW FORMS TO OTHER PEOPLE.” 


l; OTHERWISE STOP. 


HAND BOTH OLD AND NEW FORMS TO OTHER PEOPLE. 
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Fig. 2. Again allow tıme to elapse, and make a 
second harvest. What does the second harvest bring ? 


During phase 1 it is clear that the large forms (Æ. coli) 
will multiply logarithmically among the guests (nutrient 
niches), assuming on their part literacy and basic willing- 
ness to co-operate (adequate physical and chemical con- 
stituents). The limit to multiplication is set when either 
the guests are saturated with forms or the supplies of 
paper or ink (specific nutrients) are exhausted. Let us 
assume that before this stationary phase is reached we 
mitiate phase 2, which represents infection of the E. cols 
colony with one or more bacteriophage virus particles. 
What happens next ? 

Tt can easily be verified that the small forms will begin 
to multiply within the bodies of the large forms, finally 
bursting the bounds of the latter and causing their 
destruction. This completes the “paper model” of the 
multiplication of E. colt bacteria and their parasitization 
by bacteriophage particles which are replicated by courtesy 
of the host’s own metabolic machinery. Why does the 
model work, and what are the precise equivalents between 
macromolecular structures and the elementary components 
of the party game ? 

First, we will give the equivalences not so far stated. 
The box in the large form represents the genetic apparatus 
of the Æ. cols cell. The French text contaimed in it cor- 
> responds to the genetic message inscribed in the DNA of 
the bacterial chromosome. This text has to be translated, 
if only transiently, into an English message before it can 
be executed: the equivalent process is the transcription 
of the DNA code-script into the corresponding repre- 
sentation in messenger RNA. The printed English text 
of the large form represents the somatic apparatus of the 
cell, concerned with implementing the genetic specifica- 
tions of the cell (instruction I), replicating the chromo- 
somal DNA (instruction IT) and supervising the mechanics 
of cell division (instruction III). For these operations 
actually to be carried out, active co-operation from the 
party guests 1s of course required, and this may be felt to 
be a serious flaw in an analogy which casts the human 
participants in the passive role of nutrient niches for our 
paper organisms. It 1s certainly asking too much of our 
model to expect a close fit in every detail. Formal cor- 
respondence can, however, be preserved if we imagine our 
Guests as mindless beings with no volition beyond a 
compulsion to execute any instruction which they chance 
to read. Under these conditions the guests act merely as 
a substrate, and the cell’s ‘‘genetic box” contains complete 
and effective specifications, given the right somatic 
environment, for manufacturing an entire new cell. 





ITSELF. 


sult: 


LARGE FORM ITSELF.”’; 
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Phase 2, as previously remarked, is intended to model 
the infection and metabolice subversion of the host bac- 
terium by particles of virulent phage. To understand the 
biological interpretation of our formal scheme it is 
sufficient to note that, once again, genetic information is 
expressed ın French; the printed English text which 
surrounds the “genetic box” is again somatic: it cor- 
responds to the protem shell discarded by the virus on 
penetration of its bacterial host and re-synthosized at a 
later stage by bacterial ribosomes under orders from viral 
DNA. f 

Now note one or two consequences of our logical model, 
which preeent some rather instructive features. First, 
suppose that the sequence of viral DNA which says ‘“(b) 
Ne pas bre la texte qui sut dans cette boite” were by 
accident damaged or corrupted. The consequence would 
be that the infecting phage particle, after integration into 
the “genetic box” of the host, would not enjoy unrestramed 
replication, but would instead be rephcated m an orderly 
way at each cell division as part of the bacterial chromo- 
some. An attractive feature of this deduction is that it 
corresponds exactly with the behaviour of temperate 
phage. Although this detailed correspondence may be 
fortuitous and hence misleading, it seems justifiable to 
point it out. In the same spirit, we cannot refrain from 
imagining the consequences of a failure to supply enough 
ink “pour remplir la plume”. This could correspond to 
inhibition of protein synthetic activity, identifying “ink 
with nitrogenous substrate: the consequence will be arrest 
of DNA replication. : 

In sum, we can say that the logical relations of the 
biological system concerned have been modelled to a 
fair approxumation. If there were no more to it than that, 
then we would merely have learnt a new educational 
game. We believe, however, that our game may actually 
possess explanatory power. To say why we think so 
demands that we set up another set of equivalences, this 
time with computer systems rather than with living cells. 

The French text now corresponds to a user’s computer 
program written in some programming language such 
as FORTRAN. The transient English language translation 
represents the machine language version which has to be 
produced by the computer before the program’s specifica- 
tions can be carried out. The prmted English text which 
surrounds the “program space” in the computer store 
corresponds to the supervisor (‘‘monitor’, ‘operating 
system”). The supervisor in a large computer, such as 
Atlas, is an elaborate master program which controls and 
allocates put and output devices, accepts, stacks and 
assigns priorities to the incoming stream of user’s pro- 
grams, and sees to the execution of these programs, first 





IF A LARGE PRINTED FORM WITH A BOX ON IT COMES INTO YOUR 
POSSESSION, CUT OUT THE CONTENTS OF THE BOX BELOW AND PASTE INTO 
THE TOP OF THE BOX ON THE LARGE FORM; THEN READ THE LARGE FORM 


(a) S'il y a assez d’espace au pled de cette page, Imprimer la un petit avis, qui 
inclut une bolte a dix lignes vides; au dessus de cette bolte imprimer comme 


l 
l ) 
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l “IF A LARGE PRINTED FORM WITH A BOX ON IT COMES INTO YOUR 1 
I POSSESSION, CUT OUT THE CONTENTS OF THE BOX BELOW AND PASTE | 
I INTO THE TOP OF THE BOX ON THE LARGE FORM; THEN READ THE i 
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I l 
I I 

1 


s'i n'y a pas assez d’espace, separer tous les petits avis au pied de la page, distribuer 
eux a vos amis, et detruire la residue mutilee. 


(b) Ne pas lire la texte qui suit dans cette bolte. 








Fig. 2. Second form, to be released when the colony initiated by the first form has become well established (see text). 
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translating each with the aid of the appropriate compiler. 
Thus, in our example, the supervisor arranges for the 
translation of the user’s program from FORTRAN to 
machine language and initiates its execution (instruction 
I), makes a copy of the original program (instruction I— 
as when the IBM 7090 FORTRAN system gives the user 
a “listing” of his program), and (in a hypothetical world 
in which computer software is free to spread vegetatively 
through a receptive network of inter-compatible com- 
puters) dumps the entire computational output into a 
virgin computer of the same make (mstruction III). 

We shall not spend much thought on the computational 
analogy of infection in the world of computers. This kind 
of trick can be played by any computer programmer who 
possesses sufficient knowledge of the superviser and 
sufficient disregard of the sanitary rules which discourage 
users from deliberately ‘‘over-writing the system”. To 
the extent that these rules are incorporated into the 
system software itself, the rogue programmer’s mtent 
to subvert must be backed by additional knowledge 
and ingenuity if he is to succeed. The point we wish 
to emphasize here—indeed the point towards which 
our entire argument is oriented—is that this segrega- 
tion of user’s software and system’s software has evolved 
among computer users for sanitary and economic reasons, 
and that, as Weismann first noted, a similar segrega- 
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tion of germ plasm (DNA specifications) and soma 
(cellular machinery of implementation) has evolved 
naturally. If we merely want a program capable of 
causing its own replication, in addition to its other action, 
why do we not use simple self-reference, as follows: 


l1. Do this and that. 


2. Copy the whole of this message on to a fresh sheet of 
paper and pass both copies on to other people. 


We propose that the operational objections to this are 
similar in the biological and the computational cases. 
The reason why computer scientists do not in general 
encourage the user to write a program which will (a) act 
on itself or (6) modify the superviser during execution, 
arises from considerations of public order: if such trans- 
gression of boundaries were allowed difficulties would be 
created for the same or other users of the same program, 
or of other programs using the same superviser. The 
penalty of having a relatively invariant somatic apparatus 
18 the hazard of subversion by agencies able to exploit this 
invariant structure. That the penalty has been found 
worth paying in both contexts 1s possibly not coincidental. 
The analogy seems sufficiently striking to bear further 
investigation. 

*Substance of a talk delivered at an international symposium on “Bio- 
logical Theory” held at Bellagio, Italy, August 1966. 


A DECADE IN ANTARCTICA 
By Dr. MARTIN HOLDGATE 


The Nature Conservancy 


AnTAROTIO research has sometimes been compared with 
space research—or more particularly, lunar research— 
because the region under study is in both cases so 
inhospitable that the scientist has to make elaborate 
provision for his own biological needs before he is able 
to turn to his professional tasks. Even if the comparison 
is far fetched the result is to make Antarctic and space 
research alike expensive per unit of knowledge gained. 
To maintain fifty scientists—most of them junior post- 
graduates—in the Antarctic currently costs Britain a 
little under one million pounds per annum, which is several 
times the average for university workers at home. And 
Britan is unusually efficient in maintaining & high output 
of Antarctic science per unit of expenditure: many 
national programmes have far less to show for their money. 

In the past decade, nations, men and money have 
become involved in Antarctic research on an unprece- 
dented scale. Before 1944, the continent and surrounding 
oceans were explored only by periodic expeditions, 
desgned as carefully organized raiding parties, which 
descended at a chosen landfall to spend a few months or 
years gathering as much as they could before retiring to 
the temperate zones to assimilate it. Between 1944 
and 1956 permanent stations, with wintering personnel, 
were established at several points especially on the Antarc- 
tic Peninsula, but too many of these stations became 
embroiled in disputes over sovereignty and were located 
primarily so as to strengthen territorial claims and only 
secondarily to undertake research. Only in 1965-56, 
with the development of the large international programme 
called for by the I.C.8.U. Special Committee for the 
International Geophysical Year (C.8.A.G.L.), did scientific 
research emerge unquestioned as the dominant activity 
on the lands south of 60° south latitude. 

A. periodic stocktaking 1s desirable in enterprises of this 
kind. In 1966 ten years of international scientific effort 
in the Antarctic are being celebrated by the observance 
of an ‘“‘Antarctic Week” in all the twelve nations repre- 
sented on the I.C.8.U. Scientific Committee for Antarctic 
Research (SCAR). It i# an appropriate moment for 
reappraisal, justification and forward planning. 


During the past decade the greater part of Antarctica 
has been seen and extensive traverses over snow and 
aircraft flights have extended survey work so widely that 
the main geographical features, and broad relief and 
contouring of the whole continent are now established. 
Under the guidance of the Working Group in Cartography 
of SCAR, internationally agreed guide lines are being 
adopted to ensure uniformity of sheet sizes and symbols 
in the maps being produced by national survey centres. 
Seismic techniques, remforced by gravimetry and most 
recently by tractor and airborne radio echo sounding 
apparatus, have revealed the main characters of the 
Antarctic ice cap. It has proved to have a far greater 
thickness (averaging around 2,000 m) than was suspected 
before the IGY, and to obscure deep surface canyons and 
inland drainage basins. 

The mass balance of the ice cap—which contains 95 per 
cent of the world’s ice, mfluences climate widely over the 
southern hemisphere, and may affect seismic activity 
across the southern rim of the Pacific—is being studied 
by increasingly sophisticated techniques. The structure 
of the ocean floors about Antarctica is being determined 
by sea-borne gravimeters and magnetometers and by 
seismic traverses. Since 1955, geological knowledge has 
advanced so greatly that 76 contributors from all the 
nations now active in the south took part ina symposium 
organized by SCAR in 1963. The history, stratigraphy 
and palaeontology of both eastern and western Antarctica, 
the one an ancient, massive block of Archaean crystalline 
rocks overlain by Palaeozoic sediments and volcanics 
and affected by three or four early orogenic episodes, and 
the other a fringing archipelago of younger rocks elevated 
and tilted intermittently since the Cretaceous, have been 
described in moderate detail. Absolute age determina- 
tions, reinforced by stratigraphy and palaeontology, have 
set a time-scale to the main episodes, and clarified the 
oscillations of the ice cap in past epochs. The involvement 
of Antarctica in continental drift, and itsstructuralrelation- 
ships with other southern land masses, has been clarified. 

Above the Antarctic, the past decade has seen the 
substitution of a reasonably detailed picture of atmospheric 
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circulation in both stratosphere and trophosphere for an 
earlier fragmentary and tentative series of inferences. 
A synoptic network of surface and upper atmosphere 
observatories, set up for the IGY, has been operated 
continuously for a decade. And since 1957 weather 
analyses over the Antarctic continent and southern 
hemisphere have been made on an international basis at 
an International Antarctic Analysis Centre in Melbourne. 
Auroral, ionospheric, cosmic ray and other geophysical 
studies have made great advances, especially where 
bi-polar comparisons have been undertaken. The recent 
IQSY programme, in conjunction with earlier IGY 
resulte, will undoubtedly stimulate ionospheric physicists 
to new and more advanced activities in the region. 

Oceanography and biology are among traditional 
Antarctic sciences, and the former especially received 
much emphasis between 1920 and 1940. Neither was 
much involved in the upsurge of Antarctic research in 
the IGY, but since 1960 land based biology has itself 
gone through a period of expansion and breakthrough. 
The terrestrial and freshwater ecosystems, comprising 
small and inconspicuous organisms drawn from only a 
few species, but occurring in great numbers of individuals, 
have received critical attention. Vegetation has been 
described, and the adaptations of plants and invertebrates 
to an environment with widely fluctuating temperatures 
and low water availability are now being explored in an 
increasingly sophisticated way. The marine birds and 
mammals—traditional research topics for Antarctic 
biologists—are now the subject of specialized ethological, 
physiological and population studies. The Antarotic 
ocean, with its high standing crop of plankton on which 
almost all the food chains in the region ultimately depend, 
is receiving increasing attention and the past decade 
has seen the proliferation of work on the inshore benthos 
by free diving techniques as well as more traditional 
methods. A SCAR Symposium on Antarctic Biology was 
held in 1962, and one on Oceanography in September 
1966, both bringing together a wide range of specialists 
and forecasting future developments in these fields. 

In all these sciences, an impressive record of achieve- 
ment since 1956 is rendered the more valuable by the 
high degree of international co-operation that has been 
reached. SCAR, as a forum for the scientists of all 
Antarctic nations, has been both small enough and 
practical enough to conduct discussions relevant to the 
needs of the actual field scientist. International exchanges 
in the Antarctic have been backed up by visits and a 
flow of data between home countries. The permanent 
Working Groups of SCAR have maintained standing 
programmes in which the current needs in their sciences 
are highlighted, and have organized symposia for review 
and planni A most impressive achievement in the 
biological field has been the preparation and submission 
to governments of agreed proposals for the conservation 
of flora, fauna and key habitats, and these proposals have 
now been embodied by the representatives of the con- 
tracting parties to The Antarctic Treaty in Agreed 
Measures passing into law in the various signatory 
countries. To have such unified measures, based on 
internationally agreed scientific advice, adopted to protect 
the wildlife of a whole continent and safeguard long- 
term research sites is a valuable precedent which could 
with advantage be followed m more contentious regions. 

This example emphasizes two final points. First, 
Antarotica, with ite difficult terrain and climate, has 
posed problems so great that scientists of many nations 
must participate in their solution. Scientists working in 
the south have demonstrated that such problems—and 
by inference, others of worldwide concern and importance 
—can be overcome once international agreement is 
reached on a broad programme, and sufficient men and 
material are made available. 

Secondly, governments have found that such inter- 

(Continued on page 20) 
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BOOK REVIEWS 


WYTHAM WOODS 


The Pattern of Animal Communities 

By Charles S. Elton. Pp. 432+87 plates. (London: 
Methuen and Co., Ltd.; New York: John Wiley and Sons, 
Inc., 1966.) 90s. net. 


Tur work that is the basis of this book began, as is 
mentioned in the preface, in 1942. Centred in the Bureau 
of Animal Populations at Oxford and organized as the 
Wytham Ecological Survey, it has stimulated, through 
the years, a continuous stream of specialist papers on 
ecological work done in the Wytham Woods estate of 
the University of Oxford. The survey has, of course, dealt 
mainly with the terrestrial environment and this is essen- 
tially what the book is about. The discussions are not 
confined to the state of affairs in Wytham Woods but the 
theoretical ideas propounded in the book rest on work 
done there by Elton and his colleagues. It remains to be 
seen whether Elton’s ideas can usefully be applied to 
some of the conditions under which animals live in the 
terrestrial environment in the tropics and in other habitats. 

Elton revolts against the classification of animal 
habitats, in the terrestrial environment, on the basis of 
the botenical community of the habitat expressed in 
terms of lista of plant species. This is because the indivi- 
dual animals move around in their environment in the 
usual three dimensions of space and in time. His classifica- 
tion of habitats is essentially an attempt to define the 
recognizable parte of the total available environment 
within which an animal species, or association of species, 
lives. 

Seven “habitat systems” are defined, one of which is the 
“terrestrial system” on which the book concentrates. 
Systems are divided into “formation-types” of which 
“open ground”, “field type”, “scrub” and “woodland” 
are, apparently, sufficient to deal with the terrestrial 
system as it exists in Wytham Woods. Within the forma- 
tion are ‘‘vertical layers’: these are, in fact, horizontal 
zones some inches or feet deep, arranged vertically one 
above the other. All these four formation-types begin 
at base with the relatively undisturbed ‘“‘gub-soil” which, 
if it is not rock, can be identified by its bemg penetrated 
by tree roots and the burrows of badger and fox. The 
sub-soil is followed by the “top-soil” and then the 
“ground zone”; the demarcation between these two is 
that the roots of plants occur below the dividing line 
and green stems and leaves above it. The ground zone 
may be quite thin but can normally be expected to be 
about six inches deep when there is vegetation, consti- 
tuting any of the usual formation-types, above it. Ob- 
jects, such as logs, lying on the ground are considered 
as part of the ground zone even when they project well 
above the general upper level of the zone. 

In the open ground formation there is only “air above” 
over the ground zone. Air above is the sir into which 
flying or leaping animals from the layer below will pass 
as they move from one part of the vegetation to another. 
In the field type formation there is a “field layer” of up 
to six feet in depth; in scrub formation a further layer 
called the “low canopy”; and in woodland formation an 
additional layer called “high canopy” before the air above 
is reached. Higher than the air above is the “high air 
system” with its aerial plankton and predators like the 
swift. 

Between the formation types there are “edges” which 
are zones of transition. Qualifiers are also applied 
to the formations. Thus “acid”, ‘non-acid”, “maritime” 
and “arable” are qualifiers evyhich can be applied to 
open ground and field type formations. On this basis 
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some 172 habitats have been discerned in the terrestrial 
system as it is discussed in the book. This is done with 
practically no reference to the names of plants or geo- 
logical phenomena ! 

A chapter is devoted to the methods used by the Survey 
to record the animals of Wytham Woods. The records 
were kept on the kind of punched card that has holes 
round the edge; these cards are selected by hand using 
needles. No doubt if the work at Wytham Woods were 
being started to-day an eighty-column IBM card or some- 
thing similar would be used which would allow mvestiga- 
tion of the accumulated data by computer. The Survey’s 
card collection must contain a great amount of informa- 
tion that it is impracticable to attempt to retrieve by hand 
manipulation and which may also have escaped Dr. 
Elton’s penetrating intuition. 

Elton’s writing shows a certain distrust of the approach 
to ecological problems that seeks to quantify data and to 
ascertain definable parameters of one kind or another. 
This is all very well, but it is quite impossible to devote 
the time and energy that has gone into the surveying of 
Wytham Woods to all our pressing ecological problems. 
To conserve or not to conserve can now be an urgent 
political question. Cases may range from the flooding 
of a valley to create a reservoir to a major change of land 
use in the tropics. At present such cases are examined 
in the light of the personal assessments of various indivi- 
dual biologists. Reliable techniques are urgently needed 
for rapid sampling, evaluation of data, and subsequent 
assessment of the relative values of various areas on & 
quantified basis. 

One of the greatest values of this book is that it shows 
what excellent ecological work can be done on an obser- 
vational footing in the kind of restricted area that is 
usually all that is easily accessible to university, school 
and other teaching departments of biology. The book 
is very readable and well illustrated. The author discusses 
the semantics of the word “pattern” and defends its use 
in his title; he does not give the same attention to such 
colloquialisms as “blue print” which one finds occur in 
his text! The use of these, and the numerous quotations 
from non-biological literature, will aid rather than dis- 
courage the reader and, like Dr. Elton’s previous books, 
this book will be a source of information, encouragement 
and inspiration in any laboratory, from the school level 
upwards, where the ecology of animals is studied. 

JOHN SMART 


UNFAIRLY ECLIPSED 


Darwin’s Moon 
A Biography of Alfred Russel Wallace. By A. Wiliams- 
Ellis. Pp. x+261+5. (London and Glasgow: Blackie 
and Bon, Ltd., 1966.) 258. net. 
ALFRED RusseL WALLAON, co-discoverer of the principle 
of natural selection and pioneer student of animal geo- 
graphy, has suffered from the lack of a definitive bio- 
graphy. His life has been treated with httle sophisticated 
attention to the thought of his time, its influence on him, 
or indeed the full significance of his own contributions to 
the corpus of Darwinian belief. The present work, while 
reflecting a sincere appreciation of Wallace’s character, 
does not adequately fulfil the needs of the intellectual 
Darwin’s Moon, as its title unfortunately suggests, 
tends to place Wallace in eclipse from the beginning. 
This situation arises not from intent but from an apparent 
lack of famiharity with collateral historical sources. For 
example, the author dismisses W. H. Edwards in a 
sentence, although this, American traveller, through per- 
sonal contact as well as by means of his book, strongly 
influenced Wallace and®Bates in their selection of 
Amazonas as a collecting ground. Edwards did more 
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than write a travelogue; he knew the “‘ittle worlds” of 
the great river. He made shrewd observations on varia- 
tion under wild conditions—something which Wallace 
was later to emphasize to Darwin at a time when, 1n the 
first edition of the Origin, the latter was suffering from 
undue timidity on this score. 

One is left with the impression that Edwards’s Voyage 
Up the River Amazon was never consulted by Mrs. 
Wilhams-Ellis or, if so, that its content was not digested. 
At all events, it does not appear ın her bibliography. 
Even from Wallace’s Life we can learn that long years 
later, on his lecture trip to America, the naturalist sought 
out Edwards and renewed acquaintance with him—in 
fact, they corresponded as late as 1904. 

Sumilarly, Wallace’s original interpretation of the role 
of the human brain in freeing man from particulate 
evolution goes unremarked in Darwin’s Moon. Mossing, 
too, is Wallace’s two-stage theory of human evolution; 
that is, a first bipedal stage followed later by brain 
enlargement—a theory brilliantly confirmed in our time 
by the australopithecine discoveries. Again, ‘‘Wallace’s 
Line” and its import, as analysed by later zoogeographers 
such as Ernst Mayr, are inadequately treated. 

Such omissions do not serve the serious scientific his- 
torian. What remains is a pleasant, sympathetic account 
of Wallace’s personal life—a life never totally free of 
financial anxiety. The book contributes little, however, 
that cannot be learned from Wallace’s own autobiography, 
and it misses much that could have been gleaned from the 
letters published by James Marchant. Darwin’s Moon 
may, nevertheless, help to preserve—if somewhat super- 
ficially—the memory of a great and unjustly neglected 
biologist. LOREN EISELEY 


NUCLEAR CHEMISTRY 


La Chimie Nucléaire 

Etude des Noyaux Radioactıfs et des Réactions Nuclémres. 
Par Maro Lefort. Pp. xviii +509. (Paris: Dunod, 1966.) 
68 francs. 

UNLIKE several books that have appeared under sub- 
stantially the first part of the title of this book, this is 
confined almost entirely to the subject of nuclear 
chemistry. 

Professor M. Lefort deals with the investigation of 
nuclear reactions and radioactive changes by partially, or 
largely, chemical means, together with such nuclear 
physics as is essential to a proper theoretical basis for 
such studies. The treatment of this field 1s more detailed 
than in any other text-book with which I am acquain- 
ted. It is reminiscent of that adopted in thethree famous 
articles in Reviews of Modern Physics that appeared in 
1936, 1937 and 1938. 

The first three chapters cover the basic physics of radio- 
active decay processes, the properties of the radiations and 
the dynamics of nuclear reactions. The larger part of the 
book is devoted to nuclear reactions which are divided, 
in chapters, into those proceeding by way of a compound 
nucleus, spallation and reactions following the evapora- 
tion of one or more nucleons and reactions involving 
nucleon transfer and the Phillips-Oppenheimer process. 
Two long chapters are devoted to fission, the first covering 
asymmetric and low energy fission and the second sym- 
metric and high energy fission. Together these provide 
a compact and up to date account of the fission process. 

Up to this point the treatment emphasizes the funda- 
mental features of the subject and is quantitative and 
simply mathematical in character, without ever demanding 
too much of the reader in the latter respect. The final two 
chapters of the book are very different. In one the author 
attempts to deal with the experimental techniques of the 
subject. At the beginning of the chapter he admits the 
impossibility of treating them all in detail comparable 
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to the rest of the book. Certain subjects, such as the 
detection and measurement of the radiations, are excluded 
on the very reasonable grounds that numerous alternative 
texts are available covering these fields. He confines 
his attention to certain selected fields, but as in his con- 
sideration of accelerators, for example, the treatment 
is often very superficial. Target preparations, beam 
monitoring and range measurements are included, but 
only the briefest of discussion proves possible. One can 
readily sympathize with the author in his quandary 
regarding the proper course to choose in this chapter, 
but in its present form it is distinctly disappointing. 

The final chapter deals with applications of nuclear 
chemistry and includes brief accounts of a number of 
topics, sometimes only tenuously connected with the 
main theme of the book. Again it might have been better 
to have excluded topics such as Mossbauer spectrometry 
and reactors, that cannot adequately be considered, 
and left more space for more closely related topics such 
as nucleogenesis and cosmic nuclear processes. 

It is because the earlier chapters are good and the treat- 
ment satisfactory, however, that the reader is the more 
eritical of these final two chapters. A. Q. MADDOOK 


SPACECRAFT RETURN 


Atmospheric Reentry 

An Introduction to ite Science and Engineering. By John J. 
Martin. (Prentice-Hall International Series in Space Tech- 
nology.) Pp. xxi+ 264. (Englewood Cliffs, N.J.: Prentice- 
Hall, Inc., 1966.) n.p. 

Desrire the title, this book 1s written much more from 
the point of view of the physicist than that of the engineer. 
Engineering aspects of re-entry phenomena are discussed 
either cursorily or not at all. Structural design is largely 
ignored apart from some discussions of heat sinks and 
there is no discussion of vehicle control problems. The 
treatment also seems heavily biased towards the ballistic 
missile as against other types of space vehicle; presum- 
ably this derives from the author’s association with the 
U.8. ICBM programme. 

The book’s chief merit is the very lucid summary in 
Chapters 5-7 of present knowledge of the flow feld 
around a re-entering body, the associated chemical 
kinetics and the implications for heat transfer into the 
body and also the electro-magnetic radiation. A pomt of 
criticism 1s that in the discussion of heat transfer rates 
an impression is given that the transition pomt from 
laminar to turbulent boundary layer flow can be predicted 
with some confidence using as criterion Reynolds number 
based on momentum boundary layer thickness; the 
engineering reader should be warned of the hazards of 
this undertaking. This is a minor blemish, however, and 
these chapters are valuable to any student of missile or 
spacecraft technology. 

The rest of the book is not to quite the same standard. 
It is mamly an introduction to the kinematics and 
dynamics of long-range missiles; approximate solutions 
for special cases of the equations of motion are used to 
illustrate the significance of various parameters. Dis- 
cussion of dynamic motion concentrates on the axi- 
symmetric body; stability criteria are described and 
there is some analysis of the influence on range errors of 
factors such as trim and rate of roll, but without any 
indication of how they may be modified. There is a 
disappointingly brief examination of the kinematics of 
lifting re-entry. 

The last chapter stands rather apart from the others 
and is an outline of some methods useful in the schematic 
design and system analysis of re-entry projects. Tho 
examples worked are all of axi-symmetric bodies and 
military aspects are emphasized, but the methods used 
are of wider mterest. 
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The book is illustrated with a large number of diagrams, 
and the chapter reference lists are excellent. It can be 
recommended for use in advanced courses on missile or 
spacecraft technology. R. H. Franois 


URANIUM ORES OF FRANCE 


Les Minerais Uraniféres Français 

Tome Trois, Deuxième Volume. Publié sous la direction 
de Marcel Roubault. (Bibliothèque des Sciences et 
Techniques Nucléaires.) Pp. 354. (Saclay, 8. et O.: 
Institut National des Sciences et Techniques Nucléaires ; 
Paris : Presses Universitaires de France, 1965.) n.p. 


No uranium deposits of economic significance were known 
in metropolitan France when the geologists and pros- 
pectors of the Commissariat à l’Energie Atomique began 
their field mvestigations two decades ago. To-day, 
however, the established French reserves of ore far 
surpass the proven potentiality of all the rest of Europe. 
The first volume of Les Minerais Urantféres Français, 
published in 1960, contained an illuminating account of 
the mineralogy of these important ores ; and in volumes 
L and IT (1), regional geological descriptions of the several 
groups of lode deposits were made available. The final 
part, III (2), of this series of monographs deals with 
stratified or ‘‘strata-bound” deposits, most of which 
have been discovered quite recently. Apart from many 
hundreds of minor occurrences these fall into four main 
groups. Westphalian shales in the St. Hippolyte coal 
basin of the Vosges, which unconformably underlie 
Stephanian sandstones and occupy a basin floored by 
granite, are mineralized to a tenor of between 0:01 and 
(locally) 6-6 per cent uranium, accompanied by sulphides, 
the best ore being found in the centre of shale wedges in 
sandstone. Upwards of four million tons of this mineral- 
ization has been blocked out, much of it of good grade. 
In the Massif Central the presence of some thousands of 
tons of uranium metal, in sub-marginal ore with about 
0-02--0-03 per cent uranium, has been established in passage 
beds between Stephanian and Autunian, disseminated in 
sandstones as vanadates (francevillite and carnotite) 
and phosphates (autunite), often with radioactive hydro- 
carbon. In the department of Hérault in the Cévennes, 
Permian arkoses and bituminous shales are impregnated 
with pitchblende, radioactive hydrocarbon. and secondary 
minerals, the ores occurring both along fault zones and as 
stratiform bodies. Most remarkable of all, numerous 
small patches of Oligocene sands in Cantal, occupying 
basins in granite, are mineralized to varying degrees by 
vanadates and phosphates. The most important of these 
is a tiny basin discovered in 1957 at St. Pierre, where a 
20 metre thickness of sands contains about 1,100 tons of 
uranium in ore of about 0-3 per cent grade. This has 
given rise to the only open-cast uranium mine in Europe, 
which yielded 400 tons (metal content) up to 1963. The 
origin of these surprising deposits is much debated, but 
there seems good reason to believe that like the very 
large contemporary discoveries in Wyoming the ores 
have been precipitated from groundwaters percolating 
downwards which acquired their uranium by leaching 
overlying strata. The French reports merit widespread 
circulation both as an aid to prospecting elsewhere and as 
a contribution to a better understanding of ore-forming 
processes. C. F. Davipson 


EUROPEAN MAMMALS 


The Terrestrial Mammals of Western Europe 
By G. B. Corbet. Pp. xi+264+15 plates. (London: 
G. T. Foulis and Co., Ltd., 1966.) 568. net. 


DURING the past decade thereghas been a great increase 
of interest in the study of mammals in the British Isles. 
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Mammals, however, are much less accessible to observe- 
tion than birds and we have therefore happily been 
spared the emergence of any cult parallel to “bird- 
watching” and similar futilities. If the amateur naturalist 
wishes to study mammals he must adopt at least some of 
the methods of the professional zoologist, much to the 
advantage of the subject and of himself. A large amount 
of interesting information has been recorded in the past 
few years through this quickening of interest, which has 
also shown what a vast field remains for exploration. The 
British Isles have a limited mammalian fauna, but any 
naturalist interested in it soon wants to know something 
of the much more numerous species of the continent. Dr. 
Corbet has written just the book to satisfy those seeking 
information about them. 

The main part of the book is a systematic review of 
the mammals, except the cetaceans and the bats, of 
Europe west of Russia, in which the author gives a 
description of each species together with particulars of its 
distribution, and information on habitat, habits, repro- 
duction and other items of its ecology and biology. The 
frequent recurrence of such phrases as “‘almost nothing 
has been recorded of the behaviour or ecology of this 
species” shows how much has yet to be learnt about 
many members of the fauna. Keys to identification are 
provided, as are distribution maps where necessary, 
and references are given to the more important liter- 
ature. 

Part 1 of the book, dealing with aspects of general 
mammalogy, is an excellent introduction to the study of 
mammals and discusses taxonomy, structure, distribution, 
life histories and ecology. The author admittedly deals 
more fully with matters in which he himself is interested, 
such as the important but neglected subject of scent 
and scent-glands, and successfully complements the 
text-book accounts of mammals with an individual 
approach. 

The chapter on taxonomy is particularly valuable to 
the amateur naturalist who in the past has been sorely 
puzzled by what was more a competitive game than a 
branch of science. Dr. Corbet’s very sound remarks, 
particularly about sub-species, clarify the subject admir- 
ably: the system of trinomials used early in this century 
“appeared to work well but in fact it owed its success in 
large measure to the incomplete geographical coverage of 
the available collections. It led in many cases to a greatly 
distorted and often quite erroneous picture of the variation 
present in nature. But as long as the limits of each taxon, 
including the species, were considered to be arbitrary and 
simply a matter of convenience the distortion was scarcely 
recognized’, Up to the ’twenties and "thirties of the 
present century nearly all the taxonomists working on 
mammals were ignorant of genetics and consequently 
produced a horrid muddle which their more enlightened 
successors are only now reducing to order. 

The book is very well printed and produced, and is 
embellished with clear line drawings and a selection of 
good photographs. It will be a very welcome addition to 
the library of every British student of mammals. 

L. HARRISON MATTHEWS 


QUANTUM BIOLOGY 


Wave Mechanics and Molecular Biology 

Edited by Louis de Broglie. (Adiwes International 
Series in Biology.) Pp. v+186. (Reading, Mass., and 
London: Addison-Wesley Publishing Company, 1968.) 
66a. 

Tis is an English translation of a volume first published 
some years ago in French. Although there is no preface, 
and no direct reference is made to the fact, the contents 
represent a series of lectures given by twelve authors, or 
groups of authors. As a result the individual chapters 
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have no mutual cohesion, and are in the nature of summary 
reports of distinct topics. 

Quantum biology is a relatively new field: and it is 
interesting to see the directions in which it is moving. It 
18 still largely (but not wholly) concerned with 1-eleotrons, 
and with charge transfer situations. It is still very limited 
in the “real” situations with which it deals, despite a 
claim made early on that quantum biology is at last 
tackling real problems, because the effects are all studied 
ın terms of a molecule, or group of molecules, in free 
space. Now there are practically no biological phenomena 
which occur in free space—they are usually in polar media, 
where ionicity, and hydration, will play a large part. Ño 
it is a pity that in this volume there is almost no reference 
at all to free energy, though there is a lot to say about 
ordinary energy. 

But perhaps we should not be too critical. Any subject 
must start somewhere; and there is certainly some very 
suggestive material in these dozen reports. There is also 
enthusiasm. How right was Professor Bertrand to quote 
M. de Broglie: “Que c’est beau, lenthousiasme”. For 
there is certainly plenty of it in most of these accounts. 
With one or two exceptions, however, there is not much 
critical evaluation of the wave-mechanics used. 

The topics covered are those that might have been 
expected, such as carcinogenesis, energy bands in DNA, 
photosynthesis, chemotherapy. As studies in the state 
of the art in 1980 the chapters of this book form interesting 
and valuable reading. But it is difficult to see the point 
in republishing six years after the reviews were written. 
Most of the topics dealt with here have changed consider- 
ably in these six years, so that many of the reviews are 
seriously out of date. Books of this kind should be 
published within twelve months, otherwise it is better 
not to publish them at all. C. A. COULSON 


TOAD STUDIES 


Gnomes of the Night 

The Spadefoot Toads. By Arthur N. Bragg. Pp. 127. 
(Philadelphia: Universıty of Pennsylvania Press; London: 
Oxford University Press, 1965.) 36s. net. 


Tms small book deals with the habits of the burrowing 
spadefoot toads (Scaphiodus), a genus which is limited to 
North America. The author has pandered to the public 
only in the title of the book, apt though this is. Habits 
are described in relation to their adaptive significance in 
evolution. Taxonomy is mentioned only as a convenience 
on which to discuss differences of habit. The author, who 
is interested in amphibia generally, has made a special 
study of spadefoots for many years. But he is still finding 
new facts and, as he says, some toads have obviously not 
read his scientific papers. This is a screntific book and at 
the same time a very personal and readable book. It is 
more than a detailed account of a group of animals. In 
addition, it shows the author’s reactions to his field 
observations. He details mistakes he has made and shows 
how his points of view and theories have changed as new 
facts have come to light. 

Spadefoots depend for breeding placos on temporary 
and shallow pools of water and have to be able to develop 
and metamorphose rapidly before their pool dries up. 
Bragg deals with the habits which assist them to do this. 
In social feeding large aggregations of tadpoles obtain 
more food from the bottom. Scooping aggregations 
deepen the pond locally and reduce the rate of evapora- 
tion. The author emphasizes in these two instances and 
in others that advantageous behaviour patterns are not 
always followed. The book has several pages of photo- 
graphs, two distribution maps, an identification key and 
an extensive bibliography. The only thing it seems to 
lack is an account of how the spadefoot toad digs its 
burrow. Tom WARWICK 
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No. 5057 


Alcoholism 
By Neil Kessel and Henry Walton. Pp. 174. (London: 
Macgibbon and Kee, 1966.) 30s. net. 


ALOOHOL is a “good familiar creature if ıt be well us’d’’; 
the consequences of ill using it are described in this book 
by Prof. Kessel and Dr. Walton. 

The book begins with chapters defining alcoholism, and 
describing the nature and effects of alcohol. A section on 
different patterns of drinking in relation to the social 
milieu 18 followed by one discussing the personality of 
alcoholics and another on the possible causes of alcoholism. 
The clinical features of the disease and its effects on the 
patient’s family are covered in three chapters, and the 
book ends with discussions on treatment and its results 
and on the public health aspects of alcoholism. 

The book is intended for the “general reader”, but one 
hopes that many doctors will include themselves under 
that heading. Kessel and Walton present evidence of the 
inability of many doctors to appreciate that this con- 
dition requires more knowledge and understanding than 
is implied by a simple injunction to “pull yourself together 
and cut down your drinking”. 

The book certainly succeeds in describing the present 
state of knowledge about alcoholism and does not gloss 
over our profound ignorance about many aspects of it. 
The short chapter on the results of treatment, for example, 
points out the almost complete lack of properly collected 
data on the effects of treatment. Wisely, the authors are 
in no way dogmatic about any of the methods of treat- 
ment now in use. 

On two aspects one must be cautious in interpreting 
the clinical evidence put forward. In relation to the 
personalities of alcoholics and to the stages of becoming 
an alcoholic, Kessel and Walton perhaps lean a little too 
heavily on ther wide knowledge of alcoholic patients. 
No evidence is presented about the distribution of certain 
personality traits among the non-alcoholic population 
and the value of the discussion about these traits in 
alcoholics is therefore dubious. Similarly, while most 
alcoholics probably go through the stages of drinking 
described here, there is no evidence on the proportion of 
“social drinkers’? who may reach many of these stages 
and safely remain there or even reverse their course. 

This is an interesting, well written book on an important 
medico-social problem. Potential buyers of this hard- 
backed edition should note that it waa first published in 
1965 by Penguin Books at 4s. S. L. MORRISON 


FUNGI AND INCOMPATIBILITY 
IN FUNGI 
Fungi 


An Introduction. By Lilian E. Hawker. (Hutchinson 
University Library.) Pp. 216. (London: Hutchinson and 
Co. (Publishers), 1966.) 13s. 6d. 


Incompatibility in Fungi 

Edited by Karl Esser and John R. Raper. (A Symposium 
held at the 10th International Congress of Botany, 
Edinburgh, August 1964.) Pp. viii+124. (Berlin and 
New York: Springer-Verlag, 1965.) 24 D.M. 


PROFESSOR HAWKER has set out “to provide a concise 
account of the fungi, for university students reading 
botany or microbiology for a first degree”, and hopes “‘that 
it will be of use to both junior and advanced students”. 
Have these aims been achieved ? The book is certainly 
concise and is written with a succinct economical style. 
In order to keep within the requirements of the series it 
has been necessary to limit the number of illustrations and 
references. The restricted bibliography is regrettable 
because although a number of recent developments have 
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been touched on, the student whose appetite has been 
whetted will often be unable to track down the source of 
information. All the figures have been specially prepared 
by the author, mostly re-drawn from other publications, 
and are grouped together to form whole-page illustrations. 
This gives a pleasing impression of uniformity. There are 
no photographs. 

The most serious criticism 18 that in attempting to 
encompass almost all the major groups of fungi, insufficient 
space has been available to treat some topics adequately. 
It may be questioned, for example, whether even an 
advanced student needs to know much about, say, the 
Lagenidiales, the Trichomycetes, the Coronophorales, 
Coryneliales, Myriangiales or Microthyriales. A number 
of other topics receive too scanty attention, such as the 
hormone control of sexual reproduction in Achlya, the 
mechanism of basidiospore discharge (surely few mycolo- 
gista now think that surface tension provides the necessary 
force), genetics of fungi (there is no mention of parasexual 
recombination or of multiple allele heterothallism) and 
hyphal analysis in the Polyporaceae. The mechanisms of 
peridiole projection ın Oyathus striatus and Sphaerobolus 
are not fully explained. Virus transmission by zoospores 
of Olpidium is not mentioned, nor the breakdown of 
resistance to Synchytrium endobioticum in some potato 
varieties. 

Another criticism is that phylogenetic speculation 
receives undue emphasis. Since the evidence for many of 
supposed relationships is so slight, it might have been 
better to omit this altogether to make space for established 
fact. 

The merits of the book are that ıt is authoritative, 
compact, concise and cheap, but most undergraduates, 
and certainly the advanced students, will need to do a good 
deal of reading elsewhere to provide themselves with 
sufficient factual information. 

Incompatibility in Fungi is a written record of the papers 
and discussion during a symposium on this topic at the 
Edimburgh Botanical Congress in 1964. Since it is not 
proposed to publish in full the proceedings of this congress 
it is particularly valuable to have a published account of 
this stimulating session conceived by Professor Raper. 
Following a brief introduction by him there is a paper 
by Esser on heterogenic incompatibility in Podospora 
anserina, which Mather (in the final paper) regards as a 
mechanism restricting outbreeding, an isolating mechan- 
ism, & step on the road to speciation. A paper by Ahmad 
on incompatibility in yeasts draws special attention to the 
mutation of mating-type alleles. Bistis attempts to 
analyse the function of the mating-type locus in fila- 
mentous Ascomycetes. The meat of the book is devoted 
to the problems associated with tetrapolar Basidiomycetes 
with contributions by Day on genetics of tetrapolar 
incompatibility, Ellingboe on somatic recombination in 
Schizophyllum (giving details of a novel mechanism called 
“specific factor transfer”) and Prud’homme on somatic 
recombination in Coprinus. Snider gives a detailed 
account of methodology for studying nuclear migration 
and discusses possible mechanisms. Perhaps the most 
stimulating papers are those by Dick on “Physiological 
Aspects of Tetrapolar Incompatibility” (which attempts to 
analyse by immunological methods biochemical differences 
between incompatible strains) and Parag on “Genetic 
Investigation into the Mode of Action of Genes Controlling 
Self-incompatibility and Heterothallism in Basidio- 
mycetes”. Without disrespect, Parag’s paper can be 
understood far better in print than it could when originally 
delivered. It examines two alternative hypotheses to 
explain the mode of action of incompatibility factors— 
the complementation hypothesis and the oppositional 
inhibition hypothesis—and proposes a series of genetical 
experiments which should discriminate between them. 

The book ends with two more general papers, one by 
Burnett on “The Natural Bistory of Recombination 
Systems” and one by Mather on ‘The Genetical Interest 
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of Incompatibility in Fungi”, both of which provoke 
thought. 

The editors are to be congratulated on bringing together 
these papers into a useful publication, which will appeal 
not only to specialists working in the field of fungal 
incompatibility but to a wider group of genetically 
minded biologists. JoHN WEBSTER 


Applied Queuelng Theory 

(Studies in Management.) By Alec M. Lee. Pp. xi+244. 
(London: Macmillan and Co., Ltd.; New York: St. 
Martin’s Press, Inc., 1966.) 42s. net. 


QUEUEING theory is a highly developed branch of mathe- 
matics, which deals with the relationships between the 
probability distribution of arrival intervals and service 
lengths on the one hand, and length of queues and waiting 
times on the other. These relationships depend, moreover, 
on the number of servers, priorities of service, type of 
queueing, and so on. The theory is so highly developed 
that its sophistication has far outstripped its usefulness. 
This is surprising, if one remembers that queueing serves 
as a model for telephone traffic, breakdown repair, air- 
oraft stacks, flight reservation, and many other situations 
in addition to the more obvious ones. 

Alec Lee takes the first word of his title seriously. 
Chapters 2-5 may be omitted by “any reader who is 
familiar with one of the theoretical books about queues”’. 
They assume, as do later chapters, that the reader is 
conversant with statistical and mathematical terminology. 
Even if he is not, however, he will enjoy chapters 6-16, 
which contain case studies from the operation of airlines 
—the field in which the author is thoroughly at home. 
He describes, for example, a freight reservation process 
(Chapter 9), passenger check-in procedures (10), and air 
terminal design (13). 

The stories terminate in solutions. If they cannot be 
found by analysis, then simulation techniques are used, 
and Chapter 6 deals with these. 

The style is brisk and in parts intentionally funny. 

Could somebody, please, write an equally splendid book 
on other applications ? 5. VAJDA 


Compound Plastic Deformation of Layers of Different 
Metals 

By Q. E. Arkulis. Translated from the Russian by Z. 

Lerman. ‘Translation edited by T. Pelz. Pp. xiii+ 223. 

(Jerusalem: Israel Program for Scientific Translations; 

London: Oldbourne Press, 1965.) 728. 


THERE is at present a great deal of interest in composite 
materials of various kinds so that this translation of an 
account of recent Russian work and ideas is timely. The 
book is an introduction to Russian work on a new branch 
of the theory of mechanical working and covers the 
period up to 1962. The author first considers the perfect 
compression of a multilayer sandwich and uses this to 
advance a theory of jomt plastic deformation. This is 
used to solve problems such as the influence of the struc- 
ture of the sandwich layers, mechanical properties of 
the components, ratio of thicknesses, coefficients of 
external and interlayer friction, and the strain on the 
process of joint plastic deformation and on the forces 
required. The results of this investigation are used in the 
analysis of a number of practical problems such as com- 
pression, drawing and rolling ın both plane and grooved 
rolls. From the theoretical ideas and the data available 
valuable and useful results are obtained. Particular 
emphasis is placed on the Soviet work in the field. The 
book is intended primarily for the engineering staff in 
the metal working industries but will also be of interest 
to research workers in thg field of mechanical working of 
metals and will be soft to students wishing to know 
of the Russian work. A. KELLY 
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Thermal Methods of Analysis 

By Wesley Wm. Wendlandt. (Chemical Analysis: a 
Series of Monographs on Analytical Chemistry and Its 
Applications, Vol. 19.) Pp. x+424. (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, Inc., 1964.) 124s. 


Tue study of chemical behaviour as a function of thermal 
conditions is one of the oldest techniques known to 
chemists, yet only in recent years have thermal methods 
achieved quantitative significance as a general diagnostic 
approach. The current upsurge of interest in the subject 
can largely be attributed to the solution of many of the 
instrumental problems inherent in the method; with the 
development of instruments capable of adequate control 
over the variable involved, and in many instances the 
advent of automatic systems which relieve the operator 
of tedious manual control, the way is now open for the 
application of thermal methods over a wide field ranging 
from problems of structure, mechanism and kinetics 
through to direct applications in chemical analysis. The 
appearance of this book at a time when more and more 
scientists are entering the field of thermal studies is 
particularly opportune. 

In terms of extent of application to date the techniques 
of thermogravimetric analysis (TGA) and differential 
thermal analysis (DTA) merit particular consideration 
and more than two-thirds of the book is devoted to them. 
Each is dealt with in three chapters covering principles, 
instrumentation and applications. The author has collated 
a wealth of material into a lucid and critical account of 
the two techniques. Subsequent chapters discuss thermo- 
metric titrimetry, pyrolytic techniques, dynamic reflect- 
ance spectroscopy, thermal analysis and muscellaneous 
thermal methods. The literature is critically covered up 
to 1962 and a number of later references are included. 

The various thermal methods are often interdependent 
and elucidation of a particular problem can demand 
recourse to a combination of approaches, for example, gas 
evolution analysis is a valuable and often essential adjunct 
to either TCA or DTA. Such relationships are brought 
clearly to the fore in the text. Again, the performance in 
terms of the accuracy and precision of the technique are 
markedly variable, but the reader will find these factors 
adequately delineated. 

The book is confidently recommended, not only as an 
authoritative discussion of thermal methods but in 
addition for its undoubted stimulus to further scientific 
thought and activity in a field which has much to offer 
in all branches of chemustry. J. K. FOREMAN 


Organic Electronic Spectral Data 

Vol. 3: 1956-1957. dited by Owen H. Wheeler and 
Lloyd A. Kaplan. Pp. 1210. (New York and London: 
Interscience Publishers, a Division of John Wiley and 
Sons, 1966.) 188s. 


Tams wide applicability and ease of application of photo- 
electric spectrophotometry to the investigation of elec- 
tronic spectra of organic compounds rapidly led after its 
introduction to the appearance in the literature of a vast 
number of reports on such data. The resulting problem 
of information retrieval is experienced by a wide range of 
research workers. The enormity of the problem is in fact 
well illustrated by the present position in data collection. 
Volumes 1 and 2 of Organic Electronic Spectral Data 
covered the periods 1946-52 and 1953-55 respectively. 
The present volume covers the period 1956-57, and at 
a rough estimate contains approximately 20,000 entries. 
Each gives the solvent or phase, max (in millimicrons for 
maxima shoulders and inflexions) extinction coefficient 
and a reference. It is a prodigious compilation and 
doubtless will be of much use. But, of course, 9 years of 
accumulation of data lie ahead of it. An effort is being 
made to close the gap: Volume 4 for 1958-59 and 
Volume 5 for 1960-61 are promised. D. J. MULEN 
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MEETINGS 


USES OF SUNLIGHT 


Tam spring meeting of the organization for Cooperation 
Mediterranéene pour V Energie Solaire (COMPLES) was 
held in Marseilles this year, and was preceded by a two- 
day international colloquium on thin film photovoltaic 
devices held under the joint sponsorship of COMPLES 
and the French National Space Agency. The venue of 
these meetings in the new science faculty buildings on the 
sun-drenched hills outside Marseilles was most appro- 
priate. About 120 scientists from 15 countries assembled 
for the colloquium on photovoltaic cells. 

The symposium dealt with all aspects of the study 
of photovoltaic cells, which lend themselves to several 
distinct applications. They can, for example, be used 
in space and also for terrestrial conversion of solar 
energy. Especially in underdeveloped countries where the 
supply of electricity over great distances is costly, the 
use of photovoltaic devices presents an attractive alterna- 
tive. For application in space, a very efficient device is 
required, which must be stable under large variations of 
temperature and radiation intensity. Weight is all 
important and cost a secondary consideration. For 
terrestrial use, the weight and radiation characteristics 
are less important and for extensive applications the 
cost per watt rather than efficiency is the chief considera- 
tion. 

The present state of the technology was summarized 
in a series of review lectures by P. Rappaport (Radio 
Corporation of America), M. Rodot (C.N.R.8., Bellevue, 
France), and F. A. Shirland (Clevite Corporation, Cleve- 
land, U.8.A.). What could we conclude from these 
reviews ? Clearly, photovoltaic cells, chiefly made from 
stlcon, cadmium sulphide and cadmium telluride, are 
already being used for space applications but practical 
devices for terrestrial use are not yet on the market. 
It was generally felt, however, that such devices would be 
available within the next 5 years. As far as can be seen 
at present, only devices made from the three materials 
listed seem to yield useful applications. Although the 
possibihty of using gallium arsenide for photovoltaic 
applications is bemg studied, hetero-junctions , formed 
from cadmium sulphide and cadmium telluride seem much 
more promising, and devices made from Group IL-F, 
compounds such as aluminium antimonide or ternary 
compounds, seem to be purely of academic interest. The 
highest efficiencies reported in thin films were 8, 6 and 5 
per cent for cadmium sulphide, cadmium telluride and 
gallium arsenide respectively, but these figures should be 
considered with reserve and much more significance should 
be placed on the efficiency which can be obtained reproduc- 
ibly in devices of useful size, for which efficiencies between 
3°5 and 5 per cent are more realistic and can be obtained 
in junction devices using thin films of cadmium sulphide 
and cadmium telluride. The chief problem still to be 
overcome is the stability of these devices over long periods 
of continuous use. 

Although ıt was once thought that radiation damage 
would be one of the major obstacles in space applications, 
it is now felt that this 1s no longer so, especially for cad- 
mium sulphide. In fact, J. J. Loferski (Brown University, 
Providence, U.S.A.) stated that radiation damage m 
these materials is now principally used as a tool for study- 
ing the fundamental processes taking place and is generally 
not considered the major problem. For very long space 
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flights, however, this problem may once again re-sssert 
itself. The problem of preparing cells which are stable 
over long periods of continuous use, although claimed as 
solved by some workers, is still considered by others as 
the most urgent, and the only problem that really stands 
m the way of eventual large scale application. Under- 
standing of why cells deteriorate is incomplete, although 
moisture may be significant. Some workers at the 
symposium considered that stability problems could be 
overcome by better technology and expressed the view 
that stability was related principally to the method of 
forming the barrier and contacts. 

The photovoltaic thin film device consists essentially 
of a barrier in which the carriers are generated, and 18 
usually a heterojunction of copper or copper chalcogenides 
with cadmium sulphide or cadmium telluride. There 
are three basic approaches to the problem of formmg good 
junctions. The first and most successful consists sumply 
of dipping the evaporated layer of cadmium sulphide or 
telluride m a hot solution of a copper compound and, after 
drying, heating the layer. In the method preferred by the 
French workers, copper is evaporated either as the metal 
or as the copper sulphide or telluride on to the evaporated 
layer. Vapour phase interaction of a copper compound 
with the cadmium sulphide or telluride can also be used 
to form the hetero-junction. 

All these methods have been derived by very empirical 
means, and systematic investigation of the physics and 
chemistry of the processes actually taking place is only 
just beginning. A model for the chemical reactions 
taking place was put forward by Keramidas and Hill 
(Harshaw Chemical Company, Cleveland, U.8.A.). Gradi- 
ents of Cut and Cu,§ are supposed to extend into the CdS, 
when Od moves into Cu,8. Although this model did 
not stand up to detailed questioning, it did at least attempt 
a hypothetical working model from which further ideas 
could be investigated. Similarly, the band models, 
whether relying on a semi-conductor compound/cadmium 
sulphide junction, or a metal/cadmium sulphide junction 
on surface states, both of which were proposed during the 
conference, are pointers to a more systematic analysis 
that can be expected in the next few years. 

There was also a considerable discussion of the nature 
and role of the crystallites formed in the thin films in the 
preparation of good photovoltaic cells. Some methods of 
recrystallizing thin films were reviewed by Vecht (AEI, 
Rugby) and attention was drawn to the characteristic 
spherulitic growth obtained in silver and copper sul- 
phides and tellurides thin films by Paparoditis and Rodot 
(C.N.R.S., Bellevue, France). No definite correlation 
between the photovoltaic property and the crystal struc- 
ture had yet been established, but there was generally 
agreement that some form of recrystallization is essential 
to obtain good results. Very little attention had as yet 
been paid to the purity of the starting materials, and the 
stoichiometry of many of the components used is not fully 
investigated. A step m the right direction was indicated 
by some defect chemistry studies that are now bemg 
undertaken on cadmium telluride and silver telluride. 

The contributions to the meeting of COMPLES were 
very varied; papers were presented on subjects such as 
the adsorption of solar energy in polluted atmospheres, 
solar pumps, solar furnaces and heaters for fruit drying. 
A clear analysis of the use of flat mirrors as boosters for 
flat plate solar energy collectors was given by Tabor 
(National Physical Laboratory of Israel). 

An entirely different contribution of great interest was 
presented by Justi and Kalberlah (Institute of Technical 
Physics, University of Braunschweig, Germany). It was 
shown that the storage of solar electrical energy is possible 
in the form of compressed hydrogen and oxygen which 
can later be recombined in a fuel cell. Such a system had 
a, storing efficiency similar to that of conventional hydro 
pumping systems. More in thetealms of speculation was a 
contribution by David et al. (Faculty of Science, Mar- 
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seilles). This considered the use of thermionic solar 
energy convertors. Solar energy was not used merely to 
heat the electron emitter, but also used for neutralizing 
the space charge by the 1onization of caesium vapour in the 
space between the electrodes. A. VECHT 


BRITTLE FRACTURE 


Tue brittle fracture of ceramics, glasses, metals and 
amorphous glassy polymers (plastics) was the subject of a 
meeting held at the Rubber and Plastics Research Associa- 
tion, Shawbury, Shrewsbury, Shropshire, on December 6, 
1965. The title was chosen to indicate a concern for the 
behaviour of real materials rather than the classical 
theoretical models. The discussion was divided into four 
parts, each devoted to one material, and the significant 
features of the fracture behaviour of each of them were 
reviewed by four main speakers—Dr. F. J. P. Clarke, 
A.E.R.E., Harwell (Ceramics); Dr. D. M. Marsh, Tube 
Investments Research Laboratories, Saffron Walden 
(Glasses); Prof. K. E. Puttick, Battersea College of 
Technology (Metals); and Dr. J. P. Berry, Rubber and 
Plastics Research Association, Shawbury (Plastics). 

It was clearly desirable to define or at least to clarify 
the basic concepts of the subject, but there were marked 
differences of point of view and opinion. No universally 
acceptable definition of “brittle fracture” could be formu- 
lated and it was clear that the more complex the mechanical 
response of a material, the more difficult it is to describe 
precisely ite failure characteristics. For metals, which 
caused the greatest controversy at the meeting, it was 
concluded that instead of seeking a precise definition, 
behaviour should be described in terms of specific charac- 
teristics such as the micromode of failure, crack stability, 
local deformation and the like. 

The theoretical foundation for much of the discussion 
was the energy balance approach of Griffith, but here too 
there was some difference in the interpretation of the 
theory, particularly between the physical scientists 
and the engineers. The former were concerned with the 
relation of the theory to the detailed mechaniam of failure, 
and the latter with its relation to the stability of engineer- 
ing structures. This led to the question, not completely 
resolved, of whether the condition given by the theory 
18 both necessary and sufficient for fracture. 

The aspects of fracture common to all the materials are 
(i) initiation and the nature of the primary flaw, (ii) the 
fracture surface energy, and (ili) crack propagation. 

Initiation and the primary flaw. Contrary to the simple 
Griffith model, the flaw which is responsible for failure in 
ceramics, plastica and metals is not present as such in the 
unstressed material. In ceramios the mismatch in expan- 
sion coefficient at grain boundaries produces local con- 
centrations of stress which can result in the formation 
of micro-cracks at applied loads less than those required 
for fracture, Similarly, in glassy plastics the crazes 
produced at relatively low stresses result in failure at the 
ultimate stress and, in metals, flaws are produced by slip 
or twinning processes. The details of the flaw generation 
process are different in the three cases, however. Ceramics 
have little capacity for plastic flow and little energy is 
dissipated in forming the flaws. ‘In plastics the craze 
structure is complex; it represents a region of local 
yielding under hydrostatic tension and the structural 
changes that occur result in void formation and molecular 
orientation. Plastic flow is intimately concerned in 
the formation of the primary flaw in metals. 

In glasses the flaws probably arise adventitiously, by 
mechanical damage, and correspond more closely to the 
primary flaw as defined in the Griffith theory. 

Fracture surface energy. e The application of the Griffith 
criterion to the fracture of a material yields a value for 
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the energy required for the formation of unit area of 
fracture surface. For all the materials the energy, 
determined experimentally, is much greater than the true 
surface free energy, and the discrepancy can be accounted 
for by (a) the non-planar character of the fracture surface, 
(b) the formation of subsurface flaws, and (c) inelastic 
processes occurring at the fracture plane. All three 
factors have been considered in explaining the behaviour 
of ceramics but it is not yet possible to assess their relative 
contributions. In plastics the disorepancy is believed to be 
due to structural changes at the fracture surface which 
can be detected optically. Similarly the discrepancy in 
metals is attributed to the plastics fow processes occurring 
at the fracture plane. Only recently has it been shown 
conclusively that the fracture surface energy of glass is 
much greater than the theoretical value. Indentation 
experiments indicate that glass can deform inelastically 
and the discrepancy of surface energy may be due to 
this. Indirect evidence indicates that the zone in which 
the energy is dissipated extends only 60 A from the 
fracture plane. 

Crack propagation. The Griffith theory implies that the 
application of a certain critical stress will cause crack 
extension and fracture. The behaviour of real materials 
is much more complex. In ceramics, the surface irregular- 
ity and hence the fracture surface energy increases with 
the length of the crack and it is not obvious which com- 
bination of the two factors corresponds to the onset of 
catastrophic crack propagation. The initial rate of growth 
of a crack in plastics is low, but efter travelling a short 
distance it suddenly and discontinuously increases. The 
reason for this is not known, but it may again be the 
result of the dependence of fracture surface energy on 
crack length. The similar change in crack velocity 
observed in metals is considered to involve a ductile brittle 
transition at a particuler size of yielded region, possibly 
because of increasing triaxiality of the stress at the crack 
tip. The plastic zone at the tip of a crack travelling in 
glass is much smaller, and no change in velocity or surface 
configuration corresponding to a transition from brittle 
to ductile has been detected. Its influence, however, is 
felt in reducing the terminal velocity below its theoretical 
value. 

At the meeting there were many points of similarity 
and difference in the behaviour of the materials uuder 
review and they were of particular interest when they 
were unexpected, as were some similarities of the behaviour 
of materials of different structure, and some differences 
of behaviour of similar materials. Observations on one 
material frequently suggested that imteresting results 
may be obtained from similar experiments on other 
materials or by searching for effects and correlations 
which have not previously been considered. In this 
respect the meeting fulfilled its objective, and, it is hoped, 
supplied the stimulus for further studies to provide a 
better understanding of the complex phenomenon of 
brittle fracture. J. P. Burgy 


(Continued from page 13) 

national scientific co-operation provides a basis for 
developing effective contacts between nations with widely 
different political systems. In such programmes, all 
ultimately depends on the willingness of mdividual 
nations and the energy and enthusiasm of their individual 
scientists. In the Antarctic, now as in the earlier “heroic 
ago” of exploration, all achievement likewise depends on 
the energy, enthusiasm, and willingness to co-operate of 
each individual member of the national and international 
team. Judged against the direct record of research 
achievement and the indirect by-products of inter- 
national amity and understanding, Antarctic science over 
the past decade has been an outstandingly good invest- 
ment. 
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ASYMMETRIC CO-OPERATIVE SCATTERED LIGHT SPECTRUM IN A 
THETATRON PLASMA 


By D. E. EVANS, M. J. FORREST and J. KATZENSTEIN 
United Kingdom Atomic Energy Authority, Culham Laboratory, Abingdon, Berkshire 


In an experiment designed to display the ion term in the 
light scattering cross-section of a plasmat, we have ob- 
tained a spectrum of scattered light which is asymmet- 
rically distmbuted about the incident light wavelength. 
The experiment was conducted on the Maggi I thetatron 
using an arrangement similar to that described in Evans 
et al.* oxcept that a Korad KQ-1 giant pulse ruby laser 
delivering 50 MW pulses was used to obtain a narrow 
emission line, and the dispersing element at the detector 
was a pressure scanned Fabry-Perot interferometer which 
had a free spectral range of 2-55 A. A single order was 
isolated by means of a narrow band dielectric filter, and 
light which passed through a focal plane stop, of which the 
diameter was a resolution width for the Fabry-Perot 
interferometer, was detected by a photomultiplier. The 
wavelength spectrum of the scattered light was built up 
from a sequence of more than 200 shots during the course 
of which the interferometer’s pass band was moved back- 
wards and forwards over two fringes. The resulting 
spectrum is exhibited in Fig. 1, together with a spectrum 
of the stray light from the laser. The individual measure- 
mente in the two spectra were obtained sequentially, and 
the plasma was fired on every second laser shot. The stray 
light spectrum serves to mark the position of the centre 
wave-length from which scattered light is shifted. 

The 45 kJ thetatron was operated at 30 kV and the 
initial gas pressure was 50 mtorr of hydrogen. A 500 G 
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spectrum of scattered light from plasma. b, Spectrum of stray 
Bis obtained by subtracting b from the total mgnal. Abscissa, 
i m ations. Errors shown fond on statistacal 

aotna’ pns srietng from a averaging over several] 4! Shift of resonance 
in 0-42 A to the blue side of the laser line; measured width of resonance 
is 0: 609A, width of laser Ime is 0 89 A, giving true width of resonance 
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reverse bias field was applied, and a pre-ionization pulse 
ensured the presence of a plasma from the outset of the 
discharge of the main bank. Scattered light was measured 
at the peak of the first half cycle of the current. This 
condition was investigated earlier’ when the following 
parameters were measured: electron temperature T'e = 
278** eV, and electron density ne = 2-15 + 0-15 x 
1018 cm. 

The striking feature of the scattered light spectrum is 
the enhancement of the wing to the short wavelength 
side of the laser line. We interpret this as arising from a 
relative drift velocity u between the electrons and the 
ions of the plasma leading to the onset of an 10n wave 
instability m the way described by Rosenbluth and 
Rostoker*. They show that such a drift causes an asym- 
metric enhancement of one wing of the thermal plasma 
spectrum, and that the strength of the enhancement is a 
function of u.k, the component of the drift in the direction 
of the differential wave vector k defining the spatial com- 
ponent of the electron density fluctuation which gives 
rise to scattered light. They show further that the 

trum is reflected ın the y axis if u.k is replaced by 
—u.k, that is, the enhancement occurs to the blue or red 
side of the central wavelength according to whether the 
electron drift is parallel or anti-parallel to the k vector. 

In this experment, the detector collects light which 
has been scattered at 5° to the forward direction, and which 
emerges from one end of the plasma vessel through an 
annular window concentric with the axis of the thetatron 
coil and the laser beam. Thus, from each point in the 
plasma the rays of scattered light which will reach the 
detector lie on the surface of a cone. To each ray there 
corresponds a characteristic, nearly radial, k vector, and 
rays on opposite sides of the cone have k vectors which 
are the mirfor image of each other. At a point in the 
plasma from which scattered light arises, however, there 
must be a unique electron drift u so that each ray of 
scattered light has associated with it its own value of 
u.k., and so its own spectral distribution. Rays on opposite 
sides of the cone must have spectral distributions which 
are mirror images of each other, and it follows that the 
composite spectrum built up by summing contributions 
over the whole of the annular window cannot fail to be 
symmetric. It happens that in our experiment, only three 
out of four quadrants of the annular window permit 
light to pass through, because the fourth quadrant lies 
in the shadow of the laser beam light dump tube. The 
spectrum which we have observed is then consistent with 
@ current u in the direction of the opaque quadrant. 
Fig. 2 illustrates the situation in which the upper and 
lower quadrants of the window, where u is approximately 
perpendicular to k, are expected to contribute weakly 
asymmetric distributions, one the exact reverse of the 
other, so that between them, they result in no net asym- 
metry. The left and right-hand quadrants contain the 
strong enhancement, and because the former is occulted, 
the latter makes @ strong asymmetrically enhanced 
contribution to the spectrum which is finally observed. 

An alternative explanation of the observed distribution 
in terms of a bulk motion of the plasma has been 
attempted, but we have fail€d to construct a spectrum 
which resembles the experimental result. 
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Estimation of plasma parameters has been attempted 
by comparison of the measured spectrum with curves 
computed on the basis of Rosenbluth and Rostoker’s 
theory. According to this theory, the scattered light 
spectrum should be represented by a function of the form 
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some examples of which are illustrated in the accompanying 
diagrams (Fig. 3). Curves were constructed for scattering 
parameter «a = 1-5, which was the value measured in the 
previous experiment, and for values of the ratio of electron 
to ion temperature, 7',/T; = 5, 2, 1, 0-5, and values of 
the drift velocity, expressed as a fraction of the electron 


thermal speed, z5 , between zero and unity. The experi- 


mentally determined parameters, on the basis of which 
the comparison between experiment and theory was 
carried out, are the shift of the enhanced wing from the 
centre as determined by the position of the laser line, 
0:42 + 0-1 A, the apparent width of the resonance, 
0-59 A, which is made up of the convolution of the laser 
line, width 0-39 A and the true resonance width 0-44 A, 
and the ratio of the height of the enhanced wing to the 
height of the suppressed wing, = 4, which as a result of 
the composite nature of the obsorved spectrum must be a 
lower limit. The requirement that this ratio should 
exceed 4 at the same time that the ratio of resonance 
width: resonance displacement approximates I eliminated 
all famılies of curves under consideration except that for 
which 7',/7; = 1, provided that attention was restricted to 
values of drift velocity lower than the electron thermal 
speed. The uncertainty to be attached to T,/T; can be 
estimated on the grounds that the curves for 7./7; = 1:5 
and 0-75 cannot be completely excluded. By inspection, 
the curve from this family which appeared to give the 
best fit corresponded to a drift velocity = 0-65 ve and 
curves for drift velocities 0-7 and 0-6 could be seen to give 
either, on one hand, & ratio of width to displacement which 
was too small, or on the other hand, a too amall wings 
ratio. The shift of the peak of the spectrum with respect 
to the laser wavelength determines the ion wave phase 
velocity and thus the electron temperature, which we 
find to be Te = 220 + 80 eV, where the error depends 
almost entirely on the uncertainty in determining the 





-3 -2 -1 0 1 2 3 


Fig. 8. Spectra caloulated from theory, (ref. 8) for a = 1-5 and values of T./Ti and y as shown. 
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position of the peak. The ion temperature is obtained 
with the help of the ratio 7./7:, and accordingly T, = 
220 + 105 eV. The error on T; is compounded of that on 
7, and the uncertamty m the temperatures ratio. The 
value of T, obtained here is not inconsistent with that 
measured in the first experiment, namely T. = 278 eV. 
It is of interest to compare these results with those 
recently published by Kronast et al. and Ramsden et 
al.*, which were also scattering experiments in the forward 
direction on theta-pinch plasmas, the discharge para- 
meters of which did not differ greatly from our own. 
Kronast et al. measured a spectrum with a displaced 
maximum and interpreted this result as either an ion 
wave enhanced’ by electron drift or as an electron tem- 
perature appreciably higher than the ion temperature. 
Because seven of their eight spectral channels were 
arranged to observe the low frequency wing of the spectrum 
they were unable to establish whether or not their spectrum 
was asymmetric and thus to distinguish the two possi- 
bilities. Ramsden et al. measured a symmetric spectrum. 
Their experimental arrangement differa from that of 
Kronast and our own in that they collect light from the 
full range of azimuthal angles. As has already been pointed 
out, this would lead to a symmetric spectrum even if 
there were an incipient ion wave instability. Thus, 
Ramsden’s results, which he interprets as indicating an 
electron-ion temperature ratio greater than unity, could 
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equally well be interpreted as superimposed enhanced ion 
wave spectra. 

It should be noted that such asymmetric spectra have 
been observed in the backscatter of radar on the iono- 
sphere and attributed to plasma waves excited by the 
auroral or equatorial electrojet*. 

The origin of the electron drift which gives rise to the 
observed spectrum of scattered light is conjectural. 
Given the direction of the thetatron current in the coil, 
and the assumption that the drift is azimuthal, we propose 
that the plasma may have moved above the axis of the 
laser beam at the time of the experiment, as shown in 
Fig. 2, thereby producing an electron drift u at the inter- 
section of the laser beam with the plasma, towards the 
occulted quadrant, as required by our interpretation. 

We thank Mr. G. Kachen for his assistance with the 
interferometer, Mr. J. A. Daniel and Dr. J. A. Reynolds 
for their help and advice on the thetatron, and Dr. A. Œ. 
Hearn for computing the theoretical curves. 
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THERMOLUMINESCENCE OF THE MOON 


By Dr. K. H. SUN and J. L. GONZALEZ 
Westinghouse Research Laboratories, Pittsburgh, Pennsylvania 


Korat’ has reviewed the phenomenon of lunar lumines- 
cence and given strong evidence that the luminescence is 
related to the bombardment of meteorite dust existing 
on the surface of the Moon by solar protons and electrons. 
The meteorites ted are enstatite achondrites, 
which were found by Derham and Geake* to emit strong 
red luminescence centred at 6700 A on proton bombard- 
ment. 

Kopal and Rackham? used three narrow band inter- 
ference filters centred at 6725 A (red), 5450 A (yellow- 
green), and 7900 A (infra-red) to photograph the lunar 
luminescence on the nights of November 1-2, 1963. 
They found that the red filter photographs showed a 
striking brightening around the north of Kepler as com- 
pared with the photographs taken with other filters. 
Even though sufficient knowledge to account quantita- 
tively for this observation is still lacking, it does suggest 
strongly that the lunar luminescence was caused by the 
protons from solar flares bombarding the meteorite dust 
deposits on the surface of the Moon, particularly near the 
regions of Copernicus, Kepler, and Aristarchus. 

Most investigators relate the lunar luminescence to 
solar flares, but it is reasonable also to inquire about the 
effect of low energy protons from the solar wind. 

It is known that the temperature during the lunar night 
is very low (~ — 150° C) and during the lunar day very 
high (~ 120° C). It is also known that many luminescent 
materials do not emit light immediately when bombarded 
with protons or electrons at low temperatures. The energy 
of the bombarding particles is stored in the fluorescent 
materials. On heating, the stored energy will be released 
in the form of luminescent light. This is the well known 
phenomenon of thermoluminescence. The lunar en- 
vironment is ideally suited for the ocourrence of thermo- 
luminescence. It can be postulated that the meteorite 
dust particles absorb and store energy from the solar 
wind protons during the cold long lunar night. At 
lunar dawn, the surface of the Moon is heated rapidly 


by the Sun at the terminator, and the trapped energy is 
released in the form of thermoluminescence. One may 
expect that the brightness of the Moon is enhanced right 
at the terminator due to thermoluminescence. 

If one takes a value of 5 x 10! om- sec- for the solar 
wind proton flux‘, then the total flux during the whole of 
a lunar night of about fourteen earth days would be 
6 x 10t om-. This is a conservative estimate and does 
not take into account the crease of proton flux arising 
from the trapping action of the magnetosphere extended 
from the Earth to the Moon. If these protons have an 
average energy of 1 keV (ref. 4) and the main constituents 
of fluorescent meteorites are magnesium silicates’, the 
fluorescent meteorites would have received a total proton 
dose of about 101! ergs/g or 10? Mrads. This amount of 
energy could be stored in a layer of material about 200 A 
thick. The rate of temperature rise after an eclipse of the 
Moon was measured at 270° C/h or 4:5° C/min as the Moon 
passed from totality into the penumbra’. If we assume the 
actual rate of temperature rise at the moon terminator 
at dawn is about this value, then the Moon surface at the 
terminator changes from a night temperature of — 150° C 
to the day temperature of 120° C in an hour. Based on 
these considerations, we have designed an experiment to 
measure the thermoluminescence of the achondrite 
meteorites. Since Derham, Geake and Walker’ noted that 
the luminescence of enstatite achondrites has a blue 
peak (centred at 4100 A) and a red peak (centred at 
6700 A), we have used red and blue optical filters separately 
to investigate the thermoluminescence. These same 
authors also noted that the luminescence can be induced 
by protons (5 keV—4 MeV) or electrons (5-40 keV). This 
indicates that to first approximation, difference in bom- 
barding particle is not a prime factor provided that the 
doses applied are measured. We have, therefore, used 2 
MeV electrons for experimental convenience. Thermo- 
luminescence of some chondritfe meteorites was measured. 
by Houtermans', but his measurements covered only the 
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temperature range above room temperature. No measure- 
ments were made in the low temperature range pertinent 
to the hypothesis of hmar thermoluminescence. 

The enstatite achondrite samples used were obtained 
through the courtesy of the American Museum of Natural 
History, New York City, and the Smithsonian Institution, 
Washington, D.C. The former supplied two samples: 
Cumberland Falls and Norton County; and the latter, 
three samples: Cumberland Falls, Shallowater, and 
Bustee. 

Samples were bombarded with 2 MeV electrons at 
liquid nitrogen temperature in air and allowed to warm 
up first to room temperature and then to higher tem- 
peratures on a hot plate. As the samples were warmed, 
one saw vivid glows of blue and red light emitting and 
fading from various regions. 

More careful measurements were then carried out by 
photo-electronically observing the thermally stimulated 
luminescence as a function of temperature. A sketch ot 
the apparatus is shown in Fig. 1. 

The specimens were laid on the aluminium holder and 
surrounded by fine copper granules for good thermal 
contact. A small bead thermocouple was cemented on the 
surface of the specimen. Chilled helium gas was allowed 
to flow continuously into the specimen region to prevent 
frosting when the specimen holder was immersed in hquid 
nitrogen. For irradiation, a 0-005 in. thick aluminium 
foil was mounted in place of the optical filter and photo- 
multiplier. The specimens were irradiated with 2 MeV 
electrons to a dose of 0-3-3 Mrads. After the bombardment 
the optical filter and photomultiplier were brought back 


in place by removing the aluminium foil. For measuring ` 


blue luminescence, an RCA 6199 photomultiplier and a 
No. 47 blue Wratten filter were used. This filter has a peak 
transmission at 4300 A and zero transmission at 3900 A 
and 6200 A. For red luminescence, an RCA 7102 photo- 
multiplier and a No. 23A red Wratten filter were used. 
This filter cuts off all light below 5500 A and has a flat 
maximum transmission extended from 6300 A on to near 
infra-red. The photomultipliers were used in an inverted 
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Fig. 1. Schematic drawing ef the thermoluminescence apparatus. 
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Fig. 2. Blue thermoluminescence of enstatite achondrite meteorite found 
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Fig. 3. Red thermoluminescence of same meteorite. 


circuit configuration; that is, the cathodes were at a high 
negative potential. The output signal was taken across 
a resistor in the anode circuit to ground. Non-linearity 
of the output signal was avoided by keeping the anode 
voltage swing to about 1 per cent of the voltage difference 
between the last dynode and the anode. The signals from 
the thermocouple and the photomultiplier were amplified 
in the conventional manner and were fed into an X-Y 
recorder. A separate thermocouple was attached to the 
specimen holder and the temperature was separately 
recorded with a strip chart recorder. Specimen tempera- 
ture was controlled in the range of — 160°-0° C by with- 
drawing the liquid nitrogen and in the range of 0°-250° C 
by heating coils embedded in the specimen holder. The 
heating rates were about 50° C/min below, 0° © and 14° 
C/min above 0° C. While these heating rates were some- 
what higher than that at the Moon terminator, the 
measurements would still give the general features of the 
thermoluminescence. Background runs without specimens 
were also taken, and showed practically no light output 
throughout the temperature range from — 160° C to about 
200° C. There was some background owing to heat 
radiation above 200° C, which was subtracted from the 
measured data. 

The results are shown in Figs. 2 and 3. Fig. 2 shows 
the blue thermoluminescence of the Cumberland Falls 
specimens supplied by the American Museum of Natural 
History. The exposed surface area of the sample was 
about 1 cm* and was bombarded with 101° 2 MeV elec- 
trons/em* (~ 0-3 mrads). Four distinct peaks were 
observed: at — 112°, 5°, 105° and 200° C. There was also 
a suggestion of a peak at —75° C. The widths at half 
maximum of these peaks were in the range 40°-50° C. 
The average separation of the peaks was about 100° C. 

Fig. 3 shows the red thermoluminescence of the same 
sample bombarded with 10% 2 MeV electrons/em™ 
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(~ 3 mrads). Four distinct peaks were observed: at 
— 72°, —2°, 157° and 215° ©. There was a suggestion 
of a weak peak at —100° C and there seemed to be a 
continuous emission of light in the temperature range 
67°-105° C. The width at half maximum of the most 
pronounced peak was about 50° C. 

Similar results were observed on the Cumberland Falls 
and Norton County samples supplied by the Smithsonian 
Institution. The thermoluminescence could be observed 
repeatedly if the samples were cooled down and bom- 
barded again with 2 MeV electrons up to flux values of 
about 103 om-*. This seems to indicate that radiation 
damage, if ıt occurred, may have annealed out at high 
temperature. No experiments were carried out with flux 
higher than 1015 em-*. Since the luminescence is a surface 
phenomenon, the general effect of a 2 MeV electron 
should be similar to that of a few keV electrons, provided 
the surface doses are measured. For solar wind protons, 
the effect per unit flux would be more pronounced because 
ionization density per unit path length is much greater 
(10%-10°) for protons than for electrons. 

From these experiments, it can be concluded that if 
the lunar surface is covered with meteorites of the 
enstatite achondrite type, it is almost certam that red 
and blue thermoluminescence ocours at the terminator of 
the Moon at dawn. Assuming 10 per cent of the total 
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amount of solar wind energy is stored and emitted as red 
and blue luminescence in I h (corresponding to a heating 
rate of 45° C/min and 0-5 degree longitude within the 
terminator), it is estimated that the intensity of the 
thermoluminescence could approach to within an order of 
magnitude of the reflected sunlight at the terminator. It 
would be interesting to measure quantitatively the amount 
of red and blue light emitted per unit surface of the 
meteorites per unit radiation dose, particularly for 1 keV 
protons, so that the possibility of observing from the 
Earth the thermoluminescence near the Moon’s terminator 
can be more accurately estimated. A direct measurement 
of the phenomenon from the Harth would enhance our 
knowledge of the surface composition of the Moon. The 
authors thank J. M. Hicks and P. E. Felice for their 
assistance in carrying out the experiment. 
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STRONTIUM CONTENTS OF RECENT AND FOSSIL ARAGONITIC 
CEPHALOPOD SHELLS 


By Dr. A. HALLAM and Dr. N. B. PRICE 
Grant Institute of Geology, University of Edinburgh 


Ir has recently been shown by Lowenstami-* that organ- 
igms with aragonitic skeletons fall into two clearly 
defined groups according to the strontium content. The 
first, or high-strontian group, with a strontium/caloum 
ratio approximating that of sea water, includes algae and 
a wide range of invertebrates including the Polyplacophora, 
a group of primitive molluscs. The group with low stron- 
tium includes the more advanced molluses together with 
fish. A comparable pattern can be found with magnesium. 
Lowenstam concluded that the tendency for both stron- 
tium and magnesium to decrease as substituting ions for 
the calcium. in aragonite from the less complex to the more 
highly differentiated tissue grades indicates an increase 
in power of discrimination by more advanced biochemical 
systems against ions from the external medium. A system- 
atic decrease in the strontium/calcium ratio from the 
Carboniferous to the present has also been demonstrated 
for certain well preserved gastropod shells, and Lowenstam 
has suggested that this may represent an instance of bio- 
chemical evolutaon involving changing powers of dis- 
crimination against strontium in the sea water’. 

In the present investigation we are concerned with the 
strontium content of aragonitic shell material of living 
and fossil cephalopods. Nautilus is, of course, the only 
living genus directly comparable to nautiloids and 
ammonoids of the past, but we thought it desirable for 
purposes of more general comparison to include data on 
Spmrula. Kepta will be the subject of a separate investiga- 
tion. The Mesozoic and Recent material analysed comes 
from collections in the museum of the Grant Institute of 
Geology, supplemented by fossils collected in Skye and 
Yorkshire. The Carboniferous material from Scotland 
and the United States was kindly supplied by Mr. R. B. 
Wilson and Dr. F. G. Stehli respectively. 

Cleaned shell material was crushed to — 200 mesh for 
both X-ray diffraction and chemical analysis. Standards 


for calcite/aragonite analysis were prepared by mixing 
in varying proportions crushed Nautilus pompilius 
(aragonite) and Osirea edulis (calcite) shells, taking care 
that there was no alteration of one polymorph to the other 
with grinding. The various standards and shell samples 
were sprinkled evenly on to a glass slide coated with 
‘Vaseline’ for X-ray diffraction analysis, so producing a 
randomly oriented mount. The counting method used 
was similar to that adopted by Davies and Hooper’. 
Owing to line broadening and possible preferred orientation 
the double line (111) and (021) of aragonite was measured 
together with the (104) calcite reflexion. Integrated line- 
intensity measurements were made by scanning the two 
peaks in each direction from background to background 
over a precisely determined period of time. The back- 
ground was measured for each of the peaks, subtracted 
from the total count of each peak and the ratio of 
intensity Icalcite/Icatctte + Iaragomte Plotted against the 
calcite percentage for the standards from 0-100 per cent 
at intervals of 10 per cent calcite. Reproducibility at the 
50 per cent calcite level is +2-0 per cent absolute but 
increases when the calcite contents are below 10 per cent 
to +5-0 per cent absolute. 

Strontium was determined by X-ray fluorescence 
spectrometry, using a modified ‘Philips 1540’ spectro- 
meter. A tungsten tube operated at 50 kV and 40 mamp 
provided the primary source: a lithrmm fluonmde crystal 
was used as the dispersing element and a flow proportional 
and scintillation counter were used as detectors. Standards 
were prepared by seeding “‘specpure”’ strontium carbonate 
with calcium carbonate. Natural standards were also 
used in the determination of the working curve. 

Because of the small amount of material available for 
analysis the standards and samples were evenly brushed 
on to & ‘Sellotape’ mount, the®by obtaining for analysis 
a thin film of powder weighing 3-5 mg. The intensity 
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of the strontium Ka, peak was then measured for a unit 
period of time. Because of the variable amount of material 
on the mount for different samples it was assumed that 
the concentration of calcium was constant and the calcium 
KB, line used as an internal standard. The working 
curve was based on the ratio strontium Ka,/calcium KB, 
to concentration. The precision of the method was satis- 
factory—-on average it was +6 per cent; it deteriorated 
in some cases to +10 per cent, however, where the 
weight of sample on the ‘Sellotape’ mount was small, for 
example, 2-5-3:0 mg. Replicate determinations were 
used in many cases. This method was checked in cases 
where there was abundant material, more than 200 mg 
for example, and the sample was placed in a sample cup 
and the response of strontium and calcium measured in 
the same way as before. Precision by this method was 
improved to + 2:0 per cent. Comparison of results for the 
two methods showed close agreement, generally deviating 
by less than +100 p.p.m. The results quoted in Table 1 
are based on the thin film technique. 

_The resulta are given in Table 1. Although the ammo- 
nites were selected for analysis because their shells were 
nacreous or chalky, calcite is present in varying quantities 
in most of them. (The degree of alteration of nacreous 
to chalky shell substance is not a reliable criterion of the 
amount of calcite.) It will be seen that those shells with a 
larger percentage of calcite tend to have a lower strontium 
content, but the relationship is not simple, one of the 
Baculites specimens, for example, having a high strontium 
content with 9 per cent calcite. Considering only those 
ammonites with a calcite content ranging between zero 
and 5 per cent, we have calculated a mean strontium/ 
calcium ratio of 2-41 with a standard deviation of 0-37. 
This compares closely with the results for Recent Nautilus 
and Spirula. 

The Lower Carboniferous Cot Castle shell bed of the 
Midland Valley of Scotland contains goniatites and 
nautiloids consisting entirely of unaltered aragonitet. 
Table 1 shows that the goniatites have a strontium/ 
calcium ratio well within the range of the Mesozoic 
ammonites, but the nautiloids have a significantly higher 
value than the mean figure quoted for the ammonites, at 
the 99-5 per cent probability level (Fig. 1). As there is no 
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trace of diagenetic alteration of the shell mineralogy and 
as the nautiloids ocour in intimate association with the 
goniatites, there seems no reason to doubt that these 
results express a genuine difference in the original shell 
composition. 

We have also analysed aragonitic shell material of 
nautiloids from the Carboniferous Buckhorn Asphalt, 
Oklahoma’. Although the state of preservation is good, 
with iridescent nacreous material, calcite was found to be 
present in all samples, sometimes abundantly. The 
strontium/calcium ratio is appreciably lower than that of 
the Scottish nautiloids in all ten samples analysed. It 
seems likely that partial inversion of aragonite to calcite 
has been accompanied by loss of strontium, as is apparently 
also the case with some of the ammonites. (As with the 
latter, there is no simple relationship between strontium 
content and amount of calcite.) This sort of change is 
familiar, since strontium contents of aragonite of all types 
are normally much higher than in calcite. Strontium ions 
are thought, in fact, to act as inhibitors of the aragonite 
to calcite inversion‘. The American nautiloid material 
appears, therefore, to be unsuitable for the investigation of 
original shell composition. In this connexion it is note- 
worthy that carbon and oxygen isotope exchange has also 
taken place (F. G. Stehli, personal communication). 

Fig. 1 shows diagrammatically that apparently un- 
altered Carboniferous nautiloids have a strontium/calcium 
ratio appreciably higher than contemporary goniatites, 
Mesozoic ammonites and living nautiloids, which are all 
closely similar. Following Lowenstam, we interpret this 
to signify that Carboniferous nautiloids were biochemically 
more primitive than the other groups in respect of dis- 
criminatory power against strontium and that modern 
neutiloids have apparently “caught up” with the older 
ammonoids. Such a view is consistent with the earlier 
appearance of the nautiloids in the stratigraphical record. 
Many more data on fossil nautiloids are clearly desirable 
to confirm or refute this interpretation. At the moment 
wo have to be satisfied with Lowenstam’s data on two 
specimens of Hutrephoceras from the Upper Cretaceous of 
Tennesses*, both of which have a strontium/calcium 
ratio of 4-7, which compares closely with our Carboniferous 
data (Fig. 1). This carries the implication that nautiloids 


Table 1 





Atomic ratio 
Speelmen Formation Locality Age oe eben iran cated Perosntago of 
.P.m, x calel 
Recent cephalopods i 
Nautilus pompus 8 Museum Recent 2300 + 100 2-65 0 
Nautilus pomprsus (2) Recent 2400 + 100 2-75 0 
Bp. Museum Recent 2100 + 100 2-40 0 
Ammonites 
sp. aI Lias arwi Jurasalo 2600 + 100 3-05 0 
Androgynoceras sp. (2 Lias Warwickshire Jurassic 1800 + 100 2-20 27 
IAparoceras sp. Warwickshire Jurassic 2100 + 100 240 2 
Anavirgatites sp. Kimmeridge Olay Museum Jurassic 2100 + 2-40 5 
Indet. ammonite (1 Oxford Olay Staffin Bay, Skye Jurassic 1600 + 100 1:80 trace 
Indet. ammonite (2 Oxford Clay Stafin Bay, Skye Jurasslo 1500 + 100 1-70 17 
Indet. ammonite (8 Oxford Olay Staffin Bay, Skye Jurasaic 1870 + 100 1-60 25 
Indet. ammonite (4) Oxford Staffin Bay, Skye Jurassic 1800 + 150 205 15 
A, cs Bpeston Olay Yor! Cretaceous 2100 + 100 2-40 0 
A A t Clay Kent Cretaceous 1700 + 50 2-00 trace 
Baculrtes op. p ? Museum Cretaceous 3500 + 160 4-00 9 
Baculries sp. (2 ? Museum Oretaceous 2500 + 650 2-90 8 
Euhoplites sp. (1 Gault Kent Cretaceous 2000 + 100 2-35 0 
Ewhoplues sp, (2 Gault Clay Kent Cretaceous 2100 + 100 2-40 trace 
E Bp. Gault Kent Cretaceous + 100 1:50 > 40 
H ; ? Museum Cretaceous 900 + 150 1-05 > 40 
Poe sega sp. ? Museum Cretaceous 1600 + 100 1-85 10 
ichocera Oil Shales Central Scotland Carboniferous 2700 + 150 8-10 0 
anaet gomstite WL29 Of] Shales Central Scotland Carboniferous 2200 + 100 2 50 0 
Indet. arthocone W 42 OI Shales Central Scotland Carboniferous 4400 + 5 20 0 
Indet. orthocone E 8010 OL Shales Central Scotland Carboniferous 4200 + 100 480 0 
Indet. orthocone E 7867 Ou Shales Central Scotland Carboniferous 4300 + 150 4:95 0 
Indet. orthocone No. 86 Buckthorn Asphalt Oklahoma Carboniferous 2100 + 100 2:40 abundant 
Indet. orthooone No. 89 Buokthorn Asphalt Oklahoma Carbonrferous 1400 + 100 1°55 81 
Indet. orthocone No. 40 Buckthorn Asphalt Oklahoma Carboniferous 1100 + 150 1-25 abundant 
Indet. orthocone No. 48 Buckthorn Asphalt Oklahoma Carboniferous 1600 + 100 1-85 abundant 
Indet. orthocone No. 44 Buckthorn Asphalt Oklahoma Carboniferous +i 285 5 
Indet. orthocone No. 46 Buckthorn Asphalt Oklahoma Carboniferous 1000 + 100 1-15 8 
Indet. orthovone No. 50 Buckthorn Asphal: Oklahoma Carboniferous 1600 + 60 1-70 abundant 
Indet. orthocone No. 51 Buckthorn Asphalt Oklahoma Carboniferous 2800 + 100 2-65 abundant 
Indet. orthocone No. 62 Buckthorn Asphalt Oklahoma Carboniferous 2800 + 100 265 abundant 
Indet. orthocone No. 58 Buchghorn Asphalt Oklahoma Carboniferous 1200 + 100 1-40 28 


Index numbers for the Scottish Off Shales fossils refer to the Geological Survey collection in Edinburgh. Numbers for the Oklahoman fossils refer to 


F. G. Stehli’s private collection. 
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may have undergone marked biochemical evolution in this 
respect during the Tertiary. 

Our results for Nautilus pomptlius are slightly lower 
than the one quoted by Lowenstam!? (strontium/calcium x 
10? = 3-0), possibly because his samples were freed from a 
small percentage of matrix contamimants before spectro- 
graphic analysis. They are close enough, however, to 
allow a general comparison of results to be made. All 
the cephalopods listed ın Table 1 with the exception of 
the Scottish Carboniferous nautiloids and one specimen 
of Baculites have a strontium/calcium ratio simular to a 
representative sample of Recent gastropods and bivalves‘. 
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The Scottish nautiloids compare with Lowenstam’s data 
on Hutrephoceras and Recent Sepia (strontium/calcium x 
10? = 4-5-4:8) but still have an appreciably lower ratio 
than Recent Polyplacophora, the ratio (8:3-9-2) of which 
approximates that of sea water. 

Whereas strontium content normally falls sharply when 
aragonite inverts to calcite, Turekian and Armstrong’ 
discovered an apparently anomalous diagenetic enrich- 
ment in Cretaceous ammonite shells from South Dakota, 
virtually all of which was partly altered to calcite. 
Strontium and barium contents were abnormally high and 
in a Sphenodiscus shell analysed in great detail the highest 
strontium content was found in material with from 2 to 10 
per cent of calcite. Turekian and Armstrong tentatively 
attributed this enrichment to adsorption of an aragonitic 
“reaction layer’. One possible explanation of the anoma-. 
lous enrichment is that the shell material was collected 
from concretions, which clearly indicates that it has been 
in intimate contact with migrating interstitial caloareous 
solutions, thereby facilitating ion exchange. If this nter- 
pretation is correct, it serves to emphasize the importance, 
in investigations of trace elements or oxygen isotopes, 
of collecting purely aragonitic shell materal from non- 
calcareous or poorly calcareous rocks. 


2 Lowenstam, H. A., in Tha Earth Sciences: Problems and Progress in Ourrent 
oe 187, edit. by Donnally, T. W. (Oniversity of Chicago Press, 
I z 
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OPTICAL PHENOMENA ASSOCIATED WITH THE SHOCK COMPRESSION 
OF SODIUM CHLORIDE AND POTASSIUM BROMIDE 


By Dr. RONALD K. LINDE and Dr. DONALD G. DORAN 
Poulter Laboratories, Stanford Research Institute, Menlo Park, California 


Tax study of shock waves in solids is an: active area of 
research, but relatively little progress has been made 
toward a detailed understanding of the interactions of 
shock waves with the crystal lattice and defect structure 
of solids. This communication describes the results of 
some exploratory experiments on colour centre trans- 
formation and luminescence which indicate promising 
areas for further research. 

To provide specimens with well known shock histories, 
and to allow the use of spectrophotometry to study the 
effects of shock waves on colour centre concentrations in 
single crystals (sodium chloride), it was necessary to 
develop a suitable recovery technique. Early experiments 
in which specimens were placed inside magnesium packages 
provided with longitudinal momentum traps (spall 
plates)! yielded crystals with such high densities of 
cleavage cracks that optical transmission measurements 
were afterwards impossible. The high crack density was 
caused by relief waves which combined to create tensile 
stresses withm the specimen. By contrast, the refined 
recovery package shown in Fig. 1 proved effective. The 
magnesium container is a good shock impedance match 
and a reasonably good shock velocity match for sodium 
chloride, and the pressed sodium chloride (more than 99-5 
per cent of crystal density) has such a low tensile strength 
that it serves as a quasi-continuum of momentum traps. 

A uniform plane stress pulse (shock wave) of constant 
amplitude and of 1 usec duration was produced by 


accelerating a flat-headed projectile in a gas gun with a 
2-5 in. bore?. The head of the magnesium projectile was 
mounted so a3 to separate easily from the cylindrical body 
of the projectile immediately on impact. The body of 
the projectile then did not hit the target (mounted on 
the ond of the evacuated gun barrel), but flew through the 
low density polyurethane foam which supported the 
recovery assembly. 
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Specimens consisted of high purity, <100> oriented 
single crystals of sodium chloride 0-125 and 0-0625 in. 
thick obtained from the Harshaw Chemical Company. 
Spectrographic analysis showed the following impurities: 
aluminium (<10 p.p.m.), calcium (<8 p.p.m.), copper 
(<5 p.p.m.), iron (< 20 p.p.m.—unot detected), magnesium 
(<10 p.p.m.), no others detected. All optical absorption 
measurements were carried out using a Carey model 14 M 
spectrophotometer; crystals were examined in the range 
2000-26,000 A. 

Crystals possessing various densities of F centres (as a 
result of prior exposure to 1-16 and 1-31 MeV y-radiation 
from a cobalt-60 source) were shocked to about 11 kbar. 
The bleaching of coloured alkali halides typically occurs 
in two stages: Stage 1 1s rapid (‘‘soft’”? F centres), while 
Stage 2 is relatively slow (“‘hard’’ F centres)*. In the 
present experiments, some crystals were shocked during 
Stage 1 and others were shocked during Stage 2. The 
irradiation dose used in colouring the crystals was also 
varied from 2-6 x 10° rads to 1:6x 107 rads. In all cases 
the effect of the shock was to bleach the crystals markedly. 
After exposure of the shocked crystals to white light, the 
further very fast bleaching and broadening of the F band 
was accompanied by pronounced growth of a broad, 
unresolved R band and indications of a weak M band. 
A radiant flux of 0:3 W/cm? from a tungsten filament 
lamp was sufficient to turn the colour of the shocked 
crystals from amber to blue within a few minutes (so that 
spectrophotometer measurements showed the intensity of 
the R band to be much greater than the intensity of the 
F band). Experiments with crystals which were coloured 
but not shocked showed the formation of a small M band 
after exposures of several minutes to the tungsten source. 
Both the F and the M bands broadened with continued 
exposure. 

The enhancement of higher order trapped electron 
centres (M, R, etc.) is not surprising in view of the plastic 
deformation that the crystals undergo as a result of 
being shocked, and is in accord with the results of quasi- 
static plastic deformation‘. Dunng the initial passage 
of a plane shock wave, the crystal undergoes uniaxial 
strain on & macroscopic scale; on a microscopic scale, 
plastic deformation occurs because the shear stresses 
exceed the shear strength of the matenal. 

Emission of light from low density (porous) compacts 
of granular materials during shock compression to high 
pressures has often been observed. We have recently 
observed light emission even from high density compacts 
of sodium chloride and potassium bromide shocked to 
relatively low pressures, but we have not detected 
luminescence--from shocked single crystals of potassium 
bromide (as received) or of sodium chloride (even with 
various pretreatments). 

Plane stress pulses (shock waves) of constant amplitude 
and 2 psec duration were provided by a 2024-1351 
aluminium projectile accelerated in the gas gun. The 
target assembly is pictured in Fig. 2. Granular specimens 
were prepared by repeatedly cleaving the Harshaw high 
purity single crystals and pressing the resulting powder 
so that compacts 0-25 in. thick and 1 in. in diameter 
with nearly crystal density were obtained. The faces 
of each specimen were lapped flat and parallel to within 
10+ in. 

All the surfaces of the specimens, except for one or two 
windows 0-26 in. in diameter left on the upper face of each 
specimen, were coated with an opaque layer (less than 
0-001 in. thick) of black dye which was shown by other 
experiments not to luminesce during shock compression. 
Emission of light was observed through each window 
with a fibre optics bundle 0-0625 in. in diameter leading 
to photomultipliers having S 4 or S 20 responses. A 
black walled collimator 1 im. long, 0-0625 in. internal 
-diameter was placed between the crystal face and the 
fibre bundle. The effegtive spectral response of the 
optical system as a whole was found to be 4000-6000 A 
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Fig. 2. Target assembly for luminescence studies. 


with the S 4 photomultipliers and 4000-7000 A with the 
& 20 photomultipliers. 

In each experument the specimen was supported on the 
sides by a pad of granulated salt (of 1 in. internal diameter 
and 2 in. external diameter) of the same type as the speci- 
men, pressed to more than 99-5 per cent of crystal density. 
Great care was taken in fitting the specimen in the 
support pad in order to eliminate voids between faces. 
This assembly was mounted on a@ 0-26 in. or 0-5 in. lapped 
magnesium driver plate which was impacted by the 
flat-ended aluminium projectile. The planarity of mpact 
was measured using the brass arrival and tilt pins shown 
in Fig. 2, and the deviation from plane was maintained 
at less than 0-05° in all cases. Shock pressures in the 
specimens were computed as described elsewhere’. Initial 
conditions were atmospheric pressure and ambient 
temperature. 

Table 1 summarizes the results obtained. In brief, 
granular compacts produced light which increased 
markedly in intensity with increasing pressure; single 
crystals produced no detectable light. It ahould be noted 
that light emission of the order of 1 erg/em* would 
correspond to about one photon per 10% atoms of the 
salt. The absolute energies quoted in Table 1 are approxi- 
mate in order of magnitude, but are correct relative to 
one another. In each case, the occurrence and duration 
of the initial pulse of light were found to coincide closely 
with the transit of the shock front through the specimen. 


Table 1. SUMMARY OF LUMINHSORNOB DATA 


No, Shock Hn 
pressure emitt 


Type of specimens used ın experiments of T 
shots* Tibar) (ergs/cm") 


Harshaw single crystal Nacl, <100> orientation 10 18-86 <1t 
Harmhaw single crystal NaOl, <110> orientation 1 36 <1 
arshaw single crystal NaCl, <111> orientation 1 36 <1 
Fipe salt (NaCl) containing 800 p.p.m. of drvalent 1 36 <1 
impurity [Ca], <100> onentation 
Hugh purity granulated NaCl, pressed to >995 2 36 ~ 108 
per cent As orystal Piste 
High puri: by pranula ted NaCl, proewsed to >995 2 19 ~ 10? 
per cent of crystal dens: 
a single tal NaCl coloured with 14x 1 36 <1 
© rads from source 
Hashes single crystal nel Gaosratatioaly per- 1 36 <1 
manently Feia deere 16 per cent 
arshaw singis crystal r, <100> orientation 1 ~ 30 <1 
High 1 ~ 30 ~ 108 


arity granulated KBr, pressed to near 
crystal denmty 


* Number of shota a which i oa lonlitlon of energy emitted was based. 
+ Estima: f vimble light emitted by 1 cm* of specimen 
Initial of aho front. 


t No light o {om represents an order of magnitude approx- 
imation to the limit of “detects bil lity. 


Although the discussion so fer has referred to the 
emission of light during the initial passage of the shock 
front, in each case light of large and fluctuating magnitude 
was also observed some few microseconds after the shock 
front reached the free surface of the specimen. The 
intensity of this light was dependent on shock pressure, 
and was presumably due to triboluminescence. 
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‘Experiments performed with the aid of explosives and 
a framing camera running at 9,000 r.p.s. demonstrated 
_ that the crystals remained transparent during the entire 
time that a 50 kbar shock front was traversing the 
specimens. 

Blackburn and Seely have observed intense light emitted 
from granular sodium chloride (75 per cent of erystal 
density) when shocked to high pressures*-*, On comparing 
light intensities from samples shocked in air and samples 
shocked in vacuum, they concluded that the light resulted 
not from the compression of the interstitial gas but from 
stagnation of the shock-accelerated sodium chloride. 
Paterson” found that the light emitted from shocked 
granular sodium chloride decreased as the ambient air 
pressure was increased from | atm. to 100 and 200 atm. 

The temperatures attained by adiabatic heating of 
trapped air between the granules of compacts shocked in 
the present study would be of the order of 5,000 °K at 
19 kbar and 6,000 °K at 36 kbar, temperatures which are 
not sufficient to produce the observed absolute intensities 
of emitted light by luminescence of the air itself. Calcula- 
tions (based on the treatment of Sewell") indicate that, for 

“the temperatures and the quantities of trapped air in- 
volved, only about 10-* erg and 1 erg, respectively, per 
c.c. of specimen would be emitted in the visible region in 
0-1 usec. (The 0-1 psec luminescence time for a given 
pocket of air was chosen as an upper limit based on the 
observed coincidence of duration of the initial lumines- 
eence with shock transit time.) 

On the other hand, while it is quite possible that more 
than one mechanism is responsible for the luminous 
behaviour of granular materials under shock compression, 
our results show that at low shock. pressures there is no 
appreciable contribution from any mechanism associated 
with shock compression of the bulk volume of the solid 
granules. (It is of interest to note here that the lumines- 
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cence observed during shock loading of single erystal 
quartz has been discussed in terms of the generation of 
large internal electric fields'?-1%. We have observed the 
generation of electric fields in shocked alkali halides, 
despite the centrosymmetric structure of the crystals’.) 

It is possible, however, that sodium atoms vaporized 
by heat from compression of the air trapped between the 
granules of the pressed salt compacts could account for 
the observed light, or that sufficient “hot spots” would 
be present to make a luminescence mechanism operative 
in localized regions of the solid particles themselves. 

Still another conceivable mechanism is tribolumines- 
cence resulting from fracturing of the granules during the 
stress equilibrating process within the rise time of the 
macroscopic shock profile. A knowledge of the spectral 
distribution of the emitted light would undoubtedly aid 
in interpretation of the observations. 

This research was supported by the Advanced Research 
Projects Agency, Washington. We thank Mr. A. J. Hunt 
for assistance with the experiments. 
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OPTICAL FILTERING OF ELECTRON MICROGRAPHS: RECONSTRUCTION 
OF ONE-SIDED IMAGES 


By Dr. A. KLUG and Dr. D. J. DE ROSIER 


Medical Research Council Laboratory of Molecular Biology, Hills Road, Cambridge 


Ix the negative staining of biological particles for eleetron 
microscopy, the image is produced by the electron- 
dense stain which envelops the much less dense particles. 
Recent work!-* on negatively stained virus particles has 
done much to clear up the nature of this process. Electron 
micrographs of fields of virus particles show that there is 
great variability in the fine detail of the particle images, 
not only from particle to particle but also from one region 
to another of the same particle. Sometimes this varia- 
bility arises from perturbations and distortions of the 
particle geometry, and sometimes from variations in the 
penetration of the stain into different grooves on the 
surface of the particle. Even if the particles were perfectly 
preserved and stained, however, the images would not 
present clear patterns of the surface of the particle 
because most images of negatively stained viruses are two- 
sided, that is superpositions of the near and far sides of 
particles. Such superposition arises from the envelopment 
of a particle by stain which, as a result, throws into con- 
trast both the near and far sides of the particle. The 
occurrence of two-sided images is the most serious obstacle 
to the successful deduction of the higher geometry of a 
particle from its image. 

Finch and Klug? have shown that the images of 
‘several icosahedral viruses can be accounted for in detail 


on the assumption that they are two-sided images. In 
brief, the technique is to determine the basic geometry 
of the particle by examining many thousands of particles 
some of which will be, by chance, predominantly one- 
sided. A model possessing the basic geometry of the 
particle is then constructed. Superposition patterns are 
simulated or computed, and the model is checked and 
refined by comparing, in detail, the computed super- 
position patterns with the two-sided images. This method 
is also suitable for small complexes of proteins such as 
multi-enzyme complexes. 

Tf, on the other hand, the particles possess spatially 
extended periodicity, their images can be analysed by 
Fourier analysis using an optical diffractometer*’. The 
image in the electron microscope, represented as a photo- 
graphic transparency—-the subject—is illuminated with 
parallel monochromatic light and the Fraunhofer diffrac- 
tion pattern observed. The extended. spatial periodicity 
gives rise to diserete diffracted rays, and this discreteness 
greatly simplifies the analysis. With this technique Klug. 
and Berger! have analysed the structure presented by. 
electron micrographs of tobacco mosaic virus (TMV) 
particles. The variability in the detail of the particle. 
image was traced to variability gn the distribution of stain 
and to the superposition of near and far sides of the 
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particle. There was no evidence of gross distortion in the 
particle geometry and, indeed, all the TMV particles 
examined possessed identical surface lattices. 

By asimple extension of the optical diffraction technique 
it is possible to extract the image of one side of a particle 
from a two-sided image. In brief, the technique is to 
remove the contribution of one of the sides of the particle 
to the two-sided image by blocking out the diffracted 
rays corresponding to that side. By analogy with electrical 
network theory, the process of manipulating diffracted 
rays or Fourier components is called spatial frequency 
filtering’. 

Technique. The subject is an electron microscope image 
(or a copy thereof) of a single particle which is suitably 
masked off from the rest of the field. This is placed at 
position S (Fig. 1) and illuminated by a plane parallel 
beam of monochromatic light produced by a point source 
(O) placed at the back focal point of lens L,. Lens La 
focuses the diffracted rays produced by the subject on to 
the diffraction plane (D). The lens L, recombines the 
diffracted rays to produce an image of the subject at the 
image plane J. In other words, lens La and the image 
plane (I) forra a “camera” which is focused on the subject. 

If the subject is a two-sided image of a helical particle 
such as TMV, the set of rays diffracted by the image of 
the near side of the particle is separated spatially at the 
diffraction plane from the set of rays diffracted by the 
image of the far side of the particle. After deciding to 
which set a particular diffracted ray must be assigned, the 
filter—a sheet of opaque material containing appro- 
priately located holes—is placed at the diffraction plane 
so that only the rays diffracted from the image of one side 
of the particle are allowed to pass. The transmitted rays 
are then recombined by lens £, to produce a one-sided 
image at the image plane. 

We have demonstrated the principle of the method by 
filtering experiments on the two-sided image of a helical 
model (Fig. 2a). Its diffraction pattern is shown in Fig. 2b. 
For comparison, a photograph of one side of the model and 
its diffraction pattern are shown in Figs. 3a and 3b. The 
diffraction pattern of the one-sided image contains a 
central “cross”? surrounded by six principal spots, which 
lie close to the vertices of the reciprocal lattice of the two- 
dimensional net from which this helix is derived. In other 
words, the diffraction pattern can be approximated by 
an n.l plot‘. The subsidiary spots arise from the fact that 
the configuration is helical, and correspond mathe- 
matically to secondary maxima of Bessel functions. The 
diffraction pattern of the two-sided subjeet is more com- 
plicated, and contains two sets of six spots which are 
related to each other by mirror symmetry about a vertical 
line through the origin. The reason for this is that the 
images of the two sides of a helical structure are related 
by mirror symmetry when projected on to a plane passing 
through the axis. The fact that the principal diffraction 
spots. corresponding to one side of the structure lie approxi- 
mately on a lattice, together with the fact that the con- 
tributions from the two sides are related by mirror sym- 
metry, is very useful in deciding which diffracted rays 
should be allowed through. 
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Fig. 1. The optical system. L, Md L, are of long focal length (150 em) 
in order to produce a large spread of the diffracted rays, La has f = 30 em, 
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Fig. 2. @, Positive replica of a photographic transparency representing 

the orthogonal projection of a helical structure on to a plane through the 

axis, The parameters of the structure have heen chosen so that they are 

the same as those of tobacco mosaic virus at a radius of 100 A. b, Frann- 

hofer diffraction pattern of a {x 1-5}. e, Filtered image of a, Obtained 

by admitting through the imaging lens only the diffracted rays indicated 
by the boxes in i. 


od 
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a b e 
a, Projection of one side only of the helical structure of Fig. 2e. 


Fig. 3. 

b. Diffraction pattern of a (x 1:5), Note that the principal diffraction 

spots He approximately at the vertices of a lattice. ¢, Tage of a without 

any filtering. The loss of quality arises from imperfee tions in the optical 
system, 


The central cross is common to both sides: thus when 
these rays arise from a two-sided image they have twice 
the amplitude they would have when formed by a one- 
sided image. These rays must, therefore, be reduced to 
half their amplitude in the filtering process. This is 
accomplished by the use of a very fine copper mesh of about 
50 per cent transmission. The effect of this reduction is 
to restore the visibility (Imax — Jmin)/(Imaxtimin) of 
the periodie part of the filtered image to its value in the 
original unfiltered image, but there is clearly room for 
experiment here in adjusting the contrast in the filtered 
image. 

The diffracted rays transmitted by the filter are those 
in the boxes in Fig. 2b. The resulting filtered image. is 
shown in Fig. 2c. Fig. 3¢ shows the result of photographing 
the one-sided subject of Fig. 3a through the optical system 
when the diffracted rays have not been touched. The 
degradation in quality of the image compared with the 
original does not arise from the filtering process but from 
the technical imperfections of the optical components 
used in these experiments. It is clear that the filtering 
process has successfully reproduced one side of the original 
superposition pattern. 

Apart from the technical difficulties, the success of the 
filtering process depends on the spatial separation. of the 
diffracted rays associated with each of the two sides. In 
addition, the various diffracted rays must, on the basis 
of their position at the diffraction plane, each be allocated 
to one of three groups: those belonging to the side of the 
particle to be reproduced (which are allowed through), 
those belonging to the other side (which are blocked), 
and those common to both sides (which are transmitted 
with reduced intensity as already described). The geo- 
metry of the surface lattice of the particle—as revealed 
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Fig. 4. a, Electron micrograph of a negatively stained particle of tobacco 
mosaic virus (ref. 7). Patches of stain are visible in the central hole. 
b, Diffraction pattern of a {x 16). The arrows indicate the position 
of the spots which are constant features of the diffraction patterns of 
TMV images (ref. 4). The other spots do not recur in all patterns and are 
attributed to irregularities in the staining and non-systematic perturba- 
tions in the particle structure. The asymmetry between the left and right 
sides of the 69A and 283A layer lines shows that in this particle the con- 
trast is unequally developed on the two sides. That is to say, the image 
is largely one-sided. e, Filtered image of a, admitting only the diffracted 
rays shown boxed in the lower photograph in b (x 330,000). 


by the stain--determines the position and hence the 
allocation of the diffracted rays. Thus before any filtering 
can be carried out, the geometry of the particle lattice 
must be solved. But the point is that the information 
carried by a diffracted ray is contained not only in its 
direction but also in its amplitude and phase, so that the 
filtered image should present not only the geometry of the 
surface lattice but also the distribution of matter in the 
lattice. 

In general, complete separation of the diffraction 
pattern into two sets is never realized in images of finite 
extent. Even when the geometry is such that the main 
spots are separated, the subsidiary maxima can overlap. 
In the examples described here, however, the interference 
introduced by overlap is sufficiently small so that, to a 
good approximation, the intensity distribution in the 
diffraction pattern of the two-sided image is the sum 
of the intensity distributions from each side. 

Two points of technique deserve special mention. First, 
in order to separate the diffracted rays sufficiently to 
permit the manipulation already described, it is usually 
necessary to reproduce the subject from the original 
micrograph on a small seale (such that periodic spacings 
are of the order of 10 lines/mm), and also to use long focal 
length lenses Z, and L,. This has the effect of reducing the 
intensity of the diffraction pattern so much that the ad- 
Justment of the filter becomes difficult. In practice, there- 
fore, the subject used was an array of copies of the image 
all placed in the same orientation. The diffraction pattern 
of this array consists of the diffraction pattern of a single 
particle crossed by fine fringes owing to the interference 
between the particle copies making up the array, but the 
underlying particle transform is easily recognizable. 
Although this procedure was originally used for reasons of 
intensity, there is a further advantage. Optical processing 
experiments using coherent light are plagued by diffraction 
wings resulting from flaws in the optical system, such as 
dust. With an extended subject such as the artificial 
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array, it is usually possible to find a region which is free 
of this nuisance. 

Second, the imaging lens L, was chosen to have a focal 
length short compared with L, and L,. in order to keep 
up the intensity of the filtered image. As a result the 
filtered image was about one-third the size of the subject. 
The images in Figs. 2c and 3c are reproduced at about 
fifty times the size at which they were produced, and those 
in Figs. 4c and 5c at about twenty times. 

Two applications. Tobacco mosaic virus was chosen as- 
one of the subjects in order to gain some experience in 
filtering actual particle images. Its structure is ‘well. 
known from X-ray diffraction analysis so that the filtered 
image can be compared with models obtained’ from: the 
X-ray data. 

The subject for filtering is the image shown in Fig. 4a, 
reproduced from an electron micrograph by Finch’. 
Its diffraction pattern is shown in Fig. 4b, from which 
it can be seen that the image contains contributions from 
the two sides of the particle although one side is pre- 
dominant. 

The diffracted rays which were allowed through the 
filter are shown in the boxes (Fig. 4b). Because the image 
is only partially two-sided, it made little difference 
whether or not the diffracted rays common to both sides 
were reduced by the copper mesh. The filtered image is 
shown in Fig. 4c. 

The filtered image presents an improved view of the 
particle structure. The one-start and sixteen-start helical 
grooves can be seen. Over large regions the individual 
sub-units are also seen. They appear as circular blobs. 
The protein units in the virus are in fact prolate ellipsoids 
and what one sees is the projection of the part: protruding 
from the body of the particle. Thus, in order to correlate 
the sub-unit image with the shape of the actual protein 
sub-unit one must solve the distribution of stain. 

The helical tail of a bacteriophage which had been found 
in preparations of the flagella of Proteus vuigaris was 









Fig. 5. a, Negatively stained bacteriophage tall. b, Diffraction pattern of 
a(x 19). Upper, The numbers give the prominent layer-line spacings 
in A. The asymmetry in spot intensity and position between the leftand 
right sides of a layer line shows that the helical groove corresponding to 
that layer line is being stained differently on the two sides of the particle 
(ref. 4). The two approximate spots arising from the Images of the two. 
sides of the particle are indicated by the solid: and dotted Hnes respec- 
tively, Lower. The solid and dotted boxes show the positions of the o 
apertures in the two filters used. ¢ and de Filtered lroages of a, admitting — 
only the diffracted rays shown in ipo ies dotted boxes respectively 
(x 240, Fi : 3 
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chosen as another subject. The subject and its diffraction 
pattern are shown in Fig. 5a and b. The phage tails re- 
present an unknown structure of which the diffraction 
pattern must be sorted out before filtering. This separation 
is not very difficult and has been done for the principal 
diffracted rays (Fig. 5b) on the basis of the two properties 
mentioned earlier when details of technique were con- 
sidered. One feature of the diffraction pattern deserves 
mention. The positions of the diffracted rays designated 
by the solid lines form a more perfect pattern than do the 
dotted ones. In addition, the intensities of the different. 
diffracted rays in the solid boxes are more nearly equal 
than those in the dotted boxes. This is a result of variation 
in the penetration of stain into the different helical 
grooves on the near and far sides of the particle. This 
effect has frequently been observed in other kinds of 
particles’. In general we have found that the sub-units 
are more distinct when the principal diffracted rays are 
of roughly the same intensity, but it does not follow that 
such an image is the more faithful. 

The filtered images of each side separately are shown in 
Fig. 5c and d. The helical grooves in the particle are 
clearly seen. In the filtered image corresponding to the 
diffracted rays in the solid boxes, the sub-units appear to 
be elongated vertically and joined to the four sub-units 
which lie diagonally above and below them. This ap- 
pearance has been found in the other phage tail particles 
appearing in this preparation and is, therefore, probably 
a real effect. The filtered image of the other side of the 
particle shows the predominance of one of the helical 
grooves. This result can be traced back to the strong 
intensity of the diffracted rays corresponding to this 
groove. 

Discussion. The technique which we have described is 
capable of extracting and presenting in a useful way the 
information contained in the electron microscope image. 
It can, however, be an extremely dangerous technique if an 
incorrect image is produced as a result of the wrong 
selection of diffracted rays for recombination. There is no 
simple way to avoid this pitfall. We find it essential to 
compare diffraction patterns obtained from many different 
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images of the structure in order to determine the average 
features, and to refer back to the original images at each 
step in the analysis. Variations in the relative intensities 
of different sets of spots, corresponding to variations in the 
development of contrast on the two sides of a particle, are 
extremely useful in the allocation of the diffracted beams 
to one or the other side. Images which are predominantly 
one-sided are also useful because in such images there are 
usually regions within the particle which are relatively 
free of one of the sides. This makes it possible to compare 
filtered images with parts of the original image which are 
believed to be naturally occurring one-sided regions. 

The work described here was carried out on a modified 
commercial version (Pullin, Ltd.) of the Taylor-Lipson 
diffractometer*, using a mercury are as a light source. 
On this instrument diffraction patterns take about an hour 
to record. Since the work reported here was carried out, 
we have begun to use a laser which reduces this time to a 
matter of seconds, and has enabled us to examine many 
more images. It also does away with the need for making 
artificial arrays of the image to be filtered. At the present 
time we are using the filtering technique on images of 
more complicated structures obtained by negative staining 
or other methods. It is obvious that it is applicable to 
any image of a periodic structure when selective filtering 
is required or when it is necessary to remove “noise”, 
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FORMATION OF SPHERULITES IN SOLID DYE FILMS 
By Dr. G. S. EGERTON and Dr. M. K. SMITH 


Department of Polymer and Fibre Science, University of Manchester 
Institute of Science and Technology, Manchester | 


ALTHOUGH solid films of aminoanthraquinone compounds 
prepared by vacuum deposition on quartz are stable when 
stored in the dark!, some preliminary studies with a film 
of a blue commercial dye, of which the main constituent 
is 1-anilino 4-methylaminoanthraquinone, showed that 
crystallization occurred when it was stored in the dark 
at room temperature. This behaviour was later found to 
occur with films of other nitrogen-substituted amino- 
anthraquinone derivatives, and even after rigorous 
purification of these compounds. In many cases the 
crystalline areas were circular and microscopic examina- 
tion showed them to consist of two-dimensional spheru- 
lites. 

The solid films deseribed here were prepared on quartz 
plates by vacuum deposition! using purified anthraquinone 
compounds and were of the order of 3u thick, With most 
of the compounds the dye films appeared to be homogene- 
ous immediately after deposition, even after high magni- 
fication (x 1,000). A {pw compounds—for example, 
1-methylaminoanthraquinone—gave films which were 


made up of particles about lu in diameter. It aeems that 
such films were continuous despite the fact that they 
were granular, because when a freshly deposited film 
of this compound was cooled to 2° C, contraction led to 
the formation of small cracks all over the film. If the 
particles had been unconnected it is more likely that they 
would have contracted away from each other leaving 
small gaps between them. 

Estimates of the time required for 50 per cent of the 
area of a solid dye film to become crystalline on storage 
in the dark at room temperature and humidity have been 
made by direct observation and by means of microscopic 
examination. Such estimates can only be regarded as 
approximate, because not only do the various compounds 
crystallize in different crystal types, but also the same 
compound may produce several crystal forms. The times 
were estimated to be 21 days for 1-methylaminoanthra- 
quinone, 1:5 h for l-anilinoanthraquinone; 70 h for 
l-anilino 4-methylaminoanthraquinone, 2-5 h for 1,4- 
dianilinoanthraquinone; 48 h for 1,5-bismethylamino- 
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(a) (b) 
Fig. 1. 


anthraquinone, 36 min for 1,5-dianilinoanthraquinone. 
The influence of the phenyl group in accelerating the rate 
of crystallization can be seen. 

The progress of the crystallization of these films is 
particularly well illustrated with films of 1,4-dianilino- 
anthraquinone (Fig. 1) because this compound crystal- 
lizes in only one spherulitic form at room temperature ; 
however, a further type is formed on storage at tempera- 
tures above 45° ©. The spherulites grow in size until 
their own growth is impeded by the development of 
adjacent spherulites, and after about 5 h at room tempera- 
ture the film has become a complete mass of spherulitic 
growth. 

The behaviour of films of l-anilino 4-methylamino- 
anthraquinone was rather more complex, because four 
different crystal forms were observed on storage at room 
temperature. Two of these forms (Fig. 2) grew much 
faster than the others, but when crystallization was 
nearly complete the other two forms, particularly that 
illustrated in Fig. 3, continued to grow at the expense of 
the first two. The spherulite in Fig. 3 is of particular 
interest because its growth can be followed quite easily 
owing to its open nature. It seems to start as a small 
needle crystal which fans out at the ends, the outer crystals 
of the sheaf doubling back to form a cavity either side of 
the original crystal. Further growth then proceeds 
radially outwards forming a nearly circular spherulite. 
This type of growth process was postulated by Bernauer? 
to explain the formation of spherulites, and it has been 
observed that most of the spherulitic types found in 
films of nitrogen-substituted aminoanthraquinone com- 
pounds appear to grow by this method. In most cases 
the double cavity at the centre of the spherulite is very 
small and therefore is not usually noticeable. 

The two storage factors which appear to have the most 
influence on the course of crystallization are temperature 
and water vapour. A rise in temperature of 10° C was 
usually sufficient to double the rate of crystallization, 
and many of the dye films, which crystallized readily at 
room temperature, were found to be stable for long 
periods when stored at very low temperatures. Apart 
from its effect on the rate of crystallization, change in 
temperature also influenced the type of crystal form 
produced. Films of l-anilino 4-methylaminoanthraquin- 
one were exceptional in giving rise to at least six new 
erystal types on storage at temperatures above 25° C, 
but most other dye films gave rise to at least one new 
crystal type on storage at elevated temperatures. 

Crystallization at room temperature was retarded by 
the absence of water vapour. Although the effect varied 
with the particular compound, in general the rates of 
crystallization in air at 0, 60 and 100 per cent relative 
humidity, respectively, were of the order of 1:2: 8. 
Minor differences were observed in the effect of the 
nature of the gas on the rate of erystallization with some 
compounds, but in general the results did not indicate that 


(e) (d) 


Growth of spherulites in solid film on quartz of 1,4-dianilino anthraquinone stored in the dark at room temperature and humidity for 
(a) Oh; (b) L25 h; (e) 2-5 bh; (d) 5h. 


Plane polarized light ( x 50). 


crystallization was significantly different in dry gas 
(air, oxygen or nitrogen) or in vacuo, Storage in daylight 
did not seem to have a significant effect, but irradiation 
for 10 min with 253-7 my radiation inhibited the crystal- 
lization of the films considerably. Thus, a pre-irradiated 





(a) (b) 


Fig. 2. Spherulites observed in solid film on quartz of 1-anilino-4-methyl- 
aminoanthraquinone stored in the dark at room temperature and 
humidity. Crossed polarizers ( x 50). 





Fig. 3. Spherulite observed in solid film on quartz of 1-anilino-4-methyl- 
aminoanthraquinone stored in the dark at room temperature and 
humidity. Plane polarized light (xe. 200). The dark elliptical patches 


at the centre consist of unerystallizagl material; these patches are 
surrounded by white areas from which all the dye has migrated. A 
different crystalline type impinges on the spherulite around the sides, 
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Fig. 4. Solid film on quartz of 1-methylaminoanthraquinone heated in 
air at 45° C for 5 days. Plane polarized light (x 75). 


film of 1,5-bismethylaminoanthraquinone did not erystal- 
lize on storage for several months in the dark at room 
temperature although the non-irradiated film crystallized 
markedly in 2 days. 

Although crystallization of most of the dye films in- 
vestigated led to the development of spherulitic growths, 
films of 1-methylaminoanthraquinone were exceptional 
in that here the growth of needle-like erystals was 
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favoured. A few days after deposition small orange 
crystals were noticed in films of this compound that had 
been stored at room temperature. The crystals, which 
were often branched and frequently existed in groups of 
three or four radiating from a point, were surrounded by 
small areas which were free from particles of the film. 
As the crystals grew, so the clear areas also grew, 
until 3 weeks after deposition only 50 per cent of the sub- 
strate was covered by film. On storage at higher tempera- 
tures films of this dye crystallized in the same way 
although the crystals produced were slightly larger and 
often grew away from the surface of the film (Fig. 4). It 
can be seen from the size of the clear areas surrounding 
the crystals that migration over comparatively large 
distances must occur so that molecules can reach the 
growing crystal. 

Molecules of aminoanthraquinone compounds appear 
to be held together in the solid state much more strongly 
than those of the nitrogen-substituted derivatives. Thus, 
the melting-points of l-anilinoanthraquinone and 1- 
methylaminoanthraquinone are substantially lower than 
that of l-aminoanthraquinone. This would seem to 
result from intermolecular hydrogen bonding between 
molecules of the primary amine, in contrast to intramolec- 
ular bonding with the nitrogen-substituted derivatives. 
Molecules of the latter compounds would thus be more 
free to move and crystallize in a solid film, given sufficient 
energy. 

* Egerton, G. S., and Roach, A. G,, Nature, 179, 491 (1957); ibid., 180, 1349 
(1957). J. Soe. Dyers Col., 74, 401 and 415 (1958). 


oe F., in Forschungen zur Kristallkunde, 2 (Borntraeger, Berlin, 
1929). 


QUANTITATIVE CHANGES IN RIBONUCLEIC ACIDS AND PROTEIN 
DURING NORMAL GROWTH OF RAT PLACENTA 


By Dr. MYRON WINICK and ADELE NOBLE 


Department of Pediatrics, Cornell University School of Medicine, New York, N.Y. 


GROWTH, in any organ, may be due to an increase of the 
number of cells or in the size of individual cells. As DNA 
is limited almost entirely to the nucleus and fixed in 
quantity within the diploid nucleus of a given species', 
the amount of DNA reflects the number of diploid nuclei. 
Enesco and LeBlond have calculated the actual number 
of nuclei in various organs of the rat by determining the 
total organ DNA and using the following formula?: 

Total organ DNA(mg) x 10? 

6-2 

where 6-2 is the amount of DNA in pyg in a single diploid 
rat nucleus. This figure has been used to represent the 
number of cells. The weight per nucleus was then de- 


termined by dividing total organ weight by the number 
of nuclei. 





Number of nuclei (millions) = 


Total organ wt. (g) x 103 





Weight anciena) No. of nuclei (millions) 

This figure was used to estimate cell size. The same 
formula can also be used to calculate the amount of 
protein, RNA or any other substance per nucleus by sub- 
stituting the total organ content of the substance into the 
numerator. Although the actual values of cell number 
and cell size based on these calculations are strictly valid 
only for organs containing one diploid nucleus per cell, 
the general thesis that increase in DNA content represents 
growth mainly due to cell division, and increase in weight 
or total protein out of proportion to increase in DNA 
represents growth primarily due to cell enlargement, may 
be extended even to tişgues containing some polyploid 
or binucleate cells. By measuring these parameters in 
most of the organs of the rat, it has been shown that early 


growth proceeds entirely by cell division; later cell division 
is accompanied by concomitant cell enlargement, while the 
final stages of growth are due to cell enlargement alone’. 

The placenta is a unique organ, proliferating, maturing 
and degenerating during its short and specific life span, 
and it seemed desirable to investigate these biochemical 
events during normal placental growth. These experiments 
were designed to measure the total organ weight, DNA, 
RNA and protein in the placenta of the rat from 10 days 
after conception to term, to determine the time at which 
DNA synthesis stops and, by relating these data, to estab- 
lish the cellular pattern of placental growth. Although 
the placenta is partly a syncytium and contains some 
polyploid and binucleate cells, data have also been 
expressed as number of nuclei and amount of RNA and 
protein per nucleus for the purpose of comparing the 
pattern of placental growth with the pattern of growth of 
other organs. 

Sprague Dawley rats were mated for a single period 
of 24 h and the time of removal of the male counted as 
day zero, Placentas were removed at daily intervals from 
11 days after conception until term (21 days). Tissues 
were immediately homogenized and extracted by the 
method of Schmidt and Thannhauser’. DNA was measured 
by the diphenylamine reaction’, RNA by the orcinol 
reaction® and protein by the method of Lowry’. 

Fig. 1 shows curves for total organ weight, DNA, RNA 
and protein during normal growth of rat placenta. 

Increase in total organ DNA ceases after the seventeenth 
day whereas total organ weight, protein and RNA all 
rise until the nineteenth day. Because these data suggest 
a diminution or even a cessation of DNA synthesis on the 
seventeenth day and a decrease in net protein and RNA 
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Table 1. INCORPORATION OF “C-THYMIDINE INTO DNA 


Placenta Embryo 

400 (300-480) 180 (90-180) 
18 (16-20) 550 (480-600) 
18 (16-21) 600 (520-630) 
18 (16-20) 18 (16-20) 


Figures expressed as.¢.p.m./mg DNA. Each figure represents the average 
of ten placentas or embryos. Figures in parentheses represent range. 


16 days 
18 days 
20 days 
Background. 


Table 2. INCORPORATION OF “C-LEUCINE INTO PROTEIN 
Placenta Embryo 


260 (220-300) 700 (520-800) 

245 (215-300) 650 (530-700) 

132 (90-150) 680 (540-730) 
18 (16-20) 18 (16-20) 


F expressed as ¢.p.m./mg protein. Each figure represents the average 
of ten placentas or embryos. Figures in parentheses represent range. 
"synthesis on the nineteenth day, experiments on the incor- 

poration of radioisotopes were carried out. 

On either the fifteenth or the seventeenth day of ges- 
-tation, 1:25 me. of “C-thymidine were injected into 
© pregnant rats, Animals were killed 24 h later and placental 
and total embryo DNA isolated, measured and counted. 
Table 1 gives the specific activities during these experi- 
ments. Incorporation occurs on the fifteenth day into 
both placenta and embryo, whereas on the seventeenth 
day, incorporation into placenta ceases although it con- 
tinues in the embryo. These data indicate a cessation of 
DNA synthesis and hence a cessation of cell division in 
rat placenta on the seventeenth day of gestation. 

Total protein synthesis was investigated by measuring 
incorporation of “C-leucine into protein 1 h after in- 
jection into the mother. Table 2 shows that decreased 
incorporation occurs in the placenta on the twentieth 
day, even though the embryo continues to incorporate 
at the same rate. These data suggest a decrease in the 
rate of protein synthesis on the twentieth day. 

The data in these experiments demonstrate that al- 
though the placenta increases in weight until the twentieth 
day (1 day before birth), DNA synthesis and hence cell 
division cease on the seventeenth day. These results are 
in agreement with those of Jollie, who found a marked 
decrease in mitotic figures and an absence of grains on 
radioautography on the eighteenth day in rat placenta‘. 
All growth for the final 2 days is due to the accumulation of 
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E ; Days 
Fig: 1, Total weight, protein, DNA and RNA during development of 
rat placenta. Each point represents the average of at least fifteen separate 
determinations, The bars on the figure represent the range. 
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Fig. 2. Total organ DNA expressed as number of nuclei and protein/ DNA. 

and RNA/DNA ratios expressed as protein or RNA per nucleus in mug 

during normal growth of rat placenta, Symbols the same as in Fig. 1. 
protein and presumably proportional amounts of water 
without cell division. On the twentieth day, RNA and 
protein synthesis decrease and growth ceases. 

The placenta shows a pattern of growth similar to other 
organs. Initially DNA and protein increase proportionally, 
resulting in a constant protein/DNA ratio until the six- 
teenth day. On the sixteenth day the ratio rises, indicating 
that for a short time both cell division and cell enlargement 
are occurring simultaneously, and on the seventeenth day, 
when DNA synthesis stops and protein continues to rise 
at the same rate, the ratio increases markedly. Fig. 2 
expresses these relationships in terms of number of nuclei 
and amount of protein and RNA per nucleus using the 
calculations of Enesco and LeBlond?. 

It can be seen that the rise in protein per nucleus and 
RNA per nucleus is due to a decreased rate of cell division. 
Total protein and RNA continue to increase at the same 
rate (Fig. 1). Thus, even though placenta is largely a 
syncytium, the pattern of growth is similar to that of 
organs made up of cells with discrete boundaries. 

Total RNA continues to increase after DNA synthesis 
has stopped. In this respect the placenta differs from- 
other organs during normal growth*, but similar results 
have been found by Brody for human placenta’. In- 
creased RNA/DNA ratios have been deseribed under 
stress conditions’? and as a result of hormonal action", 
It is possible that the hormonal activity occurring near 
term is responsible for this increased RNA/DNA ratio. 

The life span of the placenta is short, and this: organ. 
may provide a model for investigating certain mechanisms 
controlling normal organ growth. These data may also 
provide base line values for comparison with- those 
obtained during abnormal placental growth. 

These investigations were supported in part by grants 
from the American Cancer Society and a Mead Johnson 
grant. 
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PATHWAY AND ENZYMES OF CONVERSION OF CITRIC ACID INTO 
ACETYL PHOSPHATE IN ANIMAL TISSUES 


By Pror. M. F. GULY, T. N. PECHENOVA and L. I. MATUSEVICH 


Institute of Biochemistry, Academy of Sciences of the Ukrainian S.S.R., Kiev 


AFTER the discovery by Lipmann in 1939 of the formation 
of acetyl phosphate in micro-organisms'~* and the elucida- 
tion of the pathways involved in its breakdown!-®, attempts 
were made to detect acyl phosphates in animal tissues as 
well. They are rapidly split by phosphatases’~*, however, 
and this problem seemed insurmountable, so that acetyl 
phosphate was long considered to occur as a normal 
metabolite in micro-organisms only. There was thought 
to be no possibility of the formation and conversion of 
acetyl phosphate in animal tissues. 

We found that acyl phosphates, in particular synthetic 
acetyl phosphate, are only slowly dephosphorylated in 
animal tissues in the presence of high concentrations of 
sodium and potassium fluorides. The use of high con- 
centrations of fluorides enabled us to detect the formation 
of acetyl phosphate in animal liver tissue in the course 
of degradation of citric acid!*-2, In these and subsequent 
experiments the acetyl phosphate was identified on the 
following basis: it was formed from citric acid in stoichio- 
metric quantities with split ATP and formed ADP and 
OAA. In the presence of hydroxylamine it formed 
hydroxamie acid, which was identified by paper 
chromatography as acetohydroxamic acid. 

The preparations of these substances isolated from 
incubation mixtures by Lipmann’s method were identified 
as disilver salts of acetyl phosphate. Acetyl phosphate 
was estimated quantitatively by the method of Lip- 
mann and Tuttle, We further established that, on 
inhibition of the hydrolytic splitting of acetyl phosphate 
by fluorides, its utilization for the enzymatic acetylation 
of p-aminobenzoie acid and for the synthesis of ketone 
bodies can be observed in rat liver homogenates. The 
participation of acetylphosphate in these processes oceurs 
in the absence of ATP, but it involves the intermediate 
formation of acetyl-CoA. 

Our subsequent investigations concerned the enzymes 
participating in the formation of acetyl phosphate in 
animal tissues, and the chemistry of the reactions 
catalysed by them. 

The conversion of citric acid in living organisms depends 
primarily on the participation of a “condensing enzyme” 
which catalyses the reversible formation of citric acid 
from oxaloacetie acid (OAA) and acetyl-CoA. 

We undertook experiments to verify that the condensing 
enzyme effects the production of acetyl phosphate 
during citric acid breakdown. 

Using erystalline preparations of condensing enzyme 
obtained using our method?! we showed that condensing 
enzyme by itself is incapable of forming acetyl phosphate 
in the presence of citric acid, ATP and CoA, that is, in 
conditions under which acetyl phosphate is formed in 
liver homogenates. 

«Acetyl phosphate formation in liver homogenates is 
increased by 40-60 per cent, however, if condensing 
énzyme is added to the incubation mixture. 

These results show that condensing enzyme actually 
participates in acyl phosphate formation, and that in 
addition to the condensing enzyme another enzyme (or 
enzymes) takes part in the process. 

We have attempted to isolate this enzyme from rabbit 
liver homogenate, and have obtained a protein fraction, 
conventionally called “protein fraction 0-2”, which like 
the condensing enzyme does not per se catalyse the 
formation of acyl phosphate. A significant formation of 
acyl phosphate, however, was regularly observed after 


incubation of the following mixture for 10 min: 7 wmoles 
citric acid, 7 moles ATP, 2 mg CoA (basalt), 10 moles 
magnesium chloride, 10 moles manganese chloride, 
6-4 umoles L-cysteine, borate buffer (pH 8-0), in the 
presence of condensing enzyme (100 yg) and protein 
fraction 0-2 (300 yg). The results presented in Table 1 
show that the process observed by us is a two step process 
in which one enzyme forms a substrate for the action of 
the other. 

Our further investigations suggested that the first step 
in acetyl phosphate formation was the interaction of 
citrie acid with CoA, and that the product of this reaction 
interacts with ATP in the presence of protein fraction 0-2 
to form acyl phosphates. 

The products of citric acid cleavage in the reaction 
catalysed by condensing enzyme are OAA and acetyl- 
Cod. 

Synthetic acetyl-CoA, however, is not converted into 
acetyl phosphate on incubation with fraction 0-2 in the 
presence of ATP or inorganic phosphate. It can thus be 
inferred that the reaction catalysed by the condensing 
enzyme proceeds via the formation of a new intermediary 
compound, presumably citryl-CoA. 

That citryl-CoA is formed is supported by the fact 
that under the action of condensing enzyme in the presence 
of CoA, citric acid is transformed into a compound which 
forms a hydroxamic acid with hydroxylamine at alkaline 
pH, when there is no non-enzymatic formation of aceto- 
hydroxamic acid. 

The suggested formation of citryl-CoA under the action 
of condensing enzyme, followed by its conversion to 
citryl phosphate and acetyl phosphate in the presence of 
protein fraction 0-2, is also confirmed by the fact that 
synthetic citryl-CoA’ is actually converted into acetyl 
phosphate by this fraction in the presence of ATP (Table 2). 

‘wo different acyl phosphates are formed on incubation 
of test samples with high concentrations of sodium fluoride, 
namely citryl phosphate and its cleavage product, acetyl 
phosphate, which forms the corresponding hydroxamete 
in the presence of hydroxylamine. We were able to show 
this by chromatography. We found that the conversion 
of citryl-Cod into acyl phosphate can occur in liver 
homogenates or in the presence of half purified enzyme 
fractions both at the expense of the terminal phosphate 
residues of ATP and of inorganic phosphorus. Simul- 
taneous addition of ATP and inorganic phosphorus to 
Table 1. FORMATION OF ACYL PHOSPHATE IN THE PRESENCE OF A CON- 


DENSING ENZYME AND PROTEIN FRACTION 0-2 FROM RABBIT 
(moles per sample) 


Condensin Condensing Fraction 0-2 
Condensing Fraction enzyme ( enzyme (+ (+condensing 
enzyme D fraction 0-2) fraction 0-2)* enzyme)* 
0 0 0-32 0-82 0 
0 0 0-32 0:32 0 
0 o 0-32 0-32 0 
0 0 0-32 0°32 0 


* After 10 min incubation the samples were inactivated and the com- 
ponents mentioned in brackets were then added, and incubation continued 
for the next 10 min. 


Table 2. FORMATION OF ACYL PHOSPHATE IN THE PRESENCE OF CITRYL- 
CoA, ATP AND FRACTION 0-2 
(umoles per sample) 
Incubation mixture 
Citryl- Control fixed Sitric acid + Control fixed 
Cod + ATP + with trichloro- CoA + ATP + with trichloro- 
fraction 0-2 acetic acid fraction 0-2 acetic acid 
0-48 0 0-09 ü 
0-32 0 0-09 0 
O16 o 0 0 











No. 5057 OCTOBER 1, 1966 


0-64 


0-49 





0°50 
i 
e = 3 4 5 6 7 


Fig. 1. Summation of the effects of ATP and inorganic phosphorus on 

acyl phosphate formation (moles), (1) ATP; (2) orthophosphoric 

acid; {3) ATP and orthophosphoric acid; (4) control to experiment (5) 

(ATP); (5) heat treatment of enzyme (ATP); (6) control to experiment 

(7) (orthophosphoric: acid); heat treatment of enzyme (ortho- 
phosphoric acid). 


I I 


T 
0+ 
0-64 0-64 = 
0-64 
0-0 OO 
1 2 3 1 2 3 


Fig. 2. Separation of enzymes replacing CoA in citryl-CoA by a phos- 

phate group derived from ATP or from inorganic phosphate (moles of 

acyl phosphate phosphorus). (1) ATP; (ID) orthophosphoric acid; (1) 

“fraction 0-2"; (2) “fraction M/100"; (3) “fraction M/10”. 

the incubation mixture results in summation of the effects 
with regard to acyl phosphate formation, and heating of 
the 0-2 fraction for 5 min at 55° C and neutral pH inhibits 
the reaction with ATP only to the extent of 30-50 per 
cent, whereas the reaction rate with inorganic phosphate 
is reduced threefold (Fig. 1). The observations are in 
favour of the presence in the 0-2 fraction of two enzymes 
responsible for the respective reactions. 

In the course of subsequent investigations we succeeded 
in separating these two enzymes and observing their 
activities independently. If protein fraction 0-2 is 
adsorbed on calcium phosphate gel at pH 8-0, and then 
eluted with 0-01 M phosphate buffer at pH 7-4, only the 
enzyme which displaces the CoA of citryl-CoA by inorganic 
phosphate is eluted. On elution with 0-1 M of the same 
buffer, an enzyme is eluted that catalyses this substitution 
reaction only at the expense of the terminal phosphate 
group of ATP (Fig. 2). 

These data show that there are two enzymes which can 
participate in conjunction with condensing enzyme in the 
formation of acyl phosphates from citric acid. 

To show that acetyl phosphate is in fact formed in the 
animal, we attempted to isolate it as a product of citric 
acid degradation in rat liver homogenate. After starva- 
tion for 24 h the liver was minced in a glass homogenizer 
with a double volume of 1 per cent potassium chloride. 
The incubation ‘mixture was as follows: homogenate, 
0-5 ml.; borate buffer (pH 8-0), 1 ml.; 10 pM magnesium 
chloride; 10 uM manganese chloride; 85 uM ATP; 
7 uM citric acid; 6-4 uM l-cysteine and sodium fluoride 
at a final concentration of 0-04 M. The mixture was 
incubated for 20 min at 37° C. 

The combined mixtures from different experiments 
were taken for the isolation of acetyl phosphate in the 
form of the disilver salt by the method of Lipmann!. 

The acetic acid in our samples of the disilver salt was 
estimated by isothermic distillation in Conway vessels 
with subsequent titration, orthophosphate by the method 
of Fiske and Subbarow, pyrophosphate by hydrolysis for 
7 min, and silver by a nephelometric method. 

Our preparations contained acetic acid only, and this 

“was identified as acetohydroxamic acid. There was no 
pyrophosphate in our preparations. In Table 3, com- 
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parative data are given on the composition of the disilver 
salt of acetyl phosphate. 


Table 3. COMPOSITION OF ACETYL PHOSPHATE (DISILVER SALT) 


Acetyl 
Inorganic phosphate Silver Acetic 
phosphate phosphorus acid 
Calculated for CH0 PAg, — 8-78 61-0 17-0 
Lipmann’s preparation 0 8-50 63-0 17-4 
Preparation obtained by us 0 8-86 62:7 16-0 


These results show that the values for the content of 
acetic acid, orthophosphate phosphorus and silver are in, 
good agreement with theoretical values and with the data 
obtained by Lipmann. 

Our results on the formation of acyl phosphates. in 
homogenates and enzyme fractions of mammalian liver 
indicate that these substances can occur as normal 
metabolites in animal tissues. 

The formation of acyl phosphates from citrice acid 
represents a new pathway of formation of these substances 
in the cell and is evidence of a new pathway of trans- 
formation of citric acid by way of these intermediates. 

These acyl phosphates are formed by the joint action of 
two groups of enzymes: ‘“‘condensing enzyme” which 
transforms citric acid in the presence of CoA into a 
reaction product (probably citryl-CoA) that is converted 
in its turn by another group of enzymes, with the partici- 
pation either of ATP or of inorganic phosphorus, into 
acetyl phosphate (presumably by way of citryl phosphate). 

The capacity of the condensing enzyme to form citryl- 
CoA in the condensation reaction can be deduced from 
researches conducted in 1950-51 by Ochoa et al.3-18, 
although the authors did not draw this conclusion. 

In 1963-64, new data were obtained by Eggerer and 
Remberger™, as well as by Srere’?-!*, indicating that 
synthetic citryl-CoA can serve as a substrate for the 
condensing enzyme, although the authors had no experi- 
mental proof that citryl-CoA is actually an intermediate 
in the synthesis and degradation of citric acid. 

In conclusion, the results of our investigations provide 
evidence for the occurrence of acetyl phosphate formation 
in animal tissues, a process that was previously considered 
doubtful. 

It has further been shown that a condensing enzyme, 
which forms citryl-CoA as an intermediate of the con- 
version of citric acid to OAA and acetyl-CoA in the 
presence of CoA is involved in the formation of acetyl 
phosphate. Two new enzymes have been found in liver 
tissue. Their function is the replacement of CoA in 
citryl-Cod by a phosphate group derived either from 
ATP or from inorganie orthophosphate, resulting in the 
formation of acyl phosphates, namely, citryl phosphate 
and acetyl phosphate. 

By the isolation of acetyl phosphate in pure form we 
have substantiated the possibility of metabolic formation 
of this compound in mammals. 
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ABSOLUTE CONFIGURATION OF THE PROSTAGLANDINS 
By D. H. NUGTEREN and D. A. VAN DORP 


Unilever Research Laboratory, Vlaardingen, the Netherlands 
AND 
S. BERGSTRÖM, M. HAMBERG and B. SAMUELSSON 


Department of Chemistry, Karolinska Institute, Stockholm, Sweden 


Ir has been reported! that the enzyme system which 
converts all-cis 8,11,14-eicosatrienoic acid into prostaglan- 
din E, (PGE,) also reacts with licis, 14cis-eicosadienoic 
acid yielding 1l-hydroxy-12trans,l4cis-eicosadienoic acid 
(I). A small amount of this acid has now been prepared 
by biosynthesis in order to determine the optical rotation 
and thus the configuration of the ll-hydroxy group. A 
solution of 100 mg 1lecis,14cis-eicosadienoic acid, 400 mg 
glutathione and 50 mg hydroquinone in 1 1. of 0-2 M tris 
buffer (pH. 8-0) was incubated with 2-5 g protein from a 
particulate fraction of sheep vesicular glands' for 15 min 
at 30° C while passing through a stream of oxygen. The 
mixture was afterwards acidified with a concentrated 
solution of citric acid and extracted with ether. The 
extract was taken to dryness, suspended in light petroleum 
and brought on to a column packed with silicic acid 
(Mallinckrodt). Chromatography was carried out using 
light petroleum-ether mixtures, (I) being eluted with a 
70:30 v/v mixture. After erystallization from light 
petroleum-ether 90:10, 77 mg of (I) was obtained, 
nap. 48° C. 

Determination of the rotation of (I) in a 1 dm tube, 


volume 3 ml., yielded: [a],) = —10° (C 1-5, CH,OH) and 


—5° (C 1-7, CHCI,). Recently, the absolute configuration 
of two closely related, optically active, unsaturated 
hydroxy acids has been elucidated: D-9-hydroxy-l0trans, 
12trans-octadeeadienoic acid (dimorphecolic acid): [a]p = 
+15-2° (C 5-2, CH,OH)**; methyl ester: [a] = +14-0° 
(C 26-1, CH,OH)*; + 5° (C 5-0, CHCI,)5 and p-9-hydroxy 
L0trans, 12cis-octadecadienoic methyl ester: [¢]p = + 3-6° 
(C 19-4, CHCEL). It was concluded from these data that 
the 1l-hydroxy-12,14-eicosadienoic acid which is formed 
by the action of the prostaglandin synthesizing system 
probably has the L-configuration (see Fig. 1). This result 
was unexpected, because the 1l-hydroxy group in the 
prostaglandins has been assigned the p-configuration. 

Other findings also seemed to raise the question whether 
the absolute configuration of the prostaglandins found 
earlier was correct. In the biosynthesis of PGE, the 
relation between the stereochemistry of the elimination 
of the hydrogen at C13 (ref. 7) and the stereochemistry 
of the introduction of oxygen at Cll—based on the re- 
ported configuration at Cll in PGE, (ref. 
8)—-was in disagreement with experiments 
carried out on a similar reaction, namely 
the lipoxidase catalysed oxygenation of 
8,11,14-eicosatrionoie acid®. Determina- 
tion of the rotation of 2-hydroxyheptanoic 
acid, derived from 15-hydroperoxy-8, 11, 
13-eicosatriencic acid which was obtained 
from 8,11,14-eicosatrienoic acid by the 
action of soyabean lipoxidase, gave 
[al = = 90° (C 3-1, 1 normal sodium 
hydroxide). 

Abrahamsson’ definitely settled the 
relative configuration of a PGF, 
derivative by X-ray analysis. The 
absolute configuration was derived by 
determining the specific® optical rota- 
tion of  2-hydroxyheptanoic acid 








(II) obtained by oxidative ozonization of acetylated 
PGE,-methyl ester. A solution of 10-1 mg (II) in 1 ml. 
normal sodium hydroxide in a 1 dm tube was investigated : 
[«]j was found to be + 9-0° (ref. 11) from which the con- 
clusion was drawn that (II) has the p-configuration™, 
Determinations of small rotations in micro-polarimeter 
tubes might give rise to erroneous results, so it was decided 
to determine the rotation of (II) using a somewhat larger 
amount of material. 

We started with dehydrated PGE,, obtained as by- 
product in a large scale biosynthetic production of PGE r 
260 mg of dehydrated PGE, (mainly PG#,-278, see 
Fig. 1) was acetylated and subjected to ozonolysis as 
described by Bergström et al.*. The reaction product was 
saponified with 10 ml. of 0-5 molar methanolic potassium 
hydroxide for 45 min at 75° C, followed by acidification 
with 4 N sulphuric acid and extraction with ether. The 
extract was taken to dryness, dissolved in chloroform 
and brought on to a column packed with 12 g silicic 
acid. 

Using chloroform-2 per cent methanol, 2-hydroxy hep- 
tanoic acid was eluted just before and completely separated 
from suberic acid, the other major product of the oxidative 
decomposition. The fractions containing (II) were com- 
bined and taken to dryness, yielding 73 mg. The material 
was crystallized from light petroleum, yielding 45 mg 
(I); free acid: [a]p = +6° (C 1, chloroform); sodium- 
salt: [a]}} = —13° (C 1, water). The mass spectrum of 
the methyl ester was in accordance with the structure. 

In another experiment, 200 mg of PGE, was esterified 
by treatment with diazomethane, acetylated and subjected 
to oxidative ozonolysis as previously described. The 
2-acetoxy-heptanoic acid was isolated by partition 
chromatography and then hydrolysed with 0-1 N sodium 
hydroxide at room temperature for 18 h. The 2-hydroxy- 
heptanoie acid was isolated by extraction with ether and 
crystallized from hexane at +4° C. The crystalline 
material was used for the determination of the optical 
rotation. Free acid: [a]p = +6-9° (C 5-8, chloroform); 
sodium-salt [a]} = — 82° (C 4:4, normal sodium hy- 
droxide). Literature data for [«]p: u-2-hydroxyhexanoie 
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acid. = +5°6° (C 6-84, chloroform)"; 1-2-hydroxy- 
octanoic acid = +6-2° (C 9-05, chloroform)*; sodium- 
-2-hydroxyhexanoate = — 14-1° (C 3-55, water)"; sodium- 
—10-3° (C 10-1, water)"; 
sodium-p-2-hydroxyheptanoate = +7:5° (C 8, water)" 
and barium-t-2-hydroxyheptanoate = —95° (C 05, 
1 normal sodium hydroxide)". It is thus beyond doubt 
that we have obtained L-2-hydroxyheptanoic acid from 
PGE,. 

PGE, is laevorotatory and shows a strong negative 
Cotton effect at about 300 nm : optical rotatory dispersion 
in methanol (C 0-14), 20° C; [a]ss9 — 58°, [elas — 2120° 
(trough), [Jeg +2060° (peak). 

Given the geometry of the molecule, as determined by 
Abrahamsson, the absolute configuration of prosta- 
glandin E, can be represented as in Fig. 1. We would like 
to propose the exchange of the stereochemical formulae 
used so far against their mirror images as shown in Fig. 1 
and thus retain the present « and B nomenclature for the 
ring substituents. In the systematic names the absolute 
configuration of the asymmetric eentre(s) in the side- 
chains can be described using the Cahn-Ingold-Prelog 
convention, while also a description of the configuration 
of the double bond(s) as cis or trans should be included. 
If by definition prostanoie acid is given the structure 
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the systematic name of 


and configuration as shown, 
15(S)-dihydroxy -9-oxo- 


prostaglandin HE, is (—) lla, 
13trans-prostencie acid. 

We thank I. P. Dirkx for determining the optical | 
rotatory dispersion curve of PGE.. Dehydrated PGE, 
was obtained from H. Vonkeman and 11-hydroxy-12,14- 
eicosadienoic acid was prepared by G. H. Jouvenaz. 
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CELL METABOLISM DURING MELANOPHORE ACTIVITY 


By MANFRED E. A. FUCHS and Dr. ROBERT G. A. LOTZ 


Zoologisches Institut der Universitat, Frankfurt am Main 


Tue chromatophores of Phoxinus laevis contract under 
oxygen deficiency’. Giersherg? showed with erythro- 
phores and melanophores of Phoxinus laevis that the 


pigment dispersing effect: of melanophore dispersing 
hormone (MDH) does not occur in atmospheres of nitrogen 
or hydrogen, while the dispersion is produced rapidly 
under oxygen pressures of 1-2 atm. 

Tt ean be concluded from this that the oxygen must 
participate in the process of pigment dispersion. The 
question remains whether the oxygen plays a specific 
part in the dispersion event or enters generally into the 
normal tissue metabolism. A decision on this question 
may be possible if the metabolic rate of the melanophore 
can be differentiated from the basal metabolic rate of the 
tissue. 

The metabolic rate of the tissue is determined con- 
tinuously and automatically by means of a modified 
Warburg apparatus. The temperature is kept at 20 + 
0-01° C during the experiment. All experiments are done 
with isolated samples of skin from Rana temporaria. 
The pieces of skin are 10 x 50 mm in size and taken from 
the back or belly area. In order to ensure an optimum 
exchange of gas over the entire surface of the skin, each 
piece is spread and sewed on to a small perforated plastic 
plate. Skin samples prepared in this manner are positioned 
vertically on the bottom of the Warburg flask so that 1 mm 
of the sample is covered by the Ringer’s solution in the 
flask. The adhesion ensures that the entire skin surface 


_ig completely moistened. The hourly metabolic output 


is recorded. 

MDH from powdered pituitary body? and adrenocortico- 
trophic hormone (ACTH) are used as melanophore dis- 
persing substances. The latter hormone is commercially 
available in a pure form and allows a more exact dosage 
than the self-prepared MDH extract. 

According to Lerner* and Waring’, ACTH has the same 
effect on melanophores as MDH. Before adding the 


< melanophore dispersing substances the basal metabolism 


of the tissue is measured for 1-2 hours. The pigment 
dispersion begins approximately 20 min after addition 
of the dispersing substance and is complete after 3 hours. 
Adrenaline is used to aggregate the pigment granules. 
The effects of the melanophore activating substances are 
controlled under the microscope. 

The rates of metabolism of the skins of different animals 
differ greatly, but there is scarcely any difference between 
two samples from the same individual. If one of two 
pieces of dorsal skin from the same animal is treated with 
ACTH (0-3 10 Third Intern. Standard), the metabolic 
rate of this piece increases in the course of the subsequent 
3 h as compared with that of the control sample. Fig. 1 
shows the metabolic trend of both skin pieces. The 
mean metabolic rate of the ACTH treated skin samples: 
increases from 3°68 + 103 pl. of oxygen/em*/h to 
4-07 + 0-63 ul. of oxygen/cem?/h during the period of the 
experiment. The mean metabolic rate of the control 
samples does not change in these experiments (first hour: 
3-47 + 0-74 ul. of oxygen/em*/h; fourth hour: 347 + 
0-55 pl. of oxygen/em?/h). 

The metabolic increase is thus correlated with the 
application of ACTH. It becomes necessary to decide 
whether the induced pigment dispersion caused the 
increase in oxygen consumption, or whether the dispersion 
of the pigment granules is a secondary effect brought 
about by an increase of tissue metabolism induced by 
ACTH. A decision might be made by testing skin areas 
from the same animal which differ in the number of 
melanophores. 

The normal tissue metabolism of belly and back skin is 
shown in Fig. 2 as the mean of twenty measurements: 
There is scarcely any difference between the basal meta- 
bolic rates of the skin of belly and back. The consumption 
of oxygen decreases synchronously in both tissues during 
the 7 h of the experimental period. . The metabolic rate - 





of the dorsal skin declines fron?4-90 + 0-97 ul. of oxygen; __ 








em®/h (first hour) to. eBt 0-57 ul. of ygen/em? 
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(seventh hour). The respiration of the skin of the belly 
shows a very similar decrease (from 4:43 + 1-0 ul. of 
oxygen/cm*/h to 3-80 + 0-44 ul. of oxygen/em?/h), 

If ACTH is applied to the skin of the back and belly 
of the same frog, the metabolic rate of the back skin 
increases during the pigment dispersion—as would be 
expected after the first experiment—but the metabolic 
rate of the belly skin shows the usual decline of untreated 
skin samples. This is shown in Fig. 3. The mean metabolic 
rate of the belly skin decreases from 3-34 + 0-67 ul. 
of oxygen/cem*/h to 3-07 + 0-60 ul. of oxygen/cm?*/h, while 
the respiration of the dorsal skin increases from 3-43 + 
0-72 ul. of oxygen/em2/h to 3-63 + 0°72 ul. of oxygen/em?/h. 
The skin of the back contains up to 25,000 melanophores 
per cm? compared with 2,000 melanophores per cm? in 
the skin of the belly. The oxygen demand of the relatively 
small number of melanophores in the belly skin is below 
the sensitivity of the Warburg apparatus. It can be 
concluded from these results that the increased oxygen 
consumption is directly connected with the pigment 
dispersion. Investigations still in progress indicate that 
the metabolic increase is correlated in a linear manner 
with the number of darkened melanophores. 




















Fig. 1, The metabolism of ACTH treated and normal back skin specimens 

shown as the mean of fourteen measurements (seven animals). Abscissa, 

time in hours. Ordinate, oxygen consumption (per cent). The absolute 

values (in wl. oxygen/em?/h) measured during the first hour of the 

experiment are given as 100 per cent. Solid line, ACTH treated skin 
samples; dotted line, normal controls, 
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Fig. 2. Metabolic rates of norma® belly (dotted line) and back skin 
(solid line). Each point gives the mean of twenty measurements. 
Ordinate and abscissa as in Fig. 1. 
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Fig. 3. The metabolic rates of ACTH treated back (solid line) and belly 
E skin samples (dotted line). Each point represents the mean of twenty-six 
measurements. Units as for Fig. 1. 
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Fig. 4. The difference between the metabolic rates of ACTH and 

adrenaline treated belly and back skin (fourteen measurements). ACTH 

(01510; Third Intern. Standard) is added after the first hour. In order 

to suppress the effect of ACTH, a large surplus of adrenaline (0-5 mg) 
is added after the fourth hour. 


If the final dispersion state is reached, no further 
increase in oxygen consumption takes place. 

If the dispersed pigment granules are brought to aggre- 
gation within the melanophores by adding adrenaline to 
the solution, the metabolic rate falls off again to the basal 
level (Fig. 4). In these experiments special care must be 
taken because the adrenaline simulates a metabolic 
increase by its auto-oxidation. The metabolism curves 
of normal belly and back skin samples are nearly identical 
(Fig. 2), but, in contrast with the back skin, the belly 
skin is not visibly affected by melanophore activating 
substances. Thus the difference between the metabolic 
rates of similarly treated belly and back skin specimens 
is a direct measure of the physiological effect of the test 
substance (Fig. 4). By this method the additional oxygen 
consumption caused by self-oxidation of adrenaline is 
ruled out. Adrenaline is effective only for about 1 h 
(because of its self-oxidation) and allows the effect of 
ACTH to enter into the process again, as shown in the new 
rise in the metabolic difference curve (Fig. 4). The experi- 
ment shows that a certain amount of oxygen is needed for 
the maintenance of the dispersion state. Experiments 
now in progress will, we hope, clarify our understanding 
of the mechanism of this effect. 
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INFLUENCE OF DIET ON THE “INTESTINAL” COMPONENT OF SERUM 


ALKALINE PHOSPHATASE IN PEOPLE OF DIFFERENT ABO 
BLOOD GROUPS AND SECRETOR STATUS 


By Dr. M. J. S. LANGMAN and Dr. E. LEUTHOLD 


Medical Research Council Statistical Research Unit, University College Hospital, and Department of Gastroenterology, 
Central Middlesex Hospital 
AND 


Dr. E. B. ROBSON, J. HARRIS, Dr. J. E. LUFFMAN and Pror. HARRY HARRIS 


Medical Research Council Human Biochemical Genetics Research Unit, The Galton Laboratory, 
University College, London 


Wuen human serum alkaline phosphatase is examined by 
starch gel electrophoresis at pH 8-6, it is found that, while 
some sera show only a single zone of activity, others show 
in addition a slower moving zone of variable intensity. 
The occurrence of this slower moving zone in sera from 
different individuals has been found! to depend on their 
ABO blood groups and on their ABH secretor/non- 
secretor status. The zone is relatively common in 
individuals who are ABH secretors but is infrequently 
seen and then only weakly in ABH non-secretors. Among 
_ ABH. secretors, individuals of blood groups O and B 
show the zone very much more frequently than group A 
individuals, while group AB individuals are intermediate 
in this respect. Thus the occurrence of this slower moving 
serum alkaline phosphatase component appears to be at 
least in part determined by alleles at two separate and 
unlinked loci, the secretor/non-secretor locus and the 
ABO locus. 

It has been shown that this slower moving zone has an 
electrophoretic mobility similar to that of the main 
alkaline phosphatase component present in extracts of 
small intestine mucosa, whereas the electrophoretic 
mobility of the other zone is similar to that of liver and 
also of bone alkaline phosphatase’. Treatment of serum 
with the enzyme neuraminidase results in a considerable 
reduction in the mobility of the faster zone’, and a similar 
change in mobility is observed when liver alkaline phos- 
phatase is treated in the same way*. On the other hand, 
the mobilities of intestinal alkaline phosphatase and of 
the slower moving zone of serum are not affected by 
neuraminidase’*,. These findings make it seem likely that 
the slower moving zone of serum is of intestinal origin, 
while the faster zone is derived from liver and/or bone. 

Intestinal phosphatase is inhibited by L-phenylalanine 
to a much greater extent than liver or bone alkaline 
phosphatase®+". Further evidence regarding the identity 
of the slower zone has been obtained by a comparison of 
the degree of inhibition of alkaline phosphatase activity 
ptoduced with u-phenylalanine in sera shown electro- 
phoretically to contain differing amounts of the slower 
moving component. 

Sera from a series of healthy individuals were examined 
electrophoretically and classified using the criteria pre- 
viously described‘ into three groups according to the 
presence and intensity of the slower moving intestinal 
alkaline phosphatase zone. In sera designated pt* the 
gone is relatively intense, in pt sera it is weaker but 
definitely present, and in p® sera it is undetectable by 
the procedures used or is present only in trace amounts. 
The total alkaline phosphatase activity in the sera was 
determined in the presence and absence of 5 x 10- M 
i-phenylalanine. The determination was carried out in a 
recording spectrophotometer™ using p-nitrophenylphos- 
“phate (0-01 M) at pH 10-3 (bicarbonate buffer) as sub- 
The results were expressed as percentage 
‘inhibition of the original activity produced by L-phenyl- 
alanine. In all, determinations were carried out on 


Table 1. MEAN PERCENTAGE OF INHIBITION OF SERUM ALKALINE PHOS- 
PHATASE ACTIVITY BY L-PHENYLALANINE (5 x 10~ M) IN 86 SERA CON- 
TAINING VARIOUS AMOUNTS OF THE SLOW ELECTROPHORETIC ZONE 


Serum alkaline Mean percentage of 


phosphatase No. inhibition with S.D. 
(electrophoretic pattern) tested L-phenylalanine 
p° 40 154 4-6 
pt 28 22-9 55 
pr 18 28-6 6:9 
eighty-six sera. The findings are summarized in 
Table 1. 


It is apparent that there are highly significant differ- 
ences of mean percentage inhibition between the three 
groups of sera. The alkaline phosphatase activity of sera 
which had been found electrophoretically to have the 
slower moving alkaline phosphatase component in least 
amount is on the average less strongly inhibited by 
L-phenylalanine than the activity of sera in which greater 
concentrations of the component could be detected. 
Inhibition determinations were also made by the same 
procedure on extracts of six different biopsy specimens 
of intestinal mucosa and on extracts of ten different fresh 
post-mortem specimens of liver. The extracts were pre- 
pared by the butanol method of Morton". The mean 
percentage inhibition for the intestinal alkaline phos- 
phatase extracts was found to be 79-4 + 2-4 per cent, 
and for the liver extracts 125 + 35 per cent. An 
estimate of the percentage inhibition of bone phosphatase 
was obtained by using serum from a patient with Paget’s 
disease in which the concentration of alkaline phosphatase 
was more than a hundred times that normally found. The 
inhibition obtained was close to that. with the liver phos- 
phatase. Assuming that these values, 79-4 per cent and 
12-5 per cent, represent the inhibition. characteristics of 
the slow and fast zones observed in serum, then it is 
possible to estimate that among normal individuals the 
percentage of total alkaline phosphatase activity which 
can be attributed to the slow (intestinal) component— 
and estimated using p-nitrophenylphosphate as substrate 
—may be about 24 per cent in p** sera, 16 per cent in 
p* sera and 4 per cent in p° sera. 

It has been observed that in serum samples taken at 
different times from the same individuals and examined 
electrophoretically, the slow zone may vary considerably 
in intensity. The recognition that. this zone is probably 
derived from the alkaline phosphatase of intestinal mucosa 
suggested that these fluctuations in intensity might depend 
on dietary variation. In the rat it has been shown that 
the concentration of serum alkaline phosphatase is 
markedly influenced by feeding", particularly of fat, and 
that in this species most of the serum alkaline phosphatase 
is intestinal in origin'*. In man it has been found that the 
concentration of alkaline phosphatase in thoracic duct 
lymph rises considerably after feeding a fatty meal", and 
that the phosphatase is apparently mainly intestinal in 
character. These findings suggest that the ‘intestinal’ 
component of serum alkaline phosphatase may enter the 
serum by way of the thoracic dugt following a fatty meal. 
These considerations led us to study the effects of diet on 
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the “intestinal” component of serum alkaline phosphatase 
in subjects of different ABO blood groups and secretor/ 
non-secretor status. 

The subjects were healthy male students, aged 18-25 
years, resident at a college. In the investigation three 
blood samples were taken from each of sixty individuals 
at different times during the day. In each case the first 
sample was taken in the fasting state before breakfast, 
and the second and third samples 4:5 and 7-5 h later 
before and after lunch. 

No attempt was made to standardize the meals, except 
that a fatty breakfast was given followed 2 h later by a 
small bar of milk chocolate; this was done because of the 
evidence that the fat content of the food particularly 
influences the alkaline phosphatase concentrations of the 
serum and lymph. Table 2 shows details of the timing of 
the blood samples and of the constituents of the meals. 


Table 2. TIMING OF BLOOD SAMPLES AND MEALS, AND CONSTITUENTS OF 
DIET IN THE EXPERIMENT DESCRIBED IN TABLE 3 


7.45 a.m, First blood sample taken after a 14 h fast. 
8.00 a.m. Breakfast. Cornflakes and milk, fried bacon and egg, 
toast and butter, and tea, 
11.0 a.m, Small bar of milk chocolate (fat content about 20 g). 
12.30 p.m. Second blood sample. 
1.00 p.m, Lunch, Meat, potatoes, green vegetable, bread and butter, 
8.30 p.m, 


and milk pudding. 
Third blood sample. 

The subjects included forty-three ABH secretors and 
seventeen ABH non-secretors. The ABO groups of the 
secretors were twenty-one type O, three type B, twelve 
type A,, two type As, three type A,B and two type A,B. 
Those of the non-secretors were ten type O, five type Ay. 
one type A, and one type A,B. Each serum sample was 
graded as p**, p+ or p° in terms of the intensity of the 
slow electrophoretic zone. Because of the small numbers 
in some of the groups, and in view of the previous findings 
about the distribution of the slow zone in sera from 
individuals of different blood groups, the results were 
combined so that a comparison could be made between 
the following four classes of individuals: O and B secre- 
tors, AB secretors, A secretors, and non-secretors. 

The results are summarized in Table 3. In the twenty- 
four subjects who were group O or B and also secretors 
the serum “intestinal” phosphatase component was found 
more frequently and in larger amounts in successive 
samples. Only one individual’s sample was graded as 
p** in the first sample, whereas five were p++ after 4-5 h, 
and eighteen after 7-5 h. In the five individuals who 
were group AB and secretors the changes were similar 
but somewhat less marked. In the fourteen individuals 
who were group A and secretors a much less striking 
effect was observed. At 4-5 h all were still graded p°, 
and at 7-5 h only six were graded pt and none was graded 
p**. In the non-secretors very little change was detect- 
able, only one out of seventeen was graded p+ after 7-5 h 
and none was graded p*+. Typical results in a non- 
secretor and in a secretor of group O are shown in Fig. 1. 


Table 3. EFFECT OF DIET ON THE SERUM “INTESTINAL” ALKALINE PHOS- 
PHATASE COMPONENT IN INDIVIDUALS OF DIFFERENT BLOOD GROUPS 


Serum alkaline phosphatase 
pe + ptt 


P 
O and Beecretors (1) Fasting 15 8 1 
(24). (2) After 4-5 h 3 16 5 
(3) After 7-5 h - 8 18 
AB secretors (1) Fasting 5 ms ws 
(5) (2) After 4-5 h 3 2 - 
(3) After 7-5 h 1 2 2 
A-secretors (1) Fasting 14 ~ ~ 
: (14) (2) After 4-5 h 14 - ~ 
, (3) After 7-5 h 8 6 - 
AIL ABO groups, 3 Fasting 17 -~ - 
non-secretors. (2) After 4-5 h 16 1 - 
(17). (3) After 7-5 h 16 1 - 
Table 4. EFFECT 
No. Fasting 

tested Mean S.D Mean 

O and B secretors 24 9-23 2-24 10-26 

AB secretors 5 8-22 2-05 9-99 

A secretors 14 @ 725 2-24 7-83 

Non-secretors 17 7-79 1-40 8-21 
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Fig. 1. Zones of alkaline phosphatase activity after electrophoresis of 

serum in starch gel at pH 8-6. Typical results found in a non-secretor 

(1-3), and in a secretor, group O (4-6), in the experiment described in 

Tables 2 and 3. (1) Non-secretor, fasting; (2) non-secretor, 45 h after 

breakfast; (3) non-secretor, 7-5 h after breakfast; (4) secretor, group O, 

fasting; (5) secretor, group O, 4-5 h after breakfast; (6) seeretor, group 
O, 7-5 h after breakfast. 


Levels of total alkaline phosphatase in the various © 


serum samples obtained during the course of this experi- 
ment were also determined. This was done with a Fech- 
nicon autoanalyser, the procedure being based on a 
modification’? of the method of Kind and King'’, using 
phenylphosphate as substrate at pH 10. The mean values 
for the sera from the subjects of the four classes, O and 
B secretors, AB secretors, A secretors, and non-secretors 
are given in Table 4. Some rise in total alkaline phos- 
phatase level occurred in the sera from all four classes of 
subjects during the course of the experiment. This was 
most marked in the O and B seeretors, where the average 
concentration in the 7-5 h sample was about 24 per cent 
greater than the average concentration in the “fasting” 
samples (an increase of 2-2 King-Armstrong units). A 
similar increase was also observed in the five samples 
from AB secretors. In the A secretors, however, the 
increase was on the average less than half that observed 
in the O and B secretors, while in the non-secretors the 
increase in alkaline phosphatase level was even less 
marked, amounting to only about 0-5 K.A. units during 
the course of the experiment. The electrophoretic findings 
in these various sera were consistent with the view that 
all or nearly all this overall increase in the concentration 
of enzyme observed during the course of the experiment, 
was to be attributed to an increase in the “intestinal” 
component, and that the levels of other phosphatase 
components present in the sera did not change sig- 
nificantly. The results are in accord with the previous 
finding‘ that the total concentration of alkaline phos- 
phatase is on the average greater in sera graded electro- 
phoretically as p*+ than in those graded p’, and that pt 
sera are intermediate in this respect. 

In the determinations of serum alkaline phosphatase it 
was noted that the “blank” readings which were low in the 
“fasting” specimens increased considerably in the 4-5 h 
and 7-5 h samples. This was apparently a result of 
increased turbidity of the serum following the absorption 
of fat. The average increase was found, however, to be 


OF DIET ON TOTAL ALKALINE PHOSPHATASE ACTIVITY 
Serum alkaline ie activity (King-Armstrong units) 
45h 75h 


Total increase after 7-5 h 
SD. 


S.D. Mean S.D. Mean S.E. of mean 
2-29 11-43 2-68 2-20 1-16 0-24 
2-25 10-22 2-64 2-00 1-09 0-49 
2-37 8-05 2-56 0-80 0-69 0-18 
1-42 R34 1-51 0-55 0-50 013 
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much the same in'the four classes of subject. This sug- 


gests that the differential rises in alkaline phosphatase 
activity between the classes do not result from different 
-rates of fat absorption. 


In a second series of investigations the effects of fat and 
of carbohydrate and protein on the serum intestinal 
alkaline phosphatase component were compared in nine- 
teen individuals all of whom were blood group O or B and 
also secretors. The routine followed was similar to that 
described in Table 2 except that a synthetic breakfast of 
known protein, fat and carbohydrate content was given, 
and the mid-morning bar of chocolate previously taken 
was omitted. The synthetic breakfast was given as a 
fluid meal and contained either 60 g corn oil, 12 g protein 
supplement (‘Casilan’) and 75 g sucrose (calorific value = 
888); or 65 g protein supplement and 50 g each of 
sucrose, glucose and lactose (calorific value = 860). Both 
meals had a similar appearance and flavour, obtained by 
using ‘Crusha’ strawberry flavoured syrup as the carbo- 
hydrate base, and were made up to approximately 400 ml. 
A normal lunch was taken as before at 1.00 p.m. In all, 
eleven subjects received the high fat breakfast, and eight 
subjects the low fat breakfast. 

The results are summarized in Table 5. In those taking 
a protein and carbohydrate (low fat) breakfast, no change 
in electrophoretic pattern was observed in the course of 
the experiment in any of the subjects. By contrast, in 
those taking the high fat synthetic meal none of the nine 


.. sera which were originally graded as p° remained so at 


7-5 h, and though the proportion of individuals with 
sera graded as p** was less than in the first diet study, 
the sera of all eleven subjects showed some increase in 
the intestinal zone between the samples taken at fasting 
and at 7-5 h. 

The results show that in successive blood samples 
taken during the day the serum concentration of the 
intestinal alkaline phosphatase component increased 
markedly in blood group O or B secretors and to a less 
degree in A secretors, but little if at all in non-secretors, 
irrespective of ABO blood group. That this effect is due 
to diet rather than a simple circadian rhythm is suggested 
by the second series of investigations in which an increase 
in the intestinal alkaline phosphatase did not occur after 
feeding a breakfast free of fat, but was clearly demon- 
strable if the isocaloric meal containing 60 g of corn oil 
was given. A rise in the concentration of alkaline phos- 
phatase in thoracic duct lymph after a single fatty meal 
was noted by Blomstrand and Werner?*, but this did not 
occur if a meal containing protein and carbohydrate only 
was given. Our own subjects were given at least one 
further meal after breakfast, but the effects of this on the 
responses obtained were probably slight, for Blomstrand 
and Werner’ found that the maximum concentration of 
alkaline phosphatase activity in the thoracie duct lymph 
was not obtained until about 7 h after feeding. It is 
therefore likely that the character of the lunch given at 
5 h in our studies had little effect on the concentration of 
the serum intestinal alkaline phosphatase found at 7-5 h, 
but the bar of chocolate given at 3 h in the first study, 
which contained about 20 g of fat, could well have been 
the cause of the higher proportion of p++ results obtained 
in O and B secretors at 7-5 h in the first series of experi- 
ments compared with the second. 

The marked differences in the occurrence of the intes- 
tinal component of serum, apparently consequent on the 
Table 5. COMPARISON OF THE EFFECTS OF A HIGH FAT AND a Low FAT 


“BREAKFAST” ON THE SERUM “INTESTINAL” ALKALINE PHOSPHATASE 
COMPONENT IN O SECRETORS 


Serum alkaline phosphatase 


p’ pr prt 
High fat “breakfast” 
(11) (1) Fasting 9 2 - 
(2) After 4:5 h 4 7 = 
(8) After 75h - 8 3 
Low fat “breakfast” 
(8) (1) Fasting 6 2 - 
(2) After 4-5 h 6 2 - 
(8) After 7-5 h 6 2 - 
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feeding of fat to people of differing ABO blood groups 
and secretor status, suggest that there may be differences 
in the physiological behaviour of the epithelial cells of the 
small intestine between such individuals. These cells are 
concerned with the absorption of fat from the gut and 
with its movement into the lymph of the thoracic duct, 
and they contain large amounts of the characteristic 
L-phenylalanine sensitive alkaline phosphatase’. The 
effects observed in our experiments could arise in several 
different ways. The amount of phosphatase in the intes- 
tinal cells might, for example, vary according to ABO 
blood group or secretor status; or there might be differ- 
ences in cell permeability resulting in varying degrees of 
leakage of phosphatase into the lymph during digestion. 
The phenomenon might also arise from differences in the 
processes of fat absorption itself or to differences in rates 
of fat absorption. At present, however, there is insufficient 
evidence available to indicate which of these or other 
possible hypotheses is likely to be correct. The absence 
of significant serum turbidity differences in the course of 
the feeding experiments, however, makes it seem improb- 
able that differential rates of fat absorption are a major 
cause. 

It is also far from clear exactly how the blood group 
genes might give rise to such postulated differences in 
intestinal physiology, although one may perhaps reason- 
ably suppose that the fact that intestinal mucosa is a rich 
source of the water soluble blood group substances is in 
some way connected. These mucoids are probably mainly 
derived from specialized secretory cells in the intestinal 
mucosa**-*2, and appear to occur in significant amounts 
in the mucus overlying the surface of the epithelial 
cells. 

Associations between the ABO blood groups and 
secretor status with various diseases have been exten- 
sively studied in recent years®*-**. Tt is significant that 
they seem to be mainly confined to disorders of the 
alimentary tract, such as duodenal and gastric ulcer, 
gastric carcinoma and pernicious anaemia. The causal 
relations involved have, however, remained obscure. The 
discovery of an apparently quite strong association inter- 
relating the ABO blood groups, secretor status and normal 
alimentary function is of particular interest because it 
may provide a clue to the causes of these associations 
between blood groups and disease. 
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ANTIGENIC ANALYSIS OF CELLS AND TISSUES: 
DIFFERENTIATION BETWEEN HUMAN CELL CULTURE STRAINS 


By Pror. K. G. BRAND and Dr. S. Y. CHIU 


Department of Microbiology, University of Minnesota Medical School, 
Minneapolis, Minnesota 


VARIOUS immunological methods have been made available 
for species determination of cell culture strains. Immuno- 
logical differentiation of cell strains within the same species, 
however, has not yet been accomplished on a compre- 
hensive basis. Such a procedure is required for accurate 
classification and identification of reference cultures 
and also for excluding the possibility of intra-species cell 
contamination. 

In our laboratory, investigations are being carried out 
to study the overall antigenic composition of cells and 
tissues by various immunological techniques. Cell culture 
strains have been used because they represent a fairly 
homogenous cell population and can, therefore, conven- 
iently serve as a reference for investigations on more 
complex tissues. In connexion with this work, it was 
established that by application of immunodiffusion 
techniques, human cell culture strains can be distin- 
guished and characterized. 

For these investigations, cell strains Minn.-HeLa, 
ERK-1, Chang’s liver and conjunctiva, Minn.-ZEH, Maben, 
FL, Dj, and mouse- were cultivated according to 
standard procedures (although without antibiotics) on 
Eagle’s medium supplemented with 17 per cent new- 
born calf serum. Periodical examinations showed that 
these cell strains were free from pleuropneumonia-like 
organisms or other possible contaminants. For the 
preparation of antigens to be used in immunization of 
guinea-pigs, cell monolayers were maintained on medium 
free of serum for 24 h at 37° C, then thoroughly washed 
and collected from Blake bottles. The cells were again 
washed a number of times, and suspended in isotonic 
saline (1-0 g wet weight per 1-0 ml.). They were then 
mechanically disrupted by means of a high speed ‘Teflon’ 
homogenizer in the presence of alundum (60 mesh). 
After sedimentation of alundum and ‘Teflon’ scrapings, 
the homogenate was used without further treatment for 
immunizing guinea-pigs. Injections were administered 
intraperitoneally, intramuscularly (with Freund’s com- 
plete adjuvant), and subcutaneously over a period of up 
to 10 weeks. The dose for each injection was a million 
cells (subcutaneously) or three million cells (intraperi- 
toneally and intramuscularly). Sera were collected inter- 
mittently by cardiac puncture. For use in immunodiffusion 
tests, the cell homogenate was extracted with ether for 
4h at 4° C in order to remove lipids which had previously 
been found to impair the clarity of precipitation lines. 

A total of nearly two hundred serum samples from 
more than sixty guinea-pigs immunized against the 
various cell strains was evaluated in immuno-diffusion 
tests. with homologous and heterologous cellular antigen 
preparations. Individual sera rarely gave more than two 
or. three. lines. (More specifically, we found nine sera 
with. one. line, twenty-seven sera with two lines, fifteen 
sera with three lines, and four sera with four lines.) 
Comparative examination showed, however, that the 
few lines produced by one serum were not necessarily 
identical with those of another. This observation prompted 
& screening operation in which most of our serum samples 
were checked against each other. In so doing, fourteen 
strong precipitation lines were detected which did not 


give reactions of identity. At least twelve additional 
lines of distinct specificity have so far been demonstrated. 
The latter ones are weak, however, and have not yet been 
made suitable for systematic investigation. 

The particular property of individual guinea-pigs to 
respond to immunization with human cells by elaborating 
only a limited number of specific antibody types was of 
theoretical interest! and also offered a definite advantage 
of method. Antisera with defined specificity were readily 
available and for this reason there was no need to under- 
take complicated cross-absorption procedures. On this 
basis, sera were selected which, in combination, provided 
the complete spectrum of non-identical reactions. These 
sera were arranged in three groups of eight, in such a way 
as to give typical and clearly identifiable patterns of 
precipitation lines. Fig. 1 shows one of the three patterns. 
The picture was taken from an unstained plate with in- 
direct illumination. Fig. 2 is a schematic drawing of the 
same pattern—the lines carry arbitrary laboratory 
designations (see Table 1). 

Against these three sets of antisera, antigenic pre- 
parations of the various cell strains were examined for the 
presence of certain antigenic components. Moreover, the 
various antibody specificities evoked in guinea-pigs by 
a cell strain served as conclusive evidence for the presence 
of corresponding antigens in these cells. (It should be 
repeated that these cell strains are free from pleuropneu- 
monia-like organisms or other contaminants.) The 
results are compiled in Table 1. 

No qualitative differences were found between antigen 
spectra of strains HeLa, ERK-1, Chang liver and Chang 
conjunctiva. The possibility that quantitative differences 
might exist regarding the proportional distribution of 
antigens in these cell strains is still under investigation. 





Fig. 1. Test pattern No. 3 for identification of cellular antigens. Peri- 

pheral wells contain sera (1:2) from eight different guinea-pigs immu- 

nized against cultivated human cells. Centre well contains HeLa cell 
extract. 
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. Table 1. DEMONSTRATION OF CELLULAR ANTIGENS IN CULTIVATED HUMAN AND MOUSE CELL STRAINS* 


es No.l No.2 No.3 No.4 No.5 No.6 No7 No.8 No.9 No.10 No, 11 No, 12 No, 13 No. 14 
coo... Designation of antigens (Aa) (By (B*,) (Bs) (B's) (B*,) (Cy) (Cy) (Cr) (Ca) (D) (Gy) (Ga) (G*) 
Homan-HeLat + + + + + + + + + + + + + + 
*Human-ERE-1t + + + + + + + + $ + + + + + 
Hum. Chang livert + + + + + + + + + + + + + + 
Hum. Chang conj. t + + + + + + + + + + + + + + 
Hum. Minn.-E E+ + + r + + + 4 + + 0 + + + + 
Human-Maben + + + + + + + 6 + + + +f + + + 
Human-F Lf + + + + + + 0 + + + + 0 + + 
Human-Dot + + y Q + + 0 + 0 + +t + +$ + 
Mouse-L + +4 0 0 0 0 0 0 0 ü 0 0 0 0 0 


* +, Antigen present; 0, antigen not detected; ~, not done, 


+ Presence or absence of antigens determined (a) by immunizing animals and examining sera for specific antibodies in immunodiffusion testa, (by by” 


direct{examination in immunodiffusion tests against defined antisera. 


t Antigen No. 11 (D) is a complex antigen with 2 or 3 components, At least one of them seems to be absent in Maben and De. 
§ Antigen No. 13 (G,) is present in D, cells, probably in smaller proportion than in other cells, 
© Antigen No, 1 (4,) is a complex antigen composed of at least 2 or 3 components. At least one of them seems to be absent in mouse-L, cells, 


7/7 (onti-€£) 





17/5 (anti-Moben) 


Fig. 2. Drawing of test pattern No. 3in Fig. 1. Designations correspond 
to those in Table 1. 


H-type guinea-pig sera make such a quantitative in- 
vestigation feasible. The uniform results obtained for 
these cell strains may indicate that the establishment of 
human cell strains leads in many instances to a very 
similar if not identical antigenic spectrum?, independent 
of the individual antigens of the original donors. An 
alternative explanation which cannot be dismissed, 
however, is that some human cell strains may be of 
identical origin although they carry different designations 
each claiming a history of its own. Contamination and 


=o ultimate overgrowth of cell cultures by established cells 


of a different species have occurred in many laboratories 
and have resulted in cell ‘‘transformation” with spurious 
changes of species characteristics. The HRK-1 strain, 
for example, resulted from a contamination of an em- 
bryonic rabbit kidney culture with unidentified established 
human cells. Whereas such cases of contamination between 
species could eventually be resolved*, the likelihood 
remains that this might have happened also within species 


+ boundaries. 


< Human cell strains Minn.-##, Maben, and FL ex- 
hibited. minor individual deviations in their antigenic 
spectra as compared with the first group of strains. These 
antigenic deviations were unequivocally confirmed in 
several immunodiffusion experiments which were in- 
dividually set up with the highest possible degree of 
sensitivity and resolution for each deviating antigenic 
component. We conclude that these antigens are either 
entirely absent or decreased by a significant proportion. 
Strain D, deviates antigenetically even further, with 
four of the fourteen strong components missing or below 
the level of detection. 

We believe that these findings provide a basis for anti- 
genic characterization and identification of closely related 
cell strains within the same species. Apart from practical 


applicability, it seems that analysis of cellular antigens 


¿might provide important theoretical insight if defined in 
relation to other parameters of cell and tissue biology. 
For example, the mouse L-cell strain which was used here 


as a “negative” control has antigen No. 1 or some part. 
of this antigen complex in common with all human strains. » 
An antigenic relation between mouse and human cells: 
has been stated earlier by Rose and Kornstad‘. Another 
remarkable property was also attributed to antigen No. 1. 
This component immunized guinea-pigs more strongly 
than any other antigenic component of human cells. 
Antibody response to antigen No. 1 (A,) was found in 
thirty-seven out of fifty-five animals immunized against 
human cell strains. In comparison, antibodies to other 
antigens were produced by less than 10 per cent of the 
animals except for B, (No. 2) and B; (No. 4)—antibodies 
which were found in thirteen and twenty-six animals, 
respectively. This interesting observation in connexion 
with the heterologous specificity of antigen No. 1 
was made part of an extended discussion published 
previously?. 

This work was supported by grants from the American 
Cancer Society and the U.S. Public Health Service. 
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Antigenic Difference between Cell Strains 
HeLa and ERK-I 


Tue results in the preceding article are based on fourteen 
antigenic components in human cells and tissues. We have 
now discovered and included in the analytical scheme 
ten further components. These additional data have not 
changed but rather confirmed most of the conclusions 
reached in that article, except that an antigenic difference 
has now been established between the Minnesota lines 
of HeLa and ERK-1 (Table 1). APD 


Table 1. NEWLY DISCOVERED ANTIGENS WHICH DEMONSTRATE DIFFERENCES 
BETWEEN HUMAN CELL STRAINS HELA and ERK-1 (Minnzsota LINES)" 


Antigenic components 


Cell 15 16 17 18 19 20 21 22 23 24 


strains B, Da Di A, H, Ey F, AL Ba Rı 
HeLa + + + 0 Oo + + + + + 
ERK- + ? 0 + + + ? + + + 


* +, Antigen present; 0, antigen below level of detection; ?, uncertain. 


Material and techniques were basically the same as 
those previously described. Non-identity of certain 
precipitation lines became apparent when antigen pre- 
parations of HeLa and ERK-1 strains were compared 
with reference antisera which had been produced in 
guinea-pigs, rabbits, and dogs by hyperimmunization 
against normal human liver tissue and against human 
cell strains (Fig. 1). The specific antigenic components 
involved, Nos. 15-24 in our list, carry the preliminary 
laboratory designations B, D,, De Hy, Hy Bi, Fi, AL, 
Ba and R,. 


These findings augment rather than. solve the riddle 


of the ERK-1 strain. It will be remembered that HRK-1 
originally emerged froma. pgimary embryonic rabbi 
kidney culture’. Its susceptibility to infection with poli 
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Fig. 1. Antigenic differences between cell strains HeLa and ERK-1 in 

double immunodiffusion, Arrangement: Top well, ERK-1 antigen; 

left well, anti-human cell reference serum No, 7; right well, anti-human 
cell reference serum No. 9; bottom well, HeLa antigen. 


virus, however, cast doubt on its true rabbit origin. 
By means of a species-specific haemagglutination method 
it was soon characterized as a pure human cell strain®. 
Consequently, ERK-1 was assumed to have arisen from 
contamination with an established human cell strain 
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such as HeLa. Our present results seem to exclude HeLa 
as the contaminant as well as the other strains tested 
(Chang’s liver and conjunctiva, Minn.-2E, Maben, FL, 
Detroit-6). 

There is good experimental evidence that the analytical 
data obtained in these investigations reflect a high degree 
of strain specificity. Yet the possibility must be borne 
in mind that clonal sublines of the same cell strain might 
exhibit antigenic differences of this kind. A systematic 
investigation of this point is in progress, 

This work was supported by the American Cancer 
Society and the U.S. Public Health Service. 
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VERTEBRATE BLOOD OXYGEN CAPACITY AND BODY WEIGHT 
By Pror. JACK D. BURKE 


Department of Anatomy, Medical College of Virginia, Richmond 


Lire processes in higher organisms require energy which is 
provided by oxygen. The availability of oxygen in the 
environment imposes limitations on the distribution 
and/or survival of individual organisms. Just how available 
oxygen is to the organism depends on the concentration 
in the environment, and on the efficiency of the oxygen 
transport system within the animal. Haemoglobin is an 
efficient respiratory pigment for gas transport in the 
vertebrates as is shown by their wide distribution in 
water and on land. Different vertebrates have different 
kinds of haemoglobin as demonstrated by electrophoresis 
and oxyhaemoglobin affinity curves. The blood of various 
vertebrates can combine with different amounts of oxygen 
when it is fully saturated. 

The oxygen concentration when the blood is completely 
saturated is called “total blood oxygen capacity”, and 
is referred to here as BOC. The oxygen content of blood 
is usually expressed as “volumes per cent” after the 


measurement is corrected to standard temperature and 
pressure, and refers to the number of units of oxygen 
that combine with 100 units of blood. 

As shown by Prosser and Brownt, the BOC varies in 
different animals. In 1953, I? measured the BOC of several 
different mammals, and quoted extensive references to 
show that “the oxygen capacity of the blood of mammals 
varies with the species”. The measurements of BOC in 
that investigation, as in our subsequent investigations, 
were made with the syringe microgasometer designed by 
Roughton and Scholander*, and their method of analysis 
was followed with certain modifications by Grant and by 
Scholander and van Dam‘. With the Roughton-Scholander 
apparatus, one can measure BOC on 39-3 mm? of blood—~ 
no more than a small drop. This amount can be taken from 
a small animal, such as a bat, weighing no more than 5-0 g. 

In 1957, I° reported the results of an intraspecific 
investigation of BOC in albino rats (Rattus norvegicus). 


Table 1, LINEAR REGRESSIONS OF LOG BLOOD OXYGEN Capacity on Log Bopy WEIGHT IN VARIOUS VERTEBRATES 


Correlation Probability 
Animals * Regression equation coefficient that slope is zero 

Albino rata Y = 06082-07240 x +0-002 — 0-972 P001 
64 Rattus norvegicus 

Birds (25 species) Y = 0:9862-0-0507 x +0008 — 0-988 P<001 
67 individuals 

Pigeons Y = 0-5939-0-7939 x +0-007 — 0-978 P<0-01 
56 Columba livia 

Painted turtles F = 0-1840-0-7304 x +0-016 — 0:773 P<001 
40 Chrysemys picta 

Box turtles Y = 05238-08814 x +0043 ~ 0-685 P<001 
48 Terrepene carolina 

Meadow frogs Y = 0-6153-0-7337 x +0002 ~ 0-936 P<O-01 
50 Rana pipiens 

Green frogs Y = 03224-06866 x +0-010 — 0-929 P«<0-01 
43 Rana elamitans 

Bullfrogs F = 0-4797-0:8186 x +0011 — 0-982 P<O01 
52 Rana catesbeiana 

Fishes (2 species) ¥ = 1-084 -1-098 x +0-002 ~ 0:943 P<O01 


20 Lepomis macrochirus 
20 Pomoxis nigromaculatus 


* log BOC/g = log K + n log body wt (g). 


Y = log BOC/g = log of blood oxygen capacity per gram body weight. 


log k = y—intercept. 

z = slope of line. 

z = log body wt, ee? 

variance = standard errorlof BOC/g from body weight (g). 


«<a> 


ad 


Blood oxygen capacity/g body weight 
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I established the fact that BOC/g varied inversely with 
body weight. A decrease in BOC/g body weight with an 
increase in body weight was afterwards found im fishes 
(Lepomis macrochirus and Pomoass nigromaculatus)’, in 
Ranid frogs (Rana pipiens, R. clamitans, R. catesbeiana)’, 
in turtles (Ohrysemys picta and Terrepense carolina)$, 
and in pigeons and twenty-five other species of birds. 
Linear regressions (determined by the method of least 
squares) of log BOC/g body weight on log body weight 
are shown in Figs. 1-9, respectively, for investigating the 
BOC referred to earlier. These data are also summarized 
m Table 1 which includes coefficient correlations and 
probabilities for each animal group represented graphically. 
It has been established and well documented’ that 
metabolic rate (oxygen consumption per unit body weight 
per unit time) of small animals exceeds that of large 
animals. The BOC/g of body weight present in an animal 
is, therefore, related to its metabolic rate; that 18, there is 
more oxygen available per unit body weight in smaller 
animals where a greater metabolic rate occurs. As animals 
increase in weight, the BOC/g body weight decreases, and 
so does its metabolic rate. It can be seen from Table 1 
and Figs. 6 and 7, however, that the correlation coefficient 
for turtles is lower than for the other vertebrates repre- 
sented. This may, in part, be related to the “Principle 
of Similitude’”’* in that an increase in body weight can be 
accompanied by a disproportionate increase of inert 
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metabolic tissue (as shell). Hutton et al.1 have found that 
metabolic rate was not correlated with body weight in 
turtles. 

The relation of BOC to body weight seems to be cor- 
related with the amount of blood present in an oo 
In an investigation of blood volume in mammals'*, 
reported that blood volume per unit weight decreases as 
increasing body weight. Since then, inverse relations 
between blood volume and body weight have been re- 
ported for birds by Bond and Gilbert"*, for turtles by 
Hutton", for fish by Ronald et al.4, and is indicated in 
data pertaining to frogs by Prosser and Weinstein}. 

Oxyhaemoglobin affinity also appears to be correlated 
with the inverse BOC/body weight relation. Schmidt- 
Neilsen and Larimer!? have shown that the P,, (the 
oxygen pressure in mm of mercury at which the blood is 
one-half saturated) decreases as body weight increases. 
In other words, as an animal increases in weight, there is 
an increase in the affinity of the blood haemoglobin for 
oxygen which may compensate for a lower BOC/g of body 
weight. 

Although the preceding discussion is based on a series 
of assumptions using correlations and analogies, the 
facts as presented in Figs. 1-9 and Table 1 seem to be that 
vertebrates of lesser weight can maintain a higher meta- 
bolic rate than vertebrates of greater weight because: 
(a) smaller animals have a greater blood volume per unit 
body weight, (b) smaller animals have a greater blood 
oxygen capacity per unit body weight, and (c) smaller 
animals have @ higher unloading tension for oxygen 
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which is more favourable for a rapid diffusion of oxygen. 
to the tissues. 

This work was supported in part by grants from the 
U.S. Public Health Service. The statistical analyses were 
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TRANSMITTER RELEASE AT THE SQUID GIANT SYNAPSE IN THE 
PRESENCE OF TETRODOTOXIN 


By J. BLOEDEL 


Department of Physiology, University of 
Minnesota, Minneapolis 


Dr P. W. GAGE 


Department of Physlology, Duke University 
Medical Center, Durham, North Carolina 


Ir is well known that depolarization of a motor nerve 
terminal, either by externally applied current or a raised 
concentration of potassium m the extracellular medium, 
leads to an acceleration of transmitter release’. At the 
squid giant synapse, where the size of the presynaptic 
axon permits the insertion of one or more electrodes, it 
has been shown that the amplitude of the excitatory 
postsynaptic potential (EPSP) is markedly affected by the 
size of the action potential of the presynaptic axon as 
well as by such factors as the rate of repetition of the 
stimulus and the ionic composition of the bathing medium’. 
The Puffer fish poison, tetrodotoxm, known to be a 
highly specific inhibitor of the sodium current system? 
and thus to block generation and propagation of the action 
potential in excitable tissue, does not prevent the effect 
of depolarization by potassium on transmitter secretion‘. 
In its presence, small endplate potentials have been 
elicited by short pulses of depolarizing current applied 
to motor nerve terminals’. Because of the small size of 
the terminals it was not possible to determine the extent 
or time course of the membrane depolarization causing 
the transmitter release. The squid giant synapse was used 
in the present expermments in order to examine more 
critically the relationship between presynaptic depolari- 
zation. and liberation of transmitter. 

The experiments were performed at the Marine Bio- 
logical Laboratory, Woods Hole, using the common squid, 
Loligo pealii. The method of dissection of the stellate 
ganglion was simular to that described by Bullock’. The 
stellate ganglion with giant axon and presynaptic nerve 
was mounted in a ‘Lucite’ chamber, at 8°-12° C in flowing 
sea-water previously aerated with oxygen. During the 
dissection, as much as possible of the ganglion tissue 
overlying the presynaptic axon was removed in order to 
insert the microelectrodes as close to the synapse as 
practicable. At the same time, great care was taken to 
avoid damage to this axon, as it was noted that even 
moderate manipulation resulted in a low resting potential. 

Three microelectrodes were routinely used, two to record 
the voltages from the presynaptic and postsynaptic giant 
axons, and the third for passing current ito the pre- 
synaptic axon. The methods of recording were con- 
ventional. A schematic diagram of the giant synapse with 
typical positioning of the microelectrodes is shown in 
Fig. 1 A. The microelectrodes were always inserted within 
1-5 mm of the synapse. 

Typical records obtained before adding tetrodotoxin 
are shown in Fig. 1 B-E. In response to a depolarizing 
pulse of 0-01 msec duration, an action potential was 
generated in the presynaptic axon followed in the post- 
synaptic axon by an EPSP which, when large enough, 
triggered an action potential. Fig. 1 B and Æ show records 
obtained with stimuli at 30 seo intervals; ın Fig. 1 O can 
be seen the decline in EPSP amplitude which occurred 
during & short train of stimuli at 1/sec, while in Fig. 1 D 
the EPSP after an interval of 2 sec was still small. The 
effects of repetitive stimulation on the size of the EPSP 
can probably be attributed to depletion of the store of 
transmitter available for release; the amplitude of the 
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presynaptic action potential remained constant through- 
out. This phenomenon was observed if the stimulus 
repetition rate was more than about 1/10 seo. 

When the preparation was exposed to sea water con- 
taining tetrodotoxin (2 x 10-7 —10-* g/ml.), the pre- 
synaptic action potential could no longer be elicited after 
5-30 min. At about the same time the postsynaptic 
action potential disappeared. Nevertheless, an EPSP 
could still be observed if the intensity and duration of the 
depolarizing current passed into the presynaptic axon 
were increased sufficiently. It was found that the EPSP 
could now be continuously graded, its amplitude varying 
with the presynaptic depolarization as the current pulse 
was altered. The latency of the EPSP measured from the 
peak of the presynaptic voltage transient was the same as 
from the peak of an action potential (1-5 msec at 10° C). 
Examples are shown in Fig. 2 A-E. These results and 
others obtained from the same synapse are shown in the 
graph Fig. 2 G, in which EPSP height is Sa against 
peak depolarization recorded from the presynaptic axon. 
Because the EPSPs were an appreciable tion of 
the resting potential (70 mV) of the postsynaptic axon, 
correction was made for non-linear voltage response to a 
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postsynaptic conductance change according to the 
formula of Martin’. The resulting curve, also plotted in 
Fig. 2 G, should give a better picture of how transmitter 
release altered with presynaptic depolarization. The 
transmitter equilibrium potential was taken as zero?. 
These results closely resemble those relating presynaptic 
action potential amplitude and EPSP size’, but it should 
be noted that at the time these records were obtained 
there was no indication of any presynaptic action potential 
or “local response”. In general, however, the presynaptic 
voltage transient did not follow the time course which 
would be expected from a purely passive system, especially 
when the large depolarizing current pulses were applied. 
As seen in Fig. 2 A-F and H—J, the voltage transient 
fell significantly during a current pulse. This can be 
attributed, at least in part, to activation of the potassium 
current system, which is not blocked by tetrodotoxin’. 
One striking feature of these results is the magnitude of 
the presynaptic depolanzation needed to evoke the 
EPSPs. A presynaptic depolarization of about 135 mV 
gave an EPSP of 0-5 mV; for a 10 mV EPSP about 
225 mV was required. EPSPs of similar amplitude were 
observed by Takeuchi and Takeuchi with presynaptic 
action potentials of 50 and 90 mV respectively*. The 
difference becomes much smaller when one takes into 
account the decrement of the electrotonic potential which 
must have taken place along the presynaptic axon 
between the microelectrodes and the areas where trans- 
mitter was released (see Fig. 1 A). Assuming the specific 
resistance of the presynaptic axon membrane to be the 
same as that of the postsynaptic giant axon, a rough 
calculation indicates that the depolanzation of the mem- 
brane in the synaptic region would be about 70 per cent of 
that recorded 1 mm from the synapse. It was evident, 
however, that with depolarizing current there was a 
decline of the input resistance of the presynaptic axon 
(estimated from the peak voltage response). It 1s therefore 
likely that under these conditions more decrement took 
place. For the same reason the true relationship between 
transmitter release and presynaptic depolarization must 
be steeper than appears from the graph (Fig. 2 G). Such 
intense depolarization as shown in Fig. 2 4-G was not 
always necessary to elicit®an EPSP. In experiments in 
which the presynaptic axons had higher input resistances, 
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1 msec current pulses giving depolarizations as low as 
90 mV were sometimes sufficient, perhaps because of a 
larger space constant. 

It has been shown that at this synapse, when EPSPs are 
elicited at short intervals, the second is facilitated, and 
this has been related to the increase which ocours in pre- 
synaptic spike size?, although at neuromuscular junctions 
under comparable conditions, such facilitation is not 
accompanied by an increase in the extra-cellularly 
recorded presynaptic spike’. Using the methods outlmed, 
we have tested whether transmitter release evoked by the 
second of a pair of stimuli at short intervals would be 
potentiated. If, as suggested by Takeuchi and Takeuchi", 
facilitation at the squid giant synapse is secondary to the 
increase in spike size, NO facilitation should appear when 
the second stimulus is a current pulse with neither its 
amplitude nor the consequent depolarization altered 
because of the preceding pulse. The results of such an 
experiment are shown in Fig. 2 H-J. Because the two 
pulses in the pair were from different stimulators, control 
pulses identical to the second were applied 1 sec before 
and 1 sec after the pair. It can be seen that the second 
stimulus was unchanged, but there was a clear potentiation 
of the EPSP, from 10-5 mV to 18:5 mV. Applying Martin’s 
correction’, the actual facilitation of the change ın post- 
synaptic conductance, and presumably transmitter release, 
was to 210 per cent of the controls. 

Several conclusions may be drawn from the results of 
these experiments. First, it is evident that transmitter 
release at the squid giant synapse is not dependent on 
the integrity of the sodium current system imvolved in 
generating the action potential. As at the neuromuscular 
junction, depolarization of the presynaptic nerve terminal 
is capable of stimulating transmitter liberation. It appears 
very unlikely from our results, however, that at the squid 
giant synapse an action potential which did not invade 
the nerve terminal could cause sufficient electrotonic 
depolarization to evoke a normal EPSP. It seems clear 
also that the facilitation phenomenon observed with 
pairs of stimuli cannot be attributed to alteration of the 
presynaptic action potential or action current; rather it 
would seem to reflect facilitation of the system which 
couples transmitter release to presynaptic depolarization. 
Virtually excluded also by our results is the possibility 
that this type of facilitation is normally secondary to the 
influx of sodium ions into the nerve terminal which 
presumably takes place during the action potential. The 
interesting question remains whether activation of the 
potassium current system is umportant, or essential, to 
the transmitter release mechanism. It should be empha- 
sized that the results presented here also do not permit 
any discrimination between depolarization and current 
flow as the determining factor in evoking transmitter 
release. 

This project was supported by a research grant (to 
R.L.) from the Graduate School, University of Minnesota. 
Additional expenses were met from a grant (to D.Q.) 
from the Muscular Dystrophy Association of Canada. 
P.W.G. was a recipient of an International Post-Doctoral 
Fellowship from the U.S. Public Health Service. J.B. 
was the recipient of a Life Insurance Medical Research 
Fellowship. We are grateful for the facilities made 
available to us by the Marine Biological Laboratory, 
Woods Hole. 
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EFFECT OF STIMULUS DESIGN, ROTATION SPEED, AND EXPOSURE ON 
THE PERCEPTION OF THE SPIRAL AFTER-EFFECT 


By PAUL L. THOMAS and Pror. PASCHAL N. STRONG, JUN. 
Department of Psychology, Texas Technological College, Lubbock, Texas 


RECENTLY Scott and Medlin}, Scott and Powell?, Scott, 
Bragg and Smarr’, and Taylor‘ reported investigations 
using the spiral after-effect test (SAET) in which the 
strength of the after-effect was determined quantitatively 
by using it to counter real movement. The present 
investigation is an attempt to clarify the effects and 
interactions of rotation speed, spiral design, and number 
of presentations over time on the strength of the move- 
ment after-effect. 

Fig. 1 shows the apparatus used. The apparatus is so 
designed that when the lights surrounding the inspection 
figure (IF) are on and those surrounding the test figure 
(TF) are off, the subject (S) sees the IF. When the obverse 
is true, S sees the TF in the same apparent position as the 
IF. The IF consisted of the various spirals to be described 
below. The TF consisted of three 810° spirals. This 
spiral was rotated behind a mask with six, evenly spaced 
radial slots so that S saw alternating black and white 
bands moving toward the centre. The speed of this 
spiral could be controlled by S which allowed the inward 
movement to vary from 0 to 10-5 in. per min. 

Four inspection stimuli were used. All the spirals were 
black on a white disk 8 in. in diameter and had 2-25 turns 
(810°). The four conditions of stimulus were: (A) a 
single spiral 0-25 in. wide; (B) a single spiral 0:5 in. wide; 
(C) two concentre spirals 0-25 in. wide; and (D) two 
concentric spirals 0-5 in. wide. Three speeds of rotation 
were used for presenting the four spirals. These were 25, 
75 and 200r.p.m. Twelve female undergraduates between 
18-25 years of age were the subjects. 

Each S was tested on five alternate days. Since there 
were four designs and three speeds, there were twelve 
possible stimulus combinations. Each S received each 
treatment combination on each day with order counter- 


Table 1. SUMMARY OV ANALYSIS OF VARIANCE FOR SIGNIFIGANT EEFROTS* 


Y Sum 
Source D.F. of squares F P 
Number of spirals 1 378-38 769 0-01 
Width of spirals 1 83-83 18:7 0-01 
Rotation speed 2 171-51 388 0-01 
Days 4 406-71 28:9 001 
Number x speed 2 79 4:4 0-025 
‘Width x speed 2 6:78 6-8 0-01 
Days x speed 8 5 24 45 0 01 


* No second or third order interactions approached significance. 
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balanced across Ss within each day. The inspection 
spiral always rotated inwardly, yielding an inspection 
effect of contraction and an after-effect of expansion. 

On the first day Ss were tested for the presence of the 
spiral after-effect and acquainted with the apparatus. 

On test days 2—6 twelve test trials were presented to each 
S. A trial consisted of a 30 sec presentation of the particu- 
lar inspection stimulus-rotation speed combination. The IF 
was then alternated with the TF for 60 sec, with the IF 
on for 2 sec and the TF on for 1 sec alternately. At the 
end of the trial, the apparatus was turned off and the 8 
was allowed a 60 sec rest while the new IF was placed 
in the apparatus. Before each trial the control knob was 
set all the way to the zero movement position. The 
speed of revolution of the TF was observed directly. 

Table 1 shows the main effects and interactions of the 
analysis of variance. Inspection of this table reveals 
that all main effects are highly significant, with the first- 
order interactions of number x speed, 
width x speed, and day x speed also 
significant. 

Fig. 2 shows the interactions between 
number of spirals and rotation speed, and 
Fig. 3 shows the interaction between rota- 
tion speed and spiral width. From this it 
can be seen that the most effective combina- 
tion was two spirals at 78 r.p.am. 

The most dramatic result was the change 
in strength of the after-effect over the five 
test days. There were no significant differ- 
ences between the twelve trials within 
each day. Fig. 4 shows the interaction. 
between days and rotation speed. 

Wohlgemuth’ found that the after-effect. 
at first increased rapidly, reached an 
asymptote, and then gradually declined 
as the velocity of the objective increased. 
Scott and Medlin! found a negatively 
accelerated, positive relation between rota- 
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tion speed and strength of the after-effect. The resulta of 
this investigation indicated that both Wohlgemuth and 
Scott and Medlin could be right, the exact function being 
determined by the interaction between rotation speed 
and stimulus design, for example width and number of 
spirals in this study. 

The only comparable studies of strength of movement 
in the literature are those of Scott and Medlin? and 
Scott and Powellt. In the former investigation, using 
human subjects, they found movements for 25, 75 and 
200 r.p.m. of approximately 3-15, 5:85 and 6-93 in. per 
min respectively. The most comparable data in this 
study would be the first day’s trial for the 0-5 in. single 
spiral since the strength of the effect declined over days. 
These values are 4:03, 4:47 and 4'67 in. per min. Thus 
the two studies agree in the direction of the after-effect 
rotation speed relationship but not in the absolute values. 
In a later study, Scott et al.? found the mean rate of 
after-effect expansion using one spiral rotated at 180 
r.p.m. of 4:87 in. per min, a value extremely close to 
that found in this study. 

Three reasons may suggest the causes of the different 
results. These are: (1) The number of turns in the spirals 
—four turns in their experiments, 2-25 in ours; (2) possible 
differences in width; these are not given in the articles 
by Scott et al.; (3) method of measurement; Scott and 
Medlin counteracted circumferential movement while the 
present investigation countered radiel movement. 

The strength of the SAET appears to be related to the 
frequency of stimulus contours i over retinal 
elements®:*, This can be varied by the number of spirals 
or rotation speed. The resulta show that increasing the 
number of spirals is a more potent stimulus than increasing 
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speed. Going from one 0-5 in. spiral at 25 r.p.m. to two 
0-5 in. spirals at 25 r.p.m. increases the after-effect from 
1-97 in. to 3-08 in. per min. 

Rotating a single spiral to 75 r.p.m. increases the after- 
effect to only 3-01 in. per min. Thus it is apparent that 
the duration of the stimulus is also important and this is 
substantiated by the spiral width effects. The work of 
Barlow and Hill’ showing the existence of ganglion cells 
in the retina of the rabbit which are sensitive to move- 
ment in one direction but not the opposite suggests a 
physiological mechanism to explain the SAET. Sekuler 
and Ganz? have data suggesting the existence of such 
cells in the human retina. Thus, if we can postulate cells 
facilitated by movement in one direction and inhibited 
by opposite movement, the SAET can be handled using 
a post-inhibitory rebound paradigm. 

The decrement in the strength of the SAET between 
sessions was a striking phenomenon and was shown by 
every subject. Since the interval between sessions of 
48 h rules out a process of fatigue or satiation, this effect 
must be explained in terms of central inhibition. Whether 
this inhibition of habituation is completely central or 
centrally imposed on peripheral receptors 1s a question 
for future research. 
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RECENT CHANGES IN THE STOCKS OF Tilapia IN LAKE VICTORIA 
By R. L. WELCOMME 


East African Freshwater Fisherles Research Organization, Jinja, Uganda 


BEOAUSE of 1t8 ease of culture, largely vegetarian habit 
and excellent eating qualities, the African cichlid genus 
Tilapia Smith has been transplanted around the world 
more than any other genus of fish’. Concern has been 
expressed that some of these stockings have been carried 
out with insufficient forethought?. Recently, it has been 
recommended that listing and registration of previous 
introductions could help to ensure that in future the most 
suitable strains are used for this purpose*. Lake Victoria 


is a good example of a large natural water which har- 
boured only two endemic species, T. esculenta Graham 
and T. variabilis Boulenger, the biology of which has been 
described‘.*, but where since 1951 four non-endemic species 
have been introduced and have become established‘. 
These are 7’. zillii Gervais, widespread in northern tropical 
Africa; T. nelotica Linne, similarly distributed; T. leucos- 
ticta Trewavas, known only from Lakes Albert, Edward 
and George; and finally, T. melanopleura Dumeril, 
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originating from southern tropical Africa, which has been 
recorded only from the Jinja waters of Lake Victora. 
Ten years have elapsed since the first recorded capture of 
a non-endemic specumen, and the present is thus a sut- 
able time to review the progress of the introduced species 
and their interactions with the endemic fishes. 

Examination of commercial catch recorda?! for various 
localities gives some guide to the rise in numbers of the 
various species since their introduction. T. ziHiit has 
spread rapidly at the northern end of the lake and has 
become a substantial part of the commercial Trlapia 
catches, forming 7-1 per cent by numbers of the total 
Tilapia in 1963, with a peak of 27 per cent in August. 
It has risen from a mean catch rate of 0:005 fish per net 
in 1959 to 0:24 fish per net in 1963, and values as high as 
0-85 have been recorded for some months in the Jinja 
area. In the southern and eastern lake the first specimens 
of T. zilis were recorded in 1960 and by 1964 were being 
caught at the rate of 0'1 per net at Mwanza and 0-07 per 
net at Musoma. At Bukoba, where Tilapia have never 
formed a large proportion of the catch, T. zslltt have 
risen in number until they exceeded the catch of T. 
esculenta and rival that of T. variabilis. These figures 
may be low, as many nets are set in deeper waters unsult- 
able for Tilapia, while nets set in places such as the 
shallower lagoons will catch as many as nineteen fish per 
25 yd. length of 4 in. net. 

T. nilotica and T. leucosticta present a similar picture 
in the commercial catch. Before 1962, few fish were 
recorded, but at the Masesse landings, Jinja, during 
1963, 40-50 fish per month of each species were being 
landed. By 1964 this figure had increased to 30-50 per 
day. In the south of the lake, far fewer individuals of 
either species have been found although they were 
occasionally recorded in 1964. In the earlier part of 1965, 
T. leucosticta were sometimes caught in seme nets at a 
rate of about 20 fish per haul. 

The introduction of foreign species may be expected to 
affect those already present in several ways—by hybrid- 
ization, by competition and by predation, the latter 
appearing unimportant in this vegetarian genus. It 
already appears that hybrids are formed between T. 
nilotica and T. variabilis®; these have been found to be 
common among the juvenile fish on certain beaches m 
the north lake, where they comprise up to 20 per cent of 
the total. It is also known that T. nilotica will hybridize 
with T. esculenta, and although up to the present no 
such fishes have been recognized from the lake, their 
occurrence remains a possibility. 

In the Jinja area, at least some fish with many of the 
characters of T. melanopleura are found, and indications 
of hybridization between T. zillii and T. melanopleura 
are present. The suspected hybrid and the two parent 
stocks have the same habits so far as can at present be 
determined, and until the systematics and distribution of 
these two very similar fishes are further investigated they 
are both treated as T. zsllit. 

The possibility of competition arses in both adult and 
juvenile fishes. The adults may compete both for feeding 
and breeding space. At present, competition for food 
does not appear to have arisen and some diversity in the 
feeding habits of the species has been observed. T. zillit 
is unique in that it feeds mainly on ngher plantse. Plank- 
tonic diatoms are eaten by several species, but only T. 
esculenta is limited to this source of food. Of the remaining 
species, T. nilotica and T. variabilis are fairly flexible in 
their requirements and feed either on the bottom or on 
epiphytic or planktonic diatoms, dependent on habitat. 
T. leucosticta appears to feed exclusively on bottom 
material. With the possible exception of higher plants, 
all these foods are extremely common and are readily 
available. Some spatial separation of the feeding in- 
dividuals has also been observed. T. leucosticta are con- 
fined to the shallower margins of the lake near and often 
behind the papyrus fringe (30 om to 5 m deep), which 
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habitat ıt shares with young T. esculenta (13-18 cm 
standard length) and T. zillit. T. variabilis tends to 
spread into harder bottomed and more exposed waters, 
while the larger T. esculenta remam in shallow mud 
bottomed bays about 5-10 m deep. T. nilotica is found 
ın most of these habitats. 

All the introduced species are growing to a large size, 
comparmng favourably with the native fishes. Individual 
T. leucosticta and T. zillii of more than 500 g and T. 
nilotica of more than 1,000 g are not uncommon in the 
commercial catches. The condition factors of these fish 
are high, indicating that the stooks are healthy. For T. 
milotica, K = 4:1; T. leucosticta, K = 4:3; and T. zsllis, 
K = 41, when calculated from standard length. The 
corresponding values for fish taken from Lake Albert, 
where all three species are native, are: T. nilotica, 4:1; 
T. leucosticta, 3:9; and T. 2illti, 4-2. 

Competition for breeding grounds 1s a more serious 
problem and the possible lack of such areas has been 
considered as a factor hmuting population expansion”. If 
this is so, any competition occurring at these sites would 
have a drastic effect on one or other of the competitors. 
All the species present in Lake Victoria are of the group 
in which the female parent broods the eggs in the mouth, 
with the exception of T. zillii. This species guards the 
eggs, which are laid in a shallow nest on the bottom. To 
this end, T. zillii needs a somewhat cleaner and firmer 
substrate on which to spawn, and it 1s found over shallow 
sandy areas that are often moderately exposed, and also 
over bottoms composed of coarse dead vegetable matter 
such as are sometimes found adjacent to the papyrus 
fringe ın sheltered bays. T. variabilis is also found ın 
such areas but often in somewhat deeper water. T. 
esculenta spawns uniquely in the sheltered muddy bays, 
so breeding grounds of the two native species may often 
be found adjacent to one another. T. leucosticta appears 
to be restricted to the shallow mud bottomed areas at the 
edge of lagoons and inlets, an environment not apparently 
used by the adults of any other introduced or local Ttlapta, 
where the water 1s oiten only a foot deep and the bottom 
pitted with the net of this species. T. nilotica is dis- 
tributed more widely and may be found associated with 
any of the other species. Usually, however, it is found over 
the harder substrates with 7. zillii and T. variabilis more 
than with the other two species. This preference is 
reflected in the production of hybrids between T. varia- 
bilis and T. nilotica. 

Young Tilapia of all species are found on characteristic 
beaches termed “nurseries”. These are shallow sheltered 
areas where during the majority of the year high tem- 
peratures are found in the day time. The tolerance to 
high temperature that is a feature of Ttlapra enables them 
to live unharmed in these places where abundant food is 
available. Most other species are prevented from entering 
these regions by the fact that these temperatures are, for 
them, lethal'*. Thus, T'tlapia as a group are spared the 
competition of species of other genera of simular tropic 
habits, the Haplochromis obliguidens groups, for example’. 
The nursery beaches, while similar in that they will 
support high temperatures, differ in other respects, par- 
ticularly in the tensions of dissolved oxygen. Most of the 
species at present in the lake have a characteristic range 
of preference, although much overlapping does occur. The 
type of nursery preferred is assumed to be related to the 
breeding ground preference, as breeding and nursery 
grounds are usually adjacent. Thus, T. leucosticta young 
are confined to areas of low dissolved oxygen (0-6 to 2:0 
p-p.m.), T. esculenta is found in slightly more aerated 
regions (1:0 to 3:0 p.p.m.) and T. nilotica in tensions of 
about 2-0 to 4:0 p.p.m. The other two remaining species 
show a desire for well aerated slightly exposed areas. This 
preference in the case of T. alist and T. variabilis explains 
their relative abundance on gxposed coastlines, for here 
the swampy areas required by T. esculenta are generally 
absent. From this we may deduce that the only severe 
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competition for nurseries occurs between T. zillii and T. 
variabilis, for although adult T. ziii eats different food 
from the adults of the other Tilapia species, the juveniles 
have at first simular requirements. In 1961, T. zillii were 
noted as plentiful on the nursery habitats they share with 
T. vartabtlis®, and in 1964 53-5 per cent of Tilapia caught 
on the “zillit/yartabilis”’ type of beach in the northern part 
of the Lake were 7’. zilis; the equivalent figure in the 
southern part was 57-4 per cent. 

At present, with one exception, there seems to be little 
vompetition between the mdigenous and introduced 
species of Tilapia at any phase in the life history as their 
individual preferences are sufficiently distinct. The excep- 
tion may be T. vartabtlis, which could be endangered by 
the introductions. Here the juvenile fish are in com- 
petition with the young T. zH on the nursery grounds, 
and such information as we possess would suggest that 
the adult fish have to compete to some extent for breeding 
space with T. ntlotsca. 

Without overemphasizing the role of nursery grounds 
in the biology of Tilapia, there is no doubt that the 
recent rise in the water level has resulted, temporarily at 
least, ın increased numbers of fish. For example, the 
catches per net of the 2-5, 3:5 or 4 in. gill nets shown by 
commercial records? indicate a great increase in catch per 
unit effort (catch per net per month) following the rise in 
lake level. In the 2-5 in. nets a rise from 1-9 fish per net 
at the beginning of 1962 to 9-2 fish per net at the end of 
1962 was noted. This followed the rise in lake level, 
which commenced at the end of 1961 by about 1 year. 
Similarly rises in the 3-5 in. nets from 2-5 at the end of 
1962 to 18-9 at the end of 1963, and in the 4 in. nets from 
1:8 at the end of 1962 to 9-5 at the beginning of 1964 
were also noted. These catch rates were rapidly attained 
and persisted for about one year and then fell once again to 
around the previous level of catching. While we are by 
no means certain, it does at least seem likely that the 
successive peaks which follow each other at yearly inter- 
vals represent the growth of stocks released into the 
increasing nursery grounds in 1961. 

As with other African lakes, Lake Victoria undergoes 
periodic fluctuations in depth. These changes not only 
include the relatively mild annual rise and fall in response 
to the rainy season but also more drastic alterations over 
longer periods. Such a change has recently taken place, 
with water levels rising far above any height recorded 
since 1899 (ref. 14). Rises in level of this nature produce 
extensive areas at the margins of the lake which are 
utilized by several of the Tilapia species. It is impossible, 
therefore, to consider the spread of the introduced species 
without also considering the rise in the level of the lake. 

The establishment and spread of the introduced species 
have been influenced by the rising water level in three 
ways. First, by flooding the marginal areas much higher- 
plent material has been made available to T. zillii. These 
fish can be seen feeding in such newly flooded zones where 
the submerged vegetation is gradually stripped; thus their 
increase has in all probability been encouraged by this 
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opportune change in level. Second, by flooding the 
low lymg ground behind the swamp fringes of the lake, 
large lagoons have been established around much of the 
coastline. These rapidly became colonized by T. leucosticta 
and must have contributed considerably to the rising 
numbers of this species in the lake. In such areas, very 
dense populations of fish have been observed and estimates 
of a standing crop of up to 1,000 Ib. per area have been 
obtamed for some of these areas. 

Finally, the numbers of fish will be influenced for the 
better by the increase in the nursery areas available for 
the young. In many places the lack of suitable ground 
has probably limited the numbers and distribution of 
members of the genus. That the rising level has made 
available increased areas of shallow and sheltered water 
can be seen in the case of the Napoleon, Gulf at Jinja. 
Here the shore is made up of approximately equal areas 
of cliff, forest, papyrus swamps and low bank. A few 
suitable habitats for nurseries were present in the form 
of papyrus swamp channels, canoe landings, etc., but since 
the rise in level, lagoons have been formed behind much 
of the papyrus fringe and colonized by T. leucosticta and 
the young T. esculenta. The water also has overspilled the 
low bank to form extensive and shallow beaches, which 
have been adopted as nurseries by T. nilotica, T. leucosticta 
and T. zillii. 

The ecological relationships of these fishes as set out 
previously are still in a state of flux and with the passage 
of time the position will undoubtedly alter. In the first 
place, further fluctuations in lake level are to be expected; 
at present (July 1965) this appears to be retreating once 
more. Should this fall continue, some effect will be 
noticeable, especially on the lagoon loving T. leucosticta 
and in the loss of many of the newly acquired nursery 
areas. Second, the relative numbers of other species 
may change and T. nilotica, for example, may eventually 
come to occupy a more important position than it does 
at present. With any such change in relative abundance, 
new problems of competition are to be expected. Third, 
trends in hybrid formation may become apparent with at 
least some tendency for merging of the species. Despite 
this, conditions at present indicate that the introduction 
of the exotic species has made a valuable contribution to 
the fisheries of Lake Victoria. 
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ECOLOGICAL GROUPING OF PLANTS 


By Dr. MARGARET C. ANDERSON* 
Botany School, University of Cambridge 


Tx distributions of plant species and individuals found 
by sampling a number of areas show various features 
requiring explanation. 

First, out of the very large number of possible com- 
binations of species, relatively few are found. Samples 


* Present address: 0.8.I.BR.0. Drvsion of Plant Industry, Canberra, 
Australia, 


tend to be grouped around “‘noda”. (Poore’s! term for an 
abstract vegetational entity is used here to distinguish the 
concept of a group of species from actual communities 
found in the field.) Some mtermediate samples are 
generally found. There are often sharp discontinuities 
between communities, although there is apparently only a 
gradual change of climate and soil. 
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Second, the numbers of any one species, and the 
relative proportions of individuals of different species, in 
a given area fluctuate with time as Watt? has shown, 
even under apparently fairly stable environmental con- 
ditions. There is often a tendency for one species to 
create, in the course of its life, conditions which favour 
the establishment of another species rather than regenera- 
tion of the original species. 

Third, the number of species contained in successively 
larger sample areas usually increases in proportion to the 
logarithm of the sample aréa. As a corollary of this, 
where the density of individuals per unit area does not 
change, the numbers of individuals per species form an 
approximately logarithmic series. Since Wilhs*’ first 
directed attention to this phenomenon and to a possible 
evolutionary explanation, equivalent distributions have 
been found in many less strictly biological fields, such as 
the distribution of word frequency in language’. Much 
effort has been devoted to fitting various forms of the 
binomial series to particular series of observations®»!, 
The form of probability generating function giving the 
best fit is often held to indicate something of the mech- 
anisms underlying dispersal or evolution. 

The model described here makes no postulates about 
underlying mechanisms, but its properties at least partly 
explain field observations in terms of a much studied 
statistical process!!:13, already successfully applied in some 
animal population studies’*, Although some assumptions 
* must be made to fit vegetation data to this model, it 
seems potentially useful and of considerable predictive 
value. Its satisfactory application requires sampling of 
vegetation in time as well as in space, increasing the 
labour of an already troublesome process. The availability 
of large electronic computers, however, now greatly 
simplifies subsequent data handling**. 

A nodum is taken to consist of a finite number n of 
species S,—S,. An individual of any species occupies an 
area, of at least a—the area occupied by the smallest 
mature individuals. Over the time from t to t + At 
the probability of a species S; occupying area a being 
replaced there by an individual of another species 
S; (è Æj) is given by the transition probability m. 
The probability of S; surviving or being replaced by 
another member of S; is mi. The transition probabilities 
will be affected by various factors, the chief of which 
are: 


(1) The period At must be related to the life expectancy 
of the individuals. Where At is much shorter than the 
mean lifetime of the various species all transition prob- 
abilities other than m will be small. If At is much longer 
then the mean lifetime, however, the concept of a 
transition probability as already defined becomes bio- 
logically unsatisfactory, because a series of species may 
grow in the area a during At. 


(2) Where equivalent models have been applied to 
populations of a single species, or of two or three com- 
peting species, it has generally been found necessary to 
introduce a density dependent term for the chance of 
replacement of an individual, as the breedmg behaviour 
of an animal species is affected by its density at time t. 
Although analogous situations must exist in plant com- 
munities, the effect is probably much lesa pronounced. 
The individuals are rarely mobile and the breeding 
mechanisms unlike those of animals. In general, many 
more species are involved than in artificial animal com- 
munities, and numbers of each species are unlikely to 
vary so widely. 

The role of the biology of individual species is outside 
the scope of this article. 

Assuming that the transition probabilities are not 
density dependent, and therefore unaffected by the past 
~ history of the system (as will be shown for a constant 
environment), the matrix of transition probabilities 
generates a Markov chain!)-1%.18, 
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The equilibrial probabilities p,-pa, for the component 
species, will be proportional to the area covered by each 
species if the system is left until it reaches a steady state, 
under conditions for which all transition probabilities 
remain the same. The nodum must be represented in the 
field by an area sufficiently large to contain a sufficient 
number of all species for survival to be considered prob- 
abilistic rather than determinate. 

If a matrix of transition probabilities is to be potentially 
capable of reachmg a steady state in which all com- 
ponents are represented, it must possess various mathe- 
matical properties, which are also of biological significance. 
(A) The sum of each row must be one. In biological 
terms, all species which might be expected to replace S, 
must be considered. (B) No transition probability can 
equal one. This condition is inherent in a probabilistic 
approach, as & my = 1, would mean that S; was always 
replaced by S; If mu = 1, the whole system would 
ultimately be composed of S;. (C) No equilibrial prob- 
ability can be zero, or the species concerned would 
become extinct. 

Environment affects the probabilities of survival and 
replacement among the various species. Mathematically, 
1t can be summarized as the determinant || of a matrix, 
which, premultiplied with that already given, alters the 
transition probabilities. [HZ] would include effects of 
changing inorganic conditions, as well as those of changing 
numbers of pathogenic fungi, grazing animals or other 
living orgenisms. Environmental effects are always 
present, and should effectively also include the effects of 
species included in the nodum on each other. The 
transition probabilities of a plant species in monoculture 
and in competition with other species are very dif- 
ferent’:1¢17, The “internal” environment could be treated 
as those effects of interspecific competition which, for a 
given “external” environment, defined by || above, 
modify a diagonal matrix of transition probabilities, 
Tir Tan, for each of species S,-S, in monoculture, to 
produce a matrix fulfilling conditions A, B and O. 

Two forms of stability of the nodum must be dis- 
tinguished. Under constant environmental conditions (no 
change in |Z|), the rate at which the system converges to 
a steady state can be estimated from the mathematical 
properties of the system*1*, Where the transition prob- 
abilities are either rather high or rather low, convergence 
will be more rapid than where they are all approximately 
equal. The stability of the nodum in terms of species 
representation and of numbers of individuals in a changing 
environment is usually of greater biological interest, as 
determining the chances of survival of a community and 
its members m the field. The properties of a nodum as 
already defined under constant and under changing 
environment will be considered. i 

Assuming that the environment | E| remains constant, 
and that conditions A, B and O are met, a nodum should 
have at least five observable properties: 


(i) The number of individuals of each species, their 
relative proportions and representation in any sample 
area will fluctuate with time. The mean amplitude of 
these fluctuations decreases with time as the system 
converges towards a steady state. 
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(ii) Where some transition probabilities are high and 
others low, there will be fairly regular oscillations in 
numbers of individuals. For example, if tap, moo and tea 
were large, but roa, Ter and Tas low, there should be peaks 
in the numbers of Sa, Yè and S. in turn, when plotted 
against time. 

(iii) For any particular |#|, a limited number of com- 
binations of species will adequately fulfil conditions A, B 
and C, hence the grouping of samples around noda. 
Where there is only a small area with constant |E], there 
may not be adequate space for representatives of all 
component species and the system in the field will remain 
inherently unstable. 


(iv) The probability of encountering a given species in 
a particular sample willl depend on sample area, transition 
probabilities and the other species represented. For 
example, ın the case discussed under (ii), the chances of 
finding Sa and S, together in a small area are low. The 
relation between sample frequencies and transition prob- 
abilities is likely to be complex, and some sampling of the 
system in time and a considerable knowledge of the 
biology of individual species will be necessary for adequate 
interpretation. 

{v) The larger the number of species in the nodum, the 
greater the number of possible transitions, which will 
mean, in general, less violent fluctuations in the numbers 
of individuals of any component species. 


The number of species in the nodum is also hkely to 
affect its stability under changing environmental con- 
ditions. Where there are many species, the probability of 
a change in [#| entirely destroying the structure of the 
system is less, although some species may vanish. Mac- 
Arthur’* and others have evidence for this in animal 
populations, but the existing evidence from vegetation is 
inadequate. Where the species composition of a plant 
community does not alter greatly, the associated animals 
and microclimate are lees likely to alter, thus effectively 
minimizing the change m 2. 

Various properties of a nodum can be expressed in 
terms of information theory’®**. The total information 
content I of a system is proportional to the logarithm of 
the number of possible states which ıb can assume. 
Where there 1s previous information about the state of 
the system, the number of possible states and the in- 
formation content decrease, the change in information 
content being a measure of the order of the system. Here, 
the information of interest is the number of possible 
combinations of individuals of each species which can be 
found. This is a function of their equilibrial probabilities. 


ton 
I= X (pi logs pı) bits (1) 
where $ 
imn 
Z p=l (2) 
tol 


I is a maximum when all the prs are equal, and the 
system is at its most disordered, a state of little stability. 
The equilibrial probability of each species ın such &@ 
system of n species will be l/n, so 

I = logan bits (3) 
and the addition or subtraction of a species in the system 
will bring about a marked structural change and alter all 
the transition probabilities, though as n increases this 
change will be less marked. 

Where there is a regular logarithmic decrease in the 
numbers of individuals of successive species, so that 
Si+1) has 1/a as many representatives as S;, information 
content undergoes & minimal change by the addition or 
subtraction of a species in the system and is largely a 
function of a. « is related to «’, an index of diversity, 
the gradient of a plot of logarithm of number of individuals 
against species by © 

a = logs ta’ (4) 
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that is, where « = 1, a’ = 0 and all species are equally 
abundant. œ is the base of logarithm selected for the 
work. The equilibrial probability of the sth species in 
such a system (assuming that individuals of all species 
are approximately the same size) is 

a(n—* aln—i) 
5" alna) an — l 
iml 
which, for reasonably large values of n (n > 5), effectively 
reduces to 





P = 





a-i 
p= a Dud (5) 
a 
So, from (2) . 
I= E = (a4 log, o-) bite (6) 


to 

a somewhat different derivation from that used by 
Margalef™ in studies of plankton populations. As he has 
already pointed out, J decreases with increasing æ, so that 

lim I = 0 bits 

a> 
but it has not so far been adequately emphasized that, for 
constant a, change of n by + 1 will have a minimal 
effect on I, particularly where n and « are large. In this 
sense, a logarithmic series has maximum stability, and 
stability under constant environmental conditions wille 
merease with increasing a. 

A large « will mean that there are a few common species 
in the nodum and s rapid decrease in representation of 
the other species. Such a system is unlikely to have 
maximum stability in a changing environment, where 
conditions inimical to a common species will effectively 
destroy the system, whereas a system of a large number 
of species of less markedly different abundance (lower «) 
has, as already discussed, a greater stability under 
unchanging and changing environment. In such a system 
a much larger number of interconnected regulatory loops 
can be generated. The existence of recognizable plant 
communities of a number of associated species in the field 
can therefore be considered as the expression of a complex 
dynamic system, of which the self-regulatory properties, 
necessary for survival, can be described mathematically 
in probabilistic terms. A limited number of systems 
satisfactorily meet the conditions; thus distinct entities 
are recognizable. 
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LETTERS TO THE EDITOR 


ASTRONOMY 
Third Integral of Motion for High-velocity 
Stars 


SEVERAL attempts have been made in recent years to 
establish whether models of the galactic mass distribution 
admit a third isolating integral of motion for stellar orbits 
in addition to the well-known integrals of energy and 
angular momentum}, Although the various investi- 
gators concerned are in agreement that orbits of the solar 
type are non-ergodio, the issue is not so clear-cut for the 
high-velocity stars. The current lively interest in violent 
events connected with galactic nuclei has given rise to the 
idea’ that stars in almost radial orbits may have been 
expelled from the central region of the Galaxy, and the 
present investigation was undertaken in order to study the 
behaviour of such orbits. It will later be argued that this 
special case does not restrict the validity of the results as 
applied to the high-velocity stars so long as one is con- 
sidering orbits or very low angular momentum. 

Orbite originating at the centre of an axially symmetric 


‘nasa distribution will be confined to the meridional plane 


defined by the initial velocity vector; thus it will suffice 
to follow the motion in two variables, v and z, respectively, 
for the radial co-ordinate and the height above the plane of 
symmetry. We adopt the recent model of Schmidt‘ as an 
approximate representation of the galactic mass distri- 
bution. This smoothed-out model consists of a central 
mass point 0-7x10!4 superimposed on a centrally 
concentrated spheroid of mass 8-2 x 10°, and surrounded 
by an outer shell of 9-3 x 10 o with density decreasing as 
nm in the plane. The flattening of the spheroid and shell 
is given by (1—e*)=0-06 and the transition from one to 
the other is achieved by fitting the density and its deriva- 
tive at the interface a.e = 9-72 kiloparsec (kpo), where a, 
is the semi-major axis of the spheroid. We are in 

in orbite which may penetrate right into the central region 
and adopt a constant-density nucleus of radius 0-4 kpe; a 
more concentrated or flattened mass distribution would 
only enhance the dynamical importance of the nucleus. 
The general potential D(x, z) and corresponding force 
components have been derived separately, following the 
procedure of Schmidt’, so that the energy integral provides 
an independent control. For the numerical integrations 
we use & fourth-order ‘“‘predictor-corrector” method! with & 
variable time-step in the range 4 x 10* to 1:2 x 10° yr, the 
mean being about 3x10‘ yr. An initial energy E= © 
(0, 0)—0-5(02+ W?)=0-20(0, 0) was chosen as represen- 
tative of high-velocity stars reaching out to a maximum 
distance of about 14 kpc for an adopted solar value of 
10 kpc. The corresponding starting velocity is then (U* 
+ W')t ws 655 km seo-}, decreasing to about 195 km sec" 
in the solar neighbourhood as compared to a derived 
local escape velocity of 382 km sec-1. 

Fig. 1 shows a typical orbit for a ratio of radial to 
perpendicular velocity U : W=6: 1 and an arbitrary 
integration time of 1-5 x 10° yr, together with the corre- 
sponding zero velocity curve. The orbit rises to a height 
z4 kpo after only 6 x 10° yr, and the subsequent evolution 
demonstrates very clearly that there is no restriction on 
the motion in this case, and furthermore that the dynami- 
cal process of converting one kind of motion into another 
is very efficient. The same kind of behaviour occurs when 
the W-velocity dominates, as in Fig. 2, where the ratio is 


«TU :W=1:6. Cases intermediate to those displayed all 


support the conclusion that the orbits do not retain a 
memory of the particular choice of initial velocity com- 
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Fig. 2. Mearidional orbit for Ọ =108, W=648 km sec and a time of 
0-9 x 10° yr. 


ponents. The apparent ergodicity is not confirmed, 
however, when the velocity ratio in Fig. 1 is further in- 
creased to U: W=8: 1 for an integration time 2-1 x 10° yr, 
but this may partly result from the existence of a periodic 
orbit near U : W=10: 1. 

A oloser inspection of the curvature of plotted orbits 
away from the boundary curve reveals that the nuclear 
region is responsible for the velocity conversion. Conse- 
quently, some cases were repeated with the spherical 
nucleus removed and the initial velocity adjusted to obtain 
a similar maximum distance as above. Integrations for 
an interval of 4x 10° yr show that the orbits are now all 
of the usual box-type as described by Ollongren’, with the 
maximum height above the plane well correlated with 
initial values of the W-velocity. Thus the removal of the 
nucleus constituting only 4 per cent of the total mass 
leads to central orbits which retain a restricting integral of 
motion for a time at least comparable with the galactic 
life-time. The converse statement, however, does not hold 
uniquely for the adopted model. e most efficient central 
impact parameter is clearly near 0-4 kpe in our case, 


58 


because the nuclear force is taken to decrease linearly 

. inside this distance, but the velocity conversion appears 
to be effective out to about 2 kpc above the plane (com- 
pare Fig. 2). Some examples of local meridional orbits 
have been studied in order to obtain an estimate of the 
minimum height required to achieve a substantial 
energy conversion for times of astrophysical interest. The 
case t=10-0, z=0-4 kpc, U=192 km sec?, W=0 was 
found to reach z3-5 kpo in a time of only 3x 10° yr, 
whereas the same case for inward motion displays a much 
slower energy conversion caused by this orbit being less 
favourably placed when crossing the central region the first 
few times. A somewhat slower development is observed 
for the case z= 10-0, z= 0-2 kpo, U =194 km sec, W=0 
which takes 1-3 x 10° yr to reach a similar height. Thus 
we may conclude that non-pernodic mendional orbits 
crossing the plane z= 0 only require a velocity W œ~20 km 
sec-! in order to gain a height sufficient for further favour- 
able velocity conversion. 

The orbits above do not penetrate the assumed nucleus 
if a small transverse velocity component (F) is added, and 
a few examples of such three-dimensional orbits have been 
studied. The case U= —190, V=30 km sec, W=0 at 
x= 10-0, = 0-4 kpc does not show a significant gain in the 
z co-ordinate during a time 6 x 10° yr, whereas the orbit 

= —191, V=23 at the same starting position achieves 
zes2 kpo after only 1:3 x 10° yr. It is, therefore, possible 
that a significant proportion of the local high-velocity 
stars may have lost their memory of the perpendicular 
energy at the time of formation, provided that the absolute 
value of the transverse velocity does not exceed about 
one-tenth the solar value. A theory for the formation of 
the high-velocity stars out of a collapsing galaxy has been 
proposed by Eggen, Lynden-Bell and Sandage’, who 
assume & strong correlation between the initial height 
above the plane and the observed W-velocities in order to 
explain the correlation between ultra-violet excess (metal 
content) and perpendicular velocity in the solar neighbour- 
hood. In view of the present resulta, however, it seems 
that this correlation must break down for the more 
extreme high-velocity stars if it is granted that the 
gelaxy has retained a small central nucleus over a period 
of a few aeons. Finally, we may point out that the opera- 
tion of an energy conversion mechanism could well explain 
the central bulge of stars in other disk-type galaxies 
because the dynamical relaxation time appears to exceed 
the possible ages of such objects. 
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PLANETARY SCIENCE 


Daytime Seeing and Thermal Structure in 
the Lower Atmosphere 


Sorar observing is severely hampered by the turbulent 
fluctuations of temperature and, therefore, refractive 
index in the lower atmosphere. Under certain conditions, 
however, ascending warm convection plumes are inter- 
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spersed with sinking environmental air which is remarkably 
devoid of temperature fluctuations!-*. It ıs presumably 
this air which affords the brief mtervals of excellent 
seeing which are sometimes encountered®:*. The suggested 
conditions under which these mtervals should occur? 
are that the optical path should he above the Obukhov 
height [Z| (which has a strong dependence on the wind 
strength) and should slope roughly parallel with the 
plumes. That ıs to say, it should slant upwards in the 
wind direction at an inclination of about 40°-60° to the 
horizontal. 

So far, direct experimental evidence on the detailed 
meteorological/optical relationship has been lacking. In 
this communication we outline the results of a pilot 
experiment in which we recorded simultaneously the 
fluctuations of optical umage position over a 25 m slant 
path, the atmospheric temperature fluctuations, and the 
wind direction. 

The experiment was conducted with clear sky over a 
flat grassland site at Hay, New South Wales, Australia, 
during two 30 mm runs (commencing 12.39 and 15.21, 
local standard time, on 15 March 1965) in conjunction 
with a series of micrometeorological measurements being 
made by W. C. Swinbank et al. (similar to a series 
described earler*). 

The optical system was essentially that described by 
Coulman’; a point light source was mounted at a height 
of 16 m on a mast, and the telescope objective was 4 m 
above the ground at a location 22 m upwind from the « 
mast. The sensors were two fine-wire resistance thermo- 
meters mounted on the mast at heights of 8 m and 16 m, 
spanning all except the lowest few metres of the height 
range covered by the optical path—these two heights 
were determined by considerations outside of this particu- 
lar experiment. 

In each of the two runs, a few “quiescent” intervals 
lasting several seconds were recorded on the optical trace, 
and these were, in nearly all cases, associated with quies- 
cent intervals on the temperature traces. The correlation 
between the two quantities is illustrated by an example 
reproduced in Fig. 1. It is usually found that a time shift 
must be applied to the optical trace to give about the 
best apparent relationship with the temperature traces; 
in the case illustrated, the equivalent along-wind spatial 
shift (the wind speed at 8 m height being 4-16 m sec) 
is 15 m and, clearly, the shift is simply a compensation 
for the separation between the centroid of the optical 
path and the temperature sensors at the downwind end. 

The values of |L] for the two runs, estimated from the 
30 min average micrometeorological measurements, are 
12 m and 19 m, respectively. Two comments can be made 
concerning the evident occurrence of temperature- 
quiescence at smaller heights, occasionally even down to 
4m. In the first place, the height at which temperature 
quiescence first sets in, in relation to |L], is not yet known 
in exact terms; current mvestigations suggest that it may 
even be somewhat indefinite, ranging, on different 
occasions, from $ |L] or even less up to about |L]. Bec- 
ond, the value of || itself is subject to vanations with 
time scales of several minutes, and therefore will some- 
times fall below its nominal 30 min value; this follows 
since |L| varies approximately as the cube of the wind 
speed, which itself is typically variable in conditions of 
strong convection with fairly hght wind. 

The effect of wind direction was found to be very 
significant. Over periods when this was within 30° of the 
optical path azimuth, there was found to be a close corre- 
spondence in the occurrence of optical and temperature 
quiescence, as in Fig. 1. When the wind was more than 
30° out of alignment with the optical path, however, 
optical quiescence was encountered less frequently, 
despite the occurrence of temperature quiescence. This 
is to be expected if the optical path length is at least 
comparable with the across-wind width of the temperature- 
quiescent regions, and it is this consideration which sug- 
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Fig. 1. Hay, 15 March 1965. 


gests the basio importance of wind direction in the solar 
seeing problem”. In addıtion, there was then found to 
be little or no correlation between occurrences of optical 
and temperature quiescence; presumably this arises 
from the experrmental arrangement with temperature 
sensors at one end of the optical path, so that with a cross 
wind the optical and temperature measurements are 
affected by different parallel air streams. 
Thus in summary we can say that current micrometeoro- 
logical knowledge has suggested the conditions (sunny, 
*<with sufficiently hght wind and suitable wind direction) 
in which intervals of good seeing along a slant path are 
likely to be encountered. This experiment has given 
a direct demonstration of the occurrence of intervals of 
good seeing, in association with the temperature quiescent 
patches of air, under these conditions. It remains for 
more comprehensive investigations to establish the 
meteorological/optical relationship in greater detail. 
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Palaeomagnetic Investigation of an Old 
Red Sandstone Formation of Southern 
Norway 


PALABOMAGNETIO measurements of Devonian rocks of 


Europe have posed an intricate problem, because the red 
sandstones from this period, which spread from Wales 
across Central Europe to Siberia, exhibit palaeomagnetic 
poles significantly different from that deduced from the 
Lower Devonian lavas in the Midland Valley of Scotland!. 
Recent thermal demagnetization studies on some Old Red 
sandstones of the Anglo-Welsh cuvette’, however, have 
revealed a weak component of high thermal stability with 
a direction of magnetization which is in good agreement 
with that found in these Lower Devonian lavas. Further- 
more, application of the fold test has shown that the 
magnetism of this high temperature direction is Pre- 
Hercynian. This result, together with the apparently 
high magnetic stability of the Scottish lavas, led Chama- 
laun and Creer’ to suggest that the lavas give the best 
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estimate of the direction of the Devonian field for Great 
Britain. 

The Devonian red sandstones of Europe and Russia 
which have so far been collected for palaeomagnetic pur- 
poses unfortunately come from regions which, to a greater 
or lesser extent, became geosynclinal areas in subsequent 
geological epochs. It is possible, therefore, to suggest that 
at least partial remagnetization, induced by moderate 
heating during burial as proposed for the magnetization. 
of the red beds of the Anglo-Welsh cuvette?, may have 
occurred at a later time over quite a large area. 

Since the end of the Caledonian orogeny most of the 
present Scandinavian peninsula seems to have been a 
stable continental block, and negligible sedimentation 
appears to have occurred in the post-Devonian history of 
this area. The palaeomagnetiam of Devonian rocks of 
Norway could well be of great importance because it may 
provide a means of verifying the theory of remagnetiza- 
tion. 

The palaeomagnetic data presented in this communica- 
tion are based on samples of red sandstones collected from 
the Roragen Devonian, a complex covering an area of 
approximately 6x 2km. The area was mapped in 1913 by 
V. M. Goldschmidt‘. A simplified copy of his map is 
shown in Fig. 1. Floral evidence’ from the lower part of 
the group has fixed the age as Lower Devonian. 

The Reragen Devonian ıs built up of continental clastic 
deposits, ranging from shale to conglomerates. The con- 
glomerates represent the major rock unit and are particu- 
larly abundant in the upper part of the complex. Typical 
red beds contribute very little to the lithology as they are 
represented locally only as intercalated layers of thick- 
nesses of about 1 metre. The maximum aggregate thick- 
ness of the sedimentary complex may be 700-800 m and 
the whole complex shows a general dip of about 50° 
towards south-east. Locally, however, the attitude of the 
layers may be much steeper. To explain the dislocation 
of the complex, Goldschmidt postulated faults along the 
south-eastern margin resulting in a general dip towards 
this direction. The area was re-examined recently by 
P. Holmsen*, who found evidence of the whole complex 
having been folded; he rejects the hypothesis based on 
faulting. 

From the geological observations availablet*:? the 
evolution of the Røragen Devonian seems to have been as 
follows: 

(1) Denudation products of the Caledonides were 
brought mto & subsiding basin during late Caledonian 
tıme, but the occurrence of alternating layers of sand- 
stones and conglomerates (contammmg boulders of varied 
petrographic composition) suggests orogenic movements 
also during deposition causing uplift of the pre-Devonian 
surroun s 

(2) After consolidation of the sediments, the complex 
was emplaced by folding and goibly also in part by 
thrusting (probably of very little importance for the 
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Fig. 1. Sketch map of the Reragen Devonian (shaded). Alo: 


north-eastern of 


present study} during a late phase of the Caledoman 
orogeny. 

So far, sixteen oriented samples from eight different 
layers have been collected at or near the Geitberget 
hillock where most red beds are located. Samples were 
collected over a atratigraphical thickness of at least 75 m. 
About five rock cylinders (19x19 mm) were prepared 
from each block and the directions and intensities of any 
remanent magnetism were measured on a sensitive astatic 
magnotometer. The intensity of magnetization was in the 
range 1 x 10-*-2 x 10-+ e.m.u./c.c., averaging about 6 x 10- 
e.m.u./c.c. and the direction was consistent in nearly all 
the samples. Cylinders from all samples were sub- 
jected to a step by step thermal demagnetization. Fifteen 
cylinders were heated in air during each run and were 
rapidly cooled in air to room temperature after each step 
in the absence of a magnetic field. Except for a few 
weakly magnetized samples, which possessed scattered 
directions of natural remanent magnetism, the directions 
of magnetization are stable against the thermal treatment. 
Three samples, two of which have an intensity of the 
order of 10~ o.m.u./o.c., seem to contain two magnetic 
components. This is suggested because, in addition to 
the Curie point of haematite, at which the remanence 
disappears, there is substantial decay of intensity between 
500° C and 530° C, which suggests that magnetite is 
present. In all other samples, haematite appears to be the 
only carner of the remanent magnetism and in many 
cases there are only negligible reductions of intensity 
when demagnetization is effected at temperatures below 
660° C. 

In a fow weakly magnetized samples the directions begin 
to soatter after heat treatment above 400° C, probably as 
a result of induced moments caused by small residual 
fields inside the furnace. Because the total artificial 
thermoremanent ism. imposed on some specimens 
is of the order of 10~ e.m.u./c.c., small residual fields 
may introduce stray moments of significant magnitude in 
weakly magnetized material. 

Two samples from slightly different stratigraphio levels 
in the same layer were nfagnetized in opposite directions. 
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Because the remanence in both cases appears to be carried 
entirely by pure haematite it seems reasonable to assume 
that the difference in polarity reflects a field reversal and 
thus indicates that the remanent magnetism was acquired 
at the time of deposition. 

- The directions of magnetization as shown in Fig. 2 are 
given with respect to the bedding plane, which at the time 
of formation (and magnetization) was probably more or 
less the ‘‘palaeohonzontal’’. The overall mean direction 
irrespective of sign—assigning unit weight to each 
sample—is N. 210° E., + 9°, and the radius in the circle of 
confidence at the 95 per cent probability level? is 15°. 





Fig. 2. Equal area projection showing sample mean directions of natural 

remanent magnetism of the Reragen red sandstones. Full curoles are 

plots of north-seeking poles in lower peepee and the open circle Isa 

plot in the upper The geng e indicates the overallįmean 
direction. 





Fig. 8. Devonian palasomagnetio poles from Europe and northern Asia. 
Numbers are according to Irving (ref. 9) and R denotes the pole position 
deduced from the Reragen red beds. 
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From the mean direction and the assumed geocentric 
axal dipole field a virtual pole location at the present 
geographical co-ordmates 160° E., 19° N. is derived. This 
pole position is in good agreement with the red sandstone 
result from elsewhere ın Europe and Russia and signifi- 
cantly different from that obtained by Stubbs! based on 
the lavas of the Midland Valley of Scotland. The magnet- 
ization of red bed formations of Central Europe and 
Russia therefore seems not to be satisfactorily explained 
by remagnetization, and the possibility still exists of 
there having been two Devonian field directions. 
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Strontium-90 and Caesium-137 in 
Precipitation in Finland 


PRECIPITATION has been collected monthly at seventeen 
stations in Finland since 1961. Until the end of 1963 the 
rain-water samples were collected with stainless steel 
fannels which drained into ion-exchange columns. The 
columns were placed in boxes fitted with a thermostat, 
and in winter the funnels were heated. Comparison of the 
results obtained from samples collected by ion-exchange 
and from those collected directly into polythene bottles, 


Precipitation (mm) 


Cs mCi/km* 


Sr mCi/km! 


1961 
Fig. 1. Deposition of strontium-90 and cacsium-187 and the amount of precipitation at the seventeen stations in Finland. 


1962 
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however, indicated that the former method of sempling 
does not work satisfactorily ın cold regions. In poorly 
stabilized conditions, caesium, especially, seemed to run 
through the resin. For this reason, dry and wet deposits 
have been collected since 1964 with the funnels draining 
directly into polythene bottles. 

Radiochemical analyses of strontium-90 and caemum- 
137 were carried out according to the method developed 
by Osmond et al.1. Fig. 1 shows the monthly averages for 
the deposition of strontium-90 and caesium-137 and the 
precipitation at the seventeen stations. 

Deposition of strontium-90 and caesium-137 at the 
stations was about 40 per cent of that of the preceding 
year, while the amount of precipitation was about 15 per 
cent higher in 1965 than in 1964. The values found for the 
deposition in Finland agree well with those found in other 
places between 60°N. and 70°N. in similar weather 
conditions?)’, 

I thank Prof. K. E. Salimaki for his advice during this 
work. 
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Amino-acids in the Mountsorrel Bitumen, 
Leicestershire 


THE Mountsorrel granodiorite! is situated 7 miles north 
of Leicester. The intrusion is boss-like in form, about a 
mule in diameter, and is considered to be Caledonian as it 
has an isotopic age of 403 + 18 m.y.. The mineral- 
ization which occurred within the granodiorite after 
consolidation has been studied by many workers; the 
most recent is King*, who subdivided the mineralization 
into five stages, the first two being pneumatolytic and 
the others hydrothermal. 
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The bitumen mineralization is part of the final hydro- 
thermal phase and is associated with two large dolerite 
dykes which trend west-north-west—east-south-cast within 
the main quarry at Mountsorrel. They are considered to 
be Carboniferous in age. 

The hydrothermal mineralization is later than the 
dolerite intrusion, consisting of calcite and dolomite veins 
which contain pyrite. The veins generally flank the 
dolerite dyke, but both the granodiorite and the dolerite 
are intruded by them and alteration 1s intense. The 
bitumen occurs in geodes and veins within the calcite and 
dolomite, and also m lined with calcite-dolomite 
within the dolerite. Small veins of bitumen occur in the 
granodiorite and are not associated with calcite or dolo- 
mite. 

The bitumen for the chemical and amino-acid analysis 
was obtained from freshly broken-open vugs in the 
calcite—dolomite veins within altered granodiorite. Some 
of the bitumen was also obtained from vugs in calcite— 
dolomite veins which had been emplaced within a crush 
breccia containing angular fragments of green intensely 
altered granodiorite. 

A. partial semi-quantitative analysis by X-ray fluor- 
escence techniques was undertaken on the ash residue of 
the bitumen. Because the bitumen vugs were disseminated 
throughout the calcite-dolomite matrix, it was difficult 
to extract the bitumen, but this was performed by boiling 
the rock in distilled water and the bitumen floated to the 
surface. 

The bitumen was ashed, and the loss on ignition was 
73-20 per cent. A partial semi-quantitative analysis is 
given in Table 1. The main oxide analysis is high m silica, 
CaO, sulphur and total iron expressed as ferric oxide. 
This presumably results from the contamination of the 
initial bitumen sample with calcite, dolomite and quartz. 
The presence of these impurities was confirmed by X-ray 
diffractometer scans. The notable features of the trace 
element analysis are high chromium, barium, cerium and 
lanthanum, the low thorium, and the absence of uranium. 
Some of the barium may be due to contamination just as 
with the rare earths, but the absence of uranium, the 
presence of trace thorium, and the high cerium values 
could well be significant. In this respect, the analysis is 
similar to carbocer hydrocarbons which occur in rare 
earth pegmatites of the Kola Peninsula’, which are poor 
in uranium. The high iron and sulphur content may be 
due to contamination of the ash with pyrite, but pyrite 
was not detected as an impurity. 


Table 1. X-RAY FLUORBSCEROR ANALYSIS OF BITUMEN ASH 


Main Wt. per cent ‘Trace (p.p.m) 
810, 200 Cr 75-100 
TO 05 Ni <10 
FeO, 46 Ba 800-400 
MnO 0-2 Co 200-300 
a0 190 Ta 75-100 
K,0 35 Th <20 
P0, 08 U Not detected 


The abiogenic origin of the Mountsorrel bitumen has 
already been discussed by Sylvester-Bradley and King*. 
Convinemg evidence indicating an abiogenic origin has 
recently been published by Ponnamperuma and Pering’. 
Using mass spectrometry and gas chromatography, they 
have shown that the Mountsorrel bitumen contains a 
wide variety of hydrocarbons which are similar in nature 
to hydrocarbons produced by the action of a spark dis- 
charge through methane, but very different from hydro- 
carbons obtained from the Posidonian Shale!°—which 
contains marine fossils. 

During another investigation, amino-acids were detected 
in the Mountsorrel bitumen in small quantities. Bub- 
sequent re-examination of the bitumen has shown that 
it contains amino-acids to the extent of about 100 p.p.m. 
(Table 2). 

The amino-acids were extracted from the bitumen by 
acid hydrolysis and were identified by two-dimensional 
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Table 2 
Carbon- Mount- Mount- 
Core 3 1ferous gorrel gorrel 
(A) limestone bıtumen granodiorite 
Leucine 87 <1 8 
Vahne 80 5 
a-Alanine 58 <1 10 
Threonine 28 
QGlyane 93 < 12 <1 
Serine 63 <1 26 <1 
Glutamic acid 42 <1 14 
Aspartic acid T4 21 
Lysine 67 
Total p.p.m. 487 <3 04 <1 


paper chromatography, following the methods described 
by Smith!. The first and second solvents were butanol— 
acetic acid and phenol~ammonia, respectively. The 
amino-acid spots were stained with ninhydrin and then 
converted to a stable copper complex. The copper com- 
plex was dissolved in methanol and the optical density of 
the solution was measured using a spectrophotometer set 
at a wavelength of 500 A (ref. 12). The unknown ammo- 
acid concentrates were compared with standard chromato- 
grams of synthetic amino-acids. Checks on the overall 
experimental error gave an accuracy of + 20 per cent or 
better. 

Some contamination as a result of unavoidable handling 
is indicated by the blank analysis of a sample of fresh 
granodiorite from Mountsorrel (Table 2), but bitumen and 
granodiorite samples were handled in a similar manner 
and it is evident that contamination in the laboratory 
cannot account for the amino-acid content of the bitumen. 

A sample of bituminous Carboniferous limestone 
(Avonian, Upper S, Zone) was used as a biogenic control. 
The amino-acid assemblage (Table 2) is similar to that 
found in the Mountsorrel bitumen, but amino-acids are 
far less abundant in the limestone. The amino-acid 
content of a sample of fine muddy sand obtained off the 
south-east coast of Devon (Table 2) typifies the variety 
and relative abundance of amino-acids found in some 
recent deposits. 

The presence of amino-acids in the Mountorrel bitumen 
would seem to indicate a biogenic origin. King® has sug- 
gested that the genesis of the hydrocarbons at Mount- 
sorrel is similar to hydrothermal processes which have 
operated within the Avonian of Derbyshire as described 
by Mueller3*-145. It is possible that Carboniferous shales 
did overlie the granodiorite at one time, but were later 
eroded away before the present Triassic cover was de- 
posited. The field evidence clearly indicates that the 
bitumen is closely associated in time with the hydro- 
thermal mineralization. It 1s difficult to visualize Mueller’s 
theory" that the newly formed hydrocarbons, formed by 
the interaction of hydrothermal fluids on carbon shales, 
would migrate downwards against the upward movement 
of the hydrothermal fluids. The presence of amino-acids 
may not necessarily indicate that the bitumen is biogenic; 
convincing evidence for an abiogenic origin has been given 
by Ponnamperuma and Pering’. The possibility of con- 
tamination in the quarry before sampling by some geo- 
logical process cannot be eliminated. 

It has been shown that ammo-acids can be produced 
by spark discharges in reducing environments'*-!", The 
assemblage of amino-acids produced by this method 
shows little similarity with that found in the bitumen, 
although some of the amino-acids, such as glycine, alanine 
and aspartic acid, are present in spark discharge residues 
and the Mountsorrel bitumen. It could be suggested that 
natural ionizing radiation within a magma or mineraliza- 
tion zone might well synthesize amino-acids from abiogenic 
hydrocarbons. 

Finally, amino-acids produced by spark discharge in 
reducing atmospheres are not necessarily those produced 
(if at all) by ionizing radiations within a magma or zone 
of mineralization. Long term stability of certain amino- 
acids'* may be a more important factor in determining 
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< the ultimate nature of an abiogenic amino-acid assemblage 


| than the proportions of amino-acids initially produced. 
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PHYSICS 


Intensity Dependent Frequency Shift in 
Ruby Laser Giant Pulses 


In the course of a general investigation of the spectral 
outputs of highly monochromatic giant pulse ruby lasers! 
we have detected an intensity dependent frequency shift. 

The giant pulse ruby laser used was a rotating prism, 
gain-switched type”, where the prism momentarily couples 
two ruby rods (6 in. by 3/8 in. and 4 in. by 3/8 in.), 
exfocally pumped by linear flash tubes, into a common 
resonator. Both output mirrors were three-plate optically 
contacted resonant reflectors of 56 per cent peak reflec- 
tivity. 

A 10 cm spherical Fabry-Perot interferometer, free 
spectral range 750 Me/s, provided adequate spectral 
resolution of 10 Mc/s with the added advantages of higher 
luminosity? and stability of adjustment over a plane 
Fabry-Perot interferometer. Time resolution was achieved 
by streaking the fringes* with an 8.T.L. image tube camera. 
Although the image tube had an antimony—caesium $11 
photocathode, of very low quantum efficiency at the ruby 
laser wavelength (6943 A), because of the high luminosity 
of the spherical Fabry-Perot interferometer it was possible 
to record fringes at a writing speed of 2 nsee/mm on 
10,000 A.S.A. ‘Polaroid’ film, with a time resolution of 

2 nsec. 

The camera was focused on the meridional plane of the 
spherical Fabry-Perot interferometer which was adjusted 
for multiple beam marginal focus spherical aberration 
fringes, localized in this plane’. A suitable slit was inter- 
posed in the diverging cone of interference fringes so as 
to restrict the rings for streaking normally to the slit 
length. Temporal modulation of the spatially integrated 
output of the giant pulse was simultaneously recorded 
with a biplanar photodiode “Tektronix 519’ oscilloscope 
system with a combined band pass of about 1 Ge/s. 

Fig. 1 shows a typical result. The streak picture and the 
monitor pulse envelope trace are on the same time scale. 
As expected from elementary theory’ the interference 
fringes appear some 20 nsec after the beginning of the 
light pulse—this being the time required to establish a 
finesse of about 15 in a spherical Fabry—Perot interfero- 

The most con- 
spicuous feature of the fringes is the shift towards increas- 
ing diameter and thus increasing frequency. For peak 
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Fig. 1. Streak photograph of spherical Fabry-Perot interferogram and 
corresponding oscilloscope trace of laser giant pulse. Both time scales, 
20 nsecjem. Free spectral range, 750 Mc/s. Peak output power, 6 MW. 
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Fig. 2. Plot of rate of frequency shift against peak laser power. 


cavity powers of 5-10 MW the average shift is about 
200 Mc/s and the average lifetime of such a shifted fringe 
is about 20 nsec. Sometimes a later fringe appears, and 
this is of the same diameter as that at which the original 
fringe started. 

Time-dependent frequency shifts towards the red in 
relaxation—oscillation ruby lasers have been previously 
reported’*, A shift of 10 Me/s per usec! was accounted 
for by changes in the length and refractive index of the 
ruby rod resulting from temperature effects. Our 
recorded shift of 10 Me/s per nsec is too rapid to be 
explained by thermal changes and, moreover, is in the 
direction of increasing frequency. 

Fig. 2, which shows a plot of the observed rate of shift 
as a function of peak cavity power, indicates a linear 
relationship power dependent with a slope of 1-4 Me/s 
per nsec per MW. All the pulses measured had durations 
of about 35 nsee at the half-power level. Greater than 
average shifts usually occurred with more strongly 
(temporally) modulated giant pulses and vice versa. 
Taking into account the effect on peak power of such 
modulation would lead to a reduction in the spread of the 
experimental points. Local variations in power across the 
laser beam would also contribute to this spread,. While 
such spatial variations are integrated by the photodiod 
because the spherical Fabry~Pergt interferometer, unl 
the plane interferometer, is not translationally invari 
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Fig. 3. Streak photograph of laser light distribution in the plane of the 
interferometer. Streak times, 10 nisec/em; resolution, J nsec, Pulse 
time-scale, 20 nsec/em. Peak output power, 5 MW. 


in a parallel laser beam, each streaked fringe corresponds 
to a small local region of the cross-section of the laser 
beam. 

This linear power relationship suggests that the frequency 
shift arises from a non-linear optical electrie field effect. 
In order to explain the filamentary nature of the output 
of Q-switched ruby lasers, Javan and Kelley’ suggested 
that self-focusing in ruby crystals results from non-linear 
anomalous dispersion. Whereas self-trapping would 
require an inerease in the refractive index of the ruby, 
if the laser operates on the high-frequency side of the 
resonance line a decrease in refractive index should result. 
The magnitude of the required change in refractive index 
can be easily obtained from the equation 


2(nly + lg) = mh G) 


for the wavelength 4, corresponding to an axial mode 
of order m, of a plane parallel resonator consisting of a 
ruby rod of length lr, and refractive index n, and an air 
path of length le Differentiation and rearrangement 
give the relationship 


Sn = — [(nly + lo)/lr] [v/v] + (8m/21,)(c/v) (2) 


Substituting our data (l, = 25 em, I, = 56 em, and 
yer 4-3 x 10% c/s) gives ðn = — 1-9 x 10-6 for v = 
+ 200 Me/s, which corresponds to a 5 MW output pulse. 
{An estimate of 8n of —3 x 10 for a Q-switched ruby laser 
operated at room temperature is given in ref. 6.) 8m = 0 
for constant axial mode number m. 

Finally, we took streak photographs of the laser beam 
oross-section as it appears in the plane of the spherical 
Fabry-Perot interferometer. A slit selected a suitable 
portion. of the beam (to include a few “‘filaments’’), which 
was then streaked at 1 nsec/mm. A typical photograph is 
shown in Fig. 3. The intensity was usually modulated 
at the same rate as the beats of the oscillogram. Also 
noticeable was the filamentary character of the emission 
and the random switching of the various filaments, some 
of which only lasted for a few nanoseconds. 

These results help to interpret some of the apparently 
contradictory features of spectra of giant pulse ruby 
lasers. Very sharp lings (about 10 Mc/s) and off-axial 
mode spacings of about 40 Mejs were observed! on some 
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interferograms when the laser was operated just above 
threshold (approximately 100 KW output)—-when a neglig- 
ible spectral shift would be expected. At higher powers, 
spherical Fabry-Perot interferograms showed fringes 
of which the widths vary randomly around a ring, but 
with the twofold screw axial symmetry expected with a 
spherical interferometer’. The broader fringe sections 
then corresponded to filaments operating at high powers 
and the narrow sections to low power filaments. When a 
plane spherical Fabry-Perot interferometer was used in 
the parallel beam, the interferograms of the giant 
pulse ruby laser were uniformly broadened, as expected. 

The frequency difference of approximately 150 Me/s 
between the two sets of fringes shown in Fig. 1 corre- 
sponds to a change of 8m = 1 in equation (2). The 
resulting beats between these two axial modes were not 
then affected by the continuous shift in frequency, which 
was the same for both components. This is confirmed 
by the oscillogram of Fig. 1. 

An important conclusion from these results is that non- 
linear effects in the active medium limit the effective 
spectral brightness (power per unit frequency interval) 
obtainable from giant pulse ruby lasers. 

After this work had been completed, a similar spectral 
shift in the output of a passive Q-switched giant pulse 
ruby laser was reported*. Power dependence of the shift 
was not considered, and the suggestion that laser heating 
could account for a decrease in the refractive index of the 
eryptocyanine and thus in the optical length of the cavity 
does not apply to our rotating prism giant pulse ruby laser. 
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Cathode Region of a Vapour Arc 


THE total potential across a short are discharge is normally 
a few tens of volts, and the cathode and anode falls, the 
regions of high field close to the electrodes, account for a 
large proportion of this. The small thickness and high 
current density in the cathode and anode fall sheaths 
make measurements of potential in these regions very 
difficult. In the past, the sum of the electrode potential 
falls has been found either by extrapolating voltage-length 
plots to zero length, or by measuring the are voltage on an 
oscilloscope just before approaching electrodes contact, 
but it has not been possible to determine their individual 
contributions unambiguously. The thickness of these 
regions has also remained a matter of conjecture. 

The experiments described here show that the anode and 
cathode falls of a vapour (cold cathode) are can be separ- 
ately determined and the thickness of the cathode region 
estimated; this represents a significant advance towards 
a better understanding of the vapour are cathode, the 
mechanism of which is still in doubt. 
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Fig. i. Oscillograms at different time scales of arc voltage versus time as 
the electrodes’ are brought together. Voltage scale, 5 V/vertical division. 
Time scales (in wsec/horizontal division), a, 1,000; b, 100; c, 20. 


The cathode was molten tin, soaked into a stainless steel 
porous disk to give it dimensional stability; a 10 amp are, 
4mm long, was drawn between this cathode and a spring- 
loaded graphite anode in an atmosphere of argon at 
atmospheric pressure. A trigger released the anode, the 
apring driving it rapidly into contact with the cathode; 
this trigger also started the main timebase of a “Tektronix 
5614’ oscilloscope which recorded total arc voltage against 
time. When the anode hits the cathode the are voltage 
drops to zero as in Fig. la, and by using the delayed sweep 
facility of the oscilloscope the time scale can be expanded 
around the time of impact to give traces as in Fig. 1b 
and c. These show that what, in similar measurements 
in the past, has been taken as an abrupt drop in voltage, 
equal to the sum of the anode and cathode falls, is in fact 
discontinuous. It is believed that the first step represents 
the anode fall followed by the second step, the cathode 
fall. Limitations of the oscilloscopes available at the 
time account for this passing unnoticed by earlier workers. 
The cathode and anode falls, in this case, are seen to be 
about 11 and 5 V respectively. 

In addition the total thickness of the ‘cathode region” 
ean be obtained from Fig. le. Close to the cathode surface 
the vapour density is predicted? to be much greater than 
The cathode region can be defined as 


‘ 


the distance in front of the cathode in which the vapour 
< density is significantly greater than ambient. Most of the 
Mcathode: voltage drop, however, occurs across a much 
thinner region. The time scale in the oscillograms may be 
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converted into a distance scale because the anode travels 
0-4 em from rest with constant acceleration in 5 msee, 
giving an impact velocity of 160 cm/sec. The length of 
the “step” in Fig. le gives the thickness of the cathode 
region as 15 x 10- em, and similar oscillograms at faster 
scan rates give an upper limit for the thickness of the 
cathode fall of 10-' em; these dimensions agree fairly 
well with those predicted by the excitation theory of the 
vapour are’. 

The voltage fluctuations shown on all the oscillograms 
do not change in nature and amplitude whether the anode 
fall is present or absent; the significance of this. will be 
discussed elsewhere. 

I thank the Science Research Council for a research 
studentship, Prof. D. Gabor -for supervising this work, 
and Dr. A. von Engel of the Clarendon Laboratory for 
suggestions and discussion. 
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An Achromatic Three-quarter Wave 
Plate for the Ultra-violet 


Is order to extend the range of my apparatus for measuring 
eircular dichroism!, I have designed an achromatic re- 
tardation plate which will produce circular polarization 
in the ultra-violet. 

The conditions necessary for constructing achromatic 
retardation plates have been discussed by Gaudefroy?, 
but he was hampered by the lack of suitable materials. 
He calculated, however, that half wavelength retardation 
would be obtained for white light by combining a 745 
plate of quartz with a 38u plate of calcite. More recently, 
West and Makas? have made an achromatic quarter 
wave plate for white light from stretched sheets of 
cellulose acetate and cellulose nitrate with their fast 
axes erossed, but so far plastic materials do not appear 
to have been used in the construction of achromatic 
retardation plates for shorter wavelengths. 

Bruhat and Weil* have described an interesting com- 
posite quarter wave plate for use in the ultra-violet. 
Jt consisted of two crossed plates of quartz, each cut 
parallel to the optic axis. One was 101-3u and the other 
107-7u thick, and they were inclined to each other at an 
angle of 1° in order to eliminate the effect of internal 
reflexions. At about 270 mu the phase difference was 90°, 
but it changed quite considerably with wavelength, 
falling to 77-8° at 303-4 my and rising to 99-9° at 253-7 mu. 
These large differences make the arrangement unsuitable 
for my purpose, but I thought that a more achromatic 
combination might be produced if the thicker quartz 
plate was replaced by one of magnesium fluoride. Optovae, 
Ine., North Brookfield, Massachusetts, now manufactures 
this material, and values of its birefringence (neno) 
at 24° C for the wavelengths shown in Table 1 were ob- 
tained from preliminary data kindly supplied by T. M. 
Teska, Lunar and Planetary Laboratory, University of 
Arizona, Corresponding values of (neno) for quartz at 
18° C were corrected to 24° C using the appropriate 
temperature coefficients". 

Let us suppose that we have a plate of magnesium 
fluoride and a plate of quartz, each cut parallel to the 


Table 1 
â (my) ry (4) fa (46) Ta (x) Tyta PD: 
3341 1:2250 0-9943 1-237 
303-4 1-2380 10243 12504 
289-4 1-2450 1-0404 12575 
281-5 12510 10524 18685 
253-7 1-2750 1-0985 : 
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optic axis and 100u thick. From the birefringence data, 
values of the retardation (that is, birefringence multiplied 
by thickness) can be readily obtained in each case. Let 
these be r, and r, respectively. When the plates are 
crossed, the resulting retardation is (7,-7,), and this is 
found to be about 6 per cent below three-quarter wave- 
length for most of the wavelengths considered. By in- 
creasing the thickness of the magnesium fluoride plate 
to 101y, its retardation becomes (ne-ne) x 101y = r, and 
that of the combination is then (7;-r,) which is nearly 
equal to three-quarter wavelength from 303-4 to 253-7 mu. 
Finally, values of the phase difference (P.D.) = 360° 
{raTa /à were calculated, and are shown in the last 
column of Table 1. 
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Turbulent Flow Properties of Dilute Polymer 
Solutions 


Recentiy, Gadd? and Hoyt? reported results of experi- 
ments on the turbulent flow characteristics of dilute 
polymer solutions, and showed that the addition of very 
low concentrations of polymer molecules (of the order of 
50 weight parts per million) to water greatly reduced the 
turbulent friction acting at surfaces moving relative to the 
fluid. This phenomenon was attributed to the formation 
of normal stress differences, because other physical proper- 
ties such as density and viscosity are 
sensibly unchanged. Work carried out in 
this department on the flow of very dilute 
polymer solutions and other additives in 
water confirms these findings. Measure- 
ments have been made of the turbulent 
friction factor for flow of these solutions in 
glass and metal pipes of varying surface 
roughnesses for Reynolds numbers up to 
12,000 and for flow past arrays of spheres. 
Up to 25 per cent reduction in friction 
factor was observed in flow in tubes. 
Although we agree on the formation of 
normal stress differences on addition of 
small traces of polymeric substances to 
water, we would also suggest that in some 
instances adsorption of the solute at the 
solid surface can occur which will influence 
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Observations of the Magnetic Dipole Rotation 
Spectrum of Oxygen 


PRELIMINARY work! gave a spectrum covering the wave- 
length range 1 mm to 300u of solar radiation passing through 
the atmosphere under conditions of low total water 
vapour. The expected absorption features resulting from 
the pure rotation lines of water vapour were recorded, 
but additional absorption features were present which 
could not be attributed to water and which in the earlier 
account! were tentatively ascribed to ozone, as this is the 
only other major atmospheric constituent with a permanent 
electric dipole moment. Subsequent experimental ob- 
servations on ozone in the laboratory together with the 
analysis of E. K. Gora? showed that this explanation 
was not correct. About 3 years ago it was suggested 
that the absorption features at 14-2, 16-2 and 27-8 cm~ 
(Fig. 1) could be attributed to molecular oxygen which has 
a permanent magnetic dipole moment. Transitions had 
been predicted which provided a plausible explanation 
of the observed features, but no observations of the 
magnetic dipole rotation spectrum had been reported. 
The present work was undertaken to check at least quali- 
tatively that this absorption was as predicted; this com- 
munication reports our preliminary results. 

The experimental difficulty in this research stems from 
the fact that magnetic dipole transitions give absorption 
lines which are very weak by comparison with those 
arising from electric dipole transitions. The ratio of these 
line strengths is of the order of 105. In the solar observa- 
tions the equivalent path through oxygen had been about 
one kilometre-atmosphere, and theoretical predictions! 
indicated that a laboratory investigation would require 
a path length of at least 100 m and several atmospheres 
pressure. Initially, experiments were carried out in an 
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the flow in the boundary layer near the 5 ia 


solid surface. Similar work carried out by 
El’perin and Smolskii confirms thist. The 
importance of these surface effects can be 
easily demonstrated in pipes, because it has been shown 
that when the flow of the solution is stopped and water 
reintroduced the friction factor measured is initially 
lower than that expected. This effect can persist for up to 
15 min, dependent on the flow conditions, and is several 
orders of magnitude greater than the residence time of the 
fluid: in the tube. 

At the present time we have not been able to assess 
quantitatively the relative importance of each mechanism. 

G. A. Davins 
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University of Manchester Institute of 
Science and Technology. 
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Fig. 1. Observed solar spectrum showing unassigned features (arrowed) (precipitable 


water, 20 + 0-5 mm; resolution, 0-2 cm~). 


absorption cell with White’s optical arrangement* having 
mirrors of radius of curvature 8 ft. Some results, using 
this cell with a path length of 110 m and a pressure of 
6 atm. but with a resolution limit of only 1 cm~, were 
given in the National Physical Laboratory Report 1965, 
and showed some expected features of the magnetic 
rotation spectrum. We therefore continued the research 
using a larger cell with mirrors of radius of curvature 
24 ft. 

In the second experiment we used higher spectral 
resolution to avoid the necessity for high pressures. 
Published work on the microwave oxygen line at 4 em~ 
using microwave techniques® had indicated that the total 
half width of the magnetic rotation lines would be of the 
order of 0-1 cm~ per atm. Thus, by using a spectral 
resolution of 0-15 cm-t, a pressure of 2 atm. would be 


sufficient to observe the peak intensities of the absorption J” 


lines. In this way we reduced the total amount of gas 
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Laboratory spectrum of oxygen (path length, 180 m; pressure, 1-75 atm.; resolution, 015 cm~). 


used and hence the amount of water vapour impurity 
present. It was essential to reduce the amount of water 
vapour as much as possible and this was done by pumping 
the cell for several days and then using specially dried 
oxygen provided by the Bntish Oxygen Co. which was 
admitted slowly through a dry ice trap. In addition the 
floor of the cell was lined with trays of phosphorus pent- 
oxide. In this way the amount of water vapour was 


a reduced to a manageable level, though at higher fre- 


quencies the stronger water lines were of comparable 
strength with the principal oxygen lines. Using a path 
length of 180 m and a pressure of 1-75 atm. we identified 
the following transitions (see Fig. 2): 


Predicted 


K-»> K’ J+J’ 7 (om) y (cm) 
8 6 4 4 25-80 25 812 
8 6 4 6 27-79 27 824 
5 7 6 6 37 39 37 384 
5 7 6 7 39-24 38 368 
7 9 8 8 48 98 48 929 
7 9 8&8 2 50-88 50 874 


where the third column is the observed frequency and 
the fourth the predicted frequency of a given transition. 
We attempted to observe the K1—>3 transitions, but our 
results proved inconclusive owing to the low signal to 
noise ratio below 20 cm~. 

An analysis of the results showed that of the transitions 
we observed, those with AJ = 0 were strongest, as pre- 
dicted. Of the weaker transitions only the J = K + 1> 
J = K + 2 transitions were observed and the ratio of the 


~ intensities of these to the AJ = 0 transitions was in 


$ 





approximate agreement with predictions. The failure to 
observe any J = K—J = K + 1 transitions would 
suggest that these are at least a factor of two weaker 
than the J = K + 1+J = K + 2 type, which is in 
agreement with the prediction in ref. 4. This means that 


25 27 


Fig. 8. Laboratory spectrom of moist air (path length, 80_m;Tprecipitable water, 


5 mm; resolution, 0 2 cm~). 
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of the unassigned features in the solar spectrum we have 
in fact only observed the 27-8 cm feature in the labora- 
tory. In confirming the theoretical predictions concerning 
the rotation spectrum of molecular oxygen within the 
limits of experimental error, however, we feel justified 
in attributing the 14-2 and 16-2 cm- features in the solar 
spectrum to molecular oxygen. In support for these 
assignments the spectrum of wet sir was measured with 
a path length of 90 m at atmospheric pressure and is 
shown in Fig. 3. It is evident that the only real features 
are those predicted in the rotation spectrum of water 
vapour and thus the features observed in the solar spec- 
trum are not due to water vapour. 


H. A. GEBBIE 
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THE SOLID STATE 


Crystallographic Evidence for a Symmetrical 
Structure for the Purpurate lon 
Tam accepted structure of the purpurate ion, C,H,N,0;, 
consists of two trihydroxopyrimidine rings 
(probably in the triketo form) linked at the 
5-positions by the group =N—. Two possi- 


t bilities at once arise. Ether (a) the bridge 
angle is about 120°, in which case the ring 
9 planes must be steeply inclined to one 


another owing to the steric effect of the 
carbonyl oxygen atoms. The double bond 
must then be localized on one side of the 
bridge, and the rings will not be equivalent 
(only one carries a negative charge). Al- 
though there is chemical evidence! that the 
rings are not equivalent, this is based on the 
supposed non-equivalence of the rings in 
alloxantin, and a recent determination of 
crystal structure? has shown that the latter 
is in fact centrosymmetric. Alternatively, 
(b) the bridge may be linear and the rings 
coplanar. This ewould permit delocal- 
ization of electrons over an eleven-atom 
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b) 


conjugated system, but would require that the non- 
bonding electrons of the central nitrogen atom occupied a 
pure p-orbital, a situation for which there is no precedent. 

It was hoped that crystallographic symmetry of a 
purpurate might permit a decision between (a) and (b). 
In (a), the ion could possess at most a plane of symmetry. 
Moreover, the plane of one ring would be an almost 
perpendicular bisector of the other (negatively charged) 
ring, and it seems unlikely that such a molecule would 
be disordered in-the orystal. In (6), on the other hand, the 
molecular symmetry could be as high as Dar. 

Potassium purpurate was crystallized from aqueous 
solution as black, rectangular needles of the dihydrate, 
which were exarhined by means of precession photographs 
and found to be orthorhombic with a = 7:39 + 0-03, 
b = 16-47 + 0:10, c = 21:80 + 0:20, and eight molecules 
in the unit cell (density 1-76 + 0-02; calculated, 1-72 + 
0-04). The.space group [bea was uniquely determined by 
systematic absences. It follows that the bridging nitrogen 
atoms lie either at inversion centres or on twofold rotation 
axes, and thus that either the rings are equivalent, or the 
bridge is linear, or both (unless the structure is disordered, 
for which there is no evidence at present). 

Although this result does not permit a conclusive 
decision on the point at issue, it is consistent with the 
planar_linear structure (b), and cannot easily be reconciled 
with (a) or any other reasonable one. In view of the inter- 
esting stereochemical consequences, a complete structure 
determination 1s now being undertaken. 

, A. B. BLAKE 
Department of Chemistry, 
University of Hul. 
1 Winslow, N. M., J. Amer. Ohem. Soc., 61, 2089 (1989). 
3 Singh, Chatar, Acta Oryst., 19, 767 (1965). 


~ Gel Growth of Crystalline Cuprous Chloride 


Murray! has predicted that crystalline cuprous chloride 
may be of use as a modulator material in lasers. Crystals 
‘of this material are generally grown from the melt*, but 
the method has certain disadvantages. First, the presence 
of a phase transition’ 15° C below the melting point 
(422° C) produces strains in the resulting crystals. This is 
further mntensified by temperature gradients produced in 
the crystal during cooling from the melting point to 
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room temperature. Contamination from container 
materials is another hazard. We have endeavoured to 
eliminate these undesirable influences by growing cuprous 
chloride at room temperature with a variation of the gel 
growth technique. 

In this method, the crystals are grown in contact with 
only a porous gel and a nutrient solution and thus should 
not encounter any strain due to pressure from the 
immediate environment. Gel growth usually involves 
crystal growth by diffusion of ions through a gel sand- 
wiched between solutions containing the ions to be com- 
bined or into a gel which contains one of the reactants. 
In the method used here, however, the growth depends 
only on the migration of the chloride ion from an acid 
solution of cuprous chloride. 

It is well known that cuprous chloride forms a soluble 
complex in fairly strong hydrochloric acid solution, but 
that this complex is unstable in dilute acid which leads to 
the precipitation of ouprous chloride. In this work, a gel 
was used to control the loss of the chloride ion, and thus 
allowance was made for the slow precipitation of cuprous 
chloride which resulted in the formation of crystalline 
material. 

Experimentally, the gels were prepared by titrating 
1 N hydrochloric acid with 0-5 M sodium metasilicate to 
the required pH. All solutions had previously been passed. 
through 0-45, ‘Millipore’ filters in order to eliminate any 
particles which might serve as nucleation sites. The gels 
were allowed to set overnight in test-tubes at 40° ©. « 
About 10 c.c. of solution of hydrochloric acid saturated 
with cuprous chloride was then placed over about 25 c.c. 
of gel, stoppered and allowed to react in the dark at 
room temperature. 4 

Briefiy, the results were as follows. The normality of 
the hydrochloric acid solutions varied from 6 to 0-75. 
No crystals were formed when the normality was below 3; 
fine crystalline material resulted from 8 N hydrochloric acid 
solutions. The best crystals were formed from 6 N hydro- 
chloric acid solutions. On one occasion a single tetrahedron 
resulted from a 6 N solution, which was about 3/8 in. on 
each mde. The pH of the gel did not seem to have any 
observable effect on the product. The pH’s were varied 
from 3-5 to 4:5. The reaction time was 3 weeks. The 
best crystals were skeletal in form, containing long, 
narrow voids, and were not water clear. X-ray exam- 
ination (Laue back reflexion) produced spots which were 
rather diffuse indicating the material is not a single 
crystal. 

J. J. O'CONNOR 
M. A. DiPmrro 
A. F. ARMINGTON 
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Exceptionally Calcic Pyralspite from South 
African Kyanite Eclogite 


PyRasprre garnets with O (=Ca/Ca-+Mg+Mn-+ Fett) > 
0-35 are rare. Some authors? postulate a miscibility gap 
between garnets of composition O < 0-365 and the ugrand- 
ite series with O > 0:70. The alternative, that garnets 
with 0-35 < O < 0-70 are stable but crystallize, under 
suitable physical conditions, only from rarely encountered 
silica-poor bulk compositions, has also been suggested’. 
This hypothesis is supported by the synthesis of a com- 
plete series of garnets (O = 0-1-0) between pyrope and 


grossularite at 30 kbars and 1,200° C (ref. 3). The synthe- ~ 


tic garnets with O values between 0-5 and 0-7 are of 
particular interest because at 30 kbars and 1,600° C these 


y 
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compositions crystallize as clinopyroxene solid solutions‘, 
while the paragenesis clinopyroxene + corundum is a 
third possibility. The essential relationships are illustrated 
by the equations: 
Ca,Mg,A1,8:,0,, = 
garnet 


3CaMg8i1,0, + AlO, = 
clinopyroxene corundum 
Ca,Mg.Mg,Al,.[Al,5i,0,,] 
clinopyroxene solid solution 

The assemblage clinopyroxene (omphacite) + corundum 
is known from eclogite inclusions in kimberlite from the 
Roberts Victor Mine, South Africa‘, and the Obnazhen- 
naya pipe, Siberia”, At the latter locality the associated 
garnet has a O value of 0-42. 

An analysis of the garnet from a quartz-free kyanite— 
eclogite inclusion from the Roberte Victor Mine (37077 
in collection of the Department of Mmeralogy and 
Petrology, Cambridge) is given in Table 1. The rock is 
petrographically similar to specimens 373, 384 and 390/2 
described by Williams’. 

This garnet is the most caleic pyralspite known to us 
and has a C value of 0-47, a value more than twice as 
great as recorded in the garnets of quartz-bearing kyamite- 
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Table 1 
810,* 40-27 gie 8 004 8.00 
THO 0-51 qie 020 
AO. 22-82 AM 1-963 205 
CrO 0-080 Or -003 
¥e,0, 0-98 Bet -055 
Feb 108 Wet 801 
MnO 014 Mn** -008 
MO 0:005 Ni} a 290 
ad 17-24 ua. 1 878 
Np = 1761 Ao = 116804 


* By difference from 100 per cent. 


eclogites from European gneiss terrains (C = 0-21 (ref. 8), 
0-19-0-22 (ref. 9)). The composition of this garnet is 
equivalent to the assemblage corundum + less calcic 
garnet (C = 0-42) + clinopyroxene which is found in the 
Siberian corundum eclogite. The relationships are shown 
in Fig. 1, which 1s a schematic projection from SiO, into 
the section CaSiO,-MgSiO,-Al,0O, of the composition of 
the garnet from the Roberts Victor Mine kyan:te-eclogite 
(1) compared with the compositions of garnets (2 and 3) 
and pyroxenes (2’ and 3’) from corundum eclogite’ and 
grosspydite”, respectively, and with the grossularite— 
pyrope join. Oriented garnet lamellae are observed in 
the pyroxene of Siberian corundum eclogite’, a texture 
which may indicate exsolution from a clinopyroxene 
solid solution formed at higher temperatures*1. The all- 
garnet assemblage is, moreover, denser than the clino- 
pyroxene—corundum-bearing alternative; thus it is possible 
ie the garnet of the Roberts Victor kyanite-eclogite 

at lower temperature or higher pressure than 
that of the Siberian corundum eclogite. 

A. possible form of mineral paragenesis of eclogites in 
which the restriction of highly calcic garnet to assemblages 
deficient in silica is an essential feature 1s demonstrated 
schematically in Fig. 2. The dotted lines indicate tie 
planes between clinopyroxene, kyanite, and the co- 
existing garnets 1, 2 and 3 (numbered as in Fig. 1). At 
low temperatures there may be a complete range of 
garnet compositions in silica-deficient kyanite-cclogites 
and grosspydites, but at higher temperatures an inter- 
mediate range of assemblages might exist consisting of 


‘clinopyroxene (cpv) + kyamite (ky) + corundum (co) + 


garnet 2 or garnet g,as outlined by dashed lines. The 
compositions of the limiting garnets e, f, g and 2 are all 
continuous functions of the pressure and temperature. 

It may be noted m passing that garnets with a higher 
1ron/magnesium ratio and O values of 0-46 (ref. 12) and 
0-54 (ref. 13) are reported from non-eclogite facies occur- 
rences and the former of these at least coexists with 
quartz. 
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Phase Boundary Scattering in the Study 
of Thermodynamic Transitions in Solids 


Vagious physical properties have been used to study the 
sharpness of phase transitions in solids. For transitions 
that are thermodynamically discontinuous, pretransition 
effects above and below the transition temperature, Te, 
can sometimes be detected by means of special properties 
which are particularly sensitive to structural defects or 
to anomalous changes of structure with temperature. 
For the study of lambda transitions which are thermo- 
dynamically continuous—at least in a formal geometrical 
sense—a considerable diversity of properties has, how- 
ever, been successfully used in the anomalous region above 
and below the transformation peak temperature T'e. 

Phase boundary potentials seem to offer a new means 
with fairly wide applicability for investigating the sharp- 
ness of either kind of transition. In a particularly sımple 
experimental arrangement, a cylindrical length L of the 
solid of suitable cross-section is maintained ın a steady 
state with one end at temperature T,, the other at tem- 
perature 7,, with a uniform gradient. When the transition 
temperature T. lies somewhere between T, and 7',, the 
phase boundary 1s established between the two ends of 
the column, and can be conveniently investigated, as in 
the melting of metals*. By reducing the temperature 
difference AT = (T, — T,) in this experimental arrange- 
ment, regions of the solid which may show premonitory 
effects can be progressively extended on either side of 
Te This can facilitate certam physical measurements 
very close to the phase transition. 

Measurements have now been made on the sharpness 
of the lambda transformations in graphite nitrates of the 
first and second sequences, using the thermo-electric 
power of these solids. After the determination of the 
(normal) thermo-electric power of a thin strip (0-1 mm) of 
stress-annealed nearly ideal graphite about 5 cm long and 
mounted with platinum leads, the sample is converted 
in situ to the appropriate graphite nitrate. The mean 
temperature Zn = (T, + 7.) of the thermocouple 
between platinum and graphite nitrate is varied in 
descending and ascending sequences, 80 as to include the 
lambda transformation peak Te For both graphite 
nitrates the thermo-electric power against platinum is 
markedly more positive than that of the parent graphite. 

This is in general accordance with an amphoteric model 
for the crystal compounds of graphite, in which the 
earbon hexagon networks act as giant aromatic molecules. 
In graphite nitrates these donate electrons to inter- 
calated nitrate anions and thus constitute metallic 
p-conductors of high electrical conductivity. Fig. 1 
illustrates typical measurements of thermo-electric power 
of a platinum/first sequence graphite nitrate couple, 
extending over a wide range of temperatures to include 
the lambda region. Well below the lambda peak, the 
structure can be assumed to be fully ordered with respect 
to the arrangement of the nitrate molecules in any layer 
(form II). Well above it, these molecules assume a 
liquid-like disorder (form I)?. It will be seen from Fig. 1 
that plots of thermo-electric power against temperature 
become effectively linear for erther of these states of the 
solid. But in the lambda region, which extends over a 
considerable range especially below the peak temperature 
Te, there is a steep positive increase of thermo-electric 
power to e value much greater than that which may be 

ed as normal for either crystal form. 

Possible interpretations of this striking effect are some- 
what restricted by limitations of present theories about 
the diverse sources of thermo-electric power in metals. 
Some new mode of scattering of charge carriers in the 
lambda region of graphite nitrates seems likely, in 
addition to the scattering modes generating the normal 
thermal-electric power well away from the lambda region. 
In general terms, a really sharp boundary between any 
two condensed phases may be the seat of a boundary 
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potential, B, the magnitude of which wil depend on the 
differences in crystal properties of the two phases. Thus, 
for systems of one component, phase boundaries involve 
differences of density and of packing structure at the 
interfaces between crystal and melt, for example, or 
between two solid polymorphs. In ionic crystals differ- 
ences in mass mobilities of the different ions may con- 
tribute very substantially to B (ref. 4). But in electronic 
conductors, the main contribution is likely to arise from 
changes in energy and mobility of electronic charge 
carriers on crossing the boundary between one phase and 
the other. When the phase transition is thermodynamic- 
ally sharply discontinuous, m a steady temperature 
gradient maintained as described, phase boundary 
potentials as determined by the predominant charge 
carriers are unlikely to involve perturbations of electrical 
properties beyond a few mean free paths away from the 
boundary. The discontinuity at the phase boundary is 4 
sharp step function. When a phase transition, though 
discontinuous, involves marked pretransition effects, 
anomalous effects may extend over a wider range of 
conditions. But a lambda transformation which is 
thermodynamically continuous to the first order will not _ 
present a sharp boundary at all on a macroscopic scale. 
Nevertheless, the phase transformation could lead to 
prominent additional charge scattering. According to one 
theory:', the spread of the lambda transformation over 
a range of temperatures around the peak temperature, 
Tc, involves the co-existence of domains of two closely 
Similar structures in hybrid single crystals. Hybrid 
crystals represent an activated intermediate state of the 
solid. The co-existence of domains of forms I and IT has 
not yet been established for the graphite nitrates by means 
of X-ray diffraction, but the hysteresis found for the 
resistivities? makes it highly likely. In a lambda transı- 
tion, instead of there being a single sharp boundary 
potential as in a classical thermodynamic phase change, 
there are interfaces between domains of the two forms. 
These are likely to be particularly numerous when 
individual domains are small. As indicated by fluctuation 
theory, these domains sre interspersed throughout the 
solid in the transition range of temperatures. With the 
experimental arrangement described, since AT is small, 
domains of the two forms may co-exist over the whole 
length of the conductor, at least so long as Ta is not to 
different from Te. : 
In this explanation, the anomalous thermo-electric 
power in the lambda region for graphite nitrates is 
attributed to additional scattering of charge carriers 
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travelling through the solid in its activated hybrid state 
between form I and form IT. 
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Pyrolytic Deposits of Silicon Carbide 


Layers and ‘whiskers’ of silicon carbide have been 
made ın several investigations? by the thermal decompos- 
tion of the vapour of trichloromethyleilane (CH,SiCI;). 
The experimental conditions used have varied widely, how- 
ever, and there has been little information about what 
controls the morphology of the silicon carbide produced 
by this method. In recent work it has been shown that 
the form of deposit obtained is determined mainly by the 
flux of the vapour species. Layers are formed above a 
critical flux, while filamentary deposits are formed below 
sib. 

! ‘Trichloromethylsilane vapour was entrained in hydrogen 
by bubbling the gas, at a controlled rate and at pressure 
close to atmospheric, through the liquid CH,8:CI,, the 
temperature of which was controlled and the vapour 
pressure known. In most of the work, the vapour was 
decomposed by passing the gas/vapour mixture through a 
heated tube (3 cm internal diameter, alumina) containing 
thin hners of graphite materials, on which the carbide 
deposited. 

The form of the deposit appeared in general to be 
insensitive to substrate (that is, liner) temperature in the 
range 1,200°-1,700° C, other conditions being constant. 
The nature of the substrate had some influence. The form 
of the deposit depended sensitively on the vapour flux, 
however, that is, vapour velocity x concentration, as 
indicated by Fig. 1, in which the velocity of the stream 
(em min, room temperature) is plotted against the 
prevailing vapour pressure of the trichloromethylsilane 
(proportional to concentration) as determined by the 
temperature at the bubbler. All the results shown were 
obtained at 1,450° C, and the majority, indicated by 
circles, were from experiments in which liners of machined 
graphite (Morganite HY9) were used: open circles repre- 
sent ‘“whisker”’-wool deposits and filled circles layer 
deposits. It can be seen that the kind of deposit changed 
consistently at a flux of 1,650 + 80 (em min-') (mm 
mercury), which corresponds to 138 + 7 lusecs through 
the tube used (5 cm? cross-sectional area, allowing for 
liner)(~ 1 x 10**molecules cm~ sec-*). When the vapour 
flux at the inlet end of the tube exceeded the critical value 
only slightly, then only the upstream part of the deposit 
was a layer, the remainder being ‘whisker’-wool, no doubt 
because of progressive depletion of vapour downstream ; 
the length of layer deposit was proportional to, and could 
be predicted from, the amount by which the entry flux 
exceeded the critical value. 

The square symbols in Fig. 1 correspond to the use of 
liners coated with pyrolytic carbon. Open squares represent 
“whisker”-wool deposits and closed ones represent layers. 
The length of the layer deposits suggested that the critical 

‘ flux with this substrate is < 1,300 (em mm-') (mm 
mercury). 

~ Experiments with an arrangement having a hot-rod 

“substrate in & “cold” chamber have provided qualitative 

supporting evidence for the foregoing results. Acourate 
< assessment of flux in this system is impossible, but, when 
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the flux is reduced from “high” levels giving layers, there 
is once again a transition to filamentary deposits. 

At the lowest fluxes used in the tube apparatus, straight 
“whiskers” with diameter and length up to 10p and 3 cm, 
respectively, and strength up to 2-4 x 10° Ib. in.-*, have 
been made. Whiskers of diameter leas than Ip had 
strength up to 4 x 10° lb. in.-*. Microscopical examination 
showed that some of the thicker filaments had botryoidal 
surface features, suggestive of spherulitic structure as in 
the layers (compare also filaments and layers of pyrolytic 
carbon). Acicular crystals of thickness 100u and length 
1 mm have been produced at intermediate fluxes in the 
chamber apparatus. Filaments of diameter up to 1 mm 
have been made by depositing the silicon carbide on to 
carbon fibres and on to tungsten and molybdenum wires. 
In all the work described the carbide deposited was 
predominantly of the cubie (8) type. 

The larger laments and crystals mentioned are poten- 
tially useful for reinforcement of metallic alloys. Although 
their strength is less than that of the “whiskers”, their 
size facilitates incorporation in the metallic matrix. 

The work described was supported by a grant from the 
Ministry of Aviation. 
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Simple Spectroscopic Method for Detection 
of Cations 


A OOMMEROIALLY available spectroscope, the Duo- 
Spectranal model 80 (Fisher Scientific Co.), has been 
recommended for the rapid detection of more than sixty 
elements. This inexpensive instrument! uses the combus- 
tion of hydrogen as an excitation source. The hydrogen 
18 produced together with oxygen by electrolysis of an 
aqueous acid solution of the cations. Because the elec- 
trodes are connected to an a.c. power source, each is 
alternately a cathode and an anode. The hydrogen 
formed with the oxygen in the vicinity of the shorter 
electrode explodes in each current cycle. 

In the standard procedure, two sets of electrodes are 
immersed in about 1 ml. aqueous potassium nitrate solu- 
tion acidified with nitric acid. Other strong acids may be 
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used, but the instrument does not function in the absence 
of a high concentration of hydronium ions. 

The rapid explosion of hydrogen and oxygen causes 
emission of characteristic light which is dispersed by a 
reflexion grating. The spectra from the cations in the two 
cells are observed simultaneously through an eye piece on & 
scale graduated in Angstrom units. After an unknown ion 
has been detected, ẹ known sample can be used in the 
reference cell for purposes of verification. The relative 
intensity of lines from the two cells can be used for semi- 
quantitative estimates. 

The use of this instrument has been extended to the 
analysis of metals and other undissolved solids. Charac- 
teristic spectra are observed when filaments of metals or 
alloys are attached to the shorter electrode and mmmersed 
to a depth of about 1 mm in the acidified potassium nitrate 
solution. 

Characteristic spectra, of cations were also observed 
when 100 mg samples of finely divided solids were sus- 
pended in the test solution. Some salts dissolved to some 
extent during the test, but sharp spectral lines were also 
obtained for sparingly soluble solids. Thus, this versatile 
instrument may be used to detect a large number of cations 
as solids or in solution. Some of the solids tested directly 
were copper, steel, silver, nickel-chromium alloy, silver 
chloride, ferrous sulphide, barium sulphate, lead sulphate, 
bismuth hydroxide, strontium sulphate, chromic oxide, 
manganese dioxide, calcium oxide, aluminium oxide, 
arsenic oxide and stannic oxide. 

These techniques, coupled with anion analysis by infra- 
red and ultra-violet spectroscopy, provide a new approach 
to rapid qualitative analysis. 

RAYMOND B. SEYMOUR 
Hine-Suya E. Tsane 
Department of Chemistry, 
University of Houston, Houston, Texas. 


1U.8. patents 8,024,608 and 3,045,533 issued to Dr. Duane D. Harmon and 
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Single and Multiple Reflexion Attenuated 
Total Reflectance Infra-red Spectroscopy 


Lest the communication of Baxter and Puttnam!, indicat- 
ing superiority of multiple reflexion in applying attenuated 
total reflexion to infra-red spectroscopy, be interpreted. 
too hterally and applied too widely, at least one additional 
factor should be pointed out. 

It is true that multiple reflexion increases absorption of 
the individual peaks, and thus may amplify weak absorp- 
tion spectra when compared with single reflexion atten- 
uated total reflexion curves. But the higher losses of 
energy of all incident wavelengths, chiefly as 9 result of 
scattering, associated with multiple reflexion tend to 
offset the former effect, and in some cases to obscure 
completely any intensification arising from multiple 
reflexion. This is particularly true when low resolution 
spectrophotometers are used. 

I have found that the interplay of these two opposing 
factors renders impossible prediction of which approach— 
single reflexion or multiple reflexion—will serve best with 
a given sample. I usually try both techniques (as the 
time involved is not prohibitive) and then use whichever 
spectrum 1s better. 

The infra-red curves shown in Fig. 1, which I have 
selected almost at random from spectra run in the past 
six months, ulustrate my point. Both curves were run 
using a Perkin-Elmer Model 137 Infracord spectrophoto- 
meter. The single reflexion ATR unit used was the model 
MATR-1, manufactured by Connecticut Instrument 
Corporation (since acquired by Barnes Engineering). 
The multiple reflexion attachment was a Wilks Scientific 
Corporation model 9 with an MIR-2 sample holder, and 
using a 50x20x1 mre plate. Both attachments are 
single beam, and KRS-5 was used as the prism material 
in both cases. Other operating parameters were optimized 
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separately for each sample in each attachment. With 
some samples the superiority of multiple reflexion is 
unquestioned. 

Spectra A and B in Fig. 1 were run on the coated 
surface of a sample of coated aluminium foil. In this 
case the single reflexion (A) spectrum shows considerably | 
more detail than does the multiple reflexion spectrum. (B). 


CLYDE G. Forp | 


1109 Matterhorn Drive, i 
Mobile, Alabama. ; 
1 Baxter, B. H., and Puttnam, N. A., Nature, 207, 288 (1985). 


Semiconductivity of Free Radicals of Me 
Nitric Oxide X 
OnE approach to the problem of producing highly j 
conducting organic materials is to synthesize molecules / 
with unpaired electrons which are capable of interacting 
to produce a half-filled band and thus exhibiting near-,. 
metallic behaviourt. The free radicals examined so far" 
do not show this behaviour**, mainly because their}... 
stability results from steric hindrance and electron dete 
localization which prevent both mteraction and dimer 
ization. In this connexion it 1s of interest to compare the 
radicals containing the N—O group, because in these the \ 
stability probably results largely from the nature of the ii 
N-O bonding. ; 
The radicals studied were «,«-diphenyl-f-picryloxy | 
hydrazyl (DPPOH), di-p-anisyl nitric oxide (DANO), ¢ 
Banfield and Kenyon’s radical (BK), di-p-nitrophenyl ‘, 
nitric oxide (DPNO). DPPOH was synthesized by the ` 
method of Poirier, Kahlen and Berrington’. Recrystal- 
lization from ethyl acetate gave dark green crystals with a 
melting point (m.p.) of 193°-196° C. DANO was syn- ie 
thesized by the method of Meyer’. Recrystallization from ( 
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yridine gave copper-bronze coloured needles with an m.p. 
oP 1 120°-122° ©. BK was synthesized by the method of’ q 
Banfield and Kenyon*. The product was recrystallized 
from petroleum ether, giving maroon crystals with an ‘ 
m.p. of 80° C. DPNO was synthesized by the method of 
Wieland and Roth’. It separated from an ether-benzene f~" 
mixture as a maroon powder with an m.p. of 109°—110°.C, +> 
The electrical properties were measured using the tech- , 
niques to be described elsewhere. 1 
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All the radicals behaved as semiconductors, their 
specific conductance (o) varying with absolute tempera- 
ture (T) according to the equation 

o=0,e~-Ae/2kT 


where k is the Boltzmann constant and Ae the energy gap 
if the conduction is intrinsic. 

The observed energy gaps are shown in Table 1, together 

ith energies of the optical absorption thresholds. Pre- 
exponential conductances (o,) are also shown. 

Ohm’s law was obeyed up to 10? V om. At higher 
fields the current was greater than expected on the basis 
of Ohm’s law. The deviations shown in Table 1 are 
expressed asl! 


` Current in excess of Ohm’s law at 3,000 V cm- x 100 





Current at 3,000 V em-1 


The values of Ae and o, from BK agree well with 
previous work", The results show close similanty with the 
aiamagnetio semiconducting, organic materials. The 
cnergy gaps, which are largely independent of sample 
orm, show the usual parallel with the optical absorption 
threshold**, This would suggest that any difference in 
Ionization potential between free radicals and polycyclic 
hydrocarbons is balanced by a change in the electron. 
afBnity, leaving the energetics of charge carrier generation 
unatfected*, 

The compensation effect, whereby log c, increases 
approximately linearly with the energy gap, is noticeable. 
The results follow the trend shown by a very wide range of 
semiconducting organic compounds', This implies that 
the carrier mobilities are similar to those in the poly- 


Table 1 

DPPOH DANO DPNO BE 

S As ey (oom: saa 2 08 — 2 60 2-81 

re (eV) (ingle crv — — 242 

beorpuon old (i ty) 1-88 8-16 230 2-89 

Togs (obm cm) (compressed 1:61 — 7 46 5-00 

~ om) (single crystal) — 12 85 7 82 

bite ms (oornrensed pow? i — 18 10 

æn cent t 
onan deviation (mngle erystal) R — as = io 
per cent per cent 


NATURE 


73 


cyche hydrocarbons and that the interaction between the 
unpaired electrons is small. The absence of marked 
exchange narrowing in the solid state electron spin re- 
sonance spectra is in accord with this deduction™. 

The value of o, is directly related to the mean carrier 
mobility u. Band theory gives 

G= 4u 
at room temperature, assuming that the effective mass of 
the electron is the free electron mass. Many, Harnik and 
Gerlich have derived a similar result from a simpler 
model. The c, for DPPOH indicates a low mobility, 
which may be associated with an intermolecular tunnel 
process. DPNO and BE have a, values which indicate 
high apparent mobilities. If the carriers are intrinsically 
generated, then such mobilities may only be explained on a 
band model. Alternatively, the carriers may arise by 
electron injection. Clearly the very high o, value for 
DANO cannot relate to a carrier mobility, and electron 
injection must be responsible. It has been shown that this 
process can account for very high c, values'*. Electron 
injection theory gives 
a= 4le-E/kT 


where F is the activation energy and 1s approximately half 
the intrinsic energy gap. Where there exist at the metal- 
semiconductor interface surface states capable of accept- 
ing or donating electrons, then band bending occurs and 
the activation energy is reduced or increased according to 
the type of states and the sign of the majority carrier. If 
the number of surface states is dependent on temperature, 
then band bending 1s also dependent on temperature. We 
may then write 


o=41 e(EtaMk? = 41 etalk g-B/kT 


To explain a highs, we must consider the case where the 
exponent is — (E —aT), which corresponds to an increase 
of the number of surface states with temperature. The 
states involved at the surface of a molecular crystal are 
hkely to be defects, the concentration of which will increase 
with temperature. Because surface diffusion is likely to 
be more rapid than bulk diffusion, the equilibrium eon- 
centration of defects is likely to be attained fairly rapidly 
at the surface. To explain theo, value it is necessary for 
the surface states to cause band bending to the extent of 
only 2x 10- eV/degree, giving a net effect of 0-6 eV at 
room temperature. 

This research has been sponsored in part by the ‘Office, 
Chief of Research and Development, U.8. Department of 
the Army, through its European Research Office. 


D. D. Ermy 
K. W. JONES 
M. R. Wos 


Department of Chemistry, 
University of Nottingham. . 
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Control of Proline Biosynthesis by Proline 
and Proline Analogues 


MICRO-ORGANISMS prevent over-production of amino- 
acids by two mechanisms: (a) end-product inhibition of 
the action of the first specific enzyme in the biosynthetic 
sequence, and (b) mhibition of the synthesis of all the 
enzymes in the sequence (enzyme repression)". A 
number of growth-inhibitory analogues of normal protein 
amino-acids, besides being incorporated into proteins, 
are capable of mimicking the corresponding amino-acid 
in operating these biosynthetic control mechanisms (see 
reviews by Cohen? and by Fowden, Lewis and Tristram‘). 

In Escherichia colt proline is formed from glutamate, 
by way of glutamic y-semialdehyde and its spontaneous 
cyclization product, A‘-pyrroline-6-carboxylic acid; the 
conversion of glutamate to the y-semialdehyde probably 
involves y-glutamyl phosphate*-?. The overall conversion 
of glutamate to At-pyrroline-5-carboxylic acid by mtact 
cells has been investigated by Strecker*®, who showed that 
proline inhibited this conversion, thus demonstrating 
that one of the early steps (probably the first) in the 
biosynthesis of proline is subject to end-product inhibition. 

The organism used in the majority of the experiments 
described below was a strain of E. colt dependent on 
proline provided by Dr. H. J. Vogel. This strain, referred 
to as Vpro-1, is blocked between A-pyrroline-5-carboxylic 
acid and proline. Formation of Al-pyrroline-5-carboxylic 
acid from glutamate by washed suspensions was followed 
as described in Fig. 1. 

The production of A1-pyrroline-5-carboxylic acid was 
inhibited by t-proline. Addition of amounts of proline 
as small as 10-7 M resulted in complete, but transitory, 
jnhibition of the reaction, the duration of the inhibition 
being dependent on the amount of prohne added. Under 
the conditions of the experiments there was no recovery 
within 2 h in the presence of 3 x 10-* M L-proline (Fig. 1). 


yonoles A!-pyrroline-5-carboxylate (glyoxylate equiv.)/mi. 
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. 1. The effect of g concentrations of inhibitor on the produc- 


Fig 
f A!-pyrroline-6-carborylic acid by E. cools Vpro-1. The organism 
wus oan in shaken cultures for 16 h at 87° O in a glucose/mineral salts 
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trecker* and the Be ee assayed colorimetri- 
h flask contamed 0 05 M 
tasmum hate pH 76, 001 M L-glutamste, 0015 M lactate, 
Boor M T al copoontratoz. 2-5 mg 
lus L-proline (x : » , 
Jos W 8,4-dehydro-pi-proline, li; plus 8x10 M 


I-proline or 3,4-dehydro-DI-proline, (7). 


or 75x104¢ M 
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A number of proline analogues are toxic to bacteria and 
hıgher plants; their biological activities have been 
reviewed‘. Analogues were tested for their ability to 
inhibit the conversion of glutamate to A?-pyrroline-5- 
carboxylic acid by “false” end-product inhibition. Among 
those tested 3,4-dehydro-pxL-proline proved the most 
potent. At concentrations ranging from 3-5 to 75 x 
10-* M the kinetics of inhibition resembled those already 
described for proline (Fig. 1). Azetidine-2-carboxylic 
acid possessed little activity as an inhibitor of A!-pyrro- 
line-5-carboxylic acid synthesis. In several experiments 
the rate of production of A}-pyrroline-5-carboxylio acid 
was inhibited only 20-28 per cent by 8 x 10+ M 1- 
azetidine-2-carboxylic acid. Du-Pipecolic acid, 4,5- 
dehydro-pu-pipecolic acid and N-acetyl-px-proline, when 
tested at concentrations as high as 2-5 x 10-* M, were 
without effect on the conversion of glutamate to At- 
pyrroline-5-carboxylic acid. 

The escape from inhibition by proline can be attributed 
to the utilization of proline during the period of incubation. 
In the presence of 3 x 10-* M 1-[0-"*C]-proline at least 
90 per cent of the radioactivity could be detected in the 
5 per cent trichloroacetic acid-insoluble material at the 
time of escape from proline inhibition (50 min). Further, 
preincubation of the cells with 3 x 10- M t-proline for 
1 h before initiation of A}-pyrroline-5-carboxylic acid 
production by addition of glutamate and AMP resulted in 
complete absence of inhibition, an observation similar 
to that of Strecker*. Similar resulis were obtained with 
3,4-dehydro-pL-[4C-carboxyl]-prolime. About 50 per 
cent of the total radioactivity added appeared in trichloro- 
acetic acid-insoluble material. It is presumed that the 
label remaining in the experimental fluid corresponded to 
the D-isomer, this being inactive as an inhibitor. Attempts 
to prevent the utilization of the inhibitors for protein 
synthesis by addition of chloramphenicol were unsuccess- 
ful owing to interference of chloramphenicol with At- 
pyrroline-5-carboxylate formation or assay. 

Complete, but transient, inhibition of A}-pyrroline-5- 
carboxylate formation by very low concentrations of 
L-proline probably resulted from the use of intact cells 
which concentrate proline from the medium by a specific 
energy-dependent transport mechanism (permease). 
Both azetidine-2-carboxylic acid and 3,4-dehydroproline 
enter the cell by the same route; the affinities of the 
permease for proline and 3,4-dehydroproline are com- 
parable, but affinity for azetidine is considerably lower!?»14, 
Thus the concentration of inhibitor within the cells prob- 
ably bears little relation to the external concentrations 
supplied. Similarly, the low activity of azetidine-2- 
carboxylate as an inhibitor may, in part, result from the 
relatively low affinity of the proline permease for this 
analogue. 

The overall control of proline synthesis, besides involving 
end-product inhibition, also mvolves enzyme repression. 
The rate of production of A}-pyrroline-5-carboxylate 
(conditions described in Fig. 1) by cells of Vpro-1 grown 
in media containing excess proline was between 19 per 
cent and 35 per cent (four independent experiments) of 
the rate of production by cells grown in limiting amounts 
of proline. Thus at least the early enzymes of proline 
biosynthesis are subject to repression by proline. Growth 
experiments in media containing added proline followed 
by estimation of excreted A}-pyrroline-5-carboxylate!* do 
not allow a clear distinction between control by end- 
product inhibition or repression. On the basis of the 
action of chloramphenicol, Baich-and Pierson concluded 
that some repression may occur, but the evidence is not 
conclusive. 

Mutant strains of E. colt C4 resistant to the growth- 
inhibitory effects of 3,4-dehydroproline or azetidine-2- 
carboxylate have been obtained and fall into two main 


=- 


classes: (a) strains with impaired ability to concentrate - 


proline and the analogues, and (b) strains which over- 
produce proline, that is to say, control of proline synthesis 
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has been lost". The production of A?-pyrroline-5- 
carboxylate by some type (b) strains is no longer sensitive 
to inhibition by proline or 3,4-dehydroproline**. Other 
type (b) strains are no longer subject to repression by 
proline. Since these investigations began, other workers 
have described a proline-excreting 3,4-dehydroproline- 
resistant E. cols mutant in which production of A1-pyrro- 
line-5-carboxylic acid is insensitive to inhibition by 
proline", 

H. TRISTRAM 

C. F. THURSTON 


Department of Botany, 
University College, 
London, W.C.1. 
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Rapid Quantitative Determination of Very 
Small Amounts of Proteins 


Ix the course of chromatography of proteins on UFS 
nitrocellulose membrane filters!, it was observed that the 
areas occupied by a relatively homogenous film of the 
firmly adsorbed serum proteins were approximately pro- 
portional to the concentration of the given sample. The 
best results were achieved when slightly acid buffers were 
used. The protein spots, however, had oblong and 
irregular shapes after one-dimensional chromatography, 
and an accurate quantitative determination of the areas 
was rather difficult and inconvenient, especially as a 
routine procedure. 

The present communication shows that circular chroma- 
tography on nitrocellulose membranes can be used as an 
accurate, simple and rapid method for the quantitative 
determination of soluble proteins in amounts down to I ug 
in I pl. and even less. Neither photometry nor any 
special equipment and power supply 1s necessary during 
this estimation, the quantitative evaluation being based 
simply on measurements of the diameters of smooth and 
well formed circular or elliptic protein spots and caleu- 
lating the corresponding areas. 

HUFS nitrocellulose membrane filters (produced by 
VCHZ Synthesia, Uhříněves, Czechoslovakia) were used)3. 
The commercial membranes, cut into 2 x 4 om strips, had 
to be washed twice in boiling distilled water for 10 min to 
free them from possible impurities. Before use the mem- 
brane was placed horizontally so as to form a bridge be- 
tween appropriate glass supports. Bovine serum, bovine 
serum albumin and human y-globulin (Cohn’s II fraction, 
prepared in our Institute) were used as model protein solu- 
tions. For calibration, the concentration of the protein 
standards was determined by refractometry and the 
biuret method, and confirmed by the micro-Kjeldahl 
method‘. The samples were then diluted with 0-9 per 
cent sodium chloride to reach the desired concentrations 
in the range of 0-1—6-25 per cent. A glass capillary about 
1 mm thick and of inner diameter about 0:02-0:03 mm 
calibrated to 1 ul. was used to apply the protein samples. 
The actual volume of the sample, however, can be any- 
where in the range 0-8-1-2 ul. or even less when needed, 
but the same capillary must be used throughout all determ- 
inations related to a given calibration curve. Rinsing the 
capillary with water and methanol or ethanol and subse- 
quent drying in an air stream after each application were 
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necessary. An acetate buffer at pH 3-7 (11 ml. molar 
acetic acid and 1 ml. molar sodium hydroxide diluted with 
water to either 50 or 100 ml.) was used as the developing 
solution for chromatography. Amudo black 10B, azo- 
carmine B or nigrosine in acid solution was used to stain 
the proteins in the usual way*’’. 

The following procedure gave the most accurate and 
reproducible results: a droplet of the acetate buffer was 
placed on the glossy side of the membrane using a glass 
capillary or a wick of Whatman. No. 1 filter paper fixed to 
the nib of a pen’. When the buffer had just soaked in to 
form a circular spot about 5-8 mm in diameter, the 
protein sample was applied into the centre of the wet spot 
by touching the membrane carefully with the tip of the 
cahbrated capulary and gently blowing out the solution. 
If a droplet formed on the surface of the membrane 
during application, care had to be taken to keep the 
diameter of the drop less than 1:5 mm until it soaked in. 
Immediately afterwards the start was touched repeatedly 
with the tip of the filter paper wick to supply the mem- 
brane with enough acetate buffer to enlarge the outer 
diameter of the spot to about 1-5 cm. Thus is completed 
within 1-2 min. After drying at 80° C for 5-10 min the 
membranes were placed with the glossy side down on the 
surface of the staining solution. Circular or slightly 
elliptic protein spots with smooth precise contours (Fig. 1) 
could be detected within a few minutes. 

The diameter (2r) of the circular spots or the long and 
short axis of the elliptic ones (2a and 2b) was then meas- 
ured. A suitable comparative scale with fine divisions to 
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Fig. 1. Protein ta after chromatography on a HUFS nitrocellulose 

membrane. a, 1 ul. native bovineserum, 6, 1 pl. of the same sample after 

a dilution 1:1 by 0 9 per cent sodium chloride. Developed wıth a 0 1 M 
acetate buffer, pH 87, stamed with azocarmme B. 
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Fig. 2. Calibration curves of different proteins. (1) Bovine serum; (2) 
human y-globulm; (8) bovine serum albumin. 
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0-2 mm was obtained by reducing a milimetre scale 
photographically. The areas (calculated using the 
formulae 4=nxr? and Á= xab, respectively) were then 
plotted against the corresponding concentrations of the 
standards. A new calibration must always be made when a 
new capillary or a new batch of membranes is used. 

Fig. 2 shows the calibration curves of bovine serum, 
human y-globulin and bovine serum albumin. The stan- 
dard deviation of the mean tsz was +3 per cent (P=0-01). 
Within this limit each calibration curve was linear. Some- 
what greater areas were found for whole serum compared 
with those for serum albumin or y-globulin. This was 
probably due to the presence of various substances of 
lipoid character which might be adsorbed preferentially to 
the hydrophobic membrane, so that the proteins must 
migrate further to reach a free surface on which to absorb}. 
Some negligible inhomogeneity occurred at the start but 
was caused mainly by particles originating either from the 
sample or from the buffer or the paper wick. 

Determinations of even lower protein concentrations 
were also possible when greater volumes of sample were 
applied. On the other hand, smaller volumes down to 
about 0-1 pl. could be applied with a suitable capillary. 
The areas of the protein spots were found to be propor- 
tional to the total amount of the protem regardless of its 
concentration in the given sample. Various concentra- 
tions of buffer in the range from 0-1 to 1 molar acetate 
did not influence the determination significantly. Other 

of nitrocellulose membranes (VUFS, AUFS, 
RUFS) were also tested, but with less satisfactory 
resulta? ‘, 

The method described here seems to offer the possi- 
bility of replacing methods in many cases more laborious, 
expensive or time co i Thus, it is suitable either 
for various microdeterminations® or for routine protein 
determinations; for example in the clinical laboratory and 
especially in emergency situations. It can also be used 
in following the course of various column fractionations of 
protems with a minimal loss of material. Since different 
proteins behaved in a similar way to serum proteins during 
chromatography on nitrocellulose}, it seems reasonable to 
assume a wider applicability of this sumple and rapid 
technique. 

Further experiments concerning this method, its appli- 
cations and limitations will be published later. 

T. I. P&rsrourm 

Institute of Haematology and Blood Transfusion, 
Prague. 
1 PHistoupi, T. I., J. Chromatog. (in the press). 
} Phstoupil, T. I., Bichim. Biophys. Acta, 117, 475 (1966). 

* Kohn, J., Aerzil. Lab., 10, 238 (1964). 
One J., Základy Ohsmckého Vyšetrování v Lékarstet, sixth ed., 298, 
, 854-360 (SZN, Praha, 1984). 
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Metabolism of Oestrone and Oestradiol-178 
in Human Liver /n vitro 


Som the discovery of the so-called “newer” oestrogens 
by Marrian e al. and by Gallagher and Fishman et al., 
much work has been directed towards an explanation of 
their intermediary metabolism in human liver tissue’. 
In contrast, little information is available on the metabol- 
ism of the three “classical’’ ocestrogens—oestrone, oes- 
tradiol-178 and oestriol—in human liver in vitro. Thus, 
Ryan and Engel? found a reversible transmutation of 
oestrone and oestradiol-17B in human liver tissue slices; 
Engel eż al.‘ reported the formation of oestriol, 16-ept- 
oestriol and oestrone after incubation of oestradiol-178 
by human foetal liver, and Breuer et al.*, using a similar 
system, identified 6-hydroxyoestradiol-17B and oestriol 
as motebolites of oestradiol-178. In view of the significance 
of oestrone and oestradiol-178 as precursors of the “newer” 
oestrogens, it seamed thet a more intensive search for the 
motabolites of the two oestrogens in human liver tissue 
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was justified. Accordingly, the present investigation wass 
undertaken. 

In a typical experiment, 100 mg of tissue slices from 
normal human liver were incubated for 60 min at 37°C 
with 2 uo. of [4-!*C]-oestrone or 2 pe. [4-14C]-oestradiol-178 
in 3 ml. of Krebs phosphate saline (pH 7:4), containing 
20 mmoles of glucose/l. The incubation medium and the 
tissues were extracted twice with equal volumes of an 
ether-chloroform mixture (3:1 v/v), the extracts com- 
bined and evaporated to dryness. The metabolites formed 
from oestrone and oestradiol-178 were identified in the 
following way: (1) Paper chromatography in at least two 
of the systems formamide-monochlorobenzene, form- 
amide-chloroform, formamide-monochlorobenzene-ethyl 
acetate (3 : 1), formamide-chloroform—ethy] acetate (5:1), 
or benzene—methanol—water (100: 55: 45); (2) reduction 
with sodium borohydride, removal of the elements of 
water and/or acetylation; (3) paper chromatography of 
the acetates in the systems propylene glycol—hexane or 
propylene glycol—heptane. By these methods, the radio- 
chemical purity of the oestrogen metabolites was suffi- 
ciently established to enable definite identification. 


Table 1. METABOLITES IDENTIFIED AFTER INCUBATION OF OESTRONE AND 
OWSTRADIOL-178 WITH TISSUR SLIORS OF NORMAL HUMAN LIVER 


Steroid Metabolite Yield 
incubated formed Identified as (per cent) 

Oestrone N-1 6a-Hydroxyoestriol 11 
N-2b Oestriol 10 

N-3 16-¢p3-Ocstriol 08 

N4 7a- oestradiol-178 16 

N-5 16a- aroxvoontrone 8 

N-7 Oestradiol-178 1:6 

N-9 2-Methoxyoestrone 4 

Oestradiol-178 EL 6a-Hydroryoestnol 15 
I-24 6a-Hydroxyoestradiol-178 11 

L-2b, 15a- jraroxyoestradio tradiol-17p 0-3 

T-2by Oes' 10 

L-8 The n iroryoeslrons 08 

L-6 Oesirone — 


The results obtained after incubation of oestrone and 
oestradiol-178 with human liver slices are in 
Table 1. As can be seen, the following reactions were 
found to ocour in liver tissue of man: hydroxylations at 
positions 2, 6«, 7a, 15a, 16g and 168, methylation of the 
2-hydroxy group and oxidoreduction of the 17-hydroxy 
and 17-oxo-group. 

There can be little doubt that the compounds formed 
from oestrone and oestradiol-17f are further metabolized ; 
therefore, the yields in Table 1 may not represent the true 
rates of production of the oestrogen metabolites. More- 
over, the amount of 6«-hydroxyoestriol was probably 
much higher, because only a small fraction of the steroid 
is extracted with ether-chloroform from an aqueous 
phase*. For these reasons, no definite conclusions can be 
drawn from resulte given in Table 1 with respect to the 
concentration of the various oestrogen metabolites in 
human urine. 

Phenohe steroids substituted at positions 2, 16«, 168 
and 18 have been isolated from the urine of pregnant 
women and, recently, 15a-hydroxyoestrone was isolated 
from the same source’. In view of the present findings, it 
seems reasonable to assume that 6a- and 7a-hydroxylated 
oestrogens are also present in human urine. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. 

H. BREUER 
R. KNUPPEN 
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Chemische Abteilung, 
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Dissolution Kinetics of Hydroxyapatite 


Tam formation of white spots, which is the first clinical 
sign of dental caries, is a consequence of sub-surface 
decalcification’. The carious process therefore involves 
dissolution of the orystallites—predommantly hydroxy- 
apatite—which constitute the bulk (about 95 per cent by 
weight) of human dental enamel?. Knowledge of the 
dissolution kinetios of hydroxyapatite is thus a prerequisite 
for a complete understanding of the aetiology of dental 
caries. Moreover, a study of the influence of certain 
cariostatic agents, such as organic phosphate salts?*, on 
the dissolution of hydroxyapatite could well clarify their 
possible mode(s) of action because those agents which 
retard dissolution could well possess prophylactic cario- 
static activity. 

The dissolution kinetics of synthetic hydroxyapatite 
do not seem to have been studied previously in detail. 
Single crystal studies are not yet feasible because large 
hydroxyapatite crystals cannot be readily prepared’, if 
at all. Data obtained on slurry systems would be com- 
pleated by the non-stoichiometric dissolution of hydroxy- 
apatite’ and by the continuously decreasing surface 
area as dissolution proceeded’. A pellet technique has 
therefore been developed whereby the hydroxyapatite 
dissolves stoichiometrically and the dissolving surface 
area remains constant. In addition, the pellet surface 
provides a partial simulation of the enamel surface. 

Crystalline hydroxyapatite was prepared by the double 
decomposition method described by McCann’. X-ray 
powder diffraction studies suggested that the highly 
crystalline product contained less than 10-15 per cent 
amorphous tricalcium phosphate (commercial “apatites” 
contain 80-85 per cent amorphous material). From an 
analysis, the molar calcium to phosphorus ratio was 
found™! to be 1-59 + 0-04. 

Pellets, 1 cm in diameter and 1 mm thick, were prepared 
by pressing hydroxyapatite powder (230 mg) at 5,000 
atm. for 30 sec in a suitable die (RIIC type KB-01). 
No decomposition of hydroxyapatite ın the pelleted sample 
was detected by X-ray diffraction. 





The dissolution ap; 
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Fig. 2. Second order rate plota for the dissolution of hydroxyapatite ın 
acetate buffer at 87° C, pH = 40 and s stirrer speed of 3,000 r.p.m. 


@, No additives; A, 10x10 M dipotassium sucrosephosphate; 
WM, 1:0 x10- M sodium phytate. 


Each pellet was placed in a holder (see inset, Fig. 1) in 
such a way that it was sandwiched between a sintered 
glass disk (for example, a “Quickfit’ sinter of porosity 4) 
and the ‘Perspex’ backing screw. The sinter prevented 
pellets from disintegrating in solvents containing adsorb- 
able ions (for example, organic phosphate anions) while 
at the same time it allowed the solvent ready access to 
the pellet surface. The baffied pellet holder was mounted 
in the thermostatically controlled solvent container (see 
Fig. 1). Constant sturmg was maintained and the 
speed of the stirrer was monitored stroboscopically. 

Normally measurements were performed at 37-0 + 0-1° 
C with filtered potassium acetate (0-036 M)-acetic acid 
(0-156 M) buffer (114:0 c.o.) of pH = 4:00 + 0:05 as 
solvent; potassium chloride (0-50 M) in this solvent 
increased the ionic strength so that the activity coefficients 
of the dissolvmg species remained effectively constant? 
as dissolution proceeded. Attrition of the pellet was 
shown to be negligible for stirred systems, and less than 
10 per cent of each pellet was dissolved in any expermment. 

The equilibrium solubility (w.) for stoichiometric 
dissolution of hydroxyapatite was determined turbidi- 
metrically. The weight of hydroxyapatite (w) dissolved 
in a given time was calculated from the calcium content? 
of the solvent because dissolution proceeded stoichio- 
metrically. The reproducibility of each w value for 
different pellets was normally better than 5 per cent. 

Some results obtained by this method will serve to 
illustrate its usefulness. The dissolution rate of hydroxy- 
apatite in unstirred systems is apparently controlled by 
transport processes. No kinetic order could be ascribed 
to the dissolution process and the presence of 1:0 x 
10-* M dipotassium sucrosephosphate (phosphorylated 
at the 2 position of the glucopyranosyl ring) or 1:0 x 10-* 
M sodium phytate did not affect the dissolution rate. 

When, however, stirring was sufficiently rapid (for 
example, 3,000 r.p.m.) dissolution obeyed second order 
kinetics with respect to undersaturation irrespective of 
the nature of sinter or the geometry of the system; this 
observation agrees with the prediction by Frank" of 
second order kinetics for ion disengagement from the kink 
sites of a screw dislocation. Addition at this point of the 
experiment of 1-0 x 10-* M sucr$sephosphate or phytate 
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ions reduced the dissolution rate by a factor of 2-5-4 
(see Fig. 2) without appreciably reducing the solubility 
of the hydroxyapatite. Both organic phosphate anions 
retarded dissolution at concentrations as small as 1 x 
10-* M and seem to function through a “lank poisoning” 
mechanism}?:14, 

We thank Dr. V. Cranmer for helpful advice, Dr. J. 
Patterson for the X-ray studies and Mr. R. T. Setright 
for technical assistance. 
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Effect of Isoramnetol on Capillary 
Permeability 


We recently carned out some investigations of the “P 
factor” action of isoramnetol (3-metoxyquercetol) in 
view of the use of sea buckthorn berries as a source of 
vitamin C. The therapeutic activity of vitamin C is 
enhanced by the presence of flavonoids and ıt is known 
oe Bea, buckthorn berries contain isoramnetol flavon- 
oidg??, 

Two special techniques were developed in order to 
determino whether isoramnetol had any effect on capillary 
permeability—a reaction characteristic of P factor sub- 
stances. The basic principle involved in both techniques 
was the prevention of extravasation of a stain—on this 
occasion Evans’s blue—by isoramnetol*—. 

With the first technique an increase of capillary permes- 
bility following the release of histamine and 5-hydroxy- 
tryptamine was induced by parenteral injection of a dex- 
tran solution. The effect was then removed by treatment 
with isoramnetol. A 1 per cent solution of dextran was 
administered subcutaneously in the abdominal region of 
white rats in order to increase capillary permeability. 
The animals were then injected intravenously with 0-5 ml. 
of a 2-5 per cent solution of isoramnetol. The effect of 
isoramnetol was determined by following the extravasa- 
tion of Evans’s blue dye administered to the animals 
5 min after injection of the dextran solution. The effect 
was manifested by the appearance of blue spots on the 
abdomen of the animals, in contrast to the control group 
in which the spots were very pale. The intensity of the 
colour was appraised by comparison with a control scale 
prepared from the same blue stain. The mean value 
in the experimental group was 2:65 and in the control 
group 5°55, which suggests that capillary permeability 
was reduced by a half after the administration of 
isoramnetol solution. 

With the second technique, the action of isoramnetol 
against hyaluronidase was followed when it had been 
subcutaneously administered after an injection of 
hyaluronidase solution. The technique consisted of a 
subcutaneous injection of the same staining solution at 
two symmetrical points pn the abdomen of the animals: 
one point was treated with the staining solution, while the 
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other was treated with the staining solution and hyaluron- 
idase. Another group of animals was injected suboutane- 
ously with isoramnetol 1 h before the solutions were 
administered. 

The effect was then appraised by copying and measuring 
the area of the blue stains that appeared, and then calculat- 
ing the ratio of their surface areas. The mean surface 
ratio m the control group was 2:12, whereas in the iso- 
ramnetol treated group it was 1:12, which indicates that 
isoramnetol has a definite action against hyaluronidase. 

Similar values were obtained in parallel experiments 
in which an equivalent solution of rutin was used instead 
of isoramnetol. In view of the results obtained, we 
consider that isoramnetol can be included in the category 
of “P factors”. 

We thank Prof. G. G. Popovici for his help. 
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Development of the Intestinal Digestion 
Mechanism of Starch as a Function of Age 
in Rats 
BAKER et al.) have shown that the villeous architecture 
of the rat intestinal mucosa flattens out with increasing 
age. They have demonstrated that the true villi structure, 
present at birth throughout the intestine, gradually 
vanishes as the animals grow older. In adult rats they 
observed only parallel ridges without any projection into 
the lumen. During this ageing process, the total surface 
of the intestinal wall steadily diminishes and it is to be 
expected that there is a concomitant decrease in the 
digestive and absorptive capacity of the intestinal 

membrane. 

The current concept of the digestion of starch in the 
body implies the action of soluble amylase on starch in 
the lumen of the intestine, where complete hydrolysis is 
achieved. Ugolev?? and others*:® have demonstrated that 
the enzyme activity of the pancreatic juice is more pro- 
nounced when the enzymes involved are adsorbed on the 
intestinal mucosa than when they are present in solution 
in the intestinal cavity. This type of digestion was called 
“membrane digestion”. If the digestion of starch is 
correlated to the amount of adsorbed amylase on the 
membrane, it is to be expected that the digestive efficiency 
would diminish when the villi structure vanished. 

In order to characterize the significance of luminal 
and membrane digestion in starch hydrolysis at various 
ages, we conducted in vivo perfusions on a group of thirty 
rats which weighed between 35 g and 300 g. A buffered 
0-15 per cent solution of starch (amylum soluble after 
Zulkowsky) in Ringer’s solution (pH 7-2) was perfused 
at 37°C for 10 min through the lumen of an isolated 
proximal part of the gut of Wistar rats anaesthetized with 
‘Nembutal’. The perfusion rate was kept approximately 
constant at 1 ml. in 5-10 sec. 

The rate of starch hydrolysis was studied directly in 
the intestine by the difference of starch-iodine coloration 
between the inlet and outlet of the perfusion system 
(Smith-Roy reaction), and also under the influence of 
amylase liberated in the perfusate according to a method 
described earler*. This enabled us to determine the 
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intensity of the process taking place in the cavity of the 
«small intestine (in vitro digestion) and the total activity 
«caused by enzymes acting in the gut cavity and on ite 
«surface (sn vivo digestion). The results of in vivo and 
in vitro starch digestion in function of the body weight of 
rats are presented in Fig. 1. 

A gradual increase of the cavity digestion was observed, 
whereas the in vivo digestion did not change ın function 
of the weight of the rat. At a body weight of more than 
180 g a slight decrease in the tn vwo digestion was observed. 
In young rats, where villi structures are present through- 
out the intestine, membrane digestion is much more 
important than cavity digestion. 
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Fig. 1. In vivo (--~--) and n vitro ¢ ) starch digestion as a 





function of the age of rats. 


The efficiency of the membrane digestion, expressed as 
a ratio between the in vivo and in vitro digestion, steadily 
diminishes with age. In adult rats, presenting an intestinal 
surface of valvulae conniventes without any projection, 
the cavity digestion seems to be predominant in tn vive 
digestion. 

Similar morphological modifications of the digestive 
epithelium were noticed in certain human pathological 
cases*. We failed to observe any adsorption of human 
pancreatic amylase on jejunal mucosa biopsies of two 
gastrectomized patients—one adult and one child—as 
both cases presented a villeous atrophy which was smaller 
than normal. In another adult case, which presented no 
histological damage, the jejunal mucosa was able to 
adsorb sufficient amylase to hydrolyse 24:6 mg starch/ 
min/mg intestinal mucosa. 

We suggest that some cases of the so-called secondary 
starch malabsorption could well be explamed as a 
disturbed membrane digestion. The duodenal juice of 
these children often contains normal amylase activity. 
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Adherence of Latex Particles to Platelets 


WHEN platelets in citrated plasma are exposed to latex 
(polystyrene) particles, the particles adhere to the platelets" 
and are phagocytosed by them?. In association with this 
process, the platelets undergo clumping. Both the phago- 
cytosis and the aggregation depend on the presence of 
divalent cations, as they are inhibited by the sodium salt 
of ethylenediaminetetraacetic acid (EDTA). It seemed 
important, then, to determine whether the initial adher- 
ence between particles and platelets was also dependent 
on the presence of divalent cations. 

Observations, using the electron and phase microscopes, 
of platelets in EDTA plasma to which polystyrene had 
been added suggested that particles and platelets were 
able to adhere one to another in the virtual absence of 
divalent cations. In order to confirm and quantitate 
these visual observations, the technique of Roberts and 
Quastel?, which consists of determining the amount of 
latex extracted by dioxane from cells exposed to the 
latex particles, was adapted for use in our work. The 
methods used were as follows: porcme or human blood 
was collected with silicone-coated syringes and placed into 
silicone-coated glass tubes ın the proportion of nine parts 
blood to one part anticoagulant (either a 2 per cent EDTA 
or a 3-8 per cent trisodium citrate solution). Platelet-rich 
plasma (PRP) was prepared by centrifuging the blood in 
an MSE ‘Supermultex’ centrifuge at a relative centrifugal 
force of 32g at room temperature for 10 min. After 
transfer of the PRP to another silicone-coated glass tube, 
the remainder of the blood was spun at a relative centri- 
fugal force of 471g for 10 min. The platelet-poor plasma 
(PPP) so prepared was used to dilute the PRP to a platelet 
count of 300,000/mm? in all samples. One part of latex 
(‘Hytex’, Hyland Laboratories) was added to 20 parts 
of the PRP in a silicone-coated glass tube and agitated 
continuously at 37° C for 5 min. The mixture was centri- 
fuged with a force of 1,200g for 5 min at room temperature. 
The precipitate was washed six times in a Tyrode’s solu- 
tion contaiming 2 per cent albumin and 0-3 per cent EDTA, 
so as to remove any free latex particles. After the sixth 
wash, 5 ml. of dioxane was added to the button of platelet 
and latex. The mixture was boiled for 10 min and allowed 
to cool for 30 min at room temperature. The dioxane 
extract was centrifuged for 5 min at 800g. The super- 
natant was then read in a Zeiss spectrophotometer, using 
the ultra-violet lamp with the slt set at 5:5 and a 325-200 
filter. The samples were read against a pure dioxane 
blank. The control preparation used in these studies was 
platelet-poor plasma to which latex had been added. All 
silicone glassware used in the final extraction was left in 
contact with dioxane overnight before use. 

In Table 1, the amount of uptake of latex by platelets 
in citrated and EDTA human PRP is shown. There is 
latex uptake in both plasma samples, but in the concen- 
trations used in this experiment, it is greater when citrate 
is the plasma anticoagulant. The inverse relationships 
between concentrations of anticoagulant salts used and 
latex uptake are shown in Fig. 1. It seemed possible that 
part of the difference between EDTA and citrated plasma 
could be attributed to trapping of latex particles within 
platelet aggregates which, in these ranges of concentration, 
form only in the citrated PRP but not in the EDTA 
plasma. 


Table 1. UPTAKE OF LATWX PARTIOLES (HUMAN PLASMA) 


Experiment 
1 2 8 5 
Light transmission* 
Citrated PRP + latex 0127 01 0-204 0142 0-200 
Citrated PPP + latex 0001 0001 0-001 0058 0-059 
Difference 0121 0150 0203 084 O141 
EDTA PRP + latex 0045 0023 0 0139 0108 
EDTA PPP + latex 0003 0-007 0-001 0049 0088 
Difference 0042 0016 0 0030 0025 


* These are the readmit from the spectropMotometer. The larger the value 
the leas light transmitted and the greater the amount of latex in the dioxane. 
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Fig. 1. The uptake or latex by platelets ın platelet-rich plasma prepared 

EA blood takon in different concentrations of EDTA and trisodium 

citrate. Tho el the number recorded for t transmission, the 

greater the amount reac latex taken up by the platelets. @, Citrate antı- 
coagulant; x, EDTA antacoagulant. 


In porcine PRP very little platelet aggregation occurs 
on the addition of latex whichever anticoagulant is used, 
and we have compared the amount of extractable latex 
in pig PRP in EDTA and citrate anticoagulants (Table 2). 
The amount in citrated plasma 18 considerably less in pig 
plasma than in human plasma, while the amounts in 
EDTA plasma are about the same. This difference in 
behaviour can be attributable to the lesser degree of 
aggregation which occurs in pig plasma. Accordingly, we 
evaluated the consequences of influencing platelet aggrega- 
tion by the exhibition of various adenine nucleotides. The 
addition of adenosme to citrated human PRP greatly 
reduced the amount of latex taken up by the platelets, 
whereas no such reduction was found in the control 
experiments using Tyrode’s solution instead of adenosine 
(Table 3). The value obtained was similar to that for 
EDTA plasma to which no adenosine had been added. 
In neither sample could platelet clumping be demon- 
strated under the phase-contrast microscope. Addition 
of adenosine to EDTA PRP produced a further reduction 
m the uptake of latex. 


Table 2. Upraks OF LATEX PARTICLES (PORODNE PLASMA) 


Experiment 
1 2 3 5 
Taght transmission 
Citrated PRP + latex 0-076 1 0128 0104 0-084 
Citrated PPP + latex 0016 0018 0050 0025 0-018 
Difference 60 0000 0075 0079 0-021 
EDTA PRP + latex 0-078 0-082 0104 0-052 0-080 
EDTA PPP + latex 0-022 0-008 0058 0048 0-009 
Difference 0056 0024 0046 0-004 O21 


Table 8. UPTAKE OF ADBNOSINE AND LaTHX PaRTIOLES (HUMAN PRP) 


Catrated PRP plus EDTA PRP plus 
Tyrode Adenomne Tyrode Adenosine 
Light transmission 0 122 0-083 0-045 0-007 
The readings represent the difference between the latex PRP and latex 


PPP plasma samples. The control PPP plasma in these erments had 
adenosine added in the same concentrations as for the PRP. Adenosine 
1 mg/ml. added in the proportion of one part adenosine solution to ten parts 


Table 4. UPTAKE OF ADP AND LATEX PARTIOLES (PORCINE PRP) 


Citrated PRP plus EDTA PRP plus 
Tyrode ADP Tyrode ADP 
Hihi transmission 0-011 0 082 0 007 0 024 


e readings represent the difference between the latex PRP and latex 
PEE samples. The control PPP plasma in this ent had ADP added 

same concentration as PRP. ADP 1 oa . added in the proportion 
ot one part ADP solution to ten parts plasma. 
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An analogous set of experiments was carried out usin 
adenosine diphosphate (ADP) and latex. In these experi 
ments the latex was added before the ADP. Platele 
aggregation occurred in the citrated plasma but not i 
the EDTA plasma. In both, the extractable latex wa 
increased (Table 4) but much more so in the citrate 
plasma. The effect of the nucleotide in the EDTA plasm: 
cannot be attributed to trapping since aggregation doe 
not take place in EDTA plasma. These findings suggest 
therefore, that the effect of ADP is due in part to its actio) 
on the surface of the platelet. 

These observations indicate that, as with collagen‘ 
platelets in plasma can still adhere to latex particles eve: 
when divalent cations are chelated by EDTA. However 
we have observed that platelet phagocytosis is prevente: 
by EDTA!*. The present observations suggest that th 
initial adherence of latex and platelets is sensitive to but 
unlike the phenomena of clumping and phagocytosis, no 
dependent on divalent cations. 
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tion and the Department of Veterans Affairs. 
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IMMUNOLOGY 


Experimental Chimerism in a Genetic 
Defect in the House Mouse Mus musculus 


Ir is well known that, in man, mixoploidy (chromosom 
mosaicism) of normal and abnormal cell lines leads to . 
dilution of the abnormal phenotype, for example, i 
Down’s and Turner’s syndromes where the abnormal cell 
are, respectively, trisomie 21 or XO. It can be expecte: 
that appropriate tissue mosaicism for a point mutant fo 
an inborn inherited metabolic error might lead to a dilu 
tion of, depending on the point of view, the normal or th: 
deviant biochemical phenotypes. 

It was therefore decided to try to induce chimerisn 
experimentally in order to determine whether a successfu 
grafting of relevant normal tissues in a biochemically 
mutant animal might minimize its biochemical abnor 
mality. 

As a first approach, the W-series of mutants in mice wa 
selected. This is a series of autosomal genes which hav 
an effect on erythropoietic tissue, coat colour, gonac 
development and viability. There are three alleles 
W,Weandw. The effect pertinent to this study is that o 
the arrest of erythrocyte maturation, but the coat colou 
effect provides a useful guide to the genotype. Th 
mutant gene produces in the homozygote & severe normo 
chromic macrocytic anaemia which in the WW genotyp 
is lethal in the first few days of lıfe. The anaemia persist 
throughout the normal life span of the viable hetero 
zygote WW? and homozygote W*W*. The exact mechan 
ism of the gene action is not known!. 

Experiments have shown that death following heav; 
irradiation can be circumvented by the administration o 
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Animals Haematocrit value 

No. of animals Mean Range 
A strain VW 45-2 40-4~-50-4 
wao treated with A cells 6 43-9 36-8~47°5 
e-We untreated 15 38-2 31-3-46-5 
We- We treated with CBA cells 4 41-9 344-481 
_ CBA strain 7 43-9 39-8-49-1 


haematopoietic tissue?)*—survival being a result of success- 
ful chimerism!. A similar technique was applied to the 
anaemic animals of the W-series by Russell et al., and 
successful transplantation was obtained between normal 
_ (ww) and anaemic individuals with the appearance of the 
Www blood picture in these animals’. Later, it was shown 
that when isologous tissue was transplanted, irradiation to 
prepare the marrow bed was not a necessary preliminary®. 
_ Although not entirely satisfactory for our purposes, 
this model offered promise of a relatively easy method of 
valuating the results of grafting experiments. We 
‘therefore attempted to produce haematopoietic chimeras 
without previous irradiation using, as donors, mice with 
‘different histocompatibility genes from the anaemic 





- recipients. 


A liver cell suspension prepared from 15-16 day old 
_ foetuses of the donor strain was injected intravenously 
into the anaemic animals within the first 24 h of life. The 
blood picture of the treated animals was first examined 
when they were 28 days old and, thereafter, at weekly 
intervals until they were 12-15 weeks. Later, checks were 
made at irregular intervals. Untreated animals were used 
as controls. 

Anaemic animals of the genotype WeW were used as 
recipients. Our colony of W-series mice was bred from 
an original two pairs of heterozygotes (genotypically 
Wow) kindly supplied by Prof. H. Griineberg, University 
College, London. There were two strains of donors, @ 
closed colony A strain and a pure line CBA strain. Pre- 
liminary experiments with skin grafting showed that both 
the A and the CBA mice bore alleles which were different 
from the W mice at the main histocompatibility loci. Skin 
grafts were rejected in 10 days +1 day. 

The livers were removed from the whole litter of 15-16 
day old foetuses, and broken up by sieving through one 
layer of Bolting cloth (size 14N, St. Martins) and washed 
through with Hanks’s balanced salt solution (BSS). This 
gave a suspension of clumped cells. The clumps were 
reduced to single cells by gently drawing them about 
twenty times through two layers of Bolting cloth contained 
in a filtering nozzle of a hypodermic syringe. This sus- 
pension was then centrifuged at 300 r.p.m. for 5 min, the 
supernatant discarded and the cells resuspended in 0-5 ml. 
of Hanks’s BSS. Viability of the suspension was tested by 
eosin staining. About 0-025 ml. containing 8 + 2 x 10° cells 
were injected into the anterior facial vein of each animal. 

For examination of the blood picture, blood was taken 
from the warmed tail of the animal. Haematocrit values 
were estimated by means of a microhaematocrit centrifuge 
(Hawksley and Son, Ltd., Lancing, Sussex), but small 
heparinized capillary tubes 3 em long and 1 mm in 
diameter were substituted for the usual tubes. Red blood 
counts were made by conventional haemocytometer 
methods using Hayem’s fluid as the diluent. 

Many animals did not survive the first 24 h after the 
injection. This was attributable to a number of causes, 
trauma being the most significant, but maternal rejection 
and cannibalism were also important. A few deaths also 
occurred between 14 and 21 days of age and were preceded 
by a wasting of the body and sluggish behaviour. This is 
also seen in up to 25 per cent of our untreated anaemic 
animals, however, and has been attributed by Singer and 
Russell? to increased susceptibility to intercurrent 
infection. 

-o Of the animals treated with A cells which survived to 
adulthood, six out of eleven showed a permanent change 
from the anaemic blood picture to one typical of the A 
"strain. The improvement occurred 30-45 days after the 
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Tablet. HAEMATOCRIT VALUES, MEAN CELL VOLUMES AND RED BLOOD COUNTS OF ADULT A, CBA AND We We STRAIN MICE, AND OF We- We MICE SUCCESS - 
E FULLY TRANSPLANTED WITH A OR CBA HAEMATOPOIETIC TISSUE 


Red blood count (mm! x 10°) Mean cell volume (°) 
Range Range 


Mean Mean ni 
11-14 9:49-12:73 40:3 33-2-47-6 
11:72 10-66-12-88 37-4 82-2~41-9 
7-20 6-48-8-11 53-7 41-3-71-0 
11-54 10-61-1408 36-4 29-4-41-9 
11-97 11-61-12-61 36-6 $2-8-38-9 


injection. All these animals are now more than 200 days 
old, and still show the increase. The results are set out in 
Table 1. Of the five failures, four showed some initial 
improvement in the blood picture, but this was lost after 
2-4 weeks and never regained. Eighteen animals which 
had been treated with CBA cells survived to maturity, 
and fourteen of these showed a permanent improvement 
in the peripheral blood picture (Table 1). In a few cases, 
the change was already evident at 28 days of age, but more 
typically it occurred at 35-40 days of age. Of the four of 
which the blood picture was not permanently altered, one 
showed some improvement at first, but it was not main- 
tained. 

These results suggest that we may have successfully 
transplanted homologous haematopoietic tissue into 
anaemic animals of the W-series mice, and it appears that 
the tissue has become permanently installed. We have 
no evidence yet as to where the transplanted tissue has 
become established in the body, or as to whether it has 
completely or only partially taken over the haematopoietic 
function in these animals. 

This work was supported by the Spastics Society. 
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Donor Haemoglobin in Anaemic Mice 
of the W-series transplanted with 
Haematopoietic Tissue from an Unrelated 
Donor 


Mics of the genotype W?W? have genetically determined 
macrocytic anaemia which persists throughout the normal 
lifespan. Bernstein and Russell’ showed that following 
treatment with syngeneic foetal liver cells the peripheral 
blood picture of such mice permanently changed to one 
typical of normal mice. It has since been shown? that the 
same results can be obtained using allogeneic foetal liver 
cells. It appeared that in both cases the injected haemato- 
poietic tissue had established itself in the host and was 
continuing to fanction according to its own genotype, 
because evidence obtained from the mean red cell volumes 
suggested that the peripheral red cells were of a size 
typical of donor mice. More definite evidence of the per- 
sistence of donor tissue was, however, sought. Bone 
marrow chimeras have been demonstrated by several 
means using the peripheral red cells. The methods may 
be based on antigenic differences between host and donor® 
or on differences in the physiochemical properties of 
haemoglobins!. One of these, the electrophoretic mobility 
of haemoglobins, was used to test the status of our 
W-series chimeras. l 


The electrophoretic mobility of mouse haemoglobins oe 


is governed by two alleles at the Hb locus, and each inbr 
strain of mouse is usually either Ùf two distinct pat 
single or diffuse®*. Preliminary observations on the 
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electrophoresis: of one sét of treated anaemic animals 
using starch gel as the supporting medium have previously 
been reported. The present report describes a more 
extensive investigation using cellulose acetate paper. 

Details of the production of chimeras have been 
reported elsewhere’. Anaemic animals of the genotype 
WeW? were injected shortly after birth with a suspension 
of liver cells prepared from 15-day-old foetuses from 
normal mice of either of two unrelated strains. The donor 
mice were a pure line CBA strain and a closed colony A 
strain. The anaemic mice showed a change in the peri- 
pheral blood picture at about 30-40 days of age, and 
maintained these normal features permanently. At the 
time of the present experiment the animals were 6 months 
to 1 year old. 

In addition to the two series of WvW?” treated animals, 
adult animals of the two donor strains, CBA and A, were 
tested together with untreated animals of three W geno- 
types—WeWe anaemic, Wew heterozygous, slightly 
anaemic, and ww completely normal. Also, one single 
WeWe individual which had been successfully trans- 
planted with ww haematopoietic tissue was studied. 

Approximately 40 ul. of blood was collected in a heparin- 
ized eapillary tube from the warmed tail of each animal, 
and centrifuged for 2 min in a microhaematccrit centrifuge 
(Hawksley and Sons, Ltd., Lancing, Sussex). The packed 
red cells were washed three times in 2 ml. of saline and 
then lysed with 2-3 drops of distilled water and three 
freeze-thaw cycles. The lysate was then centrifuged for 
2 min at 2,000 r.p.m. Electrophoresis was carried out 
using cellulose acetate paper as the supporting medium, 
and a barbitone buffer of pH 8-6 ionic strength 0-05. 
The electrophoresis was performed for 3 h at room tem- 
perature at 5 V/cm length. The papers were then dried 
in hot air and stained for 5 min in a 0-2 per cent solution of 
Ponceau S in 3 per cent trichloroacetic acid, and washed 
thoroughly in a 3 per cent acetic acid solution, and dried. 

Following electrophoresis, each of the W genotypes 
tested, WeWe, Wew and ww, showed an identical single 
haemoglobin band (Fig. 1). Both CBA and A strain mice 
had a diffuse type of haemoglobin pattern, the two being 
indistinguishable from one another. Each comprised two 
well separated bands which occurred in unequal concen- 
tration, the faster band being markedly denser in appear- 
ance than the slower band. The major faster component 
corresponded in position to the single band of the W-series 
(Fig. 2). 

Six successfully A-treated and thirteen successfully 
CBA-treated WeW? individuals were examined, and with- 
out exception showed two distinct haemoglobin bands 
indistinguishable in appearance from the CBA/A picture. 

In contrast, the single WvW» animal which had been 
successfully transplanted with ww tissue showed the 
typical “W” single band haemoglobin (Fig. 2). 

The actual mechanism of action of the W gene on 
haematopoietic tissue is not known. There is a delay in 
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Fig. 1. Cellulose acetate pape®electrophoresis barbitone buffer 7 0-05 pH 


Haemoglobin patterns of Wrifr, Wew 
and ww mice, 


8-6 stained with Ponceau S. 
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Fig. 2. Cellulose acetate paper electrophoresis barbitone buffer Z 0-05 

pH 8-6 stained with Ponceau S. Haemoglobin patterns of Werle, 

CBA and A mice and of WrWe mice treated at birth with CBA or A 
or wu: foetal liver cells, j 


the biosynthetie pathway of the haem part of the haemo- 
globin molecule, but the globin does not seem to be 
affected?®. The present work indicates that the haemo- 
globins of the anaemic individuals resemble the hetero- 
zygotes and haematologically normal animals of the 
W -series in electrophoretic mobility. This conforms with 
the conclusions of Singer and Russell that the haemo- 
globins of the W genotypes are similar if not identical. 

In the three strains of mice studied in this experiment, 
the haemoglobins of individuals of two strains were con- 
sistently of a diffuse pattern after electrophoresis, while 
the other was constantly single. Hutton, Bishop, Schweet 
and Russell® have shown that their strain of mice with a 
diffuse picture possessed two types of haemoglobin, and 
further, that there was a structural difference between the 
two in the 8-chains. Popp’ demonstrated that there were 
peptide differences in the @-chains of his single and 
diffuse mice, but that the a-chains were similar in 
structure. 

It is thought that the results give undoubted evidence 
of the presence of donor red cells in the peripheral cir- 
culation of the WoW” transplanted animals. The occur- 
rence of a single haemoglobin in the individual success- 
fully treated with ww tissue shows that this was not an 
artefact, nor the result of some non-specific effect of the 
inoculation. 

The observations add weight to the idea of Bernstein 
and Russell! that the treated WvW» individuals are bone 
marrow chimeras, with the injected cells implanted and 
continuing to function according to their own genotype. , 
Other possibilities, such as the transmission of nucleic 
acids by the donor cells and their incorporation in the host 
cells, could, however, account for the findings, and are not 
totally excluded. 

This work was supported by the Spastics Society. Dr. 
M. Adinolfi and Mrs. B. Gardner advised on the method 
of electrophoresis. 


Mary J. SELLER 


Paediatric Research Unit, 
Guy’s Hospital Medical School, 
London, 8.E.1. 


2 Bernstein, S. E., and Russell, E. S., Proe. Soc. Exp. Biol. and Med., 101, 
769 (1959). 

2 Seller, M. J., and Polani, P. E., Nature (preceding communication). 

2 Wilson, W. E. C., and Talmage, D. W., J. Immunol., 94, 150 (1965). 

t Popp, R. A., Cosgrove, jun., G, E., and Owen, R. D., Proc, Soe, Exp. Biol. 
and Med., 99, 672 (1958). 

5 Gluecksohn-Waelsch, S., Ranney, H. M., and Sisken, B. F., J. Clin. Invest., 
36, 753 (1957). 

© Russell, E. S., and Gerald, P. S., Sefence, 128, 1569 (1958). 

7 Watts, R. L., Seller, M. J., and Polani, P. E., Biochem. J., 99, 53 (1986). 

$ Hutton, J. J., Bishop, J., Schweet, R., and Russell, E. S., Proc, U.S. Nat. 
Acad, Sci., 48, 1505 (1962). 

* Popp, R. A., J. Hered., 58, 142 (1962). : 

10 Altman, K. L, and Russell, E, $., J. Cell. Comp. Physiol., 64, 293 (1964), 

n Singer, S. J., and Rusgell, E, S., Proc, U.S. Nat. Acad. Sei., 40, 6 (1954). 

























'No.5057 OCTOBER 1. 1966 





: Indirect Haemagglutination Test for Malarial 
Antibody 


-Stein and Desowitz!-3 have used an indirect haemagglutin- 
| ation test for malarial antibody using tanned formolized 
“sheep erythrocytes sensitized with an antigen prepared 
from erythrocytic malarial parasites released from the 
erythrocytes. The method of release was osmotic breakage 
in distilled water followed by grinding of the sediment. 
In our experience such a sediment is heavily contamin- 
ated with leucocyte and lymphocyte nuclear DNA and 
probably some other blood debris. Stein and Desowitz** 
have published results which admit to false positive results 
with normal serum from zero to 1:1,600 dilution. 
` Desowitz and Saave' used the technique to determine 
antibody levels in a population in New Guinea exposed to 
. hyperendemic malaria (enlarged spleen rates: 100 per 
cent in children, 35 per cent in adults). They reported 
_ results using P. coatneyi antigen which included a negative 
“reaction in 22 per cent of the 7-15 year old age group, a 
-reaction at a dilution of 1: 1,600 in 28-5 per cent of the 
1-2 year old age group, and an accretion of antibody of 
less than three-fold from infants to adults. These figures 
suggest to us that there was a significant amount of test 
failure and equally a significant amount of false positivity. 
Bray® reported difficulty in obtaining consistent results 
“using tanned formolized cells and a purer antigen. We 
have since experienced failures with the technique reported 
satisfactorily by him. Two faults appear paramount; 
failure to bind antigen on to formolized cells and auto- 
agglutination of formolized cells. On the other hand, 
agglutinins are certainly present in malaria serum®. 
Assuming the formolized sheep erythrocyte to be a 
poor vehicle for malarial antigen, attempts were made to 
sensitize unformolized cells and latex particles. Sheep 
ery throcytes were washed in phy: siological saline and 
used in the form of a 2 per cent suspension. Naked erythro- 
eytes were either sensitized for 15 min at 37° C with an 
equal volume of a 1: 2,000 solution of antigen in phos- 
phate buffered saline (PBS, pH 7-2) or tanned by treatment 
for 15 min at 37° C with an equal volume of a 1 : 20,000 
solution of tannic acid. The tanned cells were sensitized 
for 15 min at 37° C with an equal volume of a 1 : 15,000 
solution of antigen in PBS. Antigen at a concentration of 
1: 5,000 or 1: 10,000 is equally satisfactory. One drop 
of the sensitized erythrocyte suspension was added to the 
diluted sera. Antigen from P. berghei (strain NK65 from 
Katanga) and P. vinckei erythrocytic forms was obtained 
by the method of Spira and Zuckerman’ modified as 
follows. First, the washed parasitized blood was mixed 
with half its volume of 11 per cent dextran (molecular 
weight, 60,000-90,000) in PBS and allowed to stand for 
1 h to separate the white blood cells which were discarded 
in the supernatant as recommended by Spira (personal 
» communication). Second, the released parasites were 
;. lyophilized, ground, extracted in water and the soluble 
extract lyophilized. The soluble dry product was used as 
antigen. Serum was obtained from normal rats, and from 
rats recovered from, and immune to, P. berghei (NK65), 
P, berghei (RCA strain from the République Centra- 
fricaine), P. vincket and P, chabaudi infection. 

All sera were inactivated, absorbed on sheep erythro- 
cytes and diluted for use. The diluent was 1 : 100 inactiv- 
ated and absorbed normal rabbit serum in PBS. In 
addition latex particles were sensitized with a 1: 200 
solution of antigen by incubation for 2 h at 37° C and one 
drop of the sensitized particles was added directly to the 
serum dilution. All sera were also titrated for antibody 

~ using the fluorescent antibody technique. 
ae: The. results of the indirect haemagglutination test 
-are shown in Table 1 with the results of fluorescent anti- 
“body tests for comparison. The test gave negative results 
-in all control conditions. Sera immune to P. vincket 
and the related P. chabaudi gave largely negative results 
and appear to contain little or no agglutinins active in 
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Table 1. RECIPROCAL OF THE HIGHEST DILUTION AT WHICH THE TEST WAS 
POSITIVE 
Indirect haemagglutination Fluorescent 
Serum from soned Arg erythrocytes antibody technique | 
rats immune to neket P. berghei P. vinckei 
Toreros antigen antigen antigen 
P. berghei NK65 80 40 320 40 
P. berghei NK65 40 40 640 80 
P. berghei NK65 20 <10 640 40 
P. berghei NK65 160 80 640° 80 
P. berghei RCA 160 160 320 80 
P. berghei RCA 160 80 320 80 
P. berghei RCA 160 80 320 40 
P. berghei RCA 640 320 320 80 
P. vinckei <10 <10 20 80 
P. vincket <10 <10 20 80 
P, vinckei <10 <10 20 160 
P. vincket <10 <10 20 160 
P. chabaudi 10 <10 80 160 
P. chabaudi <10 <10 40 320 
Normal rat <10 <10 <5 <5 
Normal rat <10 <10 <5 <5 
this test. Voller? has reported that P. vinckei is unsatis- 


factory in the fluorescent antibody test. Sensitized 
naked cells without tanning gave negative results through- 
out and little or no polysaccharide or lipopolysaccharide 
would seem to be involved in any agglutination reaction. 
Sensitized tanned cells gave satisfactory and reproducible 
results using serum immune to both strains of P. berghei 
and both parasite antigens. The two antigens gave similar 
results with the same serum and it would appear that 
P. berghei and P., vinckei share common antigens active in 
the test. Sensitized latex particles gave unsatisfactory 
results with only weak positive results with very low 
dilutions of a few immune sera. 

Careful formolization of sensitized tanned cells? yielded 
cells which were satisfactory in the test provided no 
autoagglutination occurred. Some autoagglutination 
was a frequent occurrence, however, and the amount of 
autoagglutination varied with batches of erythrocytes. 
Smali clumps increased the sensitivity of the test, giving 
higher positive dilutions of immune sera, but remained 
negative for control sera. Larger clumps in large numbers 
gave false positive results throughout. Sensitized tanned 
cells were particularly liable to autoagglutination, and 
subsequent freezing or lyophilizing invariably caused 
clumping. No conditions of preparation could prevent 
autoagglutination in the thawed material after freezing, 
and the clumps had to be broken by 5 min of disruption 
in a Waring blender’, after which they were sometimes 
satisfactory. If the formolized cells were placed in a War- 
ing blender for 5 min before freezing or lyophilization and 
disrupted similarly after thawing or reconstitution they 
were usually satisfactory. 

In summary, the indirect haemagglutination test using 
non-formolized but tanned erythrocytes detects antibody 
to P. berghei infection when either P. berghei or P. 
vineket antigens are used to sensitize the erythrocytes. 
Serum immune to P. vinckei or P. chabaudi contains little 
or no antibody active in the test. 
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Dependence of Insulin Haemagglutination 
Antibody Titres on IgM Antibody 


Since Moinat’s' investigations of haemagglutination anti- 
body titres to insulin, it has been assumed that there is 
no relationship between insulin requirements and antibody 
titres except in some cases of insulin resistance. These 
observations were partly supported by Berson and Yalow?, 
although these authors did find insulin binding capacities 
ranging from 50 to 500 units/litre in insulin-resistant 
patients. Recent investigations in this laboratory? on 
variations in insulin requirements in human subjects with 
differing species of insulin suggested that antibodies to 
insulin play a significant role in determining insulin 
requirements even in non-resistant subjects. It was 
important, therefore, to re-investigate the haemagglutina- 
tion studies in order to determine whether they reflected 
a true picture of insulin antibody titres or whether they 
might be IgM antibody dependent!'. 
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have not always proved satisfactory because of limited 
resolution and because of interaction with the specimen. 
In the course of studying the site of aldehydic groups in 
tropocollagen we developed a new method of negative 
staining. This gives delicate outlines of good contrast 
with macromolecular aggregates that are difficult to 
visualize with other techniques. 

Ichthyocol tropocollagen was prepared as deseribed 
by Gallop? and kept in the cold until required. Fifty 
milligrams of dry protein was dissolved in 50 ml. of cold 
0-05 M acetic acid and centrifuged at 100,000g to remove 
the undissolved particles. The native fibrils were recon- 
stituted by dialysis of the ichthyocol solution against 
0-02 M sodium phosphate. When the fibrils started to 
precipitate, a drop was applied on a film of nitrocellulose 
reinforced with carbon supported on 300 mesh copper 
grids. After 30 sec the drop was rapidly removed by 
touching one edge with a piece of filter paper. After 
a brief period of air drying the grids were placed about 


Table 1 
Haemagglutination titres Reduction of Reduction of 1251-Tnsulin binding (per cent) 
Case Buffer treated 2-Mercapto-ethanol IgM level IgG level Buffer treated 2-Mercapto-ethanol 
treated (per cent) (per cent) treate 
K.E. 1/40 1/5 68-0 nil 65:9 63-6 
MH. 1/20 1/8 84-5 nil 69-1 75 
J.C. 1/40 1/5 93-0 0-9 87 55 
T.S. 1/20 1/5 742 53 58 73 
AS, 1/80 1/5 63-6 nil 87 88 
W.R. 1/80 1/5 40-8 nil 68 63 
D.P. 1/80 1/20 54-4 nil 532 67 
AD. 1/20 -ve 4T1 15-4 41 53 
C.G, 1/40 -ve 52:3 5 32:3 40 
MH, 1/160 1/20 + z 82 87 
0.B. 1/10 1/160 782 * 77 72 
CM 1/160 1/40 * ud 56 80 


ot calculated. 


* 


Sera from twelve insulin-treated diabetic patients were 
investigated. 0-5 ml. of the serum was incubated with 
Ol ml. of 0-4 M 2-mercapto-ethanol for 24 h at 4° C. 
The mercapto-ethanol was removed by desalting on a 
‘Sephadex G 25’ column, volume 1-4 ml., equilibrated 
with 0-06 M phosphate buffer, pH 7-2, and the following 
analyses were carried out on the eluates: haemagglutina- 
tion titres, IgG and IgM antibody levels (Immuno-Plate’, 
Hyland Laboratories) and determination of the percentage 
binding of 0-1 myg I-insulin (Amersham). Duplicate 
investigations of all sera using buffer instead of 2-mer- 
eapto-ethanol were carried out. The results are shown in 
Table 1. In all except one of the sera tested there was a 
marked fall in haemagglutination titre; this was accom- 
panied by a drop in IgM antibody levels in all cases, while 
IgG antibody levels and '*°I-insulin binding remained 
unaltered. It is therefore concluded that insulin haem- 
agglutination antibody titres do not give a true picture 
of insulin antibody levels but are mainly dependent on 
the titre of insulin binding IgM antibody. 

JamMES G, DEVLIN 
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Department of Medicine, is TRS 
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HISTOLOGY 


Negative Staining with Osmium Tetroxide 
Vapour 


NEGATIVE staining has become widely accepted as a 
means of visualizing macromolecular structures under 
the electron microscope!*. Its advantages lie in its 
simplicity and the high contrast which it offers. Many 
of the heavy metal salts used as negative stains, however, 


5 cm above a beaker containing a 2 per cent solution of 
osmium tetroxide and maintained at room temperature 
for varying periods of time. The individual grids were 
examined in an electron microscope using a 60 kV beam 
and a 50 my. objective aperture. 

Segmental long spacing (SLS) fragments of collagen 
were obtained after addition of ATP (acid form) to the 





Fig. 1. A native collagen fibre exposed to osmium tetroxide vapour for 

30 min, The fibres were mounted on the grid from a suspension in pure 

water. Both longitudinal arom ana gross striations are discernible. 
x 16,51 


I 
: 
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Q+1-per cent solution of ichthyocol in 0-05 M acetic acid. 
The final concentration of ATP was 0-4 per cent. One 
minute after the addition of the ATP a drop of the sus- 
pension was mounted on the grids and stained as previously 
described. Native fibrils that were dialysed free of phos- 





Fig. 2. A native collagen fibre exposed to osmium tetroxide vapour for 
5 min. The fibres were mounted from a suspension of 0-1 M PO, buffer, 
pH 7:4. There is enhanced contrast but loss of finer details as compared 
with Fig. 1. (x 37,500.) 





Fig. $, The outlines of numerous SLS aggregates are shown in negative 

contrast after exposure of the grid to osmium tetroxide vapour for 150 

rain. In addition some longitudinal and cross striations are readily 
visible, (x 33,750.) 
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Fig. 4. Numerous SLS aggregates exposed to osmium tetroxide vapour 


for 150 min. There is a combination of positive and negative staining 
making visible many cross striations, (x 87,500.) 


phate or SLS fragments containing little ATP did not 
show any appreciable negative staining. Spraying of the 
grids bearing native fibrils or SLS fragments with 0-02 M 
sodium phosphate or 1-0 per cent ATP, respectively. 
enhanced the negative staining. Long exposures (2 or 3 h) 
of the grids to the vapours of osmium tetroxide were 
accompanied by a mixture of negative and positive 
stainings. 

The physicochemical basis for the observed negative 
staining is presumably the interaction of the osmium 
tetroxide vapour with the phosphate ions present on the 
grid as part of the suspending solution. With SLS the 
phosphate is present as ATP, while in the native fibres. 
both phosphate and ATP have been used. The specimens 
are probably fixed during their exposure to the osmium 
tetroxide vapours, which increases their stability in the 
electron beam. Although the method has been used. 
in only a selected number of systems, it may prove appli- 
cable for high resolution of other macromolecular struc- 
tures. 

Examples of negatively stained native fibrils and SLS 
aggregates are shown in Figs. 1-4. Both longitudinal 
and eross striations are readily discernible. In addition 
the dimensions of the outlines of the SLS and native 
fibres are identical to those seen after positive staining 
of similar specimens with phosphotungstic acid. 

This work was supported by a grant from the National 
Institutes of Health, U.S. Public Health Service. We 
thank Dr. A. Karuez for his help. 
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PHARMACOLOGY 


Antifertility Action and Metabolism of 
Hexamethylphosphoramide 


A RECENT report on the toxicology of technical hexa- 
methylphosphoramide! (HMPA; Fig. 1) prompts us to 
present a brief account of the antifertility effects and 
metabolism of this compound which have been under 
investigation here for some time. Following the initial 
report of the chemosterilant action of this substance in 
male houseflies?, we examined the action of a commercial 
sample of the phosphoramide on the fertility of male rats. 
A short course of treatment by mouth (6 daily doses of 500 
mg/kg) soon caused sterility with aspermia, which was pro- 
longed and perhaps permanent (Table 1). One animal died 
during the 12 weeks of mating and the others followed 
suit during the ensuing few weeks. In mice, the same 
dose rate was better tolerated because no animal died, 
although the antifertility effect was less marked. By 
reducing the dose, it was possible to devise courses of 
treatment which produced reversible episodes of sterility, 
the minimum effective dose level being, for the rat, 100 
mg/kg daily (Table 1). Biweekly sperm counts in treated 
rabbits showed that this species was also susceptible, 
besides confirming that inhibition of spermatogenesis 
with aspermia by the phosphoramide did not involve 
impairment of libido (Fig. 2). 


Table 1. AVERAGE WEEKLY LITTER SIZE FROM MALE RATS AND MICE 
TREATED WITH HEXAMETHYLPHOSPHORAMIDE 


Treatment Weeks from first dose 

i (per as) 1 4 5 6 7 8 9 10 11 12 13 1415 
21 x 100 mg/kg ~- -720890000909000 
wb, x 250 mg/kg -- -2400123064555 
8 x 500 mg/kg 5651000009006 00 80 
6.x 500 mg/kg ~567222698 59--- + 


Before embarking on further studies, however, it was 
considered necessary to establish the purity of the com- 
mercial product. Using the eriterion of lethality produced 
by successive oral doses of 500 mg/kg by mouth, it became 
evident that subsequent batches of HMPA were more 
toxic than the original sample used. Thus, animals died 
after as few as two or three administrations at this dose 
level, with signs resembling those recently described?. 
Nevertheless, analyses were consistent with chemical 
purity except for one specimen which contained halogen. 
The amine odour of commercial HMPA, resembling 
dimethylamine, could not be removed by distillation 
in vacuo, but was eventually eliminated by continued 
dilution and distillation with light petroleum (b.p. 40°- 
60° C), leaving a product possessing a faint odour of 
peppermint. The toxicity, however, was not reduced by 
this procedure. The possibility that the antifertility 
action might be due to dimethylamine was checked by 
giving 5 daily oral doses of 500 mg/kg to male rats. The 
animals remained fully fertile throughout a test period of 
12 weeks. 
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Fig. 2. The sperm count of a rabbit after 2 weeks of oral administration 

of hexamethylphosphoramide (10 doses, 100 mg/kg each). After about 

5 weeks the animal became near-aspermic for 8 weeks, while the volume 
of seminal fluid remained within normal limits, 
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Fig. 3. Excretion of phosphorus-32 in the urine of rats (I) and mice 


( A)afteradministration of labelled hexamethylphosphoramide (500 mg/kg 

intraperitoneally). Very little radioactivity was associated with the 

faeces, Most of the radioactive material was eliminated within 20 h in 
both species; thereafter the rate of excretion was slow. 


Using purified phosphorous oxychloride and dimethyl- 
amine, hexamethylphosphoramide was next synthesized 
mainly with a view to preparing the phosphorus-32- 
labelled compound. The final product, although analytic- 
ally pure and with the same faint peppermint odour, 
proved to be more toxic than earlier commercial specimens. 
Consequently, we do not yet feel that “biologically” pure 
hexamethylphosphoramide has been prepared and. the « 
possibility remains that the testicular effects may result, 
from some impurity. 

A preliminary study of the metabolic fate of phosphorus- 
32-labelled hexamethylphosphoramide (chromatographic- 
ally homogeneous) showed that in, both rat and mouse 
the majority was rapidly excreted (Fig. 3), apparently 
unchanged. Interestingly, there was no evidence c” 
breakdown to phosphate in either species, which is ine 
striking contrast with differences previously noted using 
the related “alkylating”  triethylenephosphoramide 
(TEPA, Fig. 1) and its thio-analogue. With these latter 
compounds, relatively little metabolism took place in the 
rat although complete degradation to phosphate occurred 
in the mouse*‘, 


~~ 
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We hope shortly to be in a position to decide whether 
not the interesting antispermatogenic actions of hexa- 
thylphosphoramide are a function of this molecule or 
| arise from some contaminant material. In the latter 
event, the analytical data imply that it must either be 
isomeric or a highly potent impurity. 

H. Jackson 
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Ormen Endocrine Activities of cis and 
trans Isomers in a Series of Substituted 
Triphenylethylenes 


| Aurnover triphenylethylene!? and many substituted 
-triphenylethylenes’ are known to be oestrogenic, more 
„Complex endocrine activity has been encountered in some 
| of its basic derivatives. A notable example is clomiphene, 

1-(p-diethylaminoethoxypheny])-1,2-dipheny]-2-chloro- 
ethylene (citrate)', which has the unexpected property of 
stimulating ovulation in women with ovulatory failure of 
certain types®.*, 

A series of analogous 1-(p-dialkylaminoalkoxyphenyl)- 
1,2-diphenyl-2-alkylethylenes has been made here? and 
in many instances the respective isomers isolated in which 
the unsubstituted phenyl groups are cis and trans relative 
to the ethylenic double bond’. We have found remarkable 
and subtle differences in biological properties between 
the isomeric forms of these compounds, exemplified by 
cis- and trans-1-(p-dimethylaminoethoxypheny])-1,2-di- 
phenyl-2-ethylethylene (I.C.I. compounds No. 47,699 
and 46,474 respectively). 


(CH,):N(CH,),0€ A 
C=C 
f N 
E S 
LCI. 47,699 
(cis-, melting point, 72°-74° C) 


C,H; 


(CH,),N(CH,) noe S Á D 
oo ~ 

L. Now, 
LC.I. 46,474 


(trans-, melting point, 96°--98° C) 





For biological test, these compounds were administered 
by gavage as citrates in aqueous suspension. I.C.I. 
47,699 was found to behave in all respects as a ‘“‘conven- 
` tional” oestrogen, being potent in inducing uterine growth 
in immature rats and vaginal cornification in spayed 
rats or mice. Given at low dose levels to intact male rats 
it causes involution of the prostate and seminal vesicles, 
as a result of inhibition of pituitary gonadotrophic activity 
‘and/or direct anti-androgeniec action. Given to pregnant 
rats during the first 4 days after insemination it is effective 
. terminating pregnancy by preventing implantation. 
For this, doses are needed of the same order as induce 
vaginal cornification in this species, and the effect on 
‘egnancy can be regarded as a manifestation of oestro- 
nie activity. 
he properties of the corresponding trans isomer are 
ary different and more complex. In rats it is only weakly 
“oe and atypically oestrogenic, giving shallow dose response 
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Table 1. COMPARISON OF BIOLOGICAL ACTIVITIES oF LCI, 46,474 AND 


LC.I. 47,699 IN Rats 


Median effective dose: 


Type of action mg/kg/day (of citrate) per os 


46,474 47,699 
Inhibition of ovo- -implantation (a) 0-03 0-28 
Vaginal cornification in spayed rats (b) 41-0 0-2 


Uterotrophic action in immature rats 3-6 02 
Anti-uterotrophic action in immature rata 0-13 n 

Involution of accessory organs in intact males ~ 26 ~ O56 
Inhibition of ovulation in pubescent rats 0-25 1-0 
Ratio (bya) 1,367 O7 


n, No detectable anti-uterotrophic effect. 


curves with low maxima. It is also anti-oestrogenic, as 
indicated by its inhibitory effect on the response to 
exogenous oestrogen of the vaginal epithelium (cornifica- 
tion) and uterus (weight-increase). Given in large daily 
doses (up to 25 mg/kg) to intact male rats it causes no 
significant involution of the accessory sex glands and thus 
would seem not to inhibit hypophyseal gonadotrophic 
activity. At a daily dose of 1 mg/kg, however, it will 
completely prevent ovulation in female rats—possibly. 
by a direct action on the ovary. This isomer is extremely 
effective in terminating early pregnancy in rats. The 
dose by mouth required to prevent 50 per cent of the eggs 
shed from implanting is 0-030 mg/kg/day given on the 
second, third and fourth days of pregnancy, or 0:12 mg/kg 
given only on the fourth day. These are mere fractions 
of the daily dose required to cause signs of vaginal cornifi- 
cation in spayed rats. We suggest that in minimal 
effective doses the compound prevents implantation by 
counteracting the “oestrogen surge”, which is believed 
to occur on the fourth day of pregnancy and to be necessary 
for implantation in rats. 

The contrast in biological properties of these two isomers 
is clearly apparent from Table 1. A full account of these 
studies with details of the methods used to obtain the 
figures shown will appear elsewhere’. 

We would add that although in rats I.C.I. 47,699 is 
much more potent as an oestrogen than I.C.I. 46,474 (by 
which its uterotrophic action can be inhibited), both 
isomers seem to be purely oestrogenic and the trans 
isomer (46,474) the more potent in this respect in mice. 
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Inhibitory Effect of Chlorpromazine on 
Alterations in Electroencephalograms induced 
by Lysergic Acid Diethylamide in Dogs 


In the past decade the derivatives of phenothiazine (for 
example, chlorpromazine), among other tranquillizing 
drugs, have taken an important role in the palliative 
treatment of spontaneous psychosis’, especially schizo- 
phrenia, as well as in the treatment of the acute reversible 
psychosis, experimentally induced in volunteers and 


animals, by psychotomimetic crags such as lysergic acid. ; 


diethylamide (LSD-25)5-*. ce 
One of the methods for the. objective and : uantitative as 


evaluation of the effect of these two poupe, of pen ce 











l 
















¥ 


Hy 
yr ANE Dg Lh ccmemee A On 2 on Pet af nto ene 


Somiero Y 
MA A ~k.. NOA PN, iad 
ve \ PM el Laie fw d er a tan w AAA M 
v Y 
pew aan AA ON ana fate A yy, ferrant N 9 te 
. A, 

eaten RUT awa anya ory 

t 


A wran an saaa ar A dann A pe 

i 

Pae n a AnA L A Aae nA 
rR m P k 

MaA et a a lai ran 


; aet any 


Fig. 1. Three samples of the original electroencephalogram taken on the 
three occasions (see text), 
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Fig. 2. Graphic illustration of Table 1, 


drugs, on the central nervous system, is the study of 
clectroencephalograms®"*, 

In-a previous work we showed that LSD-25 causes 
significant alterations in the electroencephalograms of 
the dog". In this communication we present the results 
of a further investigation demonstrating the inhibitory 
effect of chlorpromazine on alterations in the electro- 
encephalograms induced by LSD-25. 

The experiments were performed on ten normal dogs 
weighing between 1-6 and 3-7 kg. LSD-25 was adminis- 
tered at the dosage of 1 ug/kg. This was followed immedi- 
ately by an intravenous injection of chlorpromazine (2 mg/ 
kg weight). The electroencephalogram was recorded 
before the experiment, and 1 and 2 h after the drugs had 
been administered. On each occasion the recording lasted 
3 min, and was performed on an eight-channel apparatus 
(Offner type T), using needle electrodes. A time constant 
of 0-1.sec was used, and monopolar and bipolar derivations 
as follows: LF-RF-LC-RC-LO-RO-FF-O0O. The elece- 
trode placed near the ear was chosen as the reference. 
The total incidence of the waves in different frequency 
spectra (A, 0, « and B) on six monopolar derivations of the 
first 20 sec of each minute on each of the three occasions 

(3 min) was computed and compared statistically. 

The results are summarized in Table 1. 


Table: 1. STATISTICAL COMPARISON BETWEEN THE MEAN INCIDENCE OF THE 
WAVES IN DIFFERENT FREQUENCIES OF THE THREE RECORDING TIMES 


Pp 
H,-H, 


N H, Hy N-H, N-H, 
A 1011 55 91-24 31 100-8 63  <0-60 <060 <0-90 
6 386-7 + 121 3538-24117 8166+ 58 <0-50 <040 <0-10 
a 824-4 +260 8009+295 84414395 <0©70 <0-70 < 0-99 
B 2,2324 4615 2,194-14 972 1,998-94458 <0-80 <0-40 < 0-30 


N, Normal, before the administration of the drug. H,, 1h after the drugs 
had been administered. 4,, 2 h after the drugs had been administered, 
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As can be seen, no significant changes in the normal 
pattern of the electroencephalograms of the dogs occurred 
after the joint administration of LSD-25 and chlorpro- 
mazine. On the other hand, we were able to demonstrate 
a statistically significant increase in the total incidence 
of the A, @ and « rhythm 1 h after administration of 
LSD-25. 

_ Our findings indicate that chlorpromazine has an 
inhibitory effect on the action of LSD-25 in the central 
nervous system. This effect can be explained on the basis 
of a probable antagonistic effect between these two psycho- 
pharmaceutical compounds in a receptor site in the brain. 
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Bradley, P. B., Physiological Pharmacology, 1, 460 (Academic Press, New 
York, 1963). 

* Himwich, H. B., J. Neuropsychiatry, 8, 279 (1962). 

* Killam, K, F., et al. N. europharmacology, Trans, of the Fifth Conf., N.Y. 
Josiah Macy, jun., Foundation, 131 (1960). 

* Sokoloff, L., Pharmacol. Revs., 11, 1 (1959). 

* Mayer-Gross, W., et al., Nature, 168, 827 (1951). 

s cts H. E., et al, Neuropsyehopharmacology, 329 (Elsevier Pub, Co., 


* Key, B. J., Nature, 190, 275 (1961). 

è? Nieschulz, O., ef al., Arzneimittel- Forsch., 10, 156 (1960). 

* Ellingson, R. J., Amer. J. Physiol., 111, 263 (1955), 

** Goldstein, L., et al., Clin. Pharmacol. and Therap., 4-1 : 10 (1963), 
n Guiti, N., et al., Electroenceph. Clin. Neurophysiol., 21, 80 (1966). 


Some Pharmacological Properties of a New 
Adrenergic ß-Receptor Antagonist 


SEVERAL compounds have now been described as adren- 
ergic B-receptor antagonists including dichloroisoprenaline', 
pronethalol (‘Alderlin’)?, propranolol (‘Inderal’}*, MJ 1999 
(ref. 4), and INPEA®. Propranolol is about ten times 
more active than the other compounds in blocking the 
inotropic and chronotropic actions of catecholamines‘, 
Studies with pronethalol and propranolol have shown 
that adrenergic 8-receptor antagonists are valuable in the 
treatment of various clinical disorders’-". The use of 
pronethalol was restricted when it was shown to be a 
potential carcinogenic agent in mice!; propranolol is 
devoid of this action!*, This communication describes 
some of the pharmacological properties of a new adrenergic 
p-receptor antagonist 1-isopropylamino-3-(3-tolyloxy)-2-a 
propanol hydrochloride (‘I.C.I. 45,763’), selected from a 
series of phenoxypropanolamines synthesized by Crowther, 
Smith and Wood". 

Increases in heart rate were produced in anaesthetized 
cats by the constant intravenous infusion for 10 min of 
isoprenaline at 0-2 ug/kg/min before and after the intra- 
venous infusion for 30 min of ‘I.C.1. 45,763 at 1, 5 or 
25 ug/kg/min. (All drugs were in the racemic form and 
are here expressed in terms of the salt.) The effects of 
‘I.C.I. 45,763’ on resting heart rate and on the isoprenaline 
tachycardia are given in Table 1; these are the averaged 
results from groups of three eats for each rate of infusion. 
Table 1 also contains the results obtained in similar 
experiments with propranolol. Propranolol at all doses 
produced a bradycardia and reduced the isoprenaline 
tachycardia. ‘I.C.I. 45,767 had a variable effect on 
resting heart rate; 1 ug/kg/min increased heart rate 
slightly, 5 ug/kg/min reduced it and with the largest dose 
there was no change. The blockade of the isoprenaline 
tachycardia produced by ‘I.C.I. 45,763’ was similar tọ 
that obtained with propranolol. 

Further observations were made in two cats anaes- 
thetized with chloralose 16 h after pre-treatment with 
syrosingopine, 5 mg/kg subcutaneously, to deplete peri- 
pheral noradrenaline stores'*. The intravenous infusion 
of ‘T.C.I. 45,763" at 25 ug/kg/min increased resting heart 


















8087, OCTOBER 1, 1966 


Brrrer-or‘I.C.3: 45,763" AND PROPRANOLOL ON RESTING HEART 
ATE AND ISOPRENALINE: TACHYCARDIA IN ANAESTHETIZED CATS 
(Averaged results from. groups of three cats) 
, Heart rate: beats/min 
Resting heart rate Isoprenaline tachycardia 
Drug Dose Block 


a (xe/kg/min) Control Treated Control Treated (per cent) 
CLT. 45,763" 1 171 183 60 51 15 
5 175 148 vil 26 48 
: 25 172 168 80 7 88 
Propranolol 1 184 173 30 19 37 
185 162 49 12 75 
25 184 133 54 7 87 


ate from 135 to 148 and from 122 to 140 in the two cats. 
n similar experiments propranolol produced little change 
a resting heart rate, while pronethalol increased it}, 
Experiments were carried out with three dogs anaes- 
hetized with thialbarbitone, 30 mg/kg, followed by 
iloralose, 60 mg/kg. Cardiac contractile force, heart 
ate and arterial pressure were recorded by methods 
previously deseribed*, Isoprenaline, 0-4 ug/kg, was 
ected intravenously and the maximum increases in 
eart rate and cardiac contractile force and the maximum 
‘all in diastolic pressure were recorded. After obtaining 
ontrol responses to isoprenaline, ‘I.C.I. 45,763’, 0-01 
mgjkg; was injected intravenously and 3 min later iso- 
prenalineé was again administered. Geometrically in- 
_- ereasing doses of ‘I.C.1. 45,763’ to 0-64 mg/kg were given 
_ every 10 min and the responses to isoprenaline were 
_ recorded after each dose. The averaged results from the 

three dogs are given in Fig. 1, which also contains the 
-results from three similar experiments with propranolol. 
_. Both compounds reduced heart rate, had little effect on 
diastolic pressure or cardiac contractile foree, and 
antagonized the responses to isoprenaline. There were 
` cnò differences in their activity. 
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Fig. 2. The effect of ‘I.C.I. 45,763' 90 mg (—), propranolol 30 mg. 


E ) and placebo (- -—) on resting heart rate (@) and exercise tachy= 
cardia (©) administered orally at time 0. Averaged results from nine 
subjects; the standard error of the mean is given in brag 


Observations were also made in two conscious dogs and 
in three conscious rabbits. Isoprenaline, 0-2 ug/kg, was 
injected before and at regular intervals after the intra- 
venous injection of ‘LC.I.. 45,763’—0-4 mg/kg in rabbits. 
and 0-2 mg/kg in dogs. ‘I.C.1. 45,763 reduced resting 
heart rate and antagonized the isoprenaline tachycardia 
(Table 2). This latter effect decreased with time giving a 
pharmacological half-life of about 40 min for the com- 
pound. Similar results were obtained with pronethalol 
and propranolol, ; 


Table 2. EFFECT OF THE INTRAVENOUS INJECTION OF ‘LOI, 45,768 0X 
RESTING HEART RATE AND ON AN ISOPRENALINE TACHYCARDIA IN CONSCIOUS 
RABBIFS AND Conscious Doas 


Heart rate (beats/min) 
Time in min from intravenous injection of 
Species "LOT, 45,763" 

Cc +10 20 +3 +90 

Rabbit average Resting heart 243 217 217 213 223 — 222 
of three rate (beats/min) 

LOE 45,763’ Feronia p 66 57 47 22. 3 

(0-4 mg/kg) pren» $ 

Pioen aa ar cardia ; : 

Dog average of Resting heart 115 105 100 100 1100-110 
two rate (beats/min) 

‘LC.1, 45,763’ Percentage 71 57 45 19 5 
(0-2 mg/kg) block isopren- 


aline tachycardia 


10 mg of ‘I.C.1. 45,763’ were infused intravenously into 
a normal human being of about 75 kg. There was no 
change in heart rate, blood pressure or respiratory pattern, 
and no subjective effect: other than some discomfort. at 
the infusion site. The cardiovascular and respiratory 
responses to 20 g/min of isoprenaline were completely 
suppressed. Raising the infusion rate of isoprenaline to 
40 ug/min produced some breakthrough—the responses 
being rather less than those produced by 5 yg/min in the 
same subject before blockade. This indicated, in agree- 


ment with the animal experiments, a potency of beta- 


blocking action of the same order as that of propranolol 

The effects of the oral administration of 90 mg TC 
45,763’, 30 mg propranolol and placebo on resting hea 
rate and post-exercise tachycardia have been compar 
in nine healthy subjects in 
Preliminary o observation 


















90 


45,763’ did not affect an exercise tachycardia, whereas the 
same dose of propranolol produced a marked reduction. 
In the present experiments heart rate was recorded, with 
a cardiotachometer, at rest and 15 sec after completion 
of a 2 min period of severe exercise. Observations were 
made on each subject on three different occasions, so that 
each received all three treatments. Exercise was per- 
formed before, and at about 45 min intervals for 4 h after, 
administration of the test compound. The results from 
the nine subjects have been averaged and are given in 
Fig. 2. These show that 30 mg propranolol or 90 mg 
‘LC.I, 45,763’ produced a marked reduction in the 
exercise tachycardia; at the doses used, there was no 
significant difference between the effects of the two 
compounds. In these subjects, propranolol and ‘I.C.I. 
45,763’ produced no significant change in resting heart 
rate. 

Because ‘I.C.I. 45,763’ inhibits the inotropic, chrono- 
tropic, and vasodepressor actions of isoprenaline while 
having little effect on the cardiovascular system, it can 
be classified as an adrenergic §-receptor antagonist}. 
‘LC.I. 45,763’ increased heart rate in cats treated with 
syrosingopine, indicating that it possessed intrinsic sym- 
pathomimetic activity as does pronethalol®; propranolol 
is devoid of this activity’. The significance of these 
findings is not clear as in conscious animals all three 
compounds decrease heart rate; in man pronethalol and 
propranolol produce a bradycardia. Although ‘I.C.I. 
45,763’ and propranolol on intravenous administration 
are equi-active in blocking the inotropic action of cate- 
cholamines in man and animals, given orally propranolol 
is about three times as active in reducing an exercise 
tachycardia in man and appeared to have a longer 
duration of action. These results may arise from more 
rapid metabolism or excretion of ‘I.C.I. 45,763’ in man. 
Both compounds leave the blood stream rapidly after 
administration and are concentrated in various organs, 
particularly in the lung, heart and brain'1%, but no 
detailed comparisons have been made in this field. It has 
been shown that ‘LC.I. 45,763’ is not a carcinogenic 
agent in mice?*, 

R. G. SHanxs 
T. M. Woop 
Imperial Chemical Industries, Ltd., 
Pharmaceuticals Division, 
Alderley Park, 
Macclesfield, Cheshire. 
A. C. DORNHORST 
M. L. CLARK 
Medical Unit, 
St. George’s Hospital, 
London, 8.W.1. 
Powell, C. E., and Slater, I. H., J. Pharmacol. ,122, 480 (1958). 
* Black, J, W., and Stephenson, J. S., Lancet, ii, 311 (1962). 
* Black, J. W., Crowther, A. F., Shanks, R. G., Smith, L. H., and Dornhorst, 


A. C., Lancet, i, 1080 (1964). 
s nish, ESM, Weikel, J. H., and Dungan, K. W., J. Pharmacol., 149, 161 


* Teotino, U. M., Polo Friz, L., Streis, G., and Della Bella, D., J. Pharm. 

Pharmacol., 15, 26 (1963), 

* Shanks, R. G., Biochem. Pharmacol. (in the press). 

7 Stock, J. P. P., and Dale, N., Brit. Med. J., ii, 1230 (1963). 

* Rowlands, D. J., Howitt, G., and Markman, P., Brit. Med. J., i, 891 (1985), 

* Hamer, J., Grandjean, T., Melendez, L., and Sowton, G. E., Brit. Med. J., ii, 
720 (1964), 

» Gillam, P. M. S., and Prichard, B. N. C., Brit. Med. J., ti, 337 (1965). 

n Goodwin, J. F., Shah, P. M., Oakley, C. M., Cohen, J., Yipintsoi, T., and 
Pocock, W., Ciba Found, Symp., Cardiomyopathies, 189 (1964). 

s Albac, S. J., and Bond, P. A., Proc. Europ. Soc. Study Drug Toxic., 4, 30 


e Taken M. J., Alcock, 8. J., and Baker, 8. B. de C., Brit. Med. J., li, 363 


1 Crowther, A. F., Smith, L. H., and Wood, T. M., U.K. Patent Application 
No. 46740/62, Belgian Patent No. 641,133. 

1$ Black, J. W., Duncan, W. A. M., and Shanks, R. G., Brit. J. Pharmacol., 
25, 577 (1965). 

af oranan: B. H., Finger, K. F., and Brodie, B. B., J. Pharmacol., 128, 131 

” Levy, B., and Ahlquist, R. F®, J. Pharmacol., 188, 202 (1961). 

1* Stock, K., and Westerman, E., Biochem. Pharmacol., 14, 227 (1965). 

1 Baker, 8, B. de C. (personal communication), 


NATURE 


OCTOBER 1, 1966 


VoL. 212 


Depression of Muscle Spindle Function with 
Vincristine 


VINCRISTINE sulphate, a purified indole alkaloid of the 
periwinkle plant, has been used widely in clinical andl 
experimental cancer chemotherapy since its activity ins 
acute leukaemia was first described in 1962 (ref. 1). A 
prominent side effect which often limits therapy with this) 
drug is a dose-related peripheral neuropathy, presenting! 
with depression of the deep tendon reflexes and paraes- 
thesias, and progressing to flaccid paralysis in advanced 
cases*, Careful monitoring of the early effects of vin- 
cristine and appropriate adjustment of the dosage schedule 
may reduce the incidence of neurological complications. 
In fact, the only prominent neurological effect which 
remains at the controlled dose levels used is markedly 
depressed or absent deep tendon reflexes. This change is 
so characteristic that we have quantitated the amplitude 
of the Achilles reflex in order to govern the use of the drug 
and in order to indicate the onset of its action’. 

In an attempt to investigate the effect of vincristine on 
deep tendon reflexes, electrophysiological investigations 
were performed on eight patients with acute leukaemia 
before the administration of a single intravenous dose of 
vincristine (2-0 mg/kg) and afterwards at a time when the 
Achilles reflex was absent or depressed. Control experi- 
ments were carried out on twenty children and adults 
with leukaemia who received similar antileukaemic 
medication (prednisone, methotrexate, and 6-mercapto- 
purine), but whose regimen did not include vincristine. 
Testing consisted of standard techniques for recording the 
Achilles reflex, the H-reflex and nerve conduction velocity. 
With the patient in a prone position on the examining 
table, the tendon was percussed. The evoked action poten- 
tial representing the reflex contraction of the gastro- 
cnemius muscle was recorded with surface electrodes as 
shown in the diagram. The potential was suitably ampli- 
fied with a Grass AC pre-amplifier (model P5) in the push- 
pull mode set at a frequeney response of 35 and 10,000 
c.p.s. (half down at the limits). The amplified potential 
was displayed on a ‘Tektronix 502’ dual-beam cathode-ray 
oscilloscope and photographed with a Grass ‘Kymograph’ 
camera (model C4-K). A microswitch built into the tip of 
the reflex hammer produced a 1-5 V pulse when the 
tendon was struck, allowing synchronization of the record- 
ing equipment. In this way photographic recording of 
potentials of less than 50 mV could be obtained by super- 
imposition of a number of reflexes. An H-reflex was then 
elicited in the same muscle by stimulation of the posteriora 
tibial nerve in the popliteal fossa. Stimulation was 
carried out with a DISA ‘Multistim’ (type 13G04). The 
strength of stimulation was adjusted to produce a maximal 
reflex. The reflex response was usually maximal at a 
stimulus strength well below the threshold of most of the 
motor fibres (as represented by the M/-response). Both the 
Achilles and the H-refiex showed some variability in 
amplitude so that attempts were made to elicit maximal 
responses by use of reinforcement. Comparisons were 
always made with maximal responses which are shown 
in Fig. 1. Especially in the case of an absent reflex, great 
effort to obtain a reflex was made. By leading off from the 
abductor hallucis muscle and stimulating the posterior 
tibial nerve supramaximally at the knee and at the ankle, 
a conduction velocity was calculated for the fastest motor 
fibres. Percutaneous stimulation was used in all cases. 
In all eight patients investigated after a single dose of 
vincristine, the Achilles reflex was completely depressed 
while the H-reflex remained unchanged. Reflex depression 
was not observed in any of the control patients. The # 
patients were investigated as soon as their reflex became 
depressed, which was 12-48 days after the single dose 
(mean 24 days). At this time there was a slight but 
significant decrease in the mean conduction velocity of 
the posterior tibial nerve from 53 to 47 m/sec (P< 0-01) 
between experiments before and after administration of 
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Fig. 1. Effect of vineristine on the Achilles and H-refiex, 


< wineristine. The normal nerve conduction velocity for the 
posterior tibial nerve in our laboratory is 47 m/sec 
(+ — S.E. L0 +—S.D. 4:1), which compares well with 
other published normal values**. The more rapid conduc- 
tion velocity of the group before treatment compared with 
the normal value is statistically significant (P < 0-005) 
and is an interesting but, as yet, an unexplained finding. 
On clinical examination, neither motor nor sensory 


muscle spindle 


Gastrocnemius 


Fig. 2. Mechanism for tendon and H-reflex. 
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deficits could be demonstrated, other than the reflex 
changes. i 

Fig. 2 shows in a highly simplified way the mechanism 
at present accepted for the Achilles and H-reflexest-*. 
The initial tension of the spindle muscle fibres is controlled 
or “set” by the fusimotor nerve or gamma efferent. Per- 
cussion of the muscle tendon stretches the musele spindle, 
thus exciting large fibre afferents (annulospiral) which, in 
turn, monosynaptically excite the alpha motor neurones 
in the anterior horn producing reflex contraction of the 
muscle. Electrical stimulation of the mixed peripheral 
nerve will excite the afferent fibres to evoke a similar 
monosynaptic response (H-reflex) but, because the site 
of stimulation is proximal to the spindle, it does not 
participate in the reflex. Thus an absent tendon reflex 
in the presence of an intact H-reflex localizes the defect 
in the reflex are, distal to the point of stimulation. for : 
eliciting the H-reflex. This, then, includes the muscle 
spindle, its fusimotor innervation and the distal portion 
of the afferent fibres (annulospiral endings). While further 
localization is not possible at this time, the demonstration 
that vineristine in low doses has a measurable effect on 
motor nerve conduction velocity suggests that there is 
involvement of the fusimotor nerve fibre. Comparable 
investigations of distal sensory nerve conduction velocity, 
however, have not been carried out. The absence of 
detectable impairment of volitional movement, and the 
return of the tendon reflex in all patients following with- 
drawal of vincristine (3-2 months—range 0-7—-5-5), suggest 
that vincristine in the stated dosage acts by depressing, 
rather than completely inactivating, fusimotor function. 

The possible application of the depressive action of 
vincristine on the fusimotor system (muscle spindle) in 
neurological disorders is suggested by reports that Parkin- 
sonian rigidity and spasticity have been relieved following 
the suppression of fusimotor function with other drugs. 
including intrathecal procaine, procaine nerve block, and 
intrathecal phenol*-. These medications are not entirely 
specific in their action, however, in that other than fusi- 
motor fibres are affected’*43, Because of the similar 
relative specificity of the action of vincristine on the fusi- 
motor system in the stated dosage range, and because 
vincristine does not require intrathecal administration for 
its neurotropic effects, clinical trials of vincristine therapy 
in selected patients with spastic disorders have been 
initiated. 

In conclusion, we have presented a preliminary report 
on the selective effect of vincristine on fusimotor function 
at controlled dose levels. A new use for vincristine in the 
treatment of spasticity and rigidity is proposed and is at 
present being tested. 

Wayne E. TOBIN 
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Diseases and Blindness, 
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Bethesda, Maryland. 
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CYTOLOGY 


Cell Transport and the Bursa of Fabricius 


Tue use of grafts and parabionts with marked chromo- 
somes in investigations on the mammalian thymus has 
shown that there is substantial cellular traffic in this 
organ'*, Using chick parabionts, it should be possible 
to make an assessment of the role of cellular immigration 
in the development of the lymphoid organs of this species. 

Our own interest centres on a lymphoid organ unique in 
Aves, the bursa of Fabricius. Birds have the great advan- 
tage over mammals that parabiotic experiments are 
possible at much earlier states of development. On the 
other hand, techniques for the utilization of avian chromo- 
some markers for cell identification have only recently 
become available. Indeed, the cytology of birds has 
suffered neglect pending the development of a convenient 
technique for the display of avian chromosomes*:‘. 

With this method, we have used hetero-specifie and 
sex chromosome markers to identify mitotic cells in the 
bursa and spleen of parabiont pairs. Two types of 
parabionts were used: unlike sexed chick twins and para- 
biosed chicken-turkey embryos. Twin chick embryos 
were obtained by incubating fertile double yolked eggs. 
In these, anastomosis of the blood vessels of the chorio- 
allantoic membranes (CAM) occurs around 7-8 days of 
incubation. We were able to ascertain this fact by dis- 
section of the membranes and by the recovery of labelled 
cells from one chick, following injection of labelled blood 
cells into the other. 

Incubation of double yolked eggs was continued for as 
long as possible. Experience indicated that the majority 
of twin embryos die on or around day 18, although in 
some batches of eggs they survived to 20 days and in 
several cases it has been possible, with help, to hatch one 
of the members of the pair. For this investigation the 
data were taken from embryos 17-18 days old. 

Chicken—turkey parabionts were made when the chick 
embryo was 10 days old, as anastomosis of the CAMs was 
rarely achieved before this age. The age of the turkey 
embryos was 17 days, to allow for the difference in develop- 
mental rate and permit both partners to hatch, if possible. 
Parabiosis was carried out by removing a small triangle of 
shell over a well vascularized part of the CAM. A drop 
of sterile saline was placed on the shell membrane and a 
fine incision was made in it, care being taken not to damage 
the CAM. Negative pressure applied with a rubber bulb 
through a small hole over the air space allowed the CAM 
to drop. The shell membrane could then be removed 
from the triangle. 

Two eggs prepared in this way were brought together 
and sealed around the area of the join with a mixture of 
beeswax and paraffin. After the operation eggs were 
returned to the incubator and turned regularly in the 
normal way. 

The embryos or hatched chicks were injected with 
colcemide 3 h before killing and preparations made from 
the required tissues’. 

Systematic scanning of the preparations was carried out 
to identify satisfactory metaphase figures. In the twin 
embryos, the sex chromosome was used as the marker and 
in the chicken--turkey parabionts the difference in karyo- 
type between the two species was utilized. The principal 
cytological difference between them is that the turkey 
lacks a large submetacentric chromosome pair, present 
in the chicken’. 

The results given in Tables 1 and 2 show that consider- 
able exchange of cells occurred. This reveals a transport 
of cells into the bursa and spleen at least in natural and 
artificially produced twins. These birds appear normal, 
and it is reasonable to assume that cell migration is a 
regular feature in the development of these tissues. No 
clue to the nature or®origin of the immigrant cells is 
provided by these experiments. 
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Table 1. .Caick's OWN CRLLS AND THOSE OF ITs TWIN OF OPPOSITE SEY 
IN METAPHASE FIGURES OF BURSA AND SPLEEN PREPARATIONS 


Sex of No. male No. female Immigrant 
embryo cells cells cells. {%) 
Bursa {Female 6 24 20 
i Male 38 9 19 
Spleen Female q 27 2 


Table 2. TURKEY AND CHICKEN CELLS IN METAPHASE FIGURES OF BURSA, 
PREPARATIONS FROM NEWLY HATCHED TURKEY POULTS PARABIOSED WITH 
CHICK EMBRYOS : 


Species of Immigrant 
embryo cells (%) 
Turkey 32 22 40 


No, turkey No, chick 
cells cells 


Bursa 


These results, however, suggest a dual origin for bursal’ 
lymphoid cells, which have variously been held to be: 
mesenchymal! or epithelial derivatives’. It seems possible: 
that they may originate homoplastically from pre-existing 
elements as well as heteroplastically by vascular invasion 
of mesenchymal cells. 
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MICROBIOLOGY 


Spheroplasts from Candida albicans 


Since Eddy and Williamson! showed that the gut juice 
of the snail Helix pomatia could be used in isolating 
protoplasts from certain strains of Saccharomyces carle- 
bergensis and Sacch. cerevisiae, several attempts have been 
made to isolate protoplasts from yeasts or fungi, using 
various enzyme preparations*"*. In general, protoplasts 
or spheroplasts of the susceptible strains were obtained 
from young culture and at very dilute cell suspensions. 
Recently, Duell, Inoue and Utter! improved the method 
of isolation of the spheroplasts of the yeast, Saccharomyces 
cerevisiae, by pretreating the yeast cells with 2-mercapto- 
ethylamine and ethylenediaminetetraacetate, followed 
by treatment with an enzyme from snail gut juice. 

I have applied this method to Candida albicans, which 
is resistant to the enzyme action of snail gut juice when 
the ordinary technique is used, and have obtained sphero- 
plasts in good yield. Cells of Candida albicans were 
grown in Sabouraud’s broth for 6 h with aeration and 
were then collected, washed with water, and the wet cells 
were suspended in a solution containing 0-15 M mercapto- 
ethanol (merecaptoethylamine gave similar results) and 
0:04 M EDTA (2-5-3 ml./g of cells). After 30 min at 30° C, 
the cells were spun down, the pellet was resuspended in 
the same amount of a solution containing 0-72 M sorbitol, 
0-02 M citrate-phosphate (pH 5-8), and 10 mg of ‘Helicase’ 
(snail gut juice preparation, L’Industrie Biologique 
Frangaise) and 100 units of penicillin per ml. were added 
to the solution. The cells were mixed thoroughly and 
incubated at 30° C with occasional stirring. The formation 
of spheroplasts was followed by observation with a w 
phase contrast microscope and by diluting a sample with 
water. Under the conditions described, 50-75 per cent of 
the cells were converted into spheroplasts within 30 min; 
after 60 min approximately 95 per cent were in spherical 
forms. Longer incubation made the reaction more com- 
plete, but some of the spheroplasts began to burst (Figs. 
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1 and 2). The method was also applicable to the cells 
collected from an overnight culture, but in this case a 
somewhat longer incubation period was needed to obtain 
spheroplasts in good yield; roughly 50 per cent were 
spherical after incubation for 90 min and 85 per cent after 
2-5 h. The spherical forms obtained in this way were 
susceptible to osmotic shock (Fig. 3). 

Spheroplasts obtained by this method can be used in 
investigating various physiological properties of Candida 
albicans. I have succeeded in obtaining subcellular 
fractions (mitochondrial and some others) less damaged 
than those obtained from mechanically disintegrated cells. 
The details of the experiments with subcellular fractions 
obtained from the spheroplasts will be published elsewhere. 
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Mode of Action of Hadacidin in the 
Growing Bacterial Cell 


Tue activities of hadacidin (N-formyl hydroxyamino- 
acetic acid) against the growth of human tumours’, 
plants?:3, cell cultures‘ and as an inhibitor of chloroplast 
development in Euglena’ have been previously described. 
Isotopic experiments with Ehrlich ascites tumour cells, 
with cell-free tumour extracts and with intact rats led 
to the conclusion that the conversion of inosinic acid to 
adenylosuceinic acid was inhibited in these systems’. 
The enzyme catalysing this reaction, adenylosuccinate 
synthetase (inosine 5’-phosphate: L-aspartate ligase, 
EC6.3.4.4), was prepared from Escherichia coli and was 
found to be markedly inhibited by hadacidin’. Inhibition 
of the enzyme was reversed by L-aspartate. 

Hadacidin shows antibacterial activity against E. coli, 
Fig. 2. Spheroplasts and some burst cells during incubation. Bacillus megaterium, B. subtilis, Xanthomonas vesicatoria 
and Salmonella schottmuelleri®*. Since the elimination 
by mutation of adenylosuccinate synthetase in bacteria 
results in the accumulation and the excretion of hypo- 
xanthine!’ (formed from degradation of inosinic acid), 
it was reasoned that if this enzyme was the primary site 
of action of hadacidin in bacteria, the antimetabolite 
should mimic adenine auxotrophy and cause excretion of 
hypoxanthine when added to a wild-type culture. 

Wild type B. subtilis strain Marburg (ATCC 6051) was 
inoculated into a flask of medium containing glucose, 
hydrolysed casein and mineral salts!!. After incubation for 
16 h on a rotary shaker at 37° C, 0-5 ml. was inoculated 
into a series of 250 ml. Erlenmeyer flasks containing in- 
creasing concentrations of Seitz-filtered hadacidin in 
20 ml. of the following medium: maltose (autoclaved 
separately), 80 g/L; (NH,),HPO,, 19-8 g/l.; sodium 
citrate . 2H,0, 11-7 g/l.; vitamin free enzyme hydrolysed 
casein, 5 g/l.; potassium chloride, 1-5 g/l.; MgSO,. 7H,0, 
500 mg/l.; adenine, 200 mg/l.; CaCl, .2H,0, 150 mg/L; . 
MnSO, . 4H,0, 15 mg/I.; thiamifte, 1 mg/L; pH before _ 
Fig. 8. Spheroplasts burst by osmotic shock. autoclaving, 7-0. The flasks were incubated for 6 days on 
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a rotary shaker at 28° C. After removal of the cells by 
centrifugation, the absorbance of the broth was measured 
in the Beckman model DB spectrophotometer at 250 mu. 
Tt can be seen from Table 1 that hadacidin caused a marked 
increase in the excretion of material which absorbs ultra- 
violet light. The absorbance of the broth in the absence 
of hadacidin was evidently due to excretion of nucleic 
acid and subsequent breakdown during growth'?, Paper 
chromatography of the broth in n-propanol-ammonium 
hydroxide-water (6:3: 1, v/v/v) and in saturated am- 
monium sulphate-isopropanol-water (19:2:19, v/v/v) 
established that the only compound absorbing ultra- 
violet light which was excreted on supplementation with 
hadacidin was hypoxanthine. 


Table 1, EFFECT or HADACIDIN ON EXCRETION OF HYPOXANTHINE BY 
Bacillus subtilis 


Hadacidin-induced 


Hadacidin Absorbance increase in Hypoxanthinet 
(g/ml. at 250 myu* 250 my absorbance (zmoles/ml.) 
0 27 
10 82 5 05 
100 43 16 15 
1,000 77 50 47 


* The initial absorbance of the medium (20) was subtracted from all values. 
t Calculated from the values of the increase induced by hadacidin in 
in. 700) absorbance using the molar extinction coefficient of hypoxanthine 


In this experiment, adenine and aspartic acid were 
intentionally included in the medium in order to prevent 
severe inhibition of growth by hadacidin and to promote 
the excretion of accumulated compounds. I anticipated 
that the adenine might retard de novo purine synthesis 
by feedback inhibition and repression and lead to negative 
results. That this did not occur and that such a large 
amount of hypoxanthine was excreted attests to the 
extreme sensitivity of adenylosuccinate synthetase to 
hadacidin. In complete agreement with the results of 
Shigeura and Gordon’, it is thus concluded that the 
primary target of hadacidin in the living bacterial cell is 
the adenylosuccinate synthetase reaction, 
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Perfusion Chambers for Small-scale Culture 
of Micro-organisms 


ALTHOUGH perfusion methods are not uncommon in tissue 
culture, they are seldom used for the cultivation of miero- 
organisms**. The reason for this may often be the 
difficulty of preventing the cells from being carried away 
by the flowing medium. Usually this can be done either 
by filtering the culture suspension at the outlet‘, or by 
cultivating the micro-organisms on a semipermeable 
membrane under which the nutrient medium flows®*. 
The apparatus previously used has been rather compli- 
cated, and too expensive for serial cultures. By adopting 
the liquid transport principle of paper chromatography, 
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a number of perfusion chambers of a new type were 
developed, two of which are shown in Figs. 1 and 2 (see 
also ref. 7). These chambers are cheap and need little 
attention during operation. 

The chambers are made of ‘Pyrex’ glass, as are the 
plates, P, and the siphons, S. The plates (03x 2x 8 em) 
are either fused to the walls of the chamber (Fig. 1), or 
they are loose and are kept in position by siphons (Fig. 2). 
When the plates are loose, polypropylene or other suitable 
material may be used. The siphons are made of capillary 
tubing (0-15 em bore), which are closed at the end in 
contact with the plates by circular pieces of ‘Millipore’ 
sterile filter (Fig. 3). Before sterilization the chambers 
are fitted with cotton, rubber infusion caps, and mois- 
tened chromatographic paper strips, but the siphons and. 
the nutrient medium are omitted at this stage. The 
apparatus is sterilized by autoclaving for 30 min at 121° C. 

After sterilization of the chambers, about 25 ml. of 
sterile nutrient solution is introduced into every reservoir 
M through the opening N. The water-filled siphons are 
then attached by means of rubber tubing; if there is 
proper contact between the siphons and the moistened 
paper strips, water begins to flow through the siphons. 
The rate of flow can be regulated by controlling the head 
of water, H, or by choosing a filter paper with different 
flow characteristics. The flow can be stopped entirely by 
tilting the apparatus until H=0. In our experiments 
Munktell chromatographic papers were used, for example 
No. 313, which gives a flow rate of 0-13 mi./h with a 
strip 15 em wide and H=5 em. Provided H is kept 
constant, the flow rate varies little with time. 

Cultivation temperature can be controlled by means of 
an air thermostat; chambers of the type illustrated in 
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Figs, 1 and 2. Perfusion chambers. B, Chromatographic paper strip; 

C, colony; H, the difference between the liquid levels; I, opening for 

inoculation; M, medium reservoir; N, opening for medium introduction; 

P, plate carrying the paper strip; oe eer S, siphon; Y, opening for 
inoculation, 


Fig. 3. The tip of a siphon, F, ‘Millipore’ filter; T, polyester (‘Mylar’) 
double-sided tape. 
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‘ig. 2 can also be thermostatically controlled in 
liquid. Gas of controlled composition can be 
own through the chamber. After the attain- 
mt of temperature equilibrium and the 
tabilization of medium and gas flow (about 1 h) 
athe chambers are ready for cultivation experi- 

ents. Inoculum is introduced through the 
sopenings I or Y and placed directly on the paper 
estrip. Alternatively, pieces of sterile ‘Millipore’ 
filter lying on the paper strip may be used to 
support the cells. 

In experiments with such chambers, yeasts 
and microalgae have been cultivated so far. 
In one experiment, Saccharomyces cerevisiae and 
“Candida krusei were grown, separately, in a 
“nutrient solution at pH=5 which, in addition 
to the usual inorganic constituents, contained 
= b-per cent glucose. Inoculation was carried 
out with a platinum loop. Ten days later, the 
 perfusates collected were analysed and found 
-“te-eontain only 60 per cent of the glucose 
“initially present. Growth was not visible until 

the third day after inoculation, so that it is 
clear that the utilization rate of glucose by 

these yeasts was even higher on certain days 
during the cultivation. The process was run 
for one month and was then deliberately 
stopped, filling of the reservoir being the only 
regular attention needed. 

These studies were begun while I was working 
at the Department of Organic Chemistry, the 

Royal Institute of Technology. 
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BIOLOGY 


i Ultrastructure of the Base of Renal Tubule 
a Celis of Marine Teleosts 


THE epithelium of the proximal and distal tubule in the 
mammalian kidney contains infoldings of the cell mem- 
brane in the basal region. These infoldings form compart- 
ments and contain large numbers of mitochondria?-*. 
The intercellular and extracellular spaces between the 
membranes are often dilated and were early suggested to 
contain fluid™4, an observation leading to the hypothesis 
that they play a part in water transport. 

Caulfield and Trump* observed that these spaces 
dilate following infusion of saline, which increases the 
reabsorption of sodium and water, and collapse during 
osmotic diuresis, a condition associated with low reabsorp- 
tion of sodium and water. The presence of mitochondria 
in intimate contact with the folded membranes was 
thought to be of importance in the supply of energy for 
transport. Recently, Thoenes* discussed the problems of 
ultrastructure and physiology relevant to active transport 
across tubule cells in segments rich in mitochondria 

™ (proximal and distal) compared with segments containing 
few mitochondria (thin part of Henle’s loop, collecting 
duct). 

During an investigation of the ultrastructure of kidneys 
from marine teleosts? I had the opportunity to 
study these problems with respect to tubules which 
have to handle an ultrafiltrate as well as those from 
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Fig. 1. Basal region of tubule cell from Pleuronectes. BM, Basement membrane; BF, 
basal infoldings; M, mitochondria. {x 21,000.) 


aglomerular kidneys which do not produce an ultrafiltrate. 

As first noted by Hout? and later by several others*-"', 
a limited number of teleosts (mainly marine forms) exists 
with only a few or no glomeruli. This type of kidney 
can be regarded as an adaptation to life in hypertonic 
surroundings, where there is little need to excrete 
water!?,13, Fish in sea water secrete a rather scanty 
amount of urine, which is hypotonic to the body fluid. 
Sodium ions are excreted actively through the gills. 

In this communication a description is given of the 
structure of the basal region of the tubule cell in the 
glomerular species, Pleuronectes platessa (plaice), and 
in the aglomerular species, Lophius piscatorius (angler 
fish). In fact, Lophius does possess a few glomeruli, 
but it can be regarded as being physiologically aglomeru- 
lar. The living tissue was fixed in 1 per cent glutar- 
aldehyde for 1 h, stained in 1 per cent osmium tetroxide 
fer 1 h, dehydrated in acetone, and embedded in *Vesto- 
pal’. Ultrathin sections made with an LKB ‘Ultrotome’ 
were put on copper grids and studied using a Philips EM 
200 electron microscope. 

In the glomerular species, Pleuronectes (Fig. 1), the 
tubular epithelium is of a uniform structure, apart from. 
some minor variations in the region of the lumen. The 
lower third of the cell, the subnuclear region, contains 
numerous infoldings of the cell membrane. These have 
their origin at the base as well as on the sides of the cell. 
These membranes delimit narrow clefts representing the 
extracellular space which can be followed to the basement 
membrane, or laterally into the intercellular space. 
Most of these clefts seem to represent laminar invagina- 
tions into the cell and are therefore bounded by surface 
membranes from the same cell. Sometimes they are 
arranged in such a way as to suggest interdigitation 
between neighbouring cells. The infoldings form com- 
partments and they never reach the level of the nucleus 
or the luminal surface of the cell. These compartments 
contain longitudinally arranged mitochondria with tubular 
cristae. Thus the ultrastructure of the basal region of 
the renal tubule cell in this fish presents fundamentally 
the same components as in mammals. mee 

The tubular epithelium in the aglomerular. species, 
Lophius, also contains folded membranes in the. lower 
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part of the cell (Fig. 2). These membranes delimit narrow 
clefts of almost the same diameter as the intercellular 
spaces with which they sometimes connect. In some 
instances they can be followed down to the basement 
membrane, while in others they seem to form spatulate 
indentations. They are often oriented obliquely to the 
plane of the basement membrane. They run parallel to 
each other and are quite densely packed without inter- 
vening mitochondria. The mitochondria in these cells are 
localized in the middle and upper third; they are rather 
sparse and without polar orientation. 

In a preliminary investigation, the renal tubule cells of 
the aglomerular species Syngnatus acus and Hippo- 
campus breviostris present aspects closely resembling that 
described in Lophius. In Syngnatus, however, a few 
mitochondria are found between the stacks of folded 
membranes. 

Comparative studies of other cell types with a known 
active transport of sodium have been published. The salt 
gland in marine birds secretes a fluid containing a large 
amount of sodium chloride. The ultrastructure of this 
gland has been studied by several investigators, for 
example Komnich'*. These observations lend support 
to the hypothesis that the structural basis for sodium 
transport might be the infoldings of the cell membrane 
as described here together with the mitochondria between 
them. In the salt gland, the infoldings reach the luminal 
surface of the cell. 

The findings in the glomerular and aglomerular teleost 
seem to fit in well with this hypothesis, as the final 
urine of glomerular as well as of aglomerular fish contains 
very scanty amounts of sodium. Even if the glomerular 
marine teleost has a lower ultrafiltration rate than the 
mammal, it has to reabsorb some sodium from the lumen 
of the tubule. The renal tubule cell is supplied by a basal 
structure of the same type as that in cells which transport 
sodium. The aglomerular fish do not have an ultra- 
filtrate to handle, and secretion and reabsorption of 
sodium ions are not likely. The tubule cells of these 
animals are not supplied with a typical structure for 
sodium transport, since they only present basal infoldings 
without mitochondria between them. 





Fig. 2. 
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Part of this study was done at the Zoological Stations 
Naples. 
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Aarhus, Denmark. 
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Root Pressure Exudation from Apical Root 
Segments 


THE question of why some plants exhibit copious exuda- 
tion and others show little or none has remained un- 
answered. Very few comparative investigations of varia- 
tions in root pressure among species, however, have been 
carried out. Reports of root pressure exudation have 
been based on independent observations of a wide range 
of materials, from cut stumps of large trees? to small 
root segments raised in sterile culture’. Assumptions 
about the variable root pressure exudation among 
species have been based on data obtained using such a 
wide range of plant materials and techniques. An example 
is the long held assumption that conifers rarely, if ever, 
develop root pressure. Yet, when excised apical segments 
of actively growing conifer roots were observed, exudation 
was always present*. Similarly, it was observed that 
fully suberized roots would exhibit significant amounts 
of exudation when individual roots were studied 
under controlled conditions’, In fact, suber- 
ized roots showed higher rates of exudation than 
non-suberized roots from the same plant. For 
a study of comparisons of root pressure exuda- 
tion among species, it seems, therefore, that 
similar techniques and plant tissues must b 
used. 

The preliminary results of such an investiga- 
tion are reported here. Seedlings of the follow- 
ing species of herbaceous plants were grown in 
solution culture in the greenhouse: ‘Pima 8-2’ 
cotton (Gossypium hirsutum L.), ‘Russian Mam- 
moth’ sunflower (Helianthus annuus L.), castor 
bean (Ricinus communis L.), kidney bean 
(Phaseolus vulgaris L.), and corn, ‘Golden Cross 
Bantam 7-5’ (Zea mays L.). Ten apical root 
segments were selected from each species and 
fastened in glass pipettes. The roots were then 
immersed in nutrient solution, and the rise of 
the water columns in the pipettes was observed. 
The details of this procedure have been reported 
previously’. The results are shown in Fig. 1. 

Corn, which usually is considered to be one 
of the best plants in which to observe the mani- 
festation of root pressure (because of its frequent 
guttation), showed the lowest amount of exudate 
per unit absorbing surface of all the species 
tested. While the plants were growing in 
the greenhouse, guttation was observed every 
morning in the corn plants, whereas none of the 
other plants ever showed signs of guttation. 
The relative differences among species in 
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Fig. 1. Total volume of exudate from excised apical root segments of 

“some herbaceous plants. Root segments were 2—4 cm in length and about 

Imm in diameter. Volume of exudate is expressed as d./em? of root 

surface exposed to experimental solutions. Each point represents an 
average of ten roots. 


amount of exudation changed considerably with time. 
: If the experimental period had lasted no longer than 
iph, one would have concluded that kidney bean showed 
much greater exudation than any of the other species. 
Even after 24 h, one still would have concluded that 
When the 
roots were observed for long periods of time, however, it 
became clear that cotton and sunflower increased their 


kidney bean exuded more than sunflower. 


rate of exudation while that of kidney bean decreased. 


The sudden surge of exudation when the roots are first 
placed into experimental solution is probably a result of 
the high salt concentration of the stele relative to the salt 
concentration of the ambient solution. As water diffuses 
into the stele, however, the concentration of salt in 
the stele is reduced, and continued exudation depends 

` on the ability of the roots to continue accumulating salts 
from the ambient solution. Thus, it appears that even 
though kidney bean roots may have had higher amounts 
‘of salts present in the stele at the beginning of the 
‘experimental period, those roots were not as capable of 
“accumulating salts as roots of other species such as cotton 


w and sunflower. 


There are several possible explanations for these differ- 
The active transport mechanism responsible for 
pumping salts into the stele of the root may not be working 
at the same rate in different species, On the other hand, 
„the transport mechanism may be working at comparable 
rates in different roots, but salts may leak out of some 
As a result, the net amount of 
salt accumulated in these roots would vary proportion- 
ately. For example, the endodermis, which is usually 
assumed to be the barrier to “leakage” of salts out of the 
stele, may not be as well developed in some roots as in 
Another possibility is that the amount of sub- 
strate necessary to provide energy to drive the active 
transport mechanism may have been limiting in some 


` ences. 


roots faster than others. 


others. 


of these roots. 


All these possibilities are at present being investigated 
intensively in this laboratory, and the results will be 


reported soon. 
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Cell Division and Differentiation of Embryos 
in the Pollen Grains of Datura in vitro 


WE reported earlier! that the mature anthers of Datura 
produce numerous embryo-like structures when cultured 
on Nitsch’s medium containing 15 per cent coconut milk. 
We suggested two possibilities for their origin: (1) from 
the connective tissue; (2) from the pollen grains, The 
precise situation, however, could not be determined at that 
time. We now report evidence which shows that these 
embryoids originate from the pollen grains. 

Mature anthers of Datura innoxia were cultured in 
Nitsch’s medium containing 2 per cent sucrose and other 
supplements such as coconut milk, 2,4-dichlorophenoxy- 
acetic acid, imdolyl-3-acetic acid (IAA), kinetin, casein 
hydrolysate and yeast extract. Depending on the medium, 
the behaviour of the anthers can be grouped in three 
categories. No growth occurred in media containing 10-5 
and 10-* M IAA. On 1,000 p.p.m. yeast extract or casein 
hydrolysate the anthers produced callus masses, but they 
did not differentiate. With 5, 15 or 30 per cent coconut 
milk or 10-¢ M kinetin, however, numerous embryoids 
developed as reported earlier’. 

To determine the nature of the cells which produce the 
embryoids, acetocarmine squashes were prepared of 
anthers planted on different media at varying intervals 
after inoculation. It was observed that in a coconut milk 
medium the pollen grains were much larger than those 
which occur naturally or in the basal medium. About 
50-60 per cent of the pollen grains were multicellular. 
The exine, easily recognized by its characteristic thick- 
enings, was still intact and enclosed these multicellular 
globular masses. The granular contents of these cells 
and their reaction to stains also indicated that these 
masses were multicellular pollen grains. Fig. LA shows 
a normal pollen grain with characteristic exine, whereas 
Fig. 1B shows two multicellular pollen grains. Although 
some of the detail in the photograph is blurred, the exine 
structure is clearly discernible. 

Later the exine appears to rupture and liberate masses 
of cells as shown in Fig. 1C. These embryoids, thus 
freed, are rather irregular in shape and consist of a mass 
of bulging cells. No well defined dermatogen or epidermis 
was observed at this stage. The cells presumably continue 
to divide irregularly for some time, but eventually the 
embryoids organize themselves into normal torpedo- 
shaped structures which in practically all respects resemble 
zygotic embryos (Fig. 1D)—except that many of them 
have three or more cotyledons. 

Microtome sections of anthers generally failed to show 
the embryoids. This was probably because the anthers 
mostly dehisced after inoculation and the embryoids were 
“lost” during their passage through the dehydrating series. 
Embryoids were clearly visible, however, within the 
pollen sacs when sections were prepared of undehisced 
anthers. The rest of the anther looked quite normal. 
Fig. 1E shows a seedling which has developed from one 
such embryoid after 8 weeks. The root shows extensive 
callus formation; this is probably a secondary response 
to the kinins present in the medium. 

It would at first seem feasible that the connective cells 
have been pushed into the anther-sac and that an exine-like 
material was later deposited on them. Although such a 
possibility cannot be completely ruled out, in our opinion 
the weight of evidence is against it. Cytological investiga- 
tions are also in agreement with the idea that the embryoids 
and seedlings arise from the pollen grains because they all 
showed a haploid number of chromosomes (n = 12). 

So far as we know, this is the first report not only of. 
the production of embryoids and seedlings from the.: 


pollen grains but also of an induction of repeated divisions oe 
A haploid callus 


in the pollen grain of an angiosperm. tus 
has been obtained from the pollew of Ginkgo biloba” and 


cell divisions inside pollen grains have been reported in) 


Taxus*, Torreya nuciferat and Ephedra’, but all of these 
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Fig. 1. 


A, Pollen grain at the time of inoculation. 
days after inoculation, showing internal divisions; 
Č, A mass of cells developed from a single pollen grain. D, An “embryoid” 
developed 5-6 weeks after inoculation, Æ, &week-old seedling developed 
from the pollen grain on basal medium containing 15 per cent coconut 
milk; the cells of the roots have proliferated, 


B, Pollen grains 20 
note the exine, 


are gymnospermous plants. Konar and Nataraja’ have 
recently reported the production of embryoids from 
anthers of Ranunculus sceleratus. ‘These embryoids are 
said, however, to originate from the cells of connective 
tissue of the anthers and not from the pollen grains. 

Much of this work was inspired by the late Prof. P. 
Maheshwari. We thank Mr. R. N. Bhatt for determining 
the chromosome number, and Miss Mridul Wadhi and 
Mr. 8.8. Bhojwani for assistance in collecting the material. 
The financial assistance of the University Grants Com- 
mission for providing a postdoctoral fellowship to one of 
us (8. G.) is gratefully acknowledged. 
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Radiochemical Degradation of Threonine 
and Serine 


THE effects of ionizing radiation on aqueous solutions 
of many natural amino-acids have been the subject of 
a number of studies!-§. Although the mode of action 
of radiation on amino-acids and the nature and yield of 
the products of their radiolysis are far from clear, appre- 
ciable progress has been made in the investigation of the 
problem, especially in the examples of glycine’-* and 
alanine?’-"*, One point of interest in the radiolytic 
transformation of amino-acids is the possibility of 
radioformation of amino-acids not originally present in 
solution ®8:14:12, 

The purpose of this investigation was to compare the 
effects of gamma rays from a cobalt-60 source on aqueous 
solutions of threonine and serine, and to study radio- 
formation of other amino-acids in these solutions. 

The labelled amino-acids, L-serine-3-C (212 ye./mg) 
and uniformly labelled t-threonine (46 e./mg), were 
obtained from the Radiochemical Centre, Amersham, 
and the unlabelled amino-acids from Mann Research 
Laboratories, New York. Sufficient quantities of the 
latter were added to the radioactive amino-acids in 
double-distilled water to make up 0-1 M stock solutions 
from which 0-01 M and 0-005 M solutions were prepared. 
In order to investigate the effect of oxygen, two series of 
4 ml. samples of the solutions were irradiated, those in the 
first series referred to from now on as “aerated ’-—being 
untreated (that is, left in contact with the air present in 
the solution and in the bottle}—and those in the second 
being de-aerated with a stream of nitrogen’*. Separation 
of amino-acids was carried out by paper chromatography 
using n-butanol : acetic acid : water (25:6: 25 v/v/v) as 
solvent. 

Amino-acids were determined quantitatively by the 
isotopic method, which has a number of advantages over 
the conventional colorimetric method, particularly as 
regards sensitiveness, reproducibility and rapidity. For 
isotopic determination, 10, 25 and 50 ul. portions respec- 
tively of the 0-1 M, 0-01 M, and 0-005 M solutions were 
deposited on the chromatographic paper. Following 
chromatography, the spots of amino-acid were cut out 
and completely immersed in liquid scintillator (2,5- 
diphenyloxazole and dimethyl  1,4-bis-2-(5-phenyloxa- 
zolyl)-benzene in toluene) and the radioactivity was _ 
measured by a liquid scintillation counter. The efficiency ~ 
for carbon-14 obtained by this procedure is about 62 
per cent. The quantity of amino-acids destroyed as a 
result of irradiation was determined by comparing the 
amount of radioactivity of an irradiated solution (follow- 
ing chromatography) with that of a solution which was 
not irradiated. The percentage loss in relation to th 
zero radiation dose was estimated from the mean of twelve 
determinations in each case. 

The solutions were irradiated with various doses ranging 
from 4-0 to 14:0 x 10° eV/ml., from 0-62 to 224 x 108 
rads. The source of radiation was a Gamma Cell 220 
(Atomie Energy of Canada) with a dose rate of 1:90 x 
107 eV/ml./min during the period of the experiment. 
Dose rates were measured by the ferrous ferric sulphate 
method. Theradiochemically formed amino-acids were iden- 
tified with an automatic Beckman analyser (model 120). 

Figs. 1 and 2 show the percentages of threonine and 
serine degraded in aerated and oxygen-free solwtions 
at different concentrations and doses of irradiation. 
Under all experimental conditions, threonine proved 
more sensitive to radiation than serine. Oxygen 
was not observed to affect the degradation of 
either of these amino-acids in 0-01 or 0-005 M solutions, 
but its influence was evident when 0-1 M solutions were 
used. This was especially so with serine, of which twice as 
many molecules were degraded, at this concentration. 
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Table 1. RADIODEGRADATION OF THREONINE AND SERINE 


Threonine 7 Serine 
Dose Air Nitrogen Air Nitrogen 
x10" eV/ml. Percentage of loss G value Percentage of loss @ value Percentage of loss @ value Percentage of loss G value 
40 6-0 + 0-2" 9-00 4540-2 6-82 33401 5-50 16401 242 
8-0 8740-1 6-55 T5LO02 5-66 SELOL 3-83 2740-2 2-00 
10-0 9-6+0-1 5°75 9340-2 5-61 62401 3-74 38-5402 Pe 
12:0 98+ 0-1 4-94 9540-1 480 76L0-2 3-82 41401 2-06 
14-0 10-3 40-1 4:45 OSL O1 4-21 85+ O01 3-61 48+ 0-1 2-66 
0-01 40 21-34 0-2 3-20 21-5 +03 3°24 18°9+0°3 2°85 182403 275 
80 35-2401 2°65 36-7401 2-76 32-2403 2-43 32202 243 
10-0 43-9 +.0-2 2°66 42-2402 2-55 39-1 + O-4 2°36 39°8+0-1 240 
12-0 493 t02 2:47 49-3401 2-47 45-340-1 2:28 44-2402: B22 
14-0 55-0 + 0-2 2-37 54-0402 232 48:3 +02 2-08 48-0401: 207 
0-005 40 36-0 + 0-3 2-70 38:3 +03 2-88 33-3 + 0-3 2-51 82°34 0-1 RAE 
8&0 59-0 0-2 222 58:2402 2-19 51-4403 1-93 50-6 40-2 E91 
10-0 67-3401 2-03 66-4 03 2-00 60-9 + 0-3 1:83 60-5 + 0-2 PBL 
12:0 TLLOL 1:88 7284+01 1-83 67-04 0-2 1-68 64-7 t02 162. 
140 80-6 +0-2 1-73 79-3 +03 1-70 72-0401 1:55 TUB LOL D4 
* Standard error of the mean. aes 
‘able 2. RADIOFORMATION OF AMINO-ACIDS IN SOLUTIONS OF THREONINE 100 
‘Dose Percentage of initial quantity of amino-acids 80 
x10 -1 0-01 M -005 PARE 
Air Nitrogen Air Nitrogen Air Nitrogen 60 
40° 0-17 40-01% 0-104 0-08 0644 0-04 0-4740-05 1-17 +003 1-02 + 0-05 50 
80 O-23+0-01 0194 0-01 0-954 0-06 0-694 0-04 1-47 +004 1-21 + 0-02 ooi 
“O28 F02. 0-2540-01 1-044003 0-884 0-03 1863+005 1-38 + 0-06 40 
120 035004 0294002 1-11 + 0-02 0-9440-06 1-914 0-07 1-304 0-10 
140 040003 0833+003 1-144+0-02 1:14+0-05 2:004+0-09 1-59 + 0-03 30'- 







* *8tandard error of the mean, 


“in the presence as in the absence of oxygen. It thus 
seems that a fairly large number of molecules of the 
p ae must be present for oxygen to have an appreciable 
effect. 

: When 10-4 M solutions were irradiated in the presence 
“-of nitrogen (absence of oxygen) Barron et al. found that 
a dose of 48,000 r. destroyed more molecules of serine 
than of threonine. This finding may have resulted from 
the fact that, at low concentrations, the difference 
between the amounts of these two amino-acids that are 
degraded is comparatively small and the effect of experi- 
“mental error disproportionately large. 

. Three ninhydrin-positive substances not originally 
| present appeared in aerated solutions of threonine 

following irradiation and were identified by means of an 
-amino-acid analyser as serine, aspartic acid and beta- 
hydroxyaspartie acid. In the absence of oxygen, only 
“aspartic acid and beta-hydroxyaspartic acid were detected, 
and in smaller quantities. When serine was irradiated, 
the only new product, in the presence or absence of oxygen, 
was aspartic acid. 

It proved difficult to separate the various amino-acids 
“by the paper chromatography method when it was used 
with the view of making a quantitative estimation. 
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Fig. 2. Radiodegradation of aqueous solutions of serine in the presence 
of air (@) and in an atmosphere of nitrogen ( A). ; 
From a practical point of view, serine, aspartic acid and 
beta-hydroxyaspartic acid formed a single spot. The com- 
bined activity only of these products of the radiodegrada- 
tion of threonine solutions is therefore shown (Table 2). 
This activity, which is proportional to the quantity of 
amino-acids produced, was found to increase gradually 
with the dose of radiation at all concentrations tested, 
and also with dilution, when due allowance: was made 
for the dilution factor involved (that is, when calculated: 
as percentage of the initial activity in the solution). 
The presence of amines was not detected in solutions 
of threonine or serine which had been irradiated in the 
presence or in the absence of oxygen. a 
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VIROLOGY 


Effect of Actinomycin D and Halogenated 
Deoxyuridines on the Replication of Bittner 
Virus in vitro 


THE mouse mammary tumour virus (MTV)—or Bittner 
virus-—~is an RNA virus containing lipid! which seems to 
multiply in the cytoplasm of infected cells and to be re- 
leased by a budding process of the plasma membrane. 
Virus is released continuously without causing death of 
the cells. It appears that in its interaction with the cell, 
the virus becomes part of a steady-state complex of the 
type defined by Dulbecco*. It was of interest to determine 
whether viral replication, under the conditions in the 
steady-state interaction, required the participation of 
functional DNA—such as appears to occur with the Rous 
sarcoma virus, a moderate, lipid-containing RNA tumour 
virus—-or whether, as with most RNA viruses, replica- 
tion was not dependent on DNA. 

A study was made of the effect of actinomycin D and the 
halogenated deoxyuridines, 5-fluoro-2’-deoxyuridine (FU- 
dR) and 5-bromo-2’-deoxyuridine (BUdR), on the replica- 
tion of MTV in infected cell and organ cultures. Actino- 
mycin D, in low concentrations, inhibits DNA dependent 
RNA synthesis®s, while the halogenated deoxyuridines 
inhibit DNA synthesis (FUdR)’, or produce malfunctional 
DNA (BUdR):. Semi-quantitative estimates of viral 
multiplication were obtained, using an electron micro- 
scope, in which counts were made of budding and free 
extracellular viral particles in osmium tetroxide-fixed thin 
sections of packed cells and tissues. 

Monolayer cell cultures of a mammary tumour cell line, 
which had been passaged 198 times, were used. The cell 
line was originally derived in 1962 by Dr. John A. Sykes 
at the M. D. Anderson Hospital and Tumor Institute, 
Houston, Texas, and tissue culture fluids from earlier 
passages were reported to possess the ability to produce 
tumours®. The organ cultures used were obtained from the 
Mammary glands of RIII strain female mice, infected 
from birth with MTV. Explants were made from mice in 
early pregnancy; they were maintained in an artificial 
medium supplemented with hormones, as previously 
‘described, Symmetrical explants from the same animal 
were used as test and control samples to ensure a uniform 
level of infection and an equivalent hormone condition. 
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14 0'1 pg/ml. 
0'5 ug/ml. 
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12 24 36 
Hours after ad@ition of actinomycin D 


Fig. 1. Growth curves of mammary tumour cells treated with actino- 


mycin D (0-1 and 0-5 zg/ml.) and untreated control. 
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Tritiated uridine incorporation as percentage of control 
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Fig. 2. Effect of actinomycin D on tritiated uridine incorporation into 

acid insoluble material by mammary tumour cells. Actinomycin D waa 

added to the cultures at time 0 h. Tritiated uridine (2-5 ue. in a total 

of 3 ul. medium per plate) was added at time 10 h and labelling allowed. 

to proceed for 2 h after which the cells were processed, Scintillation 
counts were normalized with respect to cell number, 


Cell cultures in logarithmic growth phase were exposed 
to actinomycin D at concentrations of 0-01, 0-05, 0-1 
and 0-5 ug/ml. of growth medium. The growth curves 
(Fig. 1) indicated that cell multiplication had ceased 
after 12 h exposure to the drug at a concentration of 0-5 
pg/ml. At this time, DNA dependent RNA synthesis 
was found to have decreased by 91 per cent of the control 
value (Fig. 2). Viral production, however, appeared to be 
markedly increased. After 24 h exposure, severe cell de- 
generation could be observed, but viral replication was 
no longer apparent. These data, together with the findings 
for lower drug dosages, are presented in Table 1. It was 
found that viral yields were similar in both semi-confluent 
and confluent monolayers of untreated cells, so that it 
appeared unlikely that the rate of cell division as such 
was a controlling factor in viral production. 

The halogenated pyrimidines were used at concentra- 
tions that are known to inhibit the multiplication of* 
DNA viruses. FUdR, in concentrations of 10-5 moles/I. 
and 10-8 moles/l., was found to cause a marked decrease 
in cell viability after exposure for 12 h, yet viral produe- 
tion at this time was not merely unimpaired but showed 
a consistent slight increase over control untreated cells. 
BUdR, at a concentration of 210- moles/l., gave 
similar results. It seemed that DNA synthesis was not 
involved in MTV replication in the cultured cells, 

Actinomycin D, in low concentration, produced an 
extremely toxic effect on the organ cultures when added 
to their growth medium. After 24h exposure at a concern- 
tration of 0-05 ug/ml., incorporation of tritiated uridine 


Table 1, APPARENT STIMULATION OF VIRAL MULTIPLICATION IN SYKES 
CELLS GROWN IN THE PRESENCE OF ACTINOMYCIN D 
Cone. of 12h 24h 
actinomycin D Budding Extracellular Budding Extracellular 
(ug/ml) virus virus virus virus 
0 +t + + + 
0-05 ++ + +b + 
0-10 +++ ++ +* - 
0-50 a a a a +++ arit = 


* Under these conditions, cells observed to be undergoing lysis, 

t Approximate concentration of virus particles: +, not more than five 
particles per section; + +, between five and ten particles per section; +++, 
between ten and twenty particles per section; + +++, more than twenty 
particles per section, 
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‘able 2, EFFECT OF ACTINOMYCIN D ON VIRAL MULTIPLICATION IN ORGAN 
Ae CULTURES OF MOUSE MAMMARY GLAND 


“Cone. of Approx. cone. of virus as a function of time 
o 


actinomycin D cultivation in presence of actinomycin D 
(ugjml.) 24h 72h 
0 +++ +++ +++ 
0-01 ++ ++ +(T.E.)* 
0-05 ++ (T.E.) (T.E.) 
0-10 +(T.E.) (T.E.) - 


* T.E., Toxic effect on tissue. 


_ into material insoluble in trichloroacetic acid was de- 
_ creased by 97 per cent of the control value, while at a 
concentration of 0-01 ug/ml. a decrease of 80 per cent 
Was found. Nevertheless, after 24 h the shape and size 
of the treated tissue were comparable with the control, 
and viral multiplication could be seen. After 48 h, how- 
ever, changes of morphology could be seen, and at the same 
time viral production was reduced. These results are 
presented in Table 2. 
Inthe normal mammary gland, the ideal conditions for 
viral multiplication are found in the hormonally stimulated 
epithelial cells. We anticipated that actinomycin D, in 
its capacity as a depressant of hormone action™, would 
_ indirectly serve to reduce the yield of virus. An indication 
_ of such action was found in these experiments. A number 
of different mechanisms can be invoked to explain how 
_ actinomycin D stimulates viral multiplication in the 
| cultured tumour cells. The drug might, for example, 
inhibit the formation of or degrade existing endogenous 
messenger RNA, and make available unprogrammed 
= tibosomes for viral nucleic acid—as has been suggested 
by White and Cheyne for Sendai virus!?. The observed 
stimulation could possibly be explained by the removal of 
the inhibition caused by interferon mediation. Young 
and Engels™ have recently reported what may be a 
similar phenomenon. They have observed that actino- 
mycin D causes a marked increase in the concentration of 
intracellular virus in tissue cultured lymphoma cells 
which are chronically infected with a herpes-like virus. 

The results obtained here in the two physiologically 

different culture systems both showed that continuing 
MTV replication did not require either DNA dependent 
RNA synthesis or DNA synthesis. The role of DNA 
during the initial stages of viral infection has yet to be 
explained. 

This work was supported in part by research grants 
` from the U.S. Public Health Service, National Cancer 
Institute. The actinomycin D was a gift from Merck, 

«Sharp and Dohme Research Laboratories, New J ersey. 
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Viral Inhibitory Activity of 
Polyvinylpyrrolidone 


POLYVINYLPYRROLIDONE (PVP), a commercial organic 
chemical which bears a close physical resemblance to 
plasma protein, has been found to have a strong inhibitory 
action on viruses without appearing significantly toxie to 
animals. Cells pretreated with PVP showed resistance to 
infection with herpes simplex and vaccinia viruses in vitro. 
No effects were observed which could be put down to 
direct inactivation or neutralization of the infectivity of 
the viruses. 

PVP has been used as a blood plasma expander’, as a 
drug vehicle, a suspending agent (protective colloid), a 
tableting aid and a detoxifier. As a detoxifier, PVP is 
known to greatly reduce the toxicity of dyes, poisons, and 
bacterial toxins, such as those of diphtheria, tetanus and 
botulinus®»3, A water-soluble compound, it is made by the 
polymerization of N-vinylpyrrolidone, and has the ability 
to combine with many substances, often markedly chang- 
ing their properties'. The present investigation was 
undertaken on the discovery that PVP, in non-toxic con- 
centrations, affords some protection against the cyto- 
pathogenic effects in KB cells caused by infection with 
herpes simplex and Coxsackie B viruses* when the cultures 
are treated with PVP before they are infected with virus. 
The investigation reported here was designed to secure 
quantitative data on: (a) the effectiveness, (b) the range 
of activity, and (c) the mechanisms involved in the 
inhibitory action of PVP on viruses. The stock PVP 
was prepared at a concentration of 200 mg per ml. (1 : 5) 
in Earle’s balanced salt solution. 

The effectiveness of PVP as an inhibitor of viruses was 
investigated by using reduction of eytopathogenic 
effect in cultures of KB cells as the criterion. Cell cultures 
were incubated in various dilutions of PVP for 24, 48 or 
72 h before they were challenged with 100 times the 50 
per cent tissue culture infective dose (TCID,,) herpes 
simplex virus strain GCA3 (HSV), or with vaccinia virus. 
To clarify the initial work, a more quantitative plaque 
assay procedure using cell monolayers of chick embryo 
fibroblast was used. In this procedure the cell cul- 
tures were treated with PVP for 24 h and then chal- 
lenged with HSV or vaccinia. Results are presented in 
Table 1. These results indicate that PVP at a concentra- 
tion of 10 mg/ml. effectively inhibits the formation of 
plaques by both HSV and vaccinia virus to about 50 per 
cent. A concentration of PVP of 1 mg/ml. is ineffective. 

Experiments involving simultaneous inoculation of 
PVP and vaccinia virus indicate that even without pre- 
treatment a very appreciable degree of inhibition is 
afforded against multiplication of the viruses (Table 2). 
These results show little variation when compared with 
experiments in which a treatment lasting 24 h was 
used before infection. At a concentration of 10 mg/ml., 
PVP caused 44 per cent inhibition of virus plaques, while 
at a concentration of 100 mg/ml. it resulted in a reduction 
of 72 per cent. 

The following experiments were designed to throw some 
light on the nature of the inhibitory effect which had been 
detected. First, in order to determine whether PVP 
acts directly on the virus or on the cell, the virus was 
diluted in different quantities of PVP (100 or 200 mg/ml. 
in Karle’s balanced salt solution), and, after a specific 
time interval (30 min or 4 h), the infectivity of the virus 
was determined. Both HSV and the Asian strain of 
influenza type A (A2/Jap/305/57) were used. Yolk sacs 
of 7-day-old embryonated eggs were inoculated with 
0-2 ml. of HSV in order to determine the 50 per. cent 


egg infective dose (EID,.). Influenza 42 was assayed by 


allantoic inoculation of 10-day-old chicken embryos, The — 
values for infectivity thus obtained showed no significant 
deviation from those for the corresponding controls. This 
was interpreted to mean that PVP neither binds irrever- 
sibly to the viruses nor destroys them. - S 






102 


“Table 1. INHIBITION oF FoRMATION OF VIRUS PLAQUES BY POLYVINYI- 
FYRROLIDONE IN CHICK EMBRYO CELLS CHALLENGED WITH HERPES SIMPLEX 
Virus* AND VACCINIA 


Challenge PVP Average plaque Percentage of 
virus (mg/ml.) counts} inhibition 

Vaccinia 100 16 78-4 
10 30 69-5 

1 76 "0 

Control — 74 0-0 
HSV 100 16 718 
10 27 52-5 

1 58 0-6 

Control — 59 0-0 


* Monolayers of chick embryo cells were treated with the given amounts of 
PVP 24 h before challenge with virus. 
t Four bottles used in each group. 


Table 2. INBIBITION OF FORMATION OF VIRUS PLAQUES BY POLYVINYL- 
PYRROLIDONE IN CHICK EMBRYO CELLS WITH SIMULTANEOUS INOCULATION 
OF VACCINIA VIRUS 


PVP Average plaque Percentage of 
(mg/ml.) count* inhibition 
100 42 718 
10 87 43-5 
156 0-0 
— 150 0-0 


* Four bottles used in each group. 


So far the most promising non-specific agent found 
eapable of effectively inhibiting the replication of viruses 
has been interferon. This substance is produced by 
eells following stimulation by virus, nucleic acids‘, 
nucleotides’, bacterial endotoxins®, and the antibiotic 
statolon in mice®. Its production has been related to the 
normal homeostatic mechanisms of living animalsi’, 
Experiments were therefore designed to determine whether 
PVP was the inhibitory agent or whether this compound 
acts as an inducer of interferon. Chick embryo fibroblast 
cell cultures were treated with PVP at concentrations of 
10-and 100 mg/ml. for 24 h. The cell cultures were then 
washed with Earle’s balanced salt solution to remove any 
remaining PVP, fed with fresh medium and, after a 
period of incubation which lasted a further 24 h, the fluids 
were collected and assayed for their inhibitory activity. 
No inhibitory activity was detected, and it was therefore 
concluded that PVP was the inhibitory agent which had 
been demonstrated. 

It. then became necessary to determine the level of 
PVP toxic to the tissue cultures. The toxicity to cells 
was evaluated by protein analysis and by making direct 
eounts of cells. The protein analysis performed depended 
on the amount of tyrosine present. Some results are 
presented in Fig. 1. It was found that for extended periods 
of time (5 days) PVP at a concentration of 100 mg/ml. 
was toxic to cells, whereas the toxic effects of this con- 
centration after 24 h only were negligible. It was also 


Cell concentration per ml, (x 10°) 








Days 
Cytotoxicity studies in cell cultures treated with PVP, 
©, Control; @, 10 mg/ml.; $, 100 mg/ml. 


Fig. 1. 
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found that PVP at a concentration of 10 mg/ml. was 
non-toxic, even for extended periods of time, and that it, 
was capable of inhibiting virus replication by 50 per cent: 
or more. 

The observations we have made here could be of great) 
importance because a large number of the chemical,” 
preparations used in biochemical and virological prosi _ 
cedures contain PVP. The inhibitory activity noted. at 
concentrations of 10 mg/ml. effectively reduced viral 
replication approximately 50 per cent on 24 h pretreat- 
ment of cell monolayers. Cell cultures treated for 24 h 
before infection, and cell cultures simultaneously inocu- 
lated with virus and PVP, showed a comparable reduction 
of virus replication. The action of PVP seemed to be 
dependent on its effect on the cell rather than on any 
direct action on the virus particles. No inhibitory agent 
other than PVP could be detected in treated cell cultures. 

The mode of action of PVP has not been determined. 
There is tentative evidence, however, that this substance 
does not act by stimulating the formation of an inhibitor 
such as interferon. The results also show that PVP has 
no delayed neutralizing effect on the virus. It is tempting 
to speculate that PVP acts on the cell surface—PVP is- 
known to possess a dehydrating action. The fact that - 
there was very little difference between the effects of PVP“ 
administered 24 h before infection with virus and PVP 
applied simultaneously with virus, however, tends to 
militate against a simple surface effect as the primary 
cause of viral inhibition. It is possible that PVP elicits 
an intracellular effect. This view is supported by the fact 
that the substance does have a toxic effect on prolonged 
administration at a concentration of 100 mg/ml. On the 
other hand, the concentration of 10 mg/ml., found to 
inhibit the viruses, had no discernible cytotoxic effects. 

This work was supported by a U.S. Public Health 
Service grant from the National Cancer Institute, the 
Office of Naval Research, and the Department of the 
Army. 
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SOIL SCIENCE 


Movement, Adsorption and Degradation of 
2,4-Dichlorophenoxyacetic Acid in Soil 


Wir the widespread use of pesticides in modern society, a 
greater understanding of their subsequent behaviour in 
the environment is rapidly becoming essential. One of the _ 
potential problems begins with the deposition of pesticidai” 
chemicals at or near the surface of the soil. Movement of 
these chemicals can occur either by water run-off or with 
percolation through the soil. Within the soil itself move- 
ment is a result of the combined action of diffusion and 
mass flow, complicated by adsorption, precipitation, other 
soil interactions and degradation by microbial and 








no sos7 OCTOBER 1, 1966 
















































CONSTANT HEAD HH 
BURETTES om, U 
NON 
ied H 
GLASS SIGHT TU | rascen 
7 STOPCOCK as SPRING 
X REGULATED LOADED FREER 
; PRESSURE- i | LEVEL MARK-——~ LAT 
p CE pi So ar 
a 
POROUS METAL 
U ‘ 
soil SUPPORT Tf x 
CORE FILTER —* oe a 
ia 4cm DIAM) PERFORATED ; =~ B 
iS cme em D } CYLINDER SS, ' 
go ras ens ene en GS Can ESD 
oe eae laa cea 
PRESSURE.” 
CHAMBER 
EFFLUENT 











ae 


JEST TUBE IN AUTOMATIC 
w= FRACTION COLLECTOR 


Fig. 1. Schematic diagram of flow apparatus. 

- chemical processes. Movement can take place in both the 

liquid and gaseous phases, the importance of the latter 

depending on the vapour pressure of the chemical. 

: The movement and resulting behaviour of calcium 

. 2,4-dichlorophenoxyacetate (Ca(2,4-D),) were studied by 
a combination of chromatography with standard tech- 

< niques used by soil physicists. An apparatus developed 
for the microhydrological characterization of soils! has 
been modified so that displacement experiments can be 
earried out on both saturated and unsaturated soils. 
Fig. 1 is a schematic diagram of the apparatus. Both the 

-moisture content and the flow rate ean be controlled 
‘within certain limits and, if desired, “undisturbed” soil 

<< cores can be used to approximate field conditions. 
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Fig. 2. “Breakthrough curves fer chlorine ions and for 2,4-D from Honeywood silt loam. The curve for 
hat produced from the breakdown of 2,4-D. Solid lines are theoretical curves of best fit and the dashed i 
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Data on the behaviour of Ca(2,4-D), moving through a 
15 cm column of Honeywood silt loam arè shown in Fig. 2. 
The ratio of the concentration of the solution coming out 
of the soil column, C, to the concentration. entering the 
column, Ce, is plotted against the amount of solution that 
has passed through the column. One pore volume is the 
volume of soil solution contained by the soil column under 
the conditions of the experiment. The moisture content 


of the soil was 0 = 0-407 (the saturation fraction was > 
0:84, indicating that 84 per cent of the pore space is filled 
with solution). A small amount of air was interchanged) 


continuously within the apparatus, and evidently the 


aeration of the soil sample was sufficient to allow complete 
breakdown of the 2-dichlorophenoxyacetic acid (2,4-D) 


being forced through the soil. eee 
The experiments were performed by flushing the soil 
with non-tracer solution (0-01 N calcium sulphate) for 
several days, changing over to 0-1 N calcium chloride and 
obtaining the “breakthrough curve’ for chlorine ‘ions. 
The core was flushed again with the non-tracer solution to 
remove the chlorine ions and then, when these had been 
completely removed, the system was changed over to 
150 p.p.m. of Ca(2,4-D), solution and the breakthrough 
curve for Ca(2,4-D), obtained. This procedure was used 
because previous experiments had shown that the adsorp- 
tion of Ca(2,4-D), was influenced by the presence of 
calcium chloride. A constant driving head was maintained 
during the experiments and, as expected, a slow decrease 
in the flow rate was observed. 
Theoretical curves for the chlorine ions and Ca(2,4-D), 
are shown as solid lines in Fig. 2. As expected, good 
agreement between the calculated curve and the experi- 
mental data was obtained with the chlorine ions. The 
numerical tables given by Brenner? were used... An 
average rate of flow of 0-42 em/h was utilized and the: 
dispersion coefficient was estimated to be 549x107 
em?/sec. With the theoretical 2,4-D curve, a retardation. 
factor? of 2-3, an average velocity of 0-30 em/h and a 
dispersion coefficient of 2-55 x 10-5 em?/see were used in 
the calculations. The retardation factor, based on a 
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linear isotherm, takes into account the adsorption be- 
haviour. A rather good fit between the theoretical curve 
and experimental data was obtained for the early part of 
the breakthrough curve; this is somewhat surprising as 
the flow rate dropped about 10 per cent during this period. 
At a relative concentration of about 0-8 the 2,4-D con- 
centration begins to level off because of a change in 
adsorption or degradation of the 2,4-D. The phenyl J acid 
colorimetric method of Aly and Faust‘ was used to 
determine concentration of 2,4-D in the effluent. This 
method appears to be reasonably specific for 2,4-D. The 
dashed 2,4-D curve in Fig. 2 is drawn through the data 
points when the data begin to deviate from the theoretical 
curve. 

This type of experiment could perhaps be considered as 
a modified perfusion experiment in which the perfusate 
is not recycled, but is forced through a soil (maintained 
at a particular moisture content) at a fixed flow rate. 
Perfusion experiments with 2,4-D through soils® indicate a 
variable lag phase of about 1-3 weeks. This is in keeping 
with the data presented in Fig. 2 in which breakdown could 
begin as early as one week after introduction of 2,4-D. 
No attempt was made to identify intermediate breakdown 
products in the effluent; however, the chlorine ion content 
was determined by titration with silver nitrate. The 
breakthrough curve for the chlorine ions on the right-hand 
side of Fig. 2 is not related in any way to the earlier curve 
for chlorine ions on the left-hand side. The relative con- 
centration was based on Ce the concentration of chlorine 
ions produced by the complete breakdown and subsequent 
liberation of chlorine ions from 150 p.p.m. of 2,4-dichloro- 
phenoxyacetic acid. The release of chlorine ions was 
detected after about 2 weeks, and increased rapidly to a 
C/C, value greater than 1. This would be expected if 
some of the adsorbed 2,4-D was being broken down at the 
same time. If the experiment had been continued for a 
longer period of time, it should level off at 1, assuming that 
all the 2,4-D being introduced into the soil column is 
broken down. 

These data indicate the type of information that can 
be obtained if the soil is considered as a chromatographic 
column. Many other techniques required for the solutions 
of the soil problems are available but, as yet, have not 
been applied to the area of soil and water pollution. A 
thorough understanding of the various reactions that can 
take place between actual and potential contaminants and 
soils is needed. Mechanisms of adsorption in particular 
should be determined not only on soils as a whole but also 
on the individual soil components such as the clay 
minerals, the organic fractions of soils and the organo-clay 
complexes. 

D. E. Evrick 
A. H. MACLEAN 


Department of Soil Science, 
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Ontario, Canada. 

* Brick, D. E., and Bowman, D. H., Soil Sei, Soc. Amer. Proc., 28, 450 (1964), 

t Brenner, H., Chem, Eng. Sci., 17, 229 (1962). 

Hashimoto, 1., Deshpande, K. B., and Thomas, H. €., J and EC Funda- 
mentals, 8, 213 (1964). 

“Aly, O. M., and Faust, S. D., Anal. Chem., 36, 2200 (1964). 

$ Audus, L. J., Plant and Soil, 3, 170 (1951). 


PSYCHOLOGY 


Prism After-effects : Identical Results for 
Visual Targets and Unexposed Limb 


Is the past few years attention has been directed again 
to the phenomenon of adaptation to prismatic displace- 
ment which was mentioned by Helmholtz’. Recently, 
change in the “felt” position of the adapted limb has been 
used as an explanatory concept?. It is useful to think of 
this as a change in the transfer function of the output of 
joint receptors which signal limb position®. 
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This concept has been criticized by Efstathiou et al.4, 
who have rightly claimed that such a change ought 
to affect the accuracy with which pointing can be effected 
both to visual targets and to targets such as the unexposed 
limb, the position of which is not visually derived. They 
went on to show that the accuracy with which two such 
targets is known following adaptation to prisms is sig- 
nificantly different at the 0-001 level for t. 

Such a result constitutes a severe criticism of any 
mechanism put forward to explain prism adaptation which 
is based on change in felt position of the limb. In that 
there is strong evidence supporting such an idea* 5, it was 
decided to repeat the experiment with the addition of 
certain controls and a different training technique. 

The subjects were seated so that their prone right arm 
could lie fully supported in a horizontal position on a 
plate glass sheet, and maintained so that the right shoulder 
joint was at the origin of a circular scale marked on the 
glass, which was used to measure limb excursion in degrees, 
When required, the left arm was supported, semi- 
pronated, in a sagittal plane and immediately below the 
glass sheet. The head was kept immobile by using a bite. 

Another glass sheet was mounted 5 in. above the first; 
this could be partially covered. It also served to support 
hairline targets. 

The experiment was in five parts: 

(1) The subject made twenty-five pointings, adducting 
the prone right arm from any position on the far right to 
one of five, randomly called, visual targets. These were 
placed at intervals of ten degrees, symmetrical about the 
mid-sagittal plane. This task was completed without the 
subject. obtaining knowledge of results. 

(2) Twenty-five pointings to the index finger of the 
semi-pronated left arm. These were taken in batches of 
five, and as rapidly as possible. This was in order to 
balance conditions before and after adaptation. In part 
(5) it is advantageous to take post-adaptation readings 
as rapidly as possible in order that decay of effect be as 
little as possible. 

(3) Prism training. The subject wore twenty dioptre 
base right ophthalmic prisms which were masked in such 
a way that no non-deviated frame of reference could be 
used. He was trained to point at the visual targets with 
his right arm. The targets were now placed symmetrically 
about the displaced visual axis. The subject obtained 
knowledge of results by extending his index finger once 
limb excursion was complete. This training was con- 
tinued until five consecutive localizations correct within 
half a degree had been made. 

(4) Five readings as in part (1) were taken, part (3) was 
then repeated to criterion, another five readings were 
taken, and so on for twenty-five readings. 

(5) As for part (2), but the prism training of part (3) 
preceded each five readings. 

A summary of results for ten subjects is shown in 
Table 1. 


Table 1 


Standard deviation 


Mean error in degrees 
of distribution of 


Mean error in degrees ; 
when pointing to 


when pointing to 


unadapted arm visual targets differences 
4-00 3-95 0-066 
= £:00-3:95 
0-066 


= 0-758 with d.f. =9 


Thus the means are not significantly different at the 
25 per cent level of t. The 95 per cent confidence limits 
can be seen to be 0-05 + 0-129 degrees. 

These results are fully in accord with the hypothesis 
that adaptation to prisms in such a situation can be 
explained by a change in transfer function associated with 
output of position receptors in the shoulder joint. 

In explaining the original results of Efstathiou et 
al., the fact that the position sense of the eyes can be 
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odifièd in a situation in which prisms are worn by the 
bject could well be crucial®. If this occurred as a result 
‘some part of their experimental procedure, it is clear 
at the apparent position of their visual targets would be 
affected more than the position of the targets which were 
located without the mediation of vision. 
B. CRASKE* 
S. J. GREGG 
Department of Psychology, 
University of Durham. 
* Present address: Department of Psychology, University of Southampton. 
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A Tactile Poggendorff Illusion 


FPisuer!* has suggested that spatial information, available 
<in different sensory systems, is analysed according to the 
operation of a single, centrally organized, mechanism to 
which all such information is referred. The results of a 
number of experiments concerned with a variety of features 
of space perception appear to give general support to this 
hypothesis. The geometrical illusions have classically 
been associated with vision. One prediction from the 
“single mechanism hypothesis” is that these illusions 

-should be perceived as such in other sensory modalities. 

` Accordingly, consideration is being given to the possibility 
of the geometrical illusions, understood as being examples 
of systematic distortion or attenuation in the modes of 
operation of a perceptual classifying system, being 
observable in senses other than vision. 

The illusion which arises from the apparent-displacement 
of an oblique line which appears to pass across and behind 
two parallel vertical lines was first noticed by Poggendorff 
and named after him by Burmester’. This illusion is 
illustrated in Fig. 1. The extent of the apparent-displace- 
ment of the oblique line in the Poggendorff figure may be 
measured conveniently by constructing an apparatus, 
using which the figure is presented to subjects in such a 
way that one or both parts of the oblique line can be 
adjusted in the vertical direction. With such an apparatus 
the position of apparent-continuity of the oblique line 
in the visual condition may be determined using an appro- 
priate psychophysical procedure. Furthermore, the 

“position of apparent-continuity in the tactile condition 
can be estimated by modifying the apparatus in such a 
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Table 1, EXTENT OF THE PoGGENDOREF ILLUSION IN THE VISUAL AND 
TACTILE-KINAESTHETIC CONDITIONS* 


Visual Tactile-kin. 

S x ox at x ox ot 

1 2-2 05 12 19 09 “09 
2 0-9 -04 08 34 05 14 
È 18 04 “08 05 07 25 
4 3-0 03 06 23 ae! “64 
5 0-3 03 -06 t6 07 “27 
6 2-7 07 26 3-7 07 24 
Ke 27 “OL “OL 16 “12 -96 
8 1-2 -06 -18 0-5 A} “OL 
9 21 03 06 21 07 “27 
10 1:2 09 43 BL OT 27 
i 24 03 05 16 10 60 
12 2-0 03 -05 09 WL “64 
13 3-2 04 09 26 07 24 
14 2-2 -05 -12 1:7 10 -52 
15 15 05 iL O9 7 22 
16 14 D4 09 2-9 O07 26 
17 24 “05 13 16 13 82 
18 19 06 16 18 10 54 
x 2-0 1-9 

D = 0-02 t = 0-29 
S.E.D = 0-07 P > 0-25 


(Two tail test, 17 degrees of freedom) 


i Toat refer to extent of displacement from continuity of oblique line in 
nehes. 


way that subjects are required to draw with a pencil the 
apparent-extension of one half of the oblique line, their 
hands and arms being obscured behind a screen. Such 
an apparatus is illustrated in Fig. 2. 

The results of an experiment conducted on eighteen 
subjects in order to determine the extent of the Poggen- 
dorff illusion in the two conditions, are given in Table 1. 
Fifty trials, randomized in blocks of five between con- 
ditions, were conducted on each subject in each condition, 
using the method of production on eaeh occasion. The 


Fig. 1. The Poggendorff iNusion. 





Fig. 2, 


An apparatus for measuring the extent of the visual and tactile Poggendorff ilusion, 
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data have been analysed in such a way that the mean 
position of apparent-continuity, together with its standard 
error and variance, can be clearly seen. In order to con- 
sider the comparative extents of the illusion in the two 
conditions, it must be borne in mind that the data do 
not refer to independent samples, because it is most 
likely that the two performance parameters under con- 
sideration are correlated. Any sequential changes in the 
extent of the illusion are also likely to be correlated. 
Thus, it is necessary to apply here a statistical procedure 
relevant to consideration of differences between correlated 
variables. A convenient procedure is one which tests the 
hypothesis that differences in the performance of subjects 
in the two conditions have arisen by chance. The mean 
difference (D) between the extent of the illusion in the 
two conditions reaches a value of 0-02, the standard error 
(S.E.D) associated with which is 0-07; this yields a value 
of t of 0-29, the probability of occurrence of which on the 
null-hypothesis being greater than 0-25. 

Thus, these data indicate first that for each of these 
subjects the illusion is apparent in the visual condition; 
secondly, that for each of these subjects the illusion is 
apparent in the tactile-kinaesthetic condition; and 
finally, that for the group of subjects taken as a whole, 
the extent of the illusion does not differ significantly 
in the two conditions. It would seem to be justifiable to 
conclude that a tactile analogue of the Poggendorff 
Ulusion in vision has been demonstrated. 

This work was supported by grants from the Science 
Research Council and the Ministry of Defence. 


YERALD H. FISHER 
Department of Psychology, 
University of Newcastle upon Tyne. 
1 Fisher, G. H., Amer. J. Psychol., 75, 321 (1962). 
* Fisher, G. H., Amer. J. Psychol., 77, 2 (1964). 
* Burmester, E., Z. Psychol., 12, 355 (1896). 
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Preparation of Films with Holes for Electron 
Microscopy 


PERFORATED, or “holey’’, supporting films are constantly 
required m electron microscopy. They are necessary for 
the correction of astigmatism, and are invaluable for 
obtaining the best resolution, because they simplify 
focusing at high magnification, and allow areas of the 
specimen to be examined unimpeded by supporting film. 

In the preparation of good films, however, it is difficult 
to control the size and distribution of the holes, and the 
smoothness of the edge of the perforation is frequently 
inadequate. The best quality of perforated film for astig- 
matism correction that I have seen was made by a method 
described in the operating instructions supplied with the 
Siemens Elmiskop electron microscope, using brominated 
glacial acetic acid and 1 per cent. collodion in butyl acetate. 
Unfortunately, it is not easy to make this method work; 
furthermore, the intense irradiation in the electron beam 
which seems necessary to form the holes in the plastic 
film can give rise to an undesirable level of X-ray emission. 

Films with holes are usually obtained by condensing 
water droplets on to a glass slide on which a chloroform 
solution of ‘Formvar’ is evaporating!*. Collodion solutions 
ean be used in a similar fashion’. A better method has 
been described by Harris*, in which glycerol droplets are 
used instead of water. 

The present method also uses glycerol emulsions, but 
in addition it etches the cast perforated film so as to 
remove the fine pellicles which are believed frequently to 
overlie the glycerol droplets, and which cause both false 
perforations and the ragged edges of genuine perforations. 

A glycerol emulsion is formed by adding 0-05 ml. 
‘AnalaR’ glycerol and 0-05 ml. ‘Teepol’ to either 6 ml. of 
0-25 per cent ‘Formvat’ in chloroform, or to 6 ml. of 
chloroform. The ‘Teepol’ used is a blend of anionic and 
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Fig. 1. Portion of a carbon film, the perforations of which were formed 
by diluting 0-5 ml. of the original oot as described in the text 
(x 20,000). 


non-ionic detergents and is first diluted with distilled 
water to quarter strength. Vigorous shaking will yield a 
milky emulsion; ultrasonic disintegration has been used, 
but with no apparent advantage. 
small holes suitable for the correction of astigmatism up 
to x 80,000, 0-35 ml. of this emulsion is added to 10 ml. 
of 0-25 per cent ‘Formvar’ in chloroform. The resultant 
suspension, which shows no evidence of being an emulsion, 
is poured on to a new glass slide. The chloroform evaporates 
and a plastic film remains on the glass. For consistency 
it is important to shake the suspension vigorously before 
pouring—a precaution which should be taken also before 
removing any of the original emulsion for dilution. 

The slide is now immersed for a time, say 30 min, in an 
etehing solution of about 25 per cent amyl acetate in 
benzene. It is then removed, and quickly dried by waving 
in the air. After scoring the border of the slide with a 
needle, the membrane can be floated off on to a water 
surface and used for filming grids before carbon-casting 
in the usual manner*. 

If a network, rather than a perforated film, is required, 
the original emulsion made in 0-25 per cent ‘Formvar’ can 
be used undiluted; various degrees of coarseness of per- 
foration can be obtained by various dilutions of the 
original emulsion. For the usual film with holes, however, 
so little of the original emulsion is added to the diluting 
‘Formvar’ solution that it is quite satisfactory to make the 
emulsion in chloroform alone. 

When coarser perforations are being prepared, more 
glycerol will be left on the slide after the film has been 
cast, so it is probably worthwhile to give the slide a brief 
rinse in benzene containing about 15 per cent acetone 
before etching. This rinse should not be prolonged or 
the film may not float off the slide when it is later sub- 
merged in distilled water. 

Although ragged holes can still be obtained with this 
method, smooth ones predominate. With the simple 
shaking precaution mentioned here, it is not difficult 
to achieve an acceptable degree of consistency in the 
preparation of perforated films. 

Note added in proof. Subsequently it has been found 
more convenient to etch for 10 min in a solution consisting, 
by volume, of 20 parts chloroform, 5 parts acetone and 
75 parts benzene. 

ARWYN CHARLES 


Medical Research Council Unit for Research on 
the Experimental Pathology of the Skin, 
Medical School, University of Birmingham, 


i Bradley, D. E., in Techniques for Electron Microscopy, edit. by Kay, D., 
chap. 3 (Blackwell, Oxford, 1961), 


? Pease, D. C., Histological Techniques for Electron Microscopy (Academic 
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3 Harris, W. J., Nature, 196, 499 (1962). 
* Bradley, D. E., Brit. J. App. Phys., 8, 65 (1954). 
5 Watson, M. L., J. Biophysic. Biochem. Cytol., 1, 183 (1955). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 





Monday, October 3 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 .m.—Discussion Meeting on “Parameters Which Need to be Stan- 
dardized to Specify a P.C.M. Interface” opened by Mr. R. O. Carter. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.— Discussion Meeting on “The Mossbauer Spectrometer’ opened 
byj Mr. E. L. Bush and Mr. H. Grayson. 


ROYAL SOCIETY OF MEDICINE (at 1 Wimpole Street, London, W.1), at 
6 p.m.—Prof. E. Boyland: “A Chemist’s View of Cancer Prevention” (The 
chael Williams Lecture), 


cio SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at Shell Centre 
| Theatre, Shell Centre, London, S.E.1), at 6.80 p.m.—Scientifie Films. 








Tuesday, October 4 


PLASTICS INSTITUTE, LONDON SECTION (at Imperial Chemical House, 
Millbank, London, 8.W.1), at 6.80 p.m.—Mr. W. F, Rateliffe: “Engineering 


-Pesign—-Data Required for Plastics”. 
Wednesday, October 5 


` College of Science and Technology, Prince Consort Road, London, 8.W.7), 
“ab 3 p.am.--Thirty-seventh Science Meeting. Dr. John Lythgoe: 


eelcnous Fish and the Water they Swim In”. Film—‘‘Beneath the Seas of 
eylon”. 


_. ROYAL SOCIETY OF MEDICINE, HISTORY OF MEDICINE SECTION (at 1 Wim- 

le Street, London, W.1), at 5.15 p.m.—Dr. William Snell: “Frank Buck- 
and, Medical Naturalist”; Miss Jessie Dobson: “Frank Buckland and 
Rare Ben Johnson”. 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W.1), 
at 5,30 p.m.—Mr. F. C. A. Killer and Mr. R. Amos: “The Use of Thin Layer 
Chromatography in the Analysis of Petroleum Products”. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT I.E.R.E.— 
IE.E. MEDICAL AND BIOLOGICAL ELECTRONICS GROUP (at 9 Bedford Square, 
London, W.C.1), at 6 p.m.—Dr. I. Gabe and Dr. S. Montgomery: ‘‘Measure- 
ment of Arterial Blood Flow by the Pressure Gradient Method”. 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineering 
Department, Imperial College, Exhibition Road, London, S.W.7), at 6 p.m. 
—Mr. N. Griffin: “Engineering for Reliability”. 


SOCIETY FOR ANALYTICAL CHEMISTRY (at the Royal Society, Burlington 
House, Piccadilly, London, W.1.), at 7 p.m.—Prof. C. L. Wilson: “Some 
Recent Developments in Inorganic Analysis on the Microgram Seale”, 


ROYAL SOCIETY OF MEDICINE, MEDICAL EDUCATION SECTION (at 1 Wimpole 
Street, London, W.1), at 8 p.m.— Inaugural Meeting. 


Thursday, October 6 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Mr. J. A. Ratcliffe: “The Ionosphere and the Engineer” 
: (President's Inaugural Address), 


Saturday, October 8 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—Dr. James Wood- 
burn: “The Hadza—-a Hunting and Gathering People of East Africa”.* 


Monday, October 10 


CHEMICAL SOCIETY, MOLECULAR BEAM KINETICS DISCUSSION GROUP (at 
“the Geological Society, Burlington House, Piccadilly, London, W.1), at 
2-p.m.—Inaugural Meeting. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT I.E.E.- 
LE.R.E. COMPUTER GROUPS (at the Institution of Electrical Engineers, 
Savoy Place, London, W.C.2), at 2.30 p.m.—Meeting on “Micro-Programming 
and Fixed Stores”. 


UNIVERSITY OF LONDON, INSTITUTE OF EDUCATION (at St. Gabriel’s 
College, Cormont Road, London, 8.E.5), at 5 p.m.-—Prof. Owen Chadwick: 
“Darwin and Religion” (First of three lectures on “The Origins of Conflict 
between Religion and Science’’).* 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Mr., J. T. Barrie, Mr. K. A. Buckingham and Mr. W. Reddish: 


“Dielectric Properties of Polythene for Submarine Telephone Cables”. 
ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 5.W.7), 
at 6 p.m.—Films of Antaretic Discovery introduced by Sir Vivian Fuchs. 


PLASTICOS INSTITUTE, LONDON SECTION ENGINEERING SuB-GROUP (at the 
Coachmakers Arms, 88 Marylebone Lane, London, W.1), at 6.30 p.m.— 
Mr. M. Klein: “Raw Material Handling Systems”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
- dates mentioned: 


COMPUTER PROGRAMMER (graduate mathematician, preferably with some 


“geperience of programming and numerical analysis) IN THE COMPUTER UNIT 


< ATTACHED TO THRE MATHEMATICS DEPARTMENT-——The Secretary, Chelsea 
“ College of Science and Technology, Manresa Road, London, 8.W.3 (October 3), 
. SENIOR LECTURER and LECTURERS (2) IN THE DEPARTMENT OF ENGINEER- 
ING, all in the general fields of dynamics or control—The Registrar, The 
_ University, Leicester (October 5). 
ASSISTANT TIBRARIAN—The Secretary, St. Mary’s Hospital Medical School 
< (University of London), Paddington, London, W.2 (October 7). 
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LECTURER IN GEOCHEMISTRY IN THE DEPARTMENT OF GEOLOGY, St. 
Salvator’s College—The Secretary, University of St. Andrews, College Gate, 
St. Andrews, Fife, Scotland (October 10). 

SENIOR LECTURER/LECTURER IN PuHystoLocy—The Registrar, The 
University, Sheffield (October 20). $ 

DAIRY RESEARCH OFFICER (Biochemist) (with a degree in agricultural 
science or food technology, or a degree in science with biochemistry or 
bacteriology as a major subject, or equivalent qualifications, and preferably 
extensive postgraduate experience in research in dairy technology) IN THE 
DEPARTMENT OF AGRICULTURE, Melbourne, to conduct research into problems 
associated with the dairying industry; to give lectures and demonstrations 
at the Gilbert Chandler Institute of Dairy Technology, Werribee, and to 
carry out surveys at dairy factories—The Secretary, Public Service Board of 
Seton, State Public Offices, Treasury Place, Melbourne, Australia (October 

SENIOR LECTURER (with a higher degree and experience in the field. of 
control systems and/or solid state electronics, and preferably some university 
lecturing experience) IN ELECTRICAL ENGINEERING at the University of 
Newcastle, New South Wales—The Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, B.W. 
(Australia and London, October 21). p , 

SENIOR LECTURER/LECTURER (with a higher degree in philosophy, or both 
a degree in philosophy and a degree in a subject related to their special 
interests, for example, mathematics, physics and anthropology) IN PHILOS- 
opHY at the University of Queensland, Australia—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (London and Brisbane, October 21). 

WELLCOME RESEARCH FELLOW (medically qualified, less than 35 years of 
age, with research ability) IN CLINICAL PHARMACOLOGY IN THE DEPARTMENT 
OF CLINICAL SCIENCE, John Curtin School of Medical Research, Australian 
National University—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, §.W.1 (October 21). 

SENIOR LECTURER or LECTURER IN THE DEPARTMENT OF CHEMISTRY AND 
Sow Scrence, Faculty of Agriculture, University of the West Indies, Trinidad 
a Inter-University Council, 33 Bedford Place, London, W.C.1 (October 


LECTURER (with a distinguished academic record and preferably interests 
in some field of invertebrate zoology) IN THE DEPARTMENT OF ZOOLOGY, 
School of Biological Sciences, University of New South Wales, Australia— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, October 24). 

UNIVERSITY LIBRARIAN—The Registrar and Secretary, University of 
Durham, Old Shire Hall, Durham (October 24). $ 

LECTURER IN EXPERIMENTAL PHysics—The Secretary, University College, 
Cork, Republic of Ireland (October 28). 

LECTURER/SENIOR LECTURER IN AERONAUTICAL ENGINEERING at the 
University of Sydney, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, S.W.1 
(Australia and London, October 28). 

LECTURERS (with a good honours degree and preferably postgraduate 
training and teaching experience) IN MATHEMATICS af the University of 
Newcastle, New South Wales—The Association of Commonwealth Univer- 
sities (Branch Office), Marlborough House, Pall Mall, London, $.W.1 (Aus- 
tralia and London, October 28). 

LECTURER or ASSISTANT LECTURER LN THE DEPARTMENT OF AGRICULTURE 
—The Secretary, The University, Aberdeen (October 29). k 

SENIOR LECTURER or LECTURER (preferably with interests in either one 
of the branches of physical geography, particularly climatology, or in human 
er economic geography, particularly of developing countries) IN THE DEPART- 
MENT OF GEOGRAPHY, Fourah Bay College, The University of Sierra Leone— 
The Inter-University Council, 33 Bedford Place, London, W.C.1 (October 29). 

CHAIR OF GEOGRAPHY—The Deputy Secretary, The University, Southamp- 
ton (October 31). 

CHAIR OF PHYsics at Massey University of Manawatu, Palmerston North, 
New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (New Zealand and 
London, October 31). . 7 

JUNIOR LECTURER/LECTURER IN PsYCHOLOGY at Rhodes University, 
Grahamstown, South Africa—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, $.W.1 (South 
Africa and London, October 31). wg 

LECTURER (with an honours degree in psychology and preferably specialized 
in psychometrics and experimental method, or in Jearning theory and 
cognition) IN PSYCHOLOGY IN THR SCHOOL OF EDUCATION, University of 
Melbourne, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, S.W.1 (October 31). 

SENIOR LECTURER or LECTURER IN ZOOLOGY at the University of Khartoum 
—-The Secretary, Inter-University Council for Higher Education Overseas, 
33 Bedford Place, London, W.C.1. (October 31). 

CHAIR OF MATHEMATICS at the University of Newcastle, New South Wales, 
Australia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, S.W.1 (Australia and London, 
November 14). 

LECTURER IN ELECTRICAL ENGINEERING at the University of Cape Town 
—The Secretary-General, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, §.W.1; and The Registrar, 
University of Cape Town, Private Bag, Rondebosch, Cape Town, South 
Africa (London and South Africa, November 15). 

LECTURER IN SOCIOLOGY at the University of Cape Town-—The Secretary- 
General, Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pali Mall, London, 8.W.1; and The Registrar, University 
or Cape Town, Private Bag, Rondebosch, Cape Town, South Africa (Novem- 

er 15). 

LECTURER or ASSISTANT LECTURER (with a special interest in the field of 
structural engineering theory and design) IN THE DEPARTMENT OF CIVIL 
ENGINEERING-—The Deputy Secretary, The University, Southampton 
(November 30). 

LECTURER (with a good honours degree in geology, teaching experience in 
geology at university level, and if possible postgraduate research experience) 
IN GEOLOGY at the University of Hong Kong—-The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
S.W.1 (Hong Kong and London, November 30). 

ASSISTANT LECTURER (with a good honours degree in biochemistry, some 
research experience, and preferably interests in aspects of biochemistry of 
reproduction, for example, mechanisms of steroid hormone action, or willing 
to develop such interests) IN BIOCHEMISTRY IN THE DEPARTMENT OF APPLIED: -~ 
MICROBIOLOGY AND BrioLOGy-——The Registrar, University of Strathclyde, 
George Street, Glasgow, C.1, quoting Ref. 58/66. ; i rs 

Basto-GRADE BIOCHEMIST IN THE DEPARTYENT OF CHEMICAL PATHOLOGY | 
to work mainly on insulin and. other: hornfone assays ina joint clini 
laboratory research project—Dr. T. L. Dormandy, Consultan 
Pathologist, Whittington Hospital, Archway Road, London, N.19. 
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LECTURER or Assistant LECTURER IN ZOOLOGY at the University of the 
West Indies, Jamaica—The Inter-University Council, 33 Bedford Place, 
Londen, W.C.1. 

PRINCIPAL LECTURER and a SENIOR LECTURER (graduates with suitable 
experience) IN CompuTine—Clerk to the Governing Body, Northern Poly- 

hnic, Holloway, London, N.7. 

PROFESSOR and HEAD OF THE DEPARTMENT OF OPHTHALMIC Ortics— 
The Registrar, Welsh College of Advanced Technology, Cathays Park, Cardiff. 

PROFESSOR IN THE DEPARTMENT OF MATHEMATICS AND APPLIED MATHE- 
MATICS---The Registrar, University College, Durban, South Africa. 

RESEARCH A ‘ANT (graduate in pharmaceutics, or in an appropriate 
branch of scien r engineering, preferably, but not necessarily, with some 
industrial experience) for an interesting research project in the field of 
powder science-~Dr. N. Pilpel, School of Pharmacy, Chelsea College of 
Science and Technology, Manresa Road, London, $.W.3. 

RESEARCH ASSISTANT IN THE DEPARTMENT OF BIOCHEMISTRY for work on 
the intermediary metabolism of invertebrates—Prof. E. Baldwin, University 
College London, Gower Street, London, W.C.1. 

RESEARCH ASSOCIATE (qualified in genetics or agriculture) IN ANIMAL 
BREEDING IN THE SCHOOL OF AGRICULTURE, to be concerned with studies 
of the application of genetic theory to animal improvement—The Registrar, 
The University, Newcastle upon Tyne. 

SCIENTIFIC ADVISERS—-PHARMACOLOGY (pharmacologists and physiologists 
with an advanced degree and related experience in research or advisory work) 
with the Food and Drug Directorate, Government of Canada, Ottawa, to 
participate in a programme of evaluation and consultation relating to drugs 
~—(Civil Service Commission, Ottawa, Canada, quoting File Ref, 66-101-G. 

SCIENTIFIC OFFICER or SENIOR SCIENTIFIC OFFICER (with a first- or 
second-class honours degree in biochemistry or chemistry or a related subject) 
IN THE DEPARTMENT OF NUTRITION, to take part in an investigation of the 
biochemical aspects of protein digestion and utilization—-The Secretary, 
National Institute for Research in Dairying (University of Reading), Shin- 
field, Reading, Berkshire, quoting Ref. 66/n/18. 

SENIOR LECTURER IN SOCIOLOGY—The Registrar, Hatfield College of 
Technology, Hatfield, Herts. 

SENIOR or CHIEF TECHNICIAN (Research) (with technical qualifications in 
biochemistry, and experience in cell culture, virological or related techniques) 
IN THE BIOLOGY LABORATORY, to work with Dr. R. J. Cole on factors influen- 
cing eyto-differentiation during mammalian development—The Assistant 
Registrar (Establishment), The University of Sussex, Stanmer House, 
Stanmer, Brighton, Sussex. 






REPORTS and other PUBLICATIONS 


(not ineluded in the monthiy Books Supplement) 


Great Britain and Ireland 


The Radiochemical Centre. Radiopharmaceuticals and other Radio- 
chemicals for Medical Use. Revised edition. Pp. 20. (Amersham: The 
Radiochemical Centre, 1966.) {48 

The Abbey Scientists: The Memorials of Westminster Abbey. By A. 
Rupert Hall. Pp. 72 (97 plates). (London: Roger and Robert Nicholson, 
Ltd., 1966.) [48 

The Natural Rubber Producers’ Research Association. Twenty-eighth 
Annual Report. Pp. 40. (London: The Natural Rubber Producers’ Research 
Association, 1966.) [48 

Discovery Reports, Vol. 34, Pp. 1-116: The Distribution and Life-History 
of Salpa thompsoni Foxton with Observations on a Related Species, Salpa 
gerlachei Foxton. By P. Foxton. Issued by the National Institute of Oceano- 
graphy. (London: Cambridge University Press, 1966.) 84s. net. {48 

Claas Work with Fungi: Notes for Teachers. By H. A. Dade and Jean 
Gunnell, Pp. 55. (Kew, Surrey: Commonwealth Mycological Institute, 
1966.) 10s. [48 

Agricultural Research Council. Memoirs of the Soil Survey of Great 
Britain—England and Wales. The Soils of the District Around Cambridge 
(Sheet 188). By C. A. H. Hodge and R. S. Seale. Pp. vii+ 18345 plates. 
(Harpenden: Rothamsted Experimental Station, 1966.) 32s. net. {48 
_ Proceedings of the Oxford International Conference on Elementary 
Particles, 19/25 September, 1965. Pp. 253. Supplement, Pp, 87. (Chilton, 
Didcot: The Rutherford High Energy Laboratory, 1966.) 60s. {58 

Engineering Industry Training Board. Report and Statement of Accounts 
for the period ended 31st March, 1966. Pp. 20. (London: H.M. Stationery 
Office, 1966.) ts. 9d. net. {58 

Iron and Steel Industry Training Board. Report and Statement of Accounta 
for the period ended 3ist March, 1966. Pp. 19. (London: H.M. Stationery 
Office, 1966.) 1s. 9d. net. {58 

Shipbuilding Industry Training Board. Report and Statement of Accounts 
for the period ended 3ist March, 1966. Pp. 16. (London: H.M. Stationery 
Office, 1966.) 1s. 9d. net. [58 

Culham Laboratory for Plasma Physics and Nuclear Fusion Research— 
rere Brochure. Pp. 75. (Abingdon: U.K.A. E.A., Culham Lahotatory. 

a oO 

Report of the Welsh Plant Breeding Station for 1965. Pp. 111. (Plas 
gorerdoan Near Aberystwyth: Welsh Plant Breeding Station, University 
College of Wales, 1966.) 108. [88 

Proceedings of the British Ceramie Society, No. 6 (June, 1966): Mechanical 
Properties of Non-Metallic Crystals and Polycrystals. Pp. 334. (Stoke-on- 
Trent: British Ceramic Society, 1966.) 84s. {88 

The British Steel Castings Research Association, Recommended Procedure 
for Surface Flaw Detection of Steel Castings by Magnetic Particle Examina- 
tion Pp- vit 18. (Sheffield: The British Steel Castings Research oe 

y . 88 

Industrial Diamond Information Bureau. Look What They’re Doing With 
Diamonds! :.Ceramies. Pp. 20. (London: Industrial Diamond Information 
Bureau, 1966.) [88 

High Pressure Science and Technology Committee. Directory of High 
Pressure Work in Great Britain, 1966. Edited by C. H. L. Goodman, Pp. 33. 
(Harlow, Essex: C. H. L. Goodman, Acting Chairman, High Pressure Science 
and Technology Committee, ¢/o Standard Telecommunication Laboratories, 
Ltd., 1966.) i (88 

The Length and Breadth of Zoology. By Prof, H. R. Hewer. (Inaugural 
Lecture, 7 December, 1965.) Pp. 205-220+16 plates. 5s. Inorganic Trace 
Analysis. By Prof. T. S. West. (inaugural Lecture, 25 January, 1966.) 
Fp; 221-246 +5 plates, 7s. 6d. Some Mathematical Problems in the Theory 
of Random Processes. By Prof G. E. H. Reuter. (Inaugural Lecture, 22 
February, 1966.) Pp. 247-256. 2s. (London: The Imperial College of Science 
and Technology, 1966.) {88 
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Ambassade de France, Service de Presse et d'Information. France 1950- 
1966: Main Developments in the Administrative, Economic and Social 
Fields. Pp. 28. (London: Ambassade de France, Service de Presse et 
d'information, 1966.) [ss 


Other Countries 


Towards the Improvement of Maize in Nigeria. By C. L. M. Van Eljnatten, 
Pp. 120. (Wageningen: H. Veenan and Zonen, N. V., 1965.) 38 
_ Cimbebasia, (SWA-Research). No, 16: Benthonic Marine Fauna Obtained 
Off the Orange River Mouth by the Diamond Dredger Emerson-K. By J. R, 
Grindley and B. F. Kensley. Pp. 14. No. 17: New Dune Spiders (Sparassidae) 
from the Namib Desert, South West Africa, By R. F. Lawrence. Pp. 15. 
No. 18: A New Webfooted Gekko (Kaokogecki vanzyli gen. et sp. nov.) from 
the North-Western South West Africa. By W. Steyn and W, D, Haacke, 
Rad (7 plates), (Windhoek, S.W.A.: State Museum, P.O. Box ee 

United States Department of the Interior: Geological Survey. Bulletin 
1214-C: Beryllium Content of Volcanic Rocks. By Daniel R, Shawe and 
Stanley Bernold. Pp. iii+11+ plates 1-7. (Washington, D.C.: Government 
Printing Office, 1966.) $1-25. ‘ {58 

India: Council of Scientific and Industrial Research. Survey Report No, 4: 
A Study on the Conservation of Foreign Exchange by the National Labora- 
tories. By P. N. Chowdhury, Pp. vii+15. (New Delhi: Council of Scientific 
and Industrial Research, 1966.) 58 

New Zealand, Report of the National Research Advisory Council for the 
year ended 31 March 1966. (H.41) Pp. 31. (Wellington: Government 
Printer, 1966.) ls. 6d. (15 cents.) [ës 

Sixth Annual Report of the OECD Halden Reactor Project, 1964/65. 
Pp. iv +183. (Paris: Organization for Economic Co-operation and Develop- 
meut, European Nuclear Energy Agency, 1966.) 88 

Catalogue of Courses on Nuclear Science and Technology in the European 
Countries of OECD, 1966-1967. Pp. 236. (Paris: Organization for Economic 
Co-operation and Development, European Nuclear Energy Agency, 1966.) (88 

Geological Survey of British Guiana, Bulletin 36: Report on the Pros- 
pecting for Oil in British Guiana. By Dr. Simakov and Dr. Fedynsky. 

p. 48+7 graphic appendices. $480 W.I.; 20s, Report on the Geological 
Survey Department for the year 1063. Pp. 35, $1. (Georgetown, British 
Guiana: Geological Survey Department, 1965.) {8s 

Comité International des Poids et Mesures. Comité Consultatif de Thermo- 
métrie, 7 Session—1964 (24-25 Septembre.) Pp. 122. (Paris: Gauthier- 
Villars, 1966.) 88 

Food and Agriculture Organization of the United Nations. Animal Health 
Branch Monograph No. 8: Movement of Animal Semen in International 
Trade. Prepared by the Legislation Research Branch in co-operation with 
the Animal Health Branch. (FAO Working Document.) Pp. 147. (Rome: 
Food and Agriculture Organization of the United Nations, 1966.) a8 

United States Department of the Interior: Geological Survey, Profes- 
sional Paper 448-G: Low-Flow Characteristics of Streams in the Mississippi 
Embayment in Southern Arkansas, Northern Louisiana and Northeastern 
Texas. By Paul R. Speer, Marion S. Hines, A. J. Calandro, et al. With a 
section on Quality of the Water by H. G. Jeffery. Pp. ili+ 40+ plates 4 and 2. 
Professional Paper 524-E: Tectonics of the Keweenawan Basin, Western 
Lake Superior Region. By Walter 8. White. Pp. fii+ 23. 25 cents. (W ashing- 
ton, D.C.: Government Printing Office, 1966.) 88 

Federal Republic 





of Nigeria: Ministry of Mines and Power. Geological 
Survey of Nigeria. Bulletin No. 35: Pressure Water in the Chad Formation 
of Bornu and Dikwa Emirates, North-Eastern Nigeria. By W. Barber. 
Pp. 188 (12 plates). 30s. Bulletin No, 36: The Distribution and Chemical 
Quality of Groundwater in Northern Nigeria. Compiled by Dr. J. W, du 
Preez and W. Barber. Pp. 93 (9 plates). 30s. Geological Map of Nigeria, 
1964. (Kaduna South, N. Nigeria: Geological Survey of Nigeria, 1965.) [98 

Smithsonian Miscellaneous Collections. Vol, 149, No. 10: Emerged Qua- 
ternary Shore Lines in the Mississippi Embayment. By ©. Wythe Cooke. 
Pp. 41. (Publication 4677.) Vol. 151, No, 2; Aspects of the Ecology of the 
Iguanid Lizard Tropidurus torquatus at Belém Pará. By A. Stanley Rand 
and Patricia J. Rand. Pp. 16. (Publication 4666.) Vol. 151, No. 6: The 
Early History of the Sun. By A. G. W. Cameron. Pp. 19. (Washington, 
D.C.: Smithsonian Institution, 1966.) [108 

Organization for Economie Co-operation and Development: European 
Nuclear Energy Agency. O.E.C.D. High Temperature Reactor Project-— 
Pragon—Seventh Annual Report, 1965-1966. Pp. 126. (Paris: Organization 
for Economic Co-operation and Development, European Nuclear Energy 
Agency, 1966.) y {108 

New Zealand Oceanographic Institute, Coastal Chart Series, 1 : 200,000 
at Lat. 41°. Foveaux--Sediments. By D. J. Cullen and J. G. Gibb, Pp. 
11 +chart. (Wellington: Department of Scientific and Industrial Recarei 
1966.) 

Canada: Department of Mines and Technical Surveys. | Geological Survey 
of Canada. Paper 65-30: The Silurian Oil and Gas Fields of Southwestern 
Ontario. By W. E. Koepke and B., YV, Sanford, Pp. vili+ 138. 75 cents. 
Paper 66-11: Illustrations ot Canadian Fossils—Carboniferous Plants of 
Eastern Canada, By W. A. Bell. Pp. 76 (36 plates). 75 cents. Paper 66-31: 
The Mineral Industry of Yukon Territory and Southwestern District of 
Mackenzie. By L, H. Green. Pp. vi¢ 137. 75 cents. (Ottawa: Queen's 
Printer, 1966.) [118 

Canada: Department of Mines and Technical Surveys. Geological Survey 
of Canada. Geological Maps—Preliminary Series. Map 13-1905: Surficial 
Geology ~Gananoque- Wolfe Island, Ontario. Map 2-1968: Riding Mountain, 
rr hh aman cee ida (Ottawa: Director, Geological Survey of Canadi 
1966.) 
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A question of accuracy? 
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TRIMMING UNWANTED SAILS 


Tue first thing to say about the United Kingdom 
Atomic Energy Authority is that it is a splendid organ- 
ization. The second is that there is plainly a crisis on 
the way. In its annual report for 1965-66 (see page 110, 
is issue) the authority makes no secret of the need to 
keep some kind of balance between the effort spent on 
research and development and the national need for 
work of this kind. The authority has survived with 
edit the. criticisms of those who argued, when the 
prospects for nuclear power seemed bleak a few years 
go, that its operations should be abandoned because 
they would never yield a profit. The trouble now is 
= quite the opposite. Nuclear power stations are being 
. built all over Britain. There is every prospect that the 
- types of power stations now in service will be able to 
hold their own for the decade to come, not merely in 
‘Britain but in countries elsewhere. It is true that other 
types are also becoming competitive, but there is no 
-urgent reason why the U.K. Atomic Energy Authority 
_ should further diversify its programme of develop- 
tment. It is sufficient that there is a firm commitment 
to the development of the fast reactor system, and 
indeed it is important for the balanced development of 
- the systems now being built and operated that there 
- should soon be a realistic appraisal of the likely outlet 
in. the mid-seventies for plutonium from thermal 
reactors. In itself, however, there is not enough work 
-to keep the whole of the authority’s staff busily at 
work. The problem is especially acute in the labora- 
- tories most concerned with basic research. For a long 
_ time now, it has been important to know what is going 
happen to them. 
Tt is entirely sensible that the authority should first 
_ have thought of taking in new kinds of civil research 
~ and development to fill the gaps left by the truncation 
_ of the atomic power programmes.. It is just as predict- 
able, however, that the programme of diversification 
_ should have been a modest but not a roaring success. 
There are serious limitations to the extent to which 
bstantial programmes of industrial research can be 
srafted on to the work of existing laboratories. Because 
the Atomic Energy Authority is a public body it is not 
as free to engage in contracts with industrial concerns 
as a commercial organization would be—which is not 
to say that the Ministry of Technology should not take 
steps to liberalize the arrangements which have often 
‘made the conclusion of commercial contracts as 
- complicated as if the issue were the future independence 
- of the British people as a whole. But the most serious 
limitation of the process of diversification is that the 
contribution which the skilled men of the authority 
n make to the health of British industry is likely to be 
oyed most, effectively in a laboratory which is much 
e intimately linked with the industry concerned 
her Harwell or Aldermaston. 




















In the circumstances it is obviously necessary to plan 
for a reduction of the staffs at present employed in 
the major establishments. When skilled manpower is 
scarce, keeping the establishments at their present 
strength is not defensible. Industrial concerns ofo 


several kinds would jump at the chance of recruiting a ae 


great many of the men whose most valuable contribu- 
tions to atomic energy have already been made. The — 


universities and even the schools are also weleoming _ 


alternatives. Indeed, the recent traffic from the 
establishments to these institutions has been substantial 
and is growing. The most constructive policy for the 
immediate future would be to devise ways of making 
the natural wastage from the establishments more rapid. 
Mere administration could do a lot to help. It is, 
for example, probable that a great many of those now 
working at the establishments, and who have never 
worked elsewhere, might be easily tempted to move if 


they were aware that industrial laboratories can also — 


be exciting places—or can be made such—and that the 


commercial world is often kinder to its employees than 


public laboratories can afford to be. But why not 
arrange for the secondment of skilled men from the 
Atomic Energy Authority to establishments elsewhere, 
more or less on a trial basis ? Because the fear of losing 
pensions rights is often a disincentive, it would also be 
sensible if arrangements could be made that people _ 
leaving the Atomic Energy Authority could easily — 


convert their accumulated entitlement and their — 


expectation of security to come into some tangible _ 
form. Finally, there is no reason why the kinds of 
retraining schemes now being prepared for workers 
made idle at motor-car factories should not also be 
applicable, in some form, to scientists. Although — 


there are obvious limits to the extent to which a man 3 
skilled in some specialized field can be made skilledina 


quite different field, there is much that might be don 
It would be interesting to know, for example, how mai 
of the people at Harwell and Aldermaston would 
welcome a chance to become skilled at the management 


and use of large computer installations. The meor 


conversion course might well be simple to- construct. 
The results could be of great benefit. i 


ANOTHER OXBRIDGE 
YEAR 


Tue vice-chancellors of both Oxford and Cambrid; e 
have begun their respective academic years wit 
spective and even gloomy statements about the 
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and when the Government is plainly wishing to foster 
the growth of new and alternative institutions of higher 
education, it is not surprising that the most ancient 
universities should be the most acutely troubled. 
Oxford has to react to the Franks Commission, and it is 
entirely proper that the vice-chancellor should remind 
the members of his university that he had assigned this 
document for study in the long vacation. (It will be 
fascinating to see whether the academics have done 
their homework.) The plain truth is that awkward 
decisions about the Franks Report cannot much longer 
be postponed. The Vice-Chancellor is probably right 
in saying that administrative reforms must be con- 
sidered first (which is also what the Franks Commission 
said) and it is both helpful and significant that he 
should have dropped a hint that academic appoint- 
ments should be the joint responsibility of the univer- 
sity and the colleges. It is daunting, however, to 
think of how much argument there is bound to be 
before even that moderate proposal is accepted at 
Oxford. A whole decade could go by in judicious 
argument on administrative matters, most of them 
irrelevant to the outside world. In the long run, what 
the university must decide is how to formulate a new 
policy on admissions, how to strike a balance between 
_ Science and the humanities, between postgraduates 
and undergraduates and even between men and 
women, and how to regulate running costs. Oxford 
will have to go further than Franks on these important 
issues, and will have to do so quickly. 
At Cambridge the problems are different, but only 
_ superficially. The most obvious symptom is the lack 
of money for the rebuilding programme which has 
become essential if the university is to retain its self- 
respect, not to mention the respect of others. The 
- most obvious needs are the rebuilding of the Cavendish 
Laboratory and the rehousing of the Department of 
_ Biochemistry at a total cost which is estimated at £5-5 
million. The Vice-Chancellor thinks that in 1969-70 
the university will be able to afford £0-5 million towards 
one of these projects. It is no wonder that he says that 
“massive outside assistance will have to be sought to 
_ realize these two important projects in the reasonable 
future”: No doubt he has been looking enviously at 
© the generosity with which the Ford and Wolfson 
Foundations helped Oxford earlier this year. It would 
_ be wrong, however, to pretend that all these problems 
ean be solved by a suitably large windfall. By the 


time the Cavendish is rebuilt, some other building 


will be falling down. Renewal should be a continuous 
and methodical process and not a succession of desper- 


: ate improvisations. Cambridge would do well to ask 


-itself how many of its problems stem from the separa- 


So tion between the colleges and the university, from the 


‘sustained fear of substantial growth, and from the 
archaic machinery of government, which is too often 
a brake on innovation. It is true that, in comparison 
with Oxford, Cambridge has been able to keep an 
appearance of modernity. By the tests which apply 
in other places, however, both universities are equally 
in need of urgent self-criticism. 
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NEWS AND VIEWS 


Watershed for U.K.A.E.A. 


THE United Kingdom Atomic 
clearly at a watershed in its career. The annual 
report for 1965-66, published on Wednesday this 
week, says that the projects on which work has begun 
in the past year will “mark out the main components 
of the authority’s programme for several years to 
come; in addition they make it necessary for the 
authority to attempt to forecast what should be the 
shape and size of their resources thereafter”. Now that 
economically competitive nuclear power seems to be 
“within foreseeable distance of being achieved”, the 
report says that it is “natural that the research and 
development effort should be reduced”. To this end, 
according to the report, reviews of the work of the 
authority, both in research and in the development of 
reactors, have been carried out. The intention is to 
form a view of the scale of work that will be necessary 
five or ten years from now. 

Among the decisions shaping the future pattern of 
British work in atomic energy, the authority is particu- 
larly at pains to point to the influence of the advanced 
gas cooled reactor on the generation of electric power in 
Britain. For one thing, this pattern of reactor is 
being installed at the Dungeness B power station, and 
promises to become even more economical in operation 
during the next five years, possibly by as much as 
20 per cent. Because of the attractiveness of the 
advanced gas cooled reactor, it is expected that as 
much as 8,000 MW of electrical generating power may 
be installed in Britain by 1975. 

The second principal determinant of progress in the 
development of nuclear power stations was the decision, 
in February 1966, to build a prototype fast reactor at 
Dounreay. Work on this is now under way. Mean- 
while the uranium enriching plant at Capenhurst has _ 
been brought into commission again, after two years 
of inactivity, so as to supply enriched fuel for the 
nuclear power programme between now and 1975. 
Evidently the Atomic Energy Authority is planning 
to become still more heavily committed to the manu- 
facture and processing of uranium fuels. It has, 
however, been able to discard some projects and, in 
particular, the building of a nuclear ship seems to 
have been postponed for yet another year—or more. 


Energy Authority is 


Diversification 


ANOTHER trend discernible in the report is the attempt 
to diversify the work of the large research laboratories 
at Aldermaston and at Harwell. Under the Science 
and Technology Act, 1965, the authority was 
given the power to undertake work not directly con- 
cerned with the development of atomic power but 
somehow related to the special skills of its laboratory 
staffs. More recently, both the British government 
and the Atomic Energy Authority have regarded 
diversification as a way of avoiding some of the need 
to cut back on activities. 

The report explains that the principles on which 
work is undertaken are that a proposed civilian develop- 
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t must seem to lie within the scope of the authority’s 
xpertise and also offer the prospect of technological 
pplication “in the foreseeable future”. The authority 
_ also looks for interested industrial companies to provide 
- finance or other support. 
Desalination has been a principal part of the diversi- 
fication programme and £1-3 million is being spent on 
it in the period of three years from April 1965. The 
-Springfields Laboratory, which manufactures fuel 
_ elements, is working on a technique for hydrostatic 
extrusion, chiefly in the hope of producing a 1,600 ton 
ress which promises to reduce the cost of capital 
quipment in the manufacture of wire bar. A great 
eal of work has been undertaken on the development 
transducers able to turn mechanical into electrical 
nals. The Culham Laboratory, together with other 
stablishments of the authority, is developing a satellite 
or the European Space Research Organization, while 
he Atomic Weapons Research Establishment is 
_ developing a sounding rocket for space research. Other 
-work being undertaken by the establishments includes 
the development of a biological centrifuge, an attempt 
-to foster the use of computers in industry, the develop- 
ment of sensitive analytical techniques for use in the 
< detection of crime, and a search for ways of making 
some practical use of the research and development 
already carried out in the use and manipulation of 
_ beryllia. The authority is also cheerful about a scheme 
_ to convert radioactive heat directly into electricity by 
_ means of thermo-electric generators, and it is planned 
< to develop such a device to produce 1 watt of electricity 
for rumning a marine navigation light. There is also a 
refrigerator working within one-tenth of a degree of 
0° K which is expected to be of some use in low- 
"temperature research. 













Reducing Cost 


= Tue total staff of the authority is now 33,500, which 
represents a reduction of some 1,400 in the course of 
© the year. Wastage still exceeds the reduced demands 
on the services of staff, with the result that recruit- 
ment continues. Steps are being taken to apply work 
| study methods in the industrial establishments, and 
“also to move the factory at Bracknell, which manu- 
factures cans for fuel elements, to Harwell. 
The net cost of all this work (with the exclusion of 
the military costs and subventions which are normally 
kept secret) amounted to £29 million in 1965-66. The 
intention is to reduce this sum by roughly £1 million 
in the year ahead. This sum is the figure obtained by 
- < deducting from the total cost of operations (£86 million 
in 1965-66) the receipts from sales of materials and 
other sources. Research and development on nuclear 
power stations has actually increased slightly between 
1964-65 and 1965-66 from £37-5 million to £39-5 
million. The number of qualified scientists and engin- 
eers engaged on this work remains substantially 
unchanged at roughly 2,650. 


One Town to Share 


Tae U.S. Atomic Energy Commission seems to have 
een over-optimistic in tackling the invidious problem 
f deciding where in the United States to put the new 
200 GeV accelerator. For more than a year the AEC 
has been investigating eight sites all over the United 
States. A team of experts from the National Academy 
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of Sciences has been going through a similar but parallel 
study. The AEC seems to have been conscious from 
the start of the difficulty of the choice that would have 
eventually to be made. One sharp official from the 
White House staff particularly admired the way in 
which the teams of visiting experts would take care to 
see that local politicians were in attendance and ready ` 
to make the inevitable speech about being willing to 
subordinate local interests to the greater good of _ 
science. With luck, according to this calculation, all 


the politicians with a vested interest in the siting of the 
reactor would be on record as supporters of pure reason: 


and not parochialism. In this spirit the AEC published ae 
the names of half a dozen possible sites, one of which 
was effectively eliminated when the residents of a 
Chicago suburb said they did not want the accelerator _ 
built in their neighbourhood. In the past few months 
it has been supposed that a final decision would be made 
after the congressional elections in November. 

This cheerful expectation has now been complicated. 
by the threat of protest on behalf of one city, whose 
proposed accelerator site was not included in the short 
list. Senator Warren G. Magnusson of Washington is 
preparing to take up cudgels on behalf of St. Louis. 
Unlike the Atomie Energy Commission, St. Louis will 
gain nothing by waiting until after the election, 
although there is always the possibility that the — 
Congress which finished off the Mohole without com- 
punction will not shrink from cancelling (or postponing) — 
the accelerator as well. 


Hovercraft against Poachers 


Tue extra speed of the hovercraft was put to a practical 
test by the Royal Navy this week off Skegness; the 
Interservice Hovercraft Trials Unit provided an SRN-5 
to investigate the ship’s usefulness for poacher inter- 
ception and arrest, coastal fishery protection patrols 
and mobile support facilities for fishery protection 
duties. 


Basic Research 


Tae Warren Spring Laboratory of the Ministry of | 
Technology is to become a national centre for the 
exchange, correlation, translation and formulation: of 
computer programmes for use in chemical engineering. 
This is made plain in the report on the work of the 
laboratory for 1965 (H.MS.O., 6s. 6d.). The steering 
committee says that its review of the work of the 
laboratory, undertaken on its transfer to the Ministry 
of Technology from the old Department of Scientific 
and Industrial Research at the beginning of April 
1965, had convinced it that chemical engineering and 
mineral science and technology are “entirely appro- 
priate” in the continuing programme, but that there 
are advantages in combining these separate divisions 
into one establishment. In addition the laboratory 
will continue its work on air pollution, although this is 
recognized to be somewhat separate from the principal 
purposes of the Ministry. When it was first established, 
the laboratory was intended to pursue a flexible 


programme of research and, for this reason, a substan- 
tial programme on ergonomics is being continued. 


The laboratory has, for example, developed a dentist’: 
chair based on ergonomic principles; the intention is — 
somehow to ease the strain of maintaining “undesirable 
working postures” chiefly by means of hydraulic- 
































ally driven controls actuated by a single simple 
o joystik. ee ee 
o oo [n its work on chemical engineering the laboratory 
has been concerned with computer control of chemical 
plant: A piece of demonstration equipment is being 
-built and university research workers and men from 
industry will be able to use this as a means of testing 
_ theories of optimization to be applied to real plants. 
-. Among the work on mineral science is a programme 
for the detailed study of froth flotation. The work 


consists of a study of the physical chemistry of the 


‘wettability’ of the surfaces of mineral granules, and 


an attempt is being made to link the chemical structure 


- of the materials with their physical behaviour as small 


particles. The practical incentive of this work is the 
_ recent recognition that Cornish tin might yet be worth 


- mining—a process in which the separation of ore from 
dross must be carried out by flotation. 


‘No Freeze in Antarctica 


Antarctica is no longer the desolate and hostile 
continent that Admiral Byrd and his fellow explorers 


battled with over thirty years ago. In 1966 there were 


~ 4] stations operating in Antarctica and sub-Antarctica 
and for ten years nations have been co-operating in 
continuous research on the continent. During the 


< coming Antarctic summer the United States alone is 


sponsoring some 150 scientists undertaking 50 field 
“projects. About 35 scientists also work round the 


ee year ‘on the Antarctic research vessel Elianin that 


catries out a multi-discipline research programme in 
- the Southern Oceans. The National Science Founda- 
tion, the sponsoring body, has granted approximately 
7-6 million dollars this year for Antarctic research. 
-One of the most extensive Antarctic surveys ever to 
-be undertaken by the United States will be a 1,500 
<- mile air-supported traverse of the coast of Marie Byrd 
Land, beginning in November and lasting until mid- 
> February; twenty scientists will study the geology 
and geophysics of the area and conduct botanical and 
topographic surveys. 
Other programmes of research include investiga- 
tions of fungi, algae and lichens in the Antarctic 
dry valleys, studies of the Earth’s gravitational 
and magnetic fields, deep core drilling to penetrate 
the ice cap at Byrd Station, and the orientation 
_ processes of the Adélie penguin. A group from the 
© University of Oklahoma will study their colleagues 
who have spent the winter at the South Pole, often 
isolated for ten months at a time, to learn how men 
adapt to extreme environments, both on Earth and 
in outer space. 


Food and Drink Analysis 


Tuose who feel that modern methods of food produc- 
tion have sacrificed taste and nutritional value to 
_ profitability will welcome research which is to be under- 
taken at the Laboratory of the Government Chemist 
- (Report of the Government Chemist 1965, H.M.S.O., 15s.). 
A programme in collaboration with the newly formed 
Committee on Food Composition will examine the 
nutritional composition of common foods, and_ will 
compare old and new methods of production. Since 
1957 a voluntary flour sampling scheme has been in 
operation, and the latest results indicate that the 
nutritional value of the flours examined has been well 
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maintained. Another new development at the labora- 
tory is the creation of a group to undertake basic 
research into chemical analysis. This group will have _ 
a measure of independence from the day to day de- _ 
mands of analytical work to which the laboratory is _ 
committed, and will increase the productivity of the | 
laboratory by improving and automating analytical 
procedures. ee 
For the rest, the report covers familiar ground. — 
Improved methods are now available for the determina- ` 


tion of toxic substances in industrial atmospheres, and = 


for the determination of detergent residues in sewage ~ 
effluents by thin layer chromatography. This work © 


has shown that mixtures of the new polyethylene — 


liquid detergents and the older powder form cause: 
greater foaming of rivers when mixed together than when 
separately present. Radiochemical investigation of 
the sand filters commonly used in waterworks has led to 
the satisfactory conclusion that in addition to removing 
manganese, these filters act as effective scavengers in 


removing some of the undesirable radio-nuclides which | 


enter the water through nuclear fall-out. A new 
method using gas chromatography has been developed 
for the analysis of Scotch whisky. The wholesomeness 
of modern food may be in doubt, but there seems to 
have been no significant change in the character of 
Scotch for more than fifty years. 


More Tribology 


Tur Committee on Tribology which was announced by 
the Minister of Technology, Mr. Anthony Wedgwood 
Benn, in August (Nature, 210, 787; 1966) met for the 
first time last week. Mr. Benn has appointed Mr. H. 
Peter Jost as chairman; Mr. Jost was also the chairman 
of the working group set up by Lord Bowden, then of 
the Department of Education and Science, and is _ 
one of the strongest and most vocal supporters of the - 
proposed “Institutes of Tribology”. 

No decision has yet been taken concerning the Insti- 
tutes, but the committee will be considering the 
problem at its first meetings and hopes soon to make 
recommendations to the Ministry of Technology. 

The committee will act as an advisory body to the 
Ministry of Technology and other organizations on ways 
of effecting savings in the area of “interacting surfaces 
in relative motion”; the working group estimated that 
industry could save £550 million a year by taking- 
tribological problems into consideration when designing 
equipment. 

Mr. Benn emphasized that there must be both a 
general awareness of the problems and the specialists 
to deal with them. At present the University of Leeds 
offers M.Sc. and Ph.D. courses in lubrication, and the ` 
Imperial College of Science and Technology, London, 
is offering a series of three-week post-graduate courses 
in the subject; Bradford College of Technology is also 
starting a course in tribology this autumn. Some 
critics of the proposed institutes feel that they would 
cut across the interests of such established institu- 
tions, and others, including this journal (Nature, s 
210, 338; 1966), have argued that the proposals are 
needlessly grandiose. It remains to be seen whether 
or not these arguments are valid and, indeed, whether 
the gains from better tribology are as great as the 
working group believes. The committee should, in 
any event, provide a useful forum to air the arguments 
and proposals on both sides. 
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inesaurs in Plenty 
. RICH haul of dinosaur skeletons has been recovered 
y.a joint expedition to South Gobi Desert and 
Western Mongolia organized jointly by the academies 
of sciences of Poland and Outer Mongolia. Work 
began in the summer of 1963 with a reconnaissance 
_ expedition to the largely uninhabited region north of 
‘the border between Outer Mongolia and the Sinkiang 
province of China. The expedition in the summer of 
964 found three splendid dinosaurs in Upper Cretace- 
us sandstones in the Nemegt basin some 400 km west 
-Dalan Dzadagad, the provincial capital of South 
Gobi. During the same season it became plain that 
the Palaeocene deposits in the area contained the 
skeletons of small mammals not previously associated 
with the region... In 1965 a larger expedition 23 strong 
orked in the same area and another farther to the west. 
‘he collection consisted of a 20 m skeleton of a large 
uropod dinosaur and the skull of another, two 10 m 
eletons of carnivorous dinosaurs of the family 
_. Tyrannosauridae, an incomplete skeleton of Proto- 
_. ceratops andrewsi and a nest of dinosaur eggs. Particu- 
lar importance is attached to the discovery of the 
skeleton and skull of sauropod dinosaurs in the Upper 
Cretaceous, for these are thought to be representative 
not merely of a new species but a new genus. The 
_ curators of the museums in Poland and Outer Mongolia, 
2 among whom the material recovered by the expedi- 
tions will eventually be distributed, are no doubt 
delighted by the way in which the expedition has 
“provided the cores of several new palaeontological 
collections. 















‘Nuffield Activities 


Tur Nuffield Foundation allocated £2-5 million to 
grants of various kinds in 1965-66. This was a greater 
sum than usually available because companies were 
apparently paying additional or larger dividends in 
anticipation of the consequences of the 1965 Finance 
Act. The pattern of the foundation’s grant-giving is 
the familiar one and ranges from scientific research to 
educational and social innovation. The introduction 
to the annual report explains that the foundation hopes 
that “by having discretion over a variety of interests, 
it is likely to avoid the traditional bogey of charities— 
that they may become irrelevant”. The Nuffield 
_. Foundation, the report continues, hopes to steer a 
middle course between a policy of covering a broad 
field and a policy of choosing a few specific pro- 
 prammes in which to invest its funds. It explains 
“that even though the foundation has used, and will 
continue to use, the principle that funds should be 
invested in projects like “the stone that casts ever- 
spreading ripples”, the educational research and 
development which the foundation is sponsoring is a 
proof that it is not exclusively concerned with academic 

or “fundamental” research. 
Among the educational work begun during the year is 
~ a project called “Resources for Learning” intended to 
“explore ways of making more efficient and effective 
> use of the educational system. “The questions to be 
investigated will include, for example: at which points, 
which subjects and for what purposes are pro- 
‘ammed learning, educational television and other 
aw media likely to contribute most effectively to the 
rning process ? How can the school time-table be 
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rearranged to realize the full potentialities of these oe 





resources? What would be the best ways of deployi 


staff ? What are the architectural, social and economic 2 oe 


implications of any suggested changes? And, most _ 


important of all, how can we ensure that such changes __ 


will lead to a positive improvement in the learning — 
opportunities for the pupil?” This is thought to bea 


particularly important innovation because, in the — 


nature of things, it cannot easily be carried out by the 
parties most directly concerned—local authori 

and the government. Apart from this project, t 
foundation says that its interest in teaching is beginning 
to level off, chiefly because the Science Teachin 
Project, working with the development of new curricula 


for the schools, has lived through the period of rapid ARS 


initial growth. Cee 

Among the particular grants awarded to biologists — 
is one that will establish Dr. D. C. Phillips in the 
Department of Zoology at Oxford; Dr. Phillips is 
moving from the Royal Institution where he worked on - 
the X-ray analysis of lysozyme. The foundation’s 
interest in food safety continues, and it has been able 
to set up a new unit for animal pathology at the 
University of Edinburgh. At the University of Wales 
the Welsh Plant Breeding Station has received grants 
for the study of the effect of genetic variation in the 
form and disposition of leaves and for the study of 
photosynthesis. At the Department of Agriculture 
at Oxford work on the effects of light and temperature 
on the growth of plants is being supported, and Dr, 
D. M. Brown of the Chemical Laboratory at Cambridge 
has been awarded a grant to study the chemistry of 
nucleic acids. A large grant has also been made to 
enable an Institute of Theoretical Astronomy to be set 
up at Cambridge under the direction of Professor Fred — 
Hoyle. This grant will cover staffing costs until 1972, 
and a matching grant from the Science Research 
Council will enable the institute to obtain a computer. 
The Wolfson Foundation is providing a grant for a 
special building. 


Daltonism 


Proressor W. D. Wright of Imperial College has 
prepared the following summary of his paper “The 
Unsolved Problem of Daltonism” read at the sympo- 
sium on John Dalton organized by the Manchester... 
Literary and Philosophical Society in September this. 
year: : 
The paper which Dalton read to the Literary and 
Philosophical Society of Manchester on October 31, 
1794, on Extraordinary Facts relating to the Vision of 
Colours: with Observations by Mr. John Dalton was the 
first serious study on colour deficiency to be published. 
So great was the stir produced by Dalton’s defect 
that for a long time this visual infirmity was known, 
to his amusement, as ‘“Daltonism’’. Dalton first became 
convinced of the peculiarity of his vision at the age of 
twenty-six when he observed that a pink geranium 
appeared sky-blue by day but red by candle-light..To 
his surprise his friends saw no such change, although. 
his brother did, and he then came to realize.that this 
was a subject worthy of systematic investigation: 
Dalton’s paper in 1794 describes a whole rang 
observations and types of coldur. confusion, a 
clear from these that he suffered from 
we should now classify as protanoy 
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-= olour deficiency which on the Young-Helmholtz 
“theory would be attributed to the absence or inactivity 
of the red receptors in the retina. Reds appear very 
dark or black, and, as Dalton reported, the colours 
in the spectrum from the green right through to the 
long-wave end of the spectrum all appeared of the 
game hue. 
It was his lack of red sensitivity that caused the pink 
- geranium to look blue in daylight, although Dalton 
himself thought his defect was due to a blue coloration 
in the vitreous humour of his eye. This was clearly 
inadequate to explain his loss of hue discrimination 


< in the spectrum, and post-mortem examination of his 
_ eyes definitely disproved this theory. Thomas Young 
In 1807 suggested that it was more probably due to 


“the absence or paralysis of those fibres of the retina 


_ which are calculated to perceive red”, and this idea 
_ iş certainly much nearer the truth. 
Since Dalton’s time, much detailed information has 
been reported on defective colour vision, but it is only 
through painstaking research into the minutiae of the 
biological processes that real progress in establishing 
the cause of Daltonism can be made. The recent use 
of the micro-spectrophotometer to measure the spectral 
absorption of individual cones has tended to confirm 
completely Young’s concept of three types of colour 
receptor and may one day confirm that the protanope 
has only two, although we must be realistic about the 
difficulties of the technique. The electron microscope 
is revealing something of the internal structure of the 
receptors and the complex retinal network which may 
be involved in coding the colour information before 
it is transmitted along the optic nerve to the visual 
cortex. Recent recordings in the lateral geniculate 
nucleus seem to suggest that the cells there consist 
of two classes, one for the transmission of intensity 
information, the other for colour with some coupling 
in colour pairs reminiscent of Hering’s opponent colour 
theory. The ultimate mystery of the nature of the 
colour sensations themselves is not in sight of solution. 


Cloud Physics on the Move 


Tue Meteorological Office has arranged to transfer 
most of the sub-department of cloud physics at 
Imperial College, London, to the research laboratories 
of the Meteorological Office at Bracknell. This implies 
that the group of research workers and their equipment 
which Dr, B. J. Mason built up at Imperial College will 
now follow him to the Meteorological Office, where he 
was appointed Director with effect from the beginning 
ofthis year. The intention is that the move to Bracknell 
will be completed this week and that the new labora- 
tories will be in full operation within a month. The 
new branch at Bracknell will include, as well as the 
nucleus of the Imperial College group, a team which will 
_ study structure and dynamics of cloud systems. At the 
same time the Radar Research Unit which is operated 
jointly by the Meteorological Office and the Royal 
Radar Establishment will become a part of the new 
branch, so that the new organization should be able to 
study clouds and precipitation in a thoroughly com- 
prehensive manner. Because it will have access to 
the Meteorological Research Flight based at Farn- 
borough, not to mention the KDS 9 computer installed 
at the Meteorological Office, the new organization 
should be well placed to continue the distinguished work 
begun at Imperial College. 
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University News: Bradford Institute of Technology 
Dr. G. D. H. Leacu, at present senior lecturer in phar- 


macy at the Institute, has been appointed professor of. 


pharmacology. Dr. F. Walker, formerly senior lecturer 


in the Department of Electrical Engineering in the — 


University of Manchester Institute of Science and Tech- 
nology, has been appointed professor of control engineer=" 


ing. 


Dr. C. F. Curis, at present reader in combustion 
chemistry at the Imperial College of Science and Tech- 


The City University 


nology, has been appointed to the second chair of” 


chemistry. 


Exeter 


Dr. F. J. LLEWELLYN has been appointed vice-chancellor 
in succession to Sir James Cook. 


Hull 


Pror. J. G. Puiyips, at present professor of zoology in 
the University of Hong Kong, has been appointed to the 
chair of zoology in succession to Prof. P. G. *Espinasse. 


London 


Pror. A. L. CULLEN, professor of electrical engineering in. 


the University of Sheffield, has been appointed to the 
Pender chair of electrical engineering, tenable at University 
College. 


Massachusetts Institute of Technology 


Pror. L. D. SMULLIN has been appointed head of the 
Department of Electrical Engineering, in succession to 
Prof. P. Elias. 


Appointments 


Mr. F. D. Penny has been appointed director of the 
Ministry of Technology’s National Engineering Laboratory 
at East Kilbride, xlasgow, in succession to Dr. D. G. 
Sopwith. Mr. Penny, who is at present deputy director 
of the laboratory, takes up his new appointment on 
January 1, 


Dr. H. Davin, head of the Office of Science Resources 
Planning of the National Science Foundation and former 
president of the New School for Social Research in New 
York City, has been appointed executive secretary of 
the Division of Behavioural Sciences of the U.S. National 
Research Council, in succession to P. B. Hammond. 
Dr. David takes up his appointment on December 1. 


Announcements 


CHURCHILL COLLEGE, Cambridge, is offering in 1967 at 
least two junior research fellowships in arts, mathematies, 
science or engineering. Applicants must be less than 
30 on July 1, 1967, and have spent not more than 4 years 
in research work by that date. The fellowships are for 
an initial period of 3 years from October 1, 1967, and are 
of the value of £750 a year. For fellows not resident 
in college an accommodation allowance of £250 is also 
allowed. The college is also offering a Gulbenkian fellow- 
ship which is open to graduates of a university who are 
not citizens of the United Kingdom and who wish to carry 
out advanced work. It is of the same value as the junior 
research fellowships and the tenure is for 1 year from 
October 1, 1967, but may be extended. Further informa- 
tion about both these fellowships can be obtained from 
the Secretary, Fellowship Electors, Churchill College, 
Cambridge. 


In the second annual competition for the award 
sponsored jointly by the British Association for the 
Advancement of Science and Shell Chemicals U.K., Ltd., 


il 
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m the subject of “The Interaction of Technologies”, the 

irst prize of 250 guineas has been awarded to Dr. J. 

- Rose, principal of Blackburn College of Technology and 

Design, and the second prize of 200 guineas shared 
“between Professor J. A. Allen, professor of chemistry 

= at the University of Newcastle, New South Wales, 
Australia, and Mr. D. J. Simpson, deputy librarian 
at University of Manchester Institute of Science and 
Technology. 


Tue Hugh L. Dryden Memorial Fund is being created at 
the request of friends and professional associates of the 
late deputy administrator of the National Aeronautics 
Ci and Space Administration, it has been announced by 
Mrs. Dryden, Mr. James E. Webb, administrator of 
< NASA, and Dr. Frederick Seitz, president of the National 
o Academy of Sciences. Shortly after Dryden’s death last 
_ December, a group of his closest associates presented to 
she Academy a private fund together with a request to 
upport the creation of a committee of distinguished 
ndividuals to devise a lasting memorial to their late 
colleague. After some deliberation, the committee decided 
“that the long association of Dryden with the Academy, and 
‘his many contributions to science, engineering and national 
goals in aeronautics and space, might be most appropriately 
recognized by the provision of a long-needed auditorium 
in Washington, to be constructed as an integral part of 
the main building of the Academy on Constitution 
J Avenue. The funds raised will also be used to estab- 
‘lish an honorary award in recognition of outstanding 
contributions in a professional field closely associated with 
Dryden’s career. 









Tae seventh seminar on ‘Electrochemistry’, arranged 

_. by the Central Electrochemical Research Institute, is to 
` be held at Karaikudi during December 27-30. Further 
“information can be obtained from Dr. C. V. Suryanarayana, 
‘Convener, Seventh Seminar on Electrochemistry, Central 
“Electrochemical Research Institute, Karaikudi-3, India. 


Cornicenpum. In the article entitled “Resistance of 
Fish Embryos to Chronic Irradiation”, by V. M. Brown 
and W. L. Templeton (Nature, 203, 1257; 1964), micro- 
“= euries (uc.) should read millicuries (me.) in Tables 3 and 4. 


- CORRIGENDUM. In the article entitled “Manganese-54: 
‘Fractional Distribution in Wheat and Occurrence in 
Other Foods” by Doris C. Sutton and John J. Kelly, 
“which appeared on p. 1081 of the March 12, 1966, issue of 
` Nature, the final sentence which reads ‘‘. . . is approxi- 
mately 4,000 pe... .” should read “is approximately 
4x10® pe... 2” 


---Corricenpum. In the article entitled “‘Low-tempera- 
-ture Fluorography induced by Tritium-labelled Compounds 
< on Thin-layer Chromatograms”, by Dr. U. Lüthi and Prof. 
“P. G. Waser, which appeared on p. 1190 of the March 20, 

1965, issue of Nature, the caption of Fig. 2 should read 
« —. Solvent: acetic acid/hexane/diethylamine (75-5/ 
17-5/5)”. 


CORRIGENDUM. In the captions of Figs. 1-3 of the com- 
munication entitled “Radiation Protection by an Auxin 
< Analogue 8-2,4,5-Trichlorophenoxyethanol, in C57BL/6J 
Mice exposed to Cobalt-60 Gamma Radiation”, by Dr. 
OOR. D. Schultz, Mr. ©. W. Steers and Dr. D. Norman, 
~ which appeared on p. 207 of the April 10, 1965, issue of 
io Nature, “B-2,4,5-trichlorophenoxyacetic acid” should read 
“9-2,4,5-trichlorophenoxyethanol”’. 


mratum. In our issue of August 6 we incorrectly 
attributed the $5 million grant from the Sloan Founda- 
ion. to Stanford University rather than the California 
itute of Technology. 
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COMPUTERS IN THE HOME 


By our Special Correspondent 


Dartmouth, New Hampshire, September 29. 

THE newest status symbol in this isolated university town, 
best known for the success or at least the roughness of its 
football team, is the possession of a personal computer 
console—something on which to work in the evenings and. 
something on which the children can do their homework. | 
These are only some of the benefits of a multiple access 


computer, provided with a simple computer language and > 


accessible to several institutions at the same time. Com- 
puter consoles are being scattered about the neighbour- 
hood to satisfy a great variety of needs or potential needs, 
Ten of them are housed in a students’ computing room, 
carved by means of temporary partitioning out of a kind 
of barn in which young men (there are no women) are still 
to be heard playing pool and table tennis, and the 
mathematics department has been able to arrange that 
all its students should go through a course on computer 
programming. Specialist academic departments, suchas 
economies and engineering, have their own consoles on 
the spot. Within the past year, remote terminals have also 
been installed at a number of schools in New England, and 
have been enthusiastically welcomed by teachers of 
mathematics. Finally, as is now customary, the Dart-: 
mouth computer can be linked by telephone circuits 
with others of the same kind at a dozen locations in the 
United States. 

This network of computer terminals is of interest and 
importance because it offers a way of testing the claims of 
the enthusiasts for multiple access systems. The best 
known of the experiments in this direction is perhaps the 
MAC system at M.LT., but the 25 consoles linked to that 
system tend to be used by academics seeking the same 
kinds of services, frequently the retrieval of information. 
At Dartmouth, diversity is obtrusive. The belief that- 
multiple access computers can cater for such a diversity 
is one of the chief arguments of those who urge their 
advantages. 

Whether the computer system being developed for use 
by British universities and research councils should con- 
sist of multiple access machines is still, for example, an 
open question, and will not be resolved until there is -at 
least some working experience with the computer to be 
installed at the computing centre at Edinburgh. 0. 

The system at Dartmouth is based on a computer built 
by the General Electric Company, with assistance from 
the National Science Foundation. Software for the system 
has been developed by a team at Dartmouth under 
Professor John Kemeny (Mathematics), Professor Thomas: 
Kurtz (Director of the Computation Centre) and Professor 
Myron Tribus (Dean of Engineering). Its principal feature | 
is a computer language called BASIC, which-—-according | 
to its authors—differs from those like FORTRAN in 
being designed specifically for a computer working on 
time sharing principles. In practice, BASIC seems also to 
be even simpler to use, though it is probably also somewhat 
limited in scope. 

The mechanics of time sharing in the Dartmouth com- 
puter are accomplished by means of a piece of switching 
equipment, originally developed for quite a different 
purpose, which is connected both to the main computer 
and to a disk storage system in such a way that signals 
from up to 35 different consoles can be dealt with so 83 to 
present a uniform flow of instructions to the computer.. 
The switching equipment ensures that no single console 
has access to the computer for more than 5 seconds at a. 


time. If a console should present the system with a piece — a aS 
of work which cannot be dealt with in such a time, the _ 


work in progress at the end of five seconds will be dis- 
charged on to a disk store and then reworked when the 











- mean that delays of up to 2-5 minutes might occur when 
all 35 consoles are fully occupied, in practice much shorter 
and: barely perceptible delays are customary. 

It is intended that there should be a considerable 
: extension of this system in a year or so, when a faster 

> computer will be installed. It will then be possible to 
operate with up to 600 independent consoles linked to the 
computer through four sets of switching equipment. By 
that time it is also likely that similar installations else- 
where in the United States will have multiplied to the 
point at which a substantial network of compatible com- 
puters will be at the beck and call of all with access to a 

“console. 

The uses being made of the system at Dartmouth sug- 

_ gest that there is no prospect that the demand on this 
‘system will be satisfied in the foreseeable future. Of the 
> 800: students who enter Dartmouth each year, 650 now 
take a course in computation which is reckoned to be at 
least sufficient to enable them to form a real appreciation 
- of the potential power of this kind of machinery. 
» A great many students do much more than this, how- 
- ever. o In. the engineering departments, homework and 

design projects are now prepared on the assumption that 
-.  pbudents will carry them out when sitting at one of the 
-consoles inthe computing centre. The same is true in the 
_ business school, where the analysis of business records by 

-: machine has now become a routine for most students. 

Then members of the faculty use the consoles in their 

departments not only for the majestic. problems by whose 

solution they will advance their careers, but also for the 

much more trivial tasks which would, a year or two ago, 
have meant the use of slide rules or tables of logarithms. 

=: The- informality of the system is probably its most 
Striking feature. Among the students to be found at the 
-computing centre are many who are not part of any formal 
-= eourse; but who have borrowed a manual from a friend 
_ and who have set out to teach themselves computing in 
--ap-afternoon..Such ambition seems to be entirely realistic. 
-` This afternoon one student in psychology was well dug 
into the calculation of correlation coefficients after roughly 
ten minutes of experience and a quick reading of the 
: frat twenty pages of the manual. 
_.. The cheerful flexibility of this system is well illustrated 
by the following sequence of events, all part of a casual 

_ process for constructing a programme to obtain the roots 

of @ quadratie equation. 

The first step is to indicate that the quadratic equation 
*+Ba+C=0 is characterized by the three coefficients 
, and- C. -The next is to point out that the quantity 
OB Cis the first quantity to calculate. The third 
_ Instruction in the sequence (150) is the programmer's 

statement of the value of one of the roots, and the next 
0) an indication that he had forgotten to divide by 2A. 
done, however, both roots can be specified, and 

ns given to the computer to print out the 
ts of its solutions. Unfortunately the instruction 190 
ad boner. been typed than it was recognized that 
ving 2*+1=0. would lead to a trouble not yet anti- 
. for there is nothing in the programme to deal 
‘solution of equations with imaginary roots. 
ction 190 is accordingly deleted, and more reason- 
lues of the parameters for a test of the programme 
ded with instructions 105 and 106. It remains 
specified that the computer must spell out the 
ms of quadratic equations as complex numbers, 
the software with which it is provided is already 
-sufficient for it to print warning legends to the effect 

“SQUARE ROOT OF NEGATIVE NUMBER IN 150”. 

`: -This simple illustration is a proof of the directness with 

which people can engage themselves with the machines. 
Tt is true, of course, that a much better first. attempt at a 
programme to solve quadratic equations could have been 
obtained if more care had been devoted to the planning 
of the work in advance, and if the whole programme had 






























































console concerned has another turn. Although this could _ 
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Tablet Oo 


QUAD 14:56 SEPT. 29, 1966 

100 READ A,B,C 

110 LET Z:B12-4*A*C 

150 LET X1=-B+SQR(7) 

160 LET X1=(X1/(2*A)) 

170 LET X2=(-B-SQR(Z))/(2«A) 

180 PRINT “FOR A,B, C="ASBsCs"XL="XL, "X22°X2 
190 DATA 1,0,1 

200 END 


100 FOR Azi TØ 5 STEP 2 
105 READ B,C 

190 DELETED 

105 LET B24 

106 LET C=3 

190 

EN DELETED 

RUN 


QUAD 14358 SEPT. 29, 1955 


FOR WITHØUT NEXT | 


TI ME: 0 SECS. 


190 NEX TA 
180 PRINT A,5,C,Xt,x2 
50 PRINT “AT,"B,"C", 7X1", "XO" 


60 PRINT 

LIST 

QUAD 14:59 SEPT. 29, 1965 
50 PRINT "A" "B", "C", "X17, "X2" 
60 PRINT 

100 FØR A2} Œ 5 STEP 2 

105 LET Bz4 

106 LET Cz3 

110 LET Z2B12-4*A4C 


150 LET X12-B+S@R(Z) 


160 LET Xi=CxI/(2"ay)” 

170 LET X22(-B-SQR(Z))/(2"A) 
180 PRINT A,B,C,X1,X2 

190 NEX TA 

200 END 


been written down on paper before being typed into the 
machine. The advocates of multiple access claim, how- 
ever, that direct interaction between the programmer 
and his machine leads to the development of programmes 
much more elaborate and much more powerful than would | 
otherwise be created. But writing programmes is also 
splendidly informal. 

But what about the cost ? This is the most immediate: 
obstacle to the spread of multiple access computers 
around the world. At Dartmouth it is reckoned that the. 
cost of putting a student through the now customary 
computer course is roughly $50 (which is charged notion- 
ally to the appropriate college department). The cost of — 
computer time as such is reckoned to be seven cents a 
second, and everybody seems cheerful about the prospect ` 
of reducing this substantially in the immediate future. 
Indeed, the real cost seems to be that of hiring and 
operating the consoles sited remotely from the computer, 
where reasonable use entails a charge’ of something like 
$1,000 a month. “This is what‘really hurts”, as someone 
said. And, of course, it remains a fact that the develop- 
ment of communications with computers has not yet 
reached the point at which these are at once as reliable 
and as easy to set up as the managers of computers would 
require. That, however, is likely to be only a passing 
difficulty. 
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ON THE NATURE OF THE CANALS OF MARS 
By Pror. CARL SAGAN . 


Harvard University and Smithsonian Astrophysical Observatory 
AND 
Dr. JAMES B. POLLACK 


Smithsonian Astrophysical Observatory and Harvard College Observatory 


Since their discovery in 1877 by Schiaparelli the canals 
of Mars have had a rather chequered astronomical career. 
` According to those who systematically saw rectilinear 
markings on Mars (for example, Lowell and Pickering’), 
“the canals of Mars have the following properties: 


(1) Although some canals are reported in dark areas of 
Mars, they are usually a feature of the bright areas. 


(2) Many different observers—some working indepen- 
‘dently——draw the major canals in the same positions on 
Mars. 


(3) The length of the canals varies from hundreds to 
thousands of kilometres. 

: (4) Some dispute existed (even among those who regu- 
‘larly saw canals) on their widths, Lowell in particular 
claiming widths down to and even below the Rayleigh 
resolution limit for visual observations, that is, several 


tens of kilometres. 

(5) The short canals are described as linear, the long 
~ ones as following great or small cireles on the globe of 
Mars. 

(6) There are no reports of canals terminating in the 
bright areas. 

















(7) Canals terminate either at major dark areas, or at 
small circular dark areas known as oases; in some cases 
Lowell announced more than a dozen canals emanating 
from a single oasis. 


(8) The canals are described as undergoing seasonal 

: changes very similar to those described by many observers 

*. for the dark areas; in particular the visibility and con- 

` trast of the canals against the surrounding bright back- 
ground is enhanced in Martian spring and summer. 
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Fig. 1. Two drawings of the Elysium region of Mars—at left, by Schiaparelli, based on observations made 
pS Antoniadi, based on observations made in 1909, 1911, 1924, and 1926, Afte 













































(9) Some canals are reported to geminate, that is, to 
appear double, particularly in the spring and summer; 
the gemination of the canals is described as occurring in 
a period as short as a few days’. : 


A few of the larger classical canals are undoubted | 
Martian features and have been photographed.. Deutero- 
nilus and Ceraunius—to be discussed later-—fall into this 
category. Although they seem vaguely linear, their photo- 
graphic appearance is much more diffuse than their early 
visual descriptions. In the next few paragraphs we shall: 
be concerned chiefly with the less apparent fine canal 
network of Lowell et al.t. bd 

The astronomical community rapidly polarized into a 
minority who could see these.canals and a majority. who 
could not. In the view of the second group the existence: 
of the canals was highly suspect, and for them such dubious 
observational issues as. the width or gemination of thè 
canals did not arise. E.-M. Antoniadi* was a careful 
observer of Mars and an excellent draughtsman. ; 
quality of his work can be estimated by comparing 
drawings with the best of recent photographs of Mars. 
Some other drawings of Mars, for example those of Lowell, 
are not very impressive when subjected to such a teste 
Antoniadi found that under the very best seeing con- 
ditions the rectilinear markings were resolved into an 
array of disconnected, fine, mottled detail (see Fig. 1). 
Evidently under inferior seeing conditions the eye has a: 
tendency to view the disconnected detail as continuous ` 
linear features. Other canals were found by Antoniadi 
to be fairly abrupt discontinuities between bright and. 
dark areas. These observations, confirmed by later 
observers (see, for example, Dollfus*) and consistent with 
contemporary knowledge of human vision’, have. con- 

vinced many that the canals of Mars are a psychophysio- - 
logical rather than an astronomical problem. Be 
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e a cates ae bee 


Fig. 2. Frame 11 of the Mariner 4 photographic sequence. The arrows are perpendicular to two rectilinear features, The Sun is 47° 
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from the 


zenith, and to the north (top) of the photograph. Courtesy, National Aeronautics and Space Administration. 


There are, however, two facts which suggest that the 
problem is not so easily put to rest. We must first ask 
why canals are not seen when we are looking at discon- 
nected fine detail near the limit of resolution for other 
objects—for example, Mercury or the Moon or Jupiter. 
Inspection of Fig. 1 shows that the disconnected fine 
detail is not randomly distributed over the field of view 
but rather is ordered in linear arrays. Second, the 
Mariner 4 photography of Mars, viewing the planet in a 
season of minimum canal vi ibility according to the early 
observers, nevertheless uncovered a variety of apparently 
rectilinear features. The two most prominent of these, 
commented on by many (see, for example, Burgess’), 
are shown in Fig. 2. The features are directed neither 
along the direction of video scan nor at right angles to 
this direction. The upper (northern) feature has a width 
of several resolution elements-—that is, between 3 and 
10km. The lower (southern) has a width of about a 
resolution element, and is observed to traverse a large, 
heavily eroded crater. Such features bear little resem- 
blanee to the aspect of the canals presented in the right- 
hand side of Fig. 1. There would thus appear to be two 
categories of ‘canals’: one continuous, rectilinear, and 
probably of tectonic origin; the other linear but dis- 
continuous, 

Apart from Lowell's interpretation of the canals as the 
engineering constructs of intelligent Martians, a variety of 
attempts has been made to understand the canals. All 
have encountered difficulties. Pickering? and Wallace® 
suggested that the canals were eracks in the crust of 
Mars produced during the contraction of the surface from 
an initially molten state. This interpretation is based on 
a now obsolete view of the evolution of planetary surfaces, 
and does not explain the absence of similarly prominent 
features on the Moon. Plassmann! and more recently 





Oncley and Fulmer! suggested that the canals of Mars 
were of the same nature as the rays of lunar craters. On a 
planet with as much drifting and windblown dust as 
Mars this is not a tractable suggestion. The lunar rays 
are known, however, to contain secondary impact 
eraters which are ordered in more or less linear arrays. 
Sagan’ has suggested that the aligned disconnected 
detail on Mars may be due to crater sequences. The 
alignment might then be either accidental or the result 
of impact of secondary debris. Much of the resolved 
detail of the Martian canals (see Fig. 1), however, is of the 
order of 100 km across, and alignment of eraters of this 
size is not to be found on the Moon except in rare cases. 
In a related suggestion Tombaugh?* has proposed that the 
craters of Mars are cracks resulting from impacts that 
produced the oases. Such cracks do not generally form in 
terrestrial high-velocity impact experiments, and in any 
event we would expect to see such cracks more prominently 
on the Moon than on Mars, which has winds and fine mobile 
dust. The fact that canals do not terminate in the bright 
areas would also be difficult to understand. 

sifford'* has suggested that the Martian canals 
are roughly rectilinear seif dunes, which should, in 
fact. be expected in the Martian bright areas. How- 
ever, inspection of ground based descriptions of seif 
dunes (see Bagnold™) and of photographs of seif 
dunes in North Africa and the Middle East obtained 
durmg the Gemini series of manned space flights 
in the United States shows that seif dunes almost 
always occur in collections of dozens of parallel sand 








ridges, each separated from the next by only a few dune 
widths. This is not the general character of the Martian 
canals. Furthermore, resolution of such dunes on Mars 


eannot be accomplished from the Earth, and the dunes 
are bright compared with the surroundings, rather than 
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ark as are the Martian canals. For these reasons we must 
reject. this interesting suggestion. Joly* proposed that 
_ the canals are ridges drawn up gravitationally by asteroids 
on nearly grazing collisions with the Martian surface. This 
production mechanism seems exceedingly unlikely and 
the idea has not been pursued further. More recently 
Katterfel’d!? has proposed that the arrangement of 
Martian canals and oases, particularly in the observations 
of Trumpler, strongly suggests that the canals are faults 
or escarpments. Similar ideas had’earlier been expressed 
by Schiaparelli? and Arrhenius'*, Hope? has directed 
attention to terrestrial systems of rifts bounded by paired 
faults, which he feels may be related to the appearance 
of the canals during gemination. The suggestion that the 
major canals crossing the bright areas of Mars are rifts 
runs into several difficulties: chiefly, that drifting dust 
should long ago have filled such crevasses. Finally, 
mention may be made of an interesting suggestion by 
 Wasiutytiski® that the overall pattern of major canals on 
_ Mars closely resembles the distribution of orogenic belts 
during previous epochs of mountain building on the 
Earth. Wasiutyiski’s view is not dissimilar to the views 
of Katterfel’d and of Hope except that Wasiutynski 
-implies that some of the canals may be elevations rather 
than depressions. We note that this at least avoids the 
problem of filling by drifting dust. 
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have suggested to us that Martian dark areas are equiva- 
lent to terrestrial continental blocks and that the bright 
areas are the equivalent of terrestrial ocean basins filled 
with dust rather than water. Because of the lower 
acceleration as a result of gravity on Mars, elevation 
differences 25 times larger than those on Earth can be 
maintained without exceeding the tensile and yield 
strengths of geochemically common materials. Typical 
slopes for the continental rises and slopes on the Earth 
are a few degrees and the tops of continental blocks are 
in general some 5 km above the oceanic sedimentary 
layers (see Fig. 3). ; A 
In analysing the radar results we were surprised to.. 
find that two Martian features, Deuteronilus and Ceramius, 
conventionally described as canals, were detectable as 


extended high- and low-frequency tails to the quasi 


specular component. When the subterrestrial point: was 
east of Ceraunius, the feature was detectable as a low- 
frequency subsidiary reflexion maximum in the Doppler 
spectra. But when the subterrestrial point crossed 
Ceraunius a radar-reflectivity minimum occurred, which. 
we interpret as due to the lateral seattering off the slopes: 
of the ridge with a very small amount of backscattering: 
to Earth. The radar data in themselves do not distinguish 
between Deuteronilus and Ceraunius as ridges and as 
clefts. We consider the latter alternative unlikely, because 


Ss Africa 
Continental 





Fig. 3. Section across the North Atlantic Ocean. The first sub-oceanic layer, responsible for the continental rises, is sedimentary. After ref. 23, 


A New and more direct information on the nature of the 
-0 o Martian canals has emerged unexpectedly from our recent 
investigation of the radar reflectivity of the Martian 
surface, In an analysis of radar Doppler spectroscopy of 

Mars performed at 12-5 em wavelength with the Goldstone 
tracking facility of the Jet Propulsion Laboratory we have 
found various evidence that the dark areas of Mars 
have systematically higher elevations than the bright 

< areas. The evidence is derived from the contours and 
displacements of the quasi-specular component of the 
radar return, from the frequencies of subsidiary reflec- 
tivity peaks, and from a comparison of the positions of the 

radar features with the positions of Martian dark areas. 
Additional evidence that the dark areas are highlands 
comes from the regression contours of the polar caps 

and other frost phenomena, from the motion of clouds, and 

from infra-red spectrometric and other observations”. 

In Table 1 are given the mean slope, &, and the peak 
altitude above adjacent bright areas, hmax, of those 
Martian dark areas detected during the 1965 radar ob- 

~ servations. Although the relatively low signal-to-noise 
ratio of the radar return renders these numerical results 
uncertain by at least 50 per cent, it seems clear that 
Martian dark areas are characterized by gentle slopes of a 
few degrees and peak altitudes of between 4 and 17 km. 
‘There is some evidence that the major dark areas may have 
‘truncated. tops, but the smaller ones seem generally to 
slope down from a maximum altitude. These results 










the bottoms of such features should be filled with sand 
and dust suitably aligned for substantial radar: back- 
scattering to Earth. Instead, when Ceraunius lay: under 
the subterrestrial point the minimum reflectivity of all 
thirty-six longitude swaths was observed. Deuteronilus 
and Ceraunius are associated with high radar reflectivity 
and are characterized by low visual albedos, properties 
shared with other Martian dark areas. A. distinction 
between elevations and depressions was possible for other — 
dark areas observed by radar, and if Deuteronilus and 
Ceraunius are not very dissimilar, we expect them to be: 
highlands as well. The large frequency range of the radar 
tails of Deuteronilus and Ceraunius indicates major 
facets with inclinations up to 15° to the horizontal. The 
inequalities in Table 1 for the mean slopes of Deuteronilus 
and Ceraunius result from the uncertainty in the interpre- 


Table 1. MEAN SLOPES AND PHAK ALTITUDES OF MARTIAN DARK ARRAS 
FROM RADAR DATA (AFTER SAGAN, POLLACK AND GOLDSTEIN (REF. 21) ) 


Feature a hmar 
Nepenthes 1? 4km 
Trivium Charontis 2° 
Nodus Laocodntis 2° 
Moeris Lacus 3° 
Niliacus Lacus 3° 
Deuteronilus* > 3° 
Syrtis Major 4° 
Ceraunius* > 4° 


* Canals in the classical literature. 
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tation of the radar tails. The true mean slopes, however, 
are not likely te be much larger than the values of 3°-4° 
displayed. 

The southern of the two rectilinear features of Mariner 
4, frame 11, cannot be used to test the radar results, because 
it is only one element resolution wide. The northern 
feature (see Fig. 2) is wider, and is clearly bright on its 
northern face and dark on its southern face. From the 
crater illumination we see that the Sun is to the north. The 
sunward sides of ridges, but the opposite sides of clefts, 
will appear illuminated in such a situation. The Mariner 4 
photography is thus consistent with the idea of rectilinear 
ridges on Mars. Other examples of ridges, similarly 
illuminated, can be found in other frames of the Mariner 4 
photography. 

If we accept Deuteronilus, Ceraunius and the Mariner 
4 features as typical Martian canals, it would then appear 
that the Martian canals are ridges rising out of the pre- 
vailing dust and sand of the bright areas. Such ridges 
must be of tectonic origin, and it is of interest to note the 
opinions of Kattorfel’d and Wasiutyfski on the similarity 
of the Martian canal pattorns to the pattern of terrestrial 
tectonic faults and orogenic zones. If the analogy of the 
Martian bright areas with the Earth’s ocean basins is to 
be preserved, it would be useful to find ridges analogous 
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to the canals of Mars in terrestrial ocean basins. Such 
ridges do exist. Best known is the mid-Atlantic ridge, a 
site of enhanced seismic activity (Fig. 3), but many other 
oceanic ridge systems are known today despite the 
incompleteness of the exploration of the deep-sea floor 
(see, for example, Heezen** and Menard’). There are 
aseismic ridges that tend to emerge from the continental 
blocks, and related zones of linear faults with associated 
ridges. These zones are characteristically several thousand 
kilometres long, about 100 km wide, have a relief of 
1-3 km, and are remarkably linear, several following 
great circles for more than 1,000 km (see Menard*4, 
compare canal properties 3-5). A view of terrestrial 
submarine ridge systems is given in Fig. 4. Several are 
narrow and approximately linear; they terminate near the 
continents, or from a non-continental region of common 
intersection with other ridges (compare canal property 7). 
The rift valley through part of the mid-Atlantic ridge may 
be seen. 

If the oceans of the Earth were removed and the ocean 
basins filled with fine wind-blown dust, such ridges might 
well sometimes give the appearance of the right-hand 
side of Fig. 1, and sometimes of more continuous recti- 
linear features. Associated aspects of submarine geology 
are seamounts and islands, which also tend to be aligned 





Fig. 4. Submarine relief in the South Atlantic Ocean. Near the islands of Tristan da Cunha and Gough there is a convergence of two segments 

of the largely meridional Mid-Atlantic Ridge, of the Walvis Ridge from South West Africa, of the South Georgia Ridge, and of the Rio Grande 

Rise. Many of these features closely approach the continents at their other termini, A Hnear array of seamounts at 20° S., latitude off the 

coast of South America (Trindade Seamount Line) may be seen, The photograph is of the Time-Life Topographical Globe, Time-Life, Inc., 
New York. 
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ong straight lines for thousands of kilometres, possibly 
indicating major faults in the Earth’s crust**. If analogous 
featuros exist in the Martian bright areas, they could 
conceivably be desorıbed as linear arrays of disconnected 
fine detail (see right-hand side, Fig. 1). 

If the canals of Mars are ridges, then we would expect 
their visibility to be seasonally variable (property 8). We 
have suggested elsewhere? that the seasonal changes of the 
Martian dark areas can be accounted for quantitatively 
by tho scouring of fine particles off the mghlands in the 
spring (thus darkening these regions) and by the re- 
deposition of fine particles on the highlands by the higher- 
velocity wind systems of autumn and winter. If the Martian 
canals are ridges, they should experience the same types 
of seasonal changes that the dark areas do. Some terres- 
trial oceanic ridge systems continue geologically into the 
continents in possible analogy to the occasional extension 
of Martian canals into dark areas (property 1). It is 
even possible that the gemination of canals (property 9) 
may be connected with the presence of rift valleys in 
terrestrial submarine ridges (see Figs. 3 and 4). If drifting 
and wind-blown dust is present in differmg amounts at 
the crests of Martian canals at different seasons of the 
year, it ıs concervable that the rift valleys are sometimes 
visible (as when parallel ridges are uncovered by sand 
but the rift valley is filled) and sometimes not (as when the 
, rift valley 1s itself largely free of fine particulate matter). 
The chief psychophysiological effect? is probably the 
tendency to draw more rectilinear features than actually 
exist. With this exception, all canal properties seem 
understandable in the tectonic-ridge model presented 
here. 

In summary, radar evidence and Mariner 4 photography 
suggest that the Martian canals are ridge systems or 
associated mountain chains in analogy to similar features 
in the terrestrial ocean basins. In such an interpretation 
much of the observed geometry and variability of the 
canals can be understood. Future radar observations 
ag well ag an improved understanding of terrestrial sub- 
marine relief would be useful in further testing these 
views. 

The research reported here was supported in part by a 
grant from the National Aeronautics and Space Ad- 
ministration. We are grateful to Dr. Bruce Heezen of the 
Lamont Geophysical Observatory for a useful discussion. 
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BOOK REVIEWS 


EDUCATION THROUGH CHEMISTRY 


The Nuffield Foundation Science Teaching Project 
Chemistry. Introduction and Guide. Pp. ix+ 166. 
10s. 6d. The Sample Scheme. Stages I and II: The 
Basic Course. Pp. 474. 258. Background books. Coal. 
Pp. 24. 3s. 6d. The Periodic Table. Pp. 12. 28. 6d. 
Chemicals and Where They Come From. Pp. 17. 2s. 6d. 
Humphry Davy. Pp. 17. 20. 6d. (London: Longmans, 
Green and Co., Lid.; Harmondsworth, Middx.: Penguin 
Books, Ltd., 1966. Published for The Nuffield Founda- 
tion.) 


DiIssaTISFACTION with the standards, and indeed with 
some of the aims, of science teaching in Britain and 
elsewhere has led in recent years to a number of major 
programmes of curriculum reform. These books, and 
others that are to follow, are the outcome of one such 
project, aimed at the reform of “O” Level chemistry 
teaching. The work began in 1962 at the instigation of 
the Science Masters Association and the Association of 
Women Science Teachers, was financed and administered 
by the Nuffield Foundation, and was carried out by 
chemistry teachers. In all, more than 200 teachers and 
5,000 pupils in many different types of school have 
participated in the tmals of new materials and methods, 
and the aim was to provide, for pupils aged 11-16 of 
average and above average ability, a course, intellectually 
stimulating and complete ın itself, which would also form 
a suitable basis for advanced work in science and tech- 
nology. 

The authors start with no precise syllabus defined in 
terms of subject matter, but with a philosophy which 
they call the “Nuffield Approach”. They see chemistry 
teaching not as an end in itself but as a way of encouraging 
students to adopt the scientific method of investigation. 
They want to train pupils to make observations, to ask 
questions, to put forward hypotheses, to plan experimental 
tests to check their hypotheses, and to try these out m 
the laboratory. To illustrate the working out of these 
ideas they offer a sample scheme based on a syllabus that 
18 defined in operational terms under four main headings, 
as follows: “Getting new materials from those available’, 
“Looking for a pattern in the behaviour of substances”, 
“Using explanatory concepts and knowing how to check 
theory by observation”, and “Associating energy changes 
with material changes”. 

The sample scheme that emerges is divided into three 
stages, of which Stages I and II form the basic course and 
Stage III consists of a series of options. Stage I, “the 
exploration of materials”, is completed in the two years 
from 11 to 13, Stage II, “using ideas about atoms and 
molecules”, takes a further two years or slightly more, and 
Stage III offers a more detailed and advanced treatment 
of thirteen topics with the suggestion that each pupil 
should tackle at least two of these before the end of the 
five-year course. The authors emphasize that they have 
no wish to replace the old orthodoxy by a new and more 
rigid scheme, and that their sample scheme is intended 
only to illustrate by detailed examples how their ideas 
may be applied in practice. To support this contention 
they offer two alternative schemes for Stage I, and express 
the hope that their work, though offered as a complete 
course for those who want it, will give inspiration to those 
who prefer to plan their own teaching programme, and 
will form part of a continuing process of curriculum 
reform. B 

The major pubhestions are intended solely for the 
teacher. They include the “Introduction and Guide”, 
which outlines the philosophy and scope of the course, 
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“Theo Sample Scheme. Stages I and IT: The Basic Course”, 
“Stage TH: A Course of Options” (to be published in the 
autumn), “Collected Experiments”, giving details of 
many experiments in addition to those described in the 
Sample Scheme, and a “Handbook for Teachers”, explor- 
ing in depth some of the central ideas of modern chemistry 
which, ın the Nuffield scheme, find their way for the first 
time into an elementary course. It seems a pity that only 
the firat two of these books have been published in time 
for the academic year which started in September. 

There 18 no formal textbook for the student; it is felt 
that the investigational approach would be invalidated 
by a book that would inevitably anticipate the results of 
practical work. Instead, there are plans for a large 
number of Background Books, each dealing with a particu- 
lar topic, to be issued at the appropriate stage in the 
course. Another publication for the student, called 
“Laboratory Investigations”, consists of loose-leaf sheets 
of instructions to be issued separately to the student 
in the course of each experiment and filed together with 
interleaved file -paper on which the student records his 
own observations and comments, so as to build up a 
permanent and personal record of work done, without the 
drudgery that is usually involved in writing accounts of 
experiments. A “Book of Data” is also to be published 
and a number of visual aids, including a version of the 
Periodic Table for the student’s own use, about forty 
8 mm film loops with teaching notes, and a set of diffrac- 
tion grids. 

Because of the important part played by practical work 
in the Nuffield course, laboratory techniques have to be 
streamlined, and a certain amount of new equipment 
will be needed, including direct-weighing balances, 
syringes for rapid handling of gases, centrifuges, cylinders 
of the common. gases, and 8 mm film loop projectors. The 
total cost per laboratory ıs estimated at about £350. 

Careful consideration has also been given to the kind of 
examination that will be required to foster the “Nuffield 
approach” and to test the proficiency of the students. 
There is a searching analysis of the skills that the examina- 
tion should test and a sample paper, based on this analysis, 
consisting partly of short, multiple choice questions and 
partly of longer questions contaming numerical data and 
passages for reading and comprehension. The co-opera- 
tion of the G.C.E. Boards has been enlisted to set alterna- 
tive “O” Level papers for Nuffield candidates. 

It will be evident from this bnef summary that the 
Nuffield proposals constitute, both in their scope and in 
their thoroughness, a reappraisal of chemistry teaching 
that has never before been attempted m Britam. Most 
chemists would with the central theme of the 
work, that at the “O” Level stage chemistry should be a 
means of traming pupils ın scientific habits of thought, 
and that an investigational approach is most likely to 
achieve this result. It may be argued, however, that the 
course ought not to have been planned in isolation from 
other sciences and from other levels of chemistry. From 
a preliminary survey of the whole field of scientific 
traiming in secondary schools, it is possible that a quite 
different scheme might have emerged. Chemustry and 
physics might perhaps have been integrated into a single 
course of physical science up to “O” Level, leading to 
specialization into separate subjects at “A” Level. It 
seems strange, indeed perverse, to reverse the process, 
teaching separate subjects up to “O” Level and the com- 
bined course that Nuffield now propose at the higher level. 
The pressure of university requirements, especially on 
those studying biology, seems likely, ultimately, to force 
the amalgamation of physics with chemistry at “A” Level. 
How much better if the Nuffield proposals had anticipated 
this situation at the earlier stage! A fully integrated course 
makes demands on chemists and physicists alike far 
exceeding those that they encounter in teaching their own 
subject, and help on the Nuffield scale would have been 
all the more welcome. 
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The content of the Nuffield syllabus incorporates many 
features that are new to “O” Level chemistry, and whose 
advent will meet with general approval. These include the 
emphasis on structure introduced at a very early stage, 
the prominence given to energy changes—both thermal 
and electrical—and the idea of free energy, the study of 
rate of reaction and of dynamic equilibrium, radiochemis- 
try, and organie chemistry. Less general agreement can 
be expected over topics the long career of which in the 
traditional “O” Level course has been abruptly torminated 
by the Nuffield proposals. Primitive notions of valency, 
the concept of equivalent weight, the historical approach 
to atomic and molecular theory, and the preparation and 
properties of many simple substances are among the items 
the loss of which, though logically defenmble, will 
undoubtedly be lamented by some. 

One particularly valuable feature of the whole scheme 
hes in the attempt the authors have made to relate the 
chemistry learnt at the laboratory bench to the everyday 
experience of the pupils and to the industrial world around 
them. Organic chemistry, for instance, is approached 
through the breakdown of large molecules of familiar 
substances (starch, crude oil, etc.) rather than through 
synthetic processes starting from simpler but less accessible 
materials; and, by a similar inversion, students are intro- 
duced to the giant structures of solids before any system- 
atic treatment of gases is attempted. 

Of the Sample Scheme let it first be said that there is 
here a wealth of ideas that will repay study by any teacher 
of chemistry, whatever his reaction to the course as a 
whole, and a fund of experiments, using simple but 
elegant techniques, and described in great detail, which 
have all had the benefit of extensive trial and should 
therefore be reliable. As a source book of ideas the sample 
scheme is admirable; as a course it shows inconsistencies 
that arse partly, and inevitably, from the attempt to 
apply the investigational approach to the complex and 
extensive fleld of modern chemistry. Thus, heuristic 
arguments alternate in a disconcerting way with didactic 
episodes. There is, for instance, in the early part of the 
course a coy reluctance to use the terms “atom” and 
“molecule” that 1s in strange contrast to the sudden, bold 
leap to atomic weights at the beginning of Stage II. The 
kind of difficulty encountered is well illustrated—and 
referred to as “‘teacher’s dilemma’—in the sample lesson 
(page 218), and resulte from teaching that an electric 
current is a flow of electrons while withholding mforma- 
tion about atoms and their structure. Many teachers 
who are prepared to adopt an investigational approach, 
and may indeed already be using it, will consider the 
long delay in introducing atoms, molecules, formulae 
and equations both unnecessary and frustrating to the 
pupils. There are advantages, of course, in suppressing 
half-truths that have to be eradicated later. The equation 
for neutralization, for instance, is not introduced until 
the student is ready for the Bronsted definition; but is it 
really wise that pupils should wait until their third year 
of chemistry before meeting atoms and molecules, and 
should be in their fourth year before using equations ? 

Other discrepancies may perhaps be due to lack of 
co-ordination between the different authors. There is a 
quite bewildering variety of terms signifying Avogadro’s 
number—gram atom, gram molecule, gram particle, 
gram formula, etc.—and at one point teachers are advised 
to stress the differences between them. Would it not 
have been simpler to emphasize their similarity by using 
the “mole” ? Statements such as, “A Faraday is a kind 
of gram atom of electrons”, could then have been avoided. 
If the authors consider the mole unacceptable, why do 
they use molarity, introduced without explanation in 
Topic 17, to express the concentrations of solutions of 
electrolytes ? “Formal” solutions would surely have been 
more consistent. In the “Laboratory Investigations”, 
too, there is a wide variation in style for no obvious reason. 
Some of the sheets contain little more than a restatement 
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of several of the questions that have been suggested 
for class discussion, while others describe in full detail 
what is to be done. Nomenclature also varies. Stock 
nomenclature is used throughout the “Basic Course”, 
but is not always adopted in the “Laboratory Investiga- 
tions”. 

Among minor errors that might have been eliminated 
by careful editing are the use of ML on the graph illustrat- 
ing Experiment 17:1 (instead of cm’ which ıs used in the 
text), the claim on page 322 that the same experiment 
18 an example of ‘‘double decomposition”, the mislabelling 
of Experiment 15-1 o in the “Laboratory Investigations”. 
and the irntatingly random alternation in the Basio 
Course between black and brown ink. Though it is 
adequately cross-referenced, the Basic Course would 
benefit from an index, and some of the information 
required in planning the course (for example, time 
schedules) would be more readily accessible if it were 
assembled in tabular form. 

Since there is no textbook for the pupil, setting home- 
work is likely to raise problems that do not arise in the 
traditional course. The Nuffield scheme attempts to 
solve this problem by suggesting homework asmgnments 
in the Basic Course, some of which are too vague to be 
helpful, and by offering the Background Books. It is 
hard to comment on these at a time when so few have 
been published, but those which have appeared seem 
attractive in design and well suited to the age and interests 
of their readers. A possible criticism is that they tend to 
make the whole course too insular and self-contained. 
Suggestions for further reading beyond the range of the 
Nuffield publications would have been welcome, even at 
the risk that pupils might acquire extraneous foreknow- 
ledge of discoveries that they are mtended to make for 
themselves. 

Trouble is anticipated, too, from the regular testing of 
progress and achievement which supplies such a useful 
incentive in a conventional course. To devise “Nuffield” 
type questions requires much thought and effort and a 
technique that is unfamiular to many chemistry teachers. 
The difficulties are not insuperable however and the 
attempt to surmount them, ın itself a salutary exercise 
for the teacher, would amply repay the effort mvolved. 

Taken as a whole, the Nuffield scheme will undoubtedly 
stimulate reform of chemistry teaching and will give great 
practical help to teachers in planning courses and in 
conducting experimental work. The larger claim 
tacitly assumed by the authors ın the “Introduction and 
Guide”, that the investigational method must inevitably 
promote scientific habits of thought, ia so fundamental 
that it deserves careful verification. There is an instinc- 
tive feeling that it must be so, but instinct is not always 
a reliable guide. It would be interesting to know more of 
the educational experiments that were used to evaluate 
results achieved by the Nuffield approach. Were the 
scores on Nuffield type examinations of students taught 
by these methods compared with those of control groups 
taught by conventional methods ? It ıs to be hoped that 
details of such expermments will be published in due 
course, and that they will show all the scientific rigour 
that the Nuffield scheme 1s mtended to promote in students 
of chemistry. E. J. HARTWEL 


WILLIAM HARVEY: A NEW 
BIOGRAPHY 


The Life of William Harvey 

By Geoffrey Keynes. Pp. xviii + 483 + 32 plates. (Oxford: 
Clarendon Press; London: Oxford University Press, 
1966.) 908. net. 

Tune have been a number of short lives and memoirs of 
William Harvey, beginning with John Aubrey’s account 
in his Brief Lives, which Sir Geoffrey Keynes vindicated in 
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the Harveian Oration of 1958. Sir D’Aroy Power’s 
admirable biography was published in 1897. Since then, 
there have been further biographies by Dr. Chauvois in 
French, also translated into Enghah (1957); by Prof. 
K. J. Franklin (1961); and by Dr. K. D. Keele (1985), 
who points out that the stimulus of Aristotle “provided 
the setting of the bright jewel of Harvey's experimental 
enius’’. 

Sir D’Arcy Power said in the preface to his book that 
it was not possible to add much that was new about 
Harvey. Since 1897, however, many new aspects of 
Harvey’s life have been recorded by H. P. Bayon, 
O. Singer, A. Robb Smith and others. Lord Brain in his 
Harveian Oration (1959) and Drs. Richard Hunter and 
Ida Macalpine in their accounts of Harvey’s knowledge 
of neurology and psychiatry reveal another side of his 
inquiring mind; in 1964 Dr. Gweneth Whittendge gave 
us an authoritative transcription and English translation 
of Harvey’s anatomical lecture notes; she has also edited 
and translated De Motu Locali Animalium, being his notes 
for an intended treatise on the movement of animals 
which he never completed. 

This enhanced knowledge of Harvey, with several 
further original additions, is now assembled in Sir Geoffrey 
Keynes’s biography, which will rank as the most complete 
and authoritative life of Harvey for many years to come. 
It incorporates all the many activities of Harvey’s hfe. 
His Cambridge career, his studies and graduation as M.D. 
of Padua; his work for the College of Physicians and as 
physician to St. Bartholomew’s Hospital; his services as 
royal physician to King James I and King Charles 1; 
his patient researches on the circulation of the blood; his 
wardenship of Merton College and work at Oxford during 
the civil war, including advice to the King on the care 
of the sick and wounded; his investigations recorded in 
De Generatione, which, as the author states, 1s an ex- 
tremely interesting and important book; and other features 
which increase our admiration for Harvey as & pioneer in 
physiology and scientific medicine and a generous bene- 
factor to mankind. 

Sir Geoffrey finds no evidence that Harvey had the 
M.D.Cantab, as is usually stated, although the University 
of Oxford in conferring the M.D. believed he had so 
incorporated on his Paduan degree. Sir Geoffrey also 
shows that Harvey was an archaeologist and participated 
in an investigation at Stonehenge; he notes that Harvey 
last saw King Charles at Newcastle in 1646; and he 1s 
doubtful about the visit, recorded by Aubrey, of Harvey 
to Italy with Sir George Ent after the King’s death. 

In addition to the great discovery of the circulation of 
the blood and his wide outlook on many branches of 
medicine, Harvey was a public health administrator and 
adviser to the State; a pioneer in embryology; a fore- 
runner of Wallace and Darwin; the founder of scientific 
midwifery; a dietician and teacher of wise nutrition; an 
advocate of smoke abatement before John Evelyn; an 
epidemiologist who first showed that contagious and 
infectious disease spread through the blood, and whose 
experimental investigations extended even to the threshold 
of bacteriology. All this and much more is to be found 
in this impressive and scholerly biography, well printed 
and produced by the Clarendon Press, Oxford. 

ARTHUR MacNatry 


“APES” REVEALED 


Men and Apes 

By Ramona and Desmond Morns. Pp. 271. (London: 
Hutchinson and Co. (Publishers), Ltd., 1966.) 50s. net. 
Tms book is the second in a series intended to explore 
the interrelationshrp of men and anmals. In contrast 
to the first volume (Men and Snakes) the animals chosen 
are zoologically those closest to man, and interest is thus 
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heightened by disturbing feelings of identity. The “‘apes’”’ 
skeletons are in our cupboard ! 

It must be explained that in this book the word “apes” 
is used in its historical sense and includes all the higher 
primates. In this way the scope of the book and its histori- 
cal depth have been increased. 

The book has been written from the points of view of 
the authors’ principal disciplines, history and behavioural 
scienco; a happy combination of talents which has 
produced a well illustrated, readable and entertaining 
book. The earlier chapters treat us to “apes” as sacred 
objects, buffoons, entertainers, lovers and sex maniacs, 
while the later chapters are devoted to more serious 
aspects of the “‘apes’”’ early history, social life and behavi- 
our. So much of their social life and behaviour, however, 
is of a sexual nature that one fears for the authors’ con- 
tention that this book will tell us about the true character 
of man. If this is so, we must be deeply grateful that 
things are no worse than they are ! 

The section devoted to the “ʻape” as an animal is a sound, 
if popular, account of the evolution and spread of modern 
primate groups. This is followed by a review of the present 
state of primate behavioural science which goes a long way 
towards achieving an imtroductory synopsis for the 
student as well as the general reader. The complexities 
of this fast developing subject are presented in a fluent 
and interesting way to round off a book which will be 
enjoyed by anyone who has an interest m our nearest 
living relations. M. H. Day 


AN INTRODUCTION TO NITROGEN 
FIXATION 


Nitrogen Fixation in Plants 

By William D. P. Stewart. Pp. 168+ 7 plates. (London: 
The Athlone Press, University of London, 1966. Distri- 
buted by Constable and Co., Ltd.) 258. net. 


Tas biological fixation of gaseous nitrogen is acknowledged 
as second only to photosynthesis among the fundamental 
processes in nature. Equally appreciated have been the 
difficulties of accurately measuring nitrogen fixation and 
of preparing cell free systems which would effect fixation. 
The application of both heavy and light isotopes of nitro- 
gen, however, now permits routine, sensitive determina- 
tions of fixation to be made, while the elucidation by several 
workers in 1960 of conditions conducive to cell free 
fixation has resulted in considerable understanding of the 
process at the enzyme level. Within the confines of a 
brief monograph Dr. Stewart has assembled many relevant 
data from an extensive and scattered literature. All 
groups of nitrogen fixers are discussed and their physio- 
logy, biochemistry and cytology are described in clear, 
precise language. The final chapter details the importance 
of nitrogen fixation m the field and its significance in soil 
fertility, thereby providing an appropriate conclusion to 
the subject. 

Adverse criticisms of this book are few and of a second- 
ary nature. It is unfortunate that the use of the name 
diphosphopyridine nucleotide is retained while the recom- 
mended co-enzyme nomenclature (NAD) is offered as 
mere synonymy. The term “phyliosphere’’ is defined 
incorrectly and the imperfect fungus Phoma is assigned 
erroneously to the basidiomycetes. “Nitrogen hydroly- 
sis” is postulated as a possible mechanism for the initial 
fixation of the gas; this statement is not elaborated and 
the concept itself is without foundation. A pleasing feature 
is the inclusion of experimental details, and here the 
application of newer research techniques such as electron 
paramagnetic resonance might have been mentioned. 
Reconstruction of the evolutionary course of nitrogen 
fixing systems is a speculative exercise and Dr. Stewart 
does not indulge his readers. It is evident that the pheno- 
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menon is widely occurring in micro-organisms, however, 
and J. de Ley and I. W. Park (Antonie van Leeuwenhoek, 
32, 6; 1966) have recently shown that nitrogen fixing 


, bacteria are very diverse genetically and suggest that this 


assimilatory capacity 1s phylogenetically primitive. 
Nitrogen Fixation in Plants is priced and organized 
admirably for the needs of undergraduates reading botany, 
microbiology or agriculture, and the balance of the book 
is such that a comprehensive introduction to the process 
is presented. The numerous references to tho original 
literature also cater for the postgraduate or specialist 
reader. ALAN T. BULL 


GEOGRAPHICAL HUMANISM 


Human Nature in Geography 

Fourteen Papers, 1925-1965. By John Kirtland Wright. 
Pp. xx+3659. (Cambridge, Mass., and London: Harvard 
University Press, 1966.) 80s. net. 


Ir has become a common practice in recent years for 
distinguished scientists in their years of retirement to 
collect and republish, with or without editing and emenda- 
tions, the more important of their contributions to the 
advancement of knowledge. This has partly taken the 
place of an autobiography especially when, as in this 
case, the author has allowed himself to add four essays 
not previously published to the ten he has selected. 

John Kirtland Wright was born on November 30, 
1891, and graduated at Harvard in 1913. Giving up an 
early intention to teach history he joined the staff of the 
American Geographical Society of New York where he 
remained for thirty-six years, serving as librarian from 
1920, ita director from 1937 to 1949 and continuing m 
research until 1956. In a brief autobiographical introduc- 
tion he explains how he developed an intense interest ın 
both geography and history about the time of the Spanish- 
American War and, before he had reached his teens, had 
written extensively in science fiction including the explora- 
tion, geography and history of an entirely imagmary 
country of “Cravay’’. Historically inclined, mathematic- 
ally as well as geographically minded, he became an 
erudite scholar of international repute, and earned in 
1955 the highest award of the Royal Geographical Society, 
the Patron’s Medal, but he never lost the whimsical 
approach and puckish humour of his boyhood. Indeed, 
the last essay in this collection, previously unpublished 
and entitled “Notes on Early American Geopiety” is a 
delightful return to fantasy, with an underlying sense of 
neglected values. Quoting from the Psalms he says, 
“These glorious verses express pious emotion evoked by 
the wonder and the terror of the earth in all its diversity 

. . there being no established term for piety of this 
sort I have coined one, geoptety (adj. geomious)”. There 
is @ similar originality and freshness of approach in all 
the fourteen essays. The earliest from 1925 is “A Plea 
for the History of Geography”’—a plea which had a marked 
international impact in the years which followed. Tho 
title chosen for the collection is elaborated in at least four 
of the essays: “Human Nature in Science” (1944); ‘Map 
Makers are Human: Comments on the Subjective in 
Maps” (1942); “The Place of Imagination in Geography” 
(1946), and ‘What’s ‘American’ about American Geo- 
graphy ?” (1956 and 1964). 

Dr. Wright’s interest in the human factor in scientific 
achievement is illustrated by two penetrating analyses 
of the work and influence respectively of Daniel Coit 
Gilman (1831-1908), first President of Johns Hopkins, 
and Ellen Churchill Semple (1863-1912), whose Influences 
of Geographic Environment is currently rated as always 
“one of the great formative works in the English-speaking 
world” or an “out-dated and out-moded classic”. The 
modern trend towards quantification is given an historical 
setting in a new essay, ‘Notes on Measuring and Counting 
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in Early American Geography”, and also m “The Heights 
of Mountains: An Historical Notice” (1958). 

Altogether this collection, amply documented by 44 
pages of references and notes, is one not to be neglected; 
it does more than remind the reader of one man’s contribu- 
tions over fifty active years: it gives many pointers for 
work still needed L. Dupiey Strame* 


SPECTROSCOPY AT WORK 


Spectroscopic Analysis of Gas Mixtures 

By O. P. Bochkova and E. Ya. Shreyder. Edited by 
8. E. Frisch. Translation edited by Charles P. Poole, 
jun. Pp. xi+313. (New York: Academic Press, Inc.; 


London: Academic Press (London), Ltd , 1965.) 116s. 
Applled Infrared Spectroscopy 

Edited by David N. Kendal. Pp. xv+560. (New 
York: Reinhold Publishmg Corporation; London: 


Chapman and Hall, Ltd., 1966.) $23; 184s. 


Srrorroscory enables us to discourse, albert often with 
crossed swords, on topics as diverse as the origins of 
archaeological silver and chemical species in comet tails. 
There are, however, more mundane uses, some of which 
are discussed below. 

Spectroscopic Analysts of Gas Mixtures is a workman- 
like translation of the second Russian edition (1963). It 
does contain, though, some scientific obscurities, as on 
page 133, line 12, “. .. a high electron temperature con- 
centration. ...’ There are also a few inconsistent trans- 
hterations from the Cyrillic script; indeed the author’s 
name Shreyder is rendered differently on the cover and 
in the foreword. 

The title is somewhat misleading, as the main theme 
concerns analysis, by visible emission spectroscopy, of 
mixtures which may contain noble gases, hydrogen or air 
constituents. Throughout, the treatment is largely 
empirical and it ıs stated that spectroscopic and spectro- 
analytical techniques have been deleted to save space. 
I feel that had the authors eliminated all the repetitions, 
condensed the numerous qualitative passages and omitted 
to state the obvious, they could profitably have reduced 
the mize of the book still further. 

The sıx chapters cover the nature and generation of 
discharges, equipment, methodological problems, typical 
analyms of mixtures, and absorption techniques. There 
are five short appendixes giving, respectively, details of 
_ sensitive spectral lines; analytical line pairs; Soviet 
spectrographs; Soviet photomultipliers, and finally some 
poorly reproduced spectrograms. Most of the circuit 
diagrams are unusable because inadequate details of 
components are given. A useful feature is the list of 
502 references, nearly half being to Russian sources. 

This book is unlikely to interest the general spectro- 
scopist but could provide useful information to someone 
practising in the field. 

In contrast, Applied Infrared Spectroscopy has twenty- 
one contributors and covers many topics. There are five 
chapters on pharmaceuticals, polymers, essential oils, 
coal and public analyses. The remaining eleven chapters 
cover elementary, largely qualitative theory, instrumenta- 
tion, sample preparation, interpretation of spectra, plant 
stream analyses, attenuated total reflectance, micro- 
techniques, the use of computers and documentation. 
There is a small section on inorganic applications and 
about a page on kinetics. 

The editor states that some overlapping of content is 
inevitable in mantainmg contmbutors’ styles. In my 
opinion “‘some overlapping” is an understatement. There 
is excessive, often tedious, overlapping which, with 
planning, could have been greatly reduced without de- 
tracting from an otherwise readable and informative 
book. Many important industrial aspects are covered, 

* Prof Sir Dudley Stamp died on August 8, 1868. 
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but these could have been extended, or the high cost of 
the book reduced, by combining or eliminating some of 
the contents. For example, Chapter 6, “Infrared on the 
Chemust’s Bench”, although excellent, contains little that 
is not mentioned elsewhere ın the book. On the other hand, 
its correlation chart (page 210) is highly compressed and 
one would have expected additions! textual amplification. 
On the credit side, there 1s an excellent section on 
interpretation, some useful information on microsamplng, 
about 900 references and a good 24-page subject index. 
The book will doubtless prove a useful addition to the 
shelves of the wealthier libraries. A. G. Briaas 


Representation Theory of Finite Groups 

By Martin Burrow. (Academic Paperbacks.) Pp. ix+ 185. 
(New York: Acadomic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1965.) $3-45; 278. 3d. 


Tue most recent addition to the attractive series of 
Academic Paperbacks is a concise account of the Repre- 
sentation Theory of Finite Groups by Martin Burrow, 
a member of the Courant Institute of Mathematical 
Sciences in New York. The book fills a real need for a 
modern, self-contained exposition of the subject, and fills 
it well. Of course, the reader cannot expect to find on & 
mere 180 pages the same amount of material as in the 
encyclopaedic volume Representation Theory of Fintte 
Groupe and Associative Algebras by ©. W. Curtis and 
I. Reiner (Wiley, New York, 1962), treated in the same 
width and depth. But it is my pleasant duty to record 
that the author succeeds in guiding the reader, who is 
supposed to be equipped only with a knowledge of linear 
algebra and that elusive commodity called ‘‘mathematical 
maturity”, from the very i right up to the 
intricacies of the recently created modular representation 
theory (but stopping short of Brauer’s blooks of characters). 
The material is standard, culminating in such classics as 
Burnside’s proof that the groups of order pg? are soluble 
or the actual character tables of the icosahedral group, 
but the spirit behind the development is modern, extensive 
use being made of the representation module. Many well- 
chosen examples serve as illustrations and are treated 
in much detail, and each chapter ends with a collection of 
exercises. The book is equally suitable for self-study and 
as the basic text for a course of about first-year post- 
graduate level. It should be noted, however, that this 
book is concerned with pure representation theory, not 
with its many applications in quantum physics, orystel- 
lography, etc. K. A. Heson 


Automatic Digital Calculators 

By A. D. Booth and Kathleen H. V. Booth. Third 
edition. Pp. xi+263. (London: Butterworth and Co. 
(Publishers), Ltd., 1965.) 52s. 6d. 


First published in 1953, with a second edition in 1956, 
the third edition of this well established book appears 
after an interval of time during which there have been 
dramatic developments in computer technology, matched 
by a proliferation of applications in scientiflo, technologi- 
cal and commercial fields. As the authors point out, the 
bibliography in the second edition contained some sixty 
published texts and this is increased in the third edition 
to about three hundred. It is inevitable, therefore, that 
this book should contain a good deal that is now only of 
historical interest; nevertheless with the revisions incor- 
porated in the present edition 1t is still useful and authori- 
tative. 

Apart from the very adequate historical account of the 
development of computers, the discussion on hardware 1s 
demanding on the general reader and a background of at 
least a first year undergraduate course in physics and 
mathematics is a prerequisite for its comprehension. 
Programming is introduced by discussing a simple basic 
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machine language pertaining to a particular machine, 
but the increasing importance of sutocoding to the user 
is emphasized and illustrated by applying FORTRAN 
to a few simple numerical problems. The final chapter 
describes some important applications of computers, 
particularly their use ın non-numerical fields. 
Automatic Digital Calculators would be a useful acquisi- 
tion as an introductory text to the serious student of 
computer science and as a source of reference to the 
interested computer user. The extensive bibhography 
would be invaluable. Jamus FULTON 


Anwendungen der Kernmagnetischen Resonanz in der 
Organischen Chemie 

Von Harald Suhr. (Organische Chemie in Einzeldarstel- 

lungen, Band 8.) Pp. viii+424. (Berlin and New York: 

Springer-Verlag, 1965.) 68 D.M. 


AFTER the publication around 1960 of a number of books 
on the application of nuclear magnetic resonance in 
organic chemistry, a comparative lull fostered the fear that 
nobody again would undertake the ever growing task of 
surveying this rapidly expanding field. Fortunately, a 
new generation of books is now appearing. One of these 
is the present volume, which will be found useful from 
two points of view—as an introduction to the principles 
and potentialities of the method and as a survey of the 
literature giving extensive data on various types of systems. 

The first four chapters deal with the general physical 
principles, the measurement and origin of chemical 
shifts, the phenomenon of spin-spin coupling and with 
time-dependent effects. These chapters provide a very 
clear but essentially qualitative introduction. The longest 
chapter in the book (171 pages) is an extensive survey of the 
proton resonances of various types of organic and organo- 
metallic compounds, well documented with tables, 
charts, spectra and literature references. 

The main emphasis is on relatively simple systems; 
applications to natural product chemistry are discussed 
only briefly. There is a useful chapter on nuclei other 
than the proton (boron, carbon, nitrogen, oxygen, fluorine 
and phosphorus), and the final chapter covers a number of 
special topics, including quantitative analysis, solvent 
effects, double resonance, conformational analysis and 
the investigation of electrolyte solutions. 

The author has been successful in providing both a read- 
able introduction and a useful reference work and, although 
sometimes he does not probe very deeply below the 
surface, this is a valuable book. P. SonwaRrz 


Infrared Band Handbook 
Supplements 3 and 4. Edited by Herman A. Szymanski. 
Pp. 261. (New York: Plenum Press, 1966.) $15. 


Handbook of Fluorescence Spectra of Aromatic 
Molecules 

By Isadore B. Berlman. Pp. viii+258. (New York: 

Academic Press, Inc. ; London: Academic Press, Inc. 

(London), Ltd., 1965.) 6888. 


SUPPLEMENTS 3 and 4 of Szymansin’s Infrared Band 
Handbook follow the pattern of earlier volumes, with a 
frequency range of 100-4,000 om~. Entries are arranged 
in order of individual band positions, indicating intensity, 
structural group vibrational assignment in many cases, 
as well as the physical state of the compound. The 
present volumes, which are bound within a single book, 
cover some 400 compounds taken from the literature of 
1962-64 and bring the total number of bands covered in 
the Handbook and its supplements to 18,000. 

The Handbook of Fluorescence Spectra of Aromatic 
Molecules collects the spectra of approximately 100 
aromatic molecules, all of which have been measured at 
the Argonne National Laboratory. Fluorescence and 
absorption spectra are plotted for each molecule. In 
addition relevant data about the fluorescence process are 


NATURE 


OCTOBER 8, 1966 


VOL, 212 


included on the diagram. This includes the fluorescence 
decay time, the fluorescence quantum yield, the computed 
natural life time, the Stokes loss and the average wave- 
length of the fluorescence spectrum. ‘The choice of 
molecules is somewhat arbitrary, though a special effort 
has been made to include organic scintillators of current 
interest. The appendixes include conversion tables 
of wave numbers, wavelengths, electron volts and 
Rydberg units, running from 2000-6000 A. A useful 
introductory chapter covers methods of measurement 
and evaluation of results. D. J. Minwen 


Patterns of Mammalian Reproduction | 
By S. A. Asdell. Second edition. Pp. vili+ 670. (London: 
Constable and Co., Ltd., 1965.) 84s. 


In 1946, S. A. Asdell, professor of animal physiology in 
Cornell University, published the first edition of his 
Patterns of Mammalian Reproduction. In it he assembled, 
with great critical skill, such information as was worth 
recording about the sexual physiology of mammals. He 
concentrated on the most important studies of each 
species, and particularly on those which constituted 
precise and quantitative knowledge. i 

The second edition is some 200 pages longer than its 
predecessor, and brings the subject up to date. Dr. Asdell 
brings into his review all the better papers on the subject 
which have been published over the past eighteen years, 
and has wisely eschewed “snippets” which would not have 
added materially to a most valuable and easy work of 
reference. It and the third edition of Marshall’s Physiology 
of Reproduction, which 1s curiously never referred to in the 
bibliography, will provide effective guidolines for years 
ahead to a new generation of students of mammalian 
reproductive physiology. 


Echinoderms f . - 
By David Nichols. Second impression (revised edition). 
(Hutchinson University Library.) Pp. 200. (London: 
Hutchinson and Co. (Publishers), Ltd., 1966.) 10s. 6d. 
net. 


Tre echinoderms have been neglected for fifty years. The 
few people who now study them, however, are conscious 
that OE is rene and the next decade will see 
much activity and many surprises. Echinoderms are, 
after all, of great intrinsic interest—what other group can — 
show three nervous systems, three superimposed sym- -» 
metries and three or more coelomic systems 1n the same 
animal? In addition, at least in my opinion, they are 
very closely related to the vertebrates. i , 

Dr. Nichols’s little book makes an excellent introduction 
to echinoderms. It describes the five extant classes, not 
omitting their fossil members, and also deals with the 
extinct classes, as well as discussing more general matters 
like pentamery and the twilight world of interphyletic 
relationships. . 

As compared with the first edition, changes are fow. 
The asteroid chapter has been revised according to Fell’s 
work. A short description of Durham and Caster’s now 
class, the Helicoplacoidea, is given. The cornute and 
mitrate carpoids are re-oriented according to Prof. 
Ubaghs’s surpri interpretation. 

Bone serine nie anit unavoidable in a work of this 
sort, should be mentioned. Thus, the ophiocystioids are 
first known from the Ordovician, as stated on p. 160, nob 
from the Silurian, as implied on p. 71. The first known 
edrioasteroid—Stromatocystites walcotts Schuchert—is -y 
Lower, not Middle, Cambrian in age. The pectinirhomb 
(Fig. 18g), with thin-walled sacs outside it, is converse 
to the accepted interpretation, and most unlikely. The 
least satisfactory chapter in the book is that on lesser 
known Palaeozoic forms, precisely because present know- 
ledge is so scrappy. , f 

This book is a lucid mtroduction to a difficult subject 
and deserves continued success. R. P. 5. JEFFERIES 
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MEETINGS 


FUEL REACTIONS 


A SYMPOSIUM on “Atomic and Free-radical Reactions” 
was held at Newport, Sydney, during August 11-12, 
1966, and was attended by about fifty chemists from 
university, government and industrial research laborator- 
ies throughout Australia. The symposium constituted the 
third Australan Coal Science Conference organized by 
the C.8.I.R.O. Division of Coal Research. 

Seventeen papers were read and discussed, including 
contributions on molecular pyrolytic reactions from Prof. 
V. R. Stimson’s group at the University of New England 
and two papers on combustion and atomic reactions from 
Prof. L. F. Phillips and his colleagues at the University 
of Canterbury, New Zealand—the latter being the only 
contributions from outside Australia. The conference 
was opened by Dr. J. R. Price, member of the C.S.I.R.0. 
Executive. Dr. Price emphasized the importance of the 
subject of the conference for fuel research generally and 
in particular for combustion research into urgent problems 
of power generation. 

The first session, on gas kinetics, opened with a review 
by Dr. T. N. Bell (University of Adelaide) of the reactions 
of the trifluoromethyl radical; comparisons were made 
with the behaviour of the methyl radical, and the effects 
of polarity and bond strength on the rates of reaction 
with various organic and inorganic molecules were 
delineated. Work on the reaction of CF, with silico- 
chloroform was briefly reported. The kinetics of reactions 
of methyl radicals with aromatic compounds were dis- 
cussed by Dr. M. F. R. Mulcahy, Dr. B. G. Tucker, D. J. 
Williams and Dr. J. R. Wilmshurst (all of the C.S.I.R.O. 
Division of Coal Research), with particular reference to 
the behaviour of the radicals resulting from hydrogen 
abstraction from various substituents in the aromatic 
ring; a marked difference between the kinetics of the 
reaction of methyl radicals with toluene on one hand, and 
phenol on the other, was traced to the different distrıbu- 
tion of the free electron in the respective radicals formed 
by hydrogen abstraction. The difference in kinetics 
disappeared when the phenolic hydrogen was substituted 
by an alkyl group and the substrate radical rearranged 
and decomposed to a carbonyl compound. Prof. E. S. 
Swinbourne (University of New South Wales) discussed 
the evidence for halogen—carbonium ion-pair transition 
states in pyrolyses of chlorinated hydrocarbons and 
reported on a detailed study of the pyrolysis of neopenty! 
chloride; this molecule contains no B hydrogen atom and 
therefore cannot form a four-centre transition state. 
The present evidence favoured the occurrence of a Wagner— 
Meerwein rearrangement of either the original molecule 
or a chloroneopentyl radical. Further evidence for polar 
transition states was adduced by R. L. Failes (Univer- 
sity of New England) from the thermal decomposition of 
«-ethoxyethyl chloride; the similar effecta of a-ethoxy 
substitution on the gas-phase decomposition and Syl 
reactions in solution were pointed out. J. T. D. Cross 
(University of New England) described work on the gas- 
phase decomposition of pivalic acid catalysed by hydrogen 
bromide. The reaction appeared not to involve radicals, 
and comparison of its kinetics with those of the catalysed 
pyrolyses of similar compounds again favoured a hetero- 
lytic transition state. oh 

Shock-tube studies of the oxidation of ammonia b 
oxygen and nitrous oxide heavily diluted with argon were 
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reported by Dr. ©. L. Cook and L. J. Drummond 
(Weapons Research Establishment, Department of 
Supply). Emission and absorption spectroscopy were 
used to show that NH and CH were important intermedi- 
ates ın both reactions and that NO engaged in several 
oxidative reactions. Reflected shocks were used and the 
necessity to determine the speeds of both incident and 
reflected shocks and to work close to the end wall of the 
shock tube was emphasized. 

Flame reactions and reactions induced by electronic 
excitation were discussed in the second session. Dr. R. A. 
Durie and Dr. K. G. McLaren (C.8.I.R.O. Division of Coal 
Research) reported a study of optical emission and absorp- 
tion by sodium atoms ın propane-air flames rich in fuel 
and gave evidence of an increasing proportion of chemical 
excitation as the air: fuel ratio decreased below 70 per 
cent, the minimum required to convert the fuel to carbon 
monoxide and water. A paper by Dr. M. J. McEwan and 
Prof. L. F. Phillips reviewed photometric methods for 
determining radical concentrations in fuel-rich flame gases 
and described the application of several of the methods to 
stoichiometric and hydrogen flames rich in oxygen. The 
formation of LiO, was not a significant factor in the 
Li/LıOH method for measuring hydrogen—atom concentra- 
tions, and the emission bands of BrO could be used in the 
same way as those of IO to obtain a relative measure of 
oxygen—atom concentrations. The predominant recom- 
bination reaction was still 


H- + OH + M —H,0O + M 


in the flames rich in oxygen. 

A paper on ionic and radical reactions in gaseous ketones 
by Dr. B. C. De Souza and Prof. R. H. Green (University 
of New South Wales) was read by N. A. McAskill (Univer- 
sity of New South Wales) in the absence of the authors. 
High-pressure mass spectrometry indicated that ionic 
reactions contributed extensively to the formation of the 
products from y-radiolysis of ketone vapours: fast ion— 
molecule reactions produced secondary ions of mess M + 1 
from a number of ketones (of mass M). The reported 
ion—molecule reaction data and information in the litera- 
ture were used to calculate the contributions from 
various types of reaction (initial fragmentation ion— 
molecule reactions, etc.) to the yields of products of 
y-radiolysis. 

J. D. Brooks, Dr. W. R. Hesp and D. Rigby (all 
of the C.8.I.R.0. Division of Coal Research) reported 
extensive work on the cracking of hydrocarbons in 
anomalous glow discharges. High degrees of total conver- 
sion (up to 95 per cent), with acetylene as the principal 
product, were achieved at relatively low gas temperatures 
(600°-900° C). Evidence on the role of electron activation 
and of the non-equilibrium nature of the reaction was 
obtained, among other ways, by comparing the experi- 
mental data with calculated yields. Several new reduction 
reactions of inorganic compounds carried out in electrical 
discharges in hydrogen were described by Dr. F. K. 
McTaggart (C.8.I.R.O. Division of Mineral Chemistry). 
The following are examples: ZrF, was reduced to ZrF, 
by a radio frequency discharge, which, however, failed 
to reduce silica. The latter was reduced by a microwave 
discharge to silicon by way of disproportionation of 810; 
silicon hydrides and polymers were also formed. Hydro- 
gen bronzes with good electronic conductivities were 
formed by reaction of TiO,, ZrO, and HfO, in the micro- - 
wave discharge. Halides of Group I metals were dis- 
sociated to the metals and halogens in hydrogen, nitrogen 
or helium; reduction of halides of Group JI and Group IT 
(aluminium and scandium) occurred by way of the forma- 
tion of lower halides and disproportionation. 

Studies of free radicals in the liquid phase were discussed 
in the third session. Dr. J. C. Ward and J. R. Steven 
(C.S.I.R.O. Division of Coal Research) described their 
investigations on electron spin resonance spectra of 
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organic radicals which contain oxygen and which are 
generated in aqueous solution by the trtanous ion- 
hydroperoxide method of Dixon and Norman (J. Chem. 
Soc., 3119; 1963). Spectral assignments to radicals 
obtained from aldehydes and related compounds were 
discussed together with the mechanisms by which the 
radicals were formed. Alkoxy radicals proved very 
elusive: it appeared, for example, that the -propoxy 
radical (CH,CH,CH,O-) escaped spectroscopic detection 
because of rapid rearrangoment to CH,CH,CHOH. 
Radiolytic reactions of hydrated electrons and hydroxyl 
radicals in neutral and alkaline aqueous solution were 
discussed by D. F. Sangster, R. W. Matthews, and 
J. A. D. Stockdale (Australian Atomic Energy Commis- 
sion). Rate constants have been determined for a number 
of electron-golute reactions relative to that of the analog- 
ous reaction with the monochloroacetate anion. The 
reaction with benzoate anion was sensitive to both pH 
and ionic strength and ıt was suggested that complexing 
of the anion with water molocules might influence the rate. 
Rates of hydroxyl radical reactions with organic and 
Inorganic substrates have been determined using three 
reference systems—benzoate decarboxylation, salicylate 
fluorescence, and nitrobenzene hydroxylation. Kinetic 
salt effects which might have been expected from the 
presence of O- were not observed m preliminary investiga- 
tions. Two new photochemical syntheses based on aroma- 
tic compounds were described by P. J. Collin, H. Rotten- 
dorf, Dr. W. H. F. Sasse, Dr. H. Silberman and Mrs. 
Galina Sugowdz (all of the O.8.I.R.O. Division of Coal 
Research). Photo-oxidation of the Schiff’s bases from 
2-aminonaphthalene in aliphatic alcohols resulted in the 
incorporation of a C, fragment, derived from the solvent, 
with the formation of appropriately substituted benzo(f)- 
quinolnes. The second synthesis involved photo-addition 
of tolan(s) to naphthalenes to form highly reactive fused 
hydrocarbons contaming 3, 4, 5 and 6 membered rings. 
Some fifteen adducta had been synthesized and the 
mechanism of the addition was discussed. 

The final session was concerned specifically with atomic 
reactions. Investigations on low-pressure flames of 
active nitrogen with [Br and ICl were reported by M. R. 
Grigor and Prof. L. F. Phillips. The emission appeared to 
consist mainly of bands and continua of both molecular 
iodine and the imterhalogens. Reaction mechanisms 
were similar to that of the reaction of active nitrogen with 
iodine and involved an intermediate excited nitrogen 
molecule which excited the emission. Rate data for the 
reaction of atomic nitrogen with halogens and interhalo- 
gens were reported and discussed. The reaction of oxygen 
atoms with sulphur dioxide was the subject of a paper by 
Dr. M. F. R. Mulcahy, J. R. Steven and Dr. J. ©. Ward. 
The lanetics were studied in a stirred-flow system—electron 
spin resonance spectrometry being used to determine the 
concentrations of oxygen atoms at the entrance and exit 
of the reaction vessel. Rate constants determined for 
the reactions 


at room temperature were considerably lower than expected 
on the basis of known rates of other reactions of atomic 
oxygen. Application of RRK theory suggested that this 
resulted from the formation of excited triplet SO, mole- 
cules rather than the occurrence of a spin forbidden 
reaction to ground state SO,;. In the final paper an 
apparatus for investigating the kinetics of reactions of 
oxygen atoms in the absence of electronically excited 
molecular species was described by Dr. M. F. R. Mulcahy 
and D. J. Williams. The atoms were generated by 
pyrolysis of ozone (Kaufman and Kelso, Disc. Farad. 
Soc., 37, 26; 1964) and passed to a stirred-flow reactor, 
the relative concentrations at the entrance and exit being 
determined continuously by the NO chemiluminescence 
method using a single photo-tube. Preliminary values of 
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rate constants for the reaction O + 20,-+ O, + O, over 
the temperature range 195°-443° K were reported. 
The assistance of Dr. K. J. Hole and J. R. Steven in the 
preparation of this summary ıs gratefully acknowledged. 
R. A. DURE 
M. F. R. Morossy 


WHICH MATERIALS? 


A SYMPOSIUM on “The Selection of Materials’ was held 
at Brunel College, London, W.3, at the end of May, under 
the joint sponsorship of the metallurgy and chemustry 
departments. The first half of the meetmg was con- 
cerned with a discussion of the problems in general, and 
the second half with specific applications and materials. 

Dr. H. J. Sharp (Hoover, Ltd., Greenford) opened the 
proceedings and was followed by Mr. R. B. Selwyn 
(Materials Date, Ltd., Farnham), who described a punched 
card system for data material of total materials informa- 
tion. In this system, materials havo been divided into 
seven groups, and so far the data of one group-——non- 
ferrous alloys—hbave been fully collated. 1,600 data 
sheets describe the chief mechanical, physical and con- 
structional properties of materials meeting British 
Standard General and Aircraft specifications and D.T.D 
specifications. Eventually the other six groups of 
materials will be dealt with. 

Mr. T. 8. Eyre (Brunel College, London) spoke on 
“The Effect of the Manufacturing Process on the Prop- 
erties of Materials”, and provoked a lively discussion in 
which both he and the previous speaker, Mr. 8. Turner 
(I.C.I. Plastics Division, Welwyn Garden City), stressed 
the inadequacy of representing the properties of a 
material by a single datum point obtained by arbitrary 
tests. To use a material with confidence, its whole pattern 
of behaviour must be obtained. 

The second half of the symposium was opened by Mr. 
B. K. Reeve (British Motor Corporation, Birmingham), 
who directed attention to the wastefulness of many metal 
forming processes, which is particularly serious in the 
automobile mdustry where material costs account for 
about 60 per cent of turnover. 

The possibility of reducing some of the waste by 
replacement of metal body panels with plastic panels is 
now being considered by car manufacturers. Modification 
of car body design so that boot, bonnet, roof, outer wings 
and doors are unstressed will allow these to be produced 
from thermoplastics, probably by mjection moulding, so 
reducing material waste and the costs of finishing and 
tooling. 


Tablo 1 STRENGTH OF FIBRES 
Tensile strength 
Material (10* Ib./sq. 0.) 

Graphite whisker 85 
S10 whisker 80 
SiN, whisker 20 
Al,O, whisker 21 
Fe whisker 1-0 
Bi whisker 11 
Drawn high O steel wire 06 
Drawn tungsten wire 0-5 
Glass fibre 1-0 
Ou whisker 05 


The problem of the absorption of vehicle collision 
energy was raised in this context. There seems to be no 
certain knowledge available of the ability of plastics to 
absorb energy in collisions, and indeed automobile manu- 


facturers have only recently turned their attention to the -a 


behaviour of metals at high rates of stress. 

The symposium finished with a talk on composite 
materials by Prof. W. A. Holmes-Walker (Brunel College, 
London), in which some of the properties of fibre reinforced 
materials were described (Table 1). In these systema 
advantage is taken of the greater strength of fibres or 
whiskers compared with more massive forms of a material. 

K. A. Hopp 
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RADIO PULSES FROM EXTENSIVE AIR SHOWERS 


By Dr. H. R. ALLAN and J. K. JONES 
Department of Physics, Imperial College of Science and Technology, London, S.W.7 


Forzowine the discovery by Jelley etal. that radio pulses 
can be detected in association with extensive air showers)~, 
we have begun a systematic study of the phenomenon at 
the Joint Universities’ Air Shower Array at Haverah 
Park, near Harrogate, Yorkshire’ *. At Haverah Park, 
the detection of showers by particle counters, and the 
determination of shower size, direction, and axis location, 
is now a routine matter, so for the radio work it has only 
been necessary to install a suitable aerial array and radio 
receiver, with provision for photographing the receiver 
output on an oscilloscope screen whenever the main 
particle array registers a shower. 

In our first prelimmary measurements (reported here) 
we have used as receiver a 60 Mo/s amplifier with a linear 
detector, connected to a horizontal aerial array of eight 
full-wave dipoles. These dipoles are supported 1:25 m 
(4/4) above the ground, 120 m from the centre of the 
particle array. The effective collecting area is about 22 x 
2). The dipoles are oriented along the geomagnetic 
east-west direction, this being the favoured direction of 
polarization of the radio pulses according to the theories 
proposed by Kahn and Lerche? and by Colgate’. The 
large aerial aperture was chosen to improve the received 
signal strength relative to galactic noise for showers falling 
vertically on the array, because the shower analysis 
provided by the particle detectors is more precise for 
vertical than for highly inclhned showers. In retrospect, 
we recognize that the choice was unfortunate. Because 
of the small number of radio pulses observed (twenty-eight) 
we were unable to restrict the analysis to nearly vertical 
showers, and had to use all the available data. The 
median zenith angle of the showers recorded by the 
Haverah Park array is 40° (ref. 9), whule the polar diagram 
of aerial gain has two lobes: a maximum at 0°, a zero 
at 30° and a subsidiary maximum at 45°, one-fifth the 
size of the principal maximum. Consequently, corrections 
for change of aerial gain with zenith angle are large and 
not very accurate. The analysis carried out in the present 
article is therefore done without attempting to correct 
individual radio pulses for aerial gam: only general 
trends are discussed. 

The radio pulses were observed on an oscilloscope with 
a 20 psec timebase, against the background of galactic 
noise pulses. Severe interference occurred at the times of 
B.B.C. television transmissions, and no use was made of 
data obtained during such periods. At all other times, 
the background appeared to be remarkably uniform, and 
was presumed to result from galactic noise. The receiver 
itself had a noise factor of 3 dB and a bandwidth of 8 Mc/s. 
Because of the considerable video delay used in the oscillo- 
scope signal channels, the effective bandwidth was only 
2 Mo/s during most of the experiment. The radio pulses, 
and the background noise pulses, had therefore a character- 
istic length of 0-5 psec. The radio pulses were never more 
than three or four times the background noise level, and 
an arbitrary criterion was required to distinguish them. 
The criterion adopted was that the pulse must be 1-5 
times larger than any other pulse on the trace, occur at 
the correct time (the tıme when the particle wavefront 
strikes the aerial), have a clean leading edge (no pile-up) 
and be of the correct length, 0:56 psec (bandwidth 
lumaited). 

To test whether this selection criterion was satisfactory, 
a search was made on each timebase for pulses that were 
about 6 usec later than the correct time, but otherwise 


satisfied the selection criterion. Only one spunous radio 
pulse was found by this method in 600 events. We may 
conclude that the radio pulses as selected (one in every 
twenty events) are probably all genuine. A supplementary 
argument to support this conclusion comes from the 
observed distribution of the radio pulse amplitudes with 
respect to shower size, distance and zenith angle (Tables 
2 and 3, discussed below). 

The equipment was operated for a period of two months 
at a receiver bandwidth of 2 Mo/s, and in this period about 
600 h of interference-free recording was obtained. From 
a total of 625 recorded showers, with sizes ranging from 
10* to 10° particles, twenty-eight radio pulses were ob- 
served. Some further pulses (24 from 334 showers) were 
recorded at an effective bandwidth of 6 Mc/s, after the 
video delay system bad been replaced by radio frequency 
delay units, but a failure in the used. to correlate 
the particle array and radio data meant that little analysis 
could be attempted with these measurements. 

Table 1 presents the information provided by the 
Haverah Park particle array about the twenty-eight 
showers which gave observable radio pulses at 2 Mc/s 
bandwidth, together with the radio pulse amplitude m 
arbitrary units (height in mm on the screen). The four 
variables which might be expected to distinguish radio 
producing showers from the whole population of recorded 
showers are: (i) shower size N; (ii) distance R (measured 
along the ground) from the shower axis to the aerial; 
(iii) angle of the shower axis to the vertical—zenith angle 6; 
(iv) azimuthal angle of the shower axis with respect to 
magnetic north. 

The distribution of the variables N, R and 9 for the radio 
showers is compared in Table 2 with the distributions 
for the total shower population The distribution for the 
larger radio pulses only (height > 15 mm) is also shown. 
Because of the small numbers, only two intervals are used 
for each variable, and as a further concession to statistics 
the data are grouped in Table 3 to show the distribution 
with respect to each variable, ignoring the concomitant 
variations in the other two. 

As regards distribution in azimuth, a 
analysis would necessitate perhaps six angular intervals 


Table 1. RADIO PULSBS AT 2 Mo/s BANDWIDTH 


Distance from Zenith Radio 
Shower size aerial R ange Azimuth pulse 
— 10° (m) (6 amplitude 
2-6 189 47 881 10 
33 284 60 197 
88 90 48 356 12 
48 101 48 170 16 
8-4 158 89 83 9 
64 125 48 68 12 
71 530 54 206 10 
90 602 64 186 14 
99 104 34 197 10 
100 250 59 843 
11-0 258 27 189 17 
11-0 186 59 280 
120 110 322 10 
120 591 20 35 
140 100 12 854 18 
140 454 28 264 16 
16-0 161 q 16 10 
170 531 15 288 
200 182 18 301 16 
240 146 36 60 18 
250 157 21 205 18 
25-0 150 9 79 16 
870 389 7 286 16 
480 350 53 66 18 
480 187 10 83 
490 144 88 35 20 
250-0 216 17 310 28 
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Table 2. DISTRIBUTION oy R, 6 AND N OR SHOWERS WITH AND WITHOUT 
BADIO PULSES AT 2 M/os BANDWIDTH 


Zenith Total No. No. of radio 
Distance ang Size Total No of radio pulses 
R (0 N of showers pulses >15 mm 
< 850 m <10" 24 0 0 
<30° 
>107 127 10 6 
<10' 180 7 1 
> 80° 
> 107 42 4 4 
> 3850 m <10" 12 0 6 
< 80° 
>107 97 3 1 
<10" 99 2 0 
> 80° 
>10 44 1 1 
Table 3 
Total No No. ofradio Percentage 
of pum eral Deviation of radio 
showers observed oat pulses 
R<350m 378 21 16-1 +49 56 
R> 850 m 252 109 24 
0 <80° 260 18 11:8 41-7 5-0 
6 > 80° 3865 14 15-7 3-8 
N<10' 815 9 186 £46 29 
N>10" 810 18 18 4 68 
instead of two and the data are too scanty to make this 
practicable. 
The choice of intervals in the classification 1s 


rather arbitrary. The size intervals N = 10*-10’ and 
107-10: are convement numerically, and contain approxi- 
mately the same number of showers. Fig. 1 gives in 
histogram form the approxmmate size distribution within 
the two intervals. The mean shower size in the mterval 
N=10*-107 is about 5x10*, and in the interval N = 
107-108 it is about 2 x 10’. 
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Fig. 1. Distribution in size of recorded showers. 


The range in R for showers detected by the particle array 
extends to about 600 m. The radio-emitting showers 
appear on visual inspection to be a fairly uniform fraction 
of all showers out to a distance of about 350 m; at greater 
distances they appear to be less common. The divison 
of the zenith angle range at 0 = 30° is suggested since 
this angle separates the principal lobe of the serial polar 
diagram with a maximum at 0° from the side lobe with a 
maximum about one-fifth as great at 6 ~ 45°. 

When we examine Table 3, we see what appears to be & 
significant decrease in the proportion of radio emittmg 
showers with increasing R, and a significant increase with 
increasing NV. A contingency table analysis and y? test 
confirms these observations: it gives a probability of only 
0-05 that the changes can be attributed to fluctuations 
from the values to be expected on the null hypothesis. 
More curious is the apparent independence of zenith 
angle, since for 0 > 30° the aerial hes a much lower 
sensitivity than for 6 < 30°. Part of the explanation may 
be that for fixed size N on the ground the total shower 
energy increases rapidly with increasing 0, and this may 
compensate for the drop in aerial gain. We shall return 
to this point later. 

The truly remarkable feature of the results, however, is 
that radio pulses are obtained from showers of virtually 
all categories, and that the proportion of radio emitting 
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showers is always small, leas than 10 per cent. We 
conclude that the twenty-eight radio emitting showers 
are not marked off from the others by their values of 
N, R and 9, but by some other characteristic of the shower 
structure. For showers in which N, R and @ are fixed 
the radio pulse amplitude can still vary over a wide range, 
and in less than 10 per cent of cases 18 it large enough to 
be seen above the background nowe. 

To obtain a (somewhat qualtatrve) idea of this pulse 
amplitude spectrum, we show in Fig. 2 a histogram of the 
pulse amplitudes listed in Table 1 and treat it as repre- 
sentative of the kind of spectrum one would get from 
showers of fixed N, R and 0. The amplitudes range 
between 8 mm and 33 mm. Now 597 showers gave no 
observable pulse; that is, their pulse amplitudes were 
less than the noise level. The dotted hne in Fig. 2 suggests 
how these showers may be incorporated in the distribu- 
tion. Our next task is to discuss how such a spectrum 
could arise. 

In order to account for the wide spread of radio pulse 
amplitudes for showers of fixed N, E and 0 (as suggested 
by Fig. 2), we require a mechanism which produces large 
differences in the radio emission for relatively small 
changes in shower structure. The obvious choice hes 
in the degree of coherence associated with the emission. 
According to the numbers suggested by Jelley e al.‘, 
60 Mo/s is near the upper limit of frequency for which 
coherence may be expected, and the effect of its presence 
or absence would be to change the pulse amplitude by a 
factor of about 300. Coherence must depend critically on 
the thickness and curvature of the shower front in the 
region from which the radiation 1s received, that is, some 
kilometres above the ground. Fluctuations are known 
to occur in the number, height of origin and range of the 
secondary electron-photon cascades generated by the 
shower core. It is thus very plausible that there should 
be large fluctuations in the radio pulse amplitude. 

The Haverah Park particle array provides a measure- 
ment of the shower front curvature at ground level. 
One would not expect any correlation between this curva- 
ture and the curvature at a height of some kilometres, 
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and indeed no correlation is observed between curvature 
at ground level and radio emission. 

As a tentative hypothesis, therefore, we suggest that 
the radio pulse amplitude spectrum for showers of fixed 
N, È and 6 is of the form shown in Fig. 3. If full coherence 
is sometimes obtained, the upper limit Fma: at fixed R 
and 0 will be proportional to shower size N: if at other 
times there is no coherence at all the lower limit Vmin 
will be some two orders of magnitude smaller than V max 
and proportional to N°-5. Perhaps it is more likely that 
the practical upper and lower limits lie somewhere between 
these extremes, and that their dependence on N also lies 
somewhere between Ne-5 and N*°. 

These ideas are illustrated in Fig. 4, which shows a 
plot of the logarithm of the radio pulse amplitudes from 
Table 1 against the logarithm of the shower size. For 
fixed N, R and 0 we expect a distribution of points along 
the V ordinate, crowded together near Vm (below the 
noise level) and thinning out towards a not very well 
defined Vmax For given R and 6, Vma, should increase 
with N, with a power law exponent < 1-0. 

A trend of this kind is suggested if we consider only the 
points for which 6 < 20°. These points have an upper 
bound, shown by the dotted line, with a slope of about 
0-75. The range 0 < 20° was chosen in order to illustrate 
this trend to best advantage. There are too few poimts 
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on the diagram to compel acceptance of such a conclusion 
on the available data, and for present purposes we merely 
wish to show that the data are not inconsistent with the 
theoretical picture that has been proposed. 

It will be noted that for N < 10? there are no observable 
radio pulses for 6 < 20°, but eight for 0 > 20°. For 
107 < N < 2x107 the pulses for 6 > 20° have larger 
amplitudes than those for 6 < 20°. With due reserva- 
tions about the limited amount of data we may suggest 
that Vma: increases with 6 at fixed N. This would be 
very understandable on our proposed model, for two 
reasons. First, the total energy in a shower, and therefore 
the number of particles at maximum development, 
increases with 6 for constant size N on the ground. For 
@ = 45° the increase is by a factor of five compared with 
@ vertical shower’. Second, more of the shower is 
propagated at low altitudes where the atmospheric density 
is greater. The shower front is therefore thinner in units 
of the radio wavelength and there is a likelihood of greater 
coherence. In such terms as these one can understand the 
results already quoted, that the fraction of all showers 
giving radio pulses is independent of zenith angle, despite 
the sharp fall m aerial gain at angles away from the 
zenith. 

We thank Dr. J. V. Jelley, Prof. Graham Smith and 
Prof. N. A. Porter for their friendly advice and assistance 
during this work, and also the group at Haverah Park, 
particularly Dr. P. R. Blake, for help ın the operation and 
maintenance of the equipment. We are particularly 
grateful to Prof. Harry Elliot for many helpful discussions 
and for his searching criticiams of our preliminary con- 
clusions. 
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DECAY PROPERTIES OF PLUTONIUM-244, AND COMMENTS ON 
ITS EXISTENCE IN NATURE 


By P. R. FIELDS, Dr. A. M. FRIEDMAN, J. MILSTED, J. LERNER, C. M. STEVENS and D. METTA 
Argonne National Laboratory, Argonne, Illinois 
AND 
W. K. SABINE 
Department of Geological Sciences, Harvard University, Cambridge, Massachusetts 


Puorontom-244 is the longest lived transuranium nuclide 
known at the present time. It is beta stable and decays 
primarily by emission of alpha particles, with a half hfe 
which has been reported as (7:6 + 2) x 107 yr.', and 
also by spontaneous fission with a half hfe reported as 
(2:5 + 0-8) x 10° yr.*. It ıs formed in very low yield 
by prolonged and intense neutron irradiation of **°Pu, and 
has been detected in such samples by mass spectrometric 
analysis. So far, the alpha particles emitted by 3**Pu have 
not been observed directly, because of the much greater 
alpha activity of the lighter plutonium isotopes present; 
even 80, a descendant “°Np has been isolated and charac- 
terized. The alpha half life quoted was measured by 
observing the Np activity present in equilibrium with 
Pu and U in a sample which contained only 0-052 
per cent “Pu, the remainder of the mass consisting almost 


entirely of “*Pu. The difficulty of such a determination 
is indicated by the wide limits of error quoted. 

Because of its long half life, **Pu is of geochemical 
interest. It has been suggested that its alpha decay may 
have contributed appreciable heat during the early 
history of the Earth, and that its spontaneous fission may 
have influenced the present abundance of fissiogenic 
xenon isotopes in meteorites’, and in the Earth’s atmo- 
sphere‘. 

It has recently been observed’ that the density of fossil 
fission tracks to be seen in some meteoritic minerals is 
much greater than can be explained by the spontaneous 
fission of **U. If this excess is attributed to the spontane- 
ous fission of *4“Pu, the observations can be used to estim- 
ate the time interval between the end of nucleosynthesis 
and the presence of crystals cool enough to retain fission 
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tracks. The cooling time so calculated depends strongly 
on the alpha and spontaneous fission half ives of "Pu. 

This uncertainty in half life has also led to speculation 
that "Pu may exst in detectable amounts in nature at 
the present tune. Cherry, Richardson and Adams’ have 
recently reported the detection of an alpha activity of 
energy about 4-4 MeV in thorite and huttonite samples, 
and have considered the possibility that this, and a 
sımilar activity reported by Cherdyntsev and Mikhailov’ 
in a varioty of minerals, may be due to naturally occurring 
Pu. An alpha particle energy of 4'4 MeV is not incon- 
sistent with an extrapolation of the curve of alpha decay 
energy/mass number for even plutonium isotopes. 
On the other hand, the more precise systematic relation- 
ship between alpha decay energy and half life? predicts a 
half life of the order of 10° years for *“*Pu if its alpha 
particle energy 18 4:4 MeV. This is inconsistent with the 
previously measured half life’, and if the half life of "Pu 
were as long as this, attributing the unidentified 4-4 MeV 
alpha activity® to “4Pu would require plutonium to be a 
major constituent of the mineral. 

Because of this interest in the nuclear properties of 
2Pu, we have redetermined the alpha and spontaneous 
fission half lives of this nuclide, and have observed its 
alpha particle spectrum, using samples highly enriched in 
Pu by means of the Argonne electromagnetic isotope 
separator. We have also carried out a search for naturally 
occurring *44Pu in gadolinite, and have established an ex- 
perimental upper limit for its present average terrestrial 
abundance. 

Two irradiated plutonium samples were available for 
these experiments. They contamed 0-53 and 0-15 mole 
per cont of %“Pu respectively. One milhgram of each 
sample was used for the isotopic enrichment, and the 
enriched samples are referred to as Sample 1 and Sample 
2 respectively. The separated atoms were collected on 
strips of aluminium foil, with about 7 mm separation 
between adjacent mass units. In each case “*Pu, which 
comprised about 98 per cent of the original mass, was used 
as a standard to calibrate the positions of the other masses. 
About 2-5 per cent of the original “Pu was recovered on 
the targets. A narrow strip, corresponding to the 244 
mass, was cut from each collector foil. These foil strips 
were not suitable for high resolution alpha pulse analysis 
because the plutomum atoms were embedded in the 
fouls by an accelerating potential of 50 kV. The foils 
were therefore dissolved in hydrochloric acid, and the 
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plutonium was recovered by anion exchange methods. A 
smali fraction of each enriched sample (about 10-° g of 
plutonium) was used for isotopic analysis in the Argonne 
100 in. mass spectrometer. 

The isotopic analyses were performed on the plutonium 
samples alone, and on mixtures of the plutonium with 
uranium isotopic standards, introduced in order to measure 
the mass discrimination of the instrument. The ion 
currents were measured by means of an electron multi- 
plier and current amplifier. Table 1 shows the mass 
abundances of tho plutonium isotopes in each of the two 
enriched samples. 


Table 1. ISOTOPIO ANALYSIS OF ERBIOHED **Pu SAMPLES 


Sample i Sample 2 
Mass mole per cent mole per cent 
289 0 00099 + 0 00006 <0 05 
240 0122 +0005 040 + 003 
241 00638 + 0-006 022 + 0 02 
242 317 +015 451 + 03 
244 68 1 +015 54-3 + 08 


The romainder of each sample was spread thinly on a 
glass plate and alpha particle spectra were observed by 
means of a silicon surface barrier detector and a 400 
channel pulse height analyser. A typical alpha spectrum 
is shown in Fig. 1. In spite of the enrichment, more than 
99 per cent of the alpha activity was still due to Pu, 
Pu and **Pu (the *°*Pu peak at about 5:5 MeV 1s not 
recorded in the spectrum shown ın Fig. 1). A small peak 
was observed at about 4:6 MeV, however, and this was 
ascribed to *44Pu. 

The alpha spectra were analysed by a computer pro- 
gram which fits an arbitrarily determined peak shape 
to the highest energy peak, subtracts this peak (including 
ite low energy ‘‘tail’’) from the spectrum, and then repeats 
the process with the peaks of successively lower energy. 
The reference peak shape used was based on previous 
experience with this particular detector, and on trial and 
error fits to the Pu and Pu peaks of the actual 
spectrum. This method made it possible to determine 
the alpha particle energy and the abundance of the "Pu 
activity more precisely than by manual methods. It was 
also possible to resolve the Pu peak into two components, 
a mean peak at 4-584 + 0-01 MeV, and a second peak, 
presumably corresponding to the transition to the first 
(2+) excited state in °U, 44 keV lower in energy, and 
representing about 20 per cent of the **Pu alpha activity. 
The energy spacing and abundance of this fine-structure 
group are quite typical of a heavy even—even nuclide. 
No significant alpha activity was detected 
at 4-4 MeV (less than 2 per cent of the 4:6 
MeV activity). In Fig. 1, the pointe repre- 
sent the experimental data, and the continu- 
ous line represents the sum of the computed 
peak shapes. It was not possible to fit the 
*42Pu peaks as closely as those of Pu. 
This was probably due to the presence of a 
small amount of Pu alpha activity at 
4-893 MeV, but the error mtroduced by in- 
cluding it in the ***Pu peaks was negligible 
compared with other sources of error. Table 
2 shows the results of the pulse analysis for 
both samples. 

The alpha particle energy for the ground 
state transition of "Pu was derived by 
extrapolation from the known alpha particle 
energies of Pu and Pu, which were 
taken as 6-159 and 4:895 MeV for the rə- 
spective ground state transitions. The 
alpha half life of *“Pu was calculated for 
each sample using the *44Pu/*?Pu and *44Pu/ 
30Pu mass ratios and the corresponding 
rane alpha activity ratios. The results are 
summarized in Table 3. The weighted mean 
half life, (8-18 + 0-26) x 107 yr., is con- 
sistent with the earlier determination!. The 
observed ground state alpha particle energy, 
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Table 2, ALPHA PULSE HulGHt ANALYSIS OF tPU SAMPLES 


Isotope en tive (relative 
(Me per cent) per cent) 
spy 5 495 88 +01 t 
oPu 616 150 +02 33:3 + 02 
4-00 745 +08 668 +03 
HiPy 4:58 0-75 + 0-08 084 + 008 


* Tho total mp ha activi viy of Sample 1 (used in calculation of spontaneous 
flasion half lives) was 677 + 0 62 disintegrations per minute. 
t Present, but not determined. 


Table 8. PARTIAL HALF LIVES or *“Pu 


Alpha half life 
Reference wsotope Sample 1 Sample 2 
MIP eat +0 rt x 107 yr (7 92 + oon x 10” yr 
wPu T81 + 047) x 107 yr. 8°77 + 067) x 10’ yr. 
Weighted mean (8:18 + 0-26) x 10° yr. 


Spontaneous fission hate tifo 
Pe 55 + 032) x 10% yr. 
4:58 MeV, is ın nearly perfect agreement with the energy 
predicted by an even-mass plutonium isotope with this 
half life’ when corrections are made for recoil energy, 
electron screening, and the contribution of the observed 
fine structure group. 

The spontaneous fission half life of “Pu was measured 
by counting enriched Sample 1 in a small parallel-plate 
ionization chamber specially designed to count fission 
fragments in the presence of high alpha activity. Sample 
2 was not used for spontaneous fission counting because 
it contained only about one-tenth of the **4Pu content of 
Sample 1. A total of 1,000 events was accumulated, 
and the average counting rate was 0:00879 + 0-00028 
fissions per mm. The background of the counter was 
negligible, but it was necessary to correct the observed 
fission rate for the spontaneous fission contributions of 
the other plutonium isotopes present. These corrections 
were calculated from the isotopic analysis and the known 
spontaneous fission half lives of these nuclides. It was 
found that the only isotope other than “Pu which con- 
tributed an appreciable fission rate was *“*Pu, and its 
contribution was found to be 0-00257 + 0-000072 fissions 
per min. The spontaneous fission half life of “Pu was 
calculated from the corrected fission rate and the mass of 
the nuclide present. This mass was derived from the mass 
analysis, the pulse analysis, the absolute alpha counting 
rate, and the alpha half life of Pu already determined. 
These results are also shown in Table 3. 

The alpha and spontaneous fission half lives of *°Pu 
and **7Pu used in the determination of the alpha half life, 
and for correcting the spontaneous fission rate of "Pu 


were 
Alpha half life Spontaneous fission half life 


“Py 6,580 + 40 yr. (ref. 9) ee + 908) x 10" yr. (ref. 10) 
“Py ($79 + 0-05) x 10° yr. (ref. 11) (745 + 017) x 10% yr. (ref. 10) 

The redetermined spontaneous fission half life of Pu, 
6-55 + 0-32 x 10" yr., is considerably longer than the 
value previously reported?, but because of the much 
larger quantity available in the present work, the high 
enrichment of the sample, and the direct method of 
measurement, the present value is more reliable. 

The calculations of Fleischer, Price and Walker’ on 
the early history of the solar system, based on the abund- 
anco of fossil fission tracks in meteoritic crystals, have 
been repeated using the new values for the alpha and 
spontaneous fission half lives of *4Pu. The effect is to 
reduce the calculated cooling time, AT,, by as much as 
108 years, depending on the value assumed for the 
primordial uranium/plutonium ratio. Negative values of 
AT, were obtamed in several cases where high values of 
this ratio were assumed. As before, the results are more 
reasonable and consistent for low values of this ratio, 
and the general conclusions are not affected. The new half 
lives will similarly affect the calculations based on 
fissiogenic xenon". 

If the half life of *Pu is known with sufficient accuracy 
a well defined upper limit can be set for its present 
average terrestrial abundance. Thorium-232 is a decay 
product of Pu, and has a very long half life (1-4 x 
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10° yr.). Therefore, nearly all the *4Pu which existed 
at the formation of the solar system is now present as 
9Th. Thus, the present average terrestrial abundance 
of **Th, 4:4 x 10- gjg", may be taken as an upper 
limit for the abundance of Pu about 4:5 x 10° 
ago. If the maximum value for the half life of "Pu 
consistent with our determination (8:44 x 107 yr.) 18 
used to compute the present terrestrial a, the 
result is about 4 x 10-™ g/g, and this may be taken as an 
upper limit. If, as 1s practically certam, some primordial 
*33Th existed, or if the true half life of **Pu 1s less than 
our upper limit, the present average terrestrial abundance 
of Pu could be considerably loss than this value. 

Owing to processes of geochemical enrichment, the 
abundance of an element in a favourable host mineral can 
exceed its average terrestrial abundance by a large factor— 
the geochemical enrichment factor. In the case of pluton- 
ium it is difficult to estimate this factor for most minerals 
because of the uncertainty about the oxidation state of the 
plutonium during its high temperature geological history. 
In the (IV) state, plutonium would presumably concentrate 
with tetravalent uranium and thorium, and in its (IIT) 
state with the rare earths. It seems unlikely that pluton- 
1um would be enriched in any mineral by a factor much 
greater than the maximum enrichments observed for 
these elements in their richest ore minerals. These 
enrichment factors are: for thorium, 2 x 10’; for uran- 
ium, 8 x 107; and for individual rare earths, 3 x 105 
(ref. 13). Thus the upper limit for the avorage terrestrial 
abundance of **4Pu derived above imposed upper limits 
of about 10-4 and 10-15 g/g on its present abundance in 
the most favourable minerals, in its (III) and (IV) oxida- 
tion states respectively. To attribute the unidentified 
4-4 MeV alpha activities’? to Pu, one would require 
abundances very much greater than these lmits. 

We have attempted to measure the abundance of "Pu 
in @ 1-6 kg sample of gadolinite (Be,FeY,8i,0,,) obtained 
from tho Iveland district of southern Norway. Gadolinite 
was chosen because the enrichment factors for uranium, 
thorium and the rare earths in this mineral are remarkably 
similar. As shown in Table 4, all these elements are 
enriched by about 10° but have been fractionated by a 
factor of less than 3. Consequently, the abundance of 
plutonium m this mineral should be about 105 times its 
average terrestrial abundanco, regardless of oxidation state. 

After dissolving the sample, a small amount (about 
8 x 10-12 g) of **Pu from a cyclotron was added, as a 
radiochemical tracer, and as a reference mass during the 
subsequent isotopic analyses. A plutonium fraction was 
isolated chemically by the use of precipitation, solvent 
extraction, and ion exchange methods. The alpha 
activity of this fraction was due almost entirely to *°Pu, 
but a trace of Pa was detected. 

Isotopic analysis of the plutonium fraction revealed 
the presence of ***Pu, *°Pu, *Pu, #4*Pu and *Pu, in 
addition to the **Pu tracer. Plutonium-239 does exist 
in nature, as a result of neutron capture in uranium, 
but the isotopes of mass 240, 241 and 242 could only be 
due to contamination. Mulligram quantities of neutron- 
irradiated plutonium have been processed in the labora- 
tory, and some of thesc samples contained sufficiont 
*4Pu to account for the mass of this nuclide detected 
(4:8 x 10-14 g in the whole sample), but none of them 
contained ™*Pu. If it is assumed that all the Pu 


Table 4. ABUNDANCE AND ENRICHMBNT FACTORS OF RARE EARTHS, URANIUM 
AND THORIUM IN GADOLINITA 


Element Nd 8m ¥ Yb Th U 
Abundance in 
gadolinite (per 
cent)* 40 21 210 16 0 96 02 
Average terrestrial 
abundance (p.p.m.)¢ 057 021 19 0-18 0 044 0011 
nt factor 10+"? ioe 10e 10t 10 ioe 


* Estimated accuracy + 10 per cent of anioung present for Nd, 8m, Yb, 
Th, + 30 per cent of amonnt present for Y, U 
+ Rare earth abundances. determined by Schmitt ef al. (ref. 14). Uranium 
me mionam weighted average of values cited by Lovering and Morgan 
re 
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detected was of natural origin, the observed ™4Pu/®*Pu 
mass ratio (6-1 x 10-*) gives a value of 3 x 10-7 g/g 
for the abundance of “Pu in the gadolinite sample. 
If the geochemical enrichment factor for plutonium in 
gadolinite is 105, the experiment sets an upper limit of 
3 x 10- g/g for the average terrestrial abundance of 
Pu. The fact that this abundance is about 100 times 
greater than the upper limit established by the half life 
of “Pu and the abundance of **Th supports the con- 
clusion that most of the plutonium detected in the 
gadolinite experiment was due to contamination. It would 
be useful to repeat the experiment in a laboratory com- 
pletely free from man-made plutonium. The sensitivity 
of the 100 in. mass spectrometer should allow the experi- 
mental upper limit for the abundance of Pu in gadolinite 
to be reduced by at least two orders of magnitude, and by 
the use of larger samples, experimental measurements could 
be extended into the range of possible natural abundances. 

All error limits quoted in this article are estimates of 
standard deviation (o). 

We thank Dr. Clifford Frondel for suggesting Norwegian 
gadolinite, and for providing us with the sample used in 
this work (Harvard University Collection No. 107858-9), 
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John Faris for numerous spectrographic analyses, and H. 
Diamond for many helpful suggestions. Part of this work 
was conducted in the Department of Geological Sciences, 
Harvard University, under contract with the Raw 
Materials Division of the U.8. Atomic Energy Commission. 
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RECONCILIATION BETWEEN THE JEFFREYS/BULLEN AND THE 
GUTENBERG MODELS OF THE UPPER MANTLE 


By E. W. CARPENTER 
Central Electricity Generating Board, Berkeley, Gioucestershire 
AND 
D. DAVIES 
Department of Geodesy and Geophysics, University of Cambridge 


Tusen has been in the past considerable controversy 
about the existence of a layer of low seismic velocity in the 
upper mantle of the Earth. In its barest outlme the 
disagreement may be seen by reference to Bullen? or 
Jeffreys’ and Anderson’. The first two authors, on 
the evidence of body wave data accumulated over a 
considerable period of tıme, postulated a seismic velocity 
——depth distribution in the Earth in which neither the P 
nor the S wave velocity decreases with depth at any 
stage. The Jeffreys-Bullen (J-B) model of the Earth 
is widely used in the location of epicentres of earthquakes, 
in examinations of regional variations in Earth structure 
and in studies of the deeper interior of the Earth. Dıs- 
agreement has, however, been voiced on the basis of body 
wave data by Gutenberg‘, who considered that the low 
amplitudes (and on occasions, absence) of direct seismic 
signals in the region from 1,000-2,000 km from the source 
was evidence for @ velocity inversion in the upper mantle, 
both for P and S waves. Models of Gutenberg (G) and 
J-B for shear velocity as a function of depth are shown 
in Fig. 1. With the aid of body-wave travel—time data 
alone it was not possible to come to a positive conclusion, 
and seismologists have long had a suspicion of using 
amplitude data without the support of signal arrival 
times. Further, it is clear from Fig. 1 that the G and 
J-B models do not predict greatly different travel times 
for rays travelling through the upper mantle fairly steeply, 
as the J-B model starts with a lower S velocity at the 
Mohorovičić discontinuity than does the G model, thereby 
“counterbalancing”’ in part the low velocity region of 
the G model. 

Recent careful compilations of large numbers of seismic 
refraction data by J. E. Nafe (personal communication) 
have indicated that it is unreasonable to talk of generalized 
structures for the crust and the top of the mantle. The 


value once widely accepted of 8-1 km/sec for the P 
velocity in the region immediately beneath the Mohoro- 
vitié discontinuity is by no means worldwide, and veloci- 
ties as low as 7-4 km/sec for the (presumed) top of the 
mantle are widespread and commonly associated with 
regions of high tectonic activity (including, of course, 
earthquakes). The G model takes a P velocity of 8-1 
km/sec, the J-B a velocity of 7:75 km/sec for the layer ın 
question. Clearly neither ıs completely wrong. The S 
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velocities show similar behaviour, though observations of 
critically refracted S waves from. the crust~mantle bound- 
ary (S,) are fraught with difficulties. 

Surface wave techniques, however, make it possible to 
investigate the problem of the low velocity layer almost 
independently of the nature of the top of the mantle, 
and it is here that a very clear divergence occurs. 

There 1s compelling evidence from Love and Rayleigh 
wave data and free oscillation studies that the G model S 
velocity distribution is much better than that of the J-B 
model, and Anderson makes the low velocity layer an 
even more marked feature than does Gutenberg. This 
seems to make the case for some low velocity layer model 
compelhng, but ıt does not resolve the question satis- 
factorily because it is still possible to bring forward 
evidence from body waves that no P wave low velocity 
channel exists’. 

It has been suggested that it may be possible to have 
an S wave channel without a corresponding P wave 
channel (that 1s, a region ın which Poisson’s ratio is con- 
siderably higher than 0:25). We have, however, investi- 
gated another possibility—that at high frequencies (~1 
o/s) no channel exists; at low frequencies (~ 0-01 o/s) it 
exists, at least for S waves. It is widely accepted that 
regardless of what model one chooses for the upper mantle, 
Q, the specific attenuation, has a substantial minimum at 
a depth of about 100 km, and only increases slowly with 
depth. Q for S waves from a model proposed by Anderson 
et al.* 18 shown also in Fig. 1. Knopoff? has summarized 
experimental grounds for believing that Q is independent 
of frequency im all seismic wave bands. 

A constant Q model, however, in which the attenuation 
coefficient is proportional to frequency, necessarily implies 
by the Kramers—Kronig relations that the phase velocity 
be a function of frequency. Futterman’ and Kolsky® 
have shown tbat this relationship is of the form (m 
Futterman’s case with an approximation) 


1 yo 
0=0. (1+ ph 


where C,, y and w are constants the significance of which 
is not important for this discussion. Thus if O, and 0, 
are the phase velocities at frequencies o1, Ws 

C, l Qa 

T, % G + io a 

It is clear that the determination of Earth structure by 
body waves will thus give a different result from a similar 
determination using surface waves of much lower fre- 
quency. The smaller the value of Q in any particular 
region of the mantle, the more pronounced the effect of 
lowering the phase velocity of long period surface 
waves. Could a J-B model of the Earth coupled with a 
Q model for the upper mantle produce surface wave dis- 
persion results comparable to those from a G model? 
A computer program, written by Prof. J. Freeman 
Gubort of the University of Calfornia, which uses Haskell’s 
method of matrices to compute the dispersive properties 
of Rayleigh waves on a layered medium, was modified to 
allow for a frequency dependent S wave velocity (the 
effect of Q on P wave velocity was ignored as P wave 
velocities barely affect Rayleigh wave velocities). Ander- 
son’s Q model was used ın the computation, and three 
dispersion curves were obtained in the first instance: 
(i) J-B model—no allowance for an S velocity/frequency 
relation included. (i) The same with the S velocity/ 
frequency relation cluded. (ii) Gmodel—no S velocity/ 
frequency relation. These three curves (phase velocity 
only) are shown in Fig. 2. No allowance for Earth curva- 
ture has been made—there is no reason to expect this to 
change the conclusions in any substantial way. 

The assumption 1s that the J-B model was determined 
by using S waves of frequency 1 c/s. This is about the 
highest frequency ever observed, so curve (ii) represents 
the maximum possible effect. 
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Fig. 2. Phase velocity dispersion curves for three models. 


It is clear that although the J-B dispersion curve is 
substantially affected by the introduction of the Q effect, 
it is in no way sufficient even to approximate to the dis- 
tinctive features of the Gutenberg curve. Discussion 
of the curves is difficult at frequencies above 0:02 c/a 
because of the effect of the higher velocity that the 
G model possesses at the top of the mantle. This we have 
already considered. 

At its most marked, the Q effect reduces J-B Rayleigh 
wave velocities by about 1 per cent. The obvious exagger- 
ation of assuming the whole upper mantle to a depth of 
500 km to have a Q of 100 does no more than reduce 
velocities by @ further 0-2 per cent. 

The conclusions from the attempt at reconciliation are, 
therefore, that even under extremely unlikely Q distribu- 
tions, the J-B and G S wave velocities are compatible. 
The results do, however, show that the frequency depend- 
ence 18 in fact significant and should at least be con- 
sidered ın any mvestigation in which attenuation is an 
accepted part of the Earth model. The differences between 
the dispersion curves for the Jeffreys distribution ignoring 
or including @ are greater than the standard error obtained 
in modern studies. 

Questions are raised by this investigation for which a 
Kramers—Krinig frequency dependent velocity may well 
be umportant. First, are the reinforcements currently 
bemg made to the Gutenberg body-wave model (practi- 
cally all of which call for an even more marked low 
velocity layer) purely frequency dependent effects ? 
Second, is consistency between surface wave based 
models and body wave travel times a useful criterion in 
the absence of attenuation information, particularly 
with the accuracies now available in seismology ? These 
will be discussed in a later article. 

A very recent contribution by Dr. E. Strick!’ suggests 
on the basis of experimental data on various synthetic 
materials a three parameter attenuative mechanism 
m which Q 1s nearly frequency independent. The velocity/ 
frequency relationship is different from Futterman’s, 
but our argument is not fundamentally changed by this 
work—any dissipative mechanism necessarily introduces 
dispersion. 
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A GEOLOGICAL CYCLICITY DETECTED BY MEANS OF POLARITY 
COINCIDENCE CORRELATION 


By Dr. BRIAN W. CARSS and Dr. NORMAN S. NEIDELL 
Gulf Research and Development Company, Pittsburgh, Pennsylvania 


We believe that we have detected a fundamental cycle 
of about 145 ft. in the vertical change in sea level durmg 
the lower Carboniferous period in Great Britain. Our 
data were taken from the lithological log! of the Archer- 
beck borehole, Canonbie, Dumfriesshire, and proceased 
by means of the technique of polarity coincidence correla- 
tion frequently used in the field of communications 
engineering’. This prelummary result leads to many 
interesting speculations about the origin and implication 
of such a cycle. Although changes in the position of the 
Earth’s spin axis might be responsible for such a pheno- 
menon, we favour an explanation in terms of an isostatic 
mechanism of readjustment. 

The rocks of the Carboniferous limestone series, from the 
base of the Catsbit Limestone to the top of the Glen- 
cartholm volcanic beds in the Archerbeck borehole (about 
3,450 ft.), consist of an alternating series of marine lime- 
stone, shale, sandstone and coal. This series of rocks 
represents a continuous distribution of environments 
ranging from marine to quasi-marine (terrestrial ?). 
The environments defined by the names coal, sandstone, 
shale and marine limestone are arbitrary ranges within 
this continuous distribution and, consequently, we are 
not able to choose a precise boundary between any two 
adjacent environments. We can, however, confidently 
distinguish between the broader categories of marine and 
quasi-marine. This ability to define two classes brought 
the technique of polarity coincidence correlation to our 
attention, as it operates only on two states of input. 

A Gaussian random time series, data sequence, or 
electrical signal can be specified by numbers of finite 
accuracy and a normalized autocorrelation function com- 
puted from these numbers. As is well known in statistics, 
less accurate numbers would require a greater length of the 
signal or series (that is, more data) to estimate the auto- 
correlation function with the same accuracy. Carrying 
this reasoning to the extreme, the least accurate repre- 
sentation of a number is given by specifying only its sign, 
yət with a sufficient amount of data we would still be able 
to estimate the autocorrelation function to a given pre- 
ewion. In other words, the zero crossings of the series or 
signal contain enough information to compute an auto- 
correlation function from which frequency information 
can be derived by way of the power density spectrum. 

The borehole data which we used were considered as a 
time series ordered on depth. Every 6 in. interval was 
assigned a value of +1 or —1 according to whether the 
environment was judged to be marine or quasi-marine. 
In all, there were 6,900 data points. Evidence for quasi- 
marine conditions was the presence of coal, plant material 
in situ, seat earth or roots. Implicit in applying this 
method to the data are two assumptions: first, that the 
statistica of the continuous distribution of environment 
occurrence do not depart too far from those of a Gaussian 
distribution; and second, that the borderline between 
marine and quasi-marine conditions is the zero level 
or mean value of the continuous distribution. We con- 
sider that these conditions were not unreasonable on the 
basis of a priort knowledge. 

An autocorrelation function was calculated from the 
plus-minus data and corrected to the normalized auto- 
correlation for continuous data using the Van Vleck 
relation’. The normalzed autocorrelation is shown in 


Fig. 1. From the first zero crossing in Fig. 1 we infer 
that the quarter wavelength of the dominant frequency is 
about 145 ft. The quarter wavelength criterion would 
of course be strictly vald, if the original data had been a 
sampled sine wave. We smoothed the normalized auto- 
correlation function using a cosine or Hanning window? 
and computed the power density spectrum. The spectral 
bandwidth, or rather the sampling interval, in the fre- 
quency domain was 0-0033 spatial frequency units and 
Nyquist units. SSA 

The power density spectrum 1s shown in Fig. 2. From 
the shape of the background it can be seen that our 
Gaussian assumption was reasonable. Recurrent peaks* 
are present at about equal intervals of frequency. Nine 
of them are labelled on Fig. 2 by letters of the alphabet. 
Table 1 shows how these peaks with their associated 
wavelengths compared with the harmonics of a funda- 
mental wavelength of 145 ft. 
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Table 1 
800 x Approx Harmonic 
Peak Freq. units wavelength (ft.) indicated 
A 15 200 fundamental 
B 42 713 ist 
o (2) ?) 2nd 
g 1% ?) 3 5 4th, Ste, 6th 
F 155 10:8 7th 
a 195 154 8th, 9th 
H 2) (n 16th 
I 6 28 11th 
(7) denotes position uncertain, but presence indicated. 
For companson, it should be noted that: 
Fundamental wavelength 145 0 
ist harmonic 12:5 
2nd ii 488 
Brd r 36 2 
4th 5 290 
5th v 24 2 
6th pn 207 
7th y 182 
8th $s 162 
oth =, 145 
10th is 13 2 
11th 5 12-1 


The fundamental frequency associated with a 145 ft. 
wavelength is 1/145 and the harmonic frequencies are 
2/145, 3/145, etc. A frequency separation of 1/145 = 
0-0069 ft.-1 distinguishes the harmonics and this is slightly 
more than twice the frequency sampling interval or band 
width we have chosen. We should be able to identify 
individual harmonics, but we might also expect to see 
some averaging effects as perhaps there are at E. There 
ig no reason to expect all harmonics to be present or m 
any particular proportion. The presence of as many 
harmonics as are observable in this case can be taken to 
indicate a cyclicity rather than a periodicity. Estimates 
of the fundamental frequency based solely on the corre- 
sponding single spectral peak are most susceptible to 
error because this peak ıs located in a region of the 
spectrum with a very large contribution from the random 
background. 

Weinreb! has studied the reliability of spectral estimates 
from clipped data. The uncertainty of individual estum- 
ates is increased by less than x/2 because of one bit quant- 
ization. In our caleulation there are twenty-three points 
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in the time domain for each sample in the frequency 
spectrum. Taking into account this additional factor of 
uncertainty still allows that our spectral estimates be 
considered of acceptable accuracy®. 

Both Johnson’ and Westoll*® state that the thickness 
of cyclothems in northern England varies from 90 to 150 ft. 
Westoll® records an average thickness pf 100 ft. for a 
complete cycle ın the Tyne Trough. The fundamental 
cyclicity which we have detected agrees well with the 
thicknesses record for this recurring type of sedimentation. 

Westoll® calculated an average time span for a complete 
cycle. Using the same rates of sedimentation, from 1,000 
to 3,000 yr./ft., our fundamental tıme span would be from 
146,000 to 435,000 yr. Average rates of sedimentation are 
meaningless, however, as it is known that more than a 
foot of sediment can accumulate in a deltaic environment 
in just a few hours, while erosion can cause negative 
rates. Dunham’, on the other hand, has suggested that 
isostatic adjustment of the crust takes place, under a more 
or less steadily growing mass of sediments. We favour 
the latter, and conclude that isostatic readjustments in 
this Yoredale-type’ of sedimentation drive the cyclicity. 

Our main purpose in this presentation is not so much 
to speculate on our results, but rather to demonstrate how 
techniques drawn from other discplines can be used to 
extract quantitative information from qualitative geologi- 
cal observations. 
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ADSORPTION OF POLAR COMPOUNDS ON AMORPHOUS BORON 


By Er J. S. GILLESPIE, jun., M. C. HOBSON, jun., and HELEN M. GAGER 
Virginia Institute for Scientific Research, Richmond, Virginia 


AMORPHOUS boron filaments are promisimmg candidates 
for the reinforcement of high performance filament plastic 
composite structures. To guide the selection of resin 
components, which must have adequate adhesion to the 
filaments, some knowledge of the surface properties of 
boron is required. Using several techniques we have 
investigated the adsorption of some polar compounds 
of low molecular weight on the surface of boron filaments 
and amorphous boron powder. i 

The boron filaments used ın this investigation were 
obtamed from Texaco Experiment Incorporated, Rich- 
mond, Virginia. The filaments were nominally 140u in 
diameter. The purity of the boron portion of the filaments 
was typically greater than 99 per cent. Measurement of 
the surface area of the boron filaments by the methods of 
Nelsen and Eggertsen' and Bloecher’ gave unreliable 
results because the specific surface was so small, of the 
order of 0:04 m*/g, or about four times the calculated 
geometric surface area. 

Amorphous boron powder, obtained from Callery 
Chemical Company, Callery, Pennsylvania, was described 
as 99-6-99-9 per cent boron; average particle diameter, 
300 4. The surface area of the powder after compaction, 


measured by the method of Nelsen and Eggertsen', was 
96-6 m*/g. 

Gas-solid chromatography was used to measure heats 
of adsorption of water, methanol, acetone, ammonia, and 
trimethylamme on boron filaments. Two chromato- 
graphy columns were used: one was 50 in. long, 0-25 m. in 
diameter, packed with 44 g (approximately 6,800 ft.) 
of 26 in. lengths of boron filaments; the other, 91 in. long, 
0-25 in. in diameter, packed with 61:4 g (approximately 
11,000 ft.) of 25 ın. lengths of boron filaments. Before 
use the columns were flushed with a hydrocarbon solvent 
and then heated for 16 h at 350° C with dry helium 
flowing through them. Before some runs the columns 
were treated with boron trichloride at 300° C to remove 
boric oxide* from the filament surfaces. 50 ul. samples 
from a large reservoir of a dilute mixture (approximately 
10-7 moles/ml.) of the adsorbate vapour in helium were 
injected into the chromatographic column with a gas 
sampling valve. Carner gas flow rates were relatively 
low, of the order of 365 ml./min. 

Meaningful data can be obtained by this technique 
if the only process taking place is physical adsorption at 
low surface coverage; that is. in the Henry’s Law region of 
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Fig. 1. Plot of log (corrected retention volume) against reciproca 
temperature e a of water from boron filament column. 


the adsorption isotherm. In general, polar compounds 
adsorbed on boron filaments show deviations from the 
behaviour expected for physical adsorption, which sug- 
gest chemisorption and reaction with the adsorbent. 
A typical curve of retention volume against the reciprocal 
of absolute temperature obtained from the adsorption of 
water on boron filaments is given in Fig. 1. With increasing 
temperature the retention time of water went through a 
minimum rather than decreasing to zero, as expected for 
physical adsorption. 

Erratic results were obtained with methanol. In one 
instance, using the 91 in. column with no preliminary 
treatment, it was possible to obtain data from which a 
heat of adsorption of 8-35 kcal/mol was calculated. In 
other instances, methanol was retained by the column, 
and peaks due to it appeared only when excessively 
large samples were injected into the column or the column 
was heated to 125° C. These results paralleled the findmgs 
of Ikeda et al.* on the removal of alcohols from a chromato- 
graphic sample stream by boric acid. The other polar 
compounds investigated, acetone, ammonia, and tri- 
methylamine, behaved in a similar way. 

Chemisorption and surface reactions were conveniently 
investigated using the infra-red spectra of adsorbed 
molecules, a technique developed and recently reviewed. 
by Hischens'. Amorphous boron powder was compacted 
into 1-25 in. wafers about 10u thick in an X-ray die kept 
in an inert gas atmosphere. Wafers were suspended in a 
special evacuable optical cell fitted with sodium chloride 
windows so that they could be raised for treatments and 
lowered into the light path of the Perkin-Elmer model 
21 infra-red spectrophotometer used. Wafers were heated 
in the cell with a focused 500-W projection lamp (General 
Electric model DHJ). 

Fig. 2 illustrates the infra-red spectrum of a boron 
wafer after preparation, after heating at 250° C for 18 h, 
and after treatment in 6 torr of boron trichloride at 
250° C for 1-5 h and degassing to a residual pressure of 
1-8 x 10- torr. In Table i the absorption maxima shown 
by the compressed boron powder are listed together with 
our tentative identification of the chemical species 
responsible. Except for the absorption bands attributable 
to water the spectrum is similar to that of amorphous 
boron powder shown by Dietz and Herrmann’, 

Outgassing the boron wafer decreased the absorption 
maxima. The 3-862 band charactenstic of boron~hydrogen 
bonds remained unless the boron trichloride treatment 
was used. The elimination of boron-oxygen bonds was 
not proved. Wafers warped during heat treatments and 
the consequent increased incident light scattering de- 
ereased transmission so that instrument sensitivity in 
the 7u region was lost. 


Table 1. INFRA-RHD ABSORPTION MAXIMA OF AMORPHOUS BORON POWDER 


Wavelength 
(microns) Identification 
279 Physically adsorbed water 
305 Hydroxyl groups 
3 86 Boron—hydrogen bonds 
475 Boron-hy n bonds, adsorbed water; 
possibly boron~hydrogen bonds 
707 Boron—oxygen bonds 
7 76 Boron-oxygen bonds 
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Exposure of the treated. boron wafer to 21 torr of wate 
vapour at 23-5° C for 0-5 h gave the spectrum shown i 
Fig. 3, curve 1, which shows only the presence of physicall 
adsorbed water and hydroxyl groups. This curve wa 
typical of numerous experiments with various pressure 
of water vapour. The in the cell were analyse 
with an ‘Aero Vac Model A VAI’ residual gas analyse: 
It was found that the concentration of hydrogen ha 
increased two-fold. The cell was evacuated and the wafe 
heated while the hydrogen concentration was monitorec 
The concentration of hydrogen increased by two orders c 
magnitude. A white solid, identrfied by its mfra-re 
spectrum? and by chemical analysis as boric oxide, de 
posited on the cooler parts of the cell. These results ar 
consistent with reduction of water vapour at room terr 
perature (and above) by the amorphous boron powde 
as shown by others to occur at elevated temperatures’ 
Adsorption of water by boron powder has been noted b; 
Markovakii ef al.1°. It 1s interesting to note that boron 
oxygen bonds apparently do not reappear in the infra-re 
spectrum of the boron wafer, but that boron oxide 1 
removed from the wafer during heating and deposite 
elsewhere in the cell. Such behaviour is consistent wit. 
the well known"! volatility of boric oxide in water solutiont 

A compressed wafer made from boron powder whic: 
had been exposed to air and then to water vapour gav 
the spectrum illustrated by Fig. 3, curve 2, which may b 
compared with curve 3, the spectrum of boric acid" 
The obvious correspondence of the two spectra strongl, 
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Fig. 2. Infra-red spectra of amorphous boron wafer. Curve 1— Wafer 

as produced and evacuated. Ourve 2—-Watfer after heating under 

vacuum for 16 h at 250° O. ay em as after treatment with boron 
i chloride. 
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Fig. 8. Infra-red spectra of water adsorbed on boron wafer. Curve 1— 

Water adsorbed on wafer treated with boron chloride. Curve 2—Water 

adsorbed on untreated wafer. Curve 8—Infra-red spectrum of boric acid 
ın potagaium boride pellet. 













ggests that the oxide surface of the boron is hydrated 
exposure to water vapour. 
Jher methanol vapour at pressures of 30-100 torr was 
dmitted to the evacuated cell containing a boron wafer 
t room temperature, rapid formation of methyl borate, 
dentified by its infra-red spectrum, resulted. The 
~ontamination of the cell windows with methyl borate 
wmade the infra-red spectrum of the boron wafer too 
tambiguous for full interpretation, Analysis of the gases 
sin the cell in the manner already described for water 
evealed a five-fold increase in hydrogen concentration, 
e appearance of species with an m/e of 43 and 15, and 
an increase in the species with m/e of 16. Heating the 
boron wafer to 200° C in the presence of methanol vapour 
“gave a change of two orders of magnitude in the con- 
-eentration of hydrogen and the species with m/e of 15 and 
16, with no concomitant change in the methanol con- 
centration. These observations are consistent with the 
reaction of methanol vapour with the boron surface to 
produce hydrogen and methyl borate. The instrument 
available to us could not detect m/e numbers greater than 
70, and thus could not show increase in certain species 
which appear in the mass spectrographic analysis of methyl! 
_ borate!!, The species of m/e 43 and 15 are characteristic 
“of prominent fragments from methyl borate, however, and 
it is reasonable to assume that the species of m/e 16 
resulted from reaction of CH,* and hydrogen in the mass 
spectrograph. 
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These preliminary results show that boron surfaces are 
quite reactive and indicate that boron filaments probably 
have a boric acid type surface. Reactions in the bonding 
of resins to boron surfaces may well be similar to the 
reactions of the materials with boric acid or borate ions. 

This work was supported in part by Texaco Experiment 
Incorporated as part of a contract with the Advanced 
Filaments and Composites Division, Air Force Materials 
Laboratory, and in part by a grant from the U.S. Air 
Force. 
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WHOLE MOUNT ELECTRON MICROSCOPY OF Drosophila 
SALIVARY CHROMOSOMES 


By PETER M. M. RAE 


Department of Zoology, University of California, Davis 


Severa authors have recently investigated the fine 
structure of nuclei and chromosomes by whole mount 
electron microscopy? By means of a combination of 
surface spreading on a Langmuir trough and critical- 
“point drying, they have reported the presence of “bumpy” 
chromatin fibres with diameters varying around 230-250 A 
in the interphase nuclei and metaphase chromosomes of a 
wide range of organisms. In the present investigation, 
‘the salivary gland chromosomes of Drosophila virilis 
have been investigated using this technique. 

Previous attempts to determine the ultrastructural 
basis for the well known bands and interbands of dipteran 
polytene chromosomes began with Palay and Claude’s* 
¿ application of the replica method to this material. Since 

then several investigators®? have applied thin sectioning 

“techniques to Drosophila salivary chromosomes. In 
sections the chromosomes appear to be made up of fibres 
variously reported as 125-500 A in diameter, with small 
granules interspersed. The fibres are more tightly 
packed in the bands than in the interbands. 

This article demonstrates by whole mount electron 
microscopy that the fibres of salivary gland chromosomes 
are typical chromatin fibres similar to those observed in 
diploid Drosophila neuroblast nuclei. The fibres vary 
around 230 A in diameter, are “bumpy” and appear to 

be extended longitudinally in the interbands but con- 
densed by folding in the bands. 
< Salivary glands were dissected out of third instar 
© Drosophila virilis larvae and the attached fat bodies 
removed. After a brief wash in insect Ringer's solution, 
the glands were macerated on the tips of glass microtools. 
These were touched to the surface of a Langmuir trough 
- containing 0-25 M sucrose to spread the material. The 
face of the trough was viewed under a dissecting 
microstope at a magnification of x20, when nuclei 


















about 304 in diameter were clearly visible. The nuclei 
were picked up by touching the trough surface with the 
coated side of a ‘Formvar’ carbon coated grid. Each grid 
was then floated on distilled water to wash out the sucrose 
and burst the nuclear envelopes. After 2-3 min, grids 
were mounted in a holder under 30 per cent ethanol and 
thoroughly dehydrated by passing them through a graded 
ethanol series. After replacing the ethanol with three 
changes of amyl acetate, the holder was placed in the 
chamber of the ecritical-point drying apparatus" in which 
the amyl acetate is replaced by liquid carbon dioxide 
under pressure. This step was carried out in an ice bath 
below the critical point of carbon dioxide (311° ©). 
When the temperature was raised above this point with a 
warm water bath, the liquid changed instantaneously | 
to a gas which was vented to complete the drying. 

In the preparation of nuclei from diploid cells, supraceso- 
phageal ganglia were dissected out of early third. instar 
larvae and “homogenized” between two glass slides. 
These were passed through the surface of the trough to > 
spread the cells and the material was picked up and dried 
as already described. Specimens were viewed and photo- 
graphed with an R.C.A. EMU-3G electron microscope. 
All micrographs were taken as a through-focus series 
after repeated normalization of the lenses. Measurements 
were made on the in-focus image relative to a carbon 
grating replica having 54,800 lines to the inch. 

In most whole mount preparations, the high electron 
density of the giant chromosomes precludes any attempt 
to visualize their fine structure. Occasionally, however, 
a nucleus is spread in such a manner as to stretch some of: 


the chromosomes in a transverse direction. Fig. 1 ilus: _ 


trates a nucleus that has been spread sufficiently to reveal 
the fine structure of one of its chromosomes, leaving the 
rest relatively intact. The diameter of the intact chromo, ` 
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Fig. 1. An entire nucleus isolated from the salivary gland of a Drosophila 
virilis larva, The arrow indicates a chromosome that underwent spreading 
sufficient to reveal its fine structure. (x ec, 1,300.) 


Fig. 2. The spread giant chromosome indicated in Fig. 1. Band and 
interband regions are distinguishable. (x e. 2,950.) 


somes in these preparations is in agreement with that of 
salivary gland chromosomes as seen in the light microscope. 

In the spread chromosomes, the band and interband 
regions familiar to light microscopists are still recog- 
nizable (Fig. 2). The interbands contain long fibres 
which are oriented longitudinally or sometimes diagonally 
along the main axis of the chromosome (Fig. 3). The 
individual fibres of the giant chromosomes appear to be 
identical with fibres found in the interphase nuclei of 
neuroblast cells from the same organism (Fig. 4). The 
chromosomal fibres have the same “bumpy” appearance 
and the same typical dimensions as those reported in 
bovine kidney, salamander’, honeybee, and human 
chromosomes*. Fibre diameters range from 180 A in 
stretched regions to 290 A in thicker areas. The longi- 
tudinal arrangement of fibres has been seen in all chromo- 
somes that are sufficiently spread to permit passage of 
the electron beam. An estimate of the number of fibres 
in Fig. 3 comes out at about 400-450. This is in 
agreement with photometric data on the major polyteny 
classes in salivary glands of D. melanogaster (about 512)’. 
A parallel arrangement of fibres is shown in Fig. 5. 
Although this chromosome has been spread and stretched 
it is perhaps indicative of the organization of fibres 
in situ; similar arrangements in the interbands were noted 
previously#-7%, l 

The fibres of the interband are seen to continue into 
the region of the band, which is made up of fibres with 
the same dimensions and appearance (Fig. 6). The 
continuity of a single fibre from one interband through a 
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band into the next interband has not been established 
visually, although Beermann and Pelling’? have shown 
by means of autoradiography that continuous DNA 
strands extend the whole length of the chromosome in 
Chironomus. 

Bands have been regarded as regions of differential 
coilings’, but in whole mount material they seem to be 





Fig. 3. Higher magnification of Fig, 2. The chromosome consists of 
numerous fibres about 230 A in diameter. They are extended longitu- 
dinally in the interbands and condensed in the bands. (x e 6,585.) 





Fig. 4. Part of a diploid interphase nucleus from a Drosophila neuroblast 
cell. The chromatin fibres are similar to those seen in the giant salivary 
chromosomes, (x e. 13,500.) 




















Fig. 5. An isolated salivary chromosome in which the chromatin fibres 
are running parallel to the axis of the chromosome, (x e. 28,570.) 


“Wig. 6. High magnification of a band region. The fibres, extended in the 
interbands, are condensed by seemingly unordered folding to form the 
band, The white arrow indicates the orientation of the chromosome axis. 
Note the “bumpiness” typical of chromatin fibres (black arrow). (x e. 
; 28,930. 
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regions of less ordered folding, leading to a fibre con- 
figuration much like that found in metaphase chromosomes 
(Figs. 3 and 6). There is a notable tendeney for the fibres 
to lie in the direction transverse to the long axis of the 
chromosome. 

Fig. 7 illustrates what may be a chromosome puff. 
Although it is too electron dense for its structure to be 
clearly apparent, at the periphery and in some places 
within the puff, it appears to consist of fibres similar to 
those found in the bands and interbands, but somewhat 
frayed to produce the swelling characteristic of a puff. 

The giant chromosomes of Drosophila salivary gland 
cells are made up of chromatin fibres similar to those 
found in diploid neuroblast nuclei and in the interphase 
nuclei and metaphase chromosomes of other organisms'~*. 
In honeybee cells, DuPraw has shown that each 230 A 
fibre contains a single DNase sensitive filament surrounded 
by a proteinaceous sheatht, and these have been 
interpreted as equivalent to single long DNA molecules 
maintained in a secondary coil by associated proteins. 

Assuming that the fibres reported here have the same 
properties as those analysed by DuPraw, there is a 
satisfying agreement between these observations and the 
conclusions reached by Swift’, based on photometric 
and electron microscopic evidence, that polytene chromo- 
somes are “cables of single chromosomal units”, each of 
which contains DNA equivalent to a single double helix 
extending the length of the chromosome. 

The disagreement in fibre measurements made by 
various authors® on thin sectioned salivary gland chromo- 
somes can be resolved by considering the effects of sec- 
tioning fibres which are bumpy and which vary in diameter 
along their lengths. Diameters of 250-500 A probably 
represent sections that cut straight or obliquely across 
one of the “bumps”. Diameters of 180-250 A represent 
thinner parts of the same fibres. Dimensions of less than 
180 A in diameter may result if the reagents used remove 





aoo T TA 
Fig. 7. A probable ehromosome puif. ‘The fibres appear to have separated 
somewhat and frayed out from the garo raoaome at the ends of the puff. - 
(x e 11,870, 
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the periphery of the fibre or give it the same electron 
density as the embedding medium. 

I thank Dr. E. J. DuPraw, whose support and counsel 
made this investigation possible. I also thank Prof. 
M. M. Green for supplying the larvae and Mr. Richard 
Jahn for instruction in various laboratory techniques. 
This work has been supported in part by a grant from the 
National Science Foundation to Dr. DuPraw. 
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POLYRIBOSOMES OF TISSUES PRODUCING ANTIBODIES 
By Dr. MILTON J. BECKER and Pror. ALEXANDER RICH 


Department of Biology, Massachusetts Institute of Technology, Cambridge, Massachusetts 


Proretn synthesis in tissues which produce antibodies 
has several unique characteristics. Specific antibody 
output is stimulated by the introduction of foreign 
antigens and the tissue retains this synthetic capacity 
long after the initial encounter. In recent years there has 
been a great clarification in the chemistry of antibodies. 
The smaller 7.8 immunoglobulin is made of four chains, 
two heavy and two light, held together by disulphide 
bridges. Light chains have a molecular ‘weight near 
23,000 and heavy chains near 55,000. The larger maero- 
immunoglobulin has approximately five subunits, each of 
which contains two heavy and two light chains!. Thus all 
the antibody protein of these tissues is predominantly 
in the form of two types of polypeptide chains. 

In the last few years, understanding of the mechanism 
of protein synthesis has been enlarged considerably and 
it is generally believed that protein synthesis takes place 
on & polyribosomal or polysomal cluster in which a large 
number of ribosomes are engaged simultaneously on a 
single messenger RNA molecule. Evidence has been 
presented which relates the size of the polysomal cluster 
to- the length of the messenger or of the polypeptide chain 
which is being synthesized?-4. Thus an investigation of 
the polysomes of antibody producing tissues should 
represent a fruitful area of inquiry. 

Several attempts have been made by different workers 
to uncover the polyribosomes of tissues that produce 
antibodies, but in general these have been unsatisfactory 
because the polysomes appear to be largely or completely 
degraded*-’. It is well known that polyribosomes are sensi- 
tive to small amounts of ribonuclease, which severs them 
into single ribosomes by attacking the messenger RNA. 
In working with polysomes of the related plasma cell 
tumours of mice, Shapiro et al.” have added extracts of 
mammalian cells to mask the action of the ribonuclease 
and thereby investigate polysomal protein synthesis. 

In our work, we have developed methods which allow 
us to obtain what appear to be largely undegraded poly- 
. tibosomes from antibody producing tissues in rabbits and 

rats. These polysomes have a biphasic distribution with 
ene cluster of polysomes containing 7 to 8 ribosomes 
end ‘another cluster containing from 16 to 20 ribosomes. 
< From an analysis of the size distribution of the polysomes 

and the incorporation of radioactive amino-acids, we 
infer that the heavy and light chains of antibody mole- 
cules are synthesized on separate messenger RNA mole- 
cules and that the entire polypeptide chain is formed as 
‘one unit. This is in agreement with the results which have 
been reported for mouse plasma cell tumours®. 

Sample preparations. Crystalline ovalbumin (Mann 
Res. Lab.) and bovine plasma albumin (Pentex) were 
used as antigens in 1 per cent solutions of 0-025 M phos- 
phate buffer (pH 7-4) containing 0-15 M sodium chloride. 
Equal volume mixtures of the antigen and complete 
Freund’s adjuvant (Difeo) were prepared to make a final 







antigen concentration of 5 mg/ml. For a primary response, 
New Zealand white female rabbits were injected wit 
0-5 ml. of the antigen—adjuvant. suspension in each hind 
foot pad and intramuscularly in each hip. Injections: 
were made on days one, three and six. The rabbits were 
killed on the eleventh day after the first injection. For a 
secondary response, an additional injection of 0-25 ml: 
of pure antigen without Freund’s adjuvant was given in 
each hind foot pad and 0-5 ml. in an ear vein on the i 
twenty-third day. The animals were killed on the twenty- 4 
eighth or twenty-ninth days. Control animals received no 
injections or incomplete Freund's adjuvant. Rabbit 
blood samples were removed on the days that injections 
were given and at death. Sera were stored ab — 20° C 
until a quantitative precipitation reaction was per- 
formed!*-_ Primary and secondary responses yielded 
antibody titres for both ovalbumin and bovine plasma 
albumin of 0-9-1-5 mg and 35-55 mg respectively of 
antibody protein per ml. of serum. 150-200 g rats were 
injected intraperitoneally with 2 ml. of 10 per cent sheep 
red blood cell suspension in saline on days one, two and 
three. They were killed on the fifth day after the initial ,, 
injection. Control rats received no injections. i 

Popliteal lymph nodes were removed from the animals 
as rapidly as possible and kept in 5-10 ml. of ice-cold 
standard buffer solution. The standard buffer used con- 
tained 0-25 M sucrose, 0-025 M phosphate buffer (pH. 6-65), _ 
0-075 M sodium chloride and 0:01 M magnesium chloride. b 
The temperature was maintained at about 2-3° C through- 
out. The nodes were rinsed free from blood and excess 
fat was removed, care being taken not to disrupt the 
capsular covering. Normal rabbit popliteal lymph nodes 
had a wet weight of 0-25-0-35 g. Primary and secondary 
responses yielded nodes weighing 0-50-0-9 g and 0-9-1-5 g 
respectively. Extracts were made by teasing apart the 
defatted nodes in a Petri dish. The node was held in place 
with a stainless steel tissue forceps and teased apart by 
the free end of a 40 mesh stainless steel grid with one 4 
strand of stainless steel wire removed, allowing projection | 
of 14-18 wire teeth. As the tissue is ruptured, a white 
opalescent fluid consisting of whole and broken cells is 
released. Teasing is continued until most of the large 
pieces have been broken down. The contents of the Petri. 
dish are then pipetted on to a 30 mesh stainless steel grid 
which is fitted snugly over a cold 10 ml. beaker. The 
extract filters through the grid, while the small pieces of 
tissue resting on the 30 mesh grid are broken down by į 
rubbing with the foreeps. After rinsing the Petri dish, th 
filtrate is centrifuged for 10 min at 15,000g, yielding a 
eytoplasmice extract of 2-5-5-5 ml. A similar procedure was +, 
used to prepare splenic cytoplasmic extracts. Millilitre 
amounts of the cytoplasmic extract were layered on to 
linear sucrose density gradients prepared by using 13-5 ml. 
volumes each of 0-3 M (10 per cent w/v) and 1-0 M (34 
per cent w/v) sucrose in standard buffer. 
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Lo incorporate isotopic label we used a mixture of 
arbon-14 amino-acids (New England Nuclear Corp.. 

act. of 100 uouries/0-067 mg.) in sterile distilled water 
made isotonic with Eagle’s medium (less amino-acids) 
or in 0-025 M phosphate buffer (pH 7-4) containing 0-15 M 
sodium chloride. A rabbit was anaesthetized with ether 
and the popliteal node exposed while its heart beat was 
\rhythmic. The outer layer of skin was removed and the 
underlying fascia separated with a minimum of damage to 
blood vessels. The greater part of the node was exposed 
so that the isotope solution could be injected directly 
into it without disrupting the circulatory system. Ten 
curies in 0-1 or 0-2 ml. was injected with a 1 ml. syringe 
fitted with a No. 30 needle. The needle was allowed to 
remain in the node for 0-5 to 6 min in different experiments, 
then removed and the node promptly excised and im- 
mersed in the ice-cold buffer. Carbon-14 labelled proteins 
ere analysed by adding 100 ug of bovine serum albumin 
o each sucrose gradient tube, followed by 1 ml. of cold 
0 per cent trichloroacetic acid containing 0-5 per cent 
asamino acids. The resulting solution was mixed and 
ept at 4° C for 30 min, heated to 90° C for 10 min, and 
nally cooled at 4° C for 30 min. The contents were filtered 
through a 0-45u ‘Millipore’ filter and washed several times 
with cold 5 per cent trichloroacetic acid containing 0:5 
“per cent casamino acids, Filter disks were dried and radio- 
activity determined in a low background counter (Nuclear 
Chicago). 

Polysomes are relatively fragile because the messenger 
RNA strand connecting the ribosomes can be severed, 
either by endogenous nuclease or mechanically, so that 
it is important to use a technique which is sufficiently 
_ gentle. In large part this means developing a method 
_ Which either inhibits the action of endogenous nucleases 

or prevents their activation. The method described 

above allowed us to disrupt the plasma cells of lymph 

nodes or the spleen so that apparently the lysosomes are 

not broken and endogenous nucleases are not activated. 
_ > The procedure is gentle and no attempt is made to disrupt 
all the cells of the tissue. We have been able to make 
an indirect estimate of the number of cells disrupted. 
Since 30-35 per cent of the labelled protein of the lymph 
node is solubilized in the cytoplasmic extract. The 
_-Muclease concentration in the extract is generally low 
_ as. judged by the considerable absorbance fine structure 
observed in the polysomal sucrose density gradient and 
the lack of significant radioactive incorporation into the 
single ribosome region which is characteristic of polysomes 
= obtained from systems free from nuclease. 
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Fig. 1. Sucrose density gradients of cytoplasmic extracts from rat spleens of (a) immunized and (b) non-immunized animals. One 
portion of the extract had added to it 1 ug/ml. of ribonuclease and was allowed to stand at 0° € for 30 min (dashed line). Centrifugation 
was at 2° C for 2 h at 25,000 r.p.m. in a ‘Spinco SW25.1 rotor’, eat 
- bottom through a tube leading to a Guilford spectrophotometer to record continuously the optical density at 260 my. Sedimentation |." 
is.to. the left, and the arrow at the lower right marks the top of the gradient. Single ribosomes are labelled 768, and the ribosomal”. 
dimer peak is seen to the left of the single ribosomes. The numbers in the polysome region represent the numbers of ribosomes in the 
polysomal clusters as seen in the electron microscopic examination. 
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Fig. 1 shows the sucrose gradient analyses of immunized 
and non-immunized rat spleens. Immunized. spleens 
(Fig. la, solid line) have a relatively small single ribosome 
peak (76S) and a larger dimer ribosomal peak. The dimer 
peak is a prominent feature of material from rat spleen 
and lymph nodes* and may be unrelated to antibody 
production since it is present in both immunized and 
non-immunized spleens. The polysomes in the immun- 
ized spleen have a rather unusual biphasic distribution, 
which suggests the presence of two polysomal populations 
(Fig. la). The first peak contains polysomes with 7-8 
ribosomes, which can be seen both by counting the number 
of peaks in the optical density trace as well as by electron. 
micrograph studies (to be published), The more rapidly 
sedimenting peak has a maximum in a region which has 
polysomes containing from 16-20 ribosomes as judged: 
by the electron micrographs. This polysomal distribution 
is quite unusual. For example, E. coli bacterial cells'?, 
chick embryos? and mammalian HeLa cells'* have 
polysome profiles with a maximum in the region of ribo- 
somal pentamers or hexamers, and there is a decrease in 
the polysomal optical density extending into the region 
of very large polysomes. Incubation with ribonuclease 
at 0° degrades the polysomes (Fig. la, dashed curve) and 
leads to an increase in the optical density of the single 
76S ribosomes. The dimer peak which is’ characteristic 
of the rat spleen is very little affected by treatment with 
nuclease. The non-immunized rat spleen has the polysome 
profile shown in Fig. 1b. It can be seen that there is very 
little optical density in the polysome region and that the 
biphasic distribution characteristic of the immunized 
spleen does not occur. Judging from the optical density 
profiles, we would conclude that the non-immunized rat 
spleen carries out some protein synthesis, but to a much 
more limited extent than the immunized spleen. 

Polysome profiles of immunized and non-immunized 
rabbit lymph nodes are shown in Fig. 2. The polysome 
distribution. of the immunized node has the same biphasic 
curve as the rat spleen. One maximum occurs in the 
region of 7-8 ribosomes and the other is associated with 
polysomes containing 16-20 ribosomes, both of which are 
sensitive to ribonuclease. The ribosomal dimers character- 
istic of rat tissue are not found in the rabbit. A non- 
immunized rabbit lymph node extract with very few 
polysomes is shown in Fig. 26. Immunized and non- 
immunized rabbit spleens were also analysed in this way. 

Incorporation of carbon-14 amino-acids. The direct 
injection of radioactive amino-acids into the lymph node 
might be called in vivo, since the incorporation into 
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Plastic centrifuge tubes were punctured and emptied from the: 
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of the cardio-vascular system; when the heart was not 
beating, there was very little incorporation of isotope. 
‘The nascent polysomal protein was fully labelled with a 
‘1-5-2 min injection. Approximately 10 per cent of the 
injected radioactivity was recovered in the node. Between 
20 and 40 per cent of the carbon-14 amino-acids in the 
immunized node had been converted into material pre- 
cipitated by trichloroacetic acid after a 1-5 min injection, 

¿o which reflects the rapidity at which protein synthesis is 
carried out. 

— he: carbon-14 labelled supernatant can be tested 
directly for antibody activity by means of a quantitative 

‘precipitation reaction!!, The results of several different 

experiments showed that between 30 and 50 per cent of 
_the radioactivity in the supernatant was antibody directed 
_ against the injected antigen. This serves as an important 
control for demonstrating that the polysomes are obtained 
_ from the antibody producing cells of the lymph node. It 

also indicates that even though a substantial portion of 
‘the protein synthesis in the lymph node is involved in 
< specifie antibody formation, other proteins are also being 

o synthesized. 

Fig. 3a shows the distribution of radioactivity and opti- 
cal density from an immunized rabbit lymph node. The 
radioactivity is largely found in the polysome region 

-and in the soluble proteins at the top of the gradient. 
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"proteins was found to be dependent on the integrity. 
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There is no peak of radioactivity in the region of the single 


ribosomes and such radioactivity as can be found thera 
arises from diffusion of the radioactive protein at the top 
of the gradient. Other experiments have yielded even. 
smaller amounts of radioactivity in the single ribosome 
region. The distribution of radioactivity in the polysome 
region is somewhat unusual. Unlike that seen in most 
other systems, the amount of radioactivity rises steadily 
in going from the class of smaller to that of larger. poly- 
somes, and then falls abruptly. There is thus considerably 
more radioactivity per ribosome in 16-20 ribosome clusters. 
than in the smaller 7-8 ribosome class of polysomes; the. 
relative specific activities of these two groups of polysomes' 
varied between 1-5 and 1-8. In the experiments with the 
related mouse plasma cell tumours, Shapiro et al.* have 
also demonstrated a peak of carbon-14 amino-acid uptake 
in the region of larger polysomes. 

Treatment with ribonuclease (Fig. 3b) destroys the 
lymph node polysomes and the optical density and radio- 
activity is transferred into the monomer region. Fig. 4 
shows the results of similar experiments with the non- 
immunized rabbit lymph node; the level of polysomes 
and radioactivity is lower than that seen in Fig. 3a even 
though there were more ribosomes used in the gradient in’ 
Fig. 4a. A larger proportion of ribosomes in the non: 
iramunized extract are found in the single ribosome peak 
and a relatively smaller number in the polysome peak, 
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Fig. 2. Sucrose density gradlents of popliteal lymph node extracts from (a) immunized and (b) non-immunized rabbits. These show 
@ primary response on the eleventh day after the first injection of ovalbumin with Freund’s adjuvant, The serum titre was then 


0-91 mg antibody protein per ml. 
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Fig. 3. Sucrose density gradients of ovalbumin immunized. rabbit lymph node extract. The primary response js shown and the serum 

titre was 1-16 mg antibody protein/ml. The node had carbon-14 amino-acids injected into it for 1-5 min as described in the text. 

a, The untreated extract had antibody which could be detected at the top of the gradient in fractions 25-28 using a modified ring 
test (ref. 9). 6, A portion was incubated with 5 ug/ml. of ribonuclease at 0° € fer 30 min before centrifuging. 





Other conditions were as shown in Fig. 1, with the two polysomal peaks indicated by vertical 
arrows. Ribonuclease incubation (dashed line) was with 5 pe/ml. at 0° C for 30 min. 
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even though the radioactivity in each ribosome is approxi- 
-mately the same at the maximum of the polysome distri- 
bution. In most of our experiments with non-immunized 
_. rabbit lymph nodes, some radioactivity has been found in 
< the single ribosome region. This may be due to the 
presence of more nuclease activity in these cytoplasmic 
extracts than in the extracts from immunized nodes, but 
cit may also be associated with the lower rate of protein 
synthesis. Treatment with ribonuclease (Fig. 4b) shifts 
both polysomal radioactivity and the optical density into 
<~-the single peak of 76S ribosomes. Experiments of this 

< type have been carried out for both primary and secondary 
- responses in rabbits and the results are qualitatively very 
- similar. 

“The distribution of ribosomes in tissue capable of pro- 
ducing antibodies is thus quite characteristic. With an 
immunized node, approximately 25 to 35 per cent of the 
ribosomes are found in the polysome region, but with the 
same organ of non-immunized animals, 15 per cent or less 

_ of the ribosomes are found in the polysome region. Thus 

=the significant enhancement of protein synthesis during 

_ antibody production is reflected in an increased number 

_ (of polysomes. A comparison of the radioactive amino-acid 
_ Incorporation in immunized and non-immunized rabbit 
lymph nodes suggests a three- to four-fold enhancement 
of overall protein synthesis associated with the stimulation 
ef antibody production. The percentage of ribosomes 
< found in polysomes in these tissues is, however, signifi- 
cantly less than that found in exponentially growing 
oE. col, in chick embryos**, or in the mammalian HeLa 
_.-¢ell grown in tissue culture’ where more than 70 per cent 
of the ribosomes are in polysomes. This difference is un- 
doubtedly associated with the fact that only a small 
proportion of the cells in lymph nodes or spleens aro 
actually producing antibody protein. 
‘The prevalence of a characteristic biphasic distribution 
‘in thespolysomes of immunized rat spleen and rabbit 
lymph nodes suggests that this pattern may be specifically 
related to the production of antibodies. We can make an 
estimate of the size of the polypeptide chains produced 
“by these two polysomal clusters by assuming that the 
ribosomal loading on the messenger RNA is similar to 
that in the synthesis of haemoglobin in rabbit reticulo- 
-eytes*. There, a polysomal structure containing 5 
‘ibosomes is engaged in synthesizing a polypeptide chain 
f molecular weight 17,000. Accordingly, a polysome 
containing seven to eight ribosomes would be synthe- 
izing a polypeptide chain of molecular weight near 
5,000; -while the larger polysome cluster containing 
-20 ribosomes would be synthesizing a chain of molec- 
lar weight near 55,000-60,000. The similarity of these 
aates to the sizes of the light and heavy chains found 
ibody molecules strongly suggests that these two 
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Fig. 4. Suerose density gradients of non-immunized rabbit lymph node extract. a, Untreated extract; b, ribonuclease treated, with 
conditions similar to those of Fig. 3. 


clusters are engaged in the synthesis of these polypeptide 
chains. The radioactivity profile further supports this-in-: 
terpretation. In haemoglobin polysomes, there is a one-to- 
one correspondence between the distribution of radio- 


activity on the nascent chains and the optical density?. ©) 


This is to be expected because all these polysomes are 
engaged in the synthesis of a single protein molecule. {n 


chick embryos", HeLa cells?! and bacterial cells*®, the. a 


distribution of radioactivity is similar to, but not quite 

identical with, the optical density profile of the polysomes. 

This is probably associated with the fact that. many 

of the longer polysomes are polycistronic* and are making: 

shorter polypeptide chains than one would anticipate; 
from the length of the messenger holding the ribosomes 

together. Under some conditions, the mammalian Hela: 

cell will also have a radioactive amino-acid incorporation: - 
peak associated with larger polysomes (Penman, personal’ 
communication). In the polysome profile of antibody: 
producing tissues (Fig. 3a), there is an almost linear in- 
crease of the radioactivity incorporated into polysomes 
as they get larger. In some of the incorporation curves; 
the radioactivity shows a dip between the two polysome. 
peaks. The observed ratios of between 1-5 and 1-8 which 
describe the relatively greater radioactivity of the larger 
polysome peak compared with the smaller may be inter- 
preted most directly as an indication that the larger 
polysomes synthesize longer polypeptide chains than 
those associated with the smaller polysomes. It is clear 


that the nature of the nascent chains in these two polysome 


peaks can be further characterized. BoE Renee tate 

These results are compatible with the studies of protein 
synthesis in mouse plasma. cell tumours’, where a class 
of smaller polysomes (sedimentation constant 1908) is 
associated with the production of light chains, while 
heavier polysomes (2708) yield both heavy and light chains, — 
This has been interpreted as indicating that the light chain: - 
plays an active part in the release of nascent heavy chains. 
Thus the investigations of antibody producing. tissues: — 
and the related tumours are seen to supplement each other. 

One of the striking features of the observed sequence of 
the amino-acid of the heavy and light chains is that. the 
earbonyl half of the light chain is constant while. the 
amino terminal half has a variable sequence. A similar 
pattern is also observed in the distribution of amino-acids 
in the heavy chains. This has led to the speculation that 
the constant and variable portions of the heavy and. light 


chains may be synthesized separately and then brought : 
The present evidence: 


together by some other process, 
argues against this. We interpret the data as indicating: 
that there is a direct and continuous assembly..of amino- 
acids for the entire heavy chain and for the entire ligh 
chain. Significantly, however, the polysomes for these . 


two chains are separate from each other and therefore aeo 
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not found on one polycistronic messenger RNA molecule. 
This provides some support for the view that one aspect 
of the enormous heterogeneity of antibody activity may 
be related to different combinations of individual heavy 
and light chains. If these two chains were made on a 
polycistronie messenger, this explanation for antibody 
heterogencity would be ruled out. 

We thank Dr. Peter F. Hall for his assistance in 
the early part of this work. We are indebted to Drs. R. R. 
Porter, T. J. Gill, II, E. Haber and C. Ambrose 
for helpful discussions. We thank Margaret Kunz and 
Diane Whitley for technical assistance. This research 
was supported by grants from the National Institutes of 
Health and the National Science Foundation. 
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A RELATIONSHIP between schizophrenia and the urinary 
excretion of 3,4-dimethoxyphenylethylamine has been 
proposed by Friedhoff and Van Winkle'?, and supported 
by other groups of investigators’-*. Fischer et als 
reported that they found bufotenin in the urines of schizo- 
phrenie patients, but not in the urines of normal persons. 
This finding has been supported by Brune et al.®. The 
¿ possibility that an N-methylated derivative of serotonin 
or of tryptamine, or that an O-methylated derivative of 
one of the catecholamines, might play a part in the 
aetiology of the schizophrenias was lent added interest 
by the experiments of Pollin, Cardon and Kety!®, These 
investigators found that the administration of t-methio- 
nine to certain chronic schizophrenics on monoamine 
oxidase blockade led to marked alterations in behaviour 
and to an exacerbation of the psychotic symptoms. Their 
findings were confirmed by Brune and Himwich"!. 

“In an investigation of the urinary excretion of amines 
by acutely psychotic schizophrenics!?, however, we were 
unable to find evidence that these patients excreted 
either 3,4-dimethoxyphenylethylamine or bufotenin. In 
analysing our failure to detect 3,4-dimethoxypheny!- 
-ethylamine in the urines of these schizophrenics, we con- 
sidered the possibilities that this amine might be of 

„exogenous origin, derived either from certain plant foods 
or formed by intestinal bacteria. The patients in this 
investigation had been placed on a strict diet free from 
plants, in an effort to exclude urinary amines of dietary 
origin”. They were all examined shortly after admis- 
sion to a hospital for the mentally ill, so that it also 
< seemed possible that these patients might not have had 
tame to acquire an intestinal flora characteristic of chroni- 
‘eally institutionalized patients. Finally, it was con- 
eeivable that unusual amines were being produced in the 
patients we had examined, but that the further meta- 
bolie breakdown of these amines to phenolic and indole 
acids prevented their detection in urine. 

In the present report, we wish to describe a new 
experiment in which a group of chronic schizophrenics, 
and a control group of non-schizophrenic patients, were 
examined both before and during the administration of a 
potent monoamine oxidase inhibitor. No evidence was 
found that any of these patients excreted either 3,4- 

















dimethoxyphenylethylamine or one of the N-methylated 
indole amines. 

Twelve male schizophrenic patients were selected from 
the chronically hospitalized population of a large mental 
hospital. All of them had been repeatedly diagnosed as 
schizophrenie by a succession of psychiatrists during 
their stay in the hospital, which ranged from 10 to 34 
years, with a mean of 22 years. Their ages ranged from 
30 to 61 years, with a mean of 43. Seven male control 
patients were selected from the same chronic wards. 
Each of the control patients had a well established diag- 
nosis, and was clearly not schizophrenic. Their diagnoses 
included Huntington’s chorea, multiple sclerosis, mongol- 
ism, carbon monoxide poisoning, massive subdural 
haematoma, and central nervous system syphilis. The 
control patients had been in the hospital from 3 to 45 
years, with a mean of 24 years, and their ages ranged from 
32 to 52, with a mean of 43 years. 

The nineteen patients in the investigation were taken 
off all tranquillizing and other drugs for a period of 6 weeks 
and for the last 2 weeks of the experiment were fed a 
diet free from plants and cheese!*. After 7 days on the 
special diet, a 48 h collection of urine was obtained from 
each patient. The patients were then given a monoamine 
oxidase inhibitor, phenelzine, in a daily dosage of 90 my 
for a further 7 days. At the end of this period, when it 
was estimated that maximal monoamine oxidase blockade 
should have been reached, a second 48 h collection of 
urine was obtained from each patient. The nineteen 
patients were confined throughout the experiment to a 
special dormitory ward, and were observed earefully for 
psychiatric and neurological changes. No untoward 
effects were noted as a result of withdrawal of pheno- 
thiazine tranquillizers, even though most of the patients 
had received these drugs for years. Neither were any 
harmful or beneficial effects observed as a result of the 
2 weeks on a restricted diet, or the 1 week on a high dosage 
of phenelzine. 

Urine specimens were frozen immediately after being 
voided, and were kept at —20° C until analysed. The 
urinary excretion of amines was examined in each 
patient both before the administration of phenelzine, and 
at the height of monoamine oxidase inhibition. Free 
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ines were determined, as well as those liberated from 
jugated form by acid hydrolysis. Two different 
procedures were used for the preliminary concentration 
of urinary amines, in order to ensure a maximal recovery 
of a wide variety of amines. The method of Kakimoto 
‘and Armstrong", in which urinary bases are adsorbed 
on to the sulphonic acid cation exchange resin, ‘Dowex 
50 W x 2’, was used for the investigation of phenolic 
amines, as it yields the best recovery of these compounds. 
The method of Perry et al.5, in which urinary bases are 
adsorbed on to the carboxylic acid cation exchange resin, 
‘Amberlite CG-50', was used for recovery of volatile 
aliphatic monoamines, as well as for several unidentified 
“bases which are not bound to ‘Dowex 50’. 

After the amines had been separated from the acidic 
nand neutral components of urine and had been con- 
-eentrated by these two procedures, they were identified 
tentatively by two-dimensional paper chromatography’, 
‘and then more definitively by a modification of the ion 
exchange column chromatographic technique of Perry 
‘and Schroeder’. 

1 As the patients in this experiment were on a diet free 
from plants and were receiving no drugs, many amines of 
exogenous origin were absent from the urine, and the separ- 
ation of endogenous amines was easier. The use of the ion 
exchange column chromatographic procedure'® made 
possible the separation of two or more compounds with 
similar Ry values in various solvents during paper chroma- 
tography, and hence permitted the accurate identification 
of amines which could not be differentiated on paper. 
Tn instances where it seemed important to detect an amine 
present in very low concentration, or to exclude the 
presence of small amounts of a certain compound, amine 
concentrates derived from a very large quantity of urine 
< were first separated by ion exchange column chromato- 
graphy. After the appropriate effluent fractions had been 
© taken to dryness on a rotary evaporator, the entire elution 
gone for the amine in question could then be applied to a 
single paper chromatogram. In this way, it was possible 
to search for the presence of an amine in a concentrate 
“yepresenting a much greater volume of urine than could 
“otherwise be chromatographed on paper. 
“In order to avoid any possible bias in comparing the 
“urinary amine patterns of the various patients investigated 
the diagnosis of each patient was known during 
‘the course of the experiment only by the psychiatrist 
< (Ç; J.S.), and he took no part in the laboratory determina- 
- tions of urinary amines or the interpretation of chromato- 
grams. 

No essential differences could be found between the 
urinary amines excreted by the schizophrenics and by the 
non-schizophrenie control patients, either before or during 
monoamine oxidase blockade. A marked increase in the 
excretion of normetanephrine, metanephrine, 3-methoxy- 
4-hydroxyphenylethylamine, octopamine, p-tyramine, m- 
tyramine, serotonin, and tryptamine was observed in 
each patient during monoamine oxidase blockade. A 
number of unidentified urinary bases which we have 
previously found in the urines of normal subjects! 
were uniformly present in each patient’s urine. 

Bufotenin was not detected in the urine of any of the 
patients, even during inhibition of monoamine oxidase. 
No other N-methylated indole amines were detected. 
With the techniques used, bufotenin and N,N-dimethyl- 
tryptamine should have been found had the patients 
excreted even as little as 2 yg per day of these com- 
pounds. 

”3,4-Dimethoxyphenylethylamine was not detectable in 
the urines of any of the nineteen patients, either before 
or during monoamine oxidase blockade. When small 
“amounts of the authentic amine were added to raw urine, 
96 per cent of the compound could be recovered when the 
-urine was treated with ‘Dowex 50° by the method of 
 Kakimoto and Armstrong’, and when the resulting 
ino concentrate was then subjected to ion exchange 
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column chromatographic separation’*. If the individual 
patients examined had excreted as little as 10-156 yg 
of 3,4-dimethoxyphenylethylamine per day during mono- 
amine oxidase blockade, it should have been detected 
with the techniques used. Neither was p-methoxy- 
phenylethylamine found in the urines of any of these 
patients. This amine also has been reported to be present 
in the urine of schizophrenics’. 

In an effort to amplify the sensitivity of our procedure 
and to assess the possibility that these specimens may 
contain very small amounts of the two p-methoxylated. 
phenylethylamines, portions of urine containing 500 mg 
of creatinine which had been collected from each of the: 
twelve chronic schizophrenics during monoamine oxidase 
blockade were pooled. The amine concentrate from this 
6,000 mg creatinine equivalent of pooled schizophrenic 
urine was then applied to a large ion exchange column, 
and the effluent zones in which 3,4-dimethoxyphenyl- 
ethylamine and p-methoxyphenylethylamine would have 
been eluted, had they been present, were subjected to 
paper chromatography. Neither amine could be detected. 
If either amine was present in the pooled urine of schizo- 
phrenics during monoamine oxidase blockade, its con- 
centration is estimated to have been less than l pg per 
1,000 mg creatinine. Expressed in a different way, the 
twelve schizophrenics investigated during maximal mono- 
amine oxidase blockade could each have exereted an 
average of not more than 1 or 2 yg of 3,4-dimethoxy- 
phenylethylamine or of p-methoxyphenylethylamine, if 
indeed they excreted these substances at all. 

Most of the chronic schizophrenics and most of the non- 
schizophrenic mentally ill control patients excreted 
relatively large amounts of three unidentified bases, pre: 
sumably amines, which we have called Unknowns Nos: 
83, 84 and 85. These three compounds are not usually 
observed in appreciable amounts on paper chromatograms 
of the urinary amines of normal persons, but we have 
frequently encountered them in the urines of institutional- 
ized mental defectives and psychotics. The concentration 
of these three unidentified compounds in urine was regu- 
larly increased during monoamine oxidase blockade in 
the patients in this investigation. 

Unknowns Nos. 83, 84 and 85 do not react with sprays 
for phenolic or indole amines. They do react with nin- 
hydrin; and when chromatograms are first sprayed with 
ninhydrin, and then counter-sprayed with p-dimethyl- 
aminobenzaldehyde, these compounds yield pink colours: 
exactly like those given by the ring-methoxylated phenyl- 
ethylamines when they are developed with this combination 
of sprays™”. These three unidentified compounds migrate 
on two-dimensional paper chromatograms in several 
different solvent systems to almost the same locations 
as do p-methoxyphenylethylamine, 3,4-dimethoxyphenyl- 
ethylamine, and mescaline, and as a result could very 
readily be mistaken for one or the other of these 
amines. 

When subjected to ion exchange column chromato- 
graphy, however, Unknowns Nos. 83, 84 and 85 are eluted 
from the resin column well before any of the ring-methoxy- 
lated phenylethylamines. When chromatographed on 
columns of ‘Amberlite C@-50’, 45 em in length and 0-9 em 
in diameter, operated at 40° C, and developed with a 
pyridine acetate buffer of pH 6-32 and 0-1 normal in 
acetic acid, Unknowns Nos. 83, 84 and 85 are eluted 
respectively at 37-45 ml., 43-50 ml. and 50-61 ml. 
effluent volume'*. Using exactly the same conditions, 
authentic mescaline, 3,4-dimethoxyphenylethylamine and 
p-methoxyphenylethylamine are eluted respectively at 
96-110, 112-126 and 188-212 ml. effluent volume, It 
is clear that paper chromatographic techniques alone are- 
not adequate to identify ring-methoxylated phenylethyl- 
amines, since a number of othertitinary bases migrate 
to the same areas on paper irr à variety of solvent systems, 
and display the same colour reactions with several reagent 
sprays. : : 2 a 
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are amines of- intestinal bacterial origin, because oral 
administration of a combination of antibacterial agents 
sufficient to eradicate organisms from the stool greatly 
reduces the urinary excretion of these unidentified bases!®. 
We doubt that they are in any way related specifically 
to schizophrenia, and think they probably reflect consti- 
pation due to physical inactivity, as well as the acquisition 
of an intestinal flora characteristic of prolonged domicile 
in institutions such as mental hospitals. 
In summary, we have been unable to detect 
“3,4-dimethoxyphenylethylamine, p-methoxyphenylethyl- 
amine, or bufotenin in the urines of chronic schizophrenics, 
even though these patients were given a potent mono- 
amine oxidase inhibitor in an effort to increase the urinary 
“excretion of amines. Our experience is in agreement with 
that of Nishimura and Gjessing and of Faurbye and 
Pind”, who were unable to detect 3,4-dimethoxypheny]- 
ethylamine in the urine of psychotic patients. Neither 
were we able to detect any significant differences between 
the pattern of urinary amines excreted by chronic schizo- 
phrenies, and that by mentally ill patients in the same 
hospital environment who did not have schizophrenia. 
“Several possibilities remain which may explain our 
failure to detect 3,4-dimethoxyphenylethylamine in 
schizophrenic urine. The compound may be a metabolite 
of certain drugs or plant foods, and may have been absent 
since we excluded these possible sources in our experi- 
< mental design. The compound may perhaps be excreted 
only by acute schizophrenics, and therefore might not 
have been found in the chronic schizophrenics examined 
in-the present investigation. This seems unlikely in view 
of our failure to detect the amine in a previous experiment 
on acute schizophrenies'*. The diagnostic criteria used 
for our selection -of schizophrenic patients might have 
‘resulted in our investigating a different population of 
“psychotics from those investigated by the American, 
Japanese and British investigators!-2:5.8, ‘This explana- 
_ tion also’seems improbable., Finally, the possibility exists 
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that 3,4-dimethoxyphenylethylamine has been confused 
with other amines in the investigations where paper 
chromatographic methods alone have been relied on. 
Bourdillon et al. have wisely referred to their urinary. 
compound as “pink spot”, even though these authors 
imply that this spot may represent 3,4-dimethoxy- 
phenylethylamine. We conclude that no convincing 
evidence has yet been presented to implicate either ring: 
methoxylated phenylethylamines or N-methylated indole 
amines in the aetiology of the schizophrenias. 

This work was supported by a grant from the Medical 
Research Council of Canada. We thank Dr. Kenneth 
Berry for assistance with the patients, and Prof. James G. 
Foulks for helpful criticism. 
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NUCLEOTIDE DERANGEMENT IN THE MEGALOBLAST NUCLEUS 


By T. E. PARRY 


> 


TuE nucleotide derangement in megaloblastic erythro- 
_ põięsis must be such as to account for the following 
- eytological and biochemical findings in pernicious anaemia 
in relapse: (i) failure of mitosis of primitive erythro- 
blasts™?; (ii) a markedly raised marrow ratio of ribo- 
nucleic ‘acid/deoxyribonucleic acid'3-5; (iii) a raised 
marrow ~racil/thymine ratio‘; (iv) normal amino-acid 
_ codirig, normal messenger RNA (mRNA) and normal 
haemoglobin synthesis*. To these may be added the 
presence of abnormal mitosis in ‘red cell precursors both 
in pernicious anaemia*-’ and in the megaloblastic anaemia 
infancy®.. `. - 5 

That the basic biochemical defect in megaloblastic 
rythropoiesis is a failure to synthesize thymine (5-methyl 
uracil) or its derivatives is strongly suggested by the 
striking haematological response produced by this sub- 
‘Stance in pernicious anaemia in relapse’, in the megalo- 
blastic anaemia of tropical sprue, and in the megalo- 
blastic anaemia of: pregnancy“, and by the raised 
uracil/thymine ratio in the marrow in pernicious anaemia 
in relapse which is reversible by specific therapy‘. 
Although the precise biochemical role of both vitamin 
B,, and folic acid in thymidylate synthesis still awaits 
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final elucidation", it is of interest that all the biochemical 
findings listed here can be explained on a molecular basis 
by an impairment of the synthesis of deoxyribothymidylic 
acid (T) in pernicious anaemia in relapse and that a 
hypothesis based on this can be formulated, which offers 
a possible explanation of the cardinal cytological changes 
in megaloblastie erythropoiesis, 
Normal DNA as well as mRNA and protein synthesis 
are illustrated in Fig. la (modified from ref. 13). Base- 
pairing in DNA occurs between the deoxyribonucleotides 
C and G, G and C, T and A and A and T and in RNA 
between the deoxyribonucleotides C, G, T and A and the 
ribonucleotides G. C. A and U, respectively. As megalo- 
blastic erythropoiesis is essentially a manifestation of a 
deficiency state, it is reasonable to suppose that the 
erythropoietic cells are normal at, or immediately prior ` 
to, the onset of the deficiency. Fig. 1b illustrates a normal 
cell at the onset of T deficiency. It shows that DNA 
replication and, therefore, mitosis is impaired. RNA and 
protein synthesis, on the other hand, are not affected. 
The mRNA migrates to the ribosomes where it acts as a 
template for protein synthesis, leaving its own DNA 
template free to form more RNA. The greatly increased 
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‘NA/DNA ratio is, therefore, readily explained. . Fig. 1b 
hows that all the biochemical findings listed here can be 
xplained on a molecular basis by a deficiency of T, the 
_pomary effect of which is impairment of mitosis. It is 
_ worth noting, however, in view of the suggested action of 
vitamin B,, on the formation of deoxyribose which is not 
“necessarily confined to T (ref. 12), that the same dis- 
sociation between DNA replication on one hand, and RNA 
and protein synthesis on the other, could also result, at 
least theoretically, from the failure of reduction of ribo- 
nucleotide to deoxyribonucleotide. 
; Although the megaloblast by virtue of its character- 
tic morphology is diagnostically the most important cell 
1. the marrow in pernicious anaemia in relapse, normo- 
lasts are, nevertheless, numerous in the early stages and 
may even persist in the established disease. A third 
d even more striking feature is the great increase in 
he number of primitive erythroblasts (proerythroblasts) 
ich may even predominate in megaloblastic marrows. 
isner? postulates a “premitotic blockade” during inter- 
‘phase as a possible explanation for the great increase in 
_ these “‘mitotable” cells. 
As T deficiency interferes with mitosis, its lack will 
affect those cells which normally undergo mitosis. In 
erythropoietic tissue these are the proerythroblasts and 
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Fig. 1. The nucleotide derangement in the megaloblast nucleus. 


a) Sequence of amino-acids in protein determined by the sequence of 
otides in mRNA which in turn is determined by the nucleotide sequence 
Jear DNA itself. A, C, G and T, Deoxyribonucleotides; A, C, G and U, 
nucleotides; AAT, AA2 and AA3, amino-acids. (6) Failure of mitosis, 
i NA/DNA ratio and raised uracil/thymine ratio, 5 T Molecules are 
This represents complete T deficiency. In practice the deficiency is 


partial, 
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to a lesser extent the earlier normoblasts. It is probable 
that the proerythroblast undergoes more than one, 
possibly several, mitoses before it can reach a stage where = 
differentiation, that is, haemoglobinization, is possible. 
Impairment of mitosis would, therefore, paradoxically _ 
lead to an accumulation of proerythroblasts inthe marrow = 
as they are no longer able to reach a stage where differ- 
entiation into normoblasts is possible. The intense cyto 
plasmic basophilia of proerythroblasts—a feature well > 
known to correlate with a high cytoplasmic RNA content? 
—is in keeping with the synthesis of RNA being intac 
the very considerable increase in their numbers woul 
substantially contribute to the raised ratio of RNA/DN. 
already referred to. rear ec 
The presence of normoblasts even in small numbers 
megaloblastic marrows is highly significant. These. 
normal cells with normal nuclei and, therefore, with - 
normal DNA content. They must, therefore, possess their 
full complement of T. This is understandable as megalo- 
blastic erythropoiesis is a manifestation of a deficiency —_ 
state which is scarcely ever complete. Proerythroblasts 
are, therefore, subjected to a wide spectrum of T deficiency 
which ranges from a gross deficiency which is incompatible 
with mitosis, to a full complement of T which will enable 
a certain number to undergo the requisite number of 
mitoses and differentiate normally into normoblasts. It 
is conceivable, therefore, that a number of proerythro- 
blasts will exist in which the complement of T is almost, 
but not quite, complete and it is postulated that the 
deficiency of T may be of such a small order in some of 
these cells as to allow a mitosis—perhaps an abnormal one 
but nevertheless a mitosis—to occur that will enable the 
cell to reach a stage where differentiation is possible, 
Assuming that half the nucleotide pairs contain. T, an 
approximate calculation based on the present views of 
the molecular weight of DNA (reviewed by Rownd') 
shows that between 3,500 and 15,000 T molecules are 
required for a single mitosis. To apply completely hypo- 
thetical figures, it is conceivable that a T deficiency of 
the order of 5-10 per cent might be incompatible with 
mitosis whereas a deficiency of 1 per cent or less could 
allow a mitosis—perhaps an abnormal one—to take place. 
The nuclear DNA of the resulting cells will be abnormal 
in that it will lack a small number of T molecules in the 
manner illustrated in Fig. 1b, but only to a very small. 
degree. This is suggested as a possible explanation for 
the characteristic morphology of the megaloblast nucleus. 
The proliferation of proerythroblasts, the presence of 
small numbers of normoblasts and the characteristic 
morphology of the megaloblast nucleus can all, therefore, 
be related to the availability of the deoxyribothymidylic 
acid, lack of which results in a highly selective biological 
lesion—namely, failure of mitosis with RNA and protein 
synthesis intact. This in turn accounts for the: two: 
cardinal features of all megaloblastic anaemias—the 
deficiency in number of red cells and, in the absence of 
iron deficiency, a normal mean corpuscular haemoglobin 
concentration. aa 
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HEPATIC INJURIES IN RIBOFLAVIN AND PYRIDOXINE DEFICIENT 
BABOONS—POSSIBLE RELATIONS TO AFLATOXIN INDUCED 
HEPATIC CIRRHOSIS AND CARCINOMA IN AFRICANS 


By HENRY FOY, THEODORE GILLMAN*, ATHENA KONDI and JENNIFER K. PRESTON 


Wellcome Trust Research Laboratories, Nairobi, Kenya 


THE high incidence of liver diseases, especially cirrhosis 
and primary liver cancers, in Africans, particularly on the 
East Coast, has been incompletely investigated and its 
‘causes, probably varied, are still uncertain. Liver injuries, 
of various types, however, have been experimentally 
induced in many species by abnormal diets devoid of 
known toxic substances; toxins, of dietary and other 
origins, have also been used to produce liver damage 
including liver cancers'~°. The histopathology of these 
experimentally induced hepatic lesions has been compared 
by several authors, primarily to assess whether or not 
similar hepatic diseases, occurring naturally in man, ean 
be attributable to the same dietary, toxic or infective 
causes. 

Primates have rarely been used previously in the experi- 
mental induction of dietary hepatic and haematological 
disorders, which is why we have written this preliminary 
report. 

The experimental material consisted of ter male 
baboons; four were deprived of riboflavin, three deprived 
of pyridoxine and there was one pair-fed partner in each 
group, as well as one fed on a non-synthetie natural diet. 
Males were chosen to avoid the metabolic variations known 
to be associated with the sex cycle in mature females?~. 
Both pre-adolescent and adolescent males were used. 
Galactoflavin and desoxy-pyridoxine, as vitamin antagon- 
ists, were given to some of the riboflavin and pyridoxine 
deprived animals respectively to hasten the development 
of the deficiency. 

Haematological and biochemical findings in normal 
and deficient baboons and in children with hypoplasia 
of marasmus and kwashiorkor treated with riboflavin 
have already been reported?®-*, 

The hepatic architecture of the stock fed pre-adoleseent 
male was normal except for some infiltration of round 
cells in many of the smaller portal tracts (see later). 
Neither the pair-fed controls nor the riboflavin deficient 
animals showed any notable hepatic abnormalities except 
mild to moderate portal round cell infiltration similar 
to that present in the stock fed normal control. The 
absence of fatty changes in the livers, even of the young 
riboflavin deficient baboons, suggests that deficiency 
of this vitamin is of doubtful significance in the aetiology 
of the fatty livers which are such a notable feature of 
advanced kwashiorkor, In contrast, it should be noted 
that the skin lesions, seen only in riboflavin deficient 
baboons and especially on their faces’, resemble, both 
clinically and microscopically, the “mud pack” facial 
lesions in malnourished adult Africans portrayed in 
South Africa by Gillman and Gillman?. This may perhaps 
imply some role for riboflavin in the production of the 
human “mud pack” skin lesions, especially as the baboon 
skin changes resolved rapidly when riboflavin was given, 
but not under prednisone therapy’. 

The most striking lesions were found in the livers of 
the pyridoxine deprived animals (Figs. 1-6). Severe 
fatty changes were present in the livers of all these 
animals, fat being present mainly as large, intrahepato- 
cellular globules, distributed throughout the lobules in 
all liver lobes (Fig. 1). In addition, there were notable, 





* Agricultural Research Council Institute of Animal Physiology, Babraham, 
Cambridge, 


although varying, degrees of increase in the intralobular, 
interhepatocellular reticulin, collagen and associated 
fibroblasts, together with varying disorganization of the 
liver cell trabeculae and patchy intralobular bile ductule 
hyperplasia and dilatation (Figs. 1 and 2). The most 
striking feature of the livers of these pyridoxine deficient 
baboons was the remarkable variation in the sizes of 
the liver cells and their nuclei, as well as in the number 
of nuclei per cell (Figs. 3-5). Many giant, multinucleated 
liver cells containing between three and fifteen nuclei 
per cell were encountered (Figs. 4 and 5). The sizes of the 
nuclei, even in the same cell, often varied as markedly. 
as did those in neighbouring cells (Figs. 4 and 5). Mitotic 
figures seemed to be unusually frequent in both liver and 
bile duct epithelium. Moreover, abnormal (tri- or even 
tetra-polar) mitotie figures were not uncommon (Fig. 6), 
The frequency of all these peculiarities in the hepatic 
cell nuclei suggests gross disturbances in nuclear meta- 
bolism and in the relation between the nucleus and the 
cytoplasm during cell division. Liver cells with large 





Fig. 1. Low power view of part of a lobule from the liver of one pyri- 

doxine deficient baboon showing moderate diffuse fatty change, periportal 

fibrosis and bile duct hyperplasia (top near centre) and extensive, 

moderate intralobular fibrosis with disorganization of liver cell cords. 
(Mallory Azan x 19.) 





Fig. 2. Same liver as Fig. 1 showing ble ductule hyperplasia (at right 
and centre), marked variations in sizes of liver cells and their nuclei, 
and some intercellular collagen formation. (Mallory Azan x 300.) 
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ophilic vacuoles, lying among their granular cyto- 
asmic organelles, were also frequent; these basophilic 
vacuoles were positive with Unna-Pappenheim’s stain, 
indicating some aberration(s) in cytoplasmic RNA 
metabolism. The glycogen content, even of the fat-free 
liver cells, was markedly depleted when compared with 
controls. 

The impression gained from these livers was not only of 
severe disturbances in the lipid, glycogen, RNA and DNA 
metabolism of the parenchymal cells themselves, but also 
of a simultaneous rapidly progressive interstitial fibrosis 
not attributable to the fatty changes. The histological 
impression of a rapidly developing hepatocellular injury, 
intralobular bile ductule hyperplasia and obstruction 
with intralobular fibrosis was partly supported by the 
steady rises in the serum concentration of vitamin Bı: 
and the sudden rises in indirect bilirubin and associated 
falls in prothrombin levels detected in the blood of the 
pyridoxine deficient baboon. 

In the pyridoxine deficient animals there was also 
greatly increased erythrophagocytosis in the lymphatic 
glands, but not in the riboflavin deficient ones. This may 
have contributed to the anaemia in the pyridoxine 
“deprived group. 

Riboflavin and pyridoxine deficiency are known to 
interfere with adrenocortical functions, protein synthesis 
and tryptophan metabolism, probably because these 
vitamins are coenzymes in many critical metabolic 
reactions. The macroscopic and histological abnormalities 
that occurred in the adrenals and other tissues of both the 
riboflavin and pyridoxine deprived baboons were striking 
but different in the two groups and will be reported else- 
where. 

Schistosoma mansoni eggs and dead worms, with associ- 
ated cellular and fibrotic reactions, were found in the 
colonie mucosa and sub-mucosa as well as in the livers of 
three of the ten animals. The eggs, when found in the 
livers, were always within the liver lobules and sequestrated 
by very mild, localized encapsulating round cell and/or 
fibrotic reactions. The reactions to bilharzial infection 
were found randomly, in varying degrees, in both control 


A 





B 
Fig. 8. Aand B are from neighbouring fields and demonstrate the striking 


Variations in the sizes of liver cells and their nuclei. In A the large 
vacuole in the cell, at right, is basophilic due, apparently, to excess 

CORNA. Clear vacuoles in all other cells are due to dissolved fat globules. 
In B are two large binucleated cells with nuclei of different sizes and focal 
depths. Note also in Æ the very small size of some liver cells (near bottom 
: left). (Malory Azan x 750.) 
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Fig. 4. A and B are also from neighbouring fields and disclose the 

notable variations in sizes of liver celis and their nuclei together with 

unusual vacuolation and irregular granulation. At right in A is a small 

hyperplastic bile duct. Note, in A and B, pericellular collagen deposition. 
(Mallory Azan x 750.) 


and nutritionally deficient animals in all groups. The 
striking hepatic changes in the pyridoxine deficient 
baboons could not therefore be attributed to schistosomal 
infection alone*. 

The hepatic parenchyma and the supporting connective 
tissues seem to have been injured simultaneously by the 
deficiency of pyridoxine. The fatty changes in the pyri- 
doxine deficient baboons were often comparable with 
those commonly seen in advanced kwashiorkor, but the 
significance of this finding is uncertain because of the 
ease with which fatty livers can be produced by a variety 
of nutritional means?. Moreover, since less severe fatty 
changes and mild portal cellularity were also seen in 
the pair-fed pyridoxine deficient control, we are not here 
attributing undue importance to the fatty changes in 
these deficient animals. 

We do consider important, however, the irregularities 
in liver cell and nuclear sizes, multinucleosis, abnormal 
mitotie figures as well as the distribution, extent and 
severity of the associated interstitial fibrosis and dis- 
organization in the liver coll arrangement of pyridoxine 
deficient animals in relation to the established frequency 
of cirrhosis and primary hepatocellular carcinoma in 
indigenous Africans. These aberrations in the liver cells 
and their nuclei and the associated intralobular fibrosis 
in our pyridoxine deficient baboons closely resemble 
similar lesions often scen in the non-malignant liver tissue 
of Africans with primary hepatocellular cancers. Equally 
striking was the similarity of the baboon liver histo- 
pathology to that deseribed by Butler in the livers of 
rats, weeks or months after short term aflatoxin poisoning 
but before frank hepatocellular carcinomata develop. 
Derangements in both RNA and DNA metabolism have 
recently been demonstrated in the livers of aflatoxin 
treated rats??. 

It is possible, therefore, that there may be some common 
link(s) in the metabolic disorders leading to cirrhosis 
and even to liver carcinoma in Africans; to the hepatic 
fibrosis, with or without cancers, in aflatoxin treated rats; 
and to the hepatic lesions in our acutely pyridoxine 
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deprived baboons. This suggestion is supported by the 
following considerations. The primary metabolic upsets 
underlying the previously reported haematological and 
other metabolie disorders in these baboons, the hepatic 
lesions described above and, as we shall show later, the 
abnormalities in the endocrine glands of our pyridoxine 
deprived baboons, were probably initially enzymatic in 
origin. Later derangements in hepatic structure and 
funetion and/or in endocrine interrelations could reason- 
ably be anticipated in our baboons on the basis of previous 
investigations of human malnutrition®:**. Derangements 
in tryptophan metabolism, without previous tryptophan 
loading, resulting in abnormal] urinary excretion of trypto- 
phan metabolites occur in both riboflavin and pyridoxine 
deficient baboons but are more pronounced in the pyri- 
doxine deficient group*. Reduced transamination, upsets 
in pyridoxal-phosphate dependent metabolic pathways, 
and depressed absorption of B,,, amino-acids and proteins 
also occur in the pyridoxine deprived animal. 

In aflatoxin poisoning, on the other hand, there is 
inhibition of RNA synthesis, in DNA mediated messenger 
RNA and in liver pyrrolase synthesis, together with 
reduction in cortisol-induced but not substrate-induced 
enzymes. Some of these changes are comparable with 
those due to actinomycin D, which is known to attach 
to DNA and inhibit DNA dependent RNA synthesis*?. 
Madhavan and Gopalan?! have also shown that rats 
fed a 20 per cent. protein diet with aflatoxin develop no 
liver changes, but do so when the protein content of their 
diet is reduced to 4 per cent. The link between pyridoxine 
deficiency, aflatoxin and actinomycin D poisoning is at 
present not fully understood. Pyridoxine and aflatoxin 
may perhaps derange protein metabolism of liver cells by 
quite different mechanisms. 


A 





B 


Fig. 5. A and B are two examples of grossly enlarged multinucleated 

giant liver epithelial cells in the same liver as Figs. 1 to 4. At top right of 

A is an almost normal sized liver cell, The cell at 4 had 12 nuclei and that 

in B 15 nuclei, when investigated at different levels of focus. These 

aberrations suggest some anomalies in DNA synthesis and especially 

disorganization in nuclear and cytoplasmic division, (Mallory Azan 
x 750.) 
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Fig. 6. One of many abnormal mitotic figures seen in this liver. When 

examined at different planes of focus and in serial sections, this cell was 

found to have three pairs of spindles. The irregularities in cell size and 

intercellular collagen are also shown here. The numbers of mitoses in 

both liver and bile duct cells and the frequency of abnormal mitoses were 

striking in the livers of pyridoxine deficient baboons generally although 
this varied from animal to animal, (Mallory Azan x 750.) 


The possible relation(s) between the enzymatic, bio- 
chemical, haematological, hepatice and adrenal changes 
in riboflavin, and perhaps especially in pyridoxine, de- 
prived baboons, to those described in aflatoxin poisoned 
rats, have not so far been worked out. Yet the similarity 
in the changes in many of these parameters deserves 
careful investigation. 

Neither advanced cirrhosis nor primary liver carcinoma 
has yet been seen in our pyridoxine deficient baboons. 
The severity of the pyridoxine deprivation in these 
animals, however, was such as to lead to their rapid 
deterioration; more prolonged and less severe deprivation 
may well allow the survival of such baboons long enough 
to permit the full efflorescence of both the acute fibrosis 
and the hepatocellular changes into advanced cirrhosis or 
perhaps even into primary liver carcinoma. 

The various lesions deseribed in our baboons also de- 
veloped in animals not receiving riboflavin or pyridoxine 
analogues. Consequently, such reactions cannot be attri- 
buted to the addition of these antagonists, the various 
types of which may be operating through different 
metabolic pathways**. Moreover, since the riboflavin 
and pyridoxine deficient animals were receiving 20 per 
cent of their metabolic energy from animal protein, lack 
of protein cannot be considered a factor in the aetiology 
of the liver changes, although we realize that vitamins 
and proteins each affect the utilization of the other. 

The striking similarities in the hepatic lesions in Africans 
and those induced in rats by aflatoxin poisoning, and 
particularly the occurrence of primary liver cancers in 
rats many months after stopping short-term poisoning 
with’ aflatoxins, have already led several investigators 
to suggest that such toxins may alone directly underlie the 
frequency of primary liver cancers in Africans':*, In view 
of our findings and remarks above, however, it seems 
reasonable to suggest that aflatoxin may possibly act, at 
least in part, as an antagonist of pyridoxine and may 
be maximally carcinogenic when given with a pyridoxine 
deficient diet. The high incidence of primary liver cirrhosis 
and carcinoma in the African may thus imply that their 
diets: (i) are intrinsically or relatively deficient in pyri- 
doxine; (ii) may contain a variety of pyridoxine antagonists 
(for example, hydrogen cyanide in manioc}; or (iii) 
intermittently contain aflatoxin or other substances, 
as a result of infection of the African’s porridges and 
brews by one or more moulds, the toxins from which, 
in the presence of a low dietary pyridoxine content, may 
perhaps become maximaliy and repeatedly injurious to 
the liver during his lifetime. 

In view of their possible importance in elucidating the 
aetiology and pathogenesis of the frequent and ubiquitous 
chronie liver diseases in Africans, it is proposed to in- 
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vestigate these suggestions further by combining chronic 

utritional deficiency with intermittent aflatoxin poison- 

ing experiments in baboons and critical field investi- 
gations of Africans with liver diseases in Kenya. 

We thank Dr. Charles Mushett of Messrs. Merck, 
Sharp and Dohme, Rahway, New Jersey, for generous 
supplies of galactoflavin used in these experiments. 
One of us (T. G.) is grateful for a grant from the Wellcome 
Trust which enabled him to work for a time in Nairobi. 

1 Hieron H. P., Lectures on the Liver and its Diseases (Blackwell, Oxford, 


* Gillman, J., and Gillman, T., ceapnnannee in Human Malnutrition (Grune 
Sy and Stratton, New York, 19 51). 
3 Popper, H., and Schaffner; F., Liver: Structure and Function (MeGraw- Hill, 
SA ew York, 1957). 
4 Oettlé, A. G., J. Nat. Cancer Inst., 38, 383 (1964). 
104 Butler, W. H., and Barnes, J. M., Nature, 209, 90 (1966). 

© Farber, E., and MacGee, N. (eds,), Biochemical Pathology, symposium, 
Lab. Invest., 15, No. 1 (1966). 








NATURE 


153 


3 Ginman, J., and Gilbert, C. 

3 Cohen, S., Biochem. J., 64, 286 (1956). 

? Foy, H., Kondi, A., and Mbaya, V., Brit. J. Nutrit., 18, 307 (1964), 

1 Foy, H., and Kondi, A., J. Path. Bact., 65, 559 (1953). 

1 Foy, H., and Kondi, A., Blood, 18, 1054 (1958). 

12 Foy, H., Kondi, A., and Macdougall, L., Brit. Med. J., i, 987 (1961). 

** Kondi, A., Mehta, S., Foy, H., and Mbaya, V., Brit. Med. J., i, 725 (1982); 

“ Kondi, A., Mehta, S., and Foy, H., Brit. Med. J., i, 110 (1962). 

18 Kondi, A., Macdougall, L. é: ao H., Mehta, S., and Mbaya, V., Arch, Dis, 
Childhood, 38, 267 (19 

184 Kondi, A., and Foy, H., atal ii, 1157 (1964). 

47 Foy, H., Kondi, A., and Mbaya, V., Blood, 26, 682 (1965). 

16 Foy, H., and Kondi, A., Lancet, ii, 1078 (1985). 

1t Poy, H., and Kondi, A., Lancet, i, 1043 (1966). 

3 Rosanelli, J. D., East Afr. Med. J., 40, 7 (1963). 

Clifford, J. L, and Rees, K. R., Nature, 209, 312 (1966). 


a Gillman, T., in The Comparative Physiology and Pathology of the Skin, 
273, edit. by Rook, A 


. J., and Walton, G. S. (Blackwell, Oxford, 1965), 
233 Madhavan, T. V., and Gopalan, C., Arch. Path., 80, 123 (1965). 
= McCormick, D. B., Nature, 201, 925 (1964). 


+ S. Afr. J. Med. Sci., 11, No. 1, Biol. Suppl. 


MULTIPLE CONGENITAL ANOMALIES ASSOCIATED WITH A RING 3 
CHROMOSOME AND TRANSLOCATED 3/X CHROMOSOME 


By Dr. DEBDAS MUKERJEE and Pror. WALTER J. BURDETTE 


The University of Texas, M. D. Anderson Hospital, Houston 


Ring chromosomes have been studied extensively in 
corn! and Drosophila’. Such aberrant chromosomes have 
also been observed in malignant’, leukaemic*-* and in 
irradiated tissues®!°, Few patients suffering from con- 
genital anomalies, however, have been reported with 
ring chromosomes. Rings have been found to arise 
spontaneously from chromosome-1 (ref. 11), the X 
ehromosome!?*", group © autosomes'®*, group D 
chromosomes'?*, group E chromosomes!*-!, and group 
G autosomes**. The present article describes some of the 
clinical and cytogenetic findings in a patient having a 
ring chromosome associated with an abnormal X chromo- 
some, the small arm of which is larger than normal. 
The patient was born at the termination of a normal 
full-time pregnancy and weighed 5 lb. 15 oz. She grew 
slowly and her development was also retardéd. Her con- 
dition could soon be classified as dwarfism with micro- 
cephaly. She took feedings by bottle well and has had 
~- only one episode of gastroenteritis. At the age of 24 
. months her height was that characteristic of an 18-month 
-Child and her weight that for 9-12 months. At 2 years of 
age, radiographic examination indicated a bone age 
» retarded approximately 1 year, although the bones 
appeared normal at the age of 9 months. At 8 months 
of age, bilateral dislocation of the hips with anteversion 
was diagnosed, and a spica‘holding the lower extremities 
in abduction and external rotation was applied. At the 
end of 3 months, the dislocation persisted. Reduction 
with reapplication of the cast under anaesthesia, followed 
by serial changes of immobilizing casts, resulted in final 
successful reduction confirmed by radiographic studies 
and allowing the removal of the cast. After this the child 
learned to walk. Development in general has been slow 
and the child cannot talk at the age of 2 years, although 
she apparently has some comprehension of simple direc- 
tions. At the age of 18 months excessive growth of hair 
over the upper part of the back and arms began to appear. 
The results of analysis of blood, urine, and serum electro- 
lytes and determinations of blood urea nitrogen and 
serum iodine have been within normal limits. 
Physical examination at the age of 2 years revealed a 
slightly irritable child who weighed 19 lb., was 32-5 in. 
tall, and whose occipitofrontal circumference was 16-75 in. 
A She had a short neck with prominent folds, and epicanthal 
folds were also present. The skin was hirsute over the 
upper midback extending over the shoulders and on to 
-the arms, and two tan macular spots were seen on the 








Fig. 1. A, Appearance of the proband at the age of 2 years; B, hirsation 
over the upper extremities of the body of the proband; o, umbilical 
ernia, 
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legs. The anterior fontatielle was closed, there was frontal 
bossing, and the occiput was moderately prominent. The 
abdomen was protuberant with an umbilical defect 1-5 em 
in diameter with herniation of bowel in a sac 1-5 x 20 cem. 
The lower extremities were not moved very actively, but 
the deep tendon reflexes were normal and no muscular 
weakness or sensory alterations were detected. Other- 
- wise the results of examination were not unusual. In 
summary, the patient (Fig. 14) showed retarded develop 
ment, dwarfism with microcephaly, congenital dislocation 
of the hips, hirsutism (Fig. 18), and umbilical hernia 
(Fig. 10). 

At the time of the proband’s birth, her mother was 
25 years old and 5 ft. 8 in. tall and her father was 27 years 
of age and 6 ft. 2 in. tall. Two male siblings 4 and 5 years 
old are smaller than their playmates but within the low 
normal range in height and weight. A maternal cousin 
had “lax joints” early in life, a paternal aunt was 
“retarded”, and a paternal uncle had epilepsy. Two 
maternal aunts and the paternal grandmothers had 
goitres. Pulmonary disease and diabetes were known to 
occur in the maternal line, but details were not known 
by members of the family available for questioning. 
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Cytological Studies 


Sex-chromatin pattern. Cells obtained by buccal serap- 
ings showed the normal, female, sex-chromatin pattern. 
Prominent drumsticks were seen in neutrophils examined 
in films of peripheral blood, also indicating a normal.: 
female-sex pattern. 

Chromosomal analysis. Leucocytes from peripheral 
blood were cultured in vitro, following a technique essen. 
tially that of Moorhead et al.*, and karyotypes were pre- 
pared from well spread metaphase plates. The pattern of 
DNA replication for the chromosomes was investigated 
by exposing the cells to 0-33 uc./ml. of tritiated thymidine 
for 6 h before collecting. The autoradiographic slides were 
developed after 5 days. In more than 100 well spread 
metaphase plates from the proband, 45 rod and a ring 
shaped chromosome were observed. The karyotypes 
showed one of the number 3 chromosomes in group A 
missing and replaced by the ring chromosome. The 
small arm of the late replicating X chromosome was 
larger than usual, resulting in a metacentrie configuration 
(Figs. 2 and 3C). The unusual ring chromosome showed 
considerable variation in size and shape in different meta- 





Hat 


Fig. 2. 


6—12 ondX 


Metaphase plate and double karyotype of the chromosomes from the proband. The 


chromosomes have been photographed before (left) and after (right) autoradiography. ‘The 
arrow indicates the ring. The short arm of the late-replicating X chromosome is larger than 
normal giving it a metacentric configuration. 
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Fig. 3. A, Anaphase and telophase plates showing single and double 

bridges; B, photographs of the ring chromosome from different cells 

showing variation in its size and shape; C, X chromosome pair from 

five different cells, Note one of the X chromosomes of each pair has a 
longer short arm. 


phase plates (Fig. 3B). A few tetraploid cells were observed 
with two rings and two late replicating abnormal X 
chromosomes. 

The nature and behaviour of the abnormal chromosome 
at anaphase and telophase were revealed from cultures 
not exposed to the action of ‘Colcemide’ (Ciba). Anaphase 
configurations were found with large dicentric somatic 
bridges and double bridges (Fig. 34). In several cells, 
breakage of the strands forming the bridge did not occur 
at anaphase, but breakages were found even at late telo- 
phase of somatic divisions. 

” Nothing abnormal was found in the karyotypes of the 
parents and two normal siblings. 





Among the structural changes resulting from breakage 
‘and reunion of chromosomal arms, one of the most 
striking is the interchange between two arms of a chromo- 
some giving rise to a ring shaped chromosome. Since 
both the parents of the proband have normal karyotypes, 
a reasonable assumption for the findings in the case under 
consideration is that the ring may have originated by 
terminal deletion and reunion between two arms of one 
“of the number 3 chromosomes during the gametogenesis 
in one of the parents (Fig. 4). At the same time, one of 
the X chromosomes suffered terminal deletion of the 
short arm. ‘Then one of the deleted fragments from 
chromosome 3, involved in the formation of the ring, 
joined with the short arm of the same deleted X chromo- 
some resulting in a metacentric configuration. If this 
occurred, then the two fragments formed during that 
particular process were eventually lost at anaphase. The 
phenotypic abnormalities of the proband might in some 
way be caused by the position effect and deletion of 
certain genes. 

It has been mentioned earlier that the ring differs con- 
siderably in size in different metaphase plates (Fig. 3B). 
This is probably due to the behaviour of the ring during 
anaphase (Fig. 34). Following the breakage~—fusion—bridge 
cycle, a ring can increase in size by duplication and 
decrease by loss of sections of the original ring". Appar- 
ently the anaphase bridges eventually rupture, but the 
position of breakage of the strands varies. The broken 
ends then unite, resulting in difference in size of the ring. 

So far, a dozen individuals with congenital anomalies 
“shave been described with ring chromosomes. It is inter- 
esting to note that the patient reported by Gordon and 


| Cooke™ with one of the number 1 chromosomes in group 


A involved in the formation of a ring chromosome also 
suffers from microcephalic dwarfism; but unlike that of 
Gordon and Cooke’s patient the late replicating X chromo- 
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CHROMOSOME -3 X-CHROMOSOME 


{ i i 


2O anen POINTS OF BREAKAGE 


FRAGMENTS FORMED 


RESTITUTION 


Laan na ee ceemnamemmanaeaal 


RING FRAGMENTS TRANSLOCATION 


LOST 


Fig. 4. Diagrammatic representation of possible mechanism for the 
origin of the ring 3 chromosome and 3/X translocated chromosome. 








some in the present case is translocated, giving it a 
metacentric configuration. Macintyre et al., however, 
found a group D ring chromosome in a microcephalic child 
associated with multiple congenital anomalies. In 
addition to the present case, presence of a ring involving 
one chromosome and a translocation in another has been 
observed in two other individuals. Wang et al.1* observed 
a ring replacing a group D chromosome and a trans- 
location of one of the number 3 chromosomes, and Genest 
et al.1® found one of the group E chromosomes represented 
by a ring and a translocation in one of the group D 
chromosomes. Since bilateral dislocation of the hip wes 
one of the chief problems in the case reported, it is worth 
mentioning that Lucas et al. discovered a ring replacing 
one of the number 18 chromosomes in a 1 year old giil 
with congenital dislocation of the left hip. The proband 
has become hirsute over the back and arms (Fig. 18), and 
Turner et al.** also reported a case having a group C auto- 
somal ring and an unusual amount of fine hair over Lis 
entire body, especially the forehead. 

Thus the clinical findings in the present case do nct 
correspond exactly to any syndrome previously describe å, 
nor has a similar case been reported having precisely tle 
same abnormal chromosomal configuration. 

We thank Dr. Eugene Lahey for referring the patier.t 
for this investigation and Mrs. Myrtle M. Dubbert fur 
technical assistance. 

This investigation was supported by a Public Health 
Service research grant from the National Heart Institute. 
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DUAL IMMUNOLOGICAL UNRESPONSIVENESS INDUCED 
BY CELL MEMBRANE COUPLED HAPTEN 
OR ANTIGEN* 


By Dr. JACK R. BATTISTO and BARRY R. BLOOM 


Department of Microbiology and Immunology, Albert Einstein College of Medicine, 
Yeshiva University, New York 


IMMUNOLOGICAL unresponsiveness to haptenic chemicals 
has been produced in adult guinea-pigs by intravenously 
injecting or by feeding*-* reactive chemical allergens. 
The fate of ingested or injected allergen is not clear, but 
‘he possibility has been suggested that the state of un- 
responsiveness is initiated and maintained by hapten 
which couples within immunologically competent. cells’. 
In addition to haptens, many fully antigenic materials 
such as protein and carbohydrate have been used to in- 
vestigate tolerance in adult animals. As soluble materials 
appear to have been most successful’, the suggestion 
has been made that particulate or insoluble antigens are 
immunogenic and that, to produce tolerance, antigen must 
be soluble!*, Thus, as the physical and chemical state of 
hapten or antigen has been of considerable interest in the 
induction of immunological tolerance, attention was 
directed to determining whether it could be induced at 
all by hapten or antigen chemically conjugated in vitro 
to insoluble carriers. 

In previous work in which tolerance was brought 
about by intravenously injecting reactive chemical 
hapten?, it seemed probable that some hapten would 
conjugate spontaneously to blood constituents. Conse- 
quently, these materials were selected in this work to be 
carriers for hapten. The general procedure adopted was 
{a} to conjugate various blood components of guinea-pigs 
with the chemical allergen, picryl chloride; (b) to ad- 
minister the hapten-coupled material intravenously to 
adult guinea-pigs on one occasion; (c) to allow a 2-3 week 
period of rest; (d) to attempt sensitization with picryl 
chloride injected intradermally in uncoupled condition ; 
(e) to rest the animals for an additional week; and finally 
(f) to test them for the presence of hapten-specific delayed- 
type hypersensitivity and circulating antibody. 

The spleen was selected as a convenient source of white 
and red blood cells to which hapten could be coupled. 
Following splenectomy, free cells were obtained by 
expressing spleen fragments through sterile nylon stocking; 
the washed cells (0-25 ml. packed volume) were conjugated 
by incubating them at room temperature for 30 min in 
Hanks’s solution (50 ml., pH 7-8) containing 500 pg 
picryl chloride. After three washes in fresh Hanks’s 
solution, the pierylated cells were injected into the animal 
of origin by way of the jugular vein. These guinea-pigs, 
along with control animals, received sensitizing injections 
of picryl chloride (intradermal method as in Table 1) 
and also of a heterologous antigen, bovine gamma globulin 
(BGG, footpad method as in Table 2). Controls for these 
experiments consisted of splenectomized animals given 
free, uncoupled spleen cells and of normal guinea-pigs. 

Virtually all control animals, that is, 90-95 per cent of 
normal as well as 100 per cent of those given spleen cells, 
were found to possess delayed-type hypersensitivity 
and circulating antibody to the picryl group (Table 1). 
By contrast, only one fourth of the animals pretreated 

* Presented in part ina symposium on “Immunologic Tolerance to Defined 
Antigens and Haptens” at the forty-ninth annual meeting of the Federation 


ea Societies for Experimental Biology, Atlantic City, N.J., April 11, 
1965. 


with their picrylated spleen cells showed a capacity to 
develop picryl-specific delayed contact reactivity and only 
40 per cent formed circulating antibody (as determined 
by passive cutaneous anaphylaxis, PCA, Table 1). On 
the other hand, though the data are not given, all re- 
sponded as well as control animals to BGG. 

Since the spleen contains both red and white blood 
cells, it was of interest to determine which was the better 
carrier for inducing unresponsiveness. Peritoneal white 
cells were collected from etherized animals 3 days after 
intraperitoneal injection of 30 ml. of 2 per cent sterile 
starch gel; the yield was 10%-107 cells per animal. 
The cells, coupled with pieryl chloride and judged to be 
85 per cent viable by trypan blue stain, were given to 
five animals from which they originated (autologous) and 
to five animals that had not been cell donors (homo- 


Table 1. INDUCTION OF TOLERANCE TO A HAPTEN, PICRYL CHLORIDE, BY 
MEANS OF PICRYLATED CELLS OR CELL MEMBRANES 





Prior Percentage t with positive 
_treatment* No. of ; picry!-specitic 
(intravenous) guinea-pigs Delayed sensitivity PCA antibody 

Control 
spleen cells 12 100 100 
none 16 95 90 
Pierylated 
spleen cells 12 25 40 
peritoneal 

leucocytes 10 0 0 

erythrocytes n 25 35 
spleen cells, 

48°C 4 25 G 

erythrocyte 

stromata 9 20 10 

plasma 6 65 €5 


* All animals, 14-21 days after intrajugular receipt of listed materials, 
received 2-5 ug pieryl chloride in saline intradermally on 8 successive 
days for the purpose of inducing sensitivity, Delayed hypersensitivity was 
detected by 500 xg picryl chloride in olive oil applied dermally 7 days after 
the last sensitizing injection; confluent erythema, faint pink or greater at 
24-48 h, was judged positive. Antibody, in sera taken 5-7 days after test 
for sensitivity, was measured by passive cutaneous anaphylaxis (PCA) 
using serum at 1:10 in saline and neat. 


+ Given to the nearest 5 per cent. 
Table 2. UNRESPONSI VENESS TO BOVINE GAMMA GLOBULIN (BGG) INITIATED 


BY INTRAVENOUSLY INJECTED sarees ipa MEMBRANE COUPLED ANTIGEN 
(MCA 


‘Type of Percentage of guinea-pigs with 
BGG-specific positive response + 
response * Controls Treated with MCA 
(1) Delayed ; 
hypersensitivity 80 (14) 0 (10) 
(2) PCA-antibody 90 (18) 30 (10) 
(3) Active 
anaphylaxis 90 (9) 35 ( 6) 
(4) Precipitating 
antibody 100 (6) 40 ( 5) 


* For responses 1-3, guinea-pigs were immunized with BGG in saline 
divided among four footpads 21 days after receiving MCA. Twelve days 
later 150 xg BGG was injected intradermally and reactions greater than 
S mm, seen at 24 h, were recorded as delayed hypersensitivity. Antibody, 
in sera taken 5-7 days later, was detected by PCA using serum at 1:10 in 
saline or neat. Active anaphylaxis to 5 mg BGG intravenously was scored 
by death or symptoms of shack. Animals of the last group, 14 days after 
receiving MCA, were injected intraperitoneally with 10 mg of BGG adsorbed 
to 7 mg of alumina. Precipitating antibody, in sera obtained 11, 14 and 
25 days later, was detected by mixing neat serum with an equal volume of 
BGG in saline (at 2-0, 0-5, 0-1 and 0-62 ma/mil.). 


t Given to the nearest 5 per cent; the number of animals in each group is 
in parentheses, 
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Jogous). Erythrocytes, prepared from citrated peripheral 
blood (0-25 ml. packed volume), were also offered 500 ug 
> -pieryl chloride in 50 ml. Hanks’s solution; on rewashing 
they too were injected into the jugular vein. The animals, 
after a rest and a course of attempted sensitization with 
uncoupled hapten, were tested for delayed hypersensitivity 
and circulating antibody. 

Hapten-coupled peritoneal white cells (either auto- 
logous or homologous) and red cells were found to be 
equally able, in the majority of animals, to prevent the 
development of the two types of immune response, that 
is, delayed hypersensitivity and PCA type antibody 
(Table 1). In addition, dual unresponsiveness was pro- 
duced by hapten-coupled spleen cells that were killed 
by heating at 48° C for 30 min (Table 1). 

As viable cells were not required, other non-living 
carriers such as blood plasma and erythrocyte stromata 
or. “ghosts” were tried as hapten carriers. The stromata, 
 haemoglobin-free and stored lyophilized", were coupled 

“with pieryl chloride at pH 9-5 (50 ug picryl chloride 
offered per mg stromata). To eliminate the possibility 
‘that: unresponsiveness would be brought about by trace 
amounts of uncoupled hapten remaining free within the 
membranes, the coupled stromata were twice incubated 
at the same pH with a thousandfold molar excess of 
glycyl-glycine!*. After reacting with unconjugated picryl 
chloride, the peptide was washed easily from the particu- 
late membranes. Guinea-pigs were given 4 mg of picrylated 
stromata, sonicated to facilitate intravenous injection, 
containing approximately 100 ug of pieryl groups’. 
Whole plasma, taken from citrated blood of mdividual 
animals, was coupled with hapten by incubating 2 ml. 
with 500 ug picry! chloride and was returned intravenously 
to the individual. 

On challenging the animals with unconjugated hapten 
that was intended to sensitize them, the majority were 
found to have been made unresponsive by the membrane 
coupled hapten (MCH, Table 1). In contrast, the majority 
of the animals (65 per cent) receiving soluble picrylated 
plasma were able to respond as normal animals to the 
hapten used in sensitization and tests. Additional work 
using serum and other soluble carriers is in progress. 

Though the data are not shown in the tables, attempts 
to produce unresponsiveness or ‘‘desensitization” by 
intravenous injection of MCH into animals already sensi- 
tive have so far been unsuccessful. 

The membranes served as effective carriers of hapten 
for induction of tolerance toward the hapten, and the 
possibility was examined that they would do the same in 
the case of a fully functional antigen. Accordingly, 
bovine gamma globulin (BGG) was covalently coupled 
to spleen cells through the bis-diazobenzidine (BDB) 
linkage by the following procedure: to washed cells from 
one spleen, suspended in 45 ml. Hanks’s solution con- 
taining 2 mg BGG (not subjected to centrifugation), 
0-15 mg of BDB (in 0-5 ml. tris-saline, pH 7-3) was added 
with stirring. After 20 min, normal guinea-pig plasma 
was added to remove uncoupled BDB and the cells were 
washed twice before intravenous injection. Following 
14-21 days of rest, some of the animals, along with normal 
control guinea-pigs and splenectomized animals given 
only spleen cells, were injected with BGG on alumina 
by way of the peritoneum to elicit: precipitins (for details 
see Table 2). The appropriate animals were later tested 
either for delayed sensitivity and circulating anaphylactic 
type antibody or for precipitating-type antibody. 

The majority of adult animals pretreated with cell 
membrane coupled antigen (MCA), in contrast to control 
animals, exhibited markedly diminished abilities to form 
delayed hypersensitivity, systemic anaphylaxis, PCA 
type and precipitating-type antibody specifically for 
“BGG (Table 2). On the other hand, their ability to 
< respond to sensitization with pieryl chloride was equal 

to that of controls. Though not shown in the table, a 
control experiment was performed in which BGG (5-0 mg) 
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was incubated with spleen cells in the absence of the 
coupling agent (BDB), and the cells washed as before. 
Animals receiving such cells sensitized as readily to BGG 
as normal animals, which implies that the effective antigen 
in this system was not that which could simply penetrate 
into the cells. Preliminary results of a further experiment 
indicate that dual tolerance can be initiated also by BGG 
coupled to erythrocyte stromata. 

The longevity of the unresponsiveness produced by 
MCH or MCA is at present being examined; the longest 
period that has elapsed between pretreatment with MCH 
and attempted sensitization is 3 weeks. Animals tested 
weekly for dermal reactivity have, however, remained un- 
responsive at 6-7 weeks after pretreatment. ? 

These experiments have shown that immunological 
unresponsiveness for the formation of delayed hyper- 
sensitivity and circulating antibody directed toward 
chemical haptens or antigens can be induced: (a) by 
hapten conjugates or antigen conjugates prepared in 
vitro; (b) by hapten or antigen administered in particulate 
form; and (c) by hapten on cell membranes that are either 
autologous or homologous. The observation that immuno- 
logical unresponsiveness can be induced in adult guinea- 
pigs by pre-formed membrane coupled hapten implies 
that coupling of hapten to or within potentially immuno- 
competent cells is not a necessary condition of unrespon- 
siveness to haptens. 

The mechanism by which MCH and MCA produce 
tolerance is not clear, but the effectiveness of cell mem- 
branes as carriers in these experiments suggests that the 
natural ability of some haptens and antigens to adhere 
spontaneously to cell membranes might facilitate their 
persistence and thus serve in induction and/or main- 
tenance of tolerance”, 

These experiments utilizing defined membrane coupled 
antigens would appear to have direct relevance to the 
problem of tolerance induction for homografts, since 
homograft antigens are known to be bound to cell mem- 
branes'#, In experimental animals, living cells injected 
intravenously have been seen to prolong survival of skin 
grafts!*8 while disrupted cells or cell extracts so far 
have been ineffective® or only occasionally successful 
in producing tolerance for homografts. In the present 
experiments cell membranes coupled with antigen or 
hapten were found to be as effective for initiation of 
unresponsiveness as intact cells. : 

The production of tolerance by particulate materials 
indicates that the physical state of antigen is not the 
principal factor determining the induction of tolerance or 
sensitization. In addition, the small quantities of MCH 
or MCA utilized in these experiments and their particulate 
nature make it appear unlikely that in order to induce 
unresponsiveness, antigen must reach all potentially 
immuno-competent cells. Ta 

This work was supported by a grant from the National 
Institute of Allergy and Infectious Diseases, U.S. Public 
Health Service. 
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SPECTRAL STUDIES OF ANTHOCYANIN AND ANTHOCYANIDIN 
EQUILIBRIA IN AQUEOUS SOLUTION 


By Dr. C. F. TIMBERLAKE and P. BRIDLE 


University of Bristol, Department of Agriculture and Horticulture, Research Station, 
Long Ashton, Bristol 


Restriction of the use of artificial colouring materials in 
foodstuffs has stimulated research into the mechanisms 
-by which the anthocyanin and anthocyanidin pigments 
are degraded. A knowledge of the various forms in which 
these compounds can exist is essential for such studies. 
: In this connexion, Pataky! has recently questioned the 
existence of the generally accepted simple equilibrium 
between the coloured oxonium or carbonium ion (I) and 
the visibly colourless carbinol or pseudo base (II) in acid 
solution®, on the grounds that he was unable to find an 
isosbestic point in their spectra. The occurrence of an 
isosbestic point on a family of spectra is “a necessary (but 
not quite sufficient) criterion of the presence of two and 
only two forms of the absorbing substance in equilibrium 
with each other’’*. We have, however, found that in the 
presence of a second compound or reagent, isosbestic 
points can also appear in three component systems‘. 
Nevertheless, when considering the ionization of a single 
compound into several ionic species, as in this instance, 
the appearance of an isosbestic point is generally held to 
signify that only two components are present’. Pataky 
restricted his measurements to wavelengths greater than 
340 my. By measuring at lower wavelengths we have 
now been able to demonstrate the existence of isoshestic 
points in acid aqueous solutions during investigations of 
the ultra-violet and visible spectra of the anthocyanin 
--eyanidin 3-rutinoside and the anthocyanidins pelar- 
gonidin, cyanidin and delphinidin, such findings being 


thus in accord with the equilibrium already described. 


Further isosbestic points indicative of other equilibria 
appeared in the spectra or neutral and weakly alkaline 
solutions of pelargonidin and eyanidin. 
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The spectra of aqueous solutions of eyanidin 3-rutinoside 
within the pH range 1-7-3-9 are shown in Fig. 1. Three 
isosbestic points appeared at 315 mu, 298 my. and 246-5 my, 
a relatively high concentration (about 8 mg per cent) of 
the anthocyanin chloride being necessary for their clear 
definition on the ‘Unicam S.P. 800 recording spectro- 


photometer used in these experiments. The colours were 
very stable, those illustrated being measured after 
standing for about 2 h in the dark. By contrast, cyanidin, 
although relatively stable in strong acid’, is known to 
undergo, at pH values greater than 3, spontaneous trans- 
formation into colourless forms, the equilibrium being 
very much in their favour’. The colourless forms were 
degraded in air, as was shown by the reduced amounts of 
visible colour which could be regenerated by acidification 
of the decolourized solutions’. To avoid the effect of any 
oxidative changes, spectra of the anthocyanidins were 
measured as soon as possible after adjusting the pH. An 
isosbestic point would still be expected to appear even if 
the position of equilibrium was changing, provided that 
a sufficient amount of each form was present. Further 
measurements on the same solutions were made at time 
intervals to evaluate the extent of the changes occurring. 
All the solutions were kept in darkness unless otherwise 
stated. Best definition of the isosbestic points in acid 
solutions was obtained by starting with the maximum 
amount of the coloured carbonium ion. The anthocyanidin 
chloride (2-4 mg) was dissolved in 0-1 normal hydro- 
chloric acid (1 ml.), diluted with water to 100 ml., added 
in equal aliquots to phosphate—citrate buffers without 
delay and the spectra measured immediately. 

Typical spectra of eyanidin observed under these con- 
ditions are shown in Fig. 2, isosbestic points appearing at 
292 my and 354 my. Pelargonidin exhibited an isoshestic 
point at 284 my. After standing for 2 h, the isosbestic 
points of the cyanidin solutions were unchanged, but the 
extinctions at wavelengths between the points increased 
and were accompanied by reduced extinctions at wave- 
lengths outside them. The “fading” of the solutions, 
therefore, appeared to be due almost entirely to trans- 
formation of the carbonium ion into the colourless 
carbinol base form. When the solutions were left over- 
night, isosbestic points were no longer obtained and a slow 
change in the spectrum of the carbinol base occurred over 
several days. The extinction increased in the region of 
291 my with a corresponding decrease between 315 and 
360 my, and a possible isosbestic point appeared near 
310 mp. This process was accelerated by light. Further 
work is necessary to ascertain whether the observed 
changes represent the formation of the keto form from 
the enol form of the carbinol base, as postulated by 
Huang’, 
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Fig. 1. Spectra of cyanidin 3-rutinoside. (1) 0-02 normal hydrochloric 
acid; (2) pH 2-43; (8) pH 2-89; (4) pH 3-33; (5) pH 3-90. 
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i < Fig, 2. Spectra of cyanidin measured immediately. (1) 0-4 normal hydro- 
2°” ehlorie acid; (2) pH 2-50; (3) pH 2-86; (4) pH 8-44; (5) pH 4-04. 






Measurements of solutions at constant pH over an 
interval of time gave results similar to those obtained by 
: varying the pH. Thus, the appearance of two well defined. 
isosbestic points near 291 my, and 363 my in the spectra 
of delphinidin in 10-* normal hydrochloric acid during 
the course of nearly 1 h suggested that, as for cyanidin, 
the “fading” over this period was due mainly to a shift 
in the equilibrium from the coloured cation to the colour- 
less carbinol base. 

The spectra of pelargonidin and cyanidin were also 
investigated over the pH range 5-8, and isosbestic points 
indicative of the equilibrium ecarbinol base = chalcone 
(III) were observed. The extent to which the violet 
anhydro (IV) or quinoidal (V) base forms interfered 
depended on the concentration of the carbonium ion 
present in the acid solutions of the anthocyanidins before 
“adjustment of the pH. When this was low, achieved by 
dissolution of the anthocyanidin in weak acid (10-3 

“normal), the anhydro bases formed to only small extents 
“and faded to the carbinol bases almost immediately. 
‘Isosbestic points at 327 myu and 240 mu were obtained by 
the immediate measurement of cyanidin spectra under 
these conditions. When stronger acid (0-1 normal) was 
‘nsed to dissolve the anthocyanidins initially, the anhydro 
bases were formed in large amounts and could persist for 
longer periods. Under these conditions pelargonidin 
yielded no isosbestic points immediately, but after 1 h, 
when the anhydro base had faded, isosbestic points 
appeared at 275 mp and 322 my. Spectra of solutions 
~ containing the anhydro base of cyanidin when left to fade 
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overnight showed evidence of further change, probably 
by aerial oxidation of the chalcone. The increase in 
absorption in the region of 350-360 my, observed visibly 
by the appearance of yellow green colours with increasing: 
pH from 5-8, strongly suggests the opening of the 
pyrylium ring and formation of the corresponding chal- 
cone. This is known to happen very readily at a much. 
lower pH with flavylium salts unsubstituted in the - 
3-position®®. p 
By judicious adjustment of pH, isosbestie points can: 


be obtained also during the fading of the violet anhydro. cee 
For example, an acid (0-1 normal) 


base of cyanidin. 
solution of cyanidin was adjusted to pH 6°85 and its — 
spectrum measured immediately and at 2 min intervals 
until the solution became opaque. Well defined isoshestic 
points appeared at 615 my and 311 mp, suggesting the 
existence under these conditions of the simple equi- 
librium carbinol base = anhydro base, there being, ` pre- 
sumably, insufficient time for the chalcone to form, If 
this is so, only one of the phenolic groups of cyanidin can 
have ionized, and this is probably the 7-(hydroxy) group, 
by analogy with findings for flavylium salts unsubstituted 
in the 3-position!’. The anhydro base is probably meso- 
meric between the betanoid (IV) and quinonoid forms (V) 
(ref. 11). 

The demonstration of the existence of isosbestic points 
in acid solutions may prove useful for quantitative 
analysis of anthocyanins and anthocyanidins, particularly 
of those that fade rapidly. Extinction measurements at 
these wavelengths will give their concentrations, irrespec- 
tive of the amounts of coloured and colourless forms 
present. a, 

We thank Dr. J. B. Harborne for a sample of cyanidin 
3-rutinoside, and Dr. E. J. Hewitt and staff for facilities 
provided. i 
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THE ANTI-Rho (D) ANTIBODY 


By MARY JANE KLUN and Pror. LOUIS H. MUSCHEL 


Department of Microbiology, University of Minnescta, Minneapolis, Minnesota 


Mosr human antibodies are capable of complement 
fixation, but among the human blood group isoantibodies 
only anti-A, anti-B and anti-Le* regularly fix complement 
and haemolyse the homologous red cells. In contrast, 
most human sera of anti-Leb, anti-P, anti-S, anti-K, 
anti-Fy@ and anti-Jk® specificity are incapable of com- 
plement fixation. In addition, human anti-Rho (D), 
with one known exception, and antisera that react with 
other antigens of the rhesus system are incapable of 
immune lysis or of complement fixation with the intact 
homologous red cells!. Destruction of red cells as a result 
of Rho (D) incompatibility, therefore, is predominantly 
‘extravascular and accomplished by cells of the reticulo- 
endothelial system. 
- The question may be raised as to whether human anti- 
- Rho (D) and other blood group isoantibodies incapable of 
| complement fixation possess a peculiar structure respons- 
-ible for this inactivity, or whether it is associated with the 









number or distribution of the determinant groups. It has 
been estimated that the number of Rho (D) antigen sites 
on a single Rho (D) positive cell is between two thousand 
and five thousand’, whereas the number of A sites on a 
group A cell is of a higher magnitude and has been 
estimated to be as high as one million*. Complement may 
not become involved in immune reactions without previous 
formation of a critical complex of at least two antibody 
molecules on adjoining antigenic sites of a single cell‘. In 
agreement with this hypothesis, heat-denatured aggre- 
gated gamma globulin will fix complement even though 
no antigen is present®. It seemed possible, therefore, that 


because of an insufficient number of antigenic sites ọn 


the red cell, the sites were too far apart to permit suitable 
antibody interaction, and this might account for th 
failure of complement fixation with whole red cells. T 

spatial arrangement of the Rho (D) antigen on sti 
obtained after cell lysis will, however, differ fi 
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the membrane of the intact cell, and its concentration will 
increase so that the required interaction of antibody 
molecules for complement fixation may occur. 

Accordingly, stroma from Rho (D) positive and hr (d) 
negative red cells was prepared from the red cells of 
human blood in ACD solution from 3 to 4 weeks after 
collection®. Before testing, the stroma was treated with 
buffered trypsin solution, prepared according to the 
method of Dunsford and Bowley’, in an amount equal to 
that of the stroma, and incubated at 37° C for 30 min. 
The enzyme reaction was stopped by placing the stroma— 
enzyme preparation in an ice bath at 0° C for 5-10 min. 
The dilutions of the preparation were made in the veronal 
buffer diluent used for complement fixation and tested 
against dilutions of anti-Rho (D) test sera lacking other 
blood group antibodies. This was done according to a 
quantitative standardized method of complement fixation 
using 7 units of guinea-pig complement and incubation 
at 4° C for 16 h (ref. 8). Normal sera without anti-Rho 
(D) were always tested at the same time. 

Definite evidence of complement fixation occurred with 
at least six different saline agglutinating anti-Rho (D) 
sera against Rho (D) positive stroma. The reactivity 
given by one of these sera, which is typical, is shown in 
Table 1, and indicates a titre of 1:64 or greater. No 
fixation occurred, however, with three incomplete anti- 
Rho (D) sera using Rho (D) positive stroma. Normal sera 
lacking anti-Rho (D) and other blood group antibodies 
were also unreactive. For further investigation, an anti- 
Rho (D) serum was absorbed with different red blood 
cells (RBC) and tested by complement fixation. The 
results are given in Table 2 and indicate an association 
between the anti-Rho (D) level and the ability to fix 
complement with the stroma. They also show that hr (d) 
red cells possess a moderate capacity of combining with 
anti-Rho (D). Similar results were obtained with another 
serum absorbed and tested in the same manner. The 
specificity of the reaction was next determined by tests 
with hr (d) negative stroma. Evidence of complement 
fixation, also, occurred at a serum dilution of 1 : 64 with 
three anti-Rho (D) sera against these stromata. No differ- 
entiation was observed, therefore, between stroma derived 
from Rho (D) positive and hr (d) negative red cells. 

Red blood cells with the genotype, ~D-, instead of 
stroma, were then tested because such cells are known to 
have more D antigen® and conceivably a greater number 
of Rho (D) sites. It was expected that these cells would 
provide a complement-fixing antigen, Fixation did not 
-oceur, however, either with the untreated or trypsinized 
cells. It would have been interesting to see if greater 
fixation would have occurred with the stroma of these 
red cells, as compared with other cells, but there was 
insufficient. material for further testing. 

The reaction of stroma, both Rho (D) positive and hr 
(d) negative, with saline agglutinating anti-Rho (D) 
serum, was thought to be due to the presence of a “D” 
like or LW (+) antigen, as an additional antigenic sub- 
stance generally present in all Rh phenotypes!®n, The 
Table 1. COMPLEMENT FIXATION WITH RHO POSITIVE (D) STROMA USING 

SALINE AGGLUTINATING ANTI-D 
Stroma: A* (No, 6-23021), diluted: 


Anti-D (complete) Serum control 


16 1: 64 12256 (no stroma) 
Undiluted 0 85 90 90-95 
174 65 100 100 
1:16 0 25 100 100 
1: 64 0 25 100 100 
None 70-75 100 100 100 


The numbers represent the percentage haemolysis: 0 indicating no haemo- 
lysis and complete fixation, 100 indicating 100 per cent haemolysis and no 
detectable fixation. 


Table 2. EFFECT OF RED CELL ABSORPTION ON THE ANTI-RHO (D) AGGLUTI- 
NATION TITRE AGAINST RED CEL ND THE COMPLEMENT FIXATION TITRE 
AGAINST STROMA DERIVED FROM RHO (D) RED CELLS 

Agglutination Complement 

Sera titre fixation titre 
Unabsorbed serum 32 64 
Serum absorbed with 0 hr (d) RBC 8 4 
Serum absorbed with 0 Rho (D) RBC <1 i 
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trypsinization used in our preparation of the complement- 
fixation antigen was milder and perhaps inadequate for 
destruction of the LW antigen™, Accordingly, cells 
lacking the LW antigen’® were then tested in an effort to 
determine the specificity of the observed reactions. 
Stroma was prepared from these cells for use in the com- 
plement fixation test against saline agglutinating anti- 
Rho (D) serum. Complement fixation occurred to an 
extent similar to that obtained with LW (+) positive 
stroma. 

Thus, in summary, it has been observed that saline 
agglutinating anti-Rho (D) sera will fix complement with 
Rho (D) positive stroma as well as with hr (d) negative 
stroma. Fixation did not occur, however, with the whole 
red cells, from which the stroma was derived, or with red 
cells containing larger amounts of Rho (D) antigen (~D~ 
cells). It seems reasonable to assume, therefore, that the 
spatial arrangement of the antigen involved is altered in 
stroma so that its antigenic sites are available for the 
interaction with antibody molecules leading to comple- 
ment fixation. The incomplete anti-Rho (D) sera used in 
this investigation did not fix complement. Since this is a 
7S antibody and smaller than the saline agglutinating 
19S antibody, it is possible that this antibody would 
react with a more concentrated preparation of antigen 
than is present in stroma. 

The results have indicated that the complement-fixing 
reactivity observed with anti-Rho (D) is directed against 
an antigen probably present in all or most human red 
cells. The reactivity was observed not only with hr (d) 
negative stroma, but also with LW negative stroma, so 
that the antigenic substance involved may be postulated 
to be a precursor or basic substance for the D antigen 
analogous possibly to the precursor substance in the 
ABO system? (Fig. 1). 
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? 
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(CF antigen) N, 


“LW 
Fig. 1. 

In contrast to anti-A or anti-B, which do not react 
serologically with H substance or its precursor, anti-Rho 
(D) reacts with the postulated precursor so that a closer 
serological relationship may exist between the precursor 
substance and agglutinogens in the rhesus system than in 
the ABO system. It is obvious that further work will be 
required to determine the precise relationship of the com- 
plement fixation antigen found in this study to the Rho 
(D) antigen and the other rhesus antigens. 

We thank Mrs. Jane Swanson, of the Minneapolis War 
Memorial Blood Bank, for obtaining the LW negative red 
cells used in this investigation, and acknowledge that this 
work was supported in part by a U.S. Public Health 
Service grant from the National Institute of Allergy and 
Infectious Diseases. 

Addendum. Based on recent genetice evidence, the LW 
and D antigens are probably synthesized from a common 
precursor along different pathways (Race. R. R.. Ann. 





“No. 8088 OCTOBER 8, 1966 










GY. Acad. Sci., 127, 884; 1965) so that the LW antigen 
lay not be an intermediate in the production of the D 
ntigen. 
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ZONE ELECTROPHORESIS OF 8-LACTOGLOBULINS 


By Dr. H. A. McKENZIE and Dr. W. H. SAWYER 


Department of Physical Biochemistry, Institute of Advanced Studies, 
Australian National University, Canberra 


BELL»? has developed a method of starch gel electro- 
phoresis for the examination of bovine whey proteins, 
using small samples of skim milk without prior separation 
ef the casein. He has obtained high resolution for the 
‘B-lactoglobulin genetic variants, provided careful atten- 
tion is given to the type of starch, its hydrolysis time and 
the concentrations of sodium hydroxide and borie acid 
for the pH 8-5 buffer. In the course of an investigation 
of the isolation and properties of bovine 6-lactoglobulin C, 
Bell and one of us (H. McK.)*:4 made an electrophoretic 
examination of a number of whey protein fractions and 
of 8-lactoglobulin C. It was observed that a slower moving 
band sometimes appeared behind the 8-lactoglobulin C 
band. The appearance of this band seemed to depend on 
the protein concentration and the concentration of 
boric acid in the pH 8-5 gel buffer. It was known then 
that, at pH values above 7, §-lactoglobulins A and B 
undergo an immediate ‘unfolding’ reaction followed 
by slow changes which become increasingly irreversible 
with increasing pH*-*. These reactions were considered 
among the possible causes for the type of electrophoretic 
pattern obtained. About this time Got (private communi- 
cation) found, in the course of Archibald type molecular 
weight measurements, that @-lactoglobulins A and B 
tended to dissociate above pH 7, a finding which is in 
agreement with the earlier independent investigations of 
Georges and Guinand’ on §-lactoglobulin B by light seat- 
tering. We have made an investigation of the particle 
. weights and conformations of §-lactoglobulin genetic 
- variants in alkaline solution using a variety of techniques. 
We consider here the zone electrophoretic behaviour of 
bovine 8-lactoglobulins A, B and C in the light of these 
investigations. 

The 6-lactoglobulins were prepared by methods which 
are described elsewhere*!®, When solutions of the proteins 
were made and immediately subjected to starch gel 
electrophoresis at pH 8-5, observing the principles out- 
lined here, each protein gave a single “spread” band 
(see Fig. 1b). Similar patterns (shown in Fig. la) were 
obtained at pH 7-5 using the pH 7-5 tris-citrate system of 
Kristjansson’? under conditions recommended by Bell 
(private communication). It should be noted that at 
pH 7-5, the band is less spread and while the leading 
edges are diffuse the trailing edges are hypersharp. The 
order of spreading of the bands of the individual variants 
at a given pH (7-5 or 8-5) is B-A >8-B> B-C. 

We have shown in our investigations of molecular 
weight” that at pH 7-5 and 8-5 all three B-lactoglobulins 
dissociate at low concentration and that this association- 
dissociation reaction, which is of the monomer-dimer 
‘type, is rapid. The tendency to dissociation is in the order 

6-4 >8-B>8-C. There is at present no detailed theoretical 
treatrnent which enables an exact quantitative treatment 
of thé zone electrophoretic pattern of such a system. 
It is possible to make certain qualitative predictions, 


however, regarding the shape of the band obtained in 
starch gel electrophoresis. It is assumed that, owing to 
the “sieving” effect of the gel, the velocity of the monomer 
is greater than that of the dimer in the gel. At the boun- 
daries of the band there will be increased dissociation 
across them. The leading edge will spread during the 
electrophoresis. This spreading will be enhanced by the 
increased diffusional spreading of the monomer. At the 
trailing edge the increased dissociation across the boundary 
will result in sharpening of the boundary. This sharpening 
will be partly counteracted by the increased diffusional 
spreading of the monomer. It is assumed in this dis- 
cussion that the pH and conductivity effects are negligible. 
The appearance of the patterns at pH 7-5, and the order 
of spreading for the variants, is in accordance with this 
explanation. At pH 8-5, however, the trailing edges are 
somewhat diffuse, probably due to the alkaline denatur- 
ation occurring at pH 8-5. It is of interest that we have 
found from conformation investigations that the order 
of this change is also B-A >8-B>8-C. 

Similar electrophoretic experiments were carried out 
but varying the concentrations of boric acid and sodium 
hydroxide in the gel buffer, while keeping the pH constant 
at 85. At the lowest concentration of boric acid used 
in the gel buffer, namely 0-02 molar, a second band 
appeared behind the $-lactoglobulin band, The second 
band was sharp and of low intensity compared with the 
main band and it appeared whether the sample was 
dissolved in the buffer at pH 8-5 or 0-05 molar sodium 
chloride. The electrophoresis experiment was of 6 h 
duration and was started within 30 min of preparing 
the solution. With increasing concentration of boric acid 
in the gel buffer separation of the main secondary bands 
diminished, and at 0-03 molar boric acid the secondary 
band could not be distinguished. Samples were then 
made up in the relevant gel buffer of pH 8-5 and allowed 
to stand for varying periods of time before commencing 
the electrophoresis. It can be seen from Fig. le that the 
secondary band has reached its maximum intensity after 
standing the sample at pH 8-5 for about 16 h before 
electrophoresis. It will be noted that, with increasing 
times of standing, additional bands of lower intensity 
appear in the pattern behind the secondary band, 

Two possible explanations of the appearance of the 
secondary band and the series of tertiary bands are 
immediately obvious. First, the bands could be caused 
primarily by interaction of the protein with the boric 
acid. If such a reaction occurred, it would be expected 
to be very rapid and could give rise to a single zone with a 
smeared trailing edge or a bimodal pattern", very different 
from the pattern observed. It is of interest to note here 
that we have observed the secondary band in agarose 
electrophoresis at pH 8-6 in sodium hydroxide-boric acid 


buffer and in diethylbarbituric acid-sodium. diethyl. _ 


barbiturate buffers at pH 8-9. (The tertiary bands were ` 
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not seen probably because of inferior resolution of agarose 
compared with starch.) The second, and more likely, 
explanation is that the secondary and tertiary bands 
arise from the irreversible denaturation considered above. 
This reaction is slow compared with the time of the 
transport experiment’*. Thus, zones due to the products 
of this reaction should be discernible in the electro- 
phoretic pattern. We believe some form of intermolecular 
cross-linking through disulphide groups is almost certainly 
involved. Resolution of the polymers so formed would be 
assisted by the “sieving” effect of the starch gel. This 
hypothesis is supported by our denaturation investigations 
which indicate that the order of susceptibility to this 
change is A> B>C. The rate of appearance of the bands 
for the variants is in this order (Fig. 1d). If the reaction 
involves sulphydryl-disulphy] exchange or sulphydryl 
oxidation, it should be prevented largely by sulphydryl 
specific reagents. An experiment was carried out in 
which 8-lactoglobulin A was allowed to react at pH 8-5 for 
64 h before electrophoresis with twice the amount 
of sodium p-chloromercuribenzoate, or phenylmercurie 
acetate or n-ethylmaleimide needed to react with the 
sulphydinyl groups present in §-lactoglobulin. The 
electrophoretic patterns are shown in Fig. le. It can be 
seen that n-ethylmaleimide completely prevented the 
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formation of all slower migrating bands. Only one slower 
band appeared in the p-chloromercuribenzoate and 
phenylmercuric acetate treatments. These results suggest 
strongly that our proposed mechanism is correct. 

It is recommended that for zone electrophoresis of 
6-lactoglobulins at alkaline pH values, solutions of the 
samples be prepared freshly in dilute sodium chloride at 
pH 5-6 or in the relevant gel buffer and that careful 
attention be given to the composition of the gel buffer. 

During the preparation of the present manuscript, & 
communication by Akroyd™ appeared in which he dis- 
tinguished at least eleven slower migrating bands in 
acrylamide gel electrophoresis of B-A and B-B exposed 
to pH 8-7 (tris-hydrochloric acid buffer) for 7 days. He 
did not observe the characteristic asymmetric reaction 
boundary which we find on starch gel. Although Akroyd 
suggested the oxidation of sulphydryl groups as the 
probable cause of the other bands, he presented no 
experimental evidence for this view. In marked contrast 
with our own results with the three genetic variants, 
Akroyd found no difference in the rate of production of 
the slower bands between B-A and §-B. 

We thank Prof. A. G. Ogston and Dr. L. W. Nichol 
for helpful discussions. One of us (W.H.S.) thanks the 
Australian National University for a Research Scholar- 
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Fig. 1, Starch gel electrophoretic patterns 
of #-lactoglobulin. For the sodium hydrox- 
ide—boric acid gel buffer a voltage gradient 
of 8 V/cm was applied for 6 h. For the 
tris-citrate gel buffer the initial voltage 
gradient was 6 V/em; the duration of 
electrophoresis was 5h, a, 6-Lactoglobulins 
A, B, and C in tris-citrate buffer at pH 7:5. 
b, B-Lactoglobulins A, B and C in sodium 
hydroxide—boric acid buffer at pH 8-5. 
c, The effect of time in pH 8-6 sodium 
hydroxide—boric acid buffer on samples of 
B-lactoglobulin A; (t) 0-3 h, Gi) 16-5 b, 
Gi) 24-0 h, (iv) 40-5 h, d, 8-Lactoglobulins 
A, Band C in sodium hydroxide—boric acid 
buffer after 64 h at pH 8-5. e, f-Lacto- 
globulin A in sodium hydroxide~boric 
acid buffer after 64 h at pH 8-5 in the 
presence of (i) p-chloromercuribenzoate, 
(Gi) phenylmercuric acetate and (iii) n-ethyl- 
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maleimide, 
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ship: „Assistance was also provided by the C.S.LR.O. 
and the Australian Dairy Board. 
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SPOROGENIC SUBSTANCES ISOLATED FROM FUNGI 
By Dr. E. J. TRIONE, Dr. C. M. LEACH and JUDITH T. MUTCH 


Science Research Institute and Department of Botany and Plant Pathology, Oregon State University, Corvallis, Oregon 


Ligue is an absolute requirement for the formation of 

reproductive organs in many species of fungi. All the 

“major groups of true fungi, as well as some myxomycetes, 

“inelude light sensitive species!~*. Although there have been 
many references to the effect of light on particular species, 
few investigations have attempted to determine the bio- 
chemical substances which participate in the reactions 
leading to the formation of spores. 

Previous work‘-§ has indicated the importance of ultra- 
violet radiation in inducing sporulation in a number of 
fungi, and has shown that the 230 and 290 mu regions of the 
spectrum are particularly effective. In vivo and in vitro 
experiments have shown that substances which absorb 
specifically at 240 and 310 my are formed in fungus 
colonies subjected to ultra-violet irradiation shortly after 
the first exposure, and continue to increase in quantity®. 
These substances are absent in non-sporulating colonies 
grown in the dark. The materials absorbing ultra-violet 
light (P 310’s) associated with light induced sporulation 
of Ascochyta pisi were isolated and partially purified>-‘, 
and crude crystals of these materials were found to induce 
sporulation in colonies of A. pisi grown in the darkë. The 
present article reports the further purification and proof 
of the sporogenic activity of these substances. 

The criterion for purifying P 310 materials was their 
absorption at 310 my (Fig. 1). Precise chemical details 
of the isolation and purification procedures will soon be 
published, but a general outline of the methods is presented 

= here. P 310’s are found only in the sporulating mycelium 


and not in the culture medium. The extract in absolute 


- ethanol of the sporulating mycelium grown in the near 
ultra-violet, was concentrated by rotary evaporation to a 
small volume and extracted with diethyl ether. The ether 
soluble materials were discarded and the aqueous phase 
was passed through a column of ‘Dowex-1’ (chloride) ion 
exchange resin. The P 310’s were not adsorbed on the 
chloride form of the anion exchange resin, but they were 
retained on the hydrogen ion form of ‘Dowex-50W’ resin. 
Two overlapping zones of P 310 were eluted from “‘Dowex- 
50W’ with 0-1 N hydrochloric acid. All eluted fractions 
containing P 310 were combined, neutralized, concen- 
trated by rotary evaporation and placed on “Dowex-l’ 
(bicarbonate). Two well separated P 310 fractions (A 
and B) were washed through the column with deionized 
water. A third P 310 fraction was adsorbed on the resin 
and eluted with 0-1 N triethylammonium bicarbonate. 
The pH of the three P 310 fractions was adjusted to 
neutrality and the solutions were deionized with ‘Dowex 
| AG-11A8’ resin. The resulting solutions were concen- 
trated by rotary evaporation. 
10 The purified P 310 substances are soluble in polar 
“solvents but insoluble in non-polar solvents throughout 
: the entire range of pH. The molecular weights of the 
P 310’s-all appear to be less than 1,000 when studied on 
molecular sieve column (‘Bio-Gel P 2’). The P 310’s 
-are stable to 100° C in aqueous solutions at pH 7, but are 
| rapidly destroyed by 2 N sodium hydroxide at 20° C and 







slowly destroyed by 2 N sulphuric acid at 20° C.. The 
absorbance curves of the P 310s (Fig. 1) all peak at 
309-5 mp, but absorbance at the lower wavelengths is 
different for the three substances. These materials do not 
absorb in the visible region of the spectrum, The chemical 
nature of these substances is not yet known, but is being 
investigated. Only trace amounts of these substances are 
present in sporulating mycelia of A. pisi. 

The sporogenie activity of the purified P 310 pre- 
parations and control solutions was tested in repeated 
experiments in which solutions were known by. code 
number only. A. pisi (on Czapek’s agar) and Pleospora 
herbarum (on malt extract agar) grown in the dark for 
5 days at 21° C were used as the test fungi. Four to- six 
replications (10 ul.) of each substance were applied (under 
yellow light) to young marginal mycelia of at least two 
colonies. The treated colonies were incubated in darkness 
at 21° C for an additional 72h. After flooding with 95 per 
cent ethanol to clear, the number of spores or fruiting 
structures at each droplet site were counted under the 
mieroscope. All experiments were repeated twice with 
consistent results. 

The results are shown in Table 1 and clearly demon- 
strate the sporogenic activity of the P 310 preparations 
compared with control solutions. As several amino-acids 
were commonly present in our P 310 preparations until 
the final purification step, yeast extract was included as 
one of the controls because it is a rich source of vitamins 
and amino-acids. Pyridoxine was included as a control 


310 


Absorbance 


360 320 280 240 
Wavelength (my) 


Fig. 1, Absorption spectra of P 310 fungal sporogens in wate - 
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because some of the vitamin B, derivatives have absorp- 
tion curves similar to the P 310 curves. Sodium chloride, 
sodium acetate and sodium bicarbonate may be present 
in trace amounts in our preparation of P 310 after puri- 
fication by ion exchange. Included also as controls were 
effluents from the AG-1 (bicarbonate) column which were 
collected just before and just after the P 310 A substance 
was eluted. None of these control solutions had significant 
sporogenic activity on A. pisi or P. herbarum. 

The different forms of P 310 appear to differ in their 
biological activity, but it is not yet possible to quantitate 
this in terms of specific molar activity. ‘The amount of 
P 310 needed to induce sporulation, however, is very 
small—in the hormonal activity range. P. herbarum is 
more sensitive than A. pisi to lower concentrations of 
P 310, while the higher concentrations of P 310 actually 
inhibited sporulation of P. herbarum. 

Fig. 2 shows sporulation near P 310 droplet sites 3 days 
after application. Although P 310’s have small molecular 
weights and are extremely water soluble, their sporogenic 
effect’ was localized to the young mycelium near the 
droplet es. Apparently the sporogens were not trans- 
located through the fungus colony to the older mycelium, 
or they were completely utilized at the site of application, 
or else they were diluted beyond the threshold level by 
diffusion through the medium. 

The similarity of the monochromatic light requirements 
of those fungi investigated by Leacht? suggested that a 
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Table 1. EFFECT OF SPOROGENS AND CONTROL SUBSTANCES ON SPORULATION 
OF CULTURES OF Ascochyta pisi AND Pleospora herbarum GROWN IN DARKNESS 


Average No. per droplet 








A. pisi P. herbarum 
Chemical treatment PH Amount* Pyenidiat Conidiat Peritheciaş 
Sporogens 
P3104 50 2 17 1 
P34 50 13 48 30 
P310 B 6-5 7 254 44 
P 310 B 6-5 104 att 18tt 
P310C 46 i 2 32 39 
P 310C 4-6 0-680; 94 232 215 
Controls 
Yeast extract 63 50 ug 9 0 Q 
aa M 63 500 xg 1 F 2 
Pyridoxine hydro- 
chloride 50 pg g ~ 5 
43 a 8 500 ug 3 = = 
Sodium acetate 62 10 ug 0 ~ - 
rf R 6-2 100 pg 8 - - 
Sodium chloride 54 10 ug 6 = =- 
» F 54 100 ug 0 - = 
Sodium bicarbonate 6-8 10 ag 0 0 0 
s ss 6S 100 zg 0 0 0 
BMluent-A€ 638 10 wl. 0 Q 0 
DF PN 68 100 wl. 2 G 0 
Efluent-B** 64 10 wl. 0 0 0 
a5 of 6-4 100 yl. 0 0 0 
Deionized water 10 zd. 0 0 0 


* 10 wl. droplets applied to peripheral hyphae. 

t Asexual fruiting bodies produced by A. pisi. 

$ Asexual spores produced by P. herbarum. 

§ Sexual fruiting bodies produced by P. kerbarum. 

ll Absorbance at 310 mu, when 10 ml. P 310 solution was added to 2 ml, 
water, 

{| Concentrated effluents from AG@-1 (bicarbonate) column eluted just 
before P 310 A. 100 ml. condensed to 200 yl. 

** Concentrated effinents from AG-1 column eluted just after P 310 A. 
100 ml. condensed to 200 zd. 

++ Inhibition evident at this concentration. 


Table 2. PRESENCE OF P 310 IN MISCELLANEOUS FUNGI 
Presence of 


> g * 
Fungus ) Class P 310 
Alternaria chrysanthemi | 
as pisi + Fungi Imperfecti 
Monilinia fructicola | 
Stemphylium sarcinacforme 
Aspergillus candidus t 
A, repens t 
A. vestrictus t 
Leplosphaerutina trifolii i 
L. australis F 
Alycosphaerella pinodes 
Phoma herbarum var. medicaginis 
Pleospora herbarum $ 
Pyronema omphalodes 
Schizophyllum commune } 
Tilletia controversa 1 
Phytophthora parasitica 4 
P. cinnamomi r 
Rhizopus sp. } 
* Colonies grown on ‘Cellophane’ overlying various media. 
and sporulating colonies stripped from media and extracted. 
+ Conidial stage. 
} Both conidial and perithecial stages present. 


Ascomycetes 


Basidiomycetes 


Phycomycetes 





‘Cellophane’ 
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; Sporulation in marginal hyphae near the P 310 droplet sites. 
A, nidial production by A. pisi. B, Conidial and perithecial pre- 
duction by P. herbarum. 








common photochemical mechanism was involved. Since 
radiation in the 300 my region was most effective in 
inducing sporulation, the possibility was considered that 
the materials absorbing P 310 were related to a photo- 
receptor®*, The apparent absence of P 310 in non- 
sporulating colonies grown in the dark, however, seemed 
to contradict the photoreceptor hypothesis. Furthermore. 
the presence of P 310 in some fungus colonies which 
sporulated when grown in darkness appears to indicate 
that P 310’s may be more closely correlated with the 
onset of sporulation than with photoreception. Never- 
theless, the fact that the P 310’s from Ascochyta were 
highly active in inducing sporulation in an unrelated 
genus, Pleospora, supports the hypothesis of a common 
sporulation mechanism!:5, 

Although most extractions of P 310 have been made 
from A. pisi, these substances have also been extracted 
from twelve other species of fungi (Table 2). Most of 
these fungi require light for sporulation, although several 
are able to sporulate in darkness. The production of 
P 310’s has until now always been correlated with sporu- 
lation regardless of the light requirement of the fungus. 
Thus, some fungi are capable of synthes zing all the 
precursors required for sporulation when grown in the 
dark on a rich chemically defined mediwn, but when 
grown on an incomplete medium in the dark they cannot 
sporulate. In the latter case, an important photochemical 
reaction appears to induce substances required in the 
sequence of biochemical events leading to the production 
of P 310’s and sporulation. 

This work was supported in part by a grant from the 
National Science Foundation. 


‘ Carlile, M. J., Ann, Rev, Plant Physiol., 16, 175 (1965). 

* Cochrane, V, W., Physiology of Fungi (3. Wiley and Sons, New York, 1958), 
* Marsh, P. B., et al, Plant Dis. Rep. Suppl. No. 261 (1959). 

* Leach, C. M., Canad. J. Bot., 40, 1577 (1962), 

ë Leach, C, M., Canad. J. Bol., 48, 185 (1965). 

* Leach, C. M., and Trione, E. J., Plant Physiol., 40, 808 (1965), 
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ASTRONOMY 


Red-shifts and Power Outputs of Quasi- 
stellar Radio Sources 


Hoyle and Burbidge! have recently expressed the opinion 
that the red-shifts found in the spectra of the quasi- 
stellar objects are not related to distances. We believe 
that this view is unduly pessimistic and that the quasi- 
stellar radio sources can indeed be satisfactorily inter- 
| preted on a cosmological basis. Our reasons for making 
this statement.are based on the construction of a log z 
rsus m, diagram for known radio galaxies and the 
analysis of a somewhat similar diagram for the quasi- 
stellar sources which, given the cosmological interpreta- 
tion, leads to results consistent with the log N-log $ 










n Table 1. List OF RADIO GALAXIES FROM THE 3C'R CATALOGUE WITH KNOWN 
a RED-SHIFTS 


8C17 BCES 30264 3C315 30390-3 
28 98 27 317 433 
33 171 27T 327 436 
40 192 2871 338 442 
66 198 293 348 445 
q1 219 295 353 452 
75 223 296 371 456 
78 223-1 305 382 459 
79 234 310 388 465 


Fig. 1 shows log z plotted against m, for forty-five 
radio galaxies of known red-shift contained in the 3CR 
(revised) catalogue (Table 1); red-shifts and flux densities 
are given in the literature. We have used the definition: 

Smp = — 53-4 — (5/2) log S(178), where 8(178) denotes 
the flux density observed at 178 Me/s; this definition is 
similar to that of Hanbury Brown and Hazard?, and differs 
from that used by Hoyle and Burbidge only in the zero 
point, so that our Fig. 1 can be compared with their 
Fig. 2. We see that the two diagrams are strikingly 
similar, but no one has advocated the hypothesis that the 
red-shifts observed in the spectra of these radio galaxies 
are not related to distances. 

Assuming, then, that the quasi-stellar sources are indeed 

at cosmological distances, we note that the relation 
“between the flux density, S(f,), observed at frequency fo 


~ O06 
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: : Rees Fig. T Logarithm. of red-shift plotted against apparent radio magnitude 
ee for radio galaxies with known red-shift. 
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Fig. 2. Logarithm of flux density at an observed frequency. correspond» 
ing to an emitted frequency of 660-8 me/s plotted against logarithm of 
red-shift for 32 quasi-stellar radio sources. Sources identified. are: 

‘A (30273), B (30147), C (30298), D (1,217 +02). The solid and dashed 

curves are discussed in the text. 
and the monochromatic power output, P{fe). at an emitted 
frequency fe is 

S(foldfe = Pl fe)dfe/(4xD*) (a) 
where D is the luminosity distance of the source, and 
fe= (+ z)fo Writing D = (e/H)Ð yields 
—log S(fo) = — log (1 + 2) + 2 log D — log P(fe) + 

log (4re-2H*) (2) 

because dfe = (1 + z)df, The function D(z) depends 
on the model universe selected?; for example, the model 
having A = 0, q = + l gives D= z, and the Einstein- 
de Sitter model gives D = 2 {1 + z — s/(1 + 2)}. 

In Fig. 2 we have plotted — log S (Jo) against log z for 
the 32 quasi-stellar radio sources listed in Table 2. The 
frequency fe was chosen to correspond to fe = 660-8 Me/s 
in each case, because this particular frequency of emission. 
seemed to minimize the amount of uncertainty in Sifo) 
owing to uncertainty in the observed radio spectrum. 
S(f.) was determined in each case from data given by 
Howard et al.4 and by Day et al.*. The red-shifts. were 
taken from Table 1 of Burbidge ef al.*. Unfortunately, 
we were not able to make use of all the objects in their 
table; those that are not listed in our Table 2 have 
poorly determined radio spectra. For a few of the objects 
in Table 2 there was some uncertainty in the flux density 
at the required frequency of observation; these cases 
are represented by vertical uncertainty bars in Fig. 2. 

The solid lines in Fig. 2 represent the results of fitting 
equation (2), with P(fe) assumed constant, to the points A 


Table 2. QUASI-STELLAR SOURCES WITH KNOWN RED-SHIFTS AND “GOOD © 7 


RADIO SPECTRA EEG 
MSHOS-190 O 





3c9 3C191 3C263 30334 
47 196 273 345 
48 208 279 351 
109 245 2801 380 
138 254 287 460 +00 
147 261 298 CTAI02 © 1217+02 
1 ) ae ii 
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(80273) and C (30298) using D = 2. Thus any points on 
these curves have the same output. powers as either 
30273 or 30298; these are found to have (660-3) = 
12 x 1027 Wi(e/s) and 3-1 x 10° W/{c/s), respectively, 
using H = 100 km/sec/megaparsec. 

If we fit equation (2) to the point D (1,217 + 02), we 
find P(660-8) = 1-1 x 10% W/(e/s) Thus the points 
lying toward the dashed line ABC represent the intrinsic- 
ally most powerful sources; in fact, ABC might be taken 
as a erude estimate of the lower envelope of the points 
of Fig. 2. Since ABC obviously does not coincide with a 
curve representing constant power output, we conclude 
that there is a systematic change of power output with 
cosmie time among the intrinsically most powerful quasi- 
stellar sources. An estimate of the rate of decrease can 
“be obtained by dividing the difference in output powers 
of 3C273 and 298 by the difference in light travel time. 
Using the same model universe as before, we find 


a (660-8) ~ 7-1 x 108 W/(e/s)/yr. 


The details of power output and rate of decrease are, 
of course, somewhat sensitive to the model universe used. 
For the Einstein-de Sitter model, however, we find 

(660-8) ~ 11 x 10! W/(e/s)/yr. 
which is not greatly different. Errors could be introduced 
by random short-term fluctuations, but at the frequencies 
used here (570-6 Me/s for 30273 and 271:3 Me/s for 
30298) these are apparently non-existent. 

The fractional change in power output at 660-8 Me/s 
indicated by the above calculations is very small, being 


BE te 6 x 10-%or8 x 10° per annum 


for 30273 depending on the model universe. This result 
is in reasonable agreement with the change of absolute 

radio magnitude at 178 Mc/s found by Heidmann’ by a 
somewhat different method. Heidmann’'s result, expressed 
in our terms, gives AP/PAdt œ 1:1 + 10-* yr? for 
80273 at 178 Mejs. 

It is known that no expanding relativistic model 

universe in which the radio sources have constant power 
outputs can yield a linear relation in the log N, log S 
“plane with a slope of (— 3/2) or steeper at small S, but 
sucha relation is evidently indicated for the quasi-stellar 
objects. A systematic decrease of output power of the 
sources with cosmic time is, however, consistent with 
sucha relation. (Note added in proof. M.S. Longair has 
independently arrived at similar general conclusions 
(Nature, 211, 949; 1966).) 

Finally, it is possible that the objects are not long-lived 
enough for the systematic change derived here to be of 
any significance in individual cases. If this is so, our 
‘result should be interpreted to mean that the maximum 
possible power output at 660-8 Mc/s decreases with cosmic 
time... That is to say, that objects ‘going off” at present 
do not attain the power output levels of those that “went 

off" several billion years previously. This would appear 
to meet, in part, an objection raised by McCrea® in con- 
“sidering the quasi-stellar objects in an evolving universe. 
This work was supported by the National Research 
o- Council of Canada. 
i R. C. ROEDER 
TA a G. F. MITCHELL 
David Dunlap Observatory, 
-Riehmond: Hill, Ontario. 
* Hoyle, F., and Burbidge, G. R., Nature, 210, 1346 (1966). 
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$ McVittie, G. C, General Relativity and Cosmology, 222, 223 (Univ. of 
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A Highly Symmetrical Pattern in the 
Continuum Emission from the Galactic 
Centre Region 


Continuum observations of a small region near the 
galactic centre have been carried out by a number of 
authors over a large range of wavelengths. A strong peak 
of small angular diameter (Sagittarius A) is found within 
a few minutes of are of the origin of the new galactic 
co-ordinate system. There are also a number of other 
components of the central source complex, all of which are 
near the galactic equator. More detail is observed at the 
shorter wavelengths, mainly because of the higher reso- 
lution that has been used. At all wavelengths there is a 
striking asymmetry in longitude, with more emission 
from the northern side of the centre. 

Neutral hydrogen observations by the Dutch and 
Australian groups show the presence of high-velocity 
hydrogen in the central region with a combination of 
rotational and radial motions. This high-velocity gas is 
quite asymmetrical in its distribution. Similarly, the 
concentrations of OH radicals that have been found near 
the centre do not show any particular symmetry. 

We have carried out a new continuum survey of the 
central region at 20 em with the Parkes 210 ft. telescope 
(beam-width 14 min of arc). A total area of 60 square 
degrees was covered. The full results of this survey will 
be published elsewhere, but we wish to direct attention 
at present to a highly symmetrical structure in the vicinity 
of the centre. 

The region was scanned in declination, at constant 
values of right ascension. Over the range from 17°37" to 
17°48" a secondary peak is generally observed in the 
sean, in addition to the peak which is apparently due to 
the main galactic ridge. On the preceding side of the 
centre the secondary peak appears at a more northerly 
declination than the main peak; on the following side it is 
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Fig. 1. Two declination scans at right ascensions: (a) 17b40w00s and 


(b) 17h4abm3Cs, 






































no, sosa OCTOBER 8, 1966 NATURE 167 
(er prec es ae, ee aye A 1-4 saa aaa aiaa co atlas ia pasccmereens Kt ; 
pt i; 
D eee — oa 
l 1-2 i | 
| | | 
| po 
| > | 
E e Ea x + 1-0 
| P = y s } 
i | Ka “~ | 
| : Šos l 
| i è 
10 p_e = 
3 
Pone nP 206 
4 2 < 
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Fig. 2. The positions of the ridge lines, as derived from peaks on declina- 0-4 
tion scans, 
to the south. Two sample scans, one on each side of the 0-2 
“eentre, are shown in Fig. 1. 
The positions of the peaks were read from each scan | 
and plotted in Fig. 2. The ridge lines obtained in this way ; j 
are seen to exhibit a very symmetrical pattern. In fact n 1 p A z 


this pattern is the most symmetrical thing known at 
present in the central region. It should be noted that the 
symmetry deseription refers to the pattern of the ridge 
lines and not to the intensities at the peaks, which have 
the usual north-south asymmetry. The point of sym- 
metry of the pattern can be found quite precisely by folding 
one side of the diagram over on to the other. It is within 
1-2 min of are of the main Sagittarius A peak. 

The inclined ridges which run out at a steep angle to 
the galactic plane are striking features in Fig. 2, and rather 


“-guggest the start of a pair of jets from the centre. The 


sense of their inclination is the same as that shown by 
high-velocity hydrogen features in the longitude range 
$41°-12°, which are also inclined to the plane. The angle 


“of inclination is, however, greater for the continuum 


features. 
We thank D. K. Milne for help in carrying out this 
observational programme. 


F. J. Kerr 
M. W. SINCLAIR 


CAS.LRBR.O. 


oe Hulst?. 


_ | Radiophysics Laboratory, 
ae Sydney, Australia. 


Wavelength Dependence of Interstellar 
Polarization by Graphite Grains 


Tue interstellar extinction curve recently extended into 
the far ultra-violet!-? has revealed a structure which cannot 
be fitted by ice grains of the type proposed by van de 
The theoretical extinction curve predicted for 
graphite grains has, however, been shown to fit the 
observations much better’, indicating that graphite 
rather than ice may be the major contributor to inter- 
stellar extinction. 

Besides fitting the extinction curve, a further require- 
ment of any grain model is that it should account for the 
observed interstellar polarization. It has already been 
pointed out by Cayrel and Schatzmann® and by Wick- 
ramasinghe’ that graphite grains tend to form as thin 
flakes with strongly polarizing properties. An effective 
2 per cent alignment of such grains is sufficient to produce 


| the observed interstellar polarization at a given wave- 











length, and such an alignment may be accomplished by a 
galactic magnetic field of ~ 10-° G (ref. 7). 

‘Recently, Gehrels! has made polarization measurements 
t several wavelengths and obtained a characteristic 
wavelength dependence for interstellar polarization 
ig. 1). Each. point in Fig. 1 represents the mean of 
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Fig. 1. Normalized wavelength dependence of interstellar polarization. 

Points represent mean data for individual stars given by Gehrels and by 

Coyne and Gehrels (ref. 22). Curve 1 represents a theoretical curve for 

graphite grains in the range 0-08-O0-1124. Curves 2 and 3-are theoretical 

curves for a graphite core of radius 0-054 covered with molecular 
mantles up to two and three times the core radius. 


several observations for an individual star. The scatter 
of the mean points as well as the variability of the 
observations for the same star? indicates that the wave- 
length dependence of interstellar polarization is not nearly 
so well defined as the extinction law—at any rate, in the 
visible, for stars within the same local region. The mean 
observations as they stand at present, however, indicate 
that the polarization is less in the red and near ultra-violet 
than in the blue, reaching a rather flat maximum: near 
5000 Å. 

If C, and C, are the extinction cross-sections for light 
with electric vector parallel and perpendicular to the 
basal planes, the polarization Amp (magnitude difference 
between polaroid orientations of maximum and minimum 
light) is given by 


Amy = A(C, — Cr) (1) 
where A is a constant. Since C,/C, is much greater than 
unity for a small graphite flake’, we have 

Amy ~ AC, (2) 
and the wavelength dependence of Amp is the. same as 
that of the total extinction. The extinction for grain 
radii less than 0-06p is close to à~! over the wavelength 
range of interest’. For a size distribution of graphite 
flakes that matches the extinction law, the wavelength 
dependence of polarization is ~-t, quite. different from 
the observed curve, as pointed out by Greenberg’? (see 
also Dieter and Gross™). 

For somewhat larger particle sizes the extinction and 
hence the polarization tends to be flatter over the wave- 
length region of interest’. This suggests that agreement 
with the polarization data may be obtained if only the 
large particles in the tail of a size distribution were able 
to produce polarization, Such an effect could occur if the. 
nucleation process yielded a large proportion of poly: 
crystalline carbon grains which grew three-dimensionally 
to relatively small sizes. This seems very likely in th 
highly supersaturated atmospheres of carbon rich stars’? 
Three-dimensional growth producing polycrystalline 
tures will result in smaller. particle sizes than tv 
sional growth producing platelets"! se 
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smaller sized polyerystalline grains will not have an 
anisotropic conductivity, such particles, while giving rise 
to a -t extinction, would not produce any polarization. 
Only the larger graphite platelets in the tail of the dis- 
tribution can produce polarization. 

For the Oort-van de Hulst distribution of particle sizes 
which gives the best fit® to the extinction curve @ nor- 
malized polarization Am /Am (0-5.) corresponding to 
“tail” particles in the radius range 0-08—-0-112p. is plotted 
as curve | in Fig. 1. At a wavelength 4~ 5000 A, par- 
ticles in this “tail” contribute ~ 20 per cent to the total 
extinction due to the entire distribution. For a complete 
alignment of platelets in the tail, therefore, we have a 
ratio of polarization to extinction Am p/dy = 0-20. The 
observed average value Am /A, = 0-02 would correspond 
to an effective 10 per cent alignment of the platelets. The 
general agreement with the observations is very encour- 
aging, as the Oort-van de Hulst distribution has no 
significance for graphite but was adopted simply because 
extinction calculations were already available. It seems 
very likely that this distribution may be modified to give 
the optimum fit with the extinction curve and as close a 
fit as desired with a given polarization curve. Such an 
investigation is at present under way and the results will 
be published shortly. 

It is of interest to note that Serkowski!® finds an 
intrinsic polarization in M stars varying approximately 
as 2 over the wavelength region of interest, similar to 
that predicted for small graphite platelets. Because 
oxygen is somewhat more abundant than carbon in these 
stars, graphite condensation would take place at low 
supersaturations—a circumstance which favours platelet 
or whisker growth". The rate of supply of carbon from 
M stars is, however, negligible compared with that from 
the carbon rich N stars. 

An alternative explanation of the polarization data not 
involving size-dependent alignment is possible with core- 
mantle grains. Such grains also fit the extinction curve 
better than the infinite ice cylinders considered by Green- 
berg et al.!*, Processes that may lead to the growth and 
destruction of ice-like mantles have also been considered”? 
and it was argued, assuming the formation of condensation 
of water was possible, that a typical graphite grain of 
radius ~ 6-10-* cm may become coated with ice only up 
to about two to three times its own radius. Recently, 
Donn and Wickramasinghe'*, re-examining the process of 
carbon condensation in N stars, have shown that a 
graphite grain formed near the photosphere of a star may 
aecrete considerable quantities of hydrocarbon molecules 
before escaping into interstellar space. A graphite core 
of radius ~510-¢ em may thus, under favourable con- 
ditions, grow a molecular mantle up to about twice its 
radius. The average refractive index of such a mantle 
may be slightly higher than that of ice, but the com- 
putations of Wickramasinghe et al.'® for graphite core—ice 
mantle grains would give a satisfactory representation of 
the opties of these particles as well, Consider a graphite 
flake of radius 5:10- em embedded in a spherical mole- 
cular mantle with outer radius v.5:10°° em. (We shall 
perform computations for the cases x = 2, 3.) For light 
polarized with electric vector parallel to the basal planes 
of graphite the extinction cross-section C, is given by 
the Gittler formulae which were computed by Wick- 
ramasinghe et al.. For light with electrie vector per- 
pendicular to the basal planes the extinction C, is essen- 
tially the same as that for an ice sphere of radius 
æ.5:10 em. For such a composite particle aligned with 
the c-axis of the graphite core parallel to the magnetic 
field we compute a normalized polarization 

Amp() CO) — C(A) F 
Amplo) ~ Cx) = Clo) 1 
where à, is a reference wavelength taken arbitrarily to 
be 5000 A. The extinction cross-sections C,(A) are taken 
from the composite particle computations of Wickrama- 
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singhe et al.!* and C,,() is obtained from Mie computations 
for ice. Normalized polarization curves for composite 
particles are plotted in Fig. 1, curves 2 and 3. Curve 2 
corresponds to a graphite core of radius 0-05u covered 
with ice up to an outer radius Olu; curve 3 corresponds 
to a graphite core of radius 0-05y. covered with ice up to 
an outer radius 0-15y. The general agreement with the 
observational points is again seen to be quite tolerable 
since the theoretical curve is for a single size grain. This 
indicates that graphite core-ice mantle grains which fit 
the extinction data can also explain the observed wave- 
length dependence of interstellar polarization. 

A more detailed account of extinction and polarization 
by graphite core-ice mantle grains will be published else- 
where®*2t, It could be shown that a very close fit with 
the entire wavelength range of the interstellar extinction 
curve, and good agreement with the polarization curve, 
are simultaneously possible for the same values of the 
particle parameters. This would remove the arbitrariness 
of the chosen values for the core radius and mantle size 
in the present communication. 

The alignment of core-mantle grains would take place 
by way of a process of diamagnetic relaxation in the 
graphite cores. The magnetic field required to produce 
the necessary alignment is 10-5 G (refs. 20 and 21). 
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Irregularities in the Solar Atmosphere 


were 
Various models of the solar atmosphere have been 
suggested by different authors on the basis of radio and 
optical data. All these models indicate that both the 
electron density and the electron temperature therein 
change monotonically outwards from the surface of the 
Sun. The finer details of the solar atmosphere are not, 
however, revealed by any of these models. We therefore 
tried to determine the fine structure of the solar atmosphere 
with the help of recent radio data. 

Solar radio noise has been observed systematically at 
various frequencies since 1947. It has been revealed from 
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a Second, the value of ọp for any particular 
600 / 1000 1000/2000 4 21 year is different for different pairs“ of 
Mc/s Mc/S 18 frequencies. This is highly significant. 
| 15 The separation between different pairs of- 
10 2 | is frequencies lies between 400--1,000 Me/s. 
Ke 7G | 7 _ The percentage difference for 1958, for 
~ Sa L | j 9 © example, is 22 per cent for the 600/1,000 
go oS 46 Ë Mejs pair, while it is 2 per cent for the 
Boe oa 3 È  1,000/2,000 Mc/s pair, about 20 per cent 
= = for 2,000/2,800 Mc/s and — 2 per cent for 
g 2 10 &  2800/3,750 Me/s. It is known that 
2 18 s = greater differences in frequency corre- 
S 16 i spond to greater differences in height: ing 
& a £ the solar atmosphere; this should involve. 2%) 
~ 4 greater differences in power flux density. — 
? 2 Tt is clear that the results obtained from 
6 0 the present analysis do not follow. these ` 
3 2008/ a eres 3750 te, expected variations in flux density for any 
p Nida aot Fee ree V / à . of the years under investigation. Tt is- 
1958 5o 60 6l 62 63 1959 ao 6e 62 æ -4 found that greater differences in frequency 
oe Year and hence greater differences in height 
oo Pig. 1. Plots showing the percentage difference (g) for various pairs of frequencies of solar do not corresp' ond to gr eater differences 


radio noise in relation to the solar cycle. 


these observations that radio emission from the Sun 
consists of three components: (a) a basic component 
(B component) from the completely undisturbed Sun, 
(b) a slowly varying component (S component) originating 
from individual active regions and (c) rapidly varying 
phenomena of short duration known as bursts. Of these, 
the B component is of thermal origin and gives a picture 
of the normal solar atmosphere. Among the different 
frequencies of solar radio emission observed so far there 
are some-—-particularly at centimetre and decimetre 
wavelengths—which are quite close to each other. Since 
“they originate in adjacent layers, a comparison between 
the energy emitted from these closely spaced regions will 
reveal finer details of the solar atmosphere. 

The present analysis was made using the available 
solar radio noise data at different frequencies for the 
period 1958-64. The pairs of frequencies selected are 
600/1,000 Me/s, 1,000/2,000 Mc/s, 2,000/2,800 Mc/s and 
2,800/3,750 Me/s. The region covered by these frequencies 
includes the chromosphere as well as the base of the 
corona. If Sz and Sf, denote the flux values of the B 
eomponent at frequencies fı and f, corresponding to any 
of the pairs mentioned (fı > fz) the parameter chosen 
for our investigation is 





Sp. — Shr x 100 
Sy a+ 


J2 

It should be mentioned in this connexion that the 
values for the B component were obtained by the method 
of Das Gupta and Basut. Fig. 1 shows the variation of 
(p) for different pairs of frequencies in the course of a 
solar cycle. Several striking features are evident on these 
curves. 

First, according to various suggested models, it is 
known that the higher the frequency under investigation 
the lower is the level in the solar atmosphere from which 
it is generated, while the corresponding electron tem- 
perature is lower and the electron density is higher. If 
the latter two quantities vary monotonically outwards, 
then the power flux density should be greater at higher 
frequencies. In this case, the value of p, as defined above, 
should always be positive (for f, > f). It is found that 
p changes its sign, however, and becomes negative in 
some cases at the 600/1,000 Mc/s and 2,800/3,750 Mc/s 
pairs of frequencies. This indicates an inversion in each 
of these two cases. The solar atmosphere thus appears 

“to have some irregularities with respect to electron density 
‘and temperature on which the flux density depends. It 
“should be mentioned in this connexion that inhomo- 

~ geneities:in the chromosphere were also pointed out by 
| De Jagar? for the year 1954. 


Percentage difference (p) = 


in flux values. The departure from corre- 
spondence in flux densities between 
pairs of frequencies is found to be different at different 
heights. This again points to the non-uniform distribution 
of electron density and electron temperature in the solar 
atmosphere. 

Finally, it is known that both the electron density and 
the electron temperature undergo a change in the course 
of a solar cycle and this gives rise to a corresponding 
change in the power flux at radio wavelengths. It is 
found from Fig. 1 that the year to year variation in p 
is not of the same nature for different frequency pairs. 
Since different frequency pairs represent different regions 
of the solar atmosphere, this suggests that changes in 
electron density and temperature in the course of a solar 
cycle are different at different. heights. 

This analysis leads us to conclude that the electron 
density and electron temperature do not vary mono- 
tonically with height within the solar atmosphere, which 
thus appears to be of irregular structure so far as finer 
details are concerned. Further, the changes in the solar 
atmosphere in the course of a solar cycle appear to be 
different in different regions. 

Admittedly, the present analysis is rather crude. This 
is because the data on different frequencies compared to 
each other were collected at different observatories with 
equipment of different sensitivities. The accuracy of the 
data in many cases is also far from satisfactory. This 
method can be adopted to determine the fine structure of 
the solar atmosphere, however, and in particular of the 
chromosphere and the lower corona. For the upper corona 
this method will not be suitable because the B component 
at metre wavelengths may not be accurately determined. 
We suggest that if measurements of solar flux at suitably 
chosen pairs of frequencies be made with equipment of 
similar sensitivity and reliability, data obtained over a 
considerable period will throw much light on the fine 
structure of the solar atmosphere and its variations. 

We thank Prof. J. N. Bhar for his kind interest. Solar 
radio noise data from the Observatoire Royal de Belgique, 
Uccle, the National Research Council, Ottawa, and the 
Research Institute of Atmospherics, Nagoya, were used 
in the analyses. 
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Hydromagnetic Emissions at the 
Geomagnetic Poles 


Macnetic micro-pulsations of regular appearance in the 
frequency range 0-2-5 c/s have been studied intensively 
in recent years, Some of the very regular events show an 
envelope on an amplitude-time trace that resembles a 
string of pearls. They have been variously called pearls, 
Pe 1, hydromagnetie whistlers or hydromagnetic emissions. 
If these micropulsations are recorded on slowly moving 
magnetic tape and spectrally analysed with a ‘Sonagraph’ 
or ‘Rayspan’, using the speed-up technique, the emissions 
often display distinct structural elements. There are 
usually repeated series of individual emissions the fre- 
quencies of which appear to rise or fall rapidly with time 
as those shown in the frequency—amplitude—time displays 
(sonagrams) of Fig. 1. 

When structured hydromagnetic emissions are observed 
at pairs of mid-latitude magnetoconjugate stations the 
arrival times of the energy packets are often found to 
alternate, that is, to be 180° out of phase between hemi- 
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spheres. This fact strongly indicates a mechanism which 
involves propagation and reflexion from one hemisphere 
to the other along closed magnetic field lines'. 

Wentworth eż al.? have shown that there is a consistent 
delay in the arrival time of identifiable elements of a 
structured event at various latitudes. The average travel 
time between College, Alaska, and Kauai, Hawaii (65° 
and 22° geomagnetic latitudes, respectively), is of the order 
of 5 sec. This delay corresponds to a projected average 
velocity of propagation at sea level of about 900 km/sec 
—on the order of the hydromagnetic wave velocity in 
the F region. These and other considerations led Tepley 
and Landshoff* to suggest that hm emissions propagate 
from the auroral zone towards the equator in a waveguide 
centred at the F, peak. 

Essentially, no information has been available concerning 
hm emissions within the polar cap. They were observed 
by Hessler (private communication) as far north as 71° 
geomagnetic latitude on Arctic drifting station Arlis I. 
In December 1964 we installed ultra low frequency record- 
ing equipment near the geomagnetic poles at the Soviet 
station Vostok in Antarctica and at Camp Tuto near 
Thule, Greenland. Preliminary analysis of a few months’ 
data from these stations shows that struc- 
tured hydromagnetic emissions near 0-5 c/s 
were fairly common at the highest possible 
geomagnetic latitude. During the interval 
December 9, 1965, to March 21, 1966, 
some emission was observed almost every 
day at Tuto, Greenland. The event of 
January 2, 1966, had an almost identical 
structure when recorded at College and 
Tuto, as is shown by the sonagrams of 
Fig. 1. This is a good example, but such 
coherence between College and Tuto is not 
at all rare. Note that during this same 
period a weaker structured event also 
occurred at Vostok. The example shown 
in Fig. 1 occurred when Tuto was in com- 
plete darkness, whereas Vostok was in 
complete sunlight. 

The very occurrence of structured km 
emissions at the geomagnetic poles almost 
pre-supposes that the observed fluctuations 
are a result of propagation from a lower 
latitude. If we take the 180° phase shift 
between hemispheres as proof of a field line 
guided bouncing of energy from hemisphere 
to hemisphere, then the inter-hemisphere 
propagation must take place on field lines 
no higher than the auroral oval. It cannot 
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take place on higher field lines because these lines do not 
connect: simply on the day side, but are distorted and 
_ pulled back into the magnetosphere tail—that is, no path 
-exists between hemispheres. 
_ The distinctly structured activity occurring from about 
2920 to 2305 u.r. in Fig. 1 was analysed for delay times 
between College and Tuto. Within the limits of the 
absolute timing accuracy of the two stations, it can be 
said that the individual bursts at Tuto are of the order of 
5-10 sec later than at College. Further analyses of the 
delay must be made before definitive conclusions can be 
drawn, This preliminary observation indicates, however, 
that the emissions are formed near auroral zone latitudes 
and then propagate towards the pole. Our observation, 
when coupled with those of Wentworth ef al.*, leads to the 
conclusion that the emissions are primarily auroral zone 
-phenomena which propagate both towards the equator 
and the poles. Whether or not a given event is observed 
_ atia particular station away from the auroral zone will 
© depend simply on the attenuation of the hydromagnetic 
wave in the ionospheric duct. 
- Several simultaneous and similar events have so far 
“been noted in the Tuto and Vostok records. Sonagrams 
of two such examples are shown in Fig. 2. 

The structured emissions, as observed for a 3-month 
period at Tuto, occur primarily during the daytime, 
although some events are also noted at night. In general, 
the nocturnal events have a very well defined structure, 
whereas the daytime events are more intense and some- 
times unstructured, A very similar diurnal pattern of 
activity is also observed at College, that is, both structured 
and unstructured events occur frequently during the 
daytime but the weaker and less frequent nocturnal 
events usually display a very well defined repetitive 
structure. 

As yet the diurnal pattern, the seasonal variations, and 
possible alternation in arrival times of energy packets 
between the polar stations have not been fully investi- 
gated. 

We thank the U.S.S.R. Arctic Institute and the mem- 
bers of the 1965 Vostok expedition for logistic and other 
support at Vostok, and the U.S. Army Research Support 
Group, Fort Belvoir, Virginia, for operation of the equip- 
ment at Camp Tuto, Greenland. The project was sup- 
ported by grants from the National Science Foundation. 
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Small Scale Lunar Roughness 


Ir is the purpose of this communication to suggest that 
the centimetre and millimetre scale roughness of the lunar 
surface has been produced by the impact of small meteor- 
ites rather than by internal voleanic effects. The high 
degree of roughness of these dimensions was first indicated 
as a result of infra-red measurements! and has been con- 
firmed by radar measurements*, by measurements at 
millimetre wavelengths? and more recently by the Russian 
and American soft-landing photographs. 

Although photographs of the Moon taken from the 
‘Earth apparently show considerable large scale rough- 
ess, this impression is to some extent misleading, because 
; arge number of the photographs have been taken very 
|o glose to the terminator, where the glancing incidence of 
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Fig. 1, Lunar surface roughness parameter. The parameter: ads 


defined in terms of the heights measured above any gravitational 
equipotential surface 


p= blase (Mette) } 


at i j 








The bar indicates a mean taken in various randomly chosen positions and 
directions of the area being considered. 


the solar illumination shows up the surface detail most 
clearly. The distinction between the small and large scale 
topography may be made clear if we consider a roughness 
parameter ča defined in Fig. 1. For a large range of 
distances from about 1 m to 10 km the roughness para- 
meter remains approximately constant at 10--10-*, but 
there is a sharp increase in the parameter at smaller 
distances so that at 1 em the value of & is almost cer- 
tainly considerably greater than 10-3. 

The apparent absence of horizontal directionality in 
the small scale roughness photographed by the recent 
soft landing experiments (see Fig. 2) argues strongly in 
favour of the view that micrometeorites are the cause of 
the small scale lunar roughness. This is in contrast to 
the detail of 1-10,000 m dimensions which has been. 
photographed by the American Ranger experiments 
(Fig. 3). As has been pointed out by Fielder* and others, 
the topography at this scale, especially in the maria, 
shows considerable horizontal directionality which would 
be expected to have originated either voleanically or in 
lava flows. 

A further argument in favour of the meteoritic impact 
explanation of small scale roughness comes from the 
known distribution of meteorites with size. From this 
distribution, together with estimates of the age of the 
lunar surface, it can be shown that the surface should be 
virtually covered by craters of millimetre and centimetre 
size and that much larger craters should cover only a 
small fraction of the total area. A brief analysis of this 
problem follows. 

McCracken and Dubin® have recently summarized the 
statistics of micrometeorite bombardment of the lunar 
surface (Fig. 4). From this graph it can be seen that— 
within an order of magnitude—the mass distribution of 
particles can be represented by a very simple curve over 
a very large range. If Nm is the average number of par- 
ticles of mass greater than m which are incident on the 
whole Moon during an interval of time T, then Fig. 2 
shows that 

logioWm = logioZ’ — logum + logio%s (1) 
where «, is a constant depending on the units of the 
variables. Although slight variations of this equation 
have been proposed for limited ranges*, the equation 
seems valid with errors of less than an order of magnitude 
in Nm for a very wide range of m. From equation (1) a 
frequency distribution nm may be derived 

Nm 1 ANm _ S GOVE 

T= pdn ) = me Ble 
From this equation, and assuming that none of the 
secondary particles produced by meteoritic impact ar 
lost from the lunar surface, the average mass of accreted _ 
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Fig. 2. Photographs taken by Russian and American spacecraft after soft hinar landings. {a}, (c) and (d) Surveyor. (b) Luna 9. The smallest 
distances resolved are from 0-05 em to LO em. The photographs are arranged in increasing scale, 


material M,a due to primaries in the range of masses 
from m, to m, over the whole lunar surface can readily 
be deduced as 


Ma Pe ; 
Mi, = A ia dm = «,T In (=) (3a) 


Thus over a given order of magnitude change in m, the 
amount of accreted material is constant. The same result 
will not, however, be true of the surface area affected 
by meteorites from different mass ranges since the area 
of a erater is not proportional to the mass of the incoming 
primary. We should thus expect the smaller meteorites 
or micrometeorites to have the greatest effect on the 
small scale structure of the lunar surface. 

To examine this effect. quantitatively, we assume that 
the volume of the crater produced by a meteorite is pro- 
portional to its mass, and that craters produced by 
meteorites of all sizes have the same shape. These assump- 
tions agree well with measurements made over large 
ranges of mass both for terrestrial meteorites and arti- 
ficial projectiles? From these measurements the area 
Gm of a crater projected on a horizontal plane is related 
to the mass of the meteorite by the expression 





dim = ym?’ (3b) 


where a, is a second constant again dependent on the 
units. The fractional area covered by craters of diameters 
between d, and d, is readily shown from equations (2) 


and (3) to be Fig. 3. Photographs. taken by the American Ranger & spacecraft at a 
range of 400 km. The smallest resolvable distance is about 200 m. 





(4) 





where Ff is the mean lunar radius. 
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The broken line represents equation (1) in slope. 








This equation ignores craters outside the range of 
diameters d, to d, but does take into account overlapping 
raters within this range. With a random array of craters, 
~ dearly the surface will never be completely covered. We 
_ ean, however, define a parametric distance D such that 
a fraction 1 — Le of the surface is covered by craters of 
diameter greater than D. To relate D to B we write 


d,= © } 
r 5 
| gi=D | (5) 
‘so that from (4) and (5) 
s Ba, w?’ 
D= Fanm (6) 


If we now let T represent the geological (selenological) 
age of an area of lunar surface and take the lowest values 
of the quantities in equation (6) which are consistent with 
the literature (a, = 5 x 10 g see~!, a, = 5 x 10? cm? 
g> and T = 5 x 10" sec) then D is several centimetres. 
A number of approximations have, of course, been 

| made in ‘this analysis. Soft landing photographs show 
that. the littering of the surface by secondary or tertiary 
-rocks resulting from larger craters may also make a large 
‘ontribution to the small scale roughness. Nevertheless, 
(the small scale properties of the lunar surface would 
appear to be the result of micrometeorite bombardment 
© rather than volcanic effects, and it seems probable that 








the centimetre scale roughness of the lunar surface is a 
direct result of micrometeorite bombardment. 
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THE SOLID STATE 


Measurement of the Lattice Parameter of 
Silicon, using a Double-diffraction Effect 


PRECISION measurements of the lattice parameters of 


single crystals have been made both by measuring directly. 


the angles of Bragg reflexion’, and by analysing the — 


Kossel, or divergent beam, patterns produced. by a point. a 
source of X-rays?. The angles between the Bragg cones or __ 


their intersections are determined by the ratio z Lonsdale? - 


has shown that when these angles are very small, as for . 




















example when a number of Bragg cones almost intersect 
at a point, high precision can be achieved using relatively 
modest apparatus. By recording part of the Kossel 
pattern of diamond at a distance of 1 metre she obtained 
a very accurate value of the lattice parameter. 

The intersections of Bragg cones correspond with 
doubly diffracted beams, and may be located by means of 
contrast effects resulting from the coupling of Bragg 
reflexions. Of particular value are the Umweganregung‘ 
reflexions produced by simultaneous diffraction from two 
planes, one of which has a very small or zero structure 
factor. These reflexions have the advantages of being 
completely defined in direction, of having a high contrast 
with the background, and of being obtainable from perfect 
crystals. (The secondary extinction conics observed in 
Kossel patterns are produced only in mosaic crystals and 
thus have lower definition.) Renninger* calculated the 
lattice parameter of diamond by measuring the angles 
between the 222 Umweganregung reflexions. 

When a silicon crystal is placed appropriately in a 
divergent beam of copper Ka radiation, there are two 
doubly: diffracted beams which result from simultaneous 
occurrence of 313 and 133 reflexions with the 222 re- 
flexion, and these have a very small angular separation 
(ọ ~ 10’). Since the 222 reflexion has zero structure 
factor Umweganregung reflexions may be observed, 
exeited by the 313 and 133 planes. The angular separation, 
9, of the two Umweganregung reflexions may be calcu- 
lated directly by noting that the incident wave vectors. 
k, must terminate on the Brillouin zone boundaries 
corresponding to the reciprocal lattice vectors 222, 313 
and 133, and also on the sphere, 


1 
x 
X is the wavelength in the crystal and is related to the 
wavelength in free space, 4, by the refractive index; thus 


iki = 





32524 
=. ) (ref. 5) 


ics a(i eae 

2nme?* 

Using this formulation of the geometry of diffraction, 

z 4 ; n _ & 

“we have derived a simple analytical expression relating x 


to g (ref. 6). Since 9 is very small, terms in orders higher 
than 9? may be neglected and this expression becomes 


ESO S e)a] 


„a 99 y 
If - = nies then ẹ = 0. For this value of T the 
a 8/ i 
Umweganregung reflexions coincide exactly and triple 
diffraction occurs. The small value of ọ is thus a con- 


Š ~ a i š ` 
sequence of the proximity of — to the triple diffraction 
A 
tga dois i iis . a n 
condition, and it is the difference in y that is measured. 


© The incident wave vectors lie in the vicinity of the triply 
‘diffracted beam the components of which are 


1 z 

> k= z (11,14) 
The experimental arrangement used to measure ọ is 
_ shown in Fig, 1. The specimen was a crystal of high per- 
fection as indicated by X-ray diffraction topography. 
‘The incident and diffracted beams made an angle of about 
295° with a chemically polished (111) surface. In the 
absence of a microfocus source of X-rays an extended 
souree was used in conjunction with a very small aperture 
or focus, The Umweganregung reflexions were recorded 
on a photographic film, placed a long distance from the 
focus. The film was scanned with a micro-densitometer 
to evaluate the separation of the images. This method of 
recording was preferred to an X-ray counter technique 
because less aberration was introduced. A number of 
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f CRYSTAL FOCAL SLIT 


X-RAY SOURCE 


FILM 


(6) 


Fig. 1. Experimental arrangement. (a) Parallel to, (b) normal to plane 
of incidence. 


variations on this arrangement are possible because the 
crystal and focus may occupy any position along the 
X-ray beams. That shown in Fig. 1 proved the most 
satisfactory. 

Because the Umweganregung beams are completely 
defined in direction it is possible to extend the focus and 
hence the reflexions in the plane of incidence. In this way, 
local variations in ọ can be displayed, while the intensity 
integrated over the line gives a more reliable estimate of 
g than from a point. In the experiment, the focus was a 
slit of width 25 um, and the focus to film distance, L, was 
116 cm. It is important that Z be made as large as 
possible so that the angular width of the focal slit, the 
grain of the film, and the densitometer slit are much less 
than the breadth of the reflexion profile. As a consequence 
of the small value of 9, most of the sources of systematic 
error become negligible. Random errors may be intro- 
duced, however, by local variations in the intensity of the 
X-ray source and the graininess of the film. 

Fig. 2 (a) shows a photograph of the Umweganregung 
reflexions. The widely spaced pair are produced by copper 
Ka, radiation, the closely spaced pair by Ka, A micro- 
densitometer trace across the Ka, pair is reproduced in 
Fig. 2 (b). The shape of the profiles corresponds to the 
wavelength distribution in the Ka, line. Assuming that 
the value of à quoted corresponds to the median of the 
X-ray line, the medians of the profiles were located, their 
separation, D, measured. and thus ọ was determined. 
Since the terms in 9? were insignificant, ọ = D/L. 

Measurements of ọ were made from a number of films, 
during the exposure of which the ambient temperature was 
continuously recorded. Taking as the wavelength of 
copper Ka, radiation the value quoted in the International 
Tables for Crystallography (Vol. III; 1962), % = 1-54051 A, 
values of the lattice parameter, a, were calculated. After 
allowing for thermal expansion, (a = 4:2 x 10-8 °C=1)?, 
an average value of a at 25° C was found. The result is 
a = 5-43060 A with a standard deviation of + 0-000033. 
A comparison with the results of other workers is shown 
in Table 1. Since not all workers used the same value 
of à, the results were normalized using the wavelength 
quoted above. No explanation can be offered at present 
for the significant differences between these results. 


Table 1 
Lattice Standard 
References Specimen parameter deviation 
at 25° C (A) 

7 Polycrystalline 543054 + 000017 
1 Monocrystal 543074 + 0-000019 

10 Polycrystalline 543072 + 000004 
11 Monocrystal 543078 + 0-00008 

8 Polycrystalline & 43059 + 0-00002 
9 Polyerystalline 543058 + 0-000025 
Present work Monocrystal 543060 + 0000033 
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Fig. 2. (a) Photograph of Umweganregung reflexions; 
(b) densitometer trace across the Ka, pair of images. 





= The present value is in close agreement with those of 
King and Russell? and Franks’. 
| This “coincidence” phenomenon, which has been used 
to derive precise lattice. parameters for diamond by 
w°Lonsdale’ and for silicon in the investigation described 
here, is clearly of far more general application if use is 
made of a wide range of wavelengths. A method of 
Systematically predicting coincidence phenomena in 
-cubic crystals, particularly those involving Umwegan- 
_ regung reflexions, and deriving the appropriate formulae 


for = , is in the course of development. 
A B. J. IsHErwoop 
©. A. WALLACE 
The General Electric Company Limited, 
Central Research Laboratories, 
Hirst Research Centre, 
Wembley, England. 
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Crystal Structure of Higher Aluminium | 
Borides 


THE higher aluminium borides AIB,,, AIB,, and their 


polymorphs are distinct from other higher metal borides ee 


in that the exact stoichiometric chemical formulae of the | 
former are accompanied by an anomalous number of 

formula units per crystallographic unit cell. Despite 

extensive efforts, the crystal structure of none of the 

higher aluminium borides has so far been solved. 

We have undertaken a single crystal structure analysis: 
of AIB,o, for which the symmetry is orthorhombic!, with 
a = 8-881 A, b = 9100 A and c = 5-690 A. Chemical 
analysis and density measurements indicate 5-2 formula 
units per unit cell, and the space group is B 2/b2,/m2/m. 
Thus, four or eight formula units would be expected, 
From an X-ray analysis of the (100) and the (001) pro~ 
jections we have recently proposed a crystal structure 
based on an icosahedral (twelve-grouping) arrangement, 
consisting of four boron icosahedra and additional inter- 
icosahedral atoms’. No conclusions could be drawn 
from projections about the atoms linking the icosahedra. 

Analysis of AlB, has now been extended to three- 
dimensional data and has confirmed the proposed model. 
In addition, it has enabled us to locate all the inter- 
icosahedral atoms, which are distributed statistically 
over four sites. The structure determination was carried 
out by Fourier and difference Fourier methods and 
refinement was followed by a least squares analysis, which 
gave an R factor of 9-6 per cent. 

Within the icosahedra we find boron—boron distances 
ranging from 1-77 to 1-83 A, with an average B—B 
distance of 1-81 + 0-02 A, which are very similar to the 
values found in elementary boron®*. Of the twelve 
icosahedral boron atoms, six have bonds to neighbouring: 
icosahedra with B—B distances of 1-804A. The remaining 
six boron atoms appear to be bonded to Al(1), with the 
B-Al distance 1-625 A, but there could also be some 
bonding to intericosahedral boron atoms at distances 
from 1-94 to 2-06 A. Each Al(1) ion is connected to three 
icosahedra in (100) planes, while the intericosahedral 
boron atoms have eight-fold co-ordination with the 
possibility of linking four icosahedra in (010) planes. 
At present, therefore, it is not fully understood to what 
extent icosahedral bridges are formed by way of inter- 
icosahedral boron or aluminium atoms, or both. 


Table 1. STATISTICAL DISTRIBUTION AND NEAREST DISTANCES OF INTER- 
ICOSAHEDRAL ATOMS 


Equivalent 
Atom position and Minimum distances (4) (2-6 Å) 
occupancy No. B(Icosahedra) B(t) AIG) Al(2)  Al{8)} 
B (1) 4 (c) 28 1-94 ~ 212 - ~ 
Al (1) 8f) 2-7 1-61 2-12 -~ 1-46 171 
Al (2) 4(b) 1-0 2-36 - 1-46 - 1-14 
Al (3) 16(4) i1 2-04 - 71 Vdd biz 


From the nearest neighbour distances we calculate a 
covalent radius for boron r(B) = 0-90 A, and r (ADQ) = 
0-72 A for Al(1), thus indicating the presence of univalent 
aluminium. As can be seen from Table 1 the remaining 
two aluminium sites are quite close to each other, so di- 
or tri-valent aluminium at Al(2) and Al(3) might be 
expected. Since the sites are very loosely occupied, 
however, and the distances to the nearest icosahedral 
borons are rather large, aluminium at these sites is very 
likely to be unionized instead, as is indicated also by the 
electron count. 

To describe the structure we use the concept of closed 
shell type boron-icosahedra, postulated by Longuet- 
Higgins and Roberts‘. Each boron atom possesses four 
valence orbitals, one 2s and three 2p, and the forty-eight 
atomic orbitals of one icosahedron can be combined into. 
thirteen bonding and seventeen antibonding molecular 
orbitals, which lie within the icosahedra, and twelve 
orbitals with sp hybrids pointing outwards. For a stable 





closed shell type icosahedron, twelve covalent bonds are 
required between. the twelve icosahedral boron atoms and 
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neighbouring atoms, icosahedral or otherwise, and 
twenty-six valence electrons are needed to fill the thirteen 
bonding orbitals inside the icosahedron. Because twelve 
icosahedral boron atoms can contribute only thirty-six 
electrons, there is a deficit of two electrons, which must be 
transferred from additional intericosahedral atoms. 

To perform a count of the electrons per unit cell, we use 
the occupancy numbers (Table 1), which have been derived 
for the statistical occupation of the intericosahedral sites 
by the 5-2 aluminium and four boron atoms. The co- 
ordinates of the sites have been determined from Fourier 
and difference Fourier maps, and the occupancy numbers 
have been calculated by systematic variation and least 
squares analysis. Since we are working on a relative 
seale the figures refer to fully occupied icosahedral 
positions. For the four intericosahedral borons the 
occupancy figure is 2-8, giving a calculated electron deficit 
of 1-5 electrons per boron atom, these having been trans- 
ferred to each icosahedron. 

For the aluminium a statistical distribution over the 
three types of possible sites is assumed. To account for 
the expected closed-shell type of structure it is necessary 
for two electrons per icosahedron to be contributed from 
outside. Since 1-5 of these can be obtained from the 
boron atoms, the remaining 0-5 electron can come only 
from the nearby Al(1)+, which shares the linking network. 
These Al(1) sites are about one-third occupied (2-7 ions 
per unit cell), indicating a transfer of approximately 0-6 to 
9-7 electrons, which is about the proper value. Clearly, 
we can expect electrons to be transferred only from the 
Al(1)* atoms, which are relatively close to the icosahedra, 
and not from the Al(2) and Al(3), which are probably in 
interstitial positions. With the occupancy figures listed 
in Table 1 we calculate then at the aluminium sites a 
total of sixty-one electrons, whereas the chemical analysis 
of 5-2 aluminium atoms per unit cell would require 67-6 
electrons. Since it was assumed that about three electrons 
were transferred from the Al(1)* to the icosahedra, we 
do in fact account for 95 per cent of the electrons in the 
unit cell, which is very reasonable considering the com- 
plexity of the structure. 

Tt is of interest to compare this model with other known 
icosahedral structures. At the present time the presence 
of boron icosahedra has been established definitely only 
in the modifications of elementary boron®*, in boron 
carbide! and AlB, (ref. 2). In AIB,,, on the other hand, 
no icosahedra have been found so farè in spite of many 
striking similarities to AIB,, and elementary boron. 

Special consideration should be given to tetragonal 
boron’ with fifty boron atoms per unit cell, distributed 
over four icosahedra plus two additional atoms, (By.)4Bs. 
Investigation of the electronic structure of an icosahedron. 
of boron atoms by Longuet-Higgins and Roberts? indicates 
that this compound cannot provide icosahedra of closed 
shell type, and that a compound of the form (B,.),B, 
would be more plausible. With this notation and know- 
ing the features of the crystal structure of AIBy, we can 
formulate AIB,, as (B,),B,+5-2 Al. AIB, seems, there- 
fore, in some way to provide conditions necessary for a 
closed shell icosahedron with the implication that this is 
not possible with four boron atoms alone. To what extent 
the interstitial aluminium atoms, or others like carbon, are 
necessary for stabilization is not yet, however, known. 

The proposed crystal structure of AIB,, with its many 
vacant sites suggests the possibility of substitution by 
other ions or atoms of suitable size into the interstices. 
In an attempt to grow AIB,, crystals, Matkovich? failed 
to produce the pure aluminium boride, but using graphite 
crucibles introduced some carbon into the erystals and 
prepared instead a rather interesting intermediate substi- 
tute, C,AIB,,, with two formula units in the otherwise 
identical unit cell. On the basis of the structure of 
AlBig (ref. 2) he caleulated Fourier projections which 
turned out to be almost identical with those of the former. 
Due to the difference in composition there is only one peak 
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outside the icosahedra identified differently in the com- 
pounds, namely, the one believed to correspond to the 
carbon site in C,AIB,, (labelled C, in Fig. 1 of ref. 7), 
which in AIB,, are about one-third occupied by aluminium: 
atoms. With two formula units of C,AIB,, per unit cell, 
we conclude there is substitution of Al(1) and the inter- 
icosahedral boron by eight carbon atoms. Substitution 
of boron by carbon seems reasonable as is shown by the: 
boron carbide structure, B,C; (ref. 6). The two aluminium 
atoms in C,AIB,, would then occupy interstices in much 
the same way as they do in AlB, in which there are 21 
aluminium atoms in addition to those contributing to the 
icosahedra network. 

There is little doubt that in boron and in the boride 
structures the packing of B, groups is the underlying 
principle. As a quantum mechanical treatment of the 
electronic structure reveals, however, there must be at least 
some electron contributions from outside, which necessi- 
tates the presence of intericosahedral atoms. It is the 
role of these intericosahedral atoms which warrants the 
most interest if a complete understanding of the bonding 
mechanism involved is to be obtained. It is quite easy to 
devise packing arrangements of icosahedra for the many 
compounds and their polymorphs reported, but all these 
models are highly speculative unless corroborated by 
three-dimensional structure analysis. According to these 
speculative principles the structure of AlB,,, for example, 
should be quite simple, while in fact it is not and the 
structure is most difficult to solve. Up to now not even 
the icosahedra have been located’. 

A full structure analysis of C,AIB,, and a comparison 
with the crystal structure of AIB,, therefore seems well 
worthwhile. Since the compounds are truly isomorphous 
a difference Fourier analysis of the two structures should 
reveal the intermediate atoms very clearly and should 
hence cast some light on the role of these atoms in the 
structure. 
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Amorphous Whiskers of a Cobalt-Gold 
Alloy 


W. H. Merzcer pointed out at a symposium on 
“Electroless Plating” in 1959 that nickel-phosphorus 
alloys with amorphous structure were ferromagnetic!, In 
a recent publication, S. Mader and A. S. Nowick reported 
that ferromagnetic cobalt-gold alloys in the composition 
range 25-60 atomic per cent gold were made amorphous 
by evaporating the two metals simultaneously on to a 
sapphire slide which was cooled by liquid nitrogen’. 
These were the first examples of materials being both 
amorphous and ferromagnetic, although the existence of 
ferromagnetism in amorphous materials was shown to 
be possible from theoretical considerations by A. I. 
Gubanov*, Recently, at this laboratory amorphous fibres 
of one of these alloys (cobalt 25 atomic per cent gold) 
were made by rapidly quenching the molten material 
using an electron beam heating and anvil cooling devices, 
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Xray powder diffraction analysis showed that the foil 


Contained gold and cobalt with evidence of more solid 


solution of cobalt in gold than would be predicted by 
the phase diagram as found by W. Klement, jun., in his 


investigations using the gun technique for rapid cooling®. 


In addition, however, the material we produced contained 
~ fibrous material which extended out from the main body 














Metzger, W. H. 


of the foil and gave an X-ray pattern which contained 
broad diffraction halos with d values at approximately 
4:5, 2-2 and 1-25 A. It may be that these whiskers cooled 
much more rapidly than the main body of the foil and 
thus became amorphous. From these experiments, it 
appears that increased solubility can be obtained in the 
cobalt-gold system by rapidly cooling the melt and that 
with more rapid cooling the amorphous state can be 
produced in the alloys. 

F. GALASSO 
R. VASLET 
J. PINTO 


United Aircraft Research Laboratories, 
East: Hartford, Connecticut. 


Symp, Electroless Nieckel Plating, Amer. Soe. 
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Delineated Cadmium Films produced by the 
Photolysis of Cadmium Dimethyl 


THe decomposition of some metal alkyls by ultra-violet 
light is well known and studies of free radicals produced 
by the photodecomposition of zine, cadmium and lead 
alkyls have been extensively reported!. We have observed 
that when these compounds are admitted to a conventional 
vacuum system, metal films are deposited only where the 
ultra-violet light is incident on the walls of the system. 
The pattern in Fig. la was produced by depositing 
cadmium metal on an image formed by ultra-violet light 


from a 200 W are lamp. The lamp illuminated a metal 


mask 2 in. in diameter, a part of which is shown in Fig. 1b. 
A quartz lens 1-5 in. in diameter and of 7 in. focal length 
was arranged so that. it focused a 0-5 in. diameter image 
of this mask on to a quartz substrate in the vacuum 
system. Initial focusing for the ultra-violet was accom- 
plished by means of a fluorescent sereen, The pattern in 


Fig. la was obtained by admitting 10 torr of cadmium 
< dimethyl to the closed vacuum system and irradiating 
the substrate for 10 sec. 


Fig. la shows that reasonably good delineation has been 


. obtained although the thickness of the metal deposit was 


estimated by electron microscopy to be less than 100 A. 
The very thin deposits in the dark regions of the ultra- 
violet image probably result from stray light reflected 
in the optical system. The metal deposit absorbed light 
from the 200 W lamp, causing a rapid increase in tempera- 
ture; during longer irradiations, thermal decomposition 
produced a complete smearing out of the pattern. Later 
experiments with water cooled Chance optical filters have 
minimized this effect. 

One would expect the deposit obtained from a gas phase 
reaction to be evenly distributed over the substrate and 
it would seem that the delineation of the cadmium film 
is caused by a heterogeneous photolytic reaction. Pre- 
liminary experiments with the quartz erystal micro- 
balance, however, have shown that the rate of deposition, 
of metal on the illuminated substrate is linearly propor- 
tional to both the pressure of cadmium dimethyl and the 
intensity of the illumination, showing that the reaction is 
primarily occurring in the gas phase. We suggest that 


_ the formation of an adherent metal film may require the 


impingement of unstable intermediates, for example, free 
metal atoms, from the gas phase. At the pressures used 
in these experiments, only the intermediates formed very 
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Fig. 1. The image (a) formed when cadmium was photodeposited from 
cadmium dimethyl and a part of the mask (4), shown on the same seale, 


close to the surface are able to reach it before they are 
deactivated by molecular collisions. 
This work was supported in part by the Ministry of 
Aviation. 
M. W. Jones 
L. J. Riesy 
D. RYAN 
Standard Telecommunication Laboratories, Ltd., 
London Road, Harlow, Essex. 
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CHEMISTRY 


A Tetrafluoroditertiary Arsine and its Metal 
Complexes 


THE outstanding ability of o-phenylenebisdimethylarsine 
({diars) (I) to stabilize metals in unusual oxidation states 
(for example, Fe(IV)—ref. 1), co-ordination numbers (for 
example, tetrahedral Au(I)——ref. 2) and stereochemical 
arrangements (for example, dodecahedral Ti(IV)—ref. 3), 
has led us to investigate the preparation and co-ordinating 
properties of the tetrafluoro analogue (F-diars (I1)). 


N y a EY N 
Ho ON “as(CH,), FCA ue As(CH,), 
if ¥ 
i) aD 


It was expected that the fluorination of the aromatic 
ring would lead to enhanced electron withdrawal and 
would therefore assist back bonding from the metal to the: 
arsenic but, at the same time, reduce the o donor capacity 


of the arsenic atoms. Some remarkable effects resulting 
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` from the introduction of the fluorine atoms have been 
observed and are summarized in this communication. 
1,2-bis(dimethylarsino)-3,4,5,6-tetrafluorobenzene was 
prepared by the following sequence of reactions 
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The most striking differences in behaviour are to be 
found in the complexes of the d ions, Ni(II), Pdi) and 
Pt(Il).. Whereas Ni(F-diars),1, is a brown diamagnetic 
solid that behaves as a uni-univalent electrolyte in nitro- 








Mg F MgBr (CH,), Asi F As(CHa)e 
in tetra- | $ 
hydrofuran ZN 
Br F Br 
F F F 
rA As(CHa)g Mg F As(CH,), (CH,),AsCl F As(CH 4)¢ 
yY se RAAN z 7% 
| A in tetra- | if 
g hydrofuran ESA va 
N Br F MgBr F NAs(CH,) 2 
F F F 
(ILL) GI) 


The Grignard reagent from tetrafluoro-o-dibromobenzene 
on treatment with dimethyliodoarsine gave high yields of 
the mono-arsine (III) and the Grignard reagent derived 
from this compound reacted readily with dimethylchloro- 
“arsine to give the required diarsine (II). 
Most of the physical properties of F-diarsine are similar 
to those of the original diarsine, but the + value of the 
-proton magnetic resonance is reduced from 8-8 in the 
diargine to 8-5 in the fluorinated derivative. This may be 
of some significance. , 
Like diarsine, F-diarsine is a versatile ligand forming 
many crystalline complexes with a wide range of central 
metal ions, and a selection of the complexes already 
characterized is given in Table 1. Although many of 
these are similar to the analogous diarsine complexes, 
some striking differences in behaviour are observed. 
The fluoro ligand reacts with Mo(CO), to give, first, 
Mo(F-diars)(CO), and then, under more drastic condi- 
tions, Mo(F-diars),(CO),. In both cases, however, much 
milder conditions are required than in the analogous 
reactions with diarsinet. The infra-red spectra of these 
species indicate that the C—O stretching frequencies are 
increased by about 10 em~ compared with the diarsine 
analogues indicating some molybdenum-arsenic double 
bonding. Oxidation of these complexes with halogens 
yields the seven-co-ordinate molybdenum (IT) species in 
the first instance. 


Table i. SOME COMPLEXES OF TETRAFLUORO-0-PHENYLENEDisDIMETHYL- 


ARSINE THAT HAVE BEEN CHARACTERIZED 


it at 
: [FeCF-diars),C1.]* [Mo(F-diars).(CO).T]* 


dè 
{FeQ’-diars),Cl.}* 
ae 
eLearn {Mo(?-diars)(CO),] 
‘Cock -diars),Cl,]* {Mo(¥-diars).(CO),] 
i d 
:  [CoF-diars) Ci] 
aa ene at 
LU onli a+ [Pd(F-diars)Cl,} [Pt(F-diars)Cl,] 
oP NIGH -diars),.ChH* Pd(F-diars}Br.} {Pt(F-diars),1.} 
NICH -diars)s y Pd(F-diars)I,] 
TNICR-diars).Cle] Pd(F-diars},Cl}* 
Pd ¥-diars),1]* 


< UNI(P-diars), Bri} 
ae ; d 19 
| [NICP-diars)(CO),] 


"Phe behaviour of F-diarsine towards iron closely 
_ resembles that of diarsine and the octahedral dichlorobis- 
=> (ditertiaryarsine) complexes have been isolated for Fe(II), 

Fe(III) and Fe(1V). Bivalent cobalt forms derivatives of 
the type [Co(F-diars),Cl,], but these are exceedingly 
readily oxidized to the green tervalent form [Co(F-diars),- 
Cl.j*. The ease of oxidation of the Co(II) and Fe(II) 
complexes is much enhanced when the fluoro ligand is 
co-ordinated. 


methane, like the diarsine derivative’, the dichloro and 
dibromo derivatives are green paramagnetic solids which 
dissolve in benzene without dissociation to give green 
solutions. In nitromethane, however, the dilute solutions: 
are pink and conductivity and  spectrophotometric 
measurements indicate that the dissociation is only 
partial, that is 


(Ni(F-diars),Cl,]® = 
pale-green, paramagnetic 


[Ni(F-diars),Cl]* + Cl- - 
deep-brown, diamagnetic 


Addition of one equivalent of chloride to a solution of 
orange-brown diamagnetic perchlorate [Ni(F-diars),]- 
(ClO,), gave the monochloro cation, which could be 
isolated as the perchlorate salt, and excess chloride led to 
the precipitation of the green dichloro non-electrolyte. 

Although Chatt and Mann*® were able to prepare 
[Pd(diars)Cl,], the bis(diarsine) complexes [M (diars) Xs] 
are the usual products of the reaction between diarsine 
and the divalent halides of palladium and platinum. 
With F-diarsine, however, [Pd(F-diars)X,] and [Pt- 
(F-diars)X,] can be isolated without difficulty, although 
excess ligand will yield the usual series of bis(ditertiary- 
arsine) complexes. 

F nuclear magnetic resonances have been measured 
for the more soluble of the diamagnetic complexes. The 
chemical shifts of both pairs of equivalent nuclei (3,6 and 
4,5) are all negative (to low field) compared with the free 
ligand. Until more data are obtained, the results tenta- 
tively indicate a delocalization connexion of the electrons 
from the metal with the fluorinated aromatic ring. 

These results indicate that, in certain cases, the effect 
of the fluorine in the aromatic ring on the co-ordinating ™ 
properties of the arsenic atoms is much more marked | 
than might have been expected. 

This work was supported in part by the U.S. Office of 
Naval Research. N. V. D. acknowledges the award of a 
NATO postdoctoral fellowship. We thank Dr. R. Bramley 
for assistance and advice in interpreting the nuclear 
magnetic resonance data. 
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Raman Spectra of a Series of Square Planar 
Anions 


OvER the past 10 years a number of reports have appeared 
in the literature on the infra-red spectra of square planar 
co-ordination compounds. Interest has been demon- 
strated ın the exact whereabouts, in terms of frequency, 
of absorption bands associated primarily with stretching 
vibrations of metal—halogen bonds. A number of attempts 
have been made to estimate force constants for the metal 
ligand bonds in sumple cases. A careful consideration of 
species with formula [MX,]"- and trans [MX,Y,], 
where M is a metal such as platinum(IZ), palladium(I1) or 
gold(II1), X is a halogen and Y is a donor system such as 
ammonia, a thio-ether or a phosphine, can provide a 
large amount of information particularly if the symmetric 
stretching modes of vibration are identified. Unfortun- 
ately, these modes are inactive in infra-red spectroscopy, 
and although they can be analysed by Raman spectro- 
scopy, it is extremely difficult to obtain scattermg data on 
deeply coloured meterials such as these. The only 
reliable Raman spectra of compounds of this type is that 
due to Stammreich and Forneris?, who report three lines 
for each of the three anions, PtCl,- ~, AuCl,- and AuBr,- 
using aqueous solutions and exciting the spectra with 
yellow, red or near-infra-red sources, as appropriate. An 
attempt which I made to obtain a spectrum from a solu- 
tion of potassium tetrabromoplatinite by exciting the 
spectrum with an electrodeless rubidium arc was unsatis- 
factory; two indistinct features were observed near 
Av = 190 and 120 em". 

Recently, there has been considerable activity in the 
application of lasers to Raman spectroscopy and two 
commercial instruments using helium-—neon sources have 
been announced. One of these, by the Perkin—Elmer 
Corporation, uses a fairly conventional method of excita- 
tion in that the sample is illuminated and viewed at right 
angles. In the second instrument, the Cary 81 laser 
Raman spectrometer of the Appled Physics Corporation, 
the sample is placed against the plane surface of a hemi- 
spherical lens and illuminated normally by the laser. 
Reflected and scattered light is collected by the lens 
and projected into the pre-slit optics of the mstrument. 
It was this latter instrument which was used in these 
experiments. The application of the Cary 81 laser instru- 
ment to the problem of obtaining spectra from small 
liquid samples has been described at a number of spectro- 
scopic conferences, but it now seems that 1b is possible to 
obtain good Raman spectra from almost opaque solids. 
Compounds of the type KMX, (where M 1s gold(ITt), 
palladium(IZ) or platinum(II), and X is Cl, Br or I) were 
examined, and, with the exception of potassium tetra- 
1odopalladite, all gave excellent spectra, even though 
many of them are jet black or dark brown powders. The 
Raman bands observed are given in Table 1. 


Table 1 
Complex anion 7d Ps 4 Oia ; 
Au Cir om sth (eee) RES 2-5 
Au Br (soln. 212 196 02 22 
Au Bre 214 196 102 22 
Au Ir 148 119 75 07 
Pt Ci- (soln.) (835) (804) (164) 23 
Pt Ch- 333 306 196 23 
Pt Bro- 205 190 125 20 
Pt Iic- 140 125 ~ 056 
Pd Clo- 310 275 198 19 
Pd Bro- 187 167 125 16 


All frequency values are here expressed ın wavenumbers and were de- 
termined on pelleted solid samples, Solution results ore bracketed and are 
due to Stammreich and Forneris (ref 1) 


Two bands were observed with all these compounds 
and with most three. For the compounds where Stamm- 
reich and Forneris have reported solution spectra, the 
agreement seems excellent, except with potassium tetra- 
chloroplatinite. A D, anion of this type will give three 
bands in the infra-red region as a result of out-of-plane 
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bending A,s(vs), of plane stretching Hy(v,.), and of asym- 
metric bending H,(v,) modes. It will also give three 
bands in the Raman spectrum owing to A fully sym- 
metric M-X stretching (v,), to asymmetrie stretching 
Byl(v,), and to symmetric X-M-X bending Biy(v4) 
modes. One mode, vs, a Byy class out-of-plane twisting, 
is non-active. The mode numbering is that suggested 
by Nakamoto? with the exceptions that v, is of the Ba 
class and v, is from By. Of the three Raman active 
fundamentals v, and v, will be of higher frequency than 
vs. Tho A class vibration will, of course, be polarized 
and Stammreich and Forneris indeed observed that the 
highest frequency band was in fact polarized in their 
spectra of the AuCl ~ and ICl,- ions. They duly assigned 
this band to the symmetric stretching mode. Unfortun- 
ately, polarization measurements on the solid complexes 
gave no m results except with potassium tetra- 
1odo aurate when the highest frequency line was, in fact, 
strongly polarized. It is worth noting that on this 
occasion the sample was very finely divided and thus 
random orientation of the ions in the laser beam may 
have been achieved. It has been accepted, therefore, 
that the highest frequency line always results from the 
Aj mode, that v, follows it at lower frequency, and that 
v, 18 closest to the exciting line. 

An estimate of the M-X stretching force constant can. 
be obtained by calculating the value of the parameter 
(47°vaig"Mz), where yag is the frequency of the A, mode 
and Mz the atomic mass of the halogen. This, of course, 
is not in any way a useful force constant because it 
ignores halogen—halogen and other forms of non-bonded 
interaction. It is of interest to note, however, that as 
X increases ın atomic weight, the value falls and that when. 
M is varied the values decrease in the order gold(III) > 
platinum(II) > palladium(IZ). This order is paralleled 
by chemical reactivity which increases from gold to 
palladium and also with increasing atomic weight of the 
halogen atom. This trend has been previously noted in 
connexion with ammuine complexes of platinum and palla- 
dium}. 

A study of the far infra-red spectra of these complexes 
18 being completed by Dr. Chve Perry and his colleagues 
at the Massachusetts Institute of Technology and it is 
intended in a later publication to present more meaningful 
values of the force constants using all the available data. 

I thank Prof. Ellis R. Lippincott of the University of 
Maryland for allowing me to work in his laboratory, 
NATO for financial support, and the Applied Physics 
Corporation for the extensive use of their prototype 
Raman spectrometer. 
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High Intensity Triboluminescence in 
Europium Tetrakis (Dibenzoylmethide)- 
triethylammonium 


THe emission of light which accompanies mechanical 
deformation or fracture of certain crystalline compounds 
is designated as triboluminescence. Stransla et al.* 
investigated some 1,700 organic and inorganic substances 
and found 356 of them to exhibit tribolummescence. 
Special impact mechanisms and complete darkness are 
required to observe the triboluminescent emission from 
all previously reported triboluminescent materials. In 
addition, a number of these compounds showed detectable 
triboluminescence only in a small range of environmental 
gas pressure and low temperature. Triboluminescence 
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-emission from europium, tetralkas (dibenzoylmethide)- 
triethylammonium (EuD,TEA) is clearly visible in broad 
daylight at room temperature when crystals are broken 
with a glass rod or spatula in a test-tube. Apparently 
this property 1s common to most europium tetrakis 
(dibenzoylmethide) complexes which contain a variety of 
organic cations derived from aliphatic amines. The 
relative intensity of triboluminescent emission, however, 
varies significantly with the nature of the substituted 
ammonium ion, the method of preparation, average size 
of crystals, and reorystallization solvent. 

A large number of chelates have been investigated for 
triboluminescence properties using different types of 
mechanical impact in various environmental conditions. 

The triboluminescence emission has the characteristic 
spectral distribution of the chelated Eu** ion (ref. 3). This 
has been verified by passing triboluminescence emission 
through a monochromator and detected with a standard 
photomultiplier-amphfier-oscilloscope arrangement. Tri- 
boluminescence was detected only at wavelengths charac- 
teristic of europium (III) fluorescence. The decay time 
of the triboluminescence emission for the 5D,->7F, lines 
was found to be about 0-5 msec—the same as that obtained 
with short duration xenon flash lamp excitation®-*. 

The most efficient triboluminescence europium chelates 
which we found were the tetrakis(dibenzoylmethides) 
prepared with triethylamine (EuD,TEA) and dimethyl- 
benzylamine (EuD,DMBA). These two complexes exhibit 
characteristic red-orange Eu?+ emission when crystals 
are broken in almost any circumstances. 

Triboluminescence in EuD,TEA results from excitation 
of the 8-ketoenolate ligand followed by intramolecular 
energy transfer to the complexed europiumion. This was 
demonstrated by the appearance of characteristic green 
phosphorescence flashes on lowering a closed glass tube 
containing GdD,TEA crystals into liquid nitrogen (crystal 
fracture due to thermal shock). The emitting excited 
state is the lowest triplet of the-ligand, gadolinium (MI), 
which has no resonance energy levels below the organic 
triplet. 

: Only the dibenzoylmethide chelates of europium 
exhibit strong triboluminescence. Analogous chelates 
prepared from theonyltrifluoroacetone, benzoyltrifluoro- 
acetone, benzoylacetone, and other B-diketone ligands did 
not show triboluminescence either at ambient temperature 
or at 77° K. 

The observed triboluminescence does not arise from 
electric discharges between fractured crystalline surfaces 
as shown by: (a) no dependence on the surrounding gas 
nature or pressure; (b) triboluminescent emission observed 
in high vacuum; (c) triboluminescence under non-solvent 
liquids such as 2-methylpentane. 

Green triboluminescent emission characteristic of 
intra-4f terbium (III) fluorescence was observed on 
breaking crystals of TbD, TEA in the darkroom at ambient 
and low temperatures. The intensity of this emission, 
however, was considerably weaker than that of EuD, TEA 
and comparable with triboluminescence from the hexa- 
antipyrenetriiodide complex of terbium. 


Table 1, TRIBOLUMINESOMNOR IN EUROPIUM DIBENSOYLMETHIDE CHMLATES 
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—, No trboluminescence; +, weak; ++, medium; +++, strong. ` 
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The organic cation seems to play a significant part in 
the overall process affecting strongly the triboluminescent 
efficiency (see Table 1). EuD, chelates prepared with 
tertiary amines showed strong triboluminescence at room 
or lower temperatures, whereas all those containing a 
primary or secondary ammonium cation exhibited either 
no or weak triboluminescence at low temperature only. 

Experiments were carried out using a constant load 
impact system and identical amounts of samples of 
approximately same granularity. Typically, the tribolu- 
minescent output from EuD,TEA/g was found to be 100- 
500 times more intense than that of terbium hexaanti- 
pyrene triiodide, the most efficient triboluminescent 
material previously known. 

The primary process of triboluminescent excitation is 
poorly understood and the mechanisms tentatively 
proposed do not successfully explain the experimental 
findings. Apparently, different primary processes are 
responsible for electronic excitation leading to tribolum- 
inescence in various crystals depending on the type of 
bonding in the crystal, crystalline structure, and experi- 
mental conditions. No satisfactory reason can be offered 
for the absence of tribolummescent emission in keto- 
enolates other than dibenzoylmethides. 

Preparation of HuD TEA. A solution of 0-517 g 
(2 mmoles) of anhydrous europium chloride in 10 ml. 
ethyl alcohol was added to a hot solution of 1-794 g 
(8 mmoles) of dibenzoylmethane and 0-81 g (8 mmoles) 
of triethylamine in 60 ml. of absolute ethyl alcohol. The 
mixture was allowed to cool slowly at room temperature 
overnight. The crystals which formed were collected by 
filtration under suction and repeatedly washed with 
ethanol until no chloride ion was detected with silver 
nitrate in the filtrate. The crystalline product was air 
or vacuum dried. 
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Photodecomposition of Piperonal 


Wh are at present investigatmg ın our laboratory the 
effects of “weathering” (ultra-violet, thermal, humidity) 
on 3,4-methylenedioxy benzene derivatives such as 
piperonal, piperonyl butoxide and piperonyl sulphoxide, 
which are widely used as pesticides, for example, as 
allethrin?? and carbamate? synergists, flea? and mosquito 
repellenta‘*, and fungicides’-*. At present, information 
is scarce about their stability under conditions of 
exposure. 

We began by investigating the effects of ultra-violet 
light on the stability of piperonal. Piperonal (m.p. 35-37° 
C, obtained from Matheson, Coleman, Bell, East Ruther- 
ford, New Jersey) waa irradiated for periods of 1-24 h 
when dry in open dishes in an environmental “weathering” 
chamber” with a General Electric sunlamp (275 W, peak 
absorbance 2967 A) at a distance of 22:54 om. The photo- 
chemical activating light level intensity at this distance 
was 8-5 x 10* ergs/am*/sec (850 MW Jom?) recorded with 
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Table 1. INFLUBNOE OF DURATION OF HxPosURH ON DEGRADATION OF 
IRRADIATED PIPHROWAL 
Gas chromatogram area (per cent) x 
on- 
Proto- Proto- volatiles 
duration Un- Pip Piparony: catechu- catechuic (per 
{b} known eronal he acu aldehyde acid cent)* 
0 - 100 0 - - - 0 
1 - 98 6 09 04 - 0 
2 = 90 6 8-0 11 02 = 
8 06 88 6 88 16 %7 - 
4 18 81-0 16 2 18 - - 
5 08 740 16 6 82 5-4 0 
8 14 66 8 198 4-4 78 0 
165 - 88-4 20-9 6-9 8-9 44 
24 - 100 - - - 43 
(in foul) 


Gas chromatographic analysis was carried out on an F and M Model 
1609 flame fonization instrament. Column: 4 per cent Q7-1 on 80/100 mesh 
HMD 3, Chromosorb W’, 6 ft. x 1/4 ın. glass coil. Column temperature: 

*Estimation using dihydrosafrole as an internal standard 


a Kettering ‘YSI Model 65’ radiometer with a fused 
quartz window probe (250-3,300 mu obtained from 
Yellow Springs Instrument Co., Ino., Yellow Springs, 
Ohio). The temperature of exposure was 53° C. 

Table 1 shows the composition of samples of irradiated 
piperonal with the length of exposure. Fig. 1 shows the 
rates of formation of the various products. 

Fig. 2 is a chromatogram which shows the ease of 
separation of the products which was obtained by 
treating the reaction mixture with hexamethyldisilazane 
in the presence of pyridine and trimethylchlorosilane™ 
(protocatechualdehyde and protocatechuic acid were 
clearly resolved as their respective silyl derivatives). 
Fig. 3 shows the suggested pathway of the photodecom- 
position of piperonal. In addition to piperonylic acid (II) 
formed by the oxidation of piperonal (I), protocatechu- 
aldehyde (ITI) and protocatechuic acid (IV) were also 
identified and confirmed by paper chromatography and 
infra-red analysis. For example, isolated and authentic 
protocatechualdehyde both had identical Rr values in 
various solvent systems such as chloroform~acetic acid— 
water (2: 1:1) (v/v/v, bottom layer)! and n-butanol- 
acetic acid—water (6:1: 2, v/v/v)", and reacted similarly 
toward spray reagents such as 1 per cent aqueous ferric 
chloride~potassium ferricyanide”, and 1 per cent aqueous 
p-phenylenediamme™. In an analogous manner, both 
isolated and authentic samples of protocatechuio acid 
were found to behave identically on paper chromato 
using n-butanol-ethanol-2 per cent ammonia (160 : 40 : 90, 
v/v/v), the spots being detected by fluorescence under 
ultra-violet light. 

A dark brown product, presumably polymeric, was 
isolated from the reaction mixture. This could result 
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Fig. 1. Composition of pogon exposen to ultra-violet light with the 
duration of a satin . Prperonal, @, piperonylic aad; (0, 3,4-di- 
bydroxybenzaldehyde; ¢, 3,4-dihydroxybenzoic acid; W, unkn 


own. 
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Fig. 2. Degradation of piperonal. Exposure to ultra-violet light for 6 b 
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Fig. 8. 


from the polymerization of protocatechuic acid (IV) and 
unresolved related compounds, such as polyphenolic and 
polyhydroxy benzoquinone type intermediates. 

In order to elaborate the possible thermal effects on 
the stability of piperonal, experiments were undertaken 
in which piperonal was irradiated for up to 6 h at tem- 
peratures ranging from ambient (20° C) to 53° C. Prperonal 
was also maintained for 6 h (without exposure to ultra- 
violet light) at temperatures ranging from 20° to 53° C 
and the products compared. It was shown that exposure 
of piperonal to ultra-violet light at a temperature of at 
least 33° C (m.p. piperonal 35-37°) brought about 
degradation and that this degradation is helped by 
increase in temperature. Heat alone, however, does not 
cause degradation. Protocatechualdehyde has previously 
been obtained from piperonal by (a) reaction with hydro- 
chloric acid at 150-200° C (ref. 16), (b) heating with 
hydrochloric acid at 200° © in an autoclave’’, and (c) 
action of tetra-acid chlorides in sunlight**. 

The identification of protocatechualdehyde and proto- 
catechuic acid as two of the degradation products of the 
irradiation of piperonal is important in the light of the 
recent work by Hennessy’. Hennessy postulates that 
oxidative metabolism of methylenedioxybenzenes can 
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explain the inhibition of the metabolism of carbamates 
and other pesticides by this class of synergistic agents. 
Catechol derivatives, as possible products of this process, 
were also thought to be able to compete with the pesticide 
at some limiting stage of metabolism. 

This study was supported by a research contract with 
the National Cancer Institute, National Institutes of 
Health, U.S. Public Health Service. 
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Area Changes of Electrodeposited Platinum 
Black 


Ix electrochemical kinetic investigations, smooth metal 
electrodes are used whenever possible because they have a 
well defined area which does not vary with time!. There 
are occasions, however, when it is desirable to uso elect- 
rodes consisting of finely divided metals such as platinum 
black, for example, in the investigation of the electro- 
oxidation of hydrocarbons**. Here the electrode area is 
not so well defined, and there 1s some question as to 
whether it varies with tıme. This is suggested by the fact 
that gas phase investigations of hydrocarbon adsorption‘ 
show that platinum black sinters at temperatures as 
low as 100° C, particularly in a reducmg atmosphere. 
In the work reported hore, an investigation was carried 
out to investigate the possible sintering, and consequent 
area, changes, which occurs at electrodeposited platinum 
black supported on platinum wires while immersed in 
5 M orthophosphoric acid at 25° C and 80° C 

Tho electrodes used in this work consisted of platimum 
wires 1 cm long and 0-5 mm in diameter. One set of 
electrodes was coated with platinum black by electro- 
deposition from 2-5 per cent chloroplatinic acid solution 
containing 0:003 per cent lead acetate. A current density 
of 10 m.amp/om? was used, and the electrodes were plated 
for 60 min, during which time they were alternately 
anodized and cathodized for intervals of 1-5 min using a 
timer and reversal switch. A second set of electrodes was 
prepared in a similar manner except that the chloro- 
platinic acid solutions contained different amounts of 
cadmium sulphate. This resulted in electrodeposits 
with different cadmium/platinum atomic ratios. The cell 
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used for the preparation of the electrodes has been 
described elsewhere’. 

The area of the deposits was calculated from the 
charge required to form a “monolayer’’ of oxygen atoms 
on the electrode surface. This charge was determined 
from a triangular voltage sweep measurement’, using 
a sweep rate of 20 mV/sec’. The area under the anodic 
peak at 1:08 V against normal hydrogen electrode (‘‘O”’ 
chemisorption peak) in the traces was measured by tracing 
them on to vellum with a uniform weight and then weighing 
the appropriate cuttings. In calculating the area of the 
electrodes, it was assumed that there is one oxygen atom 
per surface platinum atom’, and that there are 1-6 x 1015 
sites/om* (ref. 9). Determinations of the area of the 
platmum black electrodeposits containing lead and 
cadmium were made at 25° C and 80° C, respectively, in 
the presence of purified nitrogen. The cell used for the 
electrochemical measurements was of conventional design, 
and the procedures involved ın the cleaning and puri- 
fication of the solutions have already been described’. 





Time (days) 


Area changes of lead-contamning electrodeposited platinum black 
electrodes immersed in 6 M orthophosphoric acid. The electrodes were 

12 days, and at 80° C for 7 h/day on 
13 of the remaming 22 days. Data are shown for three {dentically 
prepared electrodes (O, A and 0). 


Fig. 1. 


The results for the platinum black electrodeposits 
containing lead are shown ın Fig. 1 where the ratio, area 
after time t/initial area, expressed as a percentage, is 
plotted against time. Data for three identically prepared 
electrodes are shown. For the first 12 days the electrodes 
were maintained at 25° C. During this period there was 
a small loss in area which amountod to about 5-10 per 
cent. Then, in the next 22-day period, the electrodes 
were held at 80° C for 7 h/day on thirteen of the days. 
By the twentieth day of the test, the area had decreased 
by 50 per cent, and at the end of the thirty-fourth day 
it had decreased by about 60 per cent. 
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Fig 2. A comparison of the area changes of electrodepomted platmum 

black electrodes with different Cd/Pt atomic ratios. The electrodes were 

immersed in 5 M orthophos: osphorle acid for 15 days tinig which period 

they were mamtamed at O for about 7 h and at 25° © for the re- 
mainder of the tıme. 
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The resulta for the platinum black electrodeposits 
contaming oadmium are shown in Fig. 2. The ratio, 
area after 15 days/initial area, expressed as a percentage, 
has been plotted against the cadmium/platinum atomic 
ratio. During the 16-day period, the electrodes were 
maintained at 80° C for 7 h and at 25° C for the remainder 
of the time. The decrease in area was about 20-30 per 
cent for deposits having atomic ratios of 0-0025, 0-0068 
and 0-0508, and about 30-50 per cent for deposits having 
atomic ratios of 0-0297, 0-034 and 0-0462. It is interesting 
to note that the deposit which did not contain any additive 
lost more area, namely, 55 per cent, than the lead- or 
cadmium-containing deposits in the same period. These 
data clearly show the effect of time, temperature and 
electrode composition on the sintering properties of 
platinum black electrodeposits while immersed in an 
aqueous solution. Apparently, the recrystallization of 
unsupported platinum black occurs slowly at ambient 
temperatures, and is enhanced at elevated temperatures. 
Similar observations were made by McKee‘ and Adlhart 
and Hever’. In sintering experiments in a hydrogen 
atmosphere, these workers showed that unsupported 
platinum black loses about 50 per cent of 1ts surface area 
in 30 min at 150° C, and in 2 h at 120° C, respectively. 
Such area changes could result in a drastic reduction of 
the activity of fuel cell electrodes. 
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Crystal Form of Precipitated Calcium 
Carbonate as influenced by Adsorbed 
Magnesium lons 


ALTHOUGH calcite is the most stable form of calcrum 
carbonate under Earth-surface conditions’, aragonite is the 
form precipitated from aqueous solutions under a wide 
range of conditions. As was observed by Wray and Daniels’, 
for example, aragonite is precipitated at temperatures 
higher than 40° C, whereas at lower temperatures only 
calcite is formed. In the presence of Mg++ ions, however, 
for example in sea water, the formation of aragonite has 
been observed at temperatures lower than 40° C (refs. 3-8). 

Cloud’ suggests that aragonite is always formed from 
a solution that is supersaturated with respect to both 
calcite and aragonite, calcite being formed only between 
the saturation levels of the two minerals. The results 
obtained by Wray and Daniels’, however, are at variance 
with this suggestion, since the latter wmters observed no 
precipitation of aragonite at temperatures lower than 
40° C, even from very concentrated solutions. 

The observation that aragonite and not calcite is formed 
from aqueous solutions that contain Mgt+ ions can be 
explained if it is assumed that the growth of calcite nuclei 
is whibited by adsorbed Mg++ ions. In order to investigate 
this hypothesis, we have examined the condition of the 
surfaces of these two minerals by measuring streaming 
potentials in both the presence and the absence of Mg++ 
ions in solution. 
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The procedure for measuring streaming potentials was 
as follows. Porous tablets were made by compressing 
wetted calcite or aragonite powder. Aqueous solutions of 
calcium chloride, magnesium chloride or sodium chloride 
were pressed through each of these tablets at 25° C and 
the streaming potentials were measured between two 
silver/silver chloride electrodes, one at each side of the 
tablet. Schematically, the electrokinetic cell can be 
represented as follows: 

Ag | ooo Solution 
low pressure 


Solution CaCO, 


ae Ag 
high pressure} tablet | 





The values of the streaming potential are reported as 
č potentials, which were calculated from measured 
streaming potentials by means of the Helmholtz—von 
Smoluchowski equation 


4 Ky E, 
g = 


€ AP 


where 7 18 the viscosity of water at 25° C, g 18 the dielectric 
constant of water at 25° C, Ky is the conductivity of the 
solution pressed through the tablet, AP is the pressure 
difference across the tablet, Es 1s the measured streaming 
potential. 

If the electrode potentials at the silver/silver chloride 
electrodes are to be well defined, Cl- ions must be present 
in solution. Sodium chloride was therefore added to the 
solutions at the lowest Catt ion concentrations used 
(about 10-5 moles Cat+/kg water). In fact, these were 
10-+* M sodium chloride solutions saturated with calcite 
or aragonite, respectively. At 10-* M calcium chloride the 
presence or absence of 10-* M sodium chloride in the 
solution had no significant influence on the ¢ potential. 
Sodium chloride was not added to any of the other 
solutions. 

The results of the measurements are given in Fig. 1. 
From this it 1s clear that for both minerals the ¢ potential 
increases with increasing Cat+ ion concentration. This 
increase can only be due to the specific adsorption of the 
Ca*+ ion on the mineral surfaces. (If no speerfic adsorp- 
tion occurs and the electrolyte concentration 1s increased, 
the compression of the electrical double layer causes a 
decrease in the ¢ potential.) It is also clear from Fig. la 
that Catt and Mg*+ ions influence the € potential of 
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ht 1. a, Relation between ¢ potential and concentration of bivalent 
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calcite to the same extent. On the other hand, Fig. 1b 
shows that Mg++ ions influence the ¢ potential of aragonite 
considerably less than Ca++ ions. Thus, Mgt is adsorbed 
to a much lesser extent than Ca*+ on the aragonite 
surface, while both ions are adsorbed on the calcite 
surface to a similar extent. 

In view of these results and the observation that 
aragonite precipitates from solutions containing Mgt+ 
and supersaturated with respect to both calcite and 
aragonite, it seams that adsorbed Mg++ slows down or 
probably even stops the growth of caloite nuclei. 

Our findings may well explain the observations of 
Friedman’? that recrystallization of aragonite and mag- 
nesium calcite to pure calcite is much slower in a marine 
environment than in a fresh water environment. They 
also support the suggestion recently made by Berner” 
thet the diagenetic transformation of carbonate minerals 
in a marine environment is inhibited by the interaction 
of dissolved Mg++ ions with the surfaces of these minerals. 
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Chemical Nomenclature 


WoLFENDEN! emphasizes the trivial basis of the nomen- 
clature of the elements. In a systematic system the 
elements need only be named by their atomic numbers. 
Numerical subscripts could be replaced by letters, for 
example, water would become 1)8. 
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PHYSICS 


Einstein A Coefficient for the A Doublet 
Transitions of the Ground State of OH 


For some time now there has been some uncertainty in 
the literature of the correct value for the Einstem A 
coefficients for the ground state A doublet transitions of 
OH. Barrett! caloulated A = 2-66 x 10- seo-! for 
the 1,667 Mc/s line using a matrix element |ps|* taken 
from Dousmanis, Sanders and Townes*. This element is 
incorrect both because the form of its dependence on the 
rotational quantum number J was mecorrectly given as 
{((J+1)(27+1)]-4, and also because the element was 
incorrectly defined as (1). The appropriate definition is 
given below. The correct J-dependence, which is 
[J(J +1), was given by Meyer’, in connexion with the 
Stark-effect determination of the OH dipole moment, 
u; because Meyer used an electric field directed so 
that only transitions of type AM ;=0 occurred between 
the magnetic sub-levels characterized by quantum number 
My, the problem of combming these elements with those 
for which AM ;= +1 to form an overall matrix element 
u Was not encountered. To derive the overall matrix 
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element between the A doublet levels of the ground state 
of OH, Goss and Weaver‘ combined the correct J-factor 
of Meyer with standard relative intensity formulae for 
hyperfine transitions as given by Townes and Schawlow* 
to derive A = 0-9640 x 10-11 sec for the 1,667 Me/s line. 
They also used the most recent values for the OH dipole 
moment and the fine structure interaction constant, the 
calculation making use of the theory for intermediate 
coupling between Hunds’s cases (a) and (b), as given by 
Dousmanis, Sanders and Townes’. 

I believe that the results of Goss and Weaver‘ are too 
small by a factor of eight, because the quantity |p41y|? 
which they used is defined (p. 23, ref. 5) as 


eae a {leI MoS’ MI)" [uy TMS’) | + 
J 
JsJ MJ M} (1) 


Because only one of the magnetic quantum numbers has 
been summed, this represents an average of the square 
of the matrix element for a transition from the lower state 
t to the upper state j, where ın the present context these 
states are magnetic sub-levels. Because the net transition 
consists of the totality of Zeeman transitions between 
all such sub-levels making up each A doublet level, I 
believe the appropriate quantity is instead 


lpAPr= E E E E |<QJIM;M|È O JIM,’ Mr> |? 
Ms My Mr Mi (2) 


where the primes refer to final states, and I consider 
first the J,I,M ,My, representation of the electric dipole 
operator P. Q represents all quantum numbers not 
involved in the transition. 

Meyer? has given the matrix elements for AM ,=0, 
derived by using the fact that A doublet wave functions 
can be constructed from linear combinations of sym- 
metric top wave functions, as shown by Wang*. I 
have derived in the same way the AM;= +1 elements. 
The results for the J->J transition in Hunds’s case (a) 
are 

OM 
+ -JIM;Mr> = = By 

<Q JIMI M| P| Q-JIM;Mr> HIFI) 

< OtJIM Ms |PjQ-JIMs + IM > = 
_ po (JF MJ +Ms+1)) 


J(J +1) 


where Q=X-+A as usual, and Ot and Q- refer to the 
symmetry of the wave function. 

To carry out (2) I use equation (3) given by Condon 
and Shortley (p. 72, ref. 7), with j=J, m==My, «=Q, 


(3) 








; Ns uQ . : , 
and with <QJ7/PjQJ> ggi aac cates 
element notation. The result is 

om tar F 
laser neg+n [EE | (4) 


which with T= 1/2, J=3/2 for the ry, state of OH, is 
eight times larger than the |u|* used by Goss and Weaver‘. 
Thus 
= Séna’ eal _ yz. Higo 
Ay = She BT ti 17-06 x 10-1! sec 





is also eight times greater than the sum of the four hyper- 
fine transition A’s given by these authors. 

The calculation can be repeated in the F, Mr,I, J 
representation, in which the matrix elements are derved 
by a transformation of those given in equation (3), 
following a procedure given by Condon and Shortley 
(ref. 7, pp. 63 and 69). Moyer’ has given those for AMr=0 
and we add those for which AMr=+1. The following 
results may have future use outside the present study. 
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<O-FMplJ|P|OtFMrp + UJ> = Using 
tv ((F ¥ Mr)(F + Mr+1)) Ag, = Ofttvas* var? 
a = 3h OF +1 
; pices o -uN ] , 
2F(F +1) J(J +1) results in values for the hyperfine A’s which are eight times 


<Q-FMplIJ|P|QtFMrl J > = 
F(F41)-1(14+1)+d(J+1) 
Mr 2F(F +1) : ll 
<Q-FMplJ|P\O+F —1Mrl J > = 





real 


V(F}—Mp)V((P-14J) (F+It+1+J\I+14+J—F\F+I-J) 


2FV ((2F —1)(2F + 1)) 
; [ YQ ] 
JJI) 
<O-FMfIJ|P\OtP —1Mp+1lJ> =" 


t V((F¥Mr)(F=Mp—1)) . 
. pager J\(F+I+14J\(J+I4+1 el ea Sed) 
2F y ((2F—1)(2F+1)) 
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3 J(J +1) 

“<Q-FMpIJ|P|O*F +1MrIJ> =y ((F+1)}— Mr’). 

; VE OS eee) 
[ 2(F+1)V@F+l)(2F+3) 








[gn 
J(J +1), 
< Q-FMrIJ|P|QF+1Mr + UJ > = i : 
i 4 /((F+Me+1)(F+Mr+2)). 
: Ae E De INI—F+I(F +I + e 
2(F+1)y((2F+1)(2F+3)) 





When the squares of these matrix elements are summed 
over Mp,M }w there result the usual relative intensities for 
the four hyperfine transitions in *7,,, of OH. I define 
the hyperfine squared matrix element as 
F > 
luar = E {|< QtPMrplJ|P|Q-FMplJ > |? 
. Mrp=-F 


+] <Q+PMplJ|P|Q-FMp—UJ > |* 
+|<Q+FMpIJ|P|Q-FMr+ lJ > |} 


and carry out the sum using equation (3) given by Condon 
and Shortley (p. 72 of ref. 7). There results 
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FUT+1p 
[marl er- = 
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Eed 
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larger than those of Goss and Weaver. Alternatively, I 
also find in the F, Mr, I, J representation 


luat= = E E |<QUIFMp|P|Q’ IE’ Mr > | = 
P My FMF ii 

L(2F +1) war g went 

F J(J+1) J(J +1) 


for *13;,0f OH. The same result for |,|? in both this and 
the J, I, My, Mr representations is required by the 
principle of spectroscopic stability (p. 20, ref. 7). 

Using the value Q?/J(J +1)= 0-576 as derived from the 
results of Dousmanis ef al.? for mtermediate coupling, 
and p = 1:66 x 10-*4 cgs, I find: 


Axgy= 7712 x 10-42 
Ajsos= 7116 x 10-4 
Ajegia= 1-291 x 10-2 
Arr = 0-942 x 10-1 


An increase by a factor of eight in the A doublet 
transition probabilities would mean that the abundance 
of OH in the interstellar medium, which has been estim- 
ated solely by the A doublet microwave lne strengths, 
would be eight times smaller than at present believed. 
Goss and Spinrad’ failed to detect the optical transitions 
of OH in the source W75; the expected optical strength 
was based on abundances derived from the A doublet 
absorption line strengths, and is about thirty-two times 
stronger than their estimated limit of sensitivity. Besides 
the likelihood that the optical path length differed from 
that at radio frequencies, the negative result of the 
W75 observations arises in part from an OH abundance 
eight times less than previously believed. 
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Pre-breakdown Luminescence Pulses in 
Liquid Dielectrics 


SEVERAL papers have recently been published which deal 
with the luminescence effects of liquid dielectrics in high 
electrical fields!—. 

These effecte can only be observed when a substance such 
as anthracene is dissolved in the liquids to be tested, and 
when the observed luminescence spectrum is identical 
with the luminescence spectrum due to ultra-violet light. 
These experiments have led to the hypothesis that the 
liquids investigated contain free electrons with an energy 
of about 3 eV, even in electrical fields of the order of 500 
kV/om. The mean free path of the electrons in such 
circumstances would be a ‘few hundred A. Such an 
assumption seems improbable, and it was suggested that 
the electrons in a region of enhanced field near the 
electrodes are accelerated due to the presence of a 
space charge. The production of high space charge 
density undoubtedly takes time, and a series of investiga- 
tions of luminescence in pulsed electrical fields has been 
carried out, to achieve a growth of luminescence in time’. 
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Fig. 1. Pulse magmtudes mdicated on each curve refer to the pulse- 
height of luminescence. Gap, 67u. 


The results of these experiments suggest that the most 
probable explanation of the observed phenomena 18 that 
they are caused by the presence of dust particles in the 
hquid itself or on the electrodes. These charged particles 
oscillate in the high electrical field between the electrodes. 
When a charged particle of dust approaches the electrode, 
it causes a local increase of electrical field. This can 
produce a burst and accelerate electrons which then 
excite the anthracene to luminescence. 

In addition to these experiments, I have carried out 
an analysis of the amplitude of ight pulses in n-heptane 
with anthracene (0-5 gl.-1) as a function of the electrical 
field applied. 

The voltage pulse from a step function voltage generator 
was applied to a system of spherical brass electrodes 
15 mm in diameter ummersed in the hquid to be tested. 
The random light pulses which appeared after voltage was 
applied were registered using a photomultiplier placed 
near the electrodes. Tho amplitude of the pulsos was 
analysed. 

Fig. 1 shows results typical of a pulse-height analysis 
obtained for electrical fields of 450-650 kV/em. The 
curves show the number of pulses per second having a 
magnitude greater than a certain value (which is indicated 
on each curve) plotted against the applied stress. Because 
comparatively fow light pulses appeared randomly during 
the voltage pulse (duration of which was about 200 psec) 
the effects of 200 successive voltage pulses applied at 
intervals of 5 sec have been analysed. 

Fig. 1 shows that the number of hght pulses increases 
quickly simultaneously with the increase in the electrical 
field applied. The increase ıs particularly clear ın the 
case of small pulses, while the number of high pulscs 
changes slightly. 

The results obtained are similar to those published 
by Nosseir® for the amplitude distribution of current 
pulses in transformer oul. The measurements of Hug 
and Tropper’ for curront noise in liquid dielectrics also 
show similar dependencies. It might therefore be supposed 
that the effects observed using other methods probably 
are duo to the operation of the same factors. 

It seemed likely that with better purification of the 
liquid and the electrode surface, the pulse frequency of 
the light and curront would be greatly decreased. 

I have built a special closed distillation system with 
an electrofilter. After distillation the liquid flowed to 
the test cell through the clectrofilter. Observations of 
the gap under the microscope (magnification 140 x ) 
showed that such a filter is a very good trap for the dust 
in the tested liquid. 
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Measurements of luminescence using a liquid free o 
visible dust showed that at voltages up to 1-1 MV/ 
there were no light pulses in hexane with anthracene. 
Measurements of current after applying steady voltages» 
show that there were no fluctuations of current under 
such conditions at voltages up to 500 kV/cm. 

These results confirmed earlier suggestions’ about the 
role of dust in the hquid. Details of the experiment will 
be published elsewhere. 

I thank Prof. I. Adamezewski for advice and facilities. 
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Resistive Thin Films in Rectangular Waveguide 


A WIDELY used form of microwave attenuator consists 
of a length of rectangular waveguide, normally supporting 
the propagation of the H,, mode, and containing a dielec- 
tric vane which can bo moved across the guide with ita 
plane lying always parallel to the planes containmg tho 
narrow walls of the guide. A uniform resistive film is 
applied to one face of the vane, and negligible attenuation 
is obtained when this face lies close to a narrow wall. 
The attenuation increases as the vane is moved towards 
the centre of the waveguide!*. The behaviour of the 
device has been studied for some time in this laboratory. 

Measurements on experimental attenuators showed that 
the attenuation depended not only on the resistance of the 
film, but also on the nature of the dielectric support. 
There was evidence that thick dielectrics, or vanes of 
relatively high dielectric constant, tended to support the 
propagation of higher-order modes, and that these effects 
were also relatod to the film resistance. 

It was shown by means of probe measurements that the 
transverse distribution of electric field was significantly 
different from that to be expected of the H,, mode in 
the presence of a dielectric vane not carrying a reaistive 
film. Measurements of the guide wavelength in attenua- 
tors showed that this also depended both on the nature 
of the dielectric and on the film resistance. 

That there was no component of electric field normal 
to the vane was shown by measurements of the character- 
istics of attenuators before and after the introduction of 
networks of mode-filtermg wires passing through both the 
vane and the waveguide walls, while an examination of the 
burnout tracks in the resistive films of dehberately over- 
loaded attenuators showed that the component of the 
electric field in the plane of the film was orthogonal to 
the broad wall of the guide. 

In order that the resistive film should dissipate energy 
as observed, 1t 1s necessary that the Poynting vector 
representing the propagation of power along the guide 
must have a component directed normally to the plane 
of the film. This implicd the existence of a discontinuity 
in the longitudinal component of the magnetic field, the 
discontinuity vanishing in the limiting cages of zero and 
of infinite film resistance. The behaviour of the device 
might then be accounted for by the assumption that 
propagation occurred in a distorted mode of Hon type, 
the degree of distortion depending on the film resistance 
and vanishing when this was zero or infinite. Certam 
peculiarities of the attenuation characteristic might be 
caused by the excitation and propagation of modes of 
higher order. 
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The wave equations were therefore solved under appro- 
priate boundary conditions, and the transcendental 
functions obtained for the real and unreal parts of the 
propagation constant were found to reduce to the standard 
forms when the film resistance was zero or infinite’. 

A digital computer was programmed to obtain numerical 
solutions for the general case, and data were compiled 
for a range of wavelengths, of film resistances and of film 
positions for the first four modes of propagation. 

The data computed for the lowest mode were tested 
with the aid of a special attenuator containing two 
dielectric vanes such that the attenuation observed would 
be simply that due to a resistive film applied to one of 
them. Care was taken in the design of the experiment to 
avoid conditions known from earlier work to produce 
effects indicative of propagation in modes other than the 
dominant one. Measurements of attenuation were made 
at five wavelengths in the 10 cm band for numerous 
positions of the film from one side of the guide to the 
centre line, with four different values of film resistance. 

As illustrations of the results obtamed two curves are 
given here. In both Fig. 1 and Fig. 2, the vertical axes 
give the total attenuation, and the horizontal axes give 
the transverse position of the film as a fraction of the 
electrical width of the guide. Fig. 1 shows the attenuation 
obtained by changing the film resistance and film position 
at a constant wavelength. The heavy curves are for the 
measured attenuations, and the lightly drawn curves 
are for the computed attenuations after normalization 
at the centre line of the guide. The centre lne attenuation 
of the 100 Q per square film lay beyond the range of the 
measuring equipment’, and the normalzation constant 
was taken to be the same as for the other film resistances. 
Fig. 2 shows the effect at different frequencies of changing 
tho position of a film of constant resistance. Again, the 
heavy curves are measured results, and the two shown 
enclose also three others, not shown, for the remaming 
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Fig. 1. Total attenuation plotted agaist film position at constant 
wavelength, for various film reaistances. Heavy curves, ental, 
lgbt onr curves, theoretical, normalized at contre ory ‘waveguide, 8, distance 
film from narrow wallfelectrical width of waveguide, 4,— Free-space 
wavelength: a — electrical width of waveguide. 
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Fig. 2 Total attenuation plotted against film position at constant 

film resistance, for various wavelengths Heavy curves, experimental, 

light c urves, theoretical , normalized at centre OF Waveg ide. Notation 

as for] Hig 1. Expenmental results for a/4 = 0-64, 0 70 and 0:77 omitted; 
ese are enclosed by the curves for ajd=0 60 and 0 89. 


frequencies. The lightly drawn curves are those computed 
for all five frequencies, again after normalization at tho 
centre line. 

Although the general behaviour of the measured 
characteristics is m good agreement with theoretical 
computation, the measurements included a rather large 
source of error. This arose from the need to taper the ends 
of the dielectric vanes in order to reduce the mismatches 
between the attenuating section and the input and output 
waveguides. The attenuation of the tapered parts of the 
resistive film was measured and found to be an appreciable 
fraction of the total attenuation, and it did not change 
with film position in the same manner as the attenuation 
of the central part of the vane which more closely satisfied 
the boundary conditions of the theory. 

Moreover, the case discussed here refers only to an 
unsupported resistive film, and is of limited practical 
importance. The theoretical analysis has therefore been 
extended to include the effects of the dielectric, and further 
computations are being made. Measuring equipment has 
been constructed and tested with which the longitudinal 
and transverse distributions of the electric field in both 
phase and amplitude can be measured, and the measure- 
ments will be compared with the calculated distributions. 
This will much reduce the errors caused by end-effects, 
and it may prove possible to elucidate the behaviour of 
the higher order modes. 


D. A. J. WALLIKER 


Decca Radar, Ltd., 

Walton-on-Thames, 

Surrey. 

x Montgomery, O. G. (ed.), Technique of Microwave Measurements (MoGraw- 
, 1947), 

* Walliker, D. A. J., Proc. Inst. Eled. Eng., 109 B, Suppl. 23,791 (1962). 


3 Southworth, G. O , Principles and Applications of Waveguide Transmission 
(Van Nostrand, 1950), 


188 
PHYSIOLOGY 


Somatosensory Reports from Electrical 
Stimulation of the Brain during Therapeutic 
Surgery 
Tx history of electrical stimulation of the human brain 
incidental to its use for therapeutic purposes extends back 
almost a century?. The recent exploration of the discovery 
that stimulation of the brain can elicit verbal descriptions 
of sensations was ushered in by Foerster’ and also by the 
extensive investigations of Penfield and his colleagues’, 
who were primarily limited to the cortex by the limited 
techniques of the day. The advent of human stereotaxic 
surgery‘, especially for dystonias and dyskinesias such as 
Parkinson’s disease—which can be ameliorated by lesions 
placed in the thalamus or basal ganglia'—has extended the 
possibility of obtaining reports of sensory phenomena as 
a result of stimulation deep within the brain. In the 
conscious patient this stimulation is a necessary part of 
the therapeutic surgical procedure. It provides informa- 
tion on the locus of the probe tip which must ultimately be 
placed in the site of the future therapeutic lesion. If the 
tip happens to be slightly off course m the internal capsule, 
the response to stimulation can prevent the disastrous 

error of severing this tract and resulting hemiplegia. 

Until now, stereotaxic electrodes used to stimulate 
deep within the brain have had relatively large conducting 
areas and elicit sensations which are referred from large 
areas of the opposite side of the body‘. Electrodes with 
large areas can give mixed motor, sensory and even pain 
responses’. In this investigation we used specially 
designed’ microelectrodes which were rugged and can be 
sterilized in the autoclave, as well as a few small macro- 
electrodes which were modified microelectrodes. Usually 
stimulation by means of a microelectrode elicits small 
discrete localized paraesthesias in contrast with the gross 
responses from macroelectrodes in the somatosensory 
pathways. These large electrodes, however, are able to 
produce discrete responses in parts of the brain where the 
area of representation is spread out as in the post-central 
gyrus cortex. 

Sensations referred to the head, limbs and body were 
obtained often, but not entirely, from stimulation within 
the ventroposterolateral nucleus region of the thalamus, 
including its lemniscal input below and its subcortical 
radiation output above. No distinction between the sites 
could be made from the responses. The site of stimulation 
was determined using ventriculograms and a brain atlas. 
Details of the procedure as well as the visual responses 
have been described elsewhere’. 

Characteristically, sensations are elicited with trains of 
rectangular wave stimuli lasting several seconds at a 
threshold of the order of 1-10 V at 400 o/s and 1 msec pulse 
duration. The impedance of the electrode was typically 
of the order of 10 MQ and the current about 1 pamp. 
The response may not be so readily elicited at frequencies 
below 100, or above 1,000 c/s. The tip of the electrode did 
not produce any bubbles in saline solution at the positive 
voltages used. Bubbles formed when the electrode was 
made negative by more than 1-5 V. Responses seemed no 
more diffuse with stimulation by the anode than by the 
cathode. 

The superficial modalities most frequently reported 
were ‘electricity’, formication (a sensation of ants or pins 
and needles), tickle, and, less often, vibration and itch. 
The modality may shift from one to another and back 
again. Sensations of pain and pricking were uncommon 
and essentially confined to the head, light touch and 
warmth rare to absent, and cold was not reported at all. 
The deep modality reported was pressure, cramp or 
tension. 

Responses were usually reported from areas on the 
contralateral body. They were referred to some small areas 
on the fingers and hand, and larger ones on the arm; 
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similarly on the toes, foot and leg; and to small areas on 
the face. 

Examples of the sensations were reported on the hand 
and arm as follows: one or more fingers, palmar and/or 
dorsal aspects; the side of one finger (Fig. la), usually 
index or thumb; fingertips, fingers except for fingertips; 
hand to wrist, elbow or shoulder; spot on the hand, arm, 
or narrow strip sometimes extending as a prolongation of 
a finger (Fig. 1b); both hands. Sensations from the foot 
and leg were similar to those from the arm and hand, but 
less common. Often sensations were reported alternately 
or simultaneously in homologous areas on the arm-hand 
and leg-foot (Fig. 1c). These may alternate with responses 
from the head, usually the wing of the nostril and upper 
lp, and less commonly the forehead, cheek and jaw. On 
a few occasions pricking was felt on the face, and, in other 
instances, pain was felt within the head, but these were 
not common. Areas of sensation, especially those reported 
from the trunk, were often round, elliptical, in narrow 
strips, sometimes long, and usually contralateral. Often a 
response from the entire opposite side of the body was 
elicited from macroelestrode stimulation. Once, sensations 
from both thighs were reported (Fig. 1d). 


We 





Fig. 1. Macroelectrode simulation at 400 c/s; pulse duration 1 msec. a, 

Region of the Internal cereus +1-5 V, sensa: on of “electricity” ; b, same 

as a but electrode about 1 mm in ; 0, region o the o- 

cortical radiations, —2 V, na and internal sensation; d, on of the 

head of the caudate nucleus and interna’ capsule, +80 V, tackling 
sensation. 


As a rule, the locality of the sensation shifted even 
though the electrode was not moved. Shifting from one to 
another modality was less common. A shift of the locus of 
sensation or a change in ite size was common in the same 
general area and between the limbs and the face alter- 
nately. The various responses did not often occur simul- 
taneously. The modality sometimes shifted, especially 
near threshold between the superficial ones, particularly 
“electricity” and the others. Often the general locus of 
response remained the same despite a shift of the electrode 
in the brain; this has also been reported using macro- 
electrodes’. 

Thresholds are not stable and there seems to be no 
unique relationship between the stimulus parameters and 
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the modality, locus, area and intensity of the response 
with microelectrodes as with macroelectrodes"*. Cessation 
or extinction of the response occurs in seconds during 
frequent or continuous stimulation and recovery is 
observed within a minute. Usually this phenomenon can 
be repeated many times without any apparent lessening 
of the effect, which provides evidence that the stimu- 
lation current is causing no significant irreversible 
injury. There is no apparent diminution of sensibility 
afterwards. This also tends to show that the stimulation is 
harmless. Polarization at the electrode tip does not seem 
to be responsible for the extinction because no 
diminution of response to continuous stimulation of 
mammalian skeletal muscle is observed. Furthermore, in 
continuous stimulation of the brain, no noticeable change 
of the current (about 2 yamp) is found over many minutes. 

It ıs of special interest that the responses described have 
sizes and shapes which match many of the receptive fields 
of cortical post-central gyrus cella reported by Powell and 
Mountcastle in the monkey’, rather than the 1 to 2 mm 
diameter receptive field spots of the peripheral fibres 
from the mechanoreceptors. This could mean that 
perceptual and physiological activity at this level are 
identical except that shifting, the alternation of responses 
between limbs and face, and extinction, have no reported 
counterparts in receptive field recording. 

The rarity or absence of common pain, touch, warmth 
and cold responses may mean that these sensations are 
normally developed in the lower brain stem. The common 
“electricity” response (which can be very discrete, and 
not at all like ordinary electric shock) might provide 
information on the locus, perhaps of an epicritic nature, 
which can be perceptually modulated by the basic somato- 
sensory modalities developed in the brain stem. 

This work was supported in part by a National Science 
Foundation grant to E. Marg, who was on leave as 4 
Guggenheim Fellow from-the Brain Section, Neurosensory 
Laboratory, School of Optometry, University of California, 
Berkeley. 
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Diffusion Potentials across the Small 
Intestine 


Tam spontaneous potential difference across the wall of 
the small intestine is small compared with that found 
across most other epithelial tissues. The intestine is 
unique, however, in that the magnitude of the potential 
difference is considerably enhanced by the presence of 
actively transferred hexoses and amino-acids’? In the 
case of the amino-acids it has been suggested that the 
increase might be accounted for by a modification of 
passive ionic permeabilities at the mucosal face of the 
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intestine. These experiments were undertaken to investi- 
gate permeability characteristics of the rat small intestine 
and to determine whether they can be modified by an 
actively transferred hexose. 

The experiments were carried out using everted intestine 
from the middle fifth of the combined jejunum and ileum 
of the rat, and the potential difference was recorded as 
described previously!. The everted sac preparation was 
used in the experiments where the composition of the 
mucosal fluid was varied and the everted segment pre- 
paration ın those where the composition of the serosal 
fluid was vared. The intestine was mcubated in a phos- 
phate saline? in equilibrium with oxygen either in the 
absence or presence of galactose (28 mM). The com- 
position of the saline was varied by replacing the sodium 
chloride with either mannitol or potassium chloride. All 
the results are given as the means of five experiments 
with the standard error of the mean. 

When the sodium chloride of the mucosal fluid was 
partially replaced with mannitol the mucosal fluid became 
positive, that is, the polarity of the potential difference 
across the tissue was reversed. There was a linear relation 
between the magnitude of the potential difference and the 
log of the sodium concentration, Fig. 1; the slope of the 

ion line corresponded to a 38 mV change in 
potential for a change in concentration by a factor of ten. 
The polarity of the change in potential difference indicated 
that the intestine was more permeable to cations than to 
anions. A similar relationship was found to exist in the 
presence of galactose (Fig. 1), the regression line being 
parallel but 9 mV above the line obtained in the absence 
of sugar. 

In the absence of sugar the potential difference increased 
when the sodium chloride in the mucosal fluid was 
replaced by potassium chloride. This increase was by 
23405 and 42 + 0-4 mV at 73 and 20 mequiv./l. 
sodium, respectively, but at the lower sodium concen- 
tration the potential difference was not stable. These 
experiments show that the intestine was more permeable 
to potassium than sodium. In the presence of galactose, 
however, the potential difference decreased by —4:4+1-:0 
and —9-1 + 1-0 mV when the sodium concentration was 
lowered to 73 and 20 m.equiv./l. This decrease in the 
“gugar-dependent’’ potential difference could be accounted 
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for by either a modification of potassium permeability 
by the sugar, or a less specific effect of the high potassium 
concentration on cellular function. 

Experiments which involved the modification of the 
serosal fluid were carried out using the everted segment 
preparation. When the sodium concentration was lowered 
to 20 m.equiv./l. by replacement of the sodium chloride 
with mahnitol the potential difference increased by 
12-1 + 0-8 and 12-2 + 1-2 mV in the absence and presence 
of galactose, respectively. These potential changes are of 
opposite polarity but smaller in magnitude than those 
produced by simular changes in composition of the mucosal 
fluid (Fig. 1). This contrasts with the findings of Baillien 
and Schoffeniels‘ that the changes in potential difference 
across the isolated intestinal mucosa of the tortoise were 
similar in magnitude when the composition of either the 
mucosal or serosal fluids was varied. The difference may 
be explained by the presence of the muscle layers in these 
everted sac preparations. 

These diffusion potentials across the intestine can be 
described by the Hodgkin—Katz® modification of the 
Goldman equation‘, that 18, at 37° C 


E = 61:5 log 


Pya yxa [Nalm + Px yx [K]n + Pa ya [Clh-.- 
Pya Yna [Na], + Px yx [K]; + Pa yo [Om . 
In this equation the value of the potential difference, F, 
1s related to the ionic composition of the mucosal, m, and 
the serosal, s, fluids; the ionic activity coefficients y, and 
the relative ionic permeability coefficients, P. Using the 
equation and the diffusion potentials, obtained when the 
composition of the mucosal fluid was varied, the relative 
permeability coefficients may be caloulated. If it is 
assumed that Py, = 1-0, the relative permeability 
coefficients in the absence of sugar are Pya : Px: Pa= 
1-0: 1-2: 0-1; and in the presence of galactose there was 
the apparent decrease in the relative permeability of 
potassium so that Pyg: Pg: Pq = 10:06:01. 

In conclusion, it can be stated that diffusion potentials 
can be produced across the mammalian small intestine 
and that the tissue is more permeable to cations than 
anions. Galactose did not alter the relative permeability 
of the intestine to sodium or chlorine, but there was an 
apparent decrease in the permeability to potassium. The 
potential difference dependent on galactose could be 
related to such a change in the potassium ion permeability 
coefficient, but other less specific effects cannot be dis- 
counted. 

This work was supported by grants to Prof. D. H. 
Smyth from the Medical Research Council and Jobn 
Wyeth and Brother, Ltd. 
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RADIOBIOLOGY 


Influence of Neutron and Gamma Whole- 
body Irradiation of Lactating Cows on the 
Chloride Content of the Milk 


Ta lactation and radionuclide metabolism of dairy cattle 
after lethal doses of. gamma and neutron radiation have 
recently been investigated by Cragle et al.1. One of the 
effects of radiation is a general body infection, and the 
composition of milk might be expected to be similar to 
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that produced by cows with mastitis, that 1s, to show an 
increase in chloride concentration. This has been shown 
to influence palatability of the milk. Chloride determina- 
tions were made by titration against silver nitrate of milk 
samples produced by the cows used in the work of Cragle 
et al. Some of the samples contained added or induced 
radioactivity, and no organoleptic analyses were made in 
these cases. 

Whole body gamma irradiation of 650 r. was given to 
four cows with a cobalt-60 source at the rate of 29-8 rads/h 
surface dose. Three cows were exposed to fast neutrons 
for 26 min for a total neutron dose of 649, 671 or 446 rads. 

The chloride concentration of the milk from cows 
receiving gamma irradiation was relatively constant until 
the twelfth or thirteenth day after irradiation. At this 
time a marked increase was noted. This coincided with 
a rise in the body temperature of the cows. Milk flow 
continued until 1 or 2 days before death, which occurred 
16, 16 or 19 days after irradiation. 

The cows receiving 446 rads of neutron radiation pro- 
duced mulk with only minor day to day variations in 
chloride content and survived the radiation treatment. 
The milk from the other two cows showed a steady 
increase in chloride concentration during the period after 
uradiation until the milk flow ceased at 9 and 13 days 
after irradiation for cows receiving 671 and 649 rads of 
neutrons, respectively. The elevations of body tempera- 
ture on these two latter cows were noted 3 days and 1 
day after milk flow ceased. 

Neutron irradiation of lactating dairy cows had an 
immediate effect on milk composition, but the effect of 
gamma irradiation was delayed until just before the 
death of the animal. However, the dose rate for the two 
radiation exposures was different, which may be a con- 
tributing factor. The date thus indicate that if cows are 
exposed to lethal doses of gamma radiation in the order 
of 650 rads, as can occur if the animals are exposed to 
severe fall-out conditions, the milk will probably be 
palatable and nearly normal in composition until the 
animal approaches death. Ifthe animals were in the vicin- 
ity of a nuclear detonation and received neutron radiation, 
however, the abnormal composition and decreased 
quantity of the milk would be noticeable within 1 or 2 
days although the animal might live for several weeks. 

We thank Dr. R. G. Cragle for supplying the samples 
used in these investigations. 
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PHARMACOLOGY 


Pharmacologically Active Peptides produced 
in the Tissues of the Host during Chronic 
Trypanosome Infections 


IN recent years evidence has been accumulating which 
suggests that pharmacologically active peptides are of 
importance in the pathology of some acute parasitic 
infections'“. The present work has been to extend these 
studies to chronic infections, and in all experiments so 
far trypanosomes have been used as test organisms. 

Rabbits were infected with 5 x 10° Trypanosoma bruces 
intravenously and placed in metabolism cages. The urine 
was collected daily and extracted for kinins?. Samples of 
blood were taken daily from an ear vein and the plasma 
extracted for kinins’ and for kininogen®. Assays were 
performed on guinea-pig ileum, rat duodenum’ and rat 
uterus. 
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Fig. la shows that the urinary kinin activity increased 
during the first week of the infection and remained at a 
level above that of the control. A parallel rise occurred 
in the plasma and began a day or two earlier. At the 
same time as the rise in kinin concentration there was a 
marked haemolysis. This was shown by a fall in erythro- 
cyte count (Fig. 1b), packed cell volume and haemoglobin, 
together with a reticulocyte response. 

Urinary kinin activity remained high throughout the 
infection although the erythrocyte count and haemoglobin 
had returned almost to 90 per cent of the original level 
18 days after inoculation. When the concentration of 
kinin was at its greatest, after 8 days, there did not 
appear to be any change in the amount of kininogen 
present in the plasma. 

It was decided to try to correlate the production of 
kinins with parasitaemia and with antibody production. 
T. brucei infections in the rabbit are not suitable for such 
a study since the parasitaemia is extremely low and the 
immunological pattern very complicated’. Experiments 
were therefore carried out on rate infected with Trypano- 


‘soma lewisi and urinary kinin activity was followed 


together with the rise ın parasitaemia. T., lewisi was 
chosen because it is the simplest example of a chronic 
infection having a peak in parasitaemia 9-10 days after 
infection and also because antibody production could 
readily be followed. These experiments in rats showed 
that there was no increase m urinary kinin activity even 
though the parasitaemia followed the expected course 
(Fig. 2). 

Parallel experiments carried out on rate acutely infected 
with T. brucei showed that there was a daily increase in 
the amount of kinin in the urine until death occurred 
after the fourth day (Fig. 3). This result is similar to 
that reported in mice by Goodwin and Richards?. 

This observation is of interest since T. bruces is a 
pathogenic trypanosome while T. lewisi is non-pathogenic. 
It is interesting to speculate whether the ability of 
trypanosomes to form kinins from the tissues of the host 
may be associated with their pathogenicity. 
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N-Amidino-3,5-diamino-6-chloropyrazine- 
carboxamide : an Active Diuretic in the 
Carboxamide Series 


Snom the initial observation that steroidal hormones 
from tho adrenal cortex promote renal conservation of 
sodium was made some forty years ago, it has been 
demonstrated that aldosterone is the most potent sodium- 
retaining hormone produced by the adrenal cortex}. 
A marked increase in the secretion of aldosterone has been 
associated with nephrosis, liver cirrhosis, toxaemia of 
pregnancy and congestive heart failure*—. 

Varied approaches have been taken in an attempt to 
break the chain of events leading to the development of 
the oedematous state associated with excess aldosterone 
secretion, such as: (1) correcting the metabolic disturbances 
which enhance aldosterone secretion; (2) attemptmg to 
inhibit the biogenesis of adrenal steroids; (3) utilizing 
pharmacological agents (for example, diuretics) which 
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interfere with renal reabsorption of sodium; (4) promoting 
the loss of sodium by blocking the action of aldosterone 
at the renal tubule. It is with the last of these approaches 
that we concern ourselves. 

Recently’, a new diuretic was reported which, in 
reversing the distal tubular handling of electrolytes, 
resulted in enhanced excretion of both sodium and urine 
and an inhibition of renal loss of potassium. This com- 
munication reports the actions of a more potent compound 
ın this new series of non-steroidal diuretics. The structure 
of the compound 1s 
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N-Amidino-3,6-diamino- nts Se (DCP) 


The chemistry of DCP will be described elsewhere’, 
as will additional biological investigations’. 

Male Holtzman rats (130 + 3 g) were used in all the 
investigations. Bilateral adrenalectomy was performed 
using the dorsal approach and all animals were main- 
tained on sugar cubes and distilled water for 18 h. The 
animals were randomly organized into groups and all 
except the control group were given a subcutaneous 
injection of 12 ug of desoxycorticosterone acetate (DCA) 
in 0-2 ml. of ‘Mazola’ oil. The test compounds were then 
administered orally in 0-2 ml. of dimethyl formamide 
(DME) and physiological saline (6-0 ml.) was administered 
by gavage. After voiding of urme by suprapubital 
pressure, the animals were placed ın individual meta- 
bolism cages. At the end of the 7-h collection period, the 
voiding of urme was again induced and the volume of 
urine recorded. The floors of the cages and funnels were 
repeatedly rinsed with distilled water and the samples 
and rinsings were made up to a final volume of 50 ml. 
Individual samples were analysed for sodium and potas- 
sium content using a Baird Atomic KY clinical flame 
photometer. The sodium and potassium values thus 
obtamed were utilized in computing the log (sodium x 
10)/potassium ratio. (Multiplication of sodium values 
by 10 eliminated negative log scdium/potassium values.) 
As both DCA and aldosterone are known to promote 
sodium retention and potassium loss, the test and reference 
materials were evaluated for their ability to reverse these 
effects. Either or both of the following compounds were 
used as reference materials in these investigations: (1) 
spironolactone (aldactone, 3-[3-oxo-7-a-acetylthio-178- 
hydroxy-4-androsten-17a-yl] propionic acid «-lactone); 
(2) ACP (N-amidino-3-amino-6-chloropyrazinecarbox- 
amide), 

An investigation was made of the ability of DCP to 
reverse the electrolyte effect of other steroids. In one 
such investigation, adrenalectomized rats were given 
d-aldosterone monoacetate (5 yg/0-2 ml. of a 20 per cent 
ethanol solution) subcutaneously and DCP orally. In 
another investigation, spironolactone, ACP or DCP was 
given orally to adrenalectomized rats treated with hydro- 
cortisone. DCP or spironolactone was also administered 
alone to non-DCA treated adrenalectomized rats to de- 
termine if DCP, like ACP (ref. 6), had a direct effect on 
the renal handling of sodium and potassium. DCP and 
ACP were also given to intact rats to determine their 
action against endogenously produced aldosterone. In 
the final investigation, the action of DCP was evaluated 
in intact rats given a dose (100 mg/kg) of hydrochloro- 
thiazide intraperitoneally. 

The ability of ACP and DCP, administered orally, to 
block the action of DCA in adrenalectomized rats is 
summarized in Table 1. It can be seen with both ACP and 
DCP that, with increasing dosage, there is a progressive 
increase in sodium and potassium excretion. Apparently, 
by their action on the distal tubular handling of sodium 
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Table 1. Evyrgor OF ORALLY ADMINISTERED ACP AND DOP IN ADEBNALEO- 
TOMUIZED RATS TRBATHD WITH DOA 


Average total 

No. of slocteolyto Average | 

Treatment/rat animals excretion (Na x 10) 

Dose DCA pergroup inm.equy.7h + S.E. 

Compound (ug) (ug) Nat K+ 

~ ~ - 8 066 O14 1:70 + 002 
- - 1 8 023 023 1-00 + 002 
ACP 100 12 8 0-48 0-18 137 + 009 
ñ 200 12 8 057 012 168 + 007 
- 400 12 8 O71 O14 1:73 + 0-04 
800 12 8 085 O-11 1-00 + 008 
pép & 12 8 037 018 180 + 004 
Si 10 12 8 045 013 1-52 + 003 
” 50 12 8 O77 008 193 + 005 
s 100 12 8 0-81 008 2-05 + 008 


and potassium, ACP and DCP were effective in inhibiting 
the action of DCA in this test system. When the data 
were analysed statistically, it was determined that DCP 
was 15-0 times (95 per cent confidence limits 11-2-18-3) 
as active as ACP. We had previously demonstrated that 
ACP was 12-5 times as active as spironolactone’. Thus, 
we have inferred that DCP would be substantially (about 
150 times) more active than spironolactone. 

The compounds, ACP and DCP, were then adminis- 
tered orally to adrenalectomized animals given d-aldo- 
sterone-21-monoacetate (Table 2). Comparable results 
were obtained when DCP was given at about one-tenth 
the dose of ACP. The low doses of both compounds 
significantly reversed the effect of aldosterone, whereas 
the high doses resulted in a greater sodium excretion and 
potassium retention than that observed for the control 
group. 

ACP and DCP were given orally to adrenalectomized 
rate that had not received DCA. This investigation was 
performed in order to establish whether the effect of the 
compounds was directly on the distal tubular handling of 
sodium and potassium, rather than indirect resulting from 
the inhibition of a hormonal action (Table 3). Administra- 
tion of these agents to the intact rat (Table 4) produced a 
significant rise in the log (sodium x 10)/potasstum ratio 
owing to a concomitant excretion of sodium and retention 
of potassium. A significant elevation in urine volume 
was also noted. In this investigation, either spironolactone, 
ACP or DCP was administered orally to hydrocortisone- 
treated adrenalectomized rats (Table 5). The effect 
obtained with spironolactone was minimal; however, 
ACP and DCP significantly affected both the electrolyte 
patterns and the log (sodium x 10)/potassium ratio. 
Once again, DCP was observed to be substantially more 
potent. 

In the final investigation, DCP was administered orally 
to intact rats that had received a 100 mg/kg intraperitoneal 
dose of hydrochlorothiazide (Table 6). The hydrochloro- 
thiazide produced a marked elevation of urine flow, 
sodium and potassium excretion and an increase in the log 
(sodium x 10)/potassium ratio. Administration of DCP 
resulted in an increased elimination of sodium with an 
elevated ratio. Excretion of potassium as a result of 
hydrochlorothiazide, however, was reduced to the control 
level. 

A specific antagonist has been described by Liddle’ as 
an antagonist that blocks the effects of an agonist (aldo- 
sterone) at a particular receptor site only when the agonist 
is present. Adequate data exist which indicate that the 
mechanism of action of the spironolactone steroidal 
antagonists is competitive inhibition of mineralocorticoid 
action’*-11, Therefore, any antagonist which is active in 
the absence of the agonist cannot be acting through the 
mechanism of competition. Such non-competitive an- 
tagonism has been described as physiological antagonism 
by Kagawa". 

Our date suggest that DCP, as previously reported for 
ACP (ref. 6), is probably not acting by way of the mecha- 
nism of competitive inhibition. This is adequately 
demonstrated by the action of these agents in the adrenal- 
ectomized rat which was not treated with DCA (Table 3). 
Furthermore, both agenta prove capable of more than 
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Table 2. Eyruor OF ORALLY ADMINISTHERD ACP AND DOP IN ADBRNALECTOMIZED RATS TRWATED WITH ALDOSTERONE 


No. of Average total electrol; 
Treatment/rat animals excretion in m.equiv./7 h Average log 
Compound (g) Afineralocorticotd (#8) per group Nat K+ (Na x 10)/K + SB. 
= - ~- - 8 0-87 0-15 1-67 + 004 
= - Aldosterone 05 9 0-19 0-18 0-99 + 005 
AGP 100 i 056 7 041 015 1:48 + 005 
900 ji 05 8 079 0:09 194 + 002 
pép 10 x 05 8 0-60 017 1-57 + 004 
» 90 A 05 8 078 011 1-88 + 003 
Table 8. ESFEOT OF ORALLY ADMINISTERED ACP AND DOP If ADRRNALECTOMIZED RATS WHIOH HAD NOT BEAN TREATED WITH DCA 
Average total 
electrolyte 
No. of excretion 
Tréatment/rat anımals in m.equiv./7 h A log 
Compound (ug) per group Nat Kr (Na x 10)/K +S.8. 
- - 10 0-66 016 164 001 
AOP 1,000 10 0-88 012 1:87 + 004 
DOP 100 10 0-90 0 201 + 004 
Table 4. EFFEOT OF ORALLY ADMINISTERED AOP AND DCP IR Intact RATS 
Average total 
Average electrolyte 
No. of urine excretion 
Treatment/rat excretion in phequly (7 h A log 
Compound Dose (ug) per group (ml.) Nat + (Na x 10)/K + S.B. 
- - 10 50 0 58 0-38 1-25 + 0-08 
AOP 1,000 10 75 1 04 0 28 1-66 + 0-04 
DOP 100 10 8-4 117 018 184 + 008 
Table 5. EEFEOT OF ORALLY ADMIVISTRRED SPIRONOLACTONR, ACP AND DOP IN ADRENALECTOMIEHD RATS TREATED WITH HYDROCORTISONE 
Average total 
electrolyte 
No. of excretion. 
‘Treatment/rat animals in m.equiy./7 h Average log 
Compound Done (ug) per group Nat K+ (Na x TOE + SE 
- - 10 0-66 015 164 + 001 
Hydrocortzsons 1,000 10 0-48 0 39 104 + 004 
Hydrocortisone, 1,900 
spironolactone 1,000 10 051 0 40 1-11 + 002 
Hy rtisone 1,000 
AOP 1,000 10 1-30 016 191 + 004 
Hydrocortisone/ 1,000 
DCP 10 10 090 0 29 160 + 0-03 
Hydrocortisone; 1,600 
CP 100 10 1:28 012 205 + 0-04 
Table 6. Errzcr OF ORALLY ADMINISTMRED DCT IN INTAOT RATS TREATED WITH HYDROCHLOROTHIAZIDE 
Average total 
Average electrolyte 
Bice teat No. of rine oore Mon à R i 
Treatment animals volume in I.equivy,, x OFT og 
Compound (mg) per group (mL) Nat aa K+ (Na x 10)/K + S.E 
- - 15 67 051 022 1-82 + 0-04 
Hydrochloro- 
thiazide 10* 15 93 117 034 151 + 003 
Hydrochloro- 10 
thiazide, 01 15 38 131 028 176 + 0-04 


* Hydrochlorothiazide admunistered intraperitoneally. 


inhibiting the endogenous secretion of aldosterone in the 
intact rat and reversing the electrolytic action of hydro- 
cortisone (Tables 4 and 5). 

While the halopyrazinecarboxamides substantially en- 
hance the excretion of sodium and water, these compounds 


=-are of particular importance because of their action on 


CT ai 


potassium excretion. They either decrease or prevent the 
loss of potassium, whereas most of the known diuretics 
enhance the excretion of potassium. It would appear 
from the results in Table 6 that the halopyrazmecarbox- 
amides are capable of inhibiting the renal loss of potassium 
caused by the thiazide diuretics and substantially en- 
hancing the excretion of sodium. The mode of action 
indicated for DCP seems to be markedly different from 
that for the thiazide diuretics. It appears that DCP is 
by far the most potent natriuretic and anti-kaluretic in 
this series. 

DCP was tested in various animal systems for the 
following activities: (1) progestational and anti-pro- 
gestational; (2) androgenic and anti-androgenic; (3) 
oestrogenio and anti-oestrogenic; (4) gonadotropin- 
inhibition; (5) anti-inflammatory and ACTH inhibition. 
The material was administered orally to the animals, and, 
in all cases, was without significant activity. 

Our data indicate that N-amidino-3,5-diamino-6- 
chloropyrazinecarboxamide (DCP) ia about fifteen times 
as active as ACP and 180 times as active as spironolactone 
and seems to be without other prominent endocrine 
effects. 


We thank Dr. D. J. Patanelli, under whose aegis the 
various endocrine investigations were performed, Mr. 
E. W. Chapin and Miss M. Pastor for technical assistance, 
Dr. E. J. Cragoe and members of the Medicinal Chemistry 
Department of Merck, Sharp and Dohme Research 
Laboratories, and Mr. A. Itkin for assistance in statistical 
analysis. 
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BIOCHEMISTRY 


Acceleration of Enzyme Reactions in Ice 


Freezing is widely used by biologists and chemists for 
the purpose of slowing or stopping reactions. In the 
past few years we and others have shown that freezing 
can accelerate a number of catalysed reactions, including 
hydrolysis, aminolysis, dehydration, oxidation and per- 
oxide decomposition!~’. 

The main part played by reactions catalysed by enzymes 
in biological processes raised the question of whether these 
reactions, also, could be accelerated under frozen con- 
ditions. If so, practical problems in the preservation of 
biological materials and theoretical problems concerning 
reactions in the structured-water environments of the 
living cell might be clarified. 

The transfer reaction between an amino-acid ester and 
hydroxylamine which is catalysed by trypsin was selected 
for investigation. Reaction mixtures consisted of 0-005 M 
ester, 0-4 M hydroxylamine hydrochlonde, 0-02 M potas- 
sium phosphate, and enzyme, and the entire system was 
adjusted to pH 7-5. Tubes were rapidly frozen in a solid 
carbon dioxide-acetone bath, transferred to constant 
temperature chambers, and thawed at selected intervals 
in a room temperature bath for 3-4 min. Chemical 
changes were negligible during freezing and thawing. 
Formation of hydroxamic acids was determined by acidi- 
fication and complexing with ferric ammonium sulphate‘. 

Three trypsin substrates, lysme ethyl ester, lysine 
methyl ester, and arginine methyl ester, all reacted with 


0-450 


0 360 





15 80 45 60 15 30 4 60 
Time (h) 
Fig. 1. Se prt ea dig of several n substrates. Each system 
contains 2 ug trypei @, 1-Lysine ethyl eater; O, L-lysine methyl 
ester; A, L-arginine methyl ester. 
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hydroxylamine more rapidly in a frozen solution at 
— 23° C than in a liquid solution at +1° C (Fig. 1). The 
relative rates also differed in the two systems: lysine 
ethyl ester reacted faster than lysine methyl ester in the 
frozen solution but not the hquid solution. 

With benzoyl-t-argmine ethyl ester as substrate 
(Fig. 2), the rate of formation of hydroxamic acid cata- 
lysed by enzyme at 1° C mnitially exceeded that at — 18° ©, 
but then became nogative, indicating hydrolysis to the 
amino-acid. This change did not occur in the frozen 
solutions. 

It is thus apparent that enzyme reactions may speed 
up or change their pathway in the frozen state, despite 
decreased kinetic energy and probable restricted diffusion. 
Between 0° C and —70° C the hquid water component in 
frozen systems is highly structured’. We are now testing 
the idea that frozen solutions might offer a useful model 
for investigating how agents which make and break 
water structure influence biological processes. 
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Inhibition by Puromycin of Incorporation 
of Tritiated Uridine into Nucleolar and 
Cytoplasmic Ribonucleic Acids 


PuROMYCIN is a specific inhibitor of protein synthesis in 
bacterial and mammalian celis? and can therefore be 
used as a tool for investigating the dependence of various 
processes on concomitant synthesis of protein®*. It has 
already been shown that the action of puromycin results 
in the depression of DNA. (refs. 4-6) and RNA (refs. 6-8) 
synthesis in mammalian cells. These effects are thought 
to be due to secondary consequences of the interference 
with protein synthesis, rather than to a direct effect of 
puromycin on the synthesis of nucleic acids. Density 
gradient centrifugation of nucleic acids extracted from 
HeLa cells has shown that the molecular species of RNA 
most markedly affected by puromycin is the ribosomal’ 
or ribosomal precursor type*. Correlation of this finding 
with tho results of autoradiography reported here gives 
further support to the belief that the nucleolus is the site 
of production, or at least the site of accumulation, of the 
ribosomal types of RNA (refs. 9-12). 

HeLa cels were grown as monolayers in multiple 
cultures on glass coverslips bound by metal rmgs*. The 
cells were incubated at 37° C in a humidified atmosphere 
of 5 per cent carbon dioxide in air. Eagle’s minimal 
essential medium was supplemented with 8 per cent horse 
serum, 2 mM glutamine and 200 ug/ml. kanamycin. The 
cells were used in the exponential phase of growth at a 
cell density of approximately 100,000 cells per culture. 
Puromyem dihydrochloride (Nutritional Biochemical 
Company, Cleveland, Ohio) at a concentration of 100 pg/ml. 
(approximately 2 x 10-* M) was applied for 30 min to 
establish full inhibition of protein biosynthesis. At the 
end of this period the medium was replaced with medium 
containing tritiated uridine (1 uc./ml. of a sample of 
specific activity of 5 c.fmmole) as well as 100 ug/ml. of 
puromycin, and after 30 min the medium was again 
replaced, this time by a medium containing non-radio- 
active uridine at 1,000-fold excess over the radioactive 
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Figs. 1-4. HeLa cells stained with toluidine blue after exposure to ‘H-uridine and grain 


development. { xe. 675.) 


Fig. 1. 
concentration of the grains over the nucieu:i. 


Fig. 2. Cells treated with 100 ug/ml. puromycin but otherwise like those shown in Fig. 1. 
Puromycin was given 30 min before *H-uridine and was present throughout the experiment. 
There are relatively fewer grains over the nucleoli than over the remainder of the nuclei. 


Fig. 3. Untreated cells 240 min after completion of a 30 min pulse of *H-uridine. AH 
parts of the cell are heavily labelled, but the concentration over the nucleoli is less marked 


than in Fig. 1. 


Fig. 4. Puroniycin-treated cells after 240 min of “chase”, 
low, and the grains have disappeared from the nuclei, 
isotope, together with the same concentration of puro- 


mycin as before. The control cultures had their medium 
changed in parallel, but the media contained no puro- 
mycin. Some cultures were fixed in acetic acid—ethanol 
(1: 3) at 30 min after the “chase” with unlabelled uridine 
(that is, 30 min after the radioactive uridine was removed), 
and other cultures after 240 min of “chase”. Coverslips 
dried in air were mounted on glass slides, dipped in ‘Kodak 
NTB-3’ emulsion, and exposed at 4° C for 4 days. After 
‘development in D19 for 2 min, they were fixed in ‘Kodak’ 
acid fixer, washed and stained for 30 min with 0-5 per 
cent toluidine blue in phosphate buffer at pH 3-0. Grains 
were counted in thirty cells in three different cultures by 
two independent observers. The design of the experi- 
ments was purposely kept close to those of Perry? in order 
to facilitate comparison of the results. 

Preliminary experiments with *H-lysine have shown 
that treatment with 100 ug/ml. of puromycin for 30 min 
completely inhibited the incorporation of the amino-acid 
into protein. This shows that 100 ug/ml. puromycin was 
sufficient to abolish protein synthesis. 

Comparison of Figs. 1 and 2 shows that treatment with 
puromycin markedly reduced the number of grains which 
in untreated cells appeared concentrated over the 

„D eolus soon after the application of the isotope. 
‘Grain counts performed at this time (30 min of “‘chase’’) 
on. thirty interphase cells gave an average figure of 662 
grains per thirty cells over the nucleolus in untreated 
cells, but only 127 grains per thirty cells in puromycin 
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treated cells (Table 1). By contrast, there 
was no significant difference in the number of 
grains over the parts of the nucleus not 
oceupied by the nucleolus (NNN), presum- 
ably containing interphase chromatin and 
karyoplasm, the average number of grains 
being 1,326 per thirty nuclei in the treated 
and 1,303 in the untreated group. There was 
no significant cytoplasmic labelling at this 
time in either group, but 210 min later, 
cytoplasmic grains were very numerous in 
the untreated cells (Fig. 3). Treatment. 
with puromycin markedly depressed the: 
appearance of this label (Fig. 4 and Table 1). 
The grains over the NNN decreased only 
slightly during the “chase” in control cells, 
but were less numerous at 240 min than 
at 30 min of “chase” in cells treated with 
puromycin (Table 1). The results indicate 
that treatment with a high concentration. 
of puromycin resulted in marked inhibition. 
of the synthesis of nucleolar RNA and failure 
of the appearance of labelled RNA in the 
cytoplasm, whereas the RNA of the re- 
mainder of the nucleus was synthesized at a. 
normal rate. The disappearance of RNA 
in NNN was accelerated by puromycin. 

Correlation of the biochemical finding that 
puromycin selectively inhibits the synthesis: 
of ribosomal types of RNA (refs. 7 and 8) 
with the sequential effects of puromycin. 
on the nucleolar and cytoplasmic RNA 
labelling described here provides an argu- 
ment analogous to that of Perry®*14, that 
the nucleolus is the site of formation of 
ribosomal RNA, which is later transferred 
to the cytoplasm. However, as pointed 
out by Harrist, experiments of this type 
do not exclude the possibility that some 
cytoplasmic RNA can be formed in situ. 

The effects produced by puromycin on 
the incorporation of an RNA precursor are 
very similar to the effects of low doses of 
actinomycin D described by Perry% 314, 
though the mechanism of inhibition is 
probably different in each case. The 
inhibition of nucleolar and cytoplasmic RNA syn- 
thesis by low doses of actinomycin D has been shown. 
to be due to inhibition of ribosomal RNA synthesis by a 
primary mechanism'*. The mechanism of action of puro- 
mycin in producing the same effect is not known, but 
several interpretations of the data appear possible. 

(a) Puromycin has an effect on RNA synthesis inde- 
pendent of its action on protein biosynthesis. So far, there 
have been no suggestions made that puromycin has any 
primary actions other than the well documented inhibition 
of protein biosynthesis')*. 

(b) The observed effects are due to the action of puro- 
mycin aminonucleoside following the cleavage of puro- 
mycin molecules into their constituent parts. This is 


Table 1. EFFECT OF PUROMYCIN ON INTRACELLULAR GRAIN DISTRIBUTION 
AFTER EXPOSURE OF THE CELLS TO TRITIATED URIDINE 


Grains in thirty cells 


Time interval Non-nucleolar 


after removal of Treatment Nucleolus part of the Cytoplasm 
tritiated uridine Mean nucleus (NNN) Meant 8.2. 
tS.E. Mean + S.E. 
30 min Controls 662471 1,826+ 60 = Background 
Puromycin 127410 1,303 + 121 = Background 
treated 
240 min Controls 229+ 59 1,045 + 142 1,726 + 180 
Puromycin 72421 429% 81 356+ 61 
treated ae 





The results are expressed as the number of grains counted over each cell: 
thirty cells in each of three separate experiments, -Exposure to puromycin. 
started at 30 min before the addition of tritiated uridine and was continued | 
throughout the labelling periods and the “chase”. Control groups were not. 
treated with puromycin at any point. . Note that 30 min chase = 60 min after 
the addition of tritiated uridine = 90 min of puromycin treatment, 
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excluded -by the finding that cytochemical effects of 
puromycin are entirely different from the effects of 
similar doses of aminonucleoside indicating that such 
cleavage does not occur to any extent in the HeLa cell 
(Studzinski and Ellem, unpublished work). 

(c) The effects on RNA synthesis are consequences of 
the cessation of protein synthesis. If they are, this would 
indicate that there is coupled synthesis of RNA and 
protein in the nucleolar region. Proteins with basic 
properties and amino-acid composition characteristic of 
ribosomal proteins have been demonstrated biochemically 
in the nucleoli of the pea’? and basic proteins have been 
shown cytochemically in the HeLa cell nucleolus'*.. Thus, 
the interpretation that puromycin inhibits RNA syn- 
thesis by virtue of its stoppage of protein formation sup- 
ports the suggestions made by others that the nucleolus 
is the site of elaboration of both components of the 
ribosomet !?, 

Although Perry has noted that puromycin does not 
affect the conversion of ribosomal precursor RNA into 
the 32 and 185 ribosomal RNA (ref. 14), this observation 
is not necessarily in conflict with those reported here. In 
Perry's experiments puromycin was added after the period 
of labelling with RNA precursors, and protein synthesis 
during the labelling period and in the first few minutes 
of the “chase” could therefore be sufficient to provide the 
“- protein necessary for the conversion of the ribosomal 
“precursor to ribosomal RNA. 

Treatment with puromycin did not effect the incor- 
_ poration of *H-uridine into NNN at the 30 min period of 
_ observation, indicating that protein synthesis is not 
-necessary for the formation of RNA moieties synthesized 
in this part of the nucleus. 
o In summary, inhibition of protein synthesis with puro- 
-mycin results in an effect on the intracellular pattern of 
“RNA-synthesis similar to the effects of actinomycin D 
- used. in doses which selectively depress the synthesis of 
_ ribosomal RNA. This suggests that the nucleolus of the 
HeLa cell synthesizes the protein as well as the RNA 
“component of the ribosome. Experiments are in progress 
to establish the precise kinetics of the inhibition of 
uridine incorporation by puromycin. 
This work was supported by research grants from the 
National Institutes of Health, U.S. Public Health Service. 
| Dr. Jackson is a Leukemia Society scholar. 
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_ Instability of Puromycin 

Puromycrn dihydrochloride is being extensively used as an 
inhibitor of protein synthesis. This antibiotic inhibitor 
is valuable because its mode of action on protein biosyn- 
thesis has been elucidated in precise molecular terms'. 
Examination of the literature shows, however, that there 
is a considerable range in the reported potencies of differ- 
ent samples of the inhibitor. For example, Wheelock 
found that 10-4 M (about 50 ug/ml.) puromycin completely 
inhibited protein synthesis in HeLa cells within 45 min 
of treatment?, while Shah’s data, also on HeLa cells, 
show that twice that amount of puromycin (100 pg/ml.) 
allowed protein synthesis to take place at 20 per cent of 
the control rate after 6 h of puromycin action’. Numerous 
other examples of such discrepancies can be found‘~7. 
This communication draws attention to the fact that 
different batches of the compound may vary in 
potency. 

The parameter of puromycin action investigated in one 
laboratory (Jefferson Medical College) was its inhibitory 
effect. on the division of cultured mammalian cells. HeLa 
S3 cells were grown in multiple replicate ring cultures as 
described previously*. Varying concentrations of two 
preparations of puromycin were added to a proportion 
of the cultures while the remainder served as controls, 


Cells were dispersed with versene and counted witha: 


‘Coulter Counter’ at intervals of a day. Fig. 1 shows’ 


that a batch of puromycin obtained commercially: 
(Nutritional Biochemical Company, Cleveland, Ohio) 
inhibited cell multiplication at much lower concentrations 
than did a batch obtained directly from Lederle Laboras: 


tories (Pearl River, New York). 





Control 
300 


200 
Q2ug./mi. 


100 


‘4 ug./ me ny, a m 

| $0ug./mi. 

0 fot A 
0 24 48 72 0 24 48 72 


Duration of treatment (h) 


No. of cells x 107 per culture 


Fig. 1. Growth curves of HeLa cells treated with puromycin from > 

different batches. A, Obtained from Nutritional Biochemical Co. B; 

Obtained from Lederle Laboratories, Each point represents the mean 
of three separate culture counts. : 


In the second laboratory, variations were observed in 
the effect of puromycin on the in vivo uptake of protein 
and nucleic acid precursors by the small intestine of mice. 





fo Og Ami. me 


The mice used were Strong A males, about 5-6 months: 
old. Sixty minutes after administration of *H-thymidine | 
or 4C-leucine, the animals were killed by cervical disloca- 
tion, and the small intestine was weighed and homo- 


genized in cold distilled water. The homogenate was 
extracted by the method of Scott, Fraccastoro and Taft’, 
which is a modification of the Schmidt—Thannhauser 
procedure!’ for the separation of nucleic acids. Thé 
specific activity of the DNA fraction was determined as 
previously described". In mice injected with leucine, the 
residue left after extraction of the DNA fraction was 


dissolved in 1 N potassium hydroxide and digested at. 


60° C for 60 min. The radioactivity of the digest was. 


determined in a liquid scintillation counter, and was 
taken as the amount of radioactivity incorporated into 
proteins, 


a 
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The results of a single injection of puromycin are shown 
in Table 1. Different animals were used to determine the 
uptake of leucine into protein or of thymidine into DNA. 
Batch 2 of puromycin (all batches used in the tn vivo 
experiments were purchased from the Nutritional Bio- 
chemical Company) was found to be less active in inhibit- 
ing the incorporation of precursors into either proteins or 
DNA. Similar results were obtained when batch 2 was 
used on Ehrhch ascites cells. When two injections of 
puromycin from batches 1 or 3 were given, the thymidine 
uptake was less than 10 per cent of control values (that is, 
inhibition was greater than 90 per cent), whereas two 
injections of puromycin from batch 2 gave only a 30 per 
cent inhibition. The figures in Table 1, however, in 
which a single mjection of puromycin was given, show 
quite clearly the variations in potency occurring in 
different batches of puromycin. 


Table 1. ExFxor OF PUROMYOIN ON THE UPTAKR OF LEUCINE AND THYMI- 
DINA BY SMALL INTESTINE OF MioR* 


Leuoime uptake Tdr uptake 
in protemns 7] mDNAt 
Batoh 1 88 (82-45 45 (42-57 
Batch 2 56 (48-58 78 (68-87 
Batch 8 37 (20-45 40 (36—45 


* All mice were injected with 2-6 mg puromycin (dissolved in saline buffer 
intraperitoneally. ?H-thymidine (20 pe.) was injected after 30 min, an 
I-leucine-“C (12°5 wc) after 6 min The radioisotopes were jected sub- 
cataneously and the animals were killed 60 min after injection of puromycin. 

e were three animals in each group, except for the leucine group of batch 
8 ın which there were two animals. 


t Expressed as a percentage of control values. Lencme uptake was calcu- 


lated m are per 100 mg wet weight, and thymidme uptake in c.p.m. per 
300 ug of a The control values were substantially simular in the three 
experiments, 


These resulta indicate that the discrepancies in the 
reported effectiveness of puromycin were not merely due 
to differences in cell strain or to leboratory conditions. 
Such considerations are important in connexion with the 
effects of puromycin which are secondary to ite inhibition 
of protein synthesis. Thus, inhibition of protein synthesis 
with potent preparations of puromycin was observed to 
result in immediate and very marked inhibition of DNA 
synthesis in mammalhan cells in vivo’? or in culture!*-44, 
while other workers reported only slight or delayed de- 
crease in the rate of DNA synthesis?4. It is possible 
that the failure to observe a marked effect of puromycin 
on DNA synthesis was due to the use of batches of puro- 
mycin of less than optimal potency. 

This work was supported by grants from the U.S. Public 
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Molecular Size Studies on 
6-Phosphogluconate Dehydrogenase 


GENETIOALLY determined electrophoretic variants of 
6-phosphogluconate dehydrogenase (6-PGD) have been 
found ın man and ratt, pigeon’, deer mouse’, and the fruit 
fly‘. In all five species the heterozygous phenotype 
contains the two parental enzyme forms plus a third 
6-PGD of intermediate electrophoretic mobility on starch 
gel. In expermente with partially purified 6-PGD of 
Drosophila melanogaster we have recovered the inter- 
mediato PGD IAB after in vitro treatment of the two 
parental types, PGD A and PGD B, with propanedithiol’. 
Although this 1s good evidence that the enzyme ls 
composed of two or more sub-units, the remote possibilty 
that the two parental enzymes polymerize to form the 
intermediate PGD I4B was not excluded. We now report 
further experiments bearing on the molecular structure 
and size of the enzyme. 

The ‘Sephadex G-200’ gel filtration method of Ackers’ 
was modified by changes ın column size (2-1 cm x 30 om) 
and buffer pH (6-5). Blue dextran was used to measure 
the void volume. Bovine serum albumin and ovalbumin 
were used to determine the pore radius of each column. 
Drosophila 6-PGD was partially purified and assayed as 
previously described’. 
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Fig. 1. 6PGD of heterozygous files eluted from ‘Sephadex G-200'. 

Vr = 1000 0.0; Vo = 8240.0; Vy = 55-8 0.0. twelve 1 o.c. 

fractions tested showed the same relative staining intenalty of the 
6-PGD bands after starch-gel electrophoresig, 


A 6-PGD sample prepared from homogenized flies 
heterozygous for the two genes PGDA and PGDB waa 
oluted from ‘Sephadex G-200° as a single sharp peak 
(Fig. 1). The eluted fractions which exhibited enzyme 
activity were then subjected to starch gel electrophoresis. 
The relative staining intensity of the three 6-PGD enzymes 
was the same in all fractions tested as m the control. 
Fractions which showed the greatest enzyme activity by 
spectrophotometric assay also showed more staining of 
the enzyme bands. Following gel filtration the elution 
pattern of PGD B from homozygous flies was very similar 
to the pattern obtained with 6-PGD from heterozygous 
flies. Thus, within the limits of G-200 resolution, the three 
Drosophila 6-phosphogluconate dehydrogenases are of the 
same molecular size. 

According to Acker’s method of calculation’, the 
Stokes’s radius for Drosophila 6-PGD ıs 3-91 mp (Table 1). 
Crude haemolysates of human erythrocytes were also 
eluted from ‘Sephadex G-200’ and tested for 6-PGD 
activity. Human PGD 4 (ref. 1), the common variant, 
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Table 1. STOKES’s RADIUS DETERMINATIONS ON 6-PGD 
6-PGD source Exp. No. Stokes’s radius (mu) 

Drosophila heterorygote p! 8-68 
2 3-89 

8 3 89 

Drosophila homozygote (PGD B) 4 4:17 
Drosophila average 391 
Human erythrocytes (PGD A) 1 8-98 
2 3-94 

Human average 8 98 


was found to have a Stokes’s radius of 393 my. These 
data suggest that the common human variant of 6-PGD 
on Drosophila 6-PGD are of essentially the same molecu- 
ar size. 

Andrews has found & good correlation between the 
elution volume and the log molecular weight of a protein 
eluted from ‘Sephadex @G-200’ (ref. 7). By this method, 6- 
phosphogluconate dehydrogenase of man and Drosophila 
have a molecular weight of 79,000 + 8,000. 

Thus, we have presented evidence that PGD 142 of 
Drosophila is not formed by polymerization of PGD A 
and PGD B. PGD IMB can be made in vitro from PGD 
A and PGD B, however, by treating the latter two 
enzymes with propanedithiol. Thus, the enzyme must be 
composed of at least two sub-units. Because the estim- 
ated molecular weight of 6-phosphogluconate dehydrogen- 
ase is 79,000, the maximum sub-unit weight is 40,000 + 
4,000. 

We thank Barton Childs and Gary Ackers for helpful 
advice. This work was supported by grants from the 
National Institutes of Health. 
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A Sialoglycopeptide liberated from Human 
Red Cells by Treatment with Trypsin 


PREVIOUSLY}, 1t was shown that treatment of human red 
cells with crystalline trypsin in a low concentration resulted 
in destruction of the I agglutinogen on their cells and 
release of a sialoglycopeptide with the I activity. This 
communication describes the isolation and some chemical 
properties of the sialoglycopeptide. 

Human red cells (I positive red cells) were washed 
twelve times with saline. Washed packed cells were 
mixed with 0-137 M saline buffered with 0-0053 M sodium 
monohydrogen phosphate to pH 7-7, which had previously 
been warmed to 37° C, in the ratio of 1:3. 0-1 per cent 
w/v solution of crystallized trypsin m phosphate buffered- 
saline was added to the mixture in the ratio 1:40. After 
incubation for 45 min at 37° C, the mixture was cooled 
and centrifuged. The supernatant was deproteinized with 
50 per cent trichloroacetic acid aqueous solution and 
filtered through a Whatman No. 3 MM paper. The 
filtrate was shaken with ethyl ether ın order to remove 
trichloroacetic acid. The aqueous solution was neutralized 
to pH 6-0 with 2N sodium hydroxide and dialysed through 
Visking tubing against water for 1 day at 3°-4° C. The 
dialyses were repeated five times. The dialysed solution 
was lyophilized. The residue was taken up in a small 
amount of water and centrifuged. The supernatant 
liquid was lyophilized. An attempt was made to extract 
a sialoglycopeptide from the crude preparation by sub- 
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jecting the lyophilized material to electrophoresis on 
strips of Whatman No. 3 MM paper (32 cm x 46 em) 
in a volatile buffer—pyridine-acetic acid-water-acetone 
in the proportions 10 : 0-4: 70 : 20, by volume. Two paper 
strips were used for the purification of 82 mg of the crude 
preparation. After electrophoresis, a small guide strip 
was stained by the methylene blue method’. The zone 
with mobility corresponding to the methylene blue positive 
band (blue band) was out off and eluted twice with water 
at 4°-5° C for 1 day. The extracts were combined and 
lyophilized. The yield of the white residue with shght 
yellow colour from 450 ml. of packed cells was 35 mg. 
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Electrophoresis 


(First dimension) 


Fig. 1. Dimension of paper strip used for two-dimensional electrophoresis 
and chromatography (unit, 1 om). 


The homogeneity of the sialoglycopeptide isolated was 
tested by the following two-dimensional method. A 
Whatman No. 3 MM paper strip, with the dimensions 
shown in Fig. 1, was moistened with a buffer A or Bin 
Table 1 and pressed between two sheets of filter paper. 
The strip was placed in an electrophoretic apparatus with 
the A tags dipping in the buffer. The staloglycopeptide 
aqueous solution was applied at the “‘origin’’. Electro- 
phoresis was carried out by the horizontal open strip 
technique at 300 V using platinum electrodes. After 
electrophoresis, the strip was dried overnight at room 
temperature and the two A tags cut off. The dry strip, 
now 35 cm x 30 cm, was irrigated in solvent A, B or C 
for 16 h by the ascending technique. After development, 
the strip was dried at room temperature and stained. 
The sialoglycopeptide, which migrated towards the anode, 
gave a spot which could be stained (1) with methylene 
blue* which suggests the presence’ of sialic acid associated 
with glycoprotem. or glycopeptide; (2) with periodic acord- 
Schiff which indicates the presence of carbohydrate 
material associated with protein or peptide; (3) with 
amido black 108° or ninhydrin (but only shghtly) which 
indicates a protein or peptide. According to both paper 
electrophoresis and chromatography (Table 1) the sialo- 
glycopeptide isolated appears to be homogeneous. Thus 
the two-dimensional method described here can be used 
as a method for the identification of the saloglycopeptide. 
The purified sialoglycopeptide weakly mhibited haemag- 
glutination by anti-I serum. 

The carbohydrate component of the sialoglycopeptide 
was qualitatively examined. A solution of 6-7 mg of the 
sialoglycopeptide in 3 ml. of 2N hydrochloric acid was 
heated at 100° C for 4 h, cooled and centrifuged. The 
supernatant liquid was evaporated to dryness in a rotary ” 
evaporator at 35° C and dissolved in 10 ml. of water. The 
solution was passed through a column of Dowex-50 
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‘able 1. TWO-DIMENSIONAL PapwR ELECTROPHORESIS AND OCHROMATO- 
RAPHY OF THR SIALOGLYOOPBPTIDR WITH THE I BLOOD-GROUP ACTIVITY 


Mobility (om) 
‘hromato- 


Blectrophoress Chromatography Hlestro- 
(first dimenmon) (second dimension) phorems graphy 
(Rp value) 
“yridine-acetic acld-water- n-Butanol-pyridine- 
acetone (buffer A acetic acid-water 8-2 2-0 
(10 : 0-4 : 70 . 20 by Golven: A) (0 12) 
volume) 7 h 15,10:3 12 by 
A volume) 8-7° 0 
“yridine-acetio acid-water- n-Butancl-acetic acd- 
acetone (buffer water (solvent B) 8-1 2-3 
(10°04 70:20 by (1 1 by volume) (0 07) 
volume) 7 h 70 
*yridine-acetic acld-water- n-Butanol-acetic aoid- 
acetone (buffer 4 water (solvent C) 2-2 2-7 
(10:04 70°20 by peek ee ny volume) (0-08) 
volume) 7 h 6-5° 0 
*yridine-aoetic acid-water n-Butanol-acetio acid- 
(buffer B) q 10 89by water (solvent B) 1:6 07 
volume) 5 (3 .1 1 by volume) (0 02) 


hydrogen form, 1:0 x 7:0 em, 200-400 mesh) and the 
solumn was washed with water. The effluent and washings 
vero combined and lyophilized. Galactose and a trace 
of mannose were detected in the lyophilized matter by 
«neans of ascending paper chromatography in n-butanol- 
vyridine-water (6:4:3)® and pyridine-ethyl acetate- 
acetic acid-water (5:5:1:3)7. The column was then 
«washed with 0-5N hydrochloric acid and the eluate was 
»vaporated to dryness in a rotary evaporator at 35° C. 
WOilution with water and evaporation were repeated twice. 
Two-dimensional paper electrophoresis and chromato- 
rraphy* of the dry residue showed the presence of glucos- 
«mine and galactosamine in the sialoglycopeptide. A 
olution of 16-5 mg of the sialoglycopeptide in 10 ml. of 
§0:04N sulphuric acid was heated at 80° C for 60 min 
and cooled. The solution was neutralized to pH 6-0 with 
2N barium hydroxide and centrifuged. The supernatant 
iquid was dialysed against water for 2 days at 3°-4° C. 
"Che dialysate was lyophilized. Ascending paper chromato- 
zraphy of the lyophilized matter in n-butanol-n-propanol- 
0-IN hydrochloric acid (1:2: 1)* and n-butanol-pyridine- 
«water (6: 4:3)!° showed the presence of N-acetylneura- 
munio acid in the sialoglycopeptide. These experiments 
suggest that the carbohydrate part of the maloglyco- 
peptide consists of N-acetylneuraminic acid, glucosamine, 
egalactosamine (or presumably an acyl derivative), galac- 
Mtoso and possibly mannose as a minor component. 
Cook, Heard and Seaman" have reported that on treat- 
nent with crystalline trypsin, human red cells release a 
sialomucopeptide which gives a positive reaction by the 
sainhydrin test, has an Rp value of 0-65 in paper chromato- 
graphy with n-butanol-acetic acid-water (4:1:5), and 
shows a peak at about 270 my in ultra-violet absorption 
spectrum. Cook later showed that the sialomucopeptide 
sgonsisted of sialic acid, galactosamine and an aliphatic 
weptide. The sialoglycopeptide obtained in this experiment 
showed an absorption maximum at 260 my in aqueous 
solution, gave an Rr value of 0-09 in paper chromato- 
wraphy with n-butanol-acetic acid-water (4:1:8) as 
shown in Table 1, but scarcely reacted with the ninhydrin. 
Differences in carbohydrate composition, Rr value, 
«ultra-violet absorption, and staining ability in the nin- 
‘hydrin reaction indicate that the sialoglycopeptide ob- 
tained in this work differs markedly from the salomuco- 
peptide isolated by Cook et al., Eylar and Madoff# 
isolated a sialomucopeptide which contained N-acetyl- 
neuraminic acid, N-acetylglucosamine, N-acetylgalactos- 
amine, galactose and traces of mannose and fucose as 
carbohydrate components from human red cells by the 
trypsin treatment, but they did not describe other 
characteristics of the sialomucopeptide. It is impossible, 
therefore, to compare the sialomucopeptide isolated by 
Eylar and Madoff with the maloglycopeptide in this work. 
Marcus, Kabat and Rosenfield reported that treatment 
g human red cell stroma with beta-galactosidase and 
eta-glucosaminidase from Olostridsum tertium® resulted 
in a decrease in the ability to absorb anti-I agglutinin 
and release of galactose and N-acetylglucosamine as mono- 
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saccharides. From these results they suggested that two 
sugars might be structural units of the erythrocyte I 
determinant. The sialoglycopeptide in this experiment 
showed the I activity, and contained N-acetylneuraminic 
acid, glucosamine, galactosamine, galactose and a trace of 
mannose as carbohydrate components. It can, therefore, 
be presumed that among these carbohydrate components, 
one or more carbohydrates may be responsible for the I 
activity of erythrocytes. This is consistent with the 
suggestion made by Marcus et al. 
We thank Prof. T. Furuhata for his advice. 
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Interaction between Protein Sulphydryl 
Groups and Lipid Double Bonds in Biological 
Membranes 


ExrrRniments?* using brain microsomes as a model mem- 
brane system have demonstrated that membrane permea- 
bility is increased and ion discrimination decreased by 
two classes of compounds: (1) those that react with 
membrane sulphydryl groups (for example, p-chloro- 
mercuribenzoate), and (2) those that mitiate peromdation 
of membrane lipids (for example, iron plus ascorbic acid). 
These two classes of compounds are further related by 
the observations? that lipid peroxidation increases the 
content of reactive sulphydryl groups in the membrane, 
whereas agents binding sulphydryl accelerate the onset 
of hpid peroxidation. Although this relationship between 
reactive sulphydryl groups and reactive double bonds 
may be secondary to other factors that are more directly 
related to increased membrane permeability, it ıs of 
interest to consider a possible structural and functional 
interaction between protein sulphydryl groups and lipid 
double bonds that could underlie these observations, and 
that could also be related to physiological and pharma- 
cological membrane events. 

Numerous reports document changes in membrane 
permeabilhty following changes either in reactive sulphy- 
dryl groups or in hpid double bonds. The disulphide 
hormones insulin? and vasopressin‘ alter permeability 
after first reacting with the membrane through disulphide 
bonds. Alterations in membrane sulphydryl groups 
affect glucose transport in erythrocytes’ and electrical 
potentials ın frog skm’. The number of sulphydry! groups 
bound to protein in kidney has been related to the func- 
tional state of the organ’, and mercurial diuretics react 
with tubular sulphydryl groups*. Sulphydryl-binding 
reagents cause leakage of bacterial cell contents without 
demonstrable damage to the cell envelope’, and the same 
compounds increase microsomal membrane permeability 
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and decrease selectivity'*. On the other hand, the 
variations in permeability of erythrocytes from different 
species has been correlated with the characteristic content 
of unsaturated fatty acids, and alterations in degree of 
unsaturation induced by diet are followed by changes in 
erythrocyte permeability’*. In liver mitochondria differ- 
ences in permeability have also been related to the degree 
of unsaturation of membrane lipids**, and addition of 
unsaturated fatty acids to mitochondrial suspensions 
increases permeability. 

There 18, moreover, a remarkably high content of 
oysteine-oystine in two membrane proteins, which has 
escaped comment. Bram proteolipid'® and heart mito- 
chondrial structural protein!* contain, respectively, 8-4 
and 11:2 per cent cysteine (by weight). The average 
cysteine content of a hst of twenty-one enzymes!” 18 
2°6 per cent (range: 0-7-0). 

Nevertheless, ıt is not clear how changes in sulphydryl 
content alter membrane permeability or in what manner 
sulphydryl groups react in the physiological milieu. 
Sulphydryl—disulphide exchange has been proposed as a 
possible mechanism", presumably followed by alterations 
in protein configuration and membrane conformation. 
Although this mechanism may be involved in the action 
of the disulphide hormones, it seems inadequate to explain 
net gain or loss of reactive sulphydryl groups or the conse- 
quences of mercurial-thiol interactions. There is no 
good evidence for hydrogen bonding by sulphydryl 
groups?®?°, Recently, it has been proposed that the 
unreactive sulphydryl groups of proteins participate in 
hydrophobic bonding and are consequently unavailable to 
sulphydryl reagents*!; this does not, however, explain 
how the reactive sulphydryl groups of membranes 
influence permeability. 

Lipids and protems are intimately associated in mem- 
branes, but the nature of the interactions is poorly under- 
stood. The bonds are considered to range from ionic 
mteractions*»* to London—van der Waals forces’! to 
hydrophobic bonding**; the presence of covalent bonds 
is usually excluded on the basis of the lability of the 
protein~lipid complex. 

The presence of css double bonds in fatty acids results 
in the hydrocarbon chains being curved, hinders close- 
packing, reduces interchain forces and decreases viscosity 
and resistance to penetration in monolayers or micelles**#**, 
Beatdes cts double bonds in pid fatty acids, unsaturated 
bonds occur in other major sites. Plasmalogens, which are 
found in greatest concentration ın brain, heart and 
kidney**27, contain a cis vinyl ether complex. Although 
the «-8 unsaturation, unlike cts double bonds farther 
along the chain, has little effect on chain conformation", 
the presence of the polar group at the hydrophilic head 
markedly alters surface properties’*®. Sphingosine con- 
tains a trans double bond in a hydrophilic region of the 
sphingolipid molecule, and carotenes contain alternating 
trans double bonds in & hydrophobic chain. 

These considerations suggest that, ın addition to the 
previously described interactions between proteins and 
lipids, there may occur mteractions between protein 
sulphydryl groups and lipid double bonds. Addition 
products of thiols to olefines are well known, and the 
addition of organic thiols to oleic acid* and to vinyl ethers** 
has been demonstrated. Sulphydryl groups are strongly 
bound by the double bond of N-ethyl maleimide, and 
inbibition of a sulphydryl enzyme by derivatives of 
unsaturated fatty acid through such a mechanism has 
been shown*!. Recently, a similar interaction has been 
proposed to account for changes following X-irradiation*. 
The equilibrium for elumination reactions has been shown 
to be sensitive to solvent polarity, ionic strength and 
temperature". Thus, if one proposes an equilibrium 
between the addition and elimination reactions together 
with a low energy of activation as a result of quasi- 
enzymatic process, the association would be readily 
affected by the addition of sulphydryl reagents, lipid 
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peroxidation, and polarity and ionic strength of the 
environment. 

The occurrence of labile sulphydryl-olefine interaction 
in the neighbourhood of membrane pores, where narrov 
hydrophilic channels penetrate the hpid layers, wouk 
offer several mtriguing possibilities. The saturation of » 
ots fatty acid double bond would be followed by a loca 
change in intermolecular forces and surface properties a» 
well as marked conformational changes. Similarly 
addition across the vinyl ether hnkage would alter tho 
charge distribution at the hydrophilic-hydrophobie 
junction. Conformational changes in contractile proteins 
oxidation-reduction potentials and charge migratior 
through conjugated systems, and fluctuations in solvent 
polarity could, by shifting the equilibrium, alter structura: 
properties and membrane permeability. 

Although no direct evidence is available for such inter 
actions, there is a wealth of biological evidence that 
membrane sulphydryl groups'-!° and unsaturateds 
bonds"!-* are each related to permeability. Chemical 
precedents exist for such interactions and for alterations 
in the equilibrium that could render the bonds labile toe 
physiological alterations. Even if sulphydryl—clefine 
interactions contribute httle to general membrane stabil- 
ity, associations between specific proteins and lipids at 
strategic sites, for example, membrane pores, could controll 
permeability and mteract in physiological and pharma- 
cological processes. 

This work was supported by a grant from the U.S. 
Public Health Service. 
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Effect of Yeast Pyruvate Decarboxylase 
on Ehrlich Ascites Carcinoma in vivo 


wf as communication reports on the inhibition of the 
‘eduction of pyruvate to lactate, catalysed by lactate 
lehydrogenase with NADH as coenzyme. This is of 
nterest in an attempt to block glycolysis in tumour 
relis?3, 
Pyruvate decarboxylase, commonly known as carboxy- 
ase®, catalyses the following reaction in plants: 


pyruvate ———> acetaldehyde + carbon diomde 


The addition of pyruvate decarboxylase to an tn vitro 
otion system containing pyruvate, LDH and NADH 
Es been found to result in decreased LDH activity within 
he system‘. The pyruvate decarboxylase was extracted 
an ammonium sulphate paste from dried brewers yeast 
y the method of Holzer et al.5. LDH activity was de- 
termined spectrophotometrically at a physiological pH 
«of 7-4 and 25° C by measuring the change in extinction 
«at 366 mu, which 1s a function of the NADH concentration. 
‘The production of acetaldehyde was confirmed by spectro- 
photometric measurement of alcohol dehydrogenase 
activity. 

This inhibitory effect on the rate of one enzyme reaction 
caused by the addition of a second enzyme to the system 
which reacts with the same substrate (a “competing en- 
zyme” inhibition) was thought to have potential value 
in inhibiting tumour cell glycolysis. If the foreign enzyme 
protein could enter the cell by means of phagocytosis or 
pinocytosis, it could then exert a detrimental effect on 
the anaerobic energy production. This type of inhibition 
of the LDH reaction would not result in a block in the 
chain of glycolysis, but rather open up a new pathway 
of pyruvate metebolism. 


acetaldehyde + carbon dioxide <————_—__-___—_ 
pyruvate decarboxylase 
NaDH-—+NAD 
pyruvate ————————> lactate 
LDH 


Nevertheless, under anaerobic conditions, a decreased 
lactate production would be accompanied by a decrease 
in NAD available for 3-phosphoglyceraldehyde metabolism 
resulting in turn m less NADH available for the LDH 
step. Thus the mtermediate ATP producing reactions 
would be in turn more and more inhibited. Previous 
experiments using less enzyme and fewer mice showed 
that pyruvate decarboxylase did inhibit the early growth 

Ehrlich ascites after one enzyme injection. Mice with 

ve or sıx days’ advanced tumour growth likewise showed 
a transitory decrease ın tumour growth rate. 

In the present experiment, adult NMRI (U.S. Naval 
Medical Research Institute Strain) male mice were 
divided at random into three groups of ten. The mice 
were weighed to the nearest 0-1 g and injected intra- 
peritoneally under aseptic conditions with 0-25 ml. of 
ascites fluid containing approximately 5 x 10® cells. 
Therapy was begun on the second day following tumour 
injection. One test group recerved two intraperitoneal 
injections of 0-25 ml. of holoenzyme solution containing 
0-07 rv of activity. The other test group received two 
intraperitoneal injections of 0-25 ml. of sapoenzyme 
solution equivalent to 0-07 ru of activity when re- 
combined with the coenzyme thiamine pyrophosphate. 
The control group received similar injections of saline. 
On the following day each of the three groups received 
one injection. 

The holoenzyme solution was prepared by dissolving 
the enzyme-ammonium sulphate paste in sterile water, 
“then dialysing for 2 h against continuously changed 
distilled water at 4° C to remove ammonium sulphate. 
The dialysed enzyme solution was then stermlzed by 
bacterial filtration. 


The apoenzyme was extracted from the enzyme- 
ammonium sulphate paste by the method of Holzer and 
Goedde*. The apoenzyme was then dissolved in sterile 
water, dialysed, and filtered in a similar manner to the 
holoenzyme. 

The mice were housed and fed under similar conditions 
and weighed daily. The average daily change in weight 
for each group 1s shown in Fig. 1. 
+10 
+9 
+8 
+7 
+6 
+5 


+4 


Average welght change (g) 





Days after tumour injection 


Fig.1. @, Group receiving holoenzyme; O, group receiving apoenzyme; 
x, group receiving saline. Arrows indicate therapy. 


All mice developed the tumour. After treatment with 
holoenzyme and apoenzyme, the two test groups show a 
sunilar inhibition of tumour growth followed two days 
after discontinuance of therapy by further tumour growth. 
This would seem to indicate that experiments using more 
intensive and prolonged therapy are needed. 

Because of the pyruvate present in the ascitic fluid, 
it 18 difficult to assess the extent of tumour cell damage 
caused by acetaldehyde produced in the ascites fluid. 
As a result, the question of enzyme entrance into the cell 
as well as other theoretical considerations remains un- 
proved. Anaerobic investigations tn vitro using apo- 
enzyme, which is active only when recombined with the 
coenzyme thiamine pyrophosphate, however, have shown 
that the amount of pyruvate converted to acetaldehyde 
is much greater in ascites fluid containing cells than in 
cell free ascites fluid. Because a large amount of pyruvate 
is also found in cell free ascites fluid, this difference cannot 
be attributed to lack of substrate, but rather to lack of 
TPP available for activation of the apoenzyme. Con- 
sidered in the light of the in vivo tumour mhibition also 
brought about by apoenzyme, there 1s some indication 
that the apoenzyme may have combined with intra- 
cellular TPP. Whether the diffusion rate of TPP out 
of the cell is great enough to account for this has not been 
determined. : 

These preliminary results appear to indicate that further 
investigations using solid tumours and more intensive 
enzymes administration by various routes are called for. 
The basic principle of “competing enzyme” inhibition 
may also find application in other areas of research con- 
cerned with metabolic disease caused by disruption or 
umbalance ın cellular and extracellular enzyme reactions. 
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Reaction with lodine of Polysaccharides 
dissolved in Strong Calcium Chloride 
Solution 


SEVERAL plant hemicellulose-B fractions, when dissolved 
in strong calcium chloride solution, have been separated 
into a more or less linear, galactose-free hetero-xylan 
and a highly branched galactose-rich fraction by treat- 
ment with iodme. The xylan is obtained as a heavy blue 
precipitate and the branched fraction remains in solu- 
tion!4, Apart from its value in hemicellulose fractionation 
this iodine precipitation appeared to be of wider interest 
as results with other polymers suggested that ıt separated 
linear (precipitated) from branched (not precipitated) 
polysaccharides. Since this work was published, Morak 
and Thompson? have examined the reaction and shown 
that wood galactoglucomannans with a small number of 
single terminal branches along the main chain are pre- 
cipitated but not those with many such branches. 

We have now tested this iodme reaction against a wide 
range of polysaccharides of known structure in order to 
obtain some understanding of its nature. The results 
are summarized in Table 1 and classified there in terms of 
polysaccharide structure. 


Table 1. 


(1) renee polysaccharides 
Gtve a heavy dark blue to dark brown owm Beatie 
a) Lınear, 1—4 links only *, cellodextrins (long chain), 
chitosan hydrochloride, mannan 


iene 
oat A-glucan, barley 
ucan, rhodymenan (seaweed 
n), salep glucomannan 
ectin®, plant hemicellulose 4 
‘orm # heteroxylans 


REACTION OF POLYSACCHARIDES IN CALCIUM CHLORIDE SOLUTION 
WITH IODINE 


{b) Linear, 1-4 and other links 
(ec) Branched, 1-4 and other links Amylopée 


(II) Negative polysaccharides 
Give no precipitata and a normal ree pore iodine colour) 
d) Linear, 1—4 Inks only 


e) Linear, 1-4 and other links ielichenin 
) Branched, 1—4 and other Lnks Glycogent, floridean starch t, 
Fanen; mannan A A arabino: 
lour 

early ect plan lant neal Tn? 

lose B fracti OD ii 
Strep. bovis), 
t), inulin 


-1-2 glucan, — 
Dextran (Leuconostoc), galactan 
Larch), gum arabio, araban 


(g) Lanear, no 1—4 links 
{A) Branched, no 1-4 links 


eanut) 


Aqu eous 1odine potassium lodide was added to 1 per cent (wiv) solutions 
of polysaccharides (1~10 ma) in stron strong caloun chloride (specific gravity 1-8) 
solution as described by ard (ref. 
* Give a heavy blue precipitate anny ins im water, 
+ Give a red colour with iodine. 


It is evident that precipitation does not depend solely 
on the linearity of the polysaccharides as the negative 
compounds in group Ig (Table 1) represent a range of 
linear polymers. There is, however, a connexion between 
iodine precipitation and polysaccharide structure which 
appears to depend on the presence of at least 1—4 links 
between glucose, mannose and xylose units. The galacto- 
glucomannans used by Morak and Thompson? also have 
a backbone of 1-4 linked glucose and mannose units. 

In view of the apparent importance of 1—4 links, we 
have also tested several homologue series of 1—4 linked 
oligosaccharides. Neither cellodextrins of degree of 
polymerization (D.P.) 2-6, maltodextrins of D.P. 2-8 nor 
6-1-4 xylodextrins of D.P. 2—4 reacted positively but the 
B-1—4 xylodextrins of D.P. 5 or 6 did react to give a brown 
precipitate. Probably of most interest in understanding 
the nature of the precipitation is the reaction of poly- 
saccharides containing 1-4 and other links. With the 
positive linear polymers of this type (group Id; Table 1) 
the ratios of 1—4 to other links, usually 1-3, have been 
reported as: lichenin 2: 1-3: 1 (refs. 4 and 5); oat and 
barley 8-glucans 3:1 (refs. 5 and 6); rhodymenan 4:1 
(refs. 7 and 8). In all these compounds the chains con- 
tain many sections of three or more 1-4 linked mono- 
saccharides. 

In contrast to these findings, the negative example of 
this class, isolichenin, has a ratio of 1—4 to other links of 
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0-66 (refs. 9 and 10) and few sequences of more than tw 
1-4 linked sugar units. With branched polymers the 
frequency of branching appears to be less in the positive 
than in the negative ones. Thus the hemicellulose A anc 

fihform B hetero-xylans have a much lower level of arabi 

nose’, generally present as single unit side chains, than ha: 

the negative wheat flour arabino-xylan and this lattes 
compound has few regions of three or more xylose unite 
free from these single unit arabinose side chains'*. It is no 

surprising, therefore, that the positive galactoglucoman 

nans? are those with only a few single galactose side chain» 
and that the negative guaran has many such side chains 

Floridean starch and glycogen are also more highly 

branched polymers than is potato amylopectin. 

The reaction of starch with iodine has been extensively 
studied (see ref. 12 for a review of this topic) and it appears 
that the amylose chains form helices, with six sugar units 
per helix turn! inside which the iodine atoms are held. 
It is possible, therefore, that calcium chloride aids or 
permits helix formation in 1—4 linked polymers. The 
fact that xylopentaocse and hexaose give precipitates, but 
cello- and malto-dextrins of similar D.P. do not, could be 
due to xylan chains coiling more readily than glucose: 
chains in calcrum chloride, and also indicates that about 
six sugar units may form a single helix turn. Presumably 
1-4 linked lmear polymers with a lumited number of single 
unit side chains would still be able to coil and give a pre- 
cipitate as would side chains of more than six 14 linked 
glucoses in amylopectin. With lichenin, oat and barley 
B-glucan, and rhodymenan, 1-3 links are present along the 
linear chain and might be expected to prevent simple 
helix formation. In these cases calcium chloride could 
achieve some sort of helix formation by aiding the aggrega- 
tion between the 1~—4 lmked portions of two chains, and 1b 
seems relevant that the positively reacting polysaccharides 
are rich in sub-units of three 1—4 linked sugar unite, two 
of which would just add up to the number of monosac- 
charides required to form a helix. In a polysaccharide 
such as isolichenin with few adjacent 1-4 links, even this 
type of aggregation could not occur and the reaction is 
negative. 

Further information about the reaction is obtained 
when the polysaccharides are tested in calcium chloride 
solution which also contains urea (concentration 7 M), as 
urea solutions of this strength are reported to prevent 
aggregation between the polysaccharide chains'#1®, In 
this solution amylose, cellodextrins and chitosan hydro- 
chloride give the same instant heavy blue precipitates as 
in calcium chloride. With the hemicellulose A hetero- 
xylans, instead of the usual instant precipitate there 18 a 
slow development through a green then a blue colour to q 
heavy blue precipitate taking about 10-20 min. Filiform 
hemicellulose B hetero-xylans slowly form a brown pre- 
cipitate or in some cases a brown colour. The most 
interesting result is with the group lichenin, oat and 
barley f-glucan, and rhodymenan, which now give no 
precipitate but merely the normal iodine colour even after 
several hours. The positive reaction with amylose, ete., 
indicates that urea cannot prevent coiling of the chain, 
so that the extent of its interference in the reactions of 
the other polysaccharides is an indication of the extent 
to which calcium chloride is aiding aggregation between 
chains. Thus this aggregation is most important with 
lichenin, oat and barley f-glucan, and rhodymenan, and 
is probably also important with the filiform hemicellulose 
B hetero-xylans. Aggregation between chains is not so 
important for the hemicellulose A hetero-xylans which in 
any case possess far fewer single side branches? than the 
B hetero-xylans. 

The reaction appears to be of value in structural studies 
as well as in fractionations provided the defined’ condi- | 
tions are used. Thus in a polysaccharide of glucose, 
mannose or xylose units of unknown structure, a positive 
reaction is a good indication of the presence of 1-4 links 
and limited branching, while if such a polymer is known to 
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contain 1—4 and other links in the chains, precipitation 
=s an indication of the presence of sequences of several 
w4 linked sugar units. Elimination of a blue precipitate 
sy 7 M urea is also a good indication of 1-4 plus other 
sinks in a polysaccharide. »-Glucose, D-mannose and 
)-xylose all have a similar configuration about their C-4 
sarbon atoms and this may be connected with the positive 
reactions of their 1-4 linked polymers. The only other 
K-—4 Imked polysaccharides which we have been able to 
«est are pectin (negative) in which the carboxyl groups 
may interfere and a galactan prepared from L. albus 
«which also gave æ negative result; this polysaccharide 
Boas been reported to be a linear 1-4 linked galactan!*, but 
«we have not confirmed that our preparation has the same 
structure. The exact definition of the relationship of 
mmonosaccharide configuration to this iodine reaction will 
wcequire the testing of other 1-4 linked polysaccharides as 
they become available. 
We thank Prof. W. J. Whelan and Drs. D. H. Hutson, 
J. R. Turvey, P. A. J. Gorin and A. S. Perlin for gifts of 
polysaccharides. 
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Inhibitory Effect of Vitamin D2 on Adenosine- 
triphosphatase Activity 


ADMINISTRATION of excess of vitamin D causes significant 
histological changes in tissues of man and experimental 
These changes lead to massive metastatic calci- 
fication!*. The mechanism underlying the metastatic 
calcification found in hypervitaminosis D is at present 
obscure. This metastatic calcification may be related in 
part to increases in blood calcium and inorganic phosphate 
induced by calerferol. The mechanism of metastatic 
calcification also appears to involve some primary bio- 
chemical lesions in soft tissue, however, due to the 
direct action of vitamin D on these tissues. 
Grant e al. showed that 2 : 4-dinitrophenol has an 
inhibitory effect on metastatic tissue calcification induced 
by calciferol and suggested that this effect may in part 
be due to the known stimulating effects of 2 : 4-dinitro- 
phenol on adenosine triphosphatase activity. 
It was also found? that 2-5 x 10-* molar calciferol can 
inhibit the magnesium-stimulated activity of adenosine 
triphosphatase in rat brain in vitro. 
These findings implied that calciferol might inhibit the 
adenosine triphosphatase activity of many soft tissues 
not only in vitro but also in vivo, and that this effect 
_ might be involved in the mechanism of metastatic cal- 
cification induced by excess of this vitamin. 

On the basis of this hypothesis we decided to investigate 
the effect of calciferol on the calcium- and magnesium- 
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stimulated ATPase activities of rat aorta, lung and small 
intestine tn vitro and tn vivo. 

The weighed sample of each tissue was ground with glass 
powder in 25 volumes of cold 0-25 molar sucrose and 
centrifuged at 400g for 5 min at 0°-4° C. The supernatant 
was diluted ten-fold with cold distilled water and used for 
determining the activity of the ATPase (see Table 1). 
The liberation of inorganic phosphate was measured by 
the method of King". 

Vitemin D, proved in vitro to be a powerful inhibitor of 
both calcium- and magnesium-stimulated ATPase activi- 
ties in all the tissues mvestigated. In a concentration of 
2-5 x 10 moles/l. it inhibited ATPase activities in aorta, 
lung and small intestine by 60-70 per cent. EDTA 
(5 x 10-* molar) partially reduced the inhibitory effect 
of calciferol (see Table 1). 


Table 1. BFFROT OF VITAMIN D, ON THR ATPASE ACTIVITY OF BOMB TISSUES 


in viro 
Magumu Calum 
dependent ATPase dependent 
ATPase 
Tissue EDTA Vitamin D, smoles P, umoles Pi Inhi- 
(mmoles) (mmoles) /h/gwet Inhibition /h/g wet bition 
weight (percent) weight (per 
cent) 
Aorta - - 1,100 1,470 
0-25 320 72 480 87 
t5 - 1,180 1,840 
0-25 420 84 550 59 
Lang - - 1,110 1,370 
0-25 440 61 540 61 
0-5 - 1,050 1,060 
0 25 570 46 580 45 
Small - - 1,590 1,510 
intestine 0-25 530 67 580 62 
O65 - 1,680 1,510 
0 25 710 57 630 59 


Each sample contamed, in addition to the components indicated, 003 
moles irzs-hydrochloric amd buffer, pH 7-4; 6002 moles ATP, 02 m! of 
tissue extracta; and either 0 002 moles magnesium chloride or 0 002 moles 
calcium chloride in a final volume of 2-0 ml. The reaction was initiated by 
addition of ATP Incubation 45 min at 87°. Vitamin D, was added aga 

6 em: im 2 per cant aqueous ethanol (ref. 11) Each value us the mean 
of three parallel determinations. 


Vitamm D, also inhibited the activity of ATPase in 
various tissues tn vivo. The ATPase activity in the 
tissues was significantly reduced in rats receiving calciferol 
per os daily for 14 days in doses of 100,000 units/kg body 
weight. The reduction in aortic tissue was by 70 per cent 
and in lung by 40 per cent, compared with the correspond- 
ing tissues in normal animals. In small intestine the 
ATPase activity was decreased by less than 20 per cent 
(see Table 2). 


Table 2, EFFECT OF VITAMIN D,-INTOXIOATION ON THE MAGNRSIUM-STIMU- 


LaTHD ATPASE ACTIVIFY IN SOME TISSUES 
Vitamin D,* 
Oontrol* intoxication Inhibition (per cent) 

umoles Pifh/g of wet weight 
Aorta 1,020 + 180 i. + 80 67 (P < 001 
Lun 1,210 + 140 730 + 60 40 (P <0 06 
Small intestine 1,840 + 130 1,110 + 40 17 (P > 0 065, 

umoles Pi/h/whole organ 
Aorta 46+3 +8 56 (P <0-001) 
pme 108 + 14 166 + 12 20 {P <0 05) 
8 intestine 167 + 9 121 + 8 27 (P <0 001) 


Condition as in Table 1. 
*Srx animals in each group. 


Calciferol intoxication induces an intensive calcification 
of aorta and lung tissue with a marked increase in the 
mineral content of these organs, and the calculation of 
ATPase activities in terms of P; per gram of wet tissues 
may reduce artificially the value of the enzyme activity. 
Table 2 shows that a marked fall in ATPase activity could 
also be noted if the values were calculated per organ as 
suggested by Grant et al.t. We always used 3 om sections 
of the same part of the aortae or intestines and the same 
lobe of the lung. 

Thus the administration of high doses of vitamin D, 
induced marked inhibition of magnesium-stimulated 
ATPase activity in tissues undergoing metastatic calcifica- 
tion. The decrease of ATPase activity may be due to the 
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direct action of calciferol on these tissues, since this 
vitamin also exerts the same inhibitory effect when added 
tn vitro to homogenates of appropriate tissues. 

_ The reduction of ATPase activity in tissues of calciferol- 
intoxicated rats appears to be a result of a biochemical 
lesion underlying metastatic calcification. This view is 
supported by the finding of Grant et al.‘ that 2 : 4-dini- 
trophenol stimulates the activity of ATPase but depresses 
the degree of mineralization induced in soft tissues by 
calciferol. Further evidence in support of this concept 
ig the correlation between the degree of calcifica- 
tion of various tissues in calciferol intoxication and the 
degree of inhibition of ATPase in these tissues. Grant 
et al.* showed that the tissues of rats could be arranged 
in the following order of intensity of calcification: aorta > 
lung > stomach. The tissues in our experiments could 
be arranged in the same order for the degree of inhibition 
of ATPase activity by vitamin D, tn vivo. 

It is well known that a large fraction of magnesium- 
stimulated ATPase activity is involved in oxidative 
phosphorylation’? 2, The inhibition of ATPase activity 
by vitamin D, may possibly be due to impairment of 
oxidative phosphorylation by large doses of this vitamin. 
This view 1s supported by the fact that EDTA exerting 
stabilizing and coupling effects on oxidative phosphoryla- 
tion?™H has been found in our experiments to reduce the 
inhibitory effect of calciferol on ATPase activity (see 
Table 1). 

In good agreement with this view is the recent finding 
that the administration of large doses of vitamin D, could 
cause uncoupling of oxidative phosphorylation in some rat 
tissues". This effect of vitamin D, may be a result of ite 
ability to damage the structural integrity and function of 
lipoprotein membranes!’ and (or) to a direct interaction 
with some components of the respiratory chain. Our 
ee supporting the latter posmbility will be published. 
elsewhere, 


V. B. SrmicHEvV 
N. V. BLAZHEVICH 


State Institute of Vitaminology, 
Moscow. 
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Biogenic Amines and Active Polypeptides in 
the Skin of Australian Amphibians 


In the course of an extensive study of biogenic amines 
and active polypeptides in the skins of amphibians col- 
lected throughout the world, extracts of the skin of a 
number of Australian species were subjected to paper 
chromatographic and biological sercening. Research on 
the Australian species is still in progress and this report 
18 intended to communicate only some preliminary results. 

So far, the dried skins of fourteen amphibian species 
have been examined for their content of aromatic biogenic 
amines (indolealkylamimes, imidazolealkylamines and 
phenylalkylamines) and the dried skins of eighteen 
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species for their content of active polypeptides (brady 

kinin-like polypeptides, physelaemin-like polypeptide: 
and other polypeptides active on blood preasure and/om 
on smooth muscle). 

Results of analyses of biogenic amines present in the 
skins of fourteen species are s i in Table 1 
Indolealkylamines, represented not only by 5-hydroxy-. 
tryptamine (5-HT) but also by its N-methyl derivatives, 
were found in 9-10 of the species examined. Only Hylan 
caerulea and the related Hyla infrafrenata containedll 
important amounts of histamine. Leptodactyline 
(m-hydroxyphenylethyltrimethylammonium) was not 
detected in any of the species examined. 


Table 1. CONTENT oF BIOGENIO AMINES IN BOMB AUSTRALIAN AMPHIBIANS 
(in yg base per g dry skin) 


Indol lamines 
Species N-methyl- Bufo- Hist- Leptodac- 
5-HT 6-HT tenine amine tyline 
Hyla pearsoniana 50 0 750-2,500 0 0 
Hyla peroni 80-250 12 10-16 0 0 
Hyla urn 180 0 5 0 0 
Hyla rothi 40 0 0 0 0 
Hyla wifrafronata 500 0 0 170 0 
Hyla caerulea 210-850 0 0 140-820 0 
‘Adelotus brevis 0 0 0 Qo 0 
Mixophyes fasciolatus 0 0 0 0 0 
LTAmnodynastes 0 0 0 0 0 
feared, 8 ok E 
ornatus 
Cyelorana alboguttatus 2 175 9 0 0 
Lechriodus fleicheri 15 0 0 0 0 
0, not detectable ( < 1-2 ug/g). 
=, not investigated. 


The skins of the species listed in Table 1 together with 
those of four additional species (Hyla nasuta, Hyla 
gractlenta, Hyla rubella and Limnodynastes dorsalis) were 
submitted to screening for polypeptides. It was found 
that bradykinm-hke and physalaemin-like polypeptades 
were either completely lacking or present in amounts 
which were always less than 1 ug and usually less than 
0-1 ug per g dry skin. A new polypeptide was discovered, 
however, m the skin of several species of Hyla. This 
polypeptide possessed, in addition to conspicuous effects on 
some external secretions, a potent, relatively long-lasting 
hypotensive action in the dog and other mammals and, 
of special interest, sometimes marked, spasmogenic 
actions on extravascular smooth muscle. It was present 
in large amounts in the skins of Hyla caerulea and Hyla 
infrafrenata, in lesser concentrations im the skins of Hyla 
roths, Hyla lesueuri, Hyla gracilenia, and was possibly also 
present in the skins of Hyla verreauxi and Hyla btcolor— 
two species which require further mvestigation. 

Investigation of the new polypeptide, for which the 
name “‘caerulein” is suggested, is in progress and its 
amino-acid composition and sequence have almost been 
established. The polypeptide is quite different, both from™ 
a chemical and pharmacological point of view, from all 
other known polypeptides which have an active effect on 
smooth muscle. 

It is hoped that, when completed, this research will be 
of interest not only from the point of view of comparative 
biochemistry and pharmacology but also from that of 
biochemical taxonomy. 

This work was supported by a grant from the Consigho 
Nazionale delle Ricerche, Roma. 
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IMMUNOLOGY 


Comparison of the C-terminal Amino-acid 
Sequence of Two Horse Immunoglobulins 


IgG and IgG(T) 


Mr was observed that treatment of the heavy chain of 
normal rabbit immunoglobulin G (IgG) with cyanogen 
Moromide in 70 per cent formic acid split the chain into 
sections suitable for amino-acid sequence studies. Cyano- 
agen bromide reacts with methionine residues converting 
=them to homoserine with simultaneous splitting of the 
ptide chain and leaving the homoserine residue C- 
terminal’. Particularly the C-terminal octadecapeptide 
was easily isolated in high yield and its sequence was 
«determined*. The heavy chain of human IgG from 
normal serum? and a pathological serum‘ both had the 
same C-terminal sequence and this differed from that 
of the rabbit in only two of the eighteen residues, sug- 
gesting that there might be a characteristic pattern for all 
mammahan IgG. The heavy chain of horse IgG has been 
investigated by the same technique and compared with 
the heavy chain of the horse T protem. ‘The latter 
immunoglobulin is barely detectable in normal serum but 
increases very considerably in the serum of a horse 
strongly immunized with protem antigens such as diph- 
theria or tetanus toxoid and it may contain almost all 
the antibody**. This protein has a high carbohydrate 
content and it has been suggested that ıt might be the 
equine equivalent of human IgA. From a study of the 
antigenic cross-reactions of the whole proteins and their 
subunits, however, this seemed unlikely’. 

The isolation of the proteins and their heavy chains’, 
the treatment with cyanogen bromide, and isolation of the 
C-terminal peptide’, and the techniques of analysis and 
sequence determination‘ have been described previously. 
The peptides were isolated in a final yield of about 50 
per cent, and analysis (Table 1) showed a difference of 
two residues between horse and either rabbit or human 
IgG. There was a difference of three residues between 
the peptides of horse IgG and the horse T protein. 

Sequence of horas IgG peptide. Tryptic digestion of the 

. peptide and fractionation of the products on ‘Sephadex 
@-25° and by high voltage electrophoresis on paper? gave 
three peptides. Two were identical in size, charge and 
composition, with T, and T, from rabbit IgG. The third 
differed from T, and its sequence by Edman degradation 
was found to be: Ser-Val-Ser-Lys. The sequence of the 
smallest peptide was confirmed to be identical with rabbit 
peptide T,, that is, Ser-Pro-Gly. The eleven residue 
N-terminal peptide gave the same N- and C-terminal 


Table 1. AMINO-AOID COMPOSITION OF O-TRRMINAL Puptipus OF IgG AND 
IgG(T) Heavy CHAINS 


Amino-acid realdues/mole of 
Lys His Asp Thr Ser Glu Pro 
18 26 12 
12 29 19 


ptide 

ly Ala Val Leu Tyr 

IgG 10 26 109 10 11 10 10 10 05 

IgG(T) 10 19 28 09 10 10 18 08 O8 

Table 2. TRyPTIO AND OHYMOTRYPYIO PEPTIDES OF IgG(T) C-TERNINAL 
OOTADEOAPHPTIDE 
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residues as T, from rabbit and human IgG and chymo- 
tryptic digest gave peptides with the same mobility and 
composition. Thus from comparison with the terminal 
peptide of rabbit IgG, the sequence of the terminal 
eighteen residues of horse IgG heavy chain was deduced 
to be: Hus-Glu-Ala-Leu-His-Asn-His-Tyr-Thr-Gln-Lys- 
Ser-Val-Ser-Lys-Ser-Pro-Gly. 

Sequence of the horse IgG(T) peptide. Tryptio digestion 
of this peptide gave two fractions similar to human IgG. 
Their compositions were different, however, not only from 
the corresponding peptides of human IgG but also from 
those of both horse and rabbit IgG. The compositions of 
these tryptic peptides are given in Table 2. 

After the first Edman degradation of T, analysis 
showed aspartic acid to be missing and the phenylthio- 
hydantoin amino-acid was identified as asparagine, and 
thus this is N-terminal. Four further steps showed by 
difference analysis (confirmed by the dansyl technique) 
that the sequence was: Asn-Val-Ser-His-Ser-(Pro,Gly). 
Glycine was assigned to the C-terminal position because 
it was found to occupy that position in the octadeca- 
peptide. 

Three successive steps of the Edman degradation 
established the N-terminal sequence of T, to be His-Glu- 
Ala, as in the equivalent peptide from the rabbit, horse 
and human IgG, but a fourth step gave Val, in contrast to 
Leu, for the others. A chymotryptic digest of T, gave 
two major peptides with the composition shown in Table 2. 
T,C, which has N-terminal threonine contains lysine and 
therefore comes from the C-terminal part of Tı. From 
the mobility, the glutamic acid residue must be present 
as the amide, and the sequence was found to be: Thr-Gin- 
Lys. T,C, contained the same N-terminal sequence as 
T,, and treatment with carboxypeptidase A released 
tyrosine quickly and histidine more slowly. Thus, the 
sequence was: His-Glu-Ala-Val-(Glu,Agp)-His-Tyr. Pep- 
tides from a pronase digest of T,C, included (Asp,His,Tyr) 
and (His,Glu,,Ala,Val) and therefore the complete 
sequence of T,C, was established. 

Digestion of T,C, with leucine aminopeptidase showed 
both glutamic acid residues to be present as the free acids 
and the aspartic residue to be the amide. Thus the full 
sequence of the C-terminal eighteen residues of the horse 
T protein heavy chain is: His-Glu-Ala-Val-Glu-Asn-His- 
Tyr-Thr-Gln-Lys-Asn-Val-Ser-His-Ser-Pro-Gly. 

The C-terminal sequences of the heavy chain from the 
two horse immunoglobulins, the rabbit IgG and two sub- 
classes of human IgG* are shown in Table 3. 

The similarities are obvious and no doubt will extend 
much further from the C-terminal end of the chain. 
Residues 4 and 6 appear to be the most variable, though 
identical in the two human IgG subclasses. A further 
difference of two residues is also apparent between the 
two horse and also between the human proteins. The 
pattern of these changes suggests that the T protein would 
be described more accurately as an IgG subclass than 
as IgA. This ıs in agreement with the antigenic character- 
istics which showed that both the light chains and the 
Fab fragments of horse IgG and T protein were identical 


Ammos festdnea/möle DE popia tlo and that, although the antigenic differences were confined 
Trypto peptide „popud of Ta to the Fe fragments, this part of the molecule also showed 
T T : sts a cross-reaction’. Furthermore, the heavy (a) chain of 
im i 10 19 19 rabbit milk IgA shows no antigenic crosgs-reaction with 
Asp 10 0:8 11 = the y chain of IgG (ref. 9), the molecular weight of the 
ae ee 19 02 a a-chain residue is higher and there are marked differences 
Glu 27 == 21 10 in peptide pattern!*. On treatment of the «-chains with 
Gly T F? 03 ka cyanogen bromide, no evidence of a comparable C-terminal 
Ala 10 Ll = octadecapeptide could be found (Givol and Cebra, un- 
ki T of 83 = published). 
Table 8. TARIYA: SEQUENOM OF THE HuAVY CHAIN OF SHVERAL IMMUNOGLOBULINS a 
Home 10 (Met) His Gu Ala-ow- fe Aan- Mis Tyr- Phe Gl- Lys Sar: Varder Jure- Prodiy This report 
Rabbıt IgG et)-His-Glu-Ala-Leu-His-Asn-His-Tyr-Thr-Gin-Lys-Ser-Ile-Ser-Arg-Ser-Pro-Gl 2 
Human IgG (h We) et)-His-Glu-Ala-Leu-His-Asn-His-T'yr-Thr-Gln-Lys-Ser-Leu-3er-Leu-Ser-Pro-Gl: 4 
Human IgG {y3 V1) (Mot)-His-Glu-Ala-Leu-His-Asn-Arg-Phe-Thr-Gln-Lys-Ser-Leu-Ser-Leu-Ser-Pro-Gly 8 
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It therefore seems reasonable to conclude that the 
horse T protein is an IgG subclass rather than the equiva- 
lent of IgA and it is suggested that in future it is described 
as IgG(T). 

We thank the Medical Research Council for financial 
support and the Wellcome Trust for granting fellowships 
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Lymphocyte Transformation in Acute 
Uraemia 


TECHNICAL advances ın tissue and organ transplantation 
have created a need for satisfactory pre-operative histo- 
compatibility tests. The lymphocyte transfer test has 
been found to aid in the selection of donors', but has 
shown an altered response in uraemia?. Mixed cultures 
of peripheral blood lymphocytes have been found to 
undergo transformation processes which can be correlated 
with antigenic differences between individuals‘-*. 
Lymphocyte transformation showed a high degree 
(R = — 0-88) of correlation with the rate of skin rejection 
in squirrel monkeys, and so the system was tested for its 
applicability in uraemia. Sıxteen squirrel monkeys were 
randomly grouped into fours, in such a way that two 
animals served as donors for each of two recipients, 
yielding four tests per group. Blood was drawn before 
operation for blood urea nitrogen (BUN) determination 
and control lymphocyte transformation cultures. Bilateral 
ureteral ligation was then performed on the recipient 
animals under ‘Sernylan’ anaesthesia. Lymphocyte 
cultures were prepared as previously described’ by adding 
donor lymphocytes killed by repeated freezing and thawing 
to live recipient lymphocyte suspensions in tissue culture 
199. After 3 days at 37° C, the cells were treated with 
‘Coleemide’ for 3 h followed by hypotonic treatment 
for 10 min, fixation in 60 per cent glacial acetic acid: 
normal hydrochloric acid (9:1), staining in 2 per cent 
aceto-orcein, then lightly squashed under a coverslip. 
The percentages of transformed cells were then determined 
by counting the number per 1,000 mononuclear cells, 
omitting cells which were obviously macrophages (that 
is, cells with eccentric nuclei and phagocytic cytoplasmic 
inclusions). As the process of lymphocyte transformation 
includes cellular enlargement, a decrease in density of 
chromatin clumping, and the appearance of prominent 
nucleoli, only those cells containing one or more distinct 
nucleoh were scored as transformed cells in order to 
ensure consistency in counting. Utilizing the same donor- 
recipient pairs, the lymphocyte cultures and BUN 
determinations were repeated 3 days after ureteral ligation. 
Table 1 summarizes the results. Pre-operative BUN 
levels ranged from 11 to 15 mg per cent and BUN levels 
at the time of repeat lymphocyte cultures ranged from 
120 to 200 mg per cent. The percentages of lymphocytes 
transformed ranged from 7-1 to 26-3 per cent in the entire 
group. In specific test pairs, the percentage differences 
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Table 1. LyMPHOOYTR TRANSFORMATION IN SQUIRREL MONKEYS BRFOR) 
AND AFTER URBTERAL LIGATION 


3 days 
Pre-operative t-o tive 
Recipient Donor BUN 11-15 UN 120-200 Difference 
(mg per cent) (mg per cent) 
A, 1 85 T1 -14 
Ax 2 180 166 +26 
B, 1 10-5 98 -07 
By 2 80 82 +02 
A, 3 10-5 91 -14 
As 4 120 122 +02 
B, 3 11-0 181 +21 
B, 4 10-3 8-2 -21 
Ay 5 8-8 78 -05 
As 6 20-8 221 +183 
B, 5 181 150 -31 
B, 8 11-1 11-0 -01 
Ay 7 26 3 257 -06 
Ay 8 16 6 171 +05 
By 7 181 17-9 02 
B, 8 168 170 +07 


SSs 5 
P = gg. orm) 
1:1 <2 4, variance ratio for P = 0 05 


SSa + SS 
po Se 2 362, s= 188 


t= C=) a 0085 


0085 €2-04,¢ value for P = 005 


in lymphocyte transformation ranged only from — 3-1 to 
+2-6. The variance ratio was only 1-1, which is much 
leas than 2-4, the variance ratio for a significant difference 
at the P level of 0:05. The ¢ test gave a value of 0-085, 
which is much less than 2-04, the value for P level of 
0-05. No significant difference could therefore be detected 
in the percentage of lymphocyte transformation before 
and 3 days after ureteral ligation. 

Thus, it appears that the lymphocyte transformation 
test is not affected by acute uraemia in squirrel monkeys. 
The reliability of the test in preparations producing 
chronic uraemie has yet to be evaluated, but should pro- 
vide information of even greater value, since most patients 
Tequiring renal transplantation suffer from chronic 
uraemia. 

This work was supported in part by grants from the 
U.S. Army and the National Institutes of Health, U.S. 
Public Health Service, and by a contract with the U.S. 
Army. 
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A New Anti-Ag Serum (Serum B.N.) 


DuRiIne an investigation of sera from about 200 poly- 
transfused individuals (collected at the City of Stockholm 
Blood Transfusion Centre), one serum (from patient B. N.) 
was found which formed precipitates with 230 (93-9 
per cent) of 245 sera from unrelated individuals living in 
the Stockholm area. This patient suffers from severe 
haemophilia A and has received forty-five transfusions 
since 1943. The method used for demonstrating this 
isoprecipitin 1s a gel diffusion on microscope slides as 
described elsewhere’. 

Absorption tests with sera of different Ag types! did 
not show any physically separable antibodies with 
different specificities. The antibody in serum B. N. is 
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therefore denoted anti-t and samples reacting positively 
with this serum are called Ag (t+) whereas non-reactors 
are called Ag (t~). The sera tested with serum B. N. 
had also been tested against the original anti-Ag serum 
C. de B.*, which contains at least three different antibodies 
(anti-a,, anti-x and anti-z))*, and with variously 
absorbed serum C. de B. as well as a recently discovered 
anti-Ag reagent (serum C. P.)‘, which reveals the antitheti- 
cal gene product to the Ag (x) antigen, called (Ag(y)!*. 


Table 1. TESTS FOR ASSOCIATION BETWEEN ANTIGEN b AND OTHER Ag 
ANTIGENS (a1, X, y and z) 


Reactions Reactions with anti-t x P(1 d.f.) 
with Anti-t+ Anti-t— 
anti-a,+ 146 18 3-3 0-1-0-05 
anti-a, — 84 2 
anti-x + 94 4 1-2 0 8-0°2 
anti-x — 186 11 
anti-y + 214 16 r1 0-3-0:2 
anti-y — 16 0 
anti-z+ 46 10 17-9 <0001 
anti-z— 185 5 
Tests by 2x2 tables performed on sera from 245 unrelated Individuals 
living in the Stockholm area. 


Table 1 shows that the new antigen Ag (t) is strongly 
associated with but different from Ag (z), but it does not 
appear to be associated with antigens Ag (a,), Ag (x) or 
Ag (y) in the material studied. 

We thank Miss Rigmor Malm, State Institute for Blood 
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Intrathymic Inoculation of a Murine 
Leukaemia Virus (Rich) 


Virus induced leukaemia in the mouse provides a con- 
venient model system for investigating the early stages of 
the leukaemogenic process. The intraperitoneal inocu- 
lation of murine leukaemia viruses into susceptible mice 
is followed by the development of unilateral thymic 
lymphoma and lymphocytic leukaemia‘. 

In investigations on the mechanism of action of 6 
thymic (Rich) leukaemia virus, the agent was directly 
inoculated into one of the two thymus glands. In 90 per 
cent of the mice so treated, the lymphoma developed in 
the inoculated thymus*. It was also observed that the 
latent period between virus inoculation and tumour 
development appeared to be shorter than that observed 
following intraperitoneal inoculation. It was, therefore, 
of theoretical and practical interest to determine the 
influence of the intraperitoneal and intrathymic routes of 
inoculation on the development of leukaemia. 

Using a protocol previously described? a 100 ul. 
syringe fitted with a 30 gauge needle was used for intra- 
thymic inoculations. Groups of between ten and fifteen 
4-5 day old Ha/IOR Swiss mice, which had been randomly 
bred in our laboratory, were inoculated intrathymically 
with each dilution of virus. Mice were lightly anaesthe- 
tized and restrained on a board in the ventral position. 
The sternum was opened with fine scissors slanting the 
cut slightly to the right or left. The left or right thymus 
appeared directly in the incision. Inoculation of 0-005 ml. 
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Table 1. INFECTIVITY OF à MURINE LEUKAEMIA VIRUS (RIOR) ADMINISTERED 
TO 4-5 DAY OLD Swiss MIOH BY THR O AND INTRAPERITONEAL 


ROUTES 
Intraperitoneal route Tntrathymic route 
Mean Mean 
No. of latent latent 
infectious No inoc. period + No. moc. period 
doses (LD,)* No.leukaemlo (days) Ño leukaemic (days) 
1,000 18/13 105 - - 
500 18/13 120 ~ = 
60 11/11 116 11/11 65 
6 8/18 186 9/15 1 
05 0/14 - 19 115 
005 0/12 - 1/10 —(142) 


* ás determined in an earlier titration of the virus In newborn (24 h) 
Swiss mice inoculated intraperitoneally. 


t Time elapsed between moculation and appearance of palpable tumour. 


was made in the longitudinal axis of the thymus and the 
incision closed with silk sutures. Only minimal post- 
operative mortality was observed. 

Other mice selected at random from the same litters 
received intraperitoneal inoculations of 0:1 ml. of virus 
diluted so as to provide titres equal to the intrathymically 
inoculated group. All mice were palpated at weekly 
intervals for lymph node enlargement. Lymphoma 
development was confirmed by gross and microscopic 
pathology. 

Physiological saline was used for virus dilution. Virus 
was stored at — 70° C and maintained at ice bath tem- 
peratures during handling. The virus pool had previously 
been titrated by intraperitoneal inoculation of newborn 
Swiss mice. Virus concentrations in Table 1 are expressed 
as multiples of the dose giving leukaemia m 50 per cent of 
the animals inoculated (£D,,) in the earlier titration. 

It may be seen from Table 1 that mice moculated intra- 
thymically were significantly more sensitive to the 
leukaemogenic action of the virus than were animals 
intraperitoneally inoculated. With animals receiving 
fifty and five leukaemic doses (LD,,) (as determined in a 
previous titration), tumours developed in 65 and 81 days, 
respectively, for intrathymically inoculated mice as 
compared with 116 and 136 days for intraperitoneally 
inoculated mice. At a dose of 0-5 LDs, intraperitoneally 
inoculated mice showed no leukaemic response (up to 
165 days) while intrathymically inoculated mice were 
leukaemic by 115 days. Thus mice receiving the virus 
intrathymically showed the same leukaemogenic response 
as mice receiving one hundred times the dose by the 
intraperitoneal route. 

Except in special circumstances where rapid develop- 
ment of leukaemia is of special significance in a specific 
experimental design, the advantages of increased sensi- 
tivity are limited by the inconvenience of the inoculation 
procedure. These findings do, however, offer some insight 
into the mechanism of viral leukaemogenesis. 

The specific site of the virus-cell interaction leading to 
development of leukaemia is as yet unknown. Two major 
types of response to murine leukaemia viruses have been 
described. Following inoculation of the Friend? or 
Rauscher‘ viruses, the viraemia which develops within 
a few days is accompanied by an immediate proliferation 
of splenic reticulum cells, often leading to splenic rupture 
and death (compare with ref. 5). In contrast, the viraemia 
which develops after inoculation with the thymic type of 
virus (for example, Gross*, Moloney’ and Rich? strains) is 
unaccompanied by immediate histological alteration. 
It is not until several weeks after a generalized viraemia 
is present that the earliest histological changes in the 
thymus are observed (compare with ref. 1). Thus, it 
might be helpful in these systems to consider viral pro- 
liferation and loeukaemogenesis to be separate although 
dependent processes. 

Histological evidence for the origin of lymphocytic 
leukaemia in one of the two thymuses has already been 
reported’. The enhancement of the leukaemogenic re- 
sponse following intrathymic inoculation suggests the 
thymuses as a site for the primary virus-—cell interaction 
which must precede leukaemogenesis in this system. 
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Earlier electron microscopic investigations® have shown 
that some input virus could be detected in the thymuses 
3 h after intrapentoneal inoculation. Proliferating virus 
was observed 2-3 days later. Thus the marked enhance- 
ment of leukaemogenesis following intrathymic ad- 
ministration of virus m the present investigation suggests 
a strong dependence on the quantity of virus at the thymic 
site. 

The possibility that virus proliferation at a critical 
site rather than a specific virus-cell interaction could 
initiate leukaemogenesis should be considered. Experi- 
ments designed to explore the biochemical changes and 
immunological competence of thymic cells during virus 
infection and subsequent leukaemogenesis are in progress. 

This work was supported by grants and a career devel- 
opment award to M. A. R. from the National Institutes of 
Health, U.S. Public Health Service. 
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Capacity of Pepsin-digested Antibody to 
inhibit Antibody Formation 


THE capacity of passively administered serum antibody 
to inhibit specific antubody formation! has suggested that 
serum antibody may act as a type of “feedback” 
mechanism?*. It is not known whether this effect of 
antibody results from its interaction with antigen or from 
a “direct” effect of some kind on the antibody-producing 
cells themselves®. A “direct” effect might be mediated by 
the Fe fragment of antibody, because this fragment, 
which does not contain the combining sites for antigen, 
is known to be essential for many other biological functions 
of antibody, such as complement fixation’, combination 
with skin’ and passage across the placenta’. The purpose 
of our experiments was to determine whether this frag- 
ment of the antibody gamma-globulin plays a part in the 
inhibition by antibody of specific antibody formation. 
Two pools of antisera were obtained from guinea-pigs 
hyperimmunized to bacteriophage øX 174. The phage- 
neutralization titres (k) were determined by the pour 
plate technique’. Both antisera contained predominantly 
7S antibody, as determined by the effect of 2-mercapto- 
ethanol (2-ME) on the k values**. One antiserum, with a 
k of 6,330, was used for the first e t and the 
second antiserum, with a k of 1,045, for the second 
experiment. In order to digest away the Fe fragment, 
peptic digestion of the antisera was carried out by the 
method of Nisonoff. Briefly, globulins from the anti- 
serum were precipitated and washed with one-third 
saturated ammonium sulphate. The precipitate was 
dissolved in saline and dialysed against 0-1 molar acetate 
buffer (pH 4) overnight. The protein content of the 
solution was determmed by the method of Folin—Cio- 
calteau—Lowry*. Then half the gamma-globulin prepara- 
tion was digested with pepsin at a concentration of 2 mg 
pepsin per 100 mg protein for 18 h at 37° C. The control 
gamma-globulin solution was also incubated, but without 
pepsin. After incubation, the samples were dialysed 
against 0-025 molar borate-buffered saline (pH 9-2) and 
then 0:01 molar phosphate-buffered saline (pH 7-2). The 
effectiveness of the pepsin digestion in removing the Fc 
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fragment was established by examming the capacity of 
digested antibody globulin to sensitize for passive cutane- 
ous anaphylaxis (PCA) reactivity, since the Fo fragment 
is essential for antibody to sensitize the skin’. Because it 
18 not practical to use the large amounts of øX necessary 
to study PCA reactivity, guinea-pig antibody to ovalbumin 
had been mixed with anti-oX antibody before pepsin 
digestion. It was shown that in the control globulin 
preparation, 1 ug protein gave a PCA reaction to oval- 
bumin. In contrast, 100 ug pepsin-digested material was 
negative in this test, and therefore presumably free of 
the Fo fragment. 

Determination of the final protein and antibody 
concentrations (k) of the control and pepsin-digested 
globulins indicated that their neutralizing activity was 
not noticeably affected by the digestion. 

The capacity of the mtact and pepsin-digested anti-oX 
globulins to inhibit the formation of antibody to øX in 
the guinea-pig was investigated. Female albino guinea- 
pigs weighing 250-300 g were immunized with 6x 10° 
plaque-forming units (p.¥.0.) of øX intravenously. For 
whibrtion, 0-5 ml. of the appropriate antibody solutions, 
each adjusted to have a k of 20, were mixed with the oX 
immediately before mjection. Controls included non- 
immunized animals which received antibody globulins 
only. Blood was obtained by retro-orbital bleeding at 
5 min, 1 day and 7 days after immunization, and the k 
values of the sera were determined. 


Table 1. CAPAOETY OF PASSIVELY ADMINISTERED PEPSIN-DIGESTED ANTI- 
aX GLOBULIN TO 8UPPRESS ANTIBODY FORMATION TO aX IN GUINEA-PIGS 


Immun- Type of Serum antibody (k)* 

Group ization antibody Time after immunization 
(p.7.U.eX/ globulin 6 min 17h 1 week 
animal) injected 

1 6 x 10* None — — 147 
(0-86-21 1) 
2 6x 10° Intact — 0-17 : 
{0 15-0 22) (0-90-2-01) 
3 6x 10° Pepsin- = T 2 20 é 
ted ( < 0001-0 028) (1-79—3-02) 
4 None Intact 059+ 0-15 0 05 
5 None Teran 0:-58ł 093 0 62 
—, Not done. 


* Mean k of four animals presented; the range of values ls shown in 
parentheses. 

+ Single value. 

t P<001 compared with values in group 1. 


The first experiment is summarized in Table 1. The k 
values of sera obtained § min after injection of antiserum 
from two non-immunized animals confirmed that similar 
serum concentrations of neutralizing activity of the intact 
and the pepsin-digested globulins had been achieved. In 
these two animals, however, and in two immunized | 
animals that received antibody passively, k values at” 
17 h showed that the pepsin-digested antibody had 
disappeared from the circulation more rapidly than intact 
antibody; at 1 week only trace amounts of each type of 
antibody remained. In immunized animals, the k values 
at 1 week indicated that both intact and pepsin-digested 
antibody had markedly depressed antibody formation, 
and that the pepsin-digested antibody may have been 
slightly less effective than intact antibody in this regard. 

A second experiment was carried out to confirm these 
resulta and to compare further the inhibitory capacity of 
pepsin-digested antibody with that of intact antibody. 
In this experiment, a second pool of antiserum was used, 
and antiserum was injected 2 days after immunization in 
addition to being mixed with the antigen. At 2 days 
after immunization, approximately 99 per cent of the øX 
has been shown to have been removed from the circulation 
by the reticuloendothelial system!®. Inhibition by 
passively administered antibody is usually less effective 
at this time than when given at the time of immuniza- 
tion!*, hence such a system is more apt to reveal differences 
in the capacities of two different antibodies to inhibit. 

Table 2 summarizes this experiment. All the observa- 
tions in the first experiment were confirmed. The capacity 
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Table 2, COMPARISON OF INTACT AND PEPSIN-DIGESTHD ANTI-aXY GLOBULIN 
TO SUPPRESS ANTIBODY FORMATION TO ØX IN GUINBA-PIGS 


Immun- Antibody injected 


ization after immunization Serum antibody (z)* 
Group (P.¥.U. Inter- Time after {mmunization 
aX/ Type val 5min 17h 1 
animal) days 
1 6x 10° None oo —_ 115 
(7 25-190) 
2 6x10 Intact 0 — 0:14 082 
(0-18-0168) (0: e ) 
3 6x10" Intact 2 == _ “76 
{0 00-8 10) 
4 6x 10* Pepatn- 0 — 0 002 471$ 
ted (< 0:001—0 007) (2- 91-8 05) 
5 6x10’ Pepsin- 2 — — 
ted (1 397008) 
6 None Tntact 0 &28t 014 oa 
7 None erein- 0 020+ <0-001T <0-001F 
~~, Not done. 


*‘Mfean & for four animals presented; the range of values is shown in 
parentheses, 


Single value. 

P<0-01 compared to values in Group 

P <0 05 compared to values in Group] He “P <0 02 when values in Group 4 

Group 2 are compared, P<0'8 when values 1n Group 5 and Group 8 
ar compared, 


of pepsin-digested antibody to suppress antibody forma- 
tion appeared to be significantly less than the inhibitory 
capacity of ntact antibody. This reduction of the 
effectiveness in suppressing antibody formation may be 


related to possible mınor changes in the configuration of © 


the antigen-combining sites or to the altered metabolism 
of pepsin-digested antibody compared with intact anti- 
body or both. Spiegelberg and Weigle* have reported 
that pepsin-digested gamma-globulin is more rapidly 
cleared from the circulation and catabolized than intact 
antibody. 

The data presented above indicate that the Fe fragment 
of antibody does not play an essential part in the capacity 
of the antibody to inhibit further antibody formation. 
Therefore, such inhibition does not depend on other 
functions of the antibody molecule that are mediated by 
the Fe fragment, such as fixation to skin. Rather, 
inhibition depends on the Fab fragments, which contain 
the combining sites for antigen. This finding supporte a 
concept previously deduced from the specificity of 
inhibition’: that inhibition ıs brought about through 
interaction with antigen that would ordinarily stimulate 
the formation of further antibody, rather than through a 
“direct” action of the antibody on the antibody-formmng 
cells themselves. 

‘This work was supported in part by a grant from the 
U.8. Public Health Service and by the Commission on 
Immunization of the Armed Forces Epidemiological 
Board, and in part by the Office of the Surgeon General, 
Department of the Army, Washington, D.C. 

We thank Mr. William Dolan and Mr. Yuen Chinn for 
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PATHOLOGY 


Proteinuria in Patients with 
Homotransplanted Kidneys 


PROTEINURIA has been investigated in this laboratory in 
& group of patients with homotransplanted kidneys. A 
previously undescribed pattern was found in most cases 
on starch gel electrophoresis. The clinical data on these 
patients and the procedures for renal homotransplantation 
have been previously published by Hamburger et al.t. 
The patiente’ own kidneys were removed surgically in all 
cases. Of thirty-four patiente who supported the homo- 
transplant for more than 12 months, twenty-eight had at 
least a mild proteinuria in the course of the months or 
years following the operation. The urine specimens were 
concentrated to a protein conient of 40-50 g/l. before 
starch gel electrophoresis. The methods for urinary con- 
centration and starch gel electrophoresis have previously 
been described*. 

Proteinuria was present in twenty-eight patients during 
the first year after transplantation. The uri protein 
concentration was usually low, between 0:05 and 0-50 g/l. 
A characteristic electrophoretic pattern was found in 
twenty-three of twenty-eight patients. This is called the 
triple globulin band (TGB). 

Patients with the TGB pattern. In twenty-three patients 
the main components present in the urine samples were 
three anodic globulins, migrating in post-albumin (Ge 
globulin)’, Bc, and fast a, globulin zones, respectively. 
This constituted a characteristic pattern with three neigh- 
bouring bands in the same narrow zone (Fig. 1). These 
three bands were the only anodic components evident in 
ten cases. A visible albumin spot was associated with 
them in thirteen cases. More sensitive techniques such as 
immunoelectrophoresis showed that trace quantities of 
albumin were present in all cases, indicating that the 
difference between both groups was merely quantitative. 
Pre-albumin (p-globulin) was the only other anodic 
globulin noted. On the cathodic side of the starch gel, 
y-globulins were usually found, and in four cases the 
post-y protein described by Butler and Flynn‘ was also 
found. 








ed 8 Fay Ge 
Fig. 1. 


Patients without the TGB pattern. In five patients, the 
electrophoretic pattern was of a more common type. Two 
had a very low urinary protein content and an electro- 
phoretic pattern simular to that found in unne of healthy 
adults’. The three remaining patients had urinary protein 
levels at the upper lmit of our criteria. The proteinuria 
was similar to the so-called “selective” pattern in two 
cases and to the “non-selective” pattern ın one case*’, 

Modifications of the electrophoretio pattern during the 
clinical course. Repeated examinations were performed in 
patients with the TGB pattern. Five cases are too recent 
to allow any satisfactory follow-up. In four cases the 
proteinuria disappeared. In fourteen cases, the TGB 
pattern became associated with increasing proportions of 
other components. The most frequent course was as 
follows: the first stage showed a pure TGB pattern; at 
the second an increasing amount of albumin was 
associated with the TGB. Afterwards, albumin became 
the predominant fraction present in the urine, the ße- 
globulin band remained clear-cut, while the fast a, and 
y-globulin bands became faint, and the post-albumin 
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disappeared. As the electrophoretic pattern changed, 
the concentration of urinary protem increased to a level 
above 0-50 g/l. This pattern is usually described in 
common cases of proteinuria and 18 simular to the so-called 
“selective” pattern. 

A mild proteinuria was found in twenty-eight patients 
with homotransplanted kidneys’. In twenty-three 
patients a characteristic starch gel electrophoresis pattern, 
described as a triple globulin band (TGB), was observed. 
This pattern was noted during an early stage of the 
clinical course (first 6 months after transplantation). Two 
to twelve months after transplantation the urinary protein 
content increased and other componente, mainly albumin, 
were associated with the TGB. Some globulin fractions 
seemed oither to have disappeared or were hidden by the 
predominant albuminuria. A similar electrophoretic 
pattern or predominant globulmuria has already been 
described in various renal diseases in which tubular 
damage occurred, such as congenital tubular diseases®»?)®, 
chronic potassium depletion® and early diuresis in patients 
recovering from acute tubular necrosis. 

The significance of this pattern is not yet precisely 
known. Butler et al.!° showed that these globulins are 
heterogenous. Some of their components resemble those 
found in serum from normal individuals, whereas other 
proteins are unlike serum proteins. The latter were 
present in nearly all cases. Butler et al. proposed that 
these proteins might be: (1) non-detectable normal 
serum proteins filtered through the glomeruli and passed 
in the urine because of incomplete tubular reabsorption, 
(2) degradation products of normal serum protems or 
(8) proteins released from damaged renal tubular cells. 
Recent work by Antoine" specific anti-kidney 
protein immune serum showed (1) that kidney tissue type 
antigenicity is carried by proteins present m both the 
TGB and “selective” protemurias, (2) that the frequency 
of kidney tissue antigen-like proteins 1s no higher in the 
TGB protemurias than in the “selective” type. 

These preliminary results do not allow us to comment 
further at this time on the ongin and the significance of 
this TGB pattern. 


M. DEBRAY-SACHS 
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Pseudo-swelling of Collagen in Exposed 
Wounds 


Tars communication reports a false appearance of swelling 
of collagen fibres in exposed wounds, and comments on 
true swelling of the dermis as a whole. 

Hadfield? described swelling and hyahnization of dermal 
collagen fibres ın exposed wounds in rats after 7 h (the 
earliest observation). This altered collagen later exfohated 
as a slough forming the wound scab. Winter* described a 
similar process in exposed wounds in pigs, and produced 
good evidence that the normal scab on an exposed wound 
incorporates part of the dermis as a consequence of de- 
hydration of the dermal tissue. Within 10 min Winter* 


NATURE 


OCTOBER 8, 1966 


VOL, 212 


observed marked swelling of dermal tissue, which made 
the bundles of collagen appear larger. In the presence of 
local dehydration, however, swelling of collagen fibres is 
difficult to explam. Imbibition of water seems unlikely, 
even if pH changed (as suggested by Hadfield’). 

In my experiments, two skin meisions were made 
2 om long and 2 cm apart in the dorsal midline of ten 
clipped, anaesthetized rats each weighing between 
200 and 300 g. The wound margins separated by about 
5 mm. In each animal one wound was immediately 
covered with polythene film and moist gauze; the other 
was left exposed. A 100 W lamp placed at a distance of 
18 in. kept the rats warm and assisted drying. Five 
were killed after 10 min and five after 2h. Excised wounds 
were immediately immersed in 6 per cent formol saline 
and histological sections prepared. 

There was no significant difference in appearance of 
collagen fibres in wounds exposed or covered for only 
10 min. Dermis within about 100u of the margin of four 
wounds exposed for 2 h, however, stained more deeply 
and the collagen fibres appeared swollen. In the remaining 
exposed wound (effectively covered by a large moist 
blood clot) and in wounds maintained moist by a dressing, 
no change of this type was observed after 2 h. In sections 
stained with van Gieson’s picrofuschin and Weigert’s 
iron haematoxyln, apparently enlarged collagen fibres 
were seen to consist of several tightly packed fibres. These 
closely adherent fibres could be distinguished with greater 
certainty using polarized filters, for fibres varied in 
brightness according to their orientation. Compressed 
nuclei intervened between otherwise closely adherent 
fibres. 

As noted by Winter and Scales‘, ıt is to be expected that 
dehydration of tissue fluid separating collagen fibres 
will cause them to become closely packed. True swelling 
of dried dermis may occur later as a result of separation of 
fibres, or clumps of fibres, by leucocytes and exudate. Both 
Hadfield? and Winter* described packing of leucocytes 
between fibres of non-viable dermis, and Hadfield! 
described accumulation of exudate between collagen 
fibres in exposed subcutaneous tissue. In the present 
investigation, clumps of dried collagen fibres were seen 
to be separated in places by exudate as well as by leuco- 
cytes. 


J. A. Buwrivget 


Department of Physiology, 
Royal College of Surgeons, 
London. 


* Present address. The Queen Victoria Hospital, East Grinstead, Sussex. 


1 Hadfield, G., Brit. J. Surg., 50, 649 (1963). 

2 Winter, G. D., in Ado. Biol. of Skin, edit. by Montagna, W., and Billingham, 
E. É., 5, Wound Healing, 118 (Oxford, Pergamon, 1964). 

* Winter, G. D., ın Prog. Biol. Sci. in Relation to Dermatology, edit. by Rook, 
Aapa Champion, B. H., 2, 185 (London, Cambridge University Press, 


4 Winter, G. D., and Scales, J. T., Nature, 197, 91 (1983). 


MICROBIOLOGY 


Use of Radioactive Isotopes in Studies on 
Phagocytosis in vitro 


APART from its simplicity and certain other advantages, 
the microscopio method of studying phagocytosis by 
calculating the phagooytio index—that is the mean 
number of bacteria engulfed by one phagocyte—is time- 
consuming and its evaluation tends to be subjective. 
The faults of the classical phagocytic reaction can be 
avoided by using bacteria labelled with a radioactive 
isotope. Determination of the numbers of bacteria in the 
phagocytes can then be made with the help of a Geiger- 
Muller counter. The principle of the method for studying 
phagocytosis, however, remains unaltered. 
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Experiments were carried out with a phagocytosis- 
susceptible strain of Escherichia coli which multiplies 
readily in a simple culture medium and assimilates 
relatively large amounts of labelled sodium acetate. A 
slightly modified version of Davis’s “minimal” medium! 
for Gram-negative bacilli was used. 0-5 ue. of sodium 
acetate labelled with carbon-14 in the carboxyl group 
Was added per millilitre of the medium. Cultures of the 
labelled bacteria were washed three times with physio- 
logical saline to remove extrabacterial traces of the isotope. 
Five ml. of the fluid was centrifuged for 30 min at 4,000 
rpm, and suspensions of density 10° cells per ml. were 
Prepared. On the average the radioactivity of 1 ml. of the 
uspension was 66,670 i.p.m. with a standard error of 
28 percent. 

— Guinea-pig leucocytes were used. Autoabsorption of 
‘radiation was high in radioactive preparations to which 
Suspensions of leucocytes with a large admixture of red 
blood cells were added. On the average, this amounted 
ito: 28-1 per cent of the radioactivity of the preparation. 
‘To avoid the need to introduce a correction for auto- 
absorption, suspensions of leucocytes were prepared by 
‘the method of selective agglomeration of red blood cells 
in polyvinyl alcohol as described by Kwiatkowska and 
Morawiecki? Autoabsorption was reduced to 1-6 per 
cent of the radioactivity of the preparation. 

“In order to obtain different levels of phagocytosis in 
only one varying phagocytic system, the reaction was 
@iudied in five media containing different sera and in a 
control without serum. The phagocytic reaction was 
carried out by mixing 0-1 ml. of the suspension of bacteria 
‘with 0-1 ml. of serum. After incubation in the water bath 
at 37° C for 15 min, 0-1 ml. of the suspension of leucocytes 
was added. The reaction mixture was incubated for 30 
min and then the reaction was stopped by adding 0-3 
ml. of 0-02 M sodium versenate. To determine the degree 
of phagocytosis with the Geiger-Miuller counter, it was 
first necessary to separate the leucocytes from the un- 
phagocytosed bacteria. This was accomplished by washing 
the phagocytes with physiological saline. When small 
volumes (0-3 ml.) of the phagocytosis mixture were used, 
a single washing with 5 ml. of physiological saline, followed 
by centrifugation at 1,000 r.p.m. for 5 min, proved ade- 
quate. Statistical analysis showed that under these 
conditions the results after one or two washings are not 
significantly different. Excessive washing was found to 
be inadvisable because the phagocytes might be damaged 
and some of the ingested bacteria washed out of the cells, 
hich would give false results. 

„The washed phagocytes were suspended in 2 ml. of 
physiological saline, and preparations were made for 
determining their radioactivity. At the same time, the 
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Fig. 1. Phagocytosis of E. coli by guinea-pig leucocytes witb sera of 
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amount of radioactive carbon used in 
the reaction with the bacterial suspen- 
sion was measured. By statistical. 
calculation it was found that for levels 
of radioactivity of the preparations of 
the order of several hundred impulses 
per minute, a single reading of the- 
counter for each preparation ‘was 
adequate. The standard error of the. 
reading was less than 4-3 per cen 
Results representing the radioacti' 
of the phagocyte suspension afte 
reaction were best expressed as 
centages of radioactivity used in- 
reaction with the suspension of label 
bacteria. Expressed thus, the results 
could be easily compared, provided 
the same bacterial suspension was used, 
After the basic conditions of the 
phagocytic reaction with radioactive 
isotopes had been established, a com: 
parison was made with these results. 
and the findings of the classic micro- 
scopic method (Fig. 1). It was found that parallel 
determinations using the two methods not only gave. 
concordant results, but that the new method yielded 
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more stable data—as confirmed by statistical analysis, ~~ 


For example, the standard error in some of the experi- 
ments performed by the classical method was 26-9 per” 


cent, and only 10-9 per cent in experiments performed by s 


the isotope method. 


The method described here enables simultaneous | ae 


accurate determinations to be made for numerous variants. 
and gives accurate reproducible results. Only very small 
quantities of sera and other reagents are required. Mathe- 
matical analysis of the findings is simple. One major 


advantage of the method is that it makes possible an o 
objective and quantitative evaluation. of phagocytosis. = 


WANDA BRZUCHOWSKA 
Department of Microbiology, i 
School of Medicine, Wroctaw. 


* Davis, B. D., in Methods in Medical Research, edit, by Lederberg, J; 8; po 
(1950). au i 
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Control of Host Susceptibility and Solute 
Transport by Metabolites of Venturia 
inaequalis 
Venturia inaequalis, the causal fungus of the apple scab 
disease, is a facultative parasite with a high degree of host 
specificity but very simple nutritional requirements. In 
view of this it seemed possible that a unique process might 
be involved in pathogenicity. 


The fungus (clone El (ref. 1)) was grown in stirred = 
culture in 10 per cent malt extract solution for periods up 


to 18 days at 18°C. A series of non-dialysable pigmented 
proteins was extracted from the culture filtrates by pre- 
cipitation in 50 per cent and 75 per cent ethyl alcohol. ` 
The proteins were purified by gel filtration on ‘Sephadex 
G100° using 0-05 M tris buffer containing 0-1 M potassium 
chloride (pH 7-8) and a flow rate of 0-5 mil./min. The 
eluents were monitored on a spectrophotometer at 215 mu. 
The 75 per cent ethyl alcohol precipitate (N75) was a 
complex protein mixture containing at least three major 
components, which were not fully resolved. Aqueous 
solutions of the proteins were stable to N/10 hydrochloric | 
acid or heat (100° C, 5 min), but on treating with 6&6 Ne=: 
hydrochloric acid for 18 h at 107° C under carbon dioxide” 
gave complex mixtures of amino-acids and some insolubl 
black residue. : 
Aqueous solutions of N75 or its components were 
with a 1 per cent solution of acid fuchsin and 
into apple shoots through threo petioles bel 
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An intake of about 10 mg protein dry weight was recorded 
for each shoot. N75 and its lowest molecular weight com- 
ponent (75/4) caused an accumulation of the dye in 
the major veins of leaves above and below the injection 
points. Desiccation of the leaf margins followed by 
gradual necrosis also occurred in some trials. Auto- 
radiography of leaves injected with N75 and C,,-glucose 
revealed a vein pattern similar to that given with acid 
fuchsin and N75 (Fig. 1) showing that the effect of the 
proteins was not specific to dye transport, 

N75 and N75/4 were also sprayed on to shoots which 
were enclosed in polythene sleeve moist chambers for 
24h and then injected with acid fuchsin. Some temporary 

accumulation of dye in the tertiary veins and slight leaf 


ane distortion resulted, without the presence of the vein 
© pattern (Fig. 1), indicating that cuticular penetration 


- had occurred without affecting the main vascular supply. 
Injection of the protein obtained by precipitation from 
the culture medium with 50 per cent ethyl alcohol (N50) 

“restricted the rate of intake of dye but had no effect on 

its distribution in the leaves, which were evenly permeated 

and undamaged. ‘Sephadex G100° showed N50 to be 
homogenous, and the largest of the protein series. 

Because it was found that acid fuchsin could be separ- 
ated on ‘Sephadex (100° from the proteins, it was not 
injected into the host as a protein complex. Restricted 
distribution of the dye as indicated by the vein pattern 
production is therefore the result of a specific interaction 
between the host and fungal proteins affecting solute 
transport, This conclusion is supported by the observa- 
tion that bovine serum albumin, haemoglobin, lysozyme 
and malt extract protein had no effect on dye transport 
when injected with acid fuchsin. 





a b 
Fig. 1. Autoradiographs of apple leaves injected with Ciy glucose. 
a, Injectant contained pigmented proteins produced by V. inaequalis; 
, control, 
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Fig. 2. Stimulation of scab development by a low molecular weight 
pigmented protein (75/4) produced by V. inaequalis. a, Applied with 
the spore inoculum; b, injected 24 h after inoculation; c, control. 
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To test the effect of the fungal proteins on infection,’ 
MM.109 apple rootstock shoots ‘were inoculated with 
V. inaequalis? and 24h later injected with N75 (about 
2-5 mg/shoot). The injection stimulated the growth of 
the pathogen on the leaves, and, in a similar trial, active 
sporulation continued when the lesions on the control 
leaves had become necrotic and partially inactive. N75/4 
was only slightly active when injected (about 0-9 mg/shoot) 
but, when applied to the leaf surface with the spore 
inoculum (about 0-5 mg/shoot tip), it strongly increased 
the subsequent growth of the pathogen in the leaves 
(Fig. 2). This suggests that the method of application 
of the protein affects the amount reaching the site of 
infection and that components of N75 other than N75/4 
also participate in the host-pathogen interaction. 

The restriction of solute transport in the leaves and 
the marginal desiccation resulting from application of the 
fungal proteins indicated effects either on the water- 
balance of the tissues or on the efficiency of the vascular 
system, possibly by altering cell wall permeability. Work 
in progress shows that the vein pattern effect is specific. 
to the lower molecular weight components of N75 which 
greatly increase pathogenicity, particularly when applied 
to the site of infection at the time of inoculation. It is” 
clear that V. inaequalis produces metabolites in vitro 
with very specific activities towards the host, and on the 
pathogenic relationship. The production and function of 
fungal proteins in the infected host are under investigation. 

D. 8. KIREHAM 


R. C. HIGNETT 
East Malling Research Station, ve 


East Malling, 

Maidstone, Kent. 

) Kirkham, D. S., J. Gen. Microbiol., 16, 360 (1957). 

? Kirkham, D. S., J. Ger. Mierobiol., 17, 491 (1957). 

* Kirkham, D. S., and Hunter, L. D., Ann. App. Biol., B5, 359 (1965). 


Strontium as a Substituted Structural 
Element in Cell Walls of Rhizobium 


Previous reports? on the calcium requirement of a 
strain of Rhizobium trifolii have shown that bacteria” 
deprived of this element during growth changed from nor- 
mal rods to swollen, spherical bodies with weakened wall - 
structure. The small amount of calcium available to such 
cells, as a contaminant in the medium, was concentrated 
in the wall fraction. Such cells, unlike calcium sufficient 
cells, were susceptible to lysis by lysozyme in the absence 
of ethylenediamine tetraacetic acid (EDTA). Strontium, 
but neither magnesium nor barium, was effective as a< 
substitute for calcium in supporting growth and normal” 
morphology, and in providing resistance to lysozyrnep. 
except when EDTA was present. It could then be inferred. 
that strontium was taking the place of calcium as a struc- 
tural part of the cell wall, probably on account of suitable 
atomic size. 

We now have direct evidence, by atomic absorption 
analysis, that strontium, like calcium, is concentrated in 
the cell wall fraction. Methods of growth, preparation 
and ashing were as previously reported?, using caleium-. 
free strontium chloride (0-5 mmolar) and magnesium’ 
chloride (0-5 mmolar) as the source of divalent cations in 
the medium. During calcium and magnesium analysis 
by the method of atomic absorption, the suppressant 
effect of phosphate ions present in the ash was removed by 
addition of 1,500 parts per million of strontium, which 
bound the phosphate ion preferentially and left the 
calcium and magnesium in the free ionic state. This 
method of removing the phosphate effect was obviously 
inapplicable in a strontium analysis. It was found that 
treating the solutions and standards with ‘Permutite 
deacidite-F' F’ resin (acetate form) moistened with Olx 
normal acetic acid gave satisfactory readings and dupli- 
cates, and removed the suppressant effect of the phosphate 
ion present. 
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sbi L : Cavers, smoxniex AND. ‘Masmpaivie IN. WROLE CELLS AND 
Li: WALLS OF Rhizobium trifolii 
(moles divalent cation per gram dry cell substance) 


Whole cells Cell walls 
grown with added* grown with added* 


G) (ii) (ili) (iv) (v) (vi) 
Cat Mg Sr+Mg Mg Ca+Mg Sr+Mg Mg 
0-062 0-006 0-007 0-081 0-023 0-047 
tin e- 0-057 = — 0-080 _ 
fagnesium 0-064 0-080 0-154 0-016 0-013 0-024 
“divalent 
cation 0-126 0-143 0-161 0-097 0-116 0-071 


-* Growth medium all with 1 mmole total divalent cation, either as 
+5 mmole magnesium +05 mmole calcium or strontium, or 1:0 mmole 
jagnesium, 


Table 1 shows that the total of divalent cations in whole 
Hs (column li) and Separated walls (column v} of organ- 
grown in strontium solution was slightly higher than 
ls with adequate calcium (columns i and iv), which 
ips reflects the lower efficiency of strontium in sup- 
ing growth and protecting against lysozyme*. The 
‘mount of strontium in the walls of cells grown in stron- 
ium (column v) was very similar to the amount of calcium 
the walls of bacteria with adequate calcium (column 
_ Without added calcium or strontium, more of the 
6 calcium of the medium was concentrated in the walls 
column vi) than when strontium was present to replace 
t (column v). 
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Ticrobiology Department, 
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Differences in Susceptibility to Iron Chlorosis 
_ of Grass Species grown on Blanket Peat 


7ARIETAL differences in nutrient assimilation and yield 
esponse have been reported for several plant species*-*. 
the role of iron in the nutrition of certain crop plants has 
eceived particular attention. Varieties of soyabean 
liffered in their ability to absorb iron from their growth 
nedia, especially when available iron was low*. Similar 
lifferences are reported for maize varieties‘. 

The occurrence of iron chlorosis in plants grown on 
alcareous soils is well known and has been reviewed in 
letail’,. It is generally not associated with soils of low 
tH, as a result of the greater availability of iron under 
‘idic. conditions. Iron chlorosis has been. observed, 
‘owever, on acid soils in Ireland’, Finland? and New 
zealand’, 

On blanket peat (pH 5-0-5-4) in western Ireland, iron 
hlorosis is a serious limiting factor in grass production. 
na randomized block experiment (three replications) at 
he Peatland Experimental Station, Glenamoy, several 
Tassos were individually sown with white clover (Tri- 
olium repens) in 1963. Plot size was one square perch 
25-3 mê) and all herbage produced was cut and removed. 
‘hlorosis became evident during periods of active spring 
rowth. The date of occurrence was determined by the 
easonal growth pattern, and varied for different species. 
‘he number of chlorotic and non-chlorotic leaf blades 
yas estimated in April 1965, using the point quadrat 
100 points per plot) method of botanical analysis. To 
vercome the seasonal growth effect, counts were made 
ree times at intervals of 10 days. 

he results are given as a percentage of chlorotic leaf 
(Table 1); the highest of all three estimations being 
aken as a measurement of susceptibility to chlorosis for 
species. The sown grasses varied greatly in their 
usceptibility, the chlorosis being sufficiently severe to 
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Table 1. PERCENTAGE CHLOROSIs: IN GRASS SPECIES ae 
Chlorosis Aes 
Species Variety - ‘(per eent) S.E, 
Phleum pratense 8.50 77-9 
S48 73-4 
S51 40-0 +106f 0° 
‘Omnia 25-6 ; 
5.352 23-4 
Dactylis glomerata 8.37 72:3 
$143 62:5 
5.345 55-2 + l48* 
‘Danish’ 50-1 
‘Ferdia’ 35-0 : 
Festuca pratensis S853 : 63-6 + 461 
‘Danish’ 42-7 
Lolium perenne S321 32-5 
‘Trish’ 23-4 
8.24 “7 + 10-0 N.S 
8.23 16-8 
‘N. Zealand’ 15-1 
Festuca arundinacea K.31 10-2 t 223 
8.170 O1 
Alopecurus pratensis Bh284 57-6 
Festuca rubra $8.59 1-2 
Arrhenatherum elatius Bm102 Nil 
Poa trivialis ‘Commercial’ 1-0 
Agrostis tenuis e Nil 


Standard error of means of all species = + 17-54. Significance levels: a per 
cent, f1 per cent, N.S. = not significant. 


result in almost complete elimination of certain species . 
and varieties, for example, Phleum pratense (S.48 and 
5.50) and Dactylis glomerata (8.37). : 
Although the iron content of the peat is low, there is 
evidence to suggest an interaction with other factors _ 
rather than low availability of iron. Chemical analyses 
showed that chlorotic tissue was slightly higher in total 
iron and lower in “active iron” than healthy tissue. ‘This 
is in agreement with the earlier findings of Jacobson®. It 
has been suggested by Brown et al.’* that the inactivation oe 
or failure of iron metabolism within the plant is a con- 
tributory factor to chlorosis. es 
This work has shown that graas species and varieties os 
vary greatly in their susceptibility to iron chlorosis. Such —__ 
variation could be used as a criterion in selecting plants S 
for specific or problem soils. 
I thank Dr. M. O'Sullivan for chemical analyses. 


M. A. O'Toore 





An Foras Taluntais, 


Glenamoy, Ballina, County Mayo. 
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Effect of the Plant Alkaloid Sparteine on the _ 
Distribution of the Aphid Acyrthosiphon 
spartii (Koch.) 


Host selection in aphids seems to occur mainly after es 
alightment but little is known, apart from the probing 

response, of the stimuli or receptors involved'?. In an 
investigation of a natural population of Acyrthosiphon. 
spartii (Koch.) on broom (Sarothamnus scoparius L.) 

over 3 years, adults were observed to change their feeding 

sites as the seed pods enlarged and this coincided with the. 

movement of the alkaloid sparteine between various plant: 
organs. As the petals fell many adults and some fourth 
instar aphids left the stems and leaves and moved. on to. 
the pods where feeding and reproduction recommenced 
This movement was not a result of overcrowding because 
at that time there was adequate surface area on 
and leaves. ; 3 
























B14 


Broom is toxic to certain animals and to man, mainly 
as a result of its alkaloid content’, but sparteine appears 
to have a very low toxicity to insects‘, Quantitative 
estimations of sparteine content of parts of broom):* showed 
that shoot tips contained the largest quantities; however, 
at flowering time the concentrations fell rapidly and did 
not increase until the time of the late summer flush of 
growth. The change in sparteine content of leaves was 
similar and there was a large increase in absolute sparteine 
content of the pods as these developed and elongated. 
Sparteine, as a colourless oil, was isolated from broom by 
the method of Henry’. 

When crushed broom shoots were placed in one side of 
an olfactometer, 90 per cent of the aphids chose the 
air stream passing over the broom, but when extracted 
sparteine was tried there was no response. To test the 
possible toxicity of sparteine to A. spartii, shoots with 
aphids were placed in solutions of sparteine sulphate and 
others in water. There were no differences in mortality 
or rate of reproduction for 4 days after which the treated 
shoots became discoloured and the aphids restless; when 
these aphids were placed on fresh untreated shoots their 
reproductive rate, ete., did not reveal any harmful effects. 
A similar experiment carried out by watering potted 
plants with sparteine sulphate solutions gave the same 
results. 

When water or an aqueous extract of crushed broom 
tops was watered on to potted broom plants each with 
ten adult aphids it was found that after 6 days there were 
278 nymphs on the plants given only water and 410 on 
those given the extract. Also the aphids on the extract 
treated plants did not move as much, were larger and 
developed more quickly than those on the controls, indi- 
cating the presence of a feeding stimulant. Sprigs of 
broom were chosen on which leaves, flowers and medium 
sized pods co-existed and adult aphids were placed on the 
various parts. The presence of first instar nymphs indi- 
cated adult feeding sites and showed that adults had 
spent most time on the pods and stems irrespective of 
where originally placed. Field observations on individual 
aphids did not suggest that rate of reproduction on young 
pods was lower than on shoot tops. In a similar experi- 
ment parts of stems, leaves, pods and petals were painted 
with sparteine extract and aphids introduced after most 
of this had soaked into the tissues. The greatest number 
of nympbs were found near the treated sites on the stems, 
leaves and pods and to a lesser extent on the treated petal 
sites. 

A. spartii is closely related to A. pisum, which feeds on 
peas and beans. When A. spartii was placed on peas they 
probed but left after a few hours; however, when parts of 
pea leaves were treated with the sparteine extract the 
aphids remained feeding for up to a day. The same result 
was achieved when broad bean plants were treated with 
the extract. 

That the feeding stimulus was provided by sparteine 
alone is not certain because other compounds may have 
contaminated the extract. Many different groups of 
chemicals have been reported as stimuli which aid host 

selection in phytophagous insects?; however, I believe 
that this is the first report of stimulus by an alkaloid. 
From the olfactometer experiment, it appeared that the 
sparteine extract acts as a gustatory rather than an 
olfactory stimulus, although A. spartii did respond to some 
olfactory stimulus from erushed broom shoots. It is 
clearly an advantage for aphids to follow the movement of 
sparteine to the developing seed pods when the rate of 
shoot growth is low, because it reduces the risk of over- 
crowding and there is no indication that the young pods 
are less nutritious than the stems. 

Eggs of A. spartii are found mainly in the lower parts 
of the broom and until May most aphids are similarly 
distributed. In May, however, there is a general movement 
upwards and outwards from the older stems to the young 
growing tips and this is coincident with, and could be 
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determined by, the changes in sparteine distributioy 
This movement to the outsides of the broom bushes i 
advantageous for the dispersal of alatae. After pc 
dehiscence, when the shoot tips show increases in sparteini 
content, aphids are attracted to this late growth. Tr 
sparteine may be acting in broom as a “token” stimulus fi 
stabilize A. spartii in the most favourable situations. 

I thank the Agricultural Research Council for tt 
research studentship during which this work was dons 
Prof. O. W. Richards for his supervision and Dr. F. 9 
Phillips for preparing and testing the sparteine extract 


B. D. SMITH 


University of Bristol Research Station, 

Long Ashton, Bristol. 
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Lens Regeneration in the Rabbit 


In a previous communication! we reported our findi 
that eyes with lenses regenerated after simple extra 
capsular extraction were less effective optically than wer 
those with lenses regenerated in cases where cytolysin 
tissue had been introduced into the lens capsule at th 
time of its evacuation. 

Since the publication of our letter in 1959 a number ¢ 
other papers have been published on this topic?-*. Ther 
seems to be general agreement that lenses regenerated wit 
cytolysing tissue can be seen to be irregular, and therefor 
not optically null, in the eye, but Agarwal et al. alone sees 
to confirm our finding that eyes with lenses regenerate 
without this tissue appear on ophthalmological examins 
tion as if they were near to an aphakie condition. 

In our work we have continued to find that the refractiv 
power of a whole eye with a lens regenerated withou 
cytolysing tissue is close to that of an aphakic eye. W 
originally suggested that this might be because the whol 
lens so regenerated was made of a substance having 
refractive index close to that of aqueous humour, that i 
about 1-333, whereas it is known that the normal lens : 
of differing refractive indices throughout its substance- 
that of the central nucleus being considerably higher tha 
that of the cortex. Stewart, however, warned in hi 
paper published in 1962 that it had not proved possible t 
confirm or refute this suggestion by the direct measure 
ment of refractive indices in fragments of lens. 

We wish now to report that while we continue to fin 
the difference which we have previously found betwee 
the refractive powers of whole eyes with lenses regenerate 
with and without cytolysing tissue, respectively, we no* 
have evidence which refutes our earlier suggestion tha 
this is because lenses regenerated without this cytolysin 
tissue are of material the refractive index of which 1 
close to that of aqueous humour. 

We have immersed the front halves of rabbit eyes frot 
freshly killed animals in Ringer-Locke solution at 37°. £ 
which has a refractive index of about 1-332, in the chambe 
shown in Fig. 1. The specimen was supported corne 
down on a bridge. The middle of the cornea was place 
over a hole in the bridge 1 em in diameter. Six mill 
metres below the top of the bridge there was a | mi 
squared transparent grid illuminated from below. It we 
found that if there were no lens the squares of the grid wes 
not significantly magnified or reduced when viewed an 
photographed from above through the pupil, as in th 
upper, and clearly aphakic, part of the pupil in Fig. 4 
This implies that, without the lens, the whole system ` 
nearly optically homogeneous. If, however, the eye ha 
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ig. 1. Rabbit eye supported cornea down on a bridge. Thin line below 
: bridge indicates 1 mm squared grid. 





normal lens these squares were magnified about twice. 
Ethe eye had a lens regenerated without cytolysing tissue 
g shown in Fig. 3 the squares were once more magnified, 
i this case by about 1-66, though, of course, in an irregular 
ray. because of irregularities in the regenerated lens. 
‘he length of the upper horizontal of the square towards 
he upper right-hand side of the pupil was measured 
ad compared with the length of the sides of the squares 
athe upper and lower borders of the figure. 

It is now, therefore, clear that the difference which we 
ave continued to find by skiascopy and by ophthalmo- 
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scopic examination between the total refractive powers of 
whole eyes with lenses regenerated with and without. 
cytolysing tissue, respectively, is not simply because. the 
regenerates without this tissue are of a substance having & 
refractive index very close to that of aqueous humour. 
No attempt can be made to find the actual refractive 
index of a whole regenerated lens or, indeed, of a normal 
one, by calculations based on the photographs submitted 
here, because the curvatures of the surfaces of the lens 


cannot, by any means yet suggested, be accurately known. Ae i 
What this all seems to imply is that there is an apparent: 


anomaly between what we find by skiascopy and 
ophthalmoscopy, on one hand, and what we find by the 
use of the simple arrangement reported here, on the other. 
The solution to this puzzle must lie in the future. For 


various reasons we cannot continue this work ourselves. 


It need perhaps scarcely be said that all our data and 
details of our procedures are unreservedly available to any 


worker who may wish to investigate this matter further. 


D. STENHOUSE STEWART 
Paur G. ESPINASSE 
Department of Zoology, 
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The “Problematic” Hydrodynamic 
Performance of Gero’s Great Barracuda 


BAINBRIDGE? rightly questioned Gero’s* data and ecel- 
culations on the swimming performance of a great 
barracuda (Sphyraena barracuda (Walbaum)) measured 
at Bimini, Bahamas, British West Indies, but suspicion 
was cast on the wrong datum. He doubted the validity 
of the swimming speed measurement of 12-16 m/sec or 
10 body-lengths/see for a 121-6 em fish weighing 9-08 kg. 
This measurement must have been made on a swimming 
burst, since non-feeding solitary adult great barracudas 
which I have observed at Bimini either hover motionless in 
mid-water or slowly patrol their territories, visiting each 
location at nearly regular intervals. The great barracuda’s 
burst speed is substantially less than the burst speeds of 
yellowfin tuna and wahoo of approximately the same 
body length which were measured by Walters and Fier- 
stine®, so there is no particular reason to doubt Gero’s 
measurement. Gero stated his fish had 1-816 kg of propul- 
sive muscle, however, which is 20 per cent of the body 
weight. Bainbridge accepted this figure, although such a 
small muscle mass is otherwise unheard of among active 
epipelagic and littoral actinopterygians. 

At no point in his paper did Gero say he actually 
fleshed out his barracuda—on page 24 he stated “Tt has 
been determined that the muscular weight of the par- 
ticular type of animals in question represents approx- 
imately 20 per cent of the total weight of the fish, a value 
that is used throughout the remainder of the investi- 
gation”. Whether he arrived at this figure through 
hearsay or through dissection of unspecified fishes or 
other animals remains unanswered. His first mention of 
the muscle weight of the barracuda occurs two pages 
later, so I believe Gero never weighed the muscle mass 
of his fish. 
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which weighed 1-54 kg, had 1-02 kg of propulsive museu- 
lature exclusive of the fin musculatures. The propulsive 
musculature comprised 66-2 per cent of the body weight, 
not. 20 per cent. The great barracuda has a more robust 
“build and hence weighs more at a given body length than 
~~ does the Pacific species, and since large individuals have 
~ disproportionately more muscle than do small individuals 
O of the same species’, it is likely that Gero’s fish had 
6-356 kg of propulsive muscle (70 per cent of body weight) 
= since his fish was so much larger than the specimen I 
© measured. 
<- Bainbridge’s calculations on the swimming performance 
of Gero’s barracuda (see his Table 3) used a power factor 
of 4.x 10° ergs/em/g of muscle, which would mean the 
fish could have developed 7-3 x 10° ergs/em. Bainbridge 
-concluded that the barracuda could not have travelled 
“faster than 2-3 body-lengths/see if the flow past its 
surface were fully turbulent, nor faster than 4-3 lengths/sec 
© Ethe flow were completely laminar, whereas the measured 
“speed was 10 body-lengths/sec. His calculations for fully 
“daminar and fully turbulent flow at 10 body-lengths/sec 


indicate that the barracuda would have had to generate 


“between 5-94 x 10° and 449 x 10 ergs/em, or between 
8-1 and 61-5 times the power it had available. 
The power factor of 4 x 10% used by Bainbridge cor- 
responds with the value obtained by A. V. Hill’ for 
--tepetitively contracting frog sartorius muscle (Rana sp.) 
at 10° C. Hills data were recalculated by Machin (see 
ref. 1) and are shown in Fig. 1. In my opinion, these 
“measurements are the best available estimates of the 
power output by vertebrate muscle at different tem- 
In the case of the actinopterygian travelling 
at burst speed it seems reasonable that a great majority of 


ce ‘jts trunk and tail muscle fibres are contracting repetitively, 


go a direct comparison with the frog sartorius is justified. 
: t at barracuda, however, lives at temperatures 
higher than 10° C. Gero did not give the water temperature 
at which his measurement was made, but in my experience 
(spread over several ‘years) the inshore surface waters at 
Bimini rarely drop below 20° C and rarely rise above 
35° C, with a probable annual mean close to 25° C. Turning 


ue to the power factor curve in Fig. 1, the power factor at 


25° C should be 11-5 x 10° ergs/em/g (about 0-06 h.p./Ib. 
of muscle). Since Gero’s barracuda had 3-5 times the 


~ muscle mass and almost three times the power factor, it 


had: about ten times the power plant accorded it by 
Bainbridge. It should have been able to generate 7-31 x 
10° ergs/em, and this is sufficient power to propel the 
fish at 10 body-lengths/sec if the flow past the body 
surface is partly laminar, partly turbulent. 

My estimate of 0-06 h.p./lb. of muscle is in very close 
agreement with Gero’s data. In his Fig. 16 the measured 
maximum net horse power output by the fish was 0-8, 
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which turns out to be 0-057 h.p./Ib. for 14 lb. or 6-356 k 


of muscle. o o0 iae ; i A 5 

The barracuda's Reynolds number was 1-2 x 10 
which means the flow along its body surface was onl 
partly laminar. For 50 per cent laminar flow, Ger 
calculated that the fish had to generate 0-20 h.p./Ib..@ 
muscle, given 4 1b. or 1-816 kg which he used for his cay 
culations. This is equal to 0-057 h.p./lb. of muscle whe 
the revised muscle weight is used. 

Brett gave a power output for small sockeye salmo 
travelling at a burst speed of 8-0 body-lengths/sec, whic 
is more than 50 per cent higher (0-087 h.p./lb.) than thi 
value for barracuda. The salmon were swimming. & 
15° C in turbulent flow, in a water tunnel. It is quit. 
likely that their muscle became heated by its activity 
I would think that the barracuda’s burst lasted but a fev 
seconds, with maximum power output occurring in th 
early phase of the burst, and muscle heating was negli 
gible. 

In conclusion, the burst swimming speed of the grea 
barracuda poses no particular problem. Using a revises 
estimate of the mass of propulsive musculature and. ¢ 
power factor more in keeping with the habitat temperatur 
of the fish, the measured performance is precisely wha 
one would have expected. i ; 
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AGRICULTURE 


Gastrointestinal Parasites of Farm Animals 
in Eastern Nigeria 


ONLY one other attempt has apparently been made in 
recent years to ascertain the prevalence of gastrointestinal 
parasites in Eastern Nigerian livestock. This was made 
in 1957 by R. M. MacKenzie!*. The remaining records 
of this work are incomplete, but indicate that only a few 
animals were sampled. One of us (J. W. A.) felt that 
before sound recommendations for parasite control could 
be made to the expanding Nigerian livestock industry, & 
more complete survey of the prevalence of gastrointestina 
parasites in domestic livestock was needed. ;; 

Fresh faecal samples were collected either. manually 
from the rectum or during defaecation. These 
samples were placed in numbered cigarette tins and 
transported to a central laboratory to be examined within 
12 h of collection. 

Enough tap water was added to about 5 g of the 
faeces to obtained a purée-like consistency. The resulting 
mixture was strained through wire gauze (28 wires/in.) 
and divided into two equal parts. Enough tap water to: 
fill a 10 c.c. penicillin vial was added to the first portion. 
After inverting the sample three times and allowing it to. 
stand for at least 30 min, the sediment was examined 
for ova of Paramphistoma and Fasciola. The second 
portion was examined using a sugar concentration 
method?4, 

In general, a 10 per cent random sampling of the 
animal population of the government farms was attempted. 
If a particular group of animals was small or problems in 
the mechanics of collections arose, the sample percentage 
was varied. This variation was not felt to be important« 
enough to necessitate extensive mathematical corrections 
in the evaluation, as the standard samples far out- 
numbered the irregular samples. 
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; y Total : Total i soe ea 
aca- Bunto- Coc- Fas- Mon- Nemato- Oesopha- Param- Siron- Trichostrongylus with . Tri- Nega- Posi- animals Sample Pero- 
pis stomum cidia ciola ezia dirus gestomum phistoma gyloides 1 2 3 Tricho- churis tive tive repres size cent  — 
: spp. type types types strongylus sented sampled i 
s 234 32 31 13 1-9 O4 11-0 57§ 53 43 175 4-9 65-4 0-8 66 93:4 4,637 467 10 : 
sheep: 30t — 61 — — lli 16-5 195 39-0 50 19:5 3-0 72-5 — 28 972 113 35 27 
aoats =~ _ 15 20-0 30 — _ 30-0 — 70:0 30-0 20 14 70 
pwine 49% — 0 — _ — 22-0 — 1-9 17 380 62-0 466 94 20 
worses 11-0¢ 11-0 55 — — 55-0 — 220 780 9 9 100- 
: , Totals 5,245 619 -12 
+ Ascaris. + Neoascaris. + Parascaris. § Population sampled equals 4,200. : 









The largest number of samples was from cattle. Most 
hese were of the Zebu type except for the occasional 
’dama. A total of 467 samples were examined, which 
presented a cattle population of 4,637. The overall 
lence of gastrointestinal parasites for this group 
93-4 per cent. The calves had the highest prevalence 
100 per cent, and the yearlings the lowest at 83-4 per 
- In between these were the adult cattle with a 
yrevalence rate of 94-7 per cent. 

The swine that were sampled were mainly of large 
te (Yorkshire) or saddle back (Hampshire) breeding. 
A total of 94 samples’ were collected, representing 466 
animals. Sixty-three per cent were found to have at least 
one-species of gastrointestinal parasite. 
a- The local sheep were either the southern short legged, 
the northern long legged hair sheep (Nigerian), or a cross 
of the two. These types made up the entire sampled 
population. Thirty-six samples from a total population 
of.113 were examined. Positive findings were observed 
in 95-6 per cent. 

The other two groups (horses and goats) were not 
sampled in sufficient numbers to be truly representative 
of these groups as a whole. For the sake of a more com- 
te picture, however, these results are reported here. 

goats—local, Nubian or of mixed breeding—had a 
per cent prevalence rate of infection, while the horses 
showed a prevalence of 78 per cent. 

Table 2 shows the distribution of the prevalence of 
multiple infection as denoted by the findings of ova from 
one or more species of gastrointestinal parasite. 










fable 2. INCIDENCE OF MULTIPLE GASTROINTESTINAL PARASITE INFECTION 
IN GOVERNMENT-OWNED LIVESTOCK IN EASTERN NIGERIA, 1962-1963 


Number of different pařasites 


‘Animal 


1 2 5 or more None 

Cattle. 24-0 27-8 27-2 10-3 41 6-6 
Sheep 17-2 22-6 28-6 14-4 14:4 2-8 
Goats 75 75 15-0 — — 70-0 
oo BBO 18-0 60 — — 38-0 

ieg 78-0 oo 22-0 








The purpose of attempting such a survey in spite of 
limited equipment and personnel was two-fold. The first 
son was to establish a basis for sound recommendations 
tor the local livestock industry on parasite control. A 
second reason, less urgent but just as challenging, was to 
how what could be done with limited resources. 

The wide difference in prevalence rates for cattle and 
p on one hand and swine on the other is probably 
butable to the difference in husbandry. The cattle 
and sheep were grazed in a tropical climate on pastures 
‘which can become heavily seeded with parasite ova. 
The swine, however, are “dewormed” on a more regular 
basis and also spend a great deal of their life on 
concrete floors which are cleaned thoroughly every day. 
“All adult ruminants always had at least a few Par- 
amphistoma in the rumen at autopsy. The relatively 
large number of negative specimens is probably attri- 
butable to the extreme fragility of these ova. Fasciola 
were never found on autopsy in cattle raised in the 
Eastern region. Herds examined in this survey, however, 
contained fairly large numbers of animals which originated 
from the Northern region. The prevalence of Fasciola in 
; region (Northern) is reported to be high. 

‘able 2 should provide anyone testing livestock for 
gastrointestinal parasites with a possible reason for the 
failure of a therapy aimed at only one group. With 
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ble 1. INCIDENCE OF GASTROINTESTINAL PARASITES (PER 100 ANIMALS) IN GOVERNMENT-OW 
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multiple infection the rule rather than the excep 
failure to respond to therapy can often be caused by 
eliminating the particular species causing the damag 
the particular group of animals involved. In our ex 
ence, good results were often obtained with non-responding 
animals by treating them with another compound whic 
had a different spectrum from the first. i 
We thank Major W. Cranfield and Mr. H. Brock, 0 
the Eastern Nigerian Development Corporation, and Mr. 
T. A. Mbaeliachi, Chief Veterinary Officer, Eastern | _ 
Nigeria, for their co-operation and help in providing 
transport, living quarters and other necessities. Sus 
Josera W. ADAMS: 
J. McKay 
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‘Brucella in Government-owned Livestock _ 
in Eastern Nigeria : 


BRUCELLOSIS is reported to have a worldwide distribu- 
tion!. Until the early part of 1962 no known reports of 
brucellosis in Eastern Nigeria had been recorded. All _ 
animals known to be susceptible and recently imported _ 
through regular commercial and government channels 
were certified free of Brucella by blood test before being; = 
imported. Reon 
In the early part of 1962 Zebu cattle having their first 
or second calves on a large government-owned ranch had: 
a classic “abortion storm”. Serum samples from the | 
aborting animals were tested for Brucella antibodies ata — 
government laboratory using the tube test*. Six out of | 
eleven were found to have positive or suspicious titres?. 
Complete testing was carried out for this entire breeding 
herd and for the majority of the government livestock 
farms in the Eastern region. Cee 
Blood was drawn from the jugular vein of each ruminant 
using an autoclaved ‘California bleeding needle’ and tube. 
Blood samples were collected from swine by puncture of 
an auricular vein. The samples were numbered and identi- 
fied according to the animal of origin. The blood samples 
were refrigerated immediately after collection until. they 
were processed either at a central laboratory or using a& 
mobile apparatus from the central laboratory. ene 
In those samples in which clot retraction was insufficient.” 
to give the necessary amount of serum, the tubes. were: 
centrifuged for 5 min at about 1,000 r.p.m. Using ‘the 
rapid plate agglutination method with stained antigen 
(Jansen-Salsbery Laboratories, 15 c.c. vials), serum was 
tested at the standard dilutions of 1:25, 1:50, 1: 100,000: 
and 1: 200 using the standard Bangs pipette’. eee 
The serum of 1,257 animals was tested for the presence 
of Brucella agglutinating antibodies. 1,070 of these wer 
cattle, 110 goats, 43 sheep and 34 swine. ee 
In the cattle tested, 96 or 8-9 per cent had titres | 
or greater for Brucella agglutinating antibodi 
of these animals: would. classified as 






















ome 


suspicious and 13 as positive under U.S. Department of 
Agriculture regulations for unvaccinated cattle. 

Unfortunately, only 34. swine serum samples were 
tested in this survey. Twelve per cent (four samples) 
of these were found to have titres. 

The 153 sheep and goat serum samples showed no 
evidence of agglutinating antibodies for Brucella. 

Although the cattle population was the only one in the 
sample which was large enough to allow any estimation 
of the incidence of brucellosis infection, the presence of 
reactors does establish the fact that certain other animals 
must have been infected. The lack of titres in the smaller 
ruminants would seem to indicate that the sample of 
these species has not been infected. Larger samplings 
of these animals would obviously do much to establish 
firmer conclusions concerning the actual incidence of 
brucellosis in these animals. 


Table 1. Brucella SERUM AGGLUTINATION TITRES IN EASTERN NIGERIAN 
LIVESTOCK (1962-1963) 











Neg, titres Suspect Positive Animals Animals Total 

+1:25 +1:50 +1:1000r without with animals 

*£1:50 +1:100 — higher titres titres tested 
No. % No. % No. % No. % No % No. 
Cattle 40 37 43 40 18 12 974 91-1 96 89 1,070 
Goats -~ S 110 100 — — 110 
Sheep _ _ 43 100 — — 43 
Swine 2 67 2 67 — — 30 88 4 12 34 
Totals 42 33 45 36 13 10 4,1657 92 100 79 1,257 


In swine the four animals that had titres showed weak 
agglutination of the stained antigen. This tends to 
suggest the possibility of the presence of a strain of 
Brucella other than B. abortus. This possibility is sup- 
ported by the fact that the swine had had no contact with 
cattle—at least since being in Nigeria. 

The implication for public health of the presence of 
infected livestock is important but does not have quite 
the same significance as would be the case in Western 
Europe or North America. The large majority of the 
local population of Eastern Nigeria does not drink milk 
except that which comes from a can or the mother’s 
breast. They often dwell with their animals, however, 
and the meat is sold in the markets immediately after 
slaughter, increasing the possibility of human contact 
with the organism. 

.. Although brucellosis has not been reported officially 
from the Northern region, the presence of titres in the 
animals (first herd tested) recently imported from this 
region and the Cameroon Republic strongly suggests that 
the infection is present in these areas. The presence of 
the disease in these areas is of greater importance than in 
Eastern Nigeria because the local populace drinks fresh 


ilk, 
mal Joseru W. ADAMS 
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GENERAL 


A Generalized Sorting Strategy for 
Computer Classifications 


< AGGLOMERATIVE hierarchical methods of computer classifi- 
‘ation all begin by calculating distance-measures between 
elements. The hierarchy is then generated by subjecting 
these measures to a sorting-strategy, which depends 
essentially on the definition of a distance-measure between 
groups of elements. In nearest-neighbour sorting, this is 
defined as the distance between the closest pair of elements, 
one in each group. Maenaughton-Smith has pointed out 
that much more intense clustering can be produced by 
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taking the most remote pair of elements (Jurthei 
neighbour sorting). In group-average sorting? the distan 
is defined as the mean of all between-group inter-elemer 
distances; in centroid sorting it is the distance betwee 
group centroids, defined by a conventional Euclides 
model. In median? sorting the distance of a third grou 
from two which have just fused depends on the previo 
three inter-group distances in the manner of Apollonius 
theorem. Although the earlier of these strategies hay 
received some comparative assessment?!3-* no attemy 
seems to have been made to generalize them into a sing 
system. As a result, quite different computer strategic 
have commonly been used, necessitating @ separat 
computer program for each. 

We shall now erect a general system of which all thes 
are special cases. What follows applies rigorously only t 
measures with the general properties of a Euclidea 
distance; other measures, for example, the correlatio 
coefficient, require further investigation. The system doe 
not incorporate the method of “information analysis”: 
which uses a measure fundamentally different from a 
others currently in use. 

We first assume three groups (h), (i) and ( j), containin 
Mn, Ni and nj elements respectively and with inter-grouj 
distances already defined as dai, da dy. We furthe 
assume that the smallest of all distances still to be con 
sidered is dij, so that (i) and (j) fuse to form a new grou] 
(k), with ng(=ni+nj) elements. The problem is solves 
if we can always express dax in terms of any or all of thi 
quantities already defined; they are all, of necessity, knowi 
at the moment of fusion. We assume the linear relation 

dng = adri + ajda; + Bdi + yldri — das] 
where the parameters ai, a;, B and y determine the natun 
of the sorting strategy. It can be shown that the fivi 
strategies already mentioned are obtained when ths 
parameters take the following values: 


Nearest-neighbour: 


a=aj= +3; B=0; 
Furthest-neighbour: 


ai=aj= +4; B=O0; y= + 





Median: ai=aj= +4; p= =}; 
Group-average: ai= nine, af=nyink; B=y=0 
Centroid: ai= niine; aj=njiing; B= — aaj; y=0 


All can therefore be easily provided as optional variants 
of a single computer program. 

The system has other interesting properties. It is 
desirable that the measures associated with successive 
hierarchical fusions should be monotonic; nearest- and 
furthest-neighbour are monotonic by definition, but this 
is not always true of the strategies with y = 0. For 
these it is in fact easy to show that the system is necessarily 
monotonic so long as (ai + aj + 8) 5 1. The equality 
holds in the case of group-average, but the condition js 
not satisfied by median or centroid. Our experience of 
median sorting is limited, but we have ample evidence. 
that reversals can be troublesome in centroid. It is; 
moreover, now possible to generate an infinite set of new 
sorting strategies. We have investigated the system 
governed by the quadruple constraint (a; + «; + B = 1; 
a = aj; B < l; y = 0); this defines a set of strategies 
such that, as B falls from positive to large negative values, 
the hierarchy changes from an almost completely “chained”. 
system to one with increasingly intense clustering. The 
extent of clustering is thus not an inherent property of 
data; a given set of data may now, by varying the para- 
meters, be made to appear as sharply clustered as a user 
may desire. 

G. N. LANCE 

W. T. WILLIAMS 
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~ FORTHCOMING EVENTS 


“(Meetings marked with an asterisk are open to the public) 


Monday, October 10 


| CHEMICAL SOCIETY, MOLECULAR BEAM Kinetics DISCUSSION GROUP (at 
ke Geological Society, Burlington House, Piccadilly, London, W.1), at 2 
m,.—Inaugural Meeting. 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, JOINT 1.E.E— 
“E.R.E. COMPUTER GROUPS (at the Institution of Electrical Engineers, 
avoy Place, London, W.C.2), at 2.30 p.m,.—Meeting on “Micro-Program- 
sing and Fixed Stores”. 


UNIVERSITY OF LONDON, INSTITUTE OF EDUCATION (at St. Gabriels 
waliege, Cormont Road, London, 8.5.5), at 5 p.m.—Prof. Owen Chadwick: 
arwin and Religion” (First of three lectures on ‘The Origins of Conflict 
yeen Religion and Science”).* 
STITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
paar. J. T. Barrie, Mr. K. A. Buckingham and Mr. W. Reddish: 
ric Properties of Polythene for Submarine Telephone Cables”. 
GrogRarHtcaL SÒGIETY (at 1 Kensington Gore, London, 8.W.7), 
Films of “Antarctic Discovery introduced by Sir Vivian Fuchs. 
STIGS INSTITUTE, LONDON SECTION ENGINEERING SuB-GROUP (at the 
makers Arms, 89 Marylebone Lane, London, W.1), at 6.30 p.m.—Mr. 
ein: "Raw Material Handling Systems”. 










Tuesday, October lÍ 


ZOOLOGICAL SOCIETY OF LONDON (at the Zoological Gardens, Regent’s Park, 
London, N.W.1), at 5 p.m.—Scientific Papers. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 6.30 p.m.—Mr. S. S. Carlisle: “Automation and Industry—-The Technical 
and Economie Approach to Wider Utilization” (Control and Automation 
Division Chairman’s Address). 

“INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Con- 
naught Rooms, Great Queen Street, London, W.C.2), at 5.30 p.m.—"‘The 
Kse of Modern Accelerator Techniques” by a speaker from [.C.1. Ltd. 7 p.m. 
Dr. E. J. Buckler: “The New Trends in Rubber Compounding”. 


Wednesday, October 12 


-ROYAL STATISTICAL SOCIETY (at the London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 5 p.m. 
Prof. F. J. Anscombe: “Topics in the Investigation of Linear Relations 
‘itted by the Method of Least Squares”. 


SOCIETY OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Portland 
Place; London, W.1), at 6 p.m.—Mr. S. L. H. Clarke and Mr. W. T. Lee: 
= pension of Computer Control to a Plant—Basic, On-Line, Off-Line or 
. SOCIETY OF CHEMICAL Inpustry, Foop GROUP (at 14 Belgrave Square, 
kondon, 8.W.1), at 6.15 p.m.—Dr. H. Davidge: “Liquid Nitrogen for Food 
Freezing”. 





Thursday, October !3 


3 ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9.45 a.m.— 
Prof, George Porter, F.R.S.: “Matter and Motion” (Civil Service Lecture). 


ENerrruTion oF CHEMICAL ENGINEERS, SOUTH EASTERN BRANCH (joint 
‘meeting with the Society of Chemical Industry, at the Royal Aeronautical 
“Society, 4 Hamilton Place, London, W.1), at H a.m.—Symposium on 
ient Advances in Physics and Chemistry at N.P.L. of Value to Chemical 
_ Engineers”. 


-O CONCRETE SOCIETY (in the Ballroom of the Dorchester Hotel, London, 
: W1); at 2.30 p.m.—Inaugural Meeting. 3.30 p.m.—‘The Role of Concrete 
‘Past, Present and Future”. Speakers: Prof, P. B. Morice, Mr. Frederick 
Gibberd and Mr. Alan Harris. 


JANNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly, London, 
W.D), at 5 p.m.—-Prof. Alfred S. Romer: “Fish to Amphibian and Reptile— 
e Barly Evolution of Land Vertebrates” (The Hooker Lecture). 


C OINSTITUTRE OF PETROLEUM, ECONOMICS AND OPERATIONS GROUP (at 61 
New Cavendish Street, ‘London, W.1), at 5.30 p.m.—Mr. W. Burnap: ‘Gaso- 
line Distribution in the U.S.A.” 


“[NerivuTioN OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.-~Discussion Meeting on “Engineering Industry Training Board— 
a New Climate in Training” opened by Mr. F. Metcalfe. 


Friday, October 14 


FEDERATION OF BRITISH PLANT PATHOLOGISTS (at Holborn Assembly Hall, 
John’s Mews, London, W.C.1), at 10.50 a.m.—Symposium on “The Trans- 
mission of Plant Viruses”. 

INSTITUTION OF ELROTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Mr. C. W. Gould: ‘Barn Hay Drying”. 








Saturday, October 15 


Jorn? BIOLOGY COMMITTEE (in the William Beveridge Hall, University of 
“London, Senate House, Malet Street, London, W.C.1), at 10 a.m.—Con- 
ference on “The Natural History of Disease”. 


Monday, October I7 


 Socrery OF CHEMICAL INDUSTRY, PESTICIDES GROUP (at 14 Belgrave 
Square, London, 8.W.1), at 5 p.m.—Dr. D. Price-Jones: “New Horizons in 
nsect Control”. 


RITISH COAL UTILISATION RESEARCH ASSOCIATION (in the Lecture 
re, Institution of Civil Engineers, Great George Street, London, W.1), 
at 5.30 pym.—~Prof. A, G. Gaydon: “Measurement of Temperature” (Fifteenth 
: Coal Science Lecture). 
> UNIVERSITY COLLEGE LONDON (in the Anatomy Theatre, Gower Street, 
London, W.C.1), at 5.30 p.m.—Prof. Robert E. Schofield (U.S.A.): “Ehe 
Dynamic Corpuscular Tradition in English Natural Philosophy—The First 
Phase, 1704-1738".* 
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INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.—Dr. 5. M. Foggo: 
The Electrical Breakdown of Gases” (Chairman’s Address). 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7) at 
8.15 p ra= bigut. Commander M. K. Burley, M.B.E., R.N.: “In Shackleton’s 
ks”. 


Monday, October 17—Tuesday, October 18 


POWDER METALLURGY JOINT GROUP OF THE IRON AND STEEL INSTITUTE 
AND THE INSTITUTE OF METALS (in the Hoare Memorial Hall, Church House, 
Great Smith Street, London, S.W.1), at 11 a.m. on Monday and 10 a.m. on 
Tuesday-—Annual Meeting. : 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: En A A 
LECTURER (with an honours degree in geology together with postgraduate 
and/or industrial experience, and preferably with special interests in strati: 
graphy and applied geology) IN GEOLOGY at Sunderland Technical College-— 
is Director of Education, 15 John Street, Sunderland, Co. Durham (October 

LECTURER IN MECHANICAL ENGINEERING; and an ASSISTANT IN MECHANI- 
CAL ENGINEERING—The Secretary of the University Court, The University, 
Glasgow (October 15). fa 

RESEARCH ASSISTANT (preferably postdoctoral, with experience in pror: 
duction ecology and energy flow) IN THE DEPARTMENT OF NATURAL HISTORY, 
to take part in a study of estuarine community at Culterty Field Station, ` 
Newburgh, Aberdeenshire—The Secretary, The University, Aberdeen: 
(October 15). 

RESEARCH DEMONSTRATOR (graduate) IN THE DEPARTMENT OF ENGINERR- 
ina—The Registrar, The University, Leicester (October 15). : 
SENIOR LECTURER IN THE DEPARTMENT OF MerTaLturey—The Staff 
Officer, The University of Astonin Birmingham, Gosta Green, Birmingham, 4, 

quoting Ref. 504/6 (October 15). 

ASSISTANT LECTURER and a LECTURER IN THE DEPARTMENT OF PHYSIOLOGY 
IN THE FACULTY OF MEDICINE, University of Ibadan, Nigeria—The Secre- 
tary, Senate Committee on Higher Education Overseas, University of London, 
Senate House, London, W.C.1 (October 17). i 

ASSISTANT LECTURER (Demonstrator) or LECTURER IN PHYSIOLOGY—The 
Registrar and Secretary, The University, Leeds, 2 (October 17). ee 

EXPERIMENTAL or SENIOR EXPERIMENTAL OFFICER (preferably with a 


physiological/pharmacological degree and/or experience in a diagnostic or: ==: 


research laboratory) to supervise physiological techniques in the laboratory. 
of the Cardiovascular Investigation Unit, Departments of Physiology ando 
Medicine and Leeds General Infirmary—The Registrar, The University,- 
Leeds, 2 (October 17). : 

SENIOR TECHNICIAN (between 25 and 54) IN THE DEPARTMENT OF 
CHEMISTRY, to undertake, with supervision, development of methods of- 
analysis for elements and radicals in the types of compound studies inthe 
organic and inorganic research sections--The Bursar, The University of- 
Manchester Institute of Science and Technology, Room M2, Velvet House, 
Sackville Street, Manchester, 1, quoting Ref. No. CH 8 (October 17). 

EXPERIMENTAL OFFICER (preferably with previous experience in at least, 
one branch of the subject) IN SPECTROSCOPY IN THE DEPARTMENT. OF. 
CHEMISTRY—The Registrar, The University, Manchester, 18, quoting Ref. 
211/66/Na (October 19). 

RESEARCH ASSISTANTS (with a degree or a higher degree in engineering or 
physics) IN THE DEPARTMENT OF AERONAUTICAL ENGINEERING, to participate 
in a programme of fundamental research into (a) aerodynamic forces on- 
buildings; and (b) response of aircraft to gusts—The Registrar, Queen Mary. 
College (University of London), Mile End Road, London, E.1 (October 19). 

SENIOR LECTURER/LECTURER IN PuysioLogy—The Registrar, The Uni- 
versity, Sheffield (October 20). 

COMPUTING ASSISTANT (with a good honours degree in mathematics or ina 
pure or applied science and preferably an interest in statistics and/or opera- 
tional research) IN THE ELECTRONIC COMPUTING LABORATORY—The Registrar 
and Secretary, The University, Leeds, 2 (October 21). 

PRINCIPAL SCIENTIFIC OFFICER (with a first- or second-class honours 
degree or dip. tech. or equivalent or higher qualification in electrical engin- 
eering, physics or mathematics together with relevant experience in physics 
or microwave engineering, and preferably good appreciation of the problems 


of optical communication) at the Post Office Engineering Research Station, 


Dollis Hill, London, N.W.2, to take charge of a group concerned with the’ 
development of new types of high information-rate communication system 
based on using light-guides or millimetric wave-guides to provide very large: 
numbers of simultaneous telephone circuits and/or several television channels. 


—-Civil Service Commission, Savile Row, London, W.1, quoting Ref. $/6508/66.. 


(October 24). ase 

UNIVERSITY LIBRARIAN—The Registrar and Secretary, University: of 
Durham, Old Shire Hall, Durham (October 24). 

SENIOR LECTURER IN ANAESTHETICS at Western Infirmary-——The Sec- 
retary of the University Court, The University, Glasgow (October 28). 

EXPERIMENTAL OFFICER (with a university degree or equivalent. and. 
experience of electron microscopy and/or X-ray techniques) IN THE DEPART- 
MENT OF CERAMICS WITH REFRACTORIES TECHNOLOGY —The Registrar, The 
University, Sheffield (October 29). i 

CHAIR OF BOTANY; and CHAIR OF PHYSIOLOGY at the University of Singa- 
pore—The Inter-University Council, 33 Bedford Place, London, W.C.1 
(October 31). 

CHAIR OF COMPUTER SCIENCE IN THE SCHOOL OF MATHEMATICS AND 
Puysics—The Registrar, University of Strathclyde, George Street, Glasgow, 
C.1 (October 31). 

CHAIR OF ENGINEERING MATHEMATICS IN THE DEPARTMENT OF MATHE- 
maTios—The Deputy Secretary, The University, Southampton (October 31). 
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Prosect LEADER (experienced in information work and/or any scientific 
discipline) to- develop, operate and evaluate specialized information services in 
association with the Department of Fuel Science, The Houldsworth School of 
eens Solence—The gistrar and Secretary, The. University, Leeds, 2 

ovember 7), 

RESRARCH Screntist (with a Ph.D. degree in chemistry or physics together 

with some research experience, preferably in the general field of spectroscopy 

or ‘postgraduate research experience of equivalent standard and duration, 
supported by satisfactory evidence of research ability) in the Division of 

Chemical Physics, Commonwealth Scientific and Industrial Research Organ- 

ization, David Rivett Laboratory, Clayton, Melbourne, to undertake research 

in the field of atomic absorption spectroscopy—Chief Scientific Liaison 

Officer, Australian Scientific Liaison Office, Africa House, Kingsway, London, 

.C.2, quoting Appointment No. 582/15 (November 11), i 

ANALYTICAL CHEMIST at the Australian National University to assist in the 
isotopic dating of rocks—The Association of Commonwealth Universities 
{Branch Office), Marlborough House, Pall Mall, London, 8.W.1; and The 
Bursar, Australian National University, Box 4, P.O. Canberra, A.C.T., 
Australia (November 30), g 

AGRICULTURAL STATISTICIAN for duties concerned with the planning of 
experiments and technical surveys and the analysis of the results obtained 
from these scientific investigations—The Establishment Officer, Potato 
Marketing Board, 50 Hans Crescent, Knightsbridge, London, S.W.1. 

CHAIR OF ENGINEERING MATHEMATICS—The President, Novia Scotia 
Technical College, P.O. Box 1000, Halifax, Nova Scotia, Canada, 

GRADUATE CHEMIST (preferably with previous experience with an automatic 
analyser) for research into the development of new techniques—The Director, 

Central Public Health Laboratory, Colindale Avenue, London, N.W.9. 

MICROANALYst (experienced in organic elemental analysis of materials con- 
taining hetero-elements and capable of developing conventional and instru- 
mental methods) in the DEPARTMENT OF CHEMISTRY to be in charge of the 
Microanaly tical Laboratory, with one assistant—Head of the Chemistry 
Department, Sir John Cass College, Jewry Street, London, E.C.3. 

UALIFIED PHYSICAL CHEMISTS to undertake research in inorganic thermo- 
chemistry and thermodynamics, and on vapour phase reactions partly at high 
temperature—The Director of Research, Fulmer Research Institute, Stoke 

| Poges, Bucks. 

| RESEARCH ASSISTANT IN THE DEPARTMENT OF BIOCHEMISTRY for work on 

the intermediary metabolism of invertebrates—Prof. E. Baldwin, University 

College London; Gower Street, London, W.C.1. 

RESEARCH ASSISTANT (with a good degree in botany or horticulture) in the 
DEPARTMENT OF HORTICULTURE and A.R.C. UNIT oF FLOWER Crop 
PHYSIOLOGY, for investigation of the development physiology of the carna- 
tien—Prof. O. V. S. Heath, F.R.S., University of Reading, Horticultural 
Research Laboratories, Shinfield Grange, Shinfield, Reading, Berkshire. 

RESEARCH PHYSICIST (preferably with a higher degree and relative 
experience) in the PRYSICS DEPARTMENT, to undertake investigation of 
electron scattering using 400 kV electron diffraction camera with recently 
constructed energy analysis faeility—The Assistant Bursar (Personnel), 
University of Reading, Reading, Berkshire. 

RESEARCH STUDENT (recent graduate, with a good honours degree in 
physics, engineering or a related subject) in the DEPARTMENT OF APPLIED 

IYSICAL SCIENCES to work on the elastohydrodynamic lubrication of gears 

~and roller gearings—The Assistant Bursar (Personnel), University of Reading, 

Reading, Berkshire. 

RESEARCH TECHNICIAN (with one or more “A” level passes including 
biology, or equivalent qualification, and preferably laboratory experience in 
sterile techniques) in the CELL CULTURE LABORATORY—The Secretary, 
on Hospital and Holt Radium Institute, Manchester, 20, quoting Ref. 


RESEARCH WORKER (with a good honours degree or its equivalent in bjo- 
chemistry, and preferably an interest in purification methods as applied to 
protein hormones, or experience in immunochemistry) in the PHYSIOLOGY 

EPARTMENT, to study prolactin with special reference to its assay in human 
body fluids—The Secretary, National Institute for Research in Dairying 
(University of Reading), Shinfield, Reading, Berkshire, quoting Ref. 66/N/31. 

SENIOR LECTURER (with an honours and a research degree) in INORGANIC 
ae RaiocHEMistRY—The Registrar, Regional College of Technology, 

icester, 

SENIOR RESEARCH FELLOW (with training and experience in related 
research, and preferably with a Ph.D. degree) in SoctoLo@y in the School of 
Humanities and Social Sciences, to undertake research into the impact of 
technical change on manual workers—The Secretary and Registrar, Bristol 
oe of Science and Technology, Ashley Down, Bristol, 7, quoting Ref. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


The College of Pathologists, London. Report to Royal Commission on 
Medical Education, Pp. 14. (London: The College of Pathologists, 1966.) [98 
Water Resources Board. Metrication. By A. Gérard Boulton. Pp. 13. 
(Reading: Water Resources Board, 1966.) [98 
Annual Report on the Meteorological Office, 1965. (Met. ©781). Pp. 

xil+ 82+ plates. (London: H.M. Stationery Office, 1966.) 9s. {98 

: steorological Office. Scientific Paper No. 25: The Relation Between 
Beaufort’ Force Wind Speed and Wave Height. By R. Frost. Pp. 12. 
(London: H.M, Stationery Office, 1966.) 3s. 6d. net. [108 
: Agricultural Research Council. Institute of Animal Physiology. Babraham, 
Cambridge. Report for 1964-1965. Pp. 120 + 4 plates. (London: Agricultural 
Research Council, 1986. Obtainable from H.M. Stationery Office.) 10s, {108 
Second Report from the Estimates Committee together with the Minutes 
of the Proceedings of the Committee on 27th J uly, Part of the Minutes of 
_ othe Evidence taken before the Sub-Committee on Technological and Scientific 
Affairs in Session 1965-66, and Appendices. Session 1966-67—-The Euro- 
pean Space Vehicle Launcher Development Organisation (ELDO). Pp. 
xxx1+156. (London: H.M. Stationery Office, 1966.) 19s. net. {118 
Biological Stains and Staining Methods: a Guide to the Use of B.D.H. 
Standard Stains and Microscopical Materials. Third edition. Pp. 48. (Poole, 
t: The British Drug Houses, Ltd., 1966.) {128 
(London: United States In- 


Vietnam: Yesterday and Today. Pp. 31, 
formation Service, American Embassy, 1966.) (128 
Planning, Vol. 32, No. 496 (June 1966): ‘English Professienal Football. 
Pp. 77-158. (London: Political and Economic Planning, 1966.) 78. 6d. [128 
John Innes institute. Fifty-Sixth Annual | eport, 1965. Pp. 59. (Bay- 
fordbury, Hertford: John Innes Institute, 1966.) 32. {128 
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- The Computer and the Library: The Role of the Computer in the Organiz 
tion and Handling of Information: in Libraries, By N. 8. M. Cox F. 
ications, No. 4.) Pp: 


in Co. Sligo, Ireland. B : 
by R. W. L. Oldroyd. Pp. 189-196 + plates 16 and 17. 5s. Series A, Volo 
No, 13: The Early-Glacial Raised Beach in County Cork. By A. Farringtow 


Species of Fasciculate Autina from Ireland. By M. J. Clarke. Pp. 221-228 « 
plate 20. 3s, 6d. Series B, Vol. 1, No. 17: Application of X-ray Diffractios 
Studies to Irish Soil Science. 
2 and 3. 5s. Series B, Vol. 1, No. 18: Parasites of Irish Fishes. By 

Pp. 205-220 + plate 4. 5s. Series B, Vol. 1, No. 19: The Isolation g 
Oospora pustulans Owen and Wakefield from Soil. By E. Bannon. Pp, 221. 
228, 38. 6d. Series B, Vol. 1, No. 20: Evaporative Loss—Some Calculate: 
Values for Ireland. By B. D. Murphy. Pp. 229-236, 3s. 6d. (Dublin: Thy 
Royal Dublin Society, 1966.) [128 


Other Countries 


Conseil Permanent International pour Exploration de la Mer, Servic: 
Hydrographique, “harlottenlund-Slot, Danemark. ICES Oceanographii 
Data Lists, 1960, No. 1. Pp. xvili +198. (Copenhague: Andr. Fred. Hast é 
Fils, 1966.) Kr. 25. [12% 

United States Department of Agriculture. Index-Catalogue of Medica 
and Veterinary Zoology. Subjects: Trematoda and Trematode Diseases 
Part 5: Supergenera and Genera H-M. By Mildred A. Doss, assisteb ay 
Katharine Forsyth Roach, Marion M. Farr and Virginia L. Breen. Pp 
v + 809-1050. 70 cents. Supplement 15: Parasite Subject Catalogue. Para- 
sites: Arthropoda, Mesozoa, Coelenterata, Mollusca, and Annelida. By Judith 
M. Humphrey and Dorothy B. Segal, with the assistance of Mary I. Beard, 
Shirley J. Edwards and Margie D. Kirby. Pp. ii+88. 50 cents, Supplement 
15: Parasite Subject Catalogue. Subject Headings, Treatment. By Judith B, 
Segal, with the assistance of Mary I. Beard, Shirley J. Edwards and Margie 

Kirby. Pp. 52. 35 cents. Supplement 15: Parasite-Subject Catalogue, 
Parasites: Nematoda and Acanthocephala. By Judith M, Humphrey an. 
Dorothy B. Segal, with the assistance of Mary I, Beard, Shirley J. Edwards 
and Margie D. Kirby. Pp. ii+76. 45 cents. Supplement 15: Parasite- 
Subject Catalogue. Parasites: Trematoda and Cestoda, By Judith M; 
Humphrey and Dorothy B. Segal, with the assistance of Mary I. Beard, 
Shirley J. Edwards and Margie D. Kirby. Pp. 100. 50 cents. Supplement 
15: Parasite-Subject Catalogue. Parasites: Protozoa. By Judith M. Humphrey 
and Dorothy B. Segal. Pp. 57. 40 cents. (Washington, D.C.: Government 
Printing Office, 1966.) {128 

British Honduras. Annual Report of the Forest Department for the year 
1964. Pp. 6. (Belize: Forest Department, 1966.) 128 

Danish Biotechnical Review 1966: Biological and Biotechnical Activity. 
and Research Projects in 86 Public and Private Laboratories, Pp. 182, 
(Copenhagen: Biocentralen, Danish Society of Biotechnical Industry and 
Research, 1966.) 158 

Scandinavian Council for Applied Research. Nordforsk Pesticide Com- 
mittee. Scandinavian Pesticide Research 1966. Pp. 179. (Stockholm? 
Scandinavian Council for Applied Research, Pesticide Secretariat, 1966.) [158 

United States Department of the Interior: Geological Survey. Abstracts 
of North American Geology, May 1966. Pp. 449-575. (Washington, D.C. 2 
Government Printing Office, 1966.) $0-45. 158: 

Commonwealth of Australia. Department of National Development: 
Bureau of Mineral Resources, Geology and Geophysics, Publication No, 68: 
Summary of Data and Resulte—Caernarvon Basin, Western Australia. 
Wandagee No. 1 Well, Marrilla No. 1 Well, Minderoo No. 1 Well of West 
Australian Petroleum Pty., Ltd. Pp. 26+3 plates. 1: 250,000 Geological: 
Series—Explanatory Notes. Frew River, N.T. (Sheet SF/53—3, International: 
Index). Compiled by K. G. Smith. Pp. 15. Milingimbi, N.T. (Sheet SD/53—2, 
International Index). Compiled by P. Rix. Pp. 13. (Parkes, A.C. TS. 
Bureau of Mineral Resources, Geology and Geophysics, 1964 and 1965.) [158 

World Meteorological Organization. Catalogue of Meteorological Data. 
for Research. (WMO—No. 174. TP. 86.) Pp. xix +274. 30 Sw. francs. Inter- 
national Meteorological Vocabulary. (WM0O/OMM/BMO—No. 182. EP. 91.) 
Pp Xvi +276. 40 Sw. francs. (Geneva: World Meteorological Organization, 

158 


. Do. 
United States Department of the Interior: Geological Survey. Professional 
Paper 482: Physiographic Divisions of Alaska. By Clyde Wahrhaftig, 
Pp. iv +52 + plates 1-6. (Washington, D.C.: Government Printing Office, 





South African Sugar Association Experiment Station. Bulletin No, 
Pests of Sugarcane in South Africa, Pp. 10. (Mount Edgecombe, Natal: 
South African Sugar Association Experiment Station, 1966.) [178 

Durban Museum Novitates. Vol. 7, Part 2: A Catalogue of Birds of th 
South African Sub-region. Part 3: Families (Alaudidae-—Turdidae). By 
P. A. Clancey. Pp. 389-464. R. 1-50 net. Vol. 8, Part 3: The South African. 
Races of the Banded Sand Martin Riparia cincta (Boddaert), By P, Ae 
Clancey and Michael P. Stuart Irwin. Pp. 25-33. 40 cents net. Vol. By 
Part 4: A New Subspecies of the Olive-Headed Golden Weaver from Southern: 
Mozambique. By P. A. Clancey and Walter J. Lawson. Pp. 35-37. 25 cenis: 
net. (Durban: Durban Museum, 1966.) 
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PRECISION ULTRAVIOLET 
AND VISIBLE 
SPECTROSCOPY FOR £815 








The Unicam SP500 Ultraviolet and Visible Spectrophotometer 
is available complete for mains operation for £815.* 


This well tried and proven instrument is to be found in laboratories 
throughout the world where its accurate, reliable performance 
has set new standards. 





With the Unicam SP500 there are no extras required for normal 
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MEN IN WRONG PLACES 


Tue reports on the uses of scientific manpower in Britain 
which are published this week (see this issue, page 227) 
‘are bound to be landmarks in the deployment of 
entific research. People will be right in thinking 
at things can never be the same again. It is as yet 
o soon to know whether things will be better or 
orse. 
Of the two reports, that of the Swann Committee 
is the one to go through with a toothcomb. By compari- 
son, the triennial survey of the British stock of scientific 
manpower which has been carried out by the committee 
under Sir Willis Jackson is undramatic and even 
reassuring. For the best part of a decade now, British 
universities and other educational institutions have 
been doing all they could to increase the supply of 
technically qualified people. It is plain that this good 
work has been successful. The output of graduates 
Cand similarly qualified people is now almost double 
what it used to be. What the committee calls the 
_ active stock of qualified people at work in the country 
has also been steadily increasing, and there are cheerful 
statistics to suggest that the extra men and women 
_ now available are being used where they are needed 
_ most, particularly in school teaching and in manufactur- 
ing industry. Moreover, the expansion of the last 
-decade is likely to continue for several years beyond 
1968, which is the year for which the two committees 
© make their forward projections. The response of the 
- universities to the report of the Robbins Commission 
ill not, for example, be fully reflected in the output 
of graduates in the sciences until the early seventies. 
The stock of active scientists will also continue to grow 
as the more numerous cohorts of newly graduated 
- geientists and engineers replace those now leaving 
` active life. To say all this does not, of course, imply 
- that there are now, or that there will be in the foresee- 
able future, a sufficient number of scientists and 
technologists at work in Britain; the Jackson Com- 
mittee is rightly anxious to forestall such a reading of 
‘its report. But it is encouraging to see how well, 
and how quickly, the educational system as a whole 
as been able to respond to the shortage of skilled 
eople which was recognized in its full seriousness 
nly a decade ago. That at least is something to be 
pleased about. 
But what is the use of training mere people in 
-scientific and technical skills if they then lose themselves 
= in academic pursuits, or even emigrate? That, in 
imple language, is the question that bothers the Swann 
mmittee, and on the face of things it has been able to 
npile figures which suggest that the British system 
gher education has a built-in bias which tends to 
ct too many people, and especially too many 
right people, into the satisfying—and self-satisfying— 
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round of academic life. The chief conclusion of the 
Swann Committee is that there must be found some ws 
of correcting this bias. The committee's own suggestions 
will be certain profoundly to affect the characte 
higher education in science and technology, particul 
at the post-graduate level. The issues raised by this 
important document are indeed so great that even — 
those who are disposed to accept the conclusions of the 
Swann Committee would be well advised to examine _ 
its arguments with the greatest care. eae 
On the question of the uses made in Britain of the 
skilled labour force, the Swann Committee has been 
forced to make bricks without much straw. Figures 
collected by census and by questionnaire are good 
enough for showing the gross pattern of employment 
in the scientific trades, but are not of much use in- 
answering detailed questions about the careers followed _ 
by—say—graduates in physics with first-class honours — 7 
degrees. This is why the committee was forced, at one 
point, to fall back on personal inquiry among the 
heads of departments of physics and chemistry fo: 
certain crucial information. The committee has also 
had to lean more heavily than it can have wished on =e 
statistics about the first employment of newly graduat-_ 
ing scientists, technologists and engineers. Given the 
inherent uncertainties of its task, the committee has = 
done well to concoct a coherent picture of the flow of- 
trained people into and out of various occupations. 
Indeed, there is little scope for those who would dissent 
from the general conclusion that a high proportion 
(64 per cent in recent years) of able graduates in science 
and technology have been staying on to do research, 
and—with the exception of “chemistry and some of 
the schools of engineering”—have too often remained _ 
thereafter in academic life or in some government —=——_ 
establishment. The committee is also right to point = 
to the high rate of emigration in subjects such a 
physics, and to be disturbed to find that some 37 per 
cent of those taking Ph.D. degrees in physics in the 
first five years of this decade are now working abroad. 
Something must obviously be done. eee 
The committee is also right—if only half right—i 
arguing that the causes of this imbalance in the system 
of higher education are to be found in attitudes of 
mind, Students are convinced, before they go to _ 
universities, that “pure research is the goa. > worth 
setting their hearts upon, and nothing in their later 
experience disabuses them of this. No wonder that 
able students fly abroad when they find facilities in _ 
Britain are not exactly those which their persor 
research requires—that is how the argument 
From this there follows the Swann Co 
recipe of remedies for putting things ri 


concerned to see that there should be £ 
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ness of the needs of industry at all levels in the educa- 
tional system—at school, in under-graduate teaching 
and in post-graduate research. It wants to see more 
engineers and technologists teaching in schools. 
Then under-graduate courses should be more informed 
by an awareness of the needs of industry. The com- 
mittee is anxious that Ph.D. courses should include a 
“greater proportion of work aimed at widening the 
scientific and technological outlook” of students, and 
particularly that Ph.D. courses should be based on a 
“close partnership” with industry. Finally, it wants to 
see better arrangements in industry for the reception 
of graduates and a “greater awareness of how their 
skills can be used”. Even though this is little more than 
a programme of self-improvement by exhortation, it 
is nevertheless one to be taken seriously. 

To the extent that the imbalance of the skilled labour 
market is a consequence of the failure of young people 
to appreciate that the problems of industry can be 
intellectually as exciting, and emotionally as rewarding, 
as those of academic life, there is much that can be 
done. The most immediate need is to graft onto the 
customary university curriculum, before and after first 
graduation, something of the kind of study which has 
given the Harvard Business School an international 
reputation and something of the intimate blend of pure 
and applied science which makes it possible for the 
M.LT. to claim, with reason, that it has virtually 
abolished the distinction between science and tech- 
nology. It is, of course, encouraging that British 
universities are already making tentative experiments 
in this direction, but there are serious limits to the 
speed at which this conversion can proceed. Simply 
because it has published its report, the Swann Com- 
mittee will have done a great deal to stimulate the 
interest of the universities, but it will take time to 

-Yreeruit the teachers and—much more important—to 
decide what should be taught. 
The essence of what the Swann Committee has to say 
lies at the other end of the spectrum, however, which is 
why it is unfortunate that the report has not taken a 
firmer line on post-graduate teaching. The gloomy 
collection of evidence that British post-graduate 
students are biased towards academic life, coupled with 
__ the figures showing the disproportionately rapid growth 
: of post-graduate teaching, will give impetus to a move 

against post-graduate teaching as such. It is true that 
_ the committee dutifully records its belief in the value of 
earch degrees as training for industrial people as well 
s academics, but this somewhat formal obeisance is not 
- enough to guard against the danger that there will now 


be a stagnation of post-graduate teaching. The truth 


<- iB, however, that in a great many branches of science, 
` three years of under-graduate teaching are not enough 
to turn a school-leaver into a professional. The only 
respectable alternative to a sustained and dispropor- 
-tionate expansion of post-graduate teaching is some- 
thing like a four-year under-graduate course. It will be 
a great misfortune if the grants awarded by the research 
councils are now choked off, although there is room for 
some adjustment by the research councils of the 
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balance of their grant-giving in favour of technology— 
which is the only way in which the councils can hope to 
follow the Swann Committee’s suggestion that post- 
graduate courses should have a wider “scientific and 
technological outlook”. 

There are also pitfalls in the committee’s hope that it 
should become easier for people working in industry to 
take higher research degrees. The need for closer 
links between universities and industry is urgent, as 
the committee says, but there is always a risk that 
industrial laboratories will encourage young people to 
read for higher degrees for the wrong reasons, and in the 
hope of masquerading as academic institutions. (Some 
government laboratories are already guilty of this.) 

These, however, are minor quibbles compared with 
the most obvious gap in the report of the Swann 
Committee—the failure fully to explore the reasons why 
young people seem to prefer not to work in British 
industry. The undertone of the report is that graduates 
in science hang on to academic life out of wilfulness 
and waywardness. But is the common calculation all 
that irrational? May not young people be right in 
supposing that academic life offers better opportunities 
than life in industry? The amenities are certainly 
better. Salaries and pensions are usually more attrac- 
tive. The opportunities for advancement and pro- 
fessional recognition are more obvious, and probably 
more real, in academic life. And then there is the 
freedom. The prejudice against industry may be an 
attitude of mind, as the Swann Committee says, but 
that does not mean that it is unfounded. Indeed, most 
British industrial organizations have failed altogether 
to appreciate how technically skilled people should be 
used in industry. New graduates entering industry are 
rarely given a sense of how they may, by their own skill, 
bring profit to their company and to themselves. 
Instead, they often find themselves isolated, in labora- 
tories which are pale imitations of those at univer- 
sities, from the main stream of their company’s 
activity. It is no wonder that many of them run back 
to the universities—or to countries overseas. 

If industry is to find and keep the skilled men it 
needs, some way will have to be found of giving them a 
sense that careers in industry are likely to be more 
rewarding and more satisfying than careers in univer- 
sities. Salaries, for example, will have to be genuinely 
competitive in the sense that they will have to be able 
to woo people away from academic life. Scientists in 


industry will have to be integrated into the structure of 
management so that they know what they are working __ 


for. The lukewarm language of the Swann Report in 
what it has to say on industry suggests that the com- 
mittee has not fully appreciated this part of the prob- 
lem. The result is that its remedies, sensible enough in 
themselves, will sound too much like pure exhortations. 
In part, it seems, the committee has been captivated by 
the old-fashioned, puritanical and characteristically 
British view that there is a conflict of interest. between 
the wishes of individuals and the needs of society at 
large. If it does not get rid of this, it will find itself 
shouting into the wind. 
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- Klondyke Again? 
Tue increasing pace of exploration for uranium in the 
United States is evident from an address by Mr. 
- Rafford L. Faulkner, Director of the Division of Raw 
- Materials at the United States Atomic Energy Com- 
‘mission, at the recent NUCLEX meeting at Basle, 
witzerland. The starting point for these calculations 
which are being made elsewhere as well as in the 
J.S.A.E.C.—is that the cost of nuclear power is now 
low enough for it to be attractive in much of the 
industrialized world. Mr. Faulkner mentioned the 
mnessee Valley Authority reactors which are likely 
o produce 1,100 MW of electricity each at a cost of 
37 mills per kW hour. Even though the cost of power 
may be greater when reactors are built by private 
utility companies in the United States—the TVA is a 
public authority—it now appears that the forecast of 
installed capacity amounts to no less than 95,000 MW 
in 1980 (compared with 10,000 MW now almost certain 
to be operating by 1970). Outside the United States, 
and outside the orbit of the Soviet Union as well, 
Mr, Faulkner estimated that there would be a further 
“130,000 MW of nuclear electricity generating capacity 
by 1980. On this basis the annual consumption of 
uranium by civil power stations would rise from 
42,000 short tons of uranium oxide in 1970 to 65,000 
= tons by 1980 (by which time more than 400,000 tons 
of uranium oxide, much of it enriched, would be locked 
up in nuclear power stations of all kinds). In practice 
“this means that the present rate of production— 
about 18,000 tons a year—will have to be doubled by 
the mid-seventies and increased still further by the 
: end of the decade. This is the origin of the recent 
revival in and public encouragement for uranium 
prospecting in the United States and elsewhere. 
As things stand, the known reserves of uranium oxide 
- (excluding the Soviet Union, China and eastern Europe) 
amount to nearly 700,000 tons of ore which may be 
extracted at a cost of between $5 and $10 a Ib. The 
| game reserves may well yield nearly as much again 
at the same sort of price, particularly in the United 
_ States and Canada. It appears that the deposits of 
-uranium which can be mined at a price of between 
$12 and $15 a Ib. are nearly as great, and that a much 
larger amount of uranium oxide could be obtained at 
costs ranging from $15-$30 a Ib. The urgent need, 
however, is to find ways of increasing the supply of 
uranium ore at low cost, chiefly because neither the 
constructors nor the owners of nuclear power stations 
want at this stage to start dipping into the more 
expensive reserves of fuel. 
One intriguing statement by Mr. Faulkner will help 
to account for some of the costs of uranium exploration. 
In the past, apparently, it has been necessary to drill 
1 ft. of exploratory bore hole to recover 8:5 lb. of 
uranium oxide. In the future everybody is reconciled to 
less productive exploration, chiefly because the more 
_ obvious ore-fields have already been explored. So far 
as the owners and operators of power stations are 
oncerned, in reactors of the kind being installed in the 
United States (with light water as moderator) an 
increase in the price of uranium oxide of $1 a Ib. 
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corresponds to an increase in the cost of power of 
0-08 mills per kW hour. eg ae 





Whose lonosphere? 


One of the hazards of scientific publication was referred 
to by Mr. J. A. Ratcliffe, President of the Institution of 
Electrical Engineers, in his inaugural address. on. 
October 6. Referring to the origin of ideas on the. 
ionosphere, he pointed out that Heaviside in Brit 
and Kennelly in America independently and al 
simultaneously suggested that an overhead reflec 
was the only way of explaining the long dista 
transmission of radio waves, and that free electri 
charges in the upper regions of the atmosphere 1 
probably responsible. In his article in the 1902 edition 
of the Encyclopaedia Britannica, Heaviside wrote: 
“There may possibly be a sufficiently conducting layer _ 
in the upper air. If so, the waves will, so to speak, _ 
catch on to it, more or less. Then the guidance will be | 
by the sea on the one side and the upper layer on the 
other.” Mr. Ratcliffe understandably raised the qués- 
tion of how Heaviside’s name is associated with the 
ionosphere on the basis of this somewhat vague state- 
ment. The explanation is apparently that Heaviside’s 
fuller account was sent for publication as an article 
in The Electrician and turned down by a referee, with 
the result that it was never published. Only in 1912. 
did Eccles—who knew Heaviside’s unpublished paper- - 
—associate Heaviside’s name for all time with the = 
reflecting layer. eer ee 





















Communicating Research 


Tux Research and Development Society, which started 
life in 1962 as the London Group of Administration of — 
Research and Development, held a one-day symposium: 
on September 29 at Imperial College. The subject 
of the symposium, which was the Society’s most 
ambitious meeting so far, was “Communicating the 
Results of Research and Development”. Papers were 
read by the Professor of Psychology at the University 
of Leeds, Dr. G. P. Meredith, the Visual Aids Officer 
of the British Association, Mr. A. M. Hughes, the Direc- 
tor of Beecham Research Laboratories, Mr. F. P. Doyle, 
and the Director of the British Welding Research 
Association, Dr. R. Weck. As Professor Meredith : 
observed, “The research worker lives in his pheno- 
menon, and resents the need to communicate . . . the 
research worker needs not only the basic methods and 
skills of investigation, but the control and under- 
standing needed to do justice to his work in his: 
communications”. 

This is an important theme, and the Research and 
Development Society deserves congratulation for 
encouraging scientists to discuss it. Many other 
problems in the organization of the research effort 
need similar airing. The Research and Development 
Society should be well placed to fill this need if it can 
resist the temptation to become a dining society. 


Teaching by Seeing l ; 
A PROGRAMME intended to help with the teaching of —_ 
engineering subjects in technical colleges an 
industry has been launched by a company | 

specially for the purpose by Industrial an 
mercial Education Limited and by Macmi 













: _ aimed at 15 year olds in schools. 
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_ the publishers. The courses which have been developed 
_ are several series of film loops—reels of 8 mm film 
_ arranged in an endless loop packed in a plastic cassette 
in such a way that they can run continuously for up 
to five minutes. The intention is that students should 
-be shown the film loops and should then show them 
to themselves at will, and that they should read specially 

_ prepared texts at the same time. The texts differ 
from more conventional educational literature in that 
< they present students with problems intended to be 
_ challenging in some way or another. The man chiefly 
responsible for the new courses, and the film loops 
-which constitute its essence, is Mr. Lester Ball, a 
New Zealander who has been in England since 1962. 
_ Among the courses already in existence are those 
: concerned with metal shaping, tools, measurement and 











. _ inspection, and electronics. The last of these has been 
` prepared in collaboration with the School of Electronic 


Engineering of the Royal Electrical and Mechanical 
Engineers. The company will supply educational 
materials to institutions which can use them, and will 


also undertake contract work for industrial organiza- 


_ tions seeking help with industrial training. Sir Willis 


-- Jackson and Sir Harrie Massey are acting as consultants 


to the new company, known as ICEM. Mr. Harold 
Macmillan, chairman of Macmillan and Company, 
_ Said at the launching of the new venture that he was 
struck with the revival of the visual method of teaching 
which seemed to have come into its own again after the 
invention of printed books had toppled frescoes, 
_ Stained glass windows and the like from their 
supremacy. 


“Why Dentistry ?” 
THE noble image of the doctor bringing comfort 
_ to the sick is not often shared by his poorer relative 
the dentist. Dentistry is too often considered to be 
the choice of students who cannot get into, or stay 
in, medieal schools. This is especially reflected in 
Britain by the low ratio of dentists to the total popula- 
_ tion—one dentist for 3,500 patients in Britain compared 
with one for 2,000 in the United States and one for 
1,100 in Sweden. There were 788 first-year places 
_ available in the 17 dental schools in the United King- 
dom last year. This represents an increase of more than 
100 places in ten years, but with fewer than 17,000 
dentists in the country, the gap continues to widen. 
The General Dental Council has recognized the need 
for more dynamic recruiting methods, and with a 
| £10,000 grant from the Leverhulme Trust has produced 
a 25 minute 16 mm film entitled “Why Dentistry ?” 
4 (About 50 copies 
of the film will be available on free loan from Sound 
Services Limited.) The film attempts to cover the 
_ thief phases of dental education and to give students 
_ some idea of the varied work that is open to dentists— 





from oral surgery and general practice to forensic 


Science. A side effect of a film filled with happy 
children at the dentist’s surgery might with luck be 

to decrease the unreasoning fear that many people 
have of the dentist. 


Tumours in Lower Animals 


THE Smithsonian Institution has joined with the 
National Cancer Institute to establish a Registry of 


"Tumors in Lower Animals, The purpose of the Regis- 
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try is to collect specimens the study of which will 
be useful in gaining a fundamental understanding of 
neoplastic processes. The collection will be housed 

in the U.S. National Museum, Washington, D.C. 

The activities of the project include the collection, 

gross and microscopic examination, interpretation, and: 
documentation of lesions of poikilothermie vertebrates 

and invertebrates. Although by definition neoplastic 

diseases are generally considered to be limited to meta- 
zoans, it is possible that processes akin to neoplasia 

may occur at the subcellular level in protozoa. Exam- 

ples of protozoans involved in such processes will also 
be collected. 

Mr. George E. Cantwell, Director of the Registry, 
invites scientists to help in building his collection by 
submitting examples of induced or naturally occurring 
neoplasms, pre-neoplastic conditions, or indeterminate 
lesions of a presumptive neoplastic nature. He 
acknowledges the weaknesses in definitions of neoplasia, 
particularly in invertebrate animals, and for this reason _ 
the collection is intended to include anomalies of growth 
and form of any type. Clearly, among the invertebrate 
animals there is an indistinct borderline between 
neoplastic disease and the processes of inflammation, 
repair and regeneration. txamples of the latter 
processes may be useful as control material, to estab- 
lish points of reference. 

This Registry has been located and designed particu- 
larly to encourage participation by biologists who are 
not closely associated with medical or veterinary 
science. It is separate from the various Tumor 
Registries operated by the Armed Forces Institute of 
Pathology, although in function it is supplementary. 
It is unique in providing the services and experience 
not only of Smithsonian biologists of many specialties, 
but also of pathologists of the National Cancer Insti- 
tute. Specimens accessioned by the Registry will be 
available to visiting investigators for personal study. 
As the collection of specimens progresses, panels of 
specialists in pertinent fields will be asked to assist in 
interpretation and analysis of problematic material, 
All correspondence should be addressed to the Director, 
Registry of Tumors in Lower Animals, U.S. National 
Museum, Smithsonian Institution, Washington, D.C. 
20560. 


Situations Vacant 


Scientists wishing to become astronauts should apply 
before midnight on January 8, 1967, to the National 
Aeronautics and Space Administration. In conjunction 
with the National Academy of Sciences, the administra- 
tion is inviting applications from United States 
citizens who are no taller than 6 ft. and born after 
August 1, 1930. A Ph.D. in science, medicine or 
engineering will usually be a qualification. Persons 
able to become naturalized as United States citizens 
before March 15, 1967, will also be eligible. 


Fall-out from Harwell 


OnE uncovenanted benefit at the Atomic Energy 
Research Establishment at Harwell is a series of courses 
on production control by computer being organized 
by the Postgraduate Education Centre during October. 
The intention is to introduce production engineers 
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d others from industry to the technique of planning 
the work of engineering workshops which is being 
_ developed at Harwell (and which is known as WASP). 
_ The computer programme is intended to make the most 
efficient use of men and machines in the workshops, 
where something like £1-5 millions a year is spent at 
Harwell. Those in charge of WASP estimate that 
savings of between 20 and 30 per cent (either in money 
-tor in men) would be available if it were habitual for 
engineering workshops to plan their work by computer. 
_ The savings to be expected are not merely those of more 
fficient use of the workshop itself, but also reductions 
indirect costs arising from the way in which expen- 
ive components have often to wait for weeks or longer 
or their turn on a machine tool. 
One hundred people from industrial companies of 
Il kinds, 90 per cent of them graduates, attended the 
_ first course on October 11 and 12. Nearly as many have 
_ already enrolled for the second course on October 
25 and 26. As well as the exposition of the WASP 
programme by the staff of Harwell, there are also 
contributions from Rolls-Royce and Philips (Eind- 
hoven), where similar systems of production control 
for engineering workshops have been developed and 
‘applied. At Harwell it is reckoned that the most 
efficient use of the WASP programme requires more or 
less continuous access to a computer. It is, however, 
possible to use the system through a computer centre 
and it is thought that up to half an hour a day of 
‘computer time would be necessary for the efficient 
-` planning of the work of an engineering workshop with 
150 people. 













A Relict Marsupial 
In August this year a small possum, the size of a rat, 
` was captured alive at a ski-hut at Mount Hotham, 
Victoria, by Mr. R. M. Warneke, Senior Research 
< Officer of the Fisheries and Wildlife Department, 
- Victoria, Australia. The animal is at present being 
kept in Melbourne where it was taken by Dr. K. 
< Shortman of the Walter and Eliza Hall Institute. The 
< animal is apparently another example of a relict 
_ species which has managed to survive in an isolated 
area. The alpine environment in which it has been 
_ found is rigorous. Externally the animal is remarkably 
-similar to the long-tailed form of Cercartetus (= Eudro- 
< micia). It resembles, for example, the species found in 
New Guinea and north-east Queensland. An examina- 
tion of the teeth of this specimen under partial anaes- 
thesia revealed, however, the long straight incisors 
and huge sectorial premolars typical of Burramys. 
That the animal is indeed Burramys parvus seems 
certain, but confirmation will have to be postponed 
until the skull is available. 

The Burramys has hitherto been known only from 
fossil material. The original fragments described by 
Robert Broom in 1896 (ref. 1) were found in the Wom- 
‘beyan Caves in New South Wales, but more recently a 
number of mandibles and other bone fragments were 

` found in a cave deposit in eastern Victoria. Because 
ther parts of the fossil skeleton are missing, specula- 
n about its possible affinities with other species 
was centred on the remarkable premolars, and links 

ith the Macropodidae were suggested. Eventually, 
- however, Ride revised its status and showed it to be a 
© phalangerid. In 1964 he concluded? that, most 
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probably, “Burramys is a member of an aberrant line 
of Phalangerinae”. ; ; EED 
Examination of the living animal removes all doubt 
of this. It is a largish pigmy possum, soft brown-grey - 
on the back, with darker colour in the mid-dorsal 
region especially on the head. The light underparts _ 
are creamy with slightly yellowish tonings. The body . 
is relatively stout with short limbs and the tail is very 
long and thin without any suggestion of incrassation. _ 
The body fur, which is very fine and dense, extends on 
to the basal half inch of tail and then terminates 
abruptly. The remainder of the tail is sheathed with _ 
pronounced epidermal scales overlain by a sparse _ 
covering of short hairs. The shape of the head is _ 
strongly reminiscent of Gymnobelideus, but Burramys 
does not possess well defined facial markings or ao 
median stripe. Total length is 275 mm—tail 153- mm, 
ear 20 mm, and weight 55 g. 















The feet are of exactly the same form as those of — 
Cercartetus nanus, except that certain of the striated 
pads on the manus are of a different shape. In C. 
nanus the hypothenar is crescentic in outline whereas 
the other pads are oval. In Burramys only the third 
and fourth interdigitals are oval, the other three pads 
being crescentic. The terminal pad of the clawless — 
hallux is expanded but those on the other digits are 
only slightly so. The claws on all digits, save the 
syndactylous pair on the pes, are very short and are 
brought into use only by strong flexure of the digits (see 
Fig. 1). es 

The scrotum is not pendulous as in most marsupial 
but is closely fused with the abdominal wall 
Cercartetus and Acrobates. oe 








1 Broom, R., On a small fossi! marsupial with large grooved 
Linn. Soc. N.S.W.,10, 503 (1898). a 

2 Rideo W. D. Ga A review of Austri 
W.A., AT (8), | 
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University News: Hull 


Dr. W, C. E. Hiecinson has been appointed to the 
third chair of chemistry from January 1, 1967. Mr. D. W. 
Beard will be director of the Computation Laboratory 
from January 1, 1967. 


London 


THE title of professor of child health and growth has been 
conferred on Dr. J. M. Tanner, in respect of his post at 
the Institute of Child Health. 


l Massachusetts Institute of Technology 
Dr. V. F. Wersskorr, formerly director-general of the 
< European Organization for Nuclear Research (CERN) 
until his return to the M.L.T. last January, has been 


o appointed head of the Department of Physics as from 


February 1, 1967, in succession to Prof. W. W. Beuchner. 


Stirling 
< THE following appointments have been made as part of 


the academic plan for the initial stages of the development 
of the University: Dr. R. P. Bell, professor of chemistry ; 


Dr F.R: Bradbury, professor of industrial science; Mr. 


M. F. A, Harrison, professor of physics; Mr. F. G. T. 
Holliday, professor of biology; Dr. W. D. Munn, professor 
of mathematics. 
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Appointments 


Sır BRIAN WINDEYER, professor of radiology (therapeutic) 
in the University of London, has been appointed to the 
Council for Scientific Policy, in succession to Sir Charles 
Dodds, who resigned from the council in May. 


Pror. I. 8. ZeperipzE has been appointed director of 
the International Atomic Energy Agency’s Division of 
Life Sciences, in succession to Prof. N. Saito. 


Announcements 


Tue Perkin Centenary Trust has announced the award of 
scholarships and travel grants for the academic year 
1967-68. The scholarships are open to school leavers and 
can be used either in conjunction with a local authority 
grant or independently thereof, and are intended to help 
young people employed in British industrial companies 
concerned with colouring matters to follow a course of 
higher education. The travel grants are intended for 
teachers at universities, technical colleges or other 
institutions, and should enable them to visit industrial 
establishments manufacturing colouring matters or other- 
wise engaged with them. The closing date for applications 
for both kinds of awards is May 1, 1967, and enquiries. 


should be addressed to: The Secretary, The Perkin Cen- 


tenary Trust, c/o The Chemical Society, Burlington House, 
London, W.1. 


CORRESPONDENCE 


Preprints Galore 


< Sirn,--The leading article, “Preprints Galore’, which 
appeared in the issue of August 27 unfairly represents the 
-aims and function of the Information Exchange Groups. 
< JA reader not directly exposed to IEG would presume that 
its sole: purpose is to promote more rapid circulation of 
-completed manuscripts already submitted for publication. 
< Although many of the IEG reports fall into this category, 
the IEG concept embraces a considerably more compre- 
hensive aim—to put scientists working in the same field 
into continuous and rapid communication. Thus there is 
no restriction on the type of material that can be sub- 
‘mitted. Examples of the use to which the service has been 
put. include critical comments on previously submitted 
material, brief notes confirming the work of other investi- 
gators, suggestions on terminology, and other items that 
¿would not normally be submitted for publication in a 
regular journal. 
The development of IEG has involved creation of seven 
- groups so far. Each group is under the direction of its 
own chairman, and each chairman has a somewhat 
different. concept as to how his group should fenction. 
The result has been that some of the groups are quite 
large, and embrace a broad area: others have relatively 
few members and deal with more circumscribed problems. 
The relative merits and disadvantages of the different 
ypproaches remain to be evaluated. Generalities about 


a IEG are not warranted unless these differences are con- 


_ sidered, Moreover, it should be recognized that the IEG 


. phenomenon is still in an experimental stage, and there 


has been little opportunity as yet to cope with the unfore- 
_ Seen and inevitable difficulties that any new enterprise 
It is only IEG No. 1 that is four 
years old; the others are younger by over a year or 
more. 

In addition to the misrepresentation, other points made 
by the editorial are worthy of comment. Concern was 
expressed about three main problems posed by the IEG 
phenomenon: priority, publication of unrefereed material, 
and cost. 


Priority. It is my personal belief that the question of 
priority is given undue attention by scientists. If one is 
to retain this preoccupation, all informal communication 
between scientists must be restricted, to the detriment of 
progress. Perhaps the most valuable interaction between 
investigators working on similar problems arises from 
discussions in the corridors at major meetings or during 
visits to laboratories. If these discussions are to be 
fruitful, the participants must feel free to reveal unpub- 
lished data or untested hypotheses. One must assume 
that new material will be handled in a responsible manner. 
The same principle should be applicable to IEG com- 
munications. The risk taken is outweighed by the gain; 
for the ultimate aim is the advancement of knowledge 
rather than the enhancement of personal reputation. In 
any event, this problem has not proved to be of conse- 
quence with TEG so far. 

Unrefereed publications. Inevitably, some of the TEG 
communications will be below the standard required by 
the best journals. However, it is not an unreasonable 
assumption that IEG members can make their own 
judgments about work presented to them. It should be 
noted that the Federation of American Societies for 
Experimental Biology has an annual meeting with an 


unrefereed programme, and that this programme is © 


eminently successful despite a certain number of sub- 
standard presentations. 

Cost. If TEG is to become a permanent institution, it 
obviously must attain self-sufficiency, at least in part. A 
possible means whereby this can be accomplished is a 
subscription fee for members. If this is applied, the 
response of the membership will be the final arbiter of 
the value of TEG. 

IEG is a new method of communication. Perhaps the 
most constructive approach would be a discussion of how 
best to use it. 

Yours, ete., 


THEODORE H. Sparr 
Chairman, 
IEG, No. 2 (Haemostasis). 
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Two reports which are certain profoundly to influence 
_ the pattern of British university education—or at least to 
© inflame discussion of it--were published on October 11 by 
the Department of Education and Science. The Committee 
on Manpower Resources for Science and Technology 
under Sir Willis Jackson that day published its triennial 
report on the employment of scientists, engineers and other 
technical people in Britain (Cmd. 3103. H.M.8.0. 58. 6d.). 
At the same time a committee appointed by the Council for 
| Scientific Policy, with Professor M. M. Swann, Principal of 
the University of Edinburgh, as chairman, produced a 
port on Manpower Parameters for Scientific Growth 
Cmd. 3102. H.M.8.O. 3s.). The Swann report is an 
interim document largely concerned with the careers 
lowed by graduates in science and technology. Sir Willis 
Jackson's report is a more comprehensive survey of all the 
ses in Britain of qualified technical people and includes, 
© for the first time in a report in this series, a study of the em- 
: ployment of what are called “technical supporting staff”. 
-© There seems no doubt that the supply of newly qualified 
technical people is growing steadily. New graduates 
numbered 21,500 in 1965 and are expected to amount to 
26,100 in 1968. The total output of first graduates from 
the universities amounted to 14,000 or roughly 60 per cent 
of the present output. The details of this movement are 
to be found in Table 1. The Willis Jackson committee is 
-concerned with the total stock of qualified manpower. 
The estimated strength of the technical labour force in 
Britain is shown in Table 2. 

The survey has much to say about the detailed shift of 
emphasis in the pattern of employment. Thus education 
has taken a much increased number of technically 

-qualified people in the past three years. In universities the 
total numbers of engineers and scientists employed in 
teaching increased by 35 per cent to 24,600, while the 
numbers in schools increased by 5 per cent in the same 
period to a total of 27,143. In 1965 education accounted for 
nearly 25 per cent of the total active labour force of 
211,231 uncovered by the Ministry of Labour’s detailed 
survey. In manufacturing industry, no sector employed 

-Fewer technical people in 1965 than in 1962. 

; The Willis Jackson report points out that increases of 
---employment in the mechanical engineering industry 
between 1962 and 1965 were less than the average for 
industry as a whole, and that even in electrical engineering 
and electronics the increase in employment was not very 
much greater than the average. The growth of employment 

"in higher education is said to be a specific consequence of 

_ public policies on the expansion of higher education. In 
defence, the slight increase in employment between 1962 
and 1965 is said to be consistent with the declared policy 
of increasing the element of production and research in the 
defence budget, and with the growing complexity of 
modern weapons. 

The committee has made a brave attempt to estimate 
demand in 1968, by which time it is expected that the 
active stock of technical people will have risen by 14-6 per 
cent (compared with 1965) to nearly 360,000. The 
estimates of demand are based on the replies of employers 
to the sample enquiry and are therefore in part dependent 
on employers’ estimates of the developing economic 
situation. Because the survey was carried out before the full 
rigours of the economic freeze were apparent there is an 
‘obvious though unknown source of bias. Nevertheless, 

in the sectors of industry covered by the survey, it is 
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MANPOWER 


Table 2. ESTIMATED ACTIVE sales or QUALIFIED MANPOWER 1961 To 
9 














Thousands 
1961 1962 1963 1964 1965 1966 1967 1968 
Engineering and technology 
Chemical engineer- 
ing 60 64 69 73 77 80 B83. BE 
Civil and structural A : 
engineering 251 263 274 284 299 B15 829 ? 
Electrical engineer- T SS 
ng 351 369 387 40-4 42:3 443 4640 48-5: 
Mechanical engin- eer 
eering 556 589 615 64-4 673 702 730 75600” 
Metallurgy 66 60 64 69 73 TB. BBoOBB 
Mining engineering 38 39 39 39 40 410 41042) 
Other engineering aE ea 
and technologies. 107 11-6 123 128 135 142 150 159: 
Sub-total 142-0 150-0 157-1 164-2 172-0 180-1 188-0 195-0 
Science 
Agriculture 90 94 O97 100 103 106 10-0 112 
Biology 13-3 142 151 160 169 179 188- -199 
Chemistry 864 377 394 41-1 431 451 47-2 40-4 
Geology 29 31 32 33 B84 35 38 37 
Mathematics 17-6 182 188 195 20-4 214 22:5 23-7 
Physics 17-9 191 20-1 211 223 23-6 249 26:2 
General and other : 
sciences 21-6 225 2835 247 259 272 287 
Sub-total 1177 123-2 1288 1345 141-1 148-0 1562 1627 





Total qualified 


manpower 259-7 273-2 286-0 298-8 313-0 328-1 343-1 358:7 


Table 3. EMPLOYMENT IN JOBS COVERED BY MINISTRY OF LABOUR SURVEY- : 





1968... $ 
1962 1965 (estimated) 
Higher education 18,273 24,612 BLOT 
Schools 25,939 27,143 82,8400. 
Manufacturing industry 86,221 98,540 425,003. 
Construction 6,291 G1 6,006: 
Industrial research associations 1,880 2,280 2,856 
Nationalized industries 6,349 19,133 22,683. 
Government (including U-K.A.B.A.) 28,284 32,383 86,515 
Total 183,207 211,231 261,040 - 


expected that an extra 50,000 engineers, technologists and 
scientists would be employed in 1968, which represents a 
total increase of 24 per cent. The committee points out 
that this increase in employment can only be achieved in 
those sectors of industry covered by the Ministry of Labour- 
survey if there is a corresponding decrease elsewhere. 
Some of these movements are shown in Table 3. In other 
words, there is much more likely to be a shortage than a 
surplus. TS 
It is the educational implications of the Willis Jackson 
report, and the still more pointed conclusions of the 
Swann committee, that will bring the most rapid response. 
from the outside world. What the Swann committee has _ 


done is to examine the pattern of the flow of men and 


women with honours degrees and higher degrees into _ 
industry and elsewhere. Its factual evidence comes from a 
number of sources some of which are necessarily incomplete. 
Evidence of the first employment of newly graduated 
scientists and technologists comes from a variety of sources _ 
including university appointments officers, the triennial. 
manpower survey and the heads of u niversity departments. 
One immediate conclusion is that the proportion of gradu- 
ates entering “higher education and research” hag risen 
steadily over the years and amounted in 1965 to 34 per 
cent of all scientists and 20 per cent of all engineers and 
technologists. At the same time about 60 per cent of 
graduate engineers and technologists entered industry and 
only about a quarter of the scientists. The details of these 
movements are shown in Table 4, which also indicates how 
many newly graduated young people go into employment 
overseas. The report says that in the last five years the - 
proportion of graduates going on to research or further 








ree ; 1958 1959 1960 1961 1962 1963 1964 1965* 1966* 
Engineers and technologists 8,087 8,375 9,291 9,455 9,134 10,066 10,672 11,095 11,150 
‘Scientists 5,963 6,474 7,479 7,698 8,215 8,719 9,909 10,485. 10,815 

es Total 14,050 14,849 16,770 17,148 17,349 18,785 


- * Forecast. 


20,681 21880-81065 
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Table 4. Finst EMPLOYMENT OF Figer DEGREE 
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GRADUATES IN ENGINEERING, TECHNOLOGY AND SCIENCE, EXPRESSED AS PERCENTAGE OF GRADUATES 


EXCLUDING OVERSEAS STUDENTS RETURNING HOME . 


-Engineering and technology Science Engineering, technology and sclence 
196 1963 1964 1985 1982 1963 1964 1965 1960* 1961* 1962 1963 1964 1965 
bnan ia r % % % % % % % % % % % % % % 
7 tof employmen 
Higher edaealion and research 157 184 182 196 296 315 32:8 342 244 245 25:0 273 28:4 29-7 
of which research and study over- 
seas 125 16 13 14 1-8 1-9 1-8 18 13 16 1-7 18 16 17 
Schools, colleges and teacher training 2-4 2-6 27 17 254 25-1 23-4 19-6 16-7 15-6 17-8 180 171 141 
Industry 60-7 59-7 59-3 59-8 23-0 20-1 23-3 25-4 39-5 398 356 383 342 86-0 
Government 61 6-0 57 5-5 47 59 4-2 4-7 5-2 53 52 5-9 46 4-9 
Other 15-1 13-4 14-1 13-4 17-4 16-4 16-4 16-1 141 14-7 16-6 15-4 15:7 163 
of which employment overseas t 2-6 31 4-2 45 21 2-0 3-2 3-3 20 19 23 24 3-5 87 





Total graduates excluding overseas stu- 
Total gr returning home (100 per cent) 8,374 3,343 3,559 3,978 


Overseas students returning home 196 195 241 300 





6,814 7,217 8,215 8,960 
97 





9,891 10,095 10,188 10,560 11,774 12,938 


ql 123 121 299 305 293 306 364 421 


* A consistent sub-division of the total figures into engineering and technology, and science, is not possible for these years. 


+ Revised definitions were introduced in 1964 for these categories. 


Studies overseas immediately after a first degree has 
remained steady at a little below 2 per cent. 
The tendency for new graduates to enter higher 
“education is even more marked where graduates with 
first class degrees are concerned. Among the scientists, for 
example, 72-7 per cent of first class honours graduates in 
-19062-65 stayed on in higher education and research 
(Table 5). , 
The academic leanings of the pure scientists, judged by 
the choices made by newly qualified graduates, are par- 
-ticularly marked among chemists and physicists; 45-3 per 
gent of the former and 37-9 per cent of the latter stayed on 
_ at their universities after graduation. The Swann report 
‘points out that the proportions of scientists staying on 
in research are nearly twice as great as the corresponding 
proportions of engineers and technologists. It also says 
that 60 per cent of graduates in engineering took their first 
‘jobs in industry, compared with a quarter of scientists. 
“Engineers and technologists do not enter schools and 
“teacher training colleges in numbers comparable with those 
of scientists going into teaching and, in 1962-65, the 
-- yumbers of engineers and technologists so choosing were 
five per cent of the numbers of scientists going into teach- 
ing. The composite picture is therefore one in which 
= gcientists tend to be oriented towards research and 
- education, and engineers towards industry. 
© At higher degree level, the committee finds that about 
one-third of scientists and one-quarter of engineers con- 
< tinue in higher education, and that more scientists tend to 
“emigrate at this stage than engineers. Although industry 
is the chief consumer of engineers and technologists at this 
stage, the proportion has fallen froma 37-6 per cent to 36-4 


per cent. At the higher degree level, about 12 per cent of 


--engineers and 16 per cent of scientists emigrate or at least 
‘take jobs overseas, but overseas students returning home 
-account for roughly 25 per cent of engineers and tech- 
- nologists graduating in 1965 and for about 15 per cent 

- of scientists. 

| Attempts to predict the further steps in the employment 

of qualified people are necessarily difficult, but the Swann 

` committee has made enquiries among heads of depart- 
ments so as to obtain estimates of the employment of 
ble 5. First EMPLOYMENT OF FIRST DEGREE GRADUATES, BY CLASS OF 


REE EXPRESSED AS PERCENTAGE OF ALL STUDENTS IN THE PERIOD 
wen 02 08 (BXCLUDING OVERSEAS GRADUATES RETURNING HOME) 





Engineering : 
and technology Science 
Class of degree Class of degree 
1st 2nd ist 2nd 
class class. class class 
hon- hon- Other hon- hon- Other 
ours ours ours ours 
a sacar % % % % % % 
Sector of employment 
Higher e tion and 
a 47-1 265 T4 72-7 416 86 
1001s, colleges and 
ee training 1-2 24 3-9 SL 18-2 82-9 
Industry 406 62:0 6268 83 197 833 
Government 45 Ti 6-5 2-8 57 6-0 
Other* 66 119 196 81 149 19-2 
Total graduates exclud- 
ing haven Studenta 
parni me { 
Ta eniT i : 1,555 7,246 7,482 3,088 15,635 12,243 


Table 6. FIRST AND PRESENT EMPLOYMENT OF GRADUATES OBTAINING 
PH.D.S IN CHEMISTRY AND PHYSICS BETWEEN 1958 AND 1968, BASED ON A 
SAMPLE ENQUIRY 











Chemistry Physics 
Sector of employment First Present First Present 
No % No % No. % No % 
United Kingdom 
Higher education and 
research 18 21 20 53 28 66 35 
Schools and colleges 4 4 9 9 3 2 2 1 
Industry and government 41 39 53 50 835 19 33 18 
Sub-totals 6461 8 79 91 49 101 5 
Abroad 
Higher education and 
research 40 38 8 8 66 85 56 30 
Industry 1 1 10 9 15 8 13 7 
Sub-totals 41 39 18 m7 81 43 69 87 
Miscellaneous 4 4 15 8 7 9 
Totalsample 105 100 105 100 187 100 187 100 


between 5 and 10 per cent of those obtaining Ph.D.s in 
chemistry and physics at British universities between. 
1950 and 1963. The results are shown in Table 6. 

The Swann committee sets the academic proclivities of 
new graduates off against the increasing amount of post- 
graduate education in recent years. The postgraduate 
population has been increasing at 13 per cent a year and 
therefore more quickly than the undergraduate population 
{increasing at about 9 per cent a year), with the result that: 
postgraduates have become a larger proportion of the total’ 
university population. These tendencies are consistent 
with the targets of the Robbins commission. The Swann 
committee says that the financial support for postgraduate 
research studies from the research councils has grown at 
the rate of 22 per cent a year for the past five years and that 
the number of new awards to students by the Department 
of Scientific and Industrial Research (now the Science 
Research Council) doubled from 1,255 in 1960 to 2,618 in 
1964. The report says that the Science Research Council’ 
proposes in future to award grants to roughly 18 per cent 
of those graduating in science, engineering and technology. 

The Swann committee points to a danger that the 
pattern of employment in the years ahead may not be that 
which circumstances seem to require. In particular, 
it does not think that industry will get its extra 30,000 
technical people, and that schools and colleges will reeruit 
an extra 8,000. On the other hand, the tendencies towards. 
employment in higher education and government seem to g 
be stronger than the demand requires. Among the causes 
of this imbalance, the committee says that “the student 
tends to enter the university already convinced that pure 
research is the goal worth setting his heart on”. Without 
suggesting that universities have retained too many of 
their graduates, the committee says it is concerned at a 
pattern of employment which denudes industry and schools 
of first-class graduates. It recognizes the propriety of the 
expansion of higher education and of the related expansion 
of the activities of the research councils, but says that 
“patterns have been set and the expectations raised of 
careers in research which are unlikely to be satisfied in this 
country. ... It seems to us that further pressure to 
emigrate must inevitably be generated among our best 
graduates if the present attitudes and patterns continue.” 
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THE LUNAR SOCIETY OF BIRMINGHAM 
By D. G. KING-HELE 


Royal Aircraft Establishment, Farnborough 


In the English midlands two hundred years ago, when the 
Moon was full, something unique in the history of science 
d technology was beginning—the Lunar Society of 
irmingham. It had no organization, and no records of 
ts meetings were kept, so that a hardened sceptic might 
callita non-society: it was just “a group of philosophers 
who met at about the time of the full Moon”, and they 
were familiarly known as “the Lunaticks”. The very 
_ informality of the Society was its strength, for the in- 
__terests, enterprise and intelligence of the members reacted 
on each other in an extraordinarily fruitful way. Their 
combined individual achievements came to provide one 
of the chief driving forces behind the industrial revolution 
in Britain, which in turn was the main spur to the de- 
»-yelopments in the nineteenth century that have led to the 
modern technological world. 
= The birth-date of the Society is disputable, because it 
just grew, out of the friendship between Matthew Boulton 
-and Erasmus Darwin. 1766 is probably the best date to 
choose, however, and that is why a fine bicentenary 
-exhibition is now being held at the Birmingham Museum 
and Art Gallery (open from October 13 to November 27), 
and a commemorative silver medallion is being struck 
_ by the Mint, Birmingham. 
_ Although the Lunar Society’s birth-date may be un- 
_ definable, its chronology nicely parallels the phases of 
the Moon, if we translate lunar weeks into Lunar decades. 
fhe 1760s correspond to the Moon’s first week, for the 
“Society grew from an imperceptible crescent to a sub- 
stantial semicircle. In the 1770s it shone more and more 
- brightly, reaching its fullest glory about 1780. In the early 
“1780s it retained its lustre, but by 1790 it was definitely 
declining. The 1790s saw its final waning, as its leading 
= spirits lost the enthusiasm which had once spurred them, 
without leaving any formal organization for perpetuating 
the meetings. By 1800, at the end of the fourth decade, 
the Society was virtually defunct. 
The Lunar Society was very much a group of individu- 
- glists, of wide interests, great talents and, perhaps most 
important of all, tremendous enthusiasm not only for 
“science and technology, but also for art, edueation, the 
- freeing of slaves, or anything that might make the world 
< a better place to live in. The Society’s great strength lay 
‘jn the personal friendships of the members: Boulton, 
Darwin, Small, Wedgwood, Edgeworth, Keir, Watt, 
Priestley—each was a valued friend of all the others. 
As Edgeworth remarked, it was 


“such a society, as few men have had the good fortune 
to live with; such an assemblage of friends, as fewer 
still have had the happiness to possess, and keep 
through life... . This mutual intimacy has never 
been broken but by death.” 


It was all so friendly and informal that no one would 
“wave been solemn enough to sit down and write minutes 
of the meetings. Consequently we do not know what a 
_ Lunar meeting was really like. In the absence of written 
records, the story of the Society can only be told by 
king at each of its individual members and their 
teractions on each other. 
Matthew Boulton? (1728-1809) (Fig. 1) was the son of a 
Birmingham buckle-maker. The buckle factory he in- 
- herited on his father’s death in 1759 was not enough to 
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occupy a man of his intense energy and enterprise, | 
in 1761 he began building a fine new factory at Soho on- 
the outskirts of Birmingham. Each year Boulton added 
to his commitments and his fame until he became recog 
nized as the chief manufacturer of England and ‘th 
father of Birmingham”. Yet it was not until the Boulton 
and Watt steam engine came into full production, about. 
twenty years later, that the factory showed a profit. _ 
Boulton was also famous for his fine work as a silversmi a 
and for developing in the 1790s the first modern coining _- 
machines, which dismayed the counterfeiters and made: 

money for half the world. : 


Fig. 1. Matthew Boulton. (By courtesy of the National Portrait Galle 


As R. E. Schofield has emphasized in his authoritati 
history of the Lunar Society*, Boulton was the leading |- 
spirit in the Society: we might almost—if we whisper 
the word—call him the “President”. Boulton was keen 
because he had the most to gain, as Keir remarked: > 


“Mr. B. is a proof how much sound knowledge may be — 
acquired without much regular study, by means of a 
quick and just apprehension, much practical appli- 
cation, and nice mechanical feelings. . . . It cannot: 

be doubted that-he was indebted for much of his 

knowledge to the best preceptor, the conversation 

of eminent men.,’’!. : 

Dr. Erasmus Darwin’ (1731-1802) (Fig. 2) was the son 
of a country lawyer from Elston, near Nottingham. 
After 3 years studying medicine at Cambridge a 
more at Edinburgh, he began his medical prac’ 
1756. Impatient at the lack of patients in No 
he moved to Lichfield (see Fig. 3), wh 
“hopeless” case, abandoned 
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restored the patient. to health, and from then. on never 
looked back. He became recognized as the finest physician 
of his.day, with a legendary reputation for curing hope- 
less: cases” and also for providing poor patients with 
food and blankets instead of charging fees. Darwin was 
immensely knowledgeable in all branches of science, and 
full of new ideas. He largely anticipated the theory of 
evolution developed by his grandson’; he explained the 
formation of clouds by the adiabatic expansion of moist 
rising air; he described photosynthesis in almost every 
detail; and he was a pioneer in the humane treatment of 
‘mental illness. Darwin was also an obsessive inventor, 
creator of a speaking machine, numerous improved 
carriages, and a horizontal windmill used for many years 
in Wedgwood’s factory at Etruria, not to mention dozens 
of paper designs, including a canal lift, a drill plough, 
a steam carriage and even a flying machine. It is little 
wonder that Coleridge, although he disliked Darwin’s 
atheism, his evolutionary ideas and his verse, wrote: 
“Dr. Darwin possesses, perhaps, a greater range of 
knowledge than any other man in Europe, and is the 
most inventive of philosophical men’?. Darwin was 
also a witty and forceful talker, who could be relied on 
to make the sparks fly at Lunar meetings, 





Fig. 2. Dr. Erasmus Darwin. (By courtesy of the National Portrait 
Gallery.) 


Darwin met Boulton in about 1758. Their interest in 
-acience was stimulated by Benjamin Franklin's visit to 
-Birmingham in that year, and subsequently they often 
wrote to ask his advice about typically “Lunar” topics. 
Franklin, more than twenty years their senior, already 
had a world-wide reputation as a scientist, and can be 
regarded as the “favourite uncle” of the infant Lunar 
Society. 

. Darwin's idea for a four-wheeled twin-cylinder steam- 
carriage with rear-wheel drive was proposed to Boulton in, 
probably, 1763 or 1764. Darwin made drawings of the 
ingenious mechanism for this “fiery chariot’, but his 
tremendous enthusiasm—‘‘I am quite mad of this 
Scheme”, he said—was not enough to stampede Boulton 
into making what would have been the first steam carriage 
(if it had worked). Darwin’s enthusiasm for steam engines 
remained, however, and played its part in inducing 
Boulton to join forces with Watt some years later. 

In 1765 Dr. William Smalls (1734-1775) arrived in 

Birmingham with a letter of introduction from Franklin. 
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For the previous seven years, Small had been professe 
of natural philosophy at the College of William an: 
Mary in Virginia, and one of his pupils, Thomas Jefferson 
declared that Small’s teaching “probably fixed th 
destinies of my life”. In the next ten years Small earne 
the highest praise from all the Lunar circle for his profoun 
learning and personal charm. He suffered continua 
ill health and died in 1775 at the age of 41; but in his te 
years at Birmingham he did more than anyone else t 
weld together the members of the Lunar Society, es 
pecially by his assiduous letter-writing. 
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Fig. 3. Birmingham and the Lunar region. 


If we formalize the informal by calling Boulton the 
President and Darwin the Vice-President of the Society, 
Small was the Secretary ; and, as Oldenburg’s contribution 
to the early Royal Society of London shows, the secretary 
could be all-important. 

Of course the Lunar Society never had any such formal 
organization, but in 1765 Darwin did refer to the Bir- 
mingham philosophers”, a title which continued to be 
used for some years as the group grew in size. Because 
he met so many people in the course of his professional 
duties, Darwin also served as the “recruiting sergeant” 
for the Society and he introduced most of the new members. 

Josiah Wedgwood? (1730-1795) is famous today for 
uniting and advancing science, art and industry in a 
manner never since equalled. With his new scientific 
processes in making pottery he was able to secure novel 
artistic effects, and his factory organization for an export 
drive offers an example which British manufacturers are 
often urged to follow today. Wedgwood began work in 
the family pottery at the age of nine, and by hard work 
acquired a business of his own in Burslem by 1759. 
Wedgwood was often ill, and had a leg amputated in 
1768. But he was immensely active, and in 1765 was 
engaged in the herculean task of promoting a new trans- 
port system, the Trent and Mersey canal, so that he could 
move his wares more cheaply and safely to the ports for 
shipping overseas. Darwin also suffered daily damage 
from the vile and bumpy roads of the time: he vigorously 
supported Wedgwood’s campaign for the canal, for which 
a Parliamentary Bill was secured in 1766, and he intro- 
duced Wedgwood to Small and Boulton. Wedgwood did 
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not attend Lunar Society meetings very often because 

'helived more than thirty miles from Birmingham, but 

_ he played his full part in the group and gained much from 
the chemical knowledge of some members and the in- 

< dustrial experience of others. Darwin remained his 

particular friend, however, and their families were linked 
when Darwin’s son Robert married Wedgwood’s daughter 
Susannah in 1796, and again when Robert’s son Charles 
married Emma Wedgwood in 1839. 

Richard Lovell Edgeworth!* (1744-1817) was heading 
for the way of life appropriate to a young Anglo-Irish 
landed gentleman when, in 1765, he heard about a carriage 
peculiarly resistant to overturning, invented by Darwin. 

< Edgeworth immediately decided to devote himself to 
- davention, and from his retreat at Hare Hatch Common, 
near Reading, came a succession of ingenious devices, 
cluding a robot wooden horse, a carriage with sails, 
telegraph, a turnip cutter, an umbrella for covering 
wystacks, and many more, some hare-brained and some 
minently practical. Edgeworth’s inventions won him 
gold and silver medals from the Society for the En- 
_ .eouragement of Arts, and kept the blacksmiths of Reading 
well employed. 

In 1766 Edgeworth visited Lichfield. His inventiveness 
at once impressed Darwin and his charm impressed the 
ladies of Lichfield, two of whom he later carried off as 

<o his second and third wives. Darwin called in Boulton and 

_. Small to meet him, and from then onwards Edgeworth 

was firmly gripped in the Lunar circle. Whenever Edge- 

worth was in the neighbourhood he would attend Lunar 

meetings, and during his absences on his Irish estate at 

. Kdgeworthstown he kept up a lively correspondence on 
such subjects as education, railways and bog drainage. 

The next recruit to the Lunar Society was James 

- Keir (1735-1820). He was born in Edinburgh and was 
=c brought up with the Lind family. He went to the Edin- 
burgh medical school with his cousin James Lind, after- 

wards physician to the Royal Household at Windsor. 
Keir became a friend of Darwin in 1755 when he was a 
medical student at Edinburgh. After some years in the 
Army, Keir decided that he had seen enough of foreign 
parts, and, in 1768, after a few months with Edgeworth 
at Hare Hatch, came to live at West Bromwich, a few 
miles west of Birmingham. Keir was soon absorbed into 
“the Lunar group, and became one of the most popular 
members, often acting as chairman because of his sturdy 
common sense. Keir specialized in chemistry——Watt 
called him “a mighty chemist ...and a very agreeable 
man’’!*—and in 1780 he founded the Tipton alkali works, 
which might be said to mark the birth of the modern 
< chemical industry. At Tipton, Keir succeeded in making 

. soda from salt on a commercial scale, many years before 

‘the Leblane process was heard of. Keir used a most 
ingenious method, in dilute solution, which has now at 
last been elucidated by J. L. Moilliet?*, 
It is a short step from Keir to the next and most 
famous member of the Lunar Society, James Watt! 
(1736-1819) (Fig. 4). Watt was born at Greenock, near 
Glasgow, and after being apprenticed as a mathematical 
instrument-maker in London, he set up as ‘“‘instrument- 
maker to the University of Glasgow” in 1757. He quite 
soon turned his attention to steam engines, but it was not 
until May 1765 that Watt hit on the idea of the separate 
condenser for improving the engine’s efficiency, a week or 
two after telling his friend (and Keir’s cousin) James 
Lind, “I can think of nothing else but this engine. I 
hope to have the decisive trial before I see you”. But 
soon afterwards Watt was obliged to take work as a 
> Surveyor, with his invention still not engineered, and in 

767 canal survey work brought him to London. On the 
ay back he called on Darwin and Small, and to the 
team-enthusiast Darwin he confided the secret of his 
-invention.. From this time until he came to live in Bir- 
. mingham, Watt was a corresponding member of the Lunar 
` Society. 
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In the late 1760s Watt's engine was being developed 
without much success by Dr. John Roebuck at Kinneil. 
In 1773 Roebuck’s finances collapsed, and Boulton, 
urged on by Small and Darwin, bought up Roebuck’s 
interest in the engine: the illustrious partnership of 
Boulton and Watt began in 1774. From then onwards 
Watt was one of the keenest Lunaticks and never missed 
a meeting without good cause. He gained much from the 
Society, not only ideas and criticisms, but also confidence. 
For the other members were full-blooded optimists and 
they talked Watt out of his innate pessimism, so that he 
achieved much he might otherwise never have attempted, 





Fig. 4, James Watt. (By courtesy of the National Portrait Gallery.) © 


In 1780, when the Lunar Society was at its strongest, 
Dr. Joseph Priestley’® (1733-1804) (Fig. 5) came to. live 
in Birmingham. Priestley was already famous for. his 
researches in electricity and chemistry, but he regarded 
his religious activities (some. called them irreligious) as 
equally important. He came to Birmingham because he 
had been appointed minister at New Meeting. House. 


Priestley already knew most of the Lunar circle, and they oe 


quickly organized a subscription to provide him with 
funds for scientific work. The eleven years Priestley: 
spent in Birmingham were the happiest and most. pro- 
ductive of his life; he left under duress, after the riots 
when his house and all his belongings were destroyed. by 
amob. The excuse for the riots was a dinner on July 14, 
1791, to mark the second anniversary of the storming of 
the Bastille. Most of the Lunar Society members had 
welcomed the French Revolution—Keir, perhaps the 
least revolutionary, being chairman at the dinner—and 
they were dismayed at the shouts heard during the riots, 
“No Philosophers—Church and King for ever”. Priestley 
departed to London. But he was a marked man, and life 
kecame so difficult for him that he decided to emigrate 
to America in 1794. 

Before Priestley left England he dedicated his Experi- 
ments on the Generation of Air from Water (1793) to the 
Society: X 

“There are few things that I more regret or 
quence of my removal from Birmin 

loss of your sodiety y 
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-lightened me; so that what I did there of a philo- 

- sophical kind ought in justice to be attributed almost 
as much to you as to myself. From our cheerful 
meetings I never absented myself voluntarily, and 
from my pleasing recollection they will never be 
absent.” 






Fig. 5. Dr. Joseph Priestley. (By courtesy of the National Portrait 
: Gallery 






















The Society Priestley knew-in the 1780s had some new 
“faeces. Smalldied in 1775, and Darwin invited Dr. William 
: Withering! (1741-1799) to take over Small’s medical 
-= practice in Birmingham and, as it turned out, also his 
place in the Lunar Society. Withering is now best known 
for his treatise on the medical uses of Digitalis (in An 
-Account of the Foxglove, 1785), but the Lunar Society 
valued him most for his wide knowledge of chemistry, 
< mineralogy and botany. 
In 1781 Darwin himself moved from Lichfield after his 
second. marriage, and his new home at Derby was more 
than 30 miles from Birmingham. So the meetings were 
enlivened by his wit and speculation far less often. But 
his letters of apology were almost as lively: 
- “Dear Boulton, I am sorry the infernal divinities who 
< visit mankind with diseases . . . should have prevented 
- my seeing all your great men at Soho today. Lord! 
‘what. inventions, what wit, what rhetoric, meta- 
physical, mechanical and pyrotechnical, will be on the 
wing, bandied like a shuttlecock from one to another 
of your troup of philosophers! while poor I, I by 
ooo myself I, imprison’d in a post-chaise, am joggl’d, 
and jostl'd and bump’d, and bruised along the King’s 
highroad to make war upon a pox or a fever... .’!7, 


in 1782. Edgeworth departed to Ireland, to spend 
eight years on his estate at Edgeworthstown. No one 
uld now reproach him for being an absentee landlord; 
instead he became an absentee Lunatick. 

<< Just before Darwin’s move to Derby, Samuel Galton!® 
(1753-1832) attended a Lunar meeting. It was tho first 
of many, for Galton was a wealthy Quaker manufacturer 
who often entertained the Society at his house in Birming- 
ham. Galton’s scientific achievements were meagre, 
but Schofield has conclusively shown!* that he invented 
the colour top usually ascribed to Young, Helmholtz or 
Maxwell, Galton also contributed to the interlinking of 
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Lunar families, for his eldest son married Darwin's 
daughter Violetta: one of their sons was Sir Francis. 
Galton, and one of their daughters married Keir’s grandson 
James Moilliet. 

The roll-call of Lunar Society members is now almost 
complete. Of the fourteen candidates accepted as au- 
thentic by Schofield, only four remain to be mentioned. 
The first of these is the most senior of all, John White- 
hurst?? (1713-1788), an instrument-maker of Derby, 
celebrated for his fine clocks, and later equally famous as 
a geologist. He was a valued friend and adviser of Boulton 
and Darwin for more than twenty years, but he did not 
come to the meetings very often because he lived far 
away, at Derby, and even farther away after 1775, when 
he moved to London. 

The second of the final quartet is by far the most 
eccentric and least scientific of the Lunaticks, Thomas 
Day?! (1748-1789). He was completely unconventional 
and yet he wrote that most proper of books, Sandford and 
Merton. He was the kindest of men and died on being 
thrown by an unruly horse which did not understand his 
theory of taming by kindness. Like several of the Lunas 
ticks, he was keenly interested in Rousseau’s educational 
ideas, and he put the matter to the test by adopting 
two girls from an orphanage and training them, in the 
hope that one might make a good wife for him. The 
experiment failed, and in the end it was the ever-helpful 
Dr. Small who found a wife for him. Day's contribution 
to the scientific side of Lunar meetings was probably 
negligible, but he was held in high regard by Edgeworth 
and Darwin. 

The last two members?*, Dr. Jonathan Stokes (1755 
1831) and Rev. Robert Augustus Johnson (1745-1799), 
came to the Society late, in the 1780s. Johnson was rather 
undistinguished, but Stokes was a genuine “Lunar 
type”, a doctor in practice at Stourbridge, who was also 
an expert botanist and an experimenter in pneumatic 
chemistry. He might have carried the Society on into the 
nineteenth century, but unfortunately he quarrelled with 
Withering and rarely came to the meetings. On one 
wintry day in the 1790s when he did come, he brought im 
his pock t a frozen snake which, revived by the warmth, 
began :lithering around the room. 

For the Galton children who caught it, the snake was 
merely amusing: yet it was also symbolic of the Lunar 
Society itself in the 1790s, largely frozen and only just 
thawed by the warmth of a meeting. And if anyone 
imagined that the hissing of the snake was symbolic of 
the steam going out of the Society, that steam had at 
least been put to good use: the Boulton and Watt engines,” 
prime movers of the industrial revolution, would almost 
certainly never have come about without the web of 
Lunar friendship. 

The Lunar Society, while it thrived, was by far the most 
effective scientific association in Britain. The Royal 
Society of London had declined between 1700 and 1750, 
with the successive deaths of the great seventeenth- 
century figures such as Hooke, Newton and Halley, and. 
the election of too many non-scientists. The renewal of 
vigour in the Royal Society came during the 1780s soon. 
after Sir Joseph Banks began his forty-two years as: 
president. Members of the Lunar Society played a leading 
part in this revival, for all but three of them (Day, Small 
and Stokes) had become Fellows of the Royal Society 
by 1790. Priestley was the most prolific, with his many 
papers on “airs” in the Philosophical Transactions. 
Darwin was the senior (he was elected a Fellow of the 
Royal Society in 1761), and in the 1780s contributed his 
important papers on artesian wells and the formation of 
clouds. Boulton wrote nothing for the Philosophical 
Transactions; Withering wrote mainly on mineralogy ; 
and Wedgwood described his experiments with pyro- 
meters, which no one else could reproduce for many years, 
Watt contributed his theory of the composition of water, 
and started the famous “Water Controversy”. Keir 


No soso OCTOBER 15, 1966 
wrote about the theory of chemical solutions, a difficult 
subject which he did little to elucidate, despite the 
cunning use of solutions in his soda process. Edgeworth’s 
experiments on carriage sprigs were (wrongly) not 
thought worthy of publication, but his classic paper on 
the air resistance of projectiles appeared in the Pho- 
sophical Transactions. The Lunar members formed a 
strong technological contingent in the Royal Society and 
kept it in touch with practical ndustry. 

“Practical” is an adjective that sums up the Lunar 
Society rather well (except for their failure to take notes 
of their proceedings). The very dates of their meetings 
were chosen with the aim of having some moonlight to 
guide them on their way home afterwards, clouds per- 
mitting. They were also “practical” in the sense that 
they were mostly self-made men, who started from little 
and achieved much. (The exceptions were Edgeworth 
and Day, who came from moneyed families.) They re- 
present the thrusting, up-and-coming provincial men who 
held the key to the future, and they stood opposed to the 
assured and often effete aristocracy who held govern- 
mental power in London. Few of the members supported 
the Church of England, though their form of heresy 
varied from rank athersm to high-minded Unitarianism. 

The Lunaticks were also fairly radical in their political 
views, welcoming the French Revolution and supporting 
the campaign for the abolition of slavery. Darwin, who 
won a brilliant reputation for a few years ın the early 
1790s with his scientific poem The Botanic Garden, tells 
us how the “‘Giant-form” of Liberty had in France long 
slept, ‘unconscious of his chains”: 


“Round his large limbs were wound a thousand strings 
By the weak hands of Confessors and Kings... 
Touch’d by the patriot-flame, he rent amazed 

The fumsy bonds... .’*. 


In the repressive atmosphere of the 1790s such references 
to churchmen and kings were resented, and Darwin 
came under political attack which clouded his reputation. 
The campaign against slavery was helped most by 
Wedgwood, who distributed hundreds of cameos of a 
slave in chains, with the telling inscription “Am I not a 
man and a brother?” 

Every article about the Lunar Society ıs unsatisfactory, 
because the Society dissolves like a mirage as you approach 
and leaves you with little but the individual acts of these 
fourteen apostles of progress. Still, it is possible to piece 
together a rather fuzzy picture of a typical meeting. 
> The philosophers, perhaps six or oight of them, would 
meot at one or other of thew houses, but most often 
Boulton’s, from about 2 in the afternoon until about 8 in 
the evening, though the times may have varied with the 
season. The first item on the agenda, and the only regular 
one, was a good meal. The intellectual menu began 
simultaneously as one momber or another raised the 
scientific topic dearest to his heart, and let the other 
members “bandy it about hke a shuttlecock”. Experi- 
ments to test the idea would be suggested and one or 
more members would agree to do the experiments and 
report the results. The meetings were usually held on the 
Sunday bofore full Moon; but when Priestley jomed, the 
day was changed to Monday, because his priestly dutios 
prevented his attending on a Sunday. The meetings did 
not occur every month: entertaining a troop of hungry 
philosophers was not a task to be lightly undertaken, and 
several months often passed between gatherings, especially 
when Boulton was away. Even the habit of meeting at 
the time of the full Moon did not become established 
until the Society was more than ten years old. These 
untidy aspects of the Society merely wlustrate the pro- 
found half-truths that creative minds do not need organiz- 
ing and that any activity in the grip of formal organization 
is already decaying. i 

For one meeting, in 1781, we do know something of the 
agenda, from the invitation Watt sent to Darwin: 
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“I beg that you would mpress on your memory 
the idea, that you promised to dine with sundry mon 
of learning at my house on Monday next, and that 
you will realize that idea. For your encouragement, 
there is a new book to cut up; and it is to be doter- 
mined whether or not heat 1s a compound of phlogiston 
and empyreal air, and whether a mirror can reflect 
the heat of a fire. I give you a friendly warning that 
you may be found wanting, whichever opinion you 
adopt in the latter question; therefore be cautious. 
If you are meek and humble, perhaps you may be told 
what light is made of, and also how to make it, and the 
theory proved both by synthesis and analysis.’’**. 


The bantering tone shows how the Lunaticks, even after 
fifteen years of meetings, avoided taking themselves too 
seriously. They knew that solemnity all too soon en- 
genders rigidity, and is no friend to science. 

The only account of Lunar meetings by an outsider 
comes from Galton’s daughter Mary Anne (who caught 
the snake). Unfortunately she was very young (between 
eight and twelve years old) when she observed the 
meetings. And, even more unfortunately, she was un- 
reliable and a mischief-maker: according to a marginal 
note by her nephew Sir Francis Galton, her malicious 
gossip ‘“‘broke off eleven marriages’’**. Although the story 
of the snake ıs too good to suppress, little credence can 
be placed in the rest of her report. 

Perhaps the best tribute to the Lunar Society and the 
sharpest riposte to those who question its existence come 
from Joseph Prestley’s Memoirs. 


“I consider my settlement at Birmingham as the 
happiest event in my life, being highly favourable 
to every object I had ın view, philosophical or 
theological.... I had... the society of persons 
eminent for their knowledge of chemistry, particularly 
Mr. Watt, Mr. Keir, and Dr. Withering. These with 
Mr. Boulton and Dr. Darwin... Mr. Galton, and 
afterwards Mr. Johnson of Kenilworth and myself, 
dined together every month, calling ourselves the 
lunar society, because the time of our meeting was 
near the full moon.’’**. 


If anyone requires a date and a place for the beginning 
of the modern world, it would be difficult to find better 
ones than 1766 and Birmingham, coupled with the name 
of the Lunar Society, the greatest of scientific non- 
organizations. 
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BOOK REVIEWS 


HUNGARIAN MATHEMATICS 


Introduction to Real Functions and Orthogonal Expan- 
sions 


By Béla 8z.-Nagy. (University Texts in the Mathematical 
Sciences.) Pp. xi+447. (London and New York: Oxford 
University Press, 1965.) 688. net. 


Huneary has a greater concentration of mathematicians 
of international repute than most countries. Among the 
scholars best known to English readers is Béla Sz.-Nagy, 
professor at the University of Szeged. He was the jomt 
author with F. Riesz of a famous book on functional 
analysis, first published in English in 1955 by Frederick 
Ungar as a translation from the second French edition. 
That book was a guide and an inspiration to the growing 
numbers of young mathematicians who were drawn to 
functional analysis as a field of investigation. 

In research, the rock as it is quarried by the first 
worker to break through the hard face may fall to him 
in jagged and ungainly slabs. He, or more often others, 
will shape them into the most satisfying forms that they 
can be made to take. This roughness of pioneer work led 
Besicovitch to the provocative assertion that a mathe- 
matician’s reputation rests on the number of bad proofs 
that he has given. Among possible counter examples to 
Besicovitch's statement, no one stands out more clearly 
than F. Riesz. In the course of his life (1880-1956) he, 
more than anyone else, carried topological ideas into 
analysis, creating the discipline of functional analysis. 
Everything he wrote is a model of elegance and deceptive 
simplicity. His reputation rests on a multitude of beau- 
tiful theorems, without a single “bad proof”. 

The clarity and style which Riesz brought to his papers 
graced the book written in 1955 by himself and Nagy. 
Plainly the younger writer also had the gift of exposition. 
We now have a book by Nagy alone, which is a translation 
of a text-book published in 1954 for Hungarian students. 
We expect a lucid account of the topics which he chooses 
to treat, and our hopes are realized. 

The scope of the book is accurately indicated in the 
title. It is suitable for a third year undergraduate or a 
first year graduate. It is not, as the Rieaz~Nagy volume 
was, & springboard for new advances. Nearly 300 pages 
are devoted to differentiation and integration. This part 
of the book is a more leisurely treatment of the corre- 
sponding 150 pages of Riesz and Nagy. Integrals in 
abstract spaces, linear functionals and Hilbert space are 
introduced, but not carried far. Finally, there is a 
clear exposition of the classical theory of Fourier series. 

J. O. Burgi. 


THE FATHER OF NUCLEAR POWER 


Collected Papers (Note e Memorie) 

By Enrico Fermi. Vol. 2: United States 1939-1954. Pp. 
xvi-+ 1083. (Chicago: The University of Chicago Press; 
Rome: Accademia Nazionale dei Lincei, 1965.) 1608. 
Tae first volume of Fermi’s papers was published in 
1962 (Nature, 200, 961; 1963); it brought Fermi’s work 
up to his Nobel Prize address of December 1938, after 
which he sailed for America, to settle there and lead the 
scientific world to the first nuclear chain reaction. 
Volume 2 covers this most exciting period in greater 
detail than will be found almost anywhere else and 
reveals again Fermi’s beautifully simple approach to 


complicated problems. It will be a keystone for the his- 
torian of this epoch of science. Unlike Volume 1, almost 
all the papers are in English and many are reproductions 
of reports from the Manhattan District Corps of Engineers 
not generally released until recently. 

As in Volume 1, most of the papers, singly or grouped 
together, are preceded by a short account by one of the 
editorse—Fermi’s companions and colleagues—on the cir- 
cumstances in which the work was done, the background 
knowledge of the time and many personal anecdotes about 
the working of Fermi’s mind and the massive part he 
played in influencing his colleagues and students. These 
accounts give life to the book—indeed, they enable the 
older generation to live again those exciting days of 
fission and the atomic bomb project, and they show us 
more of Fermi than we know about his great contem- 
poraries Rutherford and Einstein. 

Fermi arrived in America at the end of 1938, and Hahn 
and Strasaman’s paper on the disintegration of uranium 
appeared in Naturwres in January, cleaning up 
the mysterious part at least of the story of the transuranic 
elements which Fermi’s school at Rome had uncovered. 
years before; some of the products of neutron bombard- 
ment of uranium were indeed barium and other elements 
in the middle of the atomic series. Bohr carried the news 
he had received from Miss Meitner to America and went 
direct to Fermi even before the German paper was pub- 
lished, and Fermi saw that in such a fission reaction 
yielding so much energy, neutrons might be released 
which could produce further fissions and hence possibly a 
chain reaction. Anderson recounts his setting up of an 
ionization chamber to observe the pulses created by 
fission fragments, and Fermis insistence on simple 
quantitative measurements “to bring realism to pure 
speculation”. The very first of Fermi’s American papers 
—written with many student collaborators—demonstrates 
that the neutron absorption cross-section of uranium is 
dependent on the velocity of the neutron. In the second 
paper there is evidence that there may be two neutrons 
for every fission. The third paper gives the absorption 
cross-section for thermal neutrons, and the fourth shows 
that there are more fast neutrons for each fission than 
the number of thermal neutrons absorbed. At this time 
it is clear thet Fermi saw how a neutron chain reaction 
could be maintained, but was uncertain whether the 
moderator could be water. Fermi tried to alert the 
Government to the implications of atomic energy, but it 
was Szilard, in fact, who prevailed on Einstein to write the 
famous letter to Roosevelt. 

In view of Fermi’s keen interest in this subject in 1939, 
it is a little surprising to find him absorbed in a meson 
problem and not returning to the experiments on fission 
until a year later, when the subject was already shrouded 
in secrecy. With Anderson he stacked graphite bricks into 
@ neat pile, measured neutron diffusion and found it 
exceedingly low. In this arrangement the number of 
neutrons emitted and the number captured by the 
resonance process could be the more accurately determ- 
ined, and by June 1941 he was able to write his report on 
the possible chain reacting pile. He sent this to the 
Uranium Committee, indicating that the central problem 
would be the removal of heat from the pile without 
introducing substances which had absorbed neutrons 
sufficiently to stop the reaction. Carbon dioxide at high 
pressure was suggested as a suitable substance and Fermi 
commented on the importance of the delayed neutrons in 
easing the problem of the control of the reaction. A little 
later he calculated the critical size of a fast neutron 
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uranium-235 bomb based on rather uncertain values of 
total fission cross-section. Feld reveals the speed at which 
Fermi worked. “You had to get up early in the morning 
to be sable to bring some contribution which he had 
not already worked out”, and indeed, his day would 
begin at dawn. 

By the following March all these essential ideas for a 
chain reacting pile had been developed and Fermi 
designed the exponential experiment to test them to 
great precision on a scale somewhat less than the critical 
size of a pile. By the autumn of 1942 the value of the 
reproduction factor was reported for the first time as 
greater than unity, indicating that a self sustaining pile 
might be made if attention were given to improvements, 
purity and geometry. Plans were laid for the construction 
of the first chain reacting pile, 26 ft. in diameter, in the 
Argonne Laboratory, but strikes held up progress and 
Fermi asked permission to build it in the Stadium of the 
University of Chicago. Even before this pile was com- 
pleted he was considering the design of the water cooled 
reactors to be built in Hanford, Washington, and wrote 
a report—‘‘a model of clarity and economy”, writes 
Weinberg—-on the feasibility of a large chain reacting 
pile. Then came the great day: December 2, 1942 
(almost a year after Pearl Harbour), when Fermi, in charge 
of a group of forty persons, supervised the extraction of 
the last cadmium rod, his little 6 in. slide rule busy as 
usual, and early in the morning ‘‘the pile went critical, 
the first self-sustaining chain reaction took place’’. 
It must have been the first of these large scale physical 
experiments to be so organized. Physics had entered a 
new era and yet “what thrilled Fermi most about the 
chain reacting pile was not so much its obvious promise 
for atomic energy and atomic bombs which many others 
were now prepared to pursue, but an entirely new and 
unsuspected feature—it was a marvellous experimental 
tool on top of which Fermi put a ‘thermal column’ out 
of which streamed ‘cold’ neutrons”. A year later the 
separation plant at Oak Ridge was working, and Fermi 
had some of the light isotope of uranium with which to 
determine cross-sections. In this year he was most 
assiduous in giving credit to his more junior staff for all 
their contributions, taking none for himself (so like 
Rutherford). He also studied plutonium derived from 
Oak Ridge and went frequently to Hanford, where he 
“buckled down to do everything he could to make the 
project a success”. In September 1044, the first of these 
huge piles began to work-—and then stopped altogether. 
Within a few hours Fermi—who was there—suggested 
xenon poisoning as the cause, and predicted the con- 
ditions under which the pile would start to work again; 
fortunately, the duPont Company had built in a sufficient 
excess reactivity “to take care of this unanticipated 
inhibitor of reactivity”. 

In September 1944 Fermi went to Los Alamos, hiking, 
trout fishing, and to a home with a beautiful view. Segré 
and Anderson supply us with delightful insights into 
Fermi’s activities. He was present at “Trinity ’(Alamo- 
gordo, 1945), where he dropped bits of paper, 
measured their lateral translation, and calculated from 
this the power of the bomb—correctly. And so, with a 
masterly course in neutron physics given by Fermi at Los 
Alamos in the autumn of 1945, comes an end to this 
most wonderful phase of physics and engineering science 
in which Fermi had been one of the leaders—the father 
at least for the first part of it. He was invited to return 
to Chicago as the director of the newly formed Institute 
for Nuclear Studies but, feeling unsuited to adminis- 
trative tasks, he declined and joined the Institute as a 
simple member. 

His later works were all published and are well known. 
In a lecture in May 1946 he spoke of an International 
Agency producing and distributing ‘“‘de-natured” pluto- 
nium (a plutonium which has been kept in a reactor for 
so long that the non-fissile isotopes of plutonium are then 
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present in abundance) without the danger that it may be 
diverted secretly to the construction of weapons, but he 
realized more than others did that the problem of pre- 
venting its use was essentially political and not technical. 
There are papers by Teller and Fermi on mesons, and 
by 1949 Fermi had returned to his first love—theoretical 
physics. From Alfvén’s views of the probable existence 
of magnetic fields in space, Fermi suggested the possibility 
of accelerating protons to the extremely high energies 
associated with primary cosmic rays. Teller pointed out 
the weaknesses, but Fermi’s ideas were accepted with 
great interest at the time. In 1949 he returned to Rome 
for the first time since the War and attended the Con- 
ference on Atomic Physics, and his papers there are 
thoroughly reported in this book. He then returned to 
America to pursue his ideas of the interactions of mesons 
with matter, always attracted by simplified methods for 
calculating the orders of magnitude of pertinent quan- 
tities: “meson theories are not correct anyway, so why 
take the trouble to calculate anything with them 
exactly ?”. It is in this section of the book that Chand- 
rasekhar gives us an authentic story of how Fermi came 
to put the paraffin in the beam of fast neutrons to slow 
them down, providing a little amplification of the details 
of this famous experiment which are given in Volume 1, 
and Segré describes his last visit to Fermi in 1954 “solving 
a problem in the old style so familiar to me from the 
Roman period”. For Fermi’s lectures on meson theories 
on Lake Como in 1954 “he was at the height of his powers, 
bringing order and simplicity out of confusion, finding 
connections between seemingly unrelated phenomena, 
wit and wisdom emerging from lips white, as usual, from 
contact with chalk, and in that clear resonant voice 
that had never lost the soft Italian vowel endings on a 
perfectly colloquial American delivery”. He died, soon 
afterwards, with his notebook on nuclear physics by his 
bedside and with ‘‘no greater or more enduring monument 
than his own work”. T. E. Arron 


A MISCELLANY OF THEORETICAL 
PHYSICS 


Preludes in Theoretical Physics 

Edited by A. De-Shalit, H. Feshbach and L. Van Hove. 
(In Honor of V. F. Weisskopf.) Pp. x+351. (Amsterdam: 
North-Holland Publishing Company, 1966.) 80s. 


IN December 1965, after a notable period of five years as 
director-general of CERN (Geneva), V. F. Weisskopf 
(Viki) resigned and returned to his professorship at 
M.I.T. During these formative years for the CERN 
Laboratory, starting just after the 28 GeV proton syn- 
chrotron had come into operation, an enthusiastic and 
talented, if relatively inexperienced, group of physicists 
drawn from all thirteen member States of CERN were 
moulded into a team able to hold its own in the highly 
competitive field of modern high energy nuclear physics. 
The major share of credit for the present-day standing of 
CERN, both as a centre of physics research of the highest 
quality and as an object lesson in international scientific 
co-operation, must go to Weisskopf himself. His deep 
insight into high energy physics as well as his devotion 
to the ideals of international co-operation in science on 
which CERN is founded won him the respect of his 
colleagues. His personal humility and human under- 
standing won him their affection. It was a happy idea, 
then, for some fifty of them (all theorists) who were 
attracted to CERN for short or long periods during those 
years to collaborate in producing this volume in his 
honour. 

In their foreword, the joint editors explain: “Viki has 
won. a special reputation for this insistence on looking at 
any given problem in physics from a variety of angles, 
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and for his attempt to reduce to bare minimum formal 
derivations”. The aim has been to bring together short 
contributions to a variety of physical problems written 
in this spirit. 

The forty-two contributions presented are not intended 
to cover new ground, but rather to discuss familiar con- 
cepts from somewhat unusual angles, thus often directing 
attention to aspects that are not widely known. Most of 
them deal with topics in high energy physics, although 
there are a few contributions relevant to Weisskopf’s own 
particular interest in nuclear structure physics and one or 
‘two in solid state theory and classical electromagnetism, 
There is, understandably, a large variation in the quality 
and significance of the various contributions. Many of 
them clarify difficult or puzzling concepts with demon- 
strations of great elegance and simplcity, and should be 
of great help to the student of theoretical physics. Some 
suggest searching questions for Ph.D. orals. One or two 
are very slight. On the whole, however, the authors do 
succeed ım catching the spirit intended by those who 
conceived the enterprise, and altogether ıt is an exciting 
volume worthy of the aim of honouring the great scientist 
to whom it is dedicated. 

It is perhaps a little invidious to single out a few articles 
for special mention, but I found of particular interest the 
-articles by T. D. Lee on T, OP and OPT non-variance in 
hyperon decays, Y. Yamaguchi on the group S, and 
strong interactions, G. Kallen on intuitive analyticity, 
L. L. Foldy on bottles for neutrons, D. R. Inglis on in- 
elastic scattering and associated gamma radiation, H. A. 
Bethe on shadow scattering by atoms; and one should 
not fail to mention for novelty the dialogue between an 
inventor and physicist about causality and dispersion 
relations by R. Hagedorn. 

The large number of American authors is not unexpected 
and reflects how Weisskopf was able to attract the most 
eminent American theoretical physicista to visit CERN. 
It is more surprising perhaps that the United Kingdom 
is represented by a single author. It is to the credit of 
the editors and publishers that in spite of the speed with 
which the work was produced a high standard of pro- 
duction has been maintained throughout. 

E. H. 8. Bursop 


‘THERMODYNAMICS OF METAL—GAS 
SYSTEMS 


Interaction of Metals and Gases 

By J. D. Fast. Vol. 1: Thermodynamics and Phase 
Relations. Pp. x+302. (New York: Academic Press, 
Inc.; London: Academic Press, Inc. (London), Ltd., 
1965.) 104s. 


Tes is the first of a two volume work which is intended 
to cover both the thermodynamic and kinetic aspects of 
metal-gas interactions. This topic is, of course, a very 
large one in terms of experimental information, and the 
author apologizes in his introduction for having to select 
for discussion only a representative sample of present 
knowledge. Such selection is commendable, providing 
‘that the examples are chosen to be properly representative 
and are not unduly weighted in the direction of the 
author’s main research interests. Unfortunately, that 
cannot always be said to be the case in this first 
‘volume. 

The book begins with a condensed treatise on chemical 
thermodynamics, much of which could well have been 
omitted. For example, there is a tabulation of thermo- 
dynamic data which is in no way suthenticated by 
reference to origin and no hint of accuracies of the 
numerical values is given. The definition of activity 
follows the dangerous line of making it seem a “fudge 
factor” without relation to net reversible work. One 
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would imagine that the Gibbs-Duhem relationship would 
occupy an umportant part in any thermodynamic exposé 
related to solutions, but the topio receives scant treatment 
in this book. 

The remainder of the book is an account of the thermo- 
dynamics of solutions of gases, mainly hydrogen, nitrogen 
and oxygen im iron and its alloys, the refractory metals 
such as titanium and zirconium and thorium—aluminium 
getters. Thus, no attempt is made to survey this general 
chemical field but rather the technologically important 
gas—metal systems are given special attention. 

This would be satisfactory if all the principles involved 
in discussing those systems which have been left out of 
the book were exemplified here. This is not so, most 
significantly in relation to concentrated ternary alloys, 
and such topics as the interpretation of hydrogen 
solubilities in alloys in terms of free electron theory. 

The strength of the book is to be found in the treatment 
of such topics as quench-agemg, phase transformations, 
brittle fracture and the precipitation of nitrides in solid 
iron. These aspects of the subject, which are related to 
the physical properties of the metallic matrix, are usually 
not to be found in one book together with a thermo- 
dynamic discussion. The rapprochement here 1s indeed 
welcome at a time when physical metallurgists are 
beginning to appreciate the importance of chemical 
factors in the behaviour of metallic systems. 

All in all, it can be said that this book was armed at 
filling an obvious omission in the modern literature on 
metallurgical topics. It certainly replaces all earlier works 
(and these are largely much earlier works) on the subject, 
but leaves a great deal to be desired even within the 
close confines laid down by the author. It will undoubtedly 
lead to a wider awareness of the importance of thermo- 
dynamic properties in influencing the physical behaviour 
of metals, and for this reason it is to be welcomed. 

C. B. Arcook 


CHEMICAL REACTORS 


Fundamentals of Chemical Reaction Engineering 

By Walter Brotz. Translated from the German by David 
A. Diener and John A. Weaver. (Addison-Wesley Series 
in Chemical Engineering.) Pp. ix+326. (Reading, 
Mass.: Addison-Wesley Publishing Company, Inc., 
1965.) 113s. 

IN the early development of chemical engineering the 
concept of unit operations enabled a systematic and 
analytical approach to be developed for the design of 
equipment for most physical processes occurring in the 
chemical industry. In particular these concepts led to 
the idea of sequences of stages, so that a distillation tower 
or an extraction battery was designed on the basis of a 
number of equilibrium stages. At the same time the 
realization of the need to combine a knowledge of fluid 
dynamics with that of heat transfer led to the design of 
much improved heat exchangers and evaporators. The 
design of the key reaction vessels was not amenable to 
this treatment since they required considerable knowledge 
of the interaction of chemical conversion with physical 
operations such as mixing, diffusion or heat transfer. 
The purpose of this text by Walter Brötz is to show 
how the operation of chemical reactors can be understood 
and to show the methods that are now available for their 
design. In particular he shows the need and the way to 
connect chemical reactions with such parameters as 
residence time, pressure, heat transfer and cost so as to 
produce an optimum design. 

In an excellent introductory chapter the author explains 
the types of reactors and indicates the complexity of the 
interplay between the chemistry, the kineties and the 
engineering. The aim now is not just to produce a reactor 
which gives the main product but to select from possible 
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reactors that most suited to the situation in which con- 
siderations of by-products, purification, complexity, cost 
availability and diffculty of maintenance all play a part. 
The remainder of the text is in two long chapters covering 
the basis of the chemical engineering principles and the 
design approach. The chemical engineering principles 
are covered in about 170 pages and include such topics as 
stoichiometry, equilibrium, kinetics on the chemical 
side and fluid dynamics, mass transfer and heat transfer 
in the engineermg fields. This is a quick survey, but is 
quite sufficient to indicate the range of problems in an 
introductory text and sufficient references are given to 
lead the reader further. The hundred pages on design of 
reactors deal with homogeneous and non-homogeneous 
systems under steady and unsteady conditions. The 
section on flow reactors and cascade reactors is very 
useful as an indication of the problems of associating 
mass and heat transfer with the reaction. 

This book provides a useful outline of the German 
background and the translation by Diener and Weaver 
will undoubtedly form a useful addition to the texts in 
this field. The text has good references, but would be 
moproved for the reader and student by the addition of 
more problems, as it is in seeing the solution that the 
real methods are properly explained. J. M. COULSON 


ORGANIC CHEMICAL ANALYSIS 


Titrimetric Organic Analysis 

By M. R. F. Ashworth. Part 2: Indirect Methods. 
(Chemical Analysis: a Series of Monographs on Analytical 
Chemistry and Its Applications, Vol. 15, Part 2.) Pp. 
xix+1023. (New York and London: Interscience Pub- 
lishers, a Division of John Wiley and Sons, Inc., 1966.) 
245e. 


Tas book completes Prof. Ashworth’s comprehensive 
survey of organic volumetrio analysis; it catalogues 
methods in which an excess of reagent is added, and 
either the excess or a reaction product is titrated. The 
volume is in three sections: a brief introduction, a survey 
of the literature (mostly between 1925 and 1963 or mid- 
1964), and two indexes, the first to compound classes 
or functional groups, the second to individual compounds, 
covering both Part 1 and Part 2. The literature survey 
is in 115 tables, each dealing with one reagent, and 
preceded by a brief review of the reactions concerned. 
Under each entry there are very concise notes on 
“materials titrated”, “reagent and reaction conditions”, 
“subsequent treatment and final titration”, and the 
reference. There are about 6,000 references, so the quan- 
tity of information included is enormous; even so, the 
author has been unable to include all references to widely 
used reagents and has omitted all references to vaguely 
defined materials (such as sewage or “‘solids not fat” in 
milk) and to polemical papers. 

The author has succeeded in compressing so much 
information between the covers of one volume that ıt 
may seem ungracious to cavil, or to suggest that his 
scheme has disadvantages, but the plan of listing reagents, 
rather than functional groups or compound types, makes 
the book difficult to use. For example, “halogen reagents 
in determination of unsaturation” is a summary table 
with seventeen entries, but it gives no cross reference to 
“bromine reagents”, “iodine reagents” and others com- 
monly used in the determination of unsaturation. The 
two chief reagents used for determining hydroxyl groups— 
acyl anhydrides and acyl chlorides—appear in different 
tables, under “anhydrides” and “halides (active)’’, 
respectively. But “halides (active) is a most hetero- 
geneous collection, including acy! chlorides, alkyl iodsdes, 
chloramine T, p-toluene sulphonyl chloride, and 2 : 4- 
dinitrochlorobenzene. The indexes are not always a help; 
there is, for example, no entry under “hydroxyl com- 
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pounds”, not all of which.can be.found under ‘“aleohols”’, 
‘phenols” or “‘Garbohydrates”. Again,’ the index entry 
under ‘1; 2-glycols’” only records y referentes” ; 
but a newcomer to the subject might’ not know that in 
the table “Periodates and Periodic Acid” he would find 
fifty-one references to vic-dihydroxy-compounds. -T7 * 
Some time ago I began to question the advisability ‘df 
producing these massive but incomplete and uncritical 
surveys of the literature of analytical chemustry. I know 
very well the hours of grinding toil that the authors must 
spend, and I question whether the return in usefulness 18 
commensurate. In particular, for whom are included the 
references to old methods, never very good and now 
hopelessly obsolete? As a practising analyst I know 
almost nothing of the present-day requirements of 
academic institutions. But the busy analytical chemist 
will turn to a critical survey, such as is published in 
importent European or American analytical journals, and 
he will not want to be restricted to one technique such as 
volumetric analysis, because in the event he is just as 
likely to have recourse to some physical technique, such 
as spectrophotometry or mass spectrometry. 
H. N. Wison 


ait 


RADIOACTIVE POLLUTION 


Colloque International sur fa Pollution Radioactive des 

Milieux Gazeux, Saclay 

12-16 Novembre, 1963. (Radioactive Pollution of 
Gaseous Media.) Tome 1: Pp. 288. Tome 2: Pp. 289- 
563. (Gif-sur-Yvette: Centre d’Etudes Nucléaires de 
Saclay; Paris: Presses Universitaires de France, 1965.) 
n.p. 
TaEsE books contain sixty-five papers presented at the 
Colloque International sur la Pollution Radioactive des 
Milieux Gazeux, most of them from the United States, 
France and Germany, with smaller numbers from other 
European countries. The papers are divided into five 
sections, and of the total, thirty are in English and the 
remainder in French. Volume I contains: (1) con- 
tamination of the atmosphere by fall-out and natural 
radioactivity; (2) the influence of meteorological factors 
on atmospheric contamination; (3) problems caused by 
accidental releases of radioactivity; and part of section 
(4), air cleaning methods and equipment. Volume II 
contains the remainder of section (4) and (5), methods and 
instruments for measuring atmospheric contamination. 

As might be expected from such a wide range of subject - 
matter, the coverage is somewhat patchy and the con- 
sequent absence of many active workera led to a rather 
sparse and sterile discussion (reported verbatim in French), 
much of it generated by the absence of preprints for the 
participants. I found most informative the section on the 
size and composition of fall-out particles and that on the 
properties of particulate aerosols likely to be encountered 
in laboratories handling radioactive materials. 

Most of the United States work has been reported else- 
where and the interest for English-speaking readers will 
lie largely in the continental papers; a certain amount 
of parochialism by some of the continental authors sug- 
gests that the converse ought also to be true. Certain 
national tendencies are apparent: the Germans, for 
example, are much concerned with fall-out measurements 
and they show a preference for environmental monitoring 
networks at nuclear sites in which the results are con- 
tinuously telemetered to a central control point; at the 
other extreme a Belgian paper describes a system in 
which village constables are required to switch on air 
samplers on receipt of instructions by telephone. The 
French seem much preoccupied with the problems of 
extremely small particles. 

Since the majority of the papers or similar versions of 
them have been published elsewhere either before or 
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since the symposium, the production of these volumes 
two years after the event raises once again the wisdom 
of publishing such conference proceedings in full, if at 
all. Certainly the high quality of the printing and binding 
suggests a permanonce which the contents are unlikely to 
achieve. A. E. J. EGGLETON 


ADAPTATIONS OF EGO-IDENTITY 


Insight and Responsibllity 

Lectures on the Ethical Implications of Psychoanalytic 
Insight. By Erik H. Erikson. Pp. 256. (London: Faber 
and Faber, Ltd., 1966.) 30s. net. 


Pror. Errmson had his psychoanalytic training in 
Vienna, and in his early work treating children there he 
had the guidance of Anna Freud and August Aichhorn. 
After he emigrated to the United States in the "thirties he 
was closely associated with psychologists who were study- 
ing personality, and with anthropologists, especially 
Margaret Mead and Clyde Kluckhohn. These influences 
resulted in his advancing some modifications of standard 
psychoanalytic theory, which he put forward in a number 
of papers, and in a book Childhood and Society, published 
in 1950. Prominent among the themes developed in that 
book was ego-identity. Paul Schilder had emphasized 
that each individual’s ego is constant, unchanging and 
unitary: it has a sense of personal past, present and 
future. Erikson put the same point, with more detail and 
supporting evidence: drawn from anthropological and 
social inquiries. Adapting William Harvey’s biological 
term “‘epigenesis’’ to the development of personality in 
its successive phases, he emphasized that the feeling of 
identity emerges as & consequence of complex adjustments, 
carried through infancy, childhood, adolescence and adult 
life. Each phase presents a crisis, calling for adaptation 
which will harmonize new libidinal forces with new de- 
mands made by society. 

This theme is reiterated in the book under review, and 
its application to special groups, such as migrants con- 
fronted with the formidable task of striking new roots, is 
brought into the centre of the picture. Erikson sees 
identity as a sense of being one with one’s self and with 
the role society casts one for, within social class, political 
status, or culture. The immigrant, and particularly the 
refugee, is far more vulnerable than firmly settled people 
to mishaps in the process of being “identified as a circum- 
scribed individual in relation to a predictable universe 
which transcends the circumstances of childhood”. This 
matter is explored in the chapter on “Identity and 
Uprootedness in our Time”; but the theme of identity 
pervades the whole volume and leads to repetition. 

The book comprises six lectures, expanded or in their 
original form, dealing respectively with Freud, olinical 
evidence, uprootedness, the cycle of generations, historical 
actuality, and the golden rule. The last chapter is the 
one that mainly accounts for the title-page allusion to 
ethical implications: it was addressed to an Indian 
audience, and pointed to the affinity between Erikson’s 
concept of epigenesis and the Hindu concept of the life cycle 
with its four intrinsic goals and its stages on the way to 
perfection. This lecture, like the first three, was delivered 
before audiences who could not be assumed to have an 
intimate understanding of Freudian theory; whereas the 
other two chapters, on the cycle of generations and 
historical actuality, were intended for psychoanalysts and 
make greater demands on the receptiveness of the non- 
analyst reader. 

The defects of the book lie in its tendency to over- 
simplification, its reliance on argument and personal 
interpretation instead of evidence, its repetition of the 
central theme, and its uninviting style—which has fallen 
off greatly since Prof. Erikson wrote Ohtldhood and 
Soctety. In the earlier book he apologized, for example, 
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for creating the ugly term “generativity’’, but in the 
present book there is no such self-criticism: ‘‘modern 
man, forced to limit his fertility, is apt to consider the 
matter of procreative involvement resolved by the tech- 
nical possibility of making a conscious choice in the 
matter of fertilization. For such choice, men must be 
readied. Yet an ever so ‘safe’ love life, if accompanied 
by a mere avoidance of offspring and a denial of genera- 
tivity could be, in some, as severe a source of inner 
tension as the denial of sexuality itself has been”. Some 
passages are almost impenetrable; for example, “the 
study of life histories confirms a far-reaching sameness in 
men and women in so far as they express the mathematical 
architecture of the universe, the organization of logical 
thought, and the structure of language”. 

In spite of these failings, the book contains stimulating 
and informative material. This is especially true of the 
illuminating chapter on the nature of clinical evidence, 
where the—or perhaps a—psychoanalytical standpoint 
towards evidence is carefully explained. 

AusREY LEWIS 


Mathematical Analysis 

A Special Course. By G. Ye Shilov. Translated by J. D. 
Davis. English translation edited by D. A. R. Wallace. 
(International Series of Monographs in Pure and Applied 
Mathematics, Vol. 77.) Pp. xii+485. (London and New 
York: Pergamon Press, Ltd., 1965.) 808. net. 


Tems book contains a considerable amount of mathe- 
matics which is almost all at the final year first degree or 
postgraduate level. The theory of linear spaces is used to 
introduce such diverse material as the calculus of varia- 
tions, integral equations and other ideas of functional 
analysis. The Lebesgue and Stieltjes integrals are treated 
at length, the former being introduced by the scheme 
proposed by F. Riesz. 

There are many resulta, all of which have clear proofs, 
including, for example, theorems giving representations 
for: (1) a continuous linear functional on the space of 
functions continuous on a closed interval; (2) an absolutely 
monotonic function; (3) a function analytic in the open 
unit disk and having non-negative real part there; (4) a 
continuous, positive definite function. 

At the conclusion of each chapter there is a short 
historical note. The whole is well translated, quite read- 
able and to be recommended as an introduction to the 
ideas of modern analysis. R. L. Perry 


Techniques of Oscillographic Polarography 

By Robert Kalvoda. Second edition, completely revised 
and enlarged. Pp. 214. (Amsterdam, London and New 
York: Elsevier Publishing Company; Prague: SNTL, 
1985.) 608. 

Few, if any, of the physical techniques have spread their 
influence into the different branches of chemistry more 
than polarography, or have developed so many variations. 
Modern chemistry has at its call d.c., square wave, pulse 
and a.c. oscillographic polarography, to mention only 
some. The present book deals with the last of these and 
it would be difficult to find a more authoritative writer, 
for Dr. Kalvoda, working with Professor Kheyrovsky, has 
done much to establish oscillographic polarography. 

Most of the examples of the application of the tech- 
nique given in this book are taken from analytical chem- 
istry, but this should not deter those of other chemical 
persuasions as there is much of interest for all. 

The introduction describes compactly the principles 
of the method, electrode processes which can be followed 
by it, choice of base solutions, electrodes and the necessary 
apparatus. However, the substance of the volume is 
Chapter 2, which deals with applications of the technique. 
Something for virtually everyone is included: inorganic 
substances, organic compounds, measurements of reaction 
kinetics, applications in industrial hygiene and toxicology. 
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The third chapter contains practical exercises, beginning 
with instructions on how to use the instrument. Many 
of the exercises will allow the operator to gain facility 
with the technique, and illustrate ite potentialities. 

In the final section useful information is given on failures 
that can arise, their remedy, and directions for constructing 
auxiliary electric circuite. Overall a very useful book. 

R. J. Macsn 


Antarctic Bibliography 

Vol. 1. Edited by George A. Doumani. Pp. vii+ 506. 

Vi aiai D.C.: Government Printing Office, 1968.) 
25, 


INTERNATIONAL scientific co-operation in the Antarctio, 
now ın its tenth year, has achieved outstanding results 
in every respect save that of its own documentation. 
Antarctic Bibliography, though compiled primarily for the 
Antarctic community in the United States, is the first 
full-scale attempt to control this field of literature since 
Roacoe’s 1951 bibliography. This volume, the forerunner 
of a succession to be published at regular intervals, 
represents a cumulation of the first 2,000 of a series of 
Antarctic abstracts on 3 in. by 5 in. library cards com- 
piled by the Cold Regions Bibliography Section of the 
Library of Congress’s Science and Technology Division, 
sponsored by the Office of Antarctic Programs, National 
Academy of Science, and at present distributed to a 
limited clientele. 

The bibliography covers all topics relevant to the 
region, south of latitude 60° and the sub-Antarctic islands. 
The literature in this volume relates mainly to the period 
1962-64 and is said to represent the publications of thirty 
countries in thirteen foreign languages. Entries are 
arranged under general disciplines by code numbers and 
are indexed by author, subject, place and grantee. 

The standard of citation and abstracting is consistently 
high. The choice of material is biased over-much in favour 
of U.S. publications (43-8 per cent of the total), but sub- 
sequent library cards reveal that the basis of selection 
has now been considerably broadened. 

It is in the indexing structure that the inherent weak- 
nesses lie. The subject index is of the type that refers 
the reader to anonymous code numbers; to look up 
perhaps fifty of these plus cross-references requires great 
strength of purpose. Indexing of short author title 
entries would be well worth the extra time and cost 
mvolved. The geographical index lists place-names 
approved by the U.8. Board on Geographic Names; in 
deference to the usage of other nations established in the 
Antarctic, references from names not used would be 
useful, for example, from Terre Adélie to Adelie Land. 

Further, an indexing policy which specifically avoids 
all mention of political or military terms is difficult to 
accept. Thus, “British Antarctic Territory”, ‘“Territoires 
Australes Antarctiques Françaises’ and other political 
sectors actively administered, all with a considerable 
literature centred on them, have no being here. 

If these objections can be met in subsequent volumes, 
Antarctic Bibliography may well become as indispensable 
to the study of the south polar regions as Arctio Biblio- 
graphy is to the north. H. G. R. Kina 


Physiology of the Domestic Fowl 

Edited by C. Horton-Smith and E. C. Amoroso. (British 
Egg Marketing Board Symposium No. 1.) Pp. x+329. 
(Edinburgh and London: Oliver and Boyd, Ltd., 1966.) 
105s. net. 

Tam thirty-four papers published in this volume were 
read at a three-day symposium sponsored by the British 
Egg Marketing Board in December 1964. They are 
grouped into five sections: reproductive physiology and 
endocrinology, metabolism and nutrition, calcium metabol- 
ism and egg shell formation, environmental physiology, 
and pharmacology and general physiology. These sections 
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are of unequal size, the first two making up more than half 
the volume, and their titles are somewhat arbitrary, for 
papers on endocrinology come into each of the first three. 
The articles are also very unequal in scope and content, 
ranging from short reviews to reports of students’ work in 
progress. That is to say, the papers have been conceived 
in terms of what must have been a busy discuasion meeting 
rather than with a view to publication in book form. 
None the less, three of the sequences of papers do provide 
up-to-date summaries of their research areas: these are 
sperm physiology, amino-acids in poultry nutrition and the 
effects of temperature on the metaboliam of the fowl. 
While the remaining papers cover many topics (from the 
fine structure of the ovarian follicle to germ-free chicks, 
vie hormone changes during the laying cycle and the 
effects of anti-cholmesterages, to mention only a few), they 
are likely to be of interest raainly to specialists. The 
high price of the book presumably anticipates this limited 
market. J. H. Sana 


Laboratory Techniques in Botany 
By M. J. Purvis, D. ©. Collier and D. Walls. Second 
edition. Pp. vii+ 439. (London: Butterworth and Co. 
(Publishers) Ltd., 1966.) 57s. 6d. 


Iv is no surprise to see that a second edition of this book 
has been produced within two years of the first, for it is 
the only good and comprehensive book of its kind. 
Examination of its contents reveals the wide range of 
expertise which is required of a technician or teacher in 
botany today. It is clear that the general biological 
technician may well become extinct in the near future 
and this, perhaps, might further the work of the biological 
sciences. There is much useful additional material in this 
edition including a chapter on enzyme preparation and 
assay. The examples chosen will not suit everybody and 
the treatment is likely to be too compressed for technicians 
working alone. The first chapter on apparatus and 
techniques in general is also too concise, despite expansion 
of material. The elimination of some half-tone plates of 
doubtful value or poor quality, for example, Nos. 36, 68, 
69, 76, 109a—c, and their replacement by an expanded text 
in Chapters 1 and 18 would greatly improve this already 
good book. Nevertheless, it will continue to be com- 
pulsory reading for all botanical technicians. 
J. H. BURNETT 


The Stomach and Anaemia 

By Leslie J. Witts. (Heath Clark Lectures, 1964.) Pp. 
vi+166+88 plates. (London: The Athlone Press; 
University of London, 1966.) 28s. net. 


Iw these lectures Professor Witts discusses the develop- 
ment of our now extensive knowledge of the relations 
between the anaemias due to deficiency of iron, vitamin 
Bı and folic acid and the gastric lesions that usually 
accompany these anaemias. No attempt is made to 
review the huge literature, but the author uses the work 
carried out at Oxford by himself and his co-workers to 
show how results have been obtained and to illustrate the 
practical effects of these results. The main subjects 
discussed are: techniques of investigation; the relation 
of iron-deficiency anaemia and achlorhydria; the inter- 
relation of gastric lesions, auto-immune antibodies to 
gastric cells and to intrinsic factor, and the development 
of the pernicious anaemia syndrome; the role of abnor- 
malities of the endocrine glands in producing the pernicious 
anaemia syndrome; and the causes of the anaemias 
that follow some years after gastric operations. The 
lectures were given in 1964; most of their content is by 
now familiar to physicians and pathologists interested in 
the problems of anaemia and gastric changes. But to 
those not so closely involved, these lectures provide an 
excellent short account of modern views with sufficient 
quotation of the literature to form a starting point for 
further investigation. M. ©. G. IsnaBis 


OBITUARIES 


Academician D. |. Shcherbakov 


AcapEmioran DMITRY IvanovioH SHOHERBAKOV, & dis- 
tinguished geologist and the editor of Priroda, died in 
Moscow on May 265, 1966. Shcherbakov was born in 
Novozybkov, Bryansk region, on January 14 (1), 1893. 
His father was a railway engineer. In 1911 he entered the 
Metallurgical Faculty of St. Petersburg Polytechnical 
Institute, where he specialized in petrology under the 
guidance of Professor F. Y. Loewinson-Lessing. As a 
result of revolution and civil war he completed his univer- 
sity course in the Taurida University at Si:mpheropol 
only in 1922. From 1922 until 1932 Shcherbakov taught 
in the University and in the Mining Institute of Lenin- 
grad, and also participated in field work organized by the 
Academy of Sciences of the U.S.S.R. and by the Geological 
Survey. In 1946 he was elected a corresponding member 
and in 1953 a full member of the Academy of Sciences, 
and from 1953 to 1963 he occupied the important post of 
secretary of the Geological—Geographical Section of the 
Academy. In 1954 he became the editor of Izvesita 
Akademii Nauk S.S.S.R. Seria Geologicheskaya (the 
Geological Series of the Academy’s Bulletin), and also of 
the popular scientific journal Priroda (“Nature”). 

Shcherbakov began his scientific research work while 
still a student of Loewinson-Lessing, with a petrographic 
study of certain igneous rocks in the Crimea. In 1914 
he took part in a radium expedition organized by V. I. 
Vernadsky to Ferganas in Central Asia. After 1914 he 
was involved in the survey of economic minerals in 
Russia, a work which he continued for the greater part 
of his life. For a time he was associated with A. E. 
Fersman in the discovery of mercury and antimony ores 
in Central Asia. He became an authority on the geo- 
chemistry and metallogeny of ore deposits, and this work 
took him to many parts of the Soviet Union—the Caucasus, 
Urals, Sibena, Pamir and elsewhere. His travels extended 
beyond the Soviet boundary. He became widely known 
through his popular articles on his travels and popular 
exposition of current problems in science. He was also a 
great organizer and carried out lively information and 
communication work among fellow geologists. He had 
an endearing personality and his death was a great 
shock to his numerous friends and colleagues. 

8. I. Tomxzrmrr 


Dr. E. F. Warburg 


De. E. F. Warnsure, who died on June 9, 1966, at the age 
of fifty-eight, was best known as one of the authors of the 
invaluable “Clapham, Tutin and Warburg”, the standard 
British Flora since 1952. He was, however, much more 
than that: he had wide botanical interests and an excep- 
tionally clear and penetrating mmd. His students at 
London and Oxford will long remember him as a teacher 
who inspired a special loyalty and affection. 

Edmund Fredric Warburg came of a family of German- 
Jewish origin which has produced many distinguished 
men: he was distantly related to Otto Warburg, the 
plant taxonomist, and to the Otto Warburg who invented 
the indispensable Warburg apparatus. His father was the 
late Sir Oscar Warburg, a business man and former 
chairman of the London County Council who was also a 
keen amateur botanist and horticulturist. 

Warburg was educated at Marlborough and Trinity 
College, Cambridge, which he entered with a major 
scholarship in mathematics. After he obtained first-class 
honours in both parts of the Natural Sciences Tripos he 
worked on the cytotaxonomy of the Geraniaceae under 
the supervision of Miss E. R. Saunders. For this work he 
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was awarded a Ph.D. and in 1933 a research fellowship 
of his college. 

In 1938 he became an assistant lecturer at Bedford 
College, London, and in 1941 he joined the photographic 
interpretation branch of the R.A.F. at Medmenham, in 
which he remained until he returned to Bedford College 
at the end of the Second World War. In 1948 Professor 
T. G. B. Osborn invited him to become curator of the 
Druce Herbarium and University demonstrator at Oxford. 
Here, besides working on the taxonomy of flowering 
plants (especially Sorbus in which he was particularly 
interested) and writing part of the Flora of the British 
Isles (1952; second edition, 1962), he became increasingly 
interested in British mosses. He supervised a number of 
research students and also took an active part in under- 
graduate teaching. In 1964 he became reader in plant 
taxonomy and was elected a Fellow of New College. 

Warburg was president of the Botanical Society of the 
British Isles from 1965 until he died and editor of ite 
journal Watsonia from 1949 until 1960. He was president 
of the British Bryological Society in 1962 and 1963. He 
took much interest in the conservation of the British 
flora and was a founder member of the Berkshire, Buck- 
inghamshire and Oxfordshire Naturalists’ Trust. 

Warburg was a botanist in whom the elusive “taxonomie 
sense” was very highly developed and he had a keen eye: 
his ability to find minute and obscure mosses was aston- 
ishing. He was unusual not only in being equally expert 
on higher plants and mosses, but also in having a wide 
knowledge of garden plants. This he acquired mainly 
from his father, who at his home, Boidier, Headley, 
Surrey, had formed a remarkable collection of oaks, 
Cistus, Berberis and other trees and shrubs. In later years 
in his own garden near Oxford, Warburg made an exten- 
sive collection of Crocus. 

All Warburg’s publications were meticulously prepared 
and showed his characteristic qualities of clarity and good 
sense. It is only to be regretted that he did not write 
more, and that, apart from his contribution to the Flora 
of the British Isles, hia published work was not of an 
importance commensurate with his great ability. While 
still an undergraduate he wrote in collaboration with his 
father a very useful paper on Osstus in cultivation. He 
took endless trouble in editing the scholarly third edition 
of the Oensus Catalogue of British Mosses (1963). In 
recent years he had been working in association with 
Mr. A. C. Crundwell on a projected new British moss flora. 

He will be greatly missed by a wide circle of friends to 
whom he was always known as “Heff” (Heffalump), a 
nickname acquired at one of the Gilbert-Carters’s famous 
Sunday tea parties at the Cambridge Botanic Garden. 

In 1948 he married Primrose Barrett of Melton, Suffolk, 
and they had two sons and a daughter. 

P. W. RIOHARDS 


“The mse of ecology to æ position of recognized im- 
portance had led to a demand not only for clear descriptions 
of species but for information of a kind not essential to 
identification, though of value to everyone interested in 
plants as living organisms. There has also been among 
botanists a change of outlook so marked as to affect very 
seriously the usefulness of the existing books. When 
Babington and Hooker wrote ther floras ‘systematic 
botany’ was almost or (to Babington) quite synonymous 
with ‘botany’ and consequently these works are not 
primarily intended to permit the correct identification of 
plants but to teach the principles of classification and 
the technical characters of families and genera. Taxonomy 
is now only one branch, though an important and indeed a 
fundamental branch of botany, and many people who are 
not primanly taxonomists have need to identify plants 
correctly.” 

From the preface to the first edition of the FLORA oF THE 
Britisu Ises, by A. R. Clapham, T. G. Tutin and E. F. 
Warburg. 
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GALACTIC AND SOLAR NUCLEOSYNTHESIS 


By Pror. P. K. KURODA, M. W. ROWE*, R. S. CLARK and R. GANAPATHY 
Department of Chemistry, University of Arkansas, Fayetteville, Arkansas 


Tax hypothesis that spontaneous fission of extinct *Pu 
is responsible for the xenon isotope anomaly in the mass 
region 131-136 was put forward by Kuroda’ in 1960. 
Goles and Anders? suggested that the time interval (Z) 
between the cessation of nucleosynthesis and formation 
of the meteorites could be calculated by taking advantage 
of the fact that two extinct nuclides, **Pu and I, 
decay to isotopes of the same element. The resulte from 
all previous investigations were either inconclusive or 
contradictory, chiefly because the abundances of iodine 
and uranium and the isotopic compositions of xenon 
have not previously been measured, as part of the same 
investigation, in a set of samples from a reasonably 
large number of meteorites. 

A dozen meteorites were investigated in this work. 
Almost all the meteorites so far investigated seem to fit 
an “igochron”’ corresponding to the *“Pu—1**Xe formation 
interval ($ = 300 m.yr.), whereas the values of the 
1—12 Xe formation intorval tend to scatter more or less 
randomly within the range 100-300 m.yr. These rather 

-atriking results can be interpreted on the basis of the 
postulate that *4Pu is synthesized solely in the supernova 
explosion, while 1®I can be synthesized in the solar, as 
well as in the galactic nucleosynthesis processes®. 

Experimental procedures for the measurement of tho 
xenon isotopes have been described previously*. The 
iodine and uranium contents of the meteorites were 
determined using the neutron activation technique by 
irradiating the samples in the OP-5 pile at the Argonne 
National Laboratory. Details of the experimental pro- 
cedures will be published elsewhere. 

The results obtained are summarized in Table 1. In 

_ Figs. 1 and 2, the I/°?Xe and the U/'*°?Xe ratios are 
plotted against the °*Xe/*°PXe and the 1*Xe/#*?7Ke 
ratios, respectively; the superscript p refers to the pri- 
mordial xenon component. Since the abundances of the 
xenon isotopes with masses 124, 126, 128, 129, 130, and 
131 can be altered by the cosmic ray spallation reactions, 
it is necessary to apply a correction for the cosmic ray 
production of the lighter xenon isotopes. The following 
cosmic ray production ratios® were used in the calculation: 
Xeo, 0-57: Xo, 1-00: 48#Ke, 1-51: 2°Ke, 0-79. From the 
observed excess amounts of Xe and 1**Xe in the meteor- 
ites relative to the abundances of the primordial xenon®, 
the amounts of }*Xe produced by cosmic rays can be 
caloulated 

(#°Xe)ons = (Xo) + (12X0) o 
where the superscript ¢ refers to the component produced 
by cosmic rays. In the cases of 1Xo and !**Xe, 

("Xe)one = (Xo) + (Ke) + (Ke) (2) 

and 

(Xo)ona= (Ko) + (9X0) (3) 
where the superseripts r and f refer to the radiogenic and 
fissiogenio xenon components, respectively. The relative 
production ratio of #**°Xe is unknown, and it was assumed 
to be equal to the average value for **Xe and "Xe. This 
uncertainty does not seriously affect the calculation of the 
1asT_120X% 6 formation interval. 

The values of the time interval (E) shown in Figs. 1 and 
2 were calculated in the following manner: if the *Pu/#8U 
ratio at the time of cessation of nucleosynthesis was a, 


* Present address: Department of Physics, University of California, 
Berkeley, California. a 


and the meteorite started to retain its xenon E years 
after that time, ; 


(28¢Xoe/*°pXe) = (13*?Xe/19°P Xe) + (2200/130 Xo) ° Vise 
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Ys, is the fission yield for the mass 136 chain (assumed 
to be 6 per cent for both **U and ™Pu spontaneous 
fission), Z' ıs the age of the meteorites (4-5 x 10* yr.), 
the 2’s are the alpha and fission decay constants (the 
following new decay constants’ for “(Pu were used: 
Aasa = 845 x 10° yr; Aşma = 1:03 x 10-4 yr.-*), 
Piss and Pau are the production rates of **U and **Pu, 
respectively, A, is the rate constant for the nucleosynthesis 
(the rate of nucleosynthesis is assumed to decay exponen- 
tially since the mean time of beginning with the decay 
constant 2, ) and A is the duration of the nucleosynthesis. 

Similarly, if the #**J/}*"I ratio at the time of cessation 
of nucleosynthesis was 8, and the meteorites started to 
retain their xenon & years after that time, 


C”Xe/PXe) = (*PXe/PKe) + 


B . (3277 /3°P Xe) . elie” (5) 


where 


p Pir Me oA 

In the r-process of the element synthesis in stars, it 
can be assumed that Piar = Pis and Pas = Pua This 
leaves three unknowns in the equations (4) and (65): 
Ay, A, and Z. In the continuous nucleosynthesis model, 
however, the value of Ay is considered to be rather small 
(0-1 x 10-* yr. or less) and a small difference in »* 
probably does not affect the value of & significantly. 
Thus, the equations (4) and (5) can be solved for E and A, 
assuming Ay = 0-1 x 10-* yr.-. 

Although Fig. 1 suggests that the "I-**Xe formation 
intervals of the meteorites show a wide variation, about 
50 per cent of the meteorites seem to be represented by 
an “‘isochron” corresponding to the empirical equation 

(C*Xoe/9°PXe) = 6-4 + (0-04 x 10-4) (1#7T/°P Ke) (6) 

Fig. 2 shows that, except for the meteorites Petersburg 
and Moore County, almost all of them seom to be repre- 
sented by an “isochron” corresponding to the empirical 
equation 
(38Xo/4°PKe) = 1:97 + (0-55 x 10-9). (8U/°PKe) (7) 

The equations (6) and (7) correspond to the largest 
values of Zis, and Hy, and suggest that they represent 
the time interval between the cessation. of galactic nucleo- 
synthesis and formation of the meteorites. Solving the 
equations (4), (5), (6) and (7) for E and A, we have & = 
300 m.yr. and A = 3 x 10° yr. 

The *“Pu and "I formation intervals for the meteor- 
ites which do not belong to the group given by the 
equations (6) and (7) were calculated from equations 
(4) and (5) using the values of A = 3 x 10° yr. and 
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Table 1, ISOTOPIO COMPOSITIONS OF XENON AND THE ABUNDANCES OF IODINE AND URANIUM IN METEORITES 

I U it Xo "Xo iMXe 1Xe INXe Xo Xe Xo 1MXo 1nXo 

Meteorites p.b.) pb) G0 oo. sre/g) BIXe “Ke We We “MX, Wee Wo Ike 

| (1) Juvinas 85-0 + 40 210-0 + 180 8-0 42 0 202 0-292 080 630 680 78A 444 438 
2) Stannern 685-0 + 20-0 176-0 + 16:0 150 17-0 0 093 0-142 0-59 5-04 5-21 6-16 248 2-16 

{ (8) Petersburg 83-0 + 250 108-0 + 60 14 3-4 0 440 0-666 1-10 4°78 4-78 6-20 4-00 8-98 
4) Cumberland Falls 460-0 + 500 210+ 50 6-0 62 0-035 0 043 0-52 791 5:25 6-65 2-58 2-19 

{ (5 erhelm 210+ 40 120+ 1-0 23-0 23-0 0 034 0-034 0-55 7-40 5-05 6-21 236 2-00 
6) Moore County 81:0 + 8-0 450+ 60 1-5 25 0 163 0 258 0:79 8:16 5-92 8 39 4:78 &75 

7) Shallowater 188-0 + 180 490+ 7:0 40-0 40-0 0. 0-028 061 18-6 6-04 6-14 2°35 1:97 
8) Sioux County 140+ 03 107-0 + 10-0 70 8-7 0-145 0-230 0-69 556 5:08 5-00 2°63 2-36 
9) Mt. Padbury 96-0 + 2-0 1090 + 100 21 40 0-297 0-528 1:00 4:02 6-18 4°65 2°57 2-50 
10 1250 + 59-0 66+ 12 48 48 0-023 0-025 050 6-52 526 6-68 259 219 
11) Pena Blanca Spring 200+ 12 181 + 04 5-8 6-0 0050 0070 0-52 902 5:27 6-45 2°62 2:24 
12) Pasamonte 118-0 + 48:0 780 + 28-0 83 3-5 0-072 0087 0-58 6-46 6-24 8-81 3-28 2-96 
Atmosphere* - - - - 0:024 0022 0470 6-47 5'18 6-58 2-56 217 


* Data obtained by Nier, A. O., Phys. Rev., 78, 450 (1950). 


Ax = Ol x 10> yr.-1. It is worth noting that the isotopic 
compositions of the xenon in the meteorites Petersburg 
and Moore County were severely altered by the cosmic 
ray spallation process and a large correction had to be 
applied to the abundance of #*°Xe. A small error in this 
correction could have resulted in a large error in the 
calculation of the E value. On the other hand, it is possible 
that the = value for the meteorite Petersburg is correct, 
since the Pu and 1° dates for this meteorite are con- 
cordant-—224 m.yr. and 227 m.yr., respectively. 

The most likely explanation for the fact that about half 
the meteorites investigated yielded E,» values ranging 
from 127 to 227 m.yr. seems to be that additional quanti- 
ties of 1I from the solar nucleosynthesis? were in- 


IMXoe/UOPXe 





corporated to these meteorites. The solar nucleosynthesis 
must have occurred roughly 10? to 10% years before the 
formation of the meteorites. 

The value of A = 3 x 10° years obtained here does not, 
of course, necessarily mean that the galactic nucleo- 
synthesis process lasted only 3 billion years instead of, 
say, 101° years’. We should perhaps interpret this rather 
short duration of the galactic nucleosynthesis as an indios- 
tion that most likely a “mixed” single event and 
continuous synthesis model, such as was once considered by 
Kobman’, was in operation. 

The fact that the *“Pu and the 1"*I formation intervals 
of the Earth appear to be greater than 200 m.yr. was 
pointed out by Goles and Anders? in 1961. The present 








0 1 2 3 4 5 6 7 8 9 10 1 12 18 
wT P*PXe (10° atoms/atom) 
Fig. 1. The IX formation intervals (£) of the meteorites. Some data obtained by previous Invesbigatorā aro also plotted here: 
xenonin Richardton and Murray, Boynolds, Phys. Rev. Leti., 4, 8,851 (1960); zenon in Renasro Re: and Turner, J. Ays. 
Rss., 68, 3268 (1964); xenon in Fayetteville, Manuel and K . Geophys. Res., 89, 1418 (1684); xenon and iodine in 
Reynolds, J. Geophys. Res., 65, 8848 (1960), and Goles and Anders, J. Res., 85, 4181 (1980); iodine and uranium in same o: 
meteorites were measured by Goles and Anders, Cosmochim. Acta, 86, 728 (1962). 
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Fig. 2. The “*Pa—"*Xe formation intervals (H} of the meteorites. Some data obtained by previous Investigators are also plotted 
here. (See caption for Fig. 1.) 
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investigation confirms this, but it does not appear that 
the Earth is considerably younger than most of the 
meteorites. Further investigations along these lines are 
in progress in this laboratory. 
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EVIDENCE ON THE EVOLUTION OF BASALTIC MAGMA AT ELEVATED 
PRESSURES 


By B. G. JAMIESON 
Grant Institute of Geology, Edinburgh 


Dunina the past decade the more conventional field, 
petrographic and chemical studies of basalts have been 
supplemented by experimental petrological investigations. 
By the controlled equilibration of natural basalte at 
temperatures between 1,000° and 1,300° C and at atmo- 
spheric pressure, the successive appearance of the main 
basaltic minerals, olivine, clinopyroxene, orthopyroxene, 
plagioclase and ore, can be recorded from the first appear- 
ance of solid at the liquidus temperature until the last 
trace of liquid is consumed at the solidus. Melting 
histories of this type, which allow a definitive description 
of basalt bulk compositions in terms of phase equilibria, 
are now available for nearly 30 tholeiitic lavas. 

The most striking conclusion from these experimental 
studies is that in all the tholeiitic basalts, except the 
picritic rocks discussed later, all the major silicate phases 
appear within a small temperature interval. This temper- 
ature interval ıs always less than 80° C and is frequently 
less than 40° C'+. Tholeiitic magmas therefore appear 
to have compositions which are all rather similar and 
which are, in phase equilibrium terms, near-cotectic; 
that is to say, the compositions are close to the ourve 
formed by the intersection of the olivine, two pyroxenes 
and plagioclase primary phase volumes, which representa 
the composition of the liquid in equilibrium with these 
four phases in the multicomponent natural basalt system. 
This proximity of tholeiitic bulk compositions to low 
temperature equilibrium compositions of limited variance 
has led Yoder and Tilley! to conclude that most basalts 
owe their compositions to processes of fractional melting 
or crystallization. This is an important feature which must 
be considered in theories of basalt origins. 

The chemical and mineralogical similarity of many 
basalts to those the melting relations of which are known 
suggests that the generalization of Yoder and Tiley is 
essontially valid. The prelimi analytical data pre- 
sented in this paper, however, show that some basic lavas 
from Rhodesia have compositions far removed from the 
atmospheric pressure cotectio composition. This rather 
unusual character suggests that these lavas represent 
magma tapped from an earlier stage of magmatic develop- 
ment than is usually represented in tholeiitic extrusive 
rocks. Thoy may therefore provide a valuable key to the 
problems of the evolution of basic magma at depth. 

In most tholeiitic volcanic provinces a small proportion 
of the lavas are picritic, that is, richer in mafic minerals 
then the more voluminous olivine tholeiites and tholeiites. 
Studies of these picritic lavas have followed several 
approaches—melting relations*+, petrochemistry’ and 
field evidence such as relative abundances*:?* and location 
of eruption": of picritic basalts and olivine-free basalts. 


All these suggest that fractionation of early formed 
mafic crystals is the process producing cumulative picrite 
basalts and residual olivine-free basalts from near-cotectic 
tholeiitic magmas. Calculation of the necessary propor- 
tions and compositions of cumulus phases offers 4 
particularly convincing demonstration of this relation- 
ship)7-20,11,18, 

Accumulation of early mafic crystals, therefore, pro- 
duces picritic magmas, not with cotectic compositions, 
but with bulk compositions which bear a simple, linear 
relationship with the composition of cotectic liquids and 
those of accumulating phases. Clearly the occurrence of 
such picritic magmas does not conflict with the concept of 
cotectio or near-cotectic tholeiitic magmas. 

More recent experimental studies have attempted to 
define the composition of the partial melting product of 
mantle material at pressures simulating depths of 100- 
120km. Both O’Hara™-"*, working at 30 kbar, on minerals 
from natural garnet peridotites and in the synthetic 
join diopside-pyrope, and Davis and Schairer™, investi- 
gating the pseudoternary join diopside-forsterite-pyrope 
at 40 kbar, have shown that the minimum melting com- 
position at these depths is rich in normative olivine, 
that is, picritic. The marked disparity between the initial 
melt composition at 30-40 kbar and at atmospheric 
pressure’? led these authors to consider a period of 
development during which the bulk composition of the 
initial or primary magma changes towards that of a 
cotectic tholeiitic magma at the surface. O’Hara’s 
scheme!* involves a stage under intermediate pressures 
when the magma is strongly nepheline normative whereas 
Davis and Schairer consider only a direct change brought 
about by fractionation of olivine and orthopyroxene. 

In essence O’Hara proposes that basaltic magma ascends 
sufficiently slowly to allow the bulk composition and 
temperature always to approach those of the liquid in the 
“univariant’* equilibrium with the minerals of the four- 
phase peridotite appropriate to the pressure conditions. 
This liquid composition and temperature gradually change 
in response to decreasing pressure. If this hypothesis is 
correct, basalts erupted at the surface cannot represent 
the unaltered partial melt of mantle material, as has been 
widely believed, but are the products of a continuous 
process of fractionation of this initial liquid. 

If, on the other hand, the ascent of basaltic magma is 
too rapid to allow complete adjustment of composition 
and temperature to changing phase relations, the possi- 
bility arises of primitive magma reaching the surface. 


* The 
tion involv 
pseudo-quaternary system Al,O,—Ca0 + Na,0—MgO 


arenes ee repeal eg Arad amplifies 
n troa multicomponent basaltlo natural 
reo 80. 


244 


(Primitive is used here in the sense that the magma com- 
position has been derived from relatively early stages of 
magmatic development and has been little affected by 
near-surface fractionation. This should be distinguished 
from primary which is the product of mantle 
partial melting and existe only before the onset of any 
fractionation processes.) Primitive magmas of this sort 
would have compositions which bear no special relation 
to the low pressure cotectic composition, except in the 
unlikely case of basic magmas generated at shallow depth, 
above, perhaps, 10 km. The results of the melting 
experiments mentioned above, however, and the general 
chemical and mineralogical uniformity of tholeiites 
indicate that rapid transport of must be extremely 
rare. The purpose of this paper is, nevertheless, to present 
preliminary data which strongly support the possibility 
that picritic lavas extensively developed in the Karroo 
voleanios of Rhodesia represent magma having just such 
a primitive nature. 

The basic lavas of late-Karroo age, which are preserved 
in several regions of southern Africa, have been cited as an 
example of continental tholeiitic flood basalts in which 
olivine is rare or absent'*. While this is in general true, 
large scale occurrences of olivine-rich basalts and even 
nephelinites have been recorded from the lower parts of 
the volcanic succession in the northern Transvaal*¢-* 
and the south-east of Rhodesia. The most voluminous 
development of these olivine-rich lavas occurs in the 
Nuanetsi Igneous Province where mapping by members 
of the Research Institute of African Geology, Leeds, has 
shown the volcanic succession to comprise: a 6,500 ft. 
Olivine-rich Group, 10,000 ft. of Upper Basalts with little 
or no olivine and above this 5,500 ft. of rhyolites™*. 


Table 1. ANALYSuS OF NUANETSI OLIVINE-EIOH Lavas 
Specimen No. 
N 440 Nil? 245 
Oxide Limburgite, Olivine basalt, Olrvine basalt, 
per cent per cent per cent 

BIO, 48:2 495 498 
TiO 2-80 230 1-62 
AlO. 6-80 9 08 133 
Fe,0; 4:79 265 226 
FeO 6-27 791 8-94 
Mno 014 0-15 0-16 
MgO 19-0 148 o7 
CaO 5°75 7-28 236 
Ni 1:20 1-58 2:59 
Ky 1-83 158 0-76 
P,O; 0:47 0-35 0 29 
HO + 2-60 2-39 136 

Total 98-7 695 100 2 


The Olivine-rich Group, while remaining tholeitic, con- 
sists of glassy olivine basalts, picrite basalts and glassy 
olivine tholoeiites with no plagioclase—the so-called 
limburgites. The lavas contain abundant, large olivine 
phenocrysts, often skeletal in habit and, in about half the 
samples, large orthopyroxene phenocrysts, often occurring 
in aggregates. These are usually much less abundant 
than the olivine and are invariably mantled by a clino- 
pyroxene rim. This textural feature is significant because 
of its occurrence in experimental charges quenched from 
high pressures**. The groundmass consists of olivine 
and clinopyroxene microphenocrysts, dendritic ore and 
varying amounts of glass and acicular, ‘“‘feathery’’, 
plagioclase. The dendritic habit of the groundmass 
crystals and the abundance of glass suggest that these 
lavas have been rapidly chilled from a predominantly 
liquid condition. 

1 have carried out X-ray fluorescence analyses of some 
forty olivine-rich lavas. The technique used for pre- 
paring samples is very similar to that described by 
Rose, Adler and Flanagan** and involves fusion with 
Li,B,O0, as flux and diluent and La,O; as heavy element 
absorber. Preliminary data, as yet unpublished, indicate 
that a reproducibility better than +1 per cent can be 
attained for all major elements except magnesium and 
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Fig. 1, A projectzon, from the clinopyroxene a) into the base ohvine- 

plagicolase-quartz in the tetrahedron olivine- oe cilnopyrozane: 

quartz, of the constructed phase relations on undary of the clino- 

pyroxene primary phase volume. Fled circles represent projected 

composition points of Nuanetal olivine-nich lavas: open circles represent 
projected composition points of melted elites, 


iron; potassium, sodium, phosphorus, water and ferrous 
oxide are determined by conventional chemical methods. 

Table 1 gives the analyses of three specimens which 
illustrate the range of magnesium contents. 

From C.I.P.W. norms, co-ordinates in a simplified basalt 
system olivine—plagioclase—clinopyroxene—quartz have 
been calculated and by using a projection from the clino- 
pyroxene apex these are presented in Fig. 1. Also in- 
eluded in the projection are the composition points of seven 
tholeiitic basalts, the atmospheric pressure melting rela- 
tions of which are known). As all seven are shown by 
the experimental resultes to have compositions close to 
that of liquid in the atmospheric pressure “invariant” 
equilibrium involving olivine, two pyroxenes, plagioclase 
and liquid or the “divariant”’ equilibrium involving olivine, 
clinopyroxene and plagioclase, projections of these rock 
compositions define the low temperature region of this 
natural phase diagram. A consideration of the melting 
relations of these and other rocks allows the lines repre- 
senting atmospheric pressure ‘“univeriant’” liquid com- 
positions to be drawn around the “invariant” point. 

Fig. 1 and similar projections from the olivine, plagio- 
clase and quartz apices (not illustrated) show that the 
composition points of the olivine-rich basalte from the 
Nuanetsi province form a rough linear trend within the 
olivine primary phase volume. This feature alone does 
not preclude a near-surface origin by olivine enrichment. 
The total absence of clinopyroxene and plagioclase pheno- 
crysts in the Nuanetsi lavas under study, however, 
strongly implies that they had never attained low pressure 
cotectic compositions. Picritic lavas produced by near- 
surface crystal fractionation, in contrast, very frequently 
contain small amounts of phenocrystalline clinopyroxene, 
orthopyroxene and plagioclase which bear witness to the 
cotectic character of the parental magma, 

The eruption of a 6,500 ft. pile of olivine-rich basalts 
before the olivine-poor Upper Basalts were extruded, as is 
shown by the Nuanetsi succession, is difficult to reconcile 
with a near-surface accumulative origin. Observations 
from the Hawaiian shield volcanoes show that the upper 
portion of a fractionating magma column is erupted first. 
The lower and more mafic parts of the column are tapped 
later'-1*, If this mechanism had been operative in the 
Nuanetsi voleanic province one would expect olivine- 
nch and olivine-poor lavas to be interbedded and the 
former to be less abundant than actually observed. The 
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recorded succession implies that the initial activity in- 
volved an olivine-rich magma type while during the later 
stages the magma type was the more familiar silica- 
saturated tholerite. 

Furthermore, the alignment of the trend in Fig. 1 is not 
consistent with accumulation of olivine near the surface 
as the cause of variation. Only fractionation of olivine 
and orthopyroxene could account for the trend of com- 
positions, Accumulation of olvine and orthopyroxene 
without clinopyroxene, however, is incompatible with the 
atmospheric pressure phase diagrams, of which Fig. 1 is an 
example. The predicted crystallization course for the 
composition points representing Nuanetsi olivine-rich 
basalts, as read from the phase diagrams, is olivine, first 
joined by clinopyroxene, later by orthopyroxene and 
finally by plagioclase. The frequent occurrence of large 
orthopyroxene phenocrysts, clearly the product of early 
crystallization, thus underlines the fact that processes 
occurring at atmospheric pressure are inadequate to ex- 
plain the principal aspects of the variation in composition. 

I conclude that the Nuanetsi olivine-rich lava composi- 
tions do not represent atmospheric pressure near-cotectic 
liquids, nor are they related to such liquids by the simple 
addition of one or more possible low pressure phenocryst 
phases. They appear, in fact, to represent magmas 
brought rapidly from deep within the crust or even the 
upper mantle and their compositions should be interpreted 
in terms of the high pressure equilibria which existed at the 
time of their interrupted development. 

The large orthopyroxene phenocrysts prove to be valu- 
able indicators in this respect. Experiments at elevated 
pressures, in both synthetic systems and on natural 
tholeiites, show that in the intermediate pressure range 
below 30 kbar, the orthopyroxene primary phase volume 
expands with increasing preasure*?7.%*, Between 10 
and 15 kbar the boundary of the olivine and ortho- 
pyroxene primary phase volumes in the system olivine— 
plagioclase—clinopyroxene—quartz could be expected to 
assume, in the clinopyroxene projection, @ position similar 
to the trend of composition points representing Nuanetsi 
olivine-rich basalts. The lavas could therefore be 
magmas which were in the equilibrium condition olivine + 
orthopyroxene + liquid in this pressure range, which 
represents depths of 30-55 km. This hypothesis proposes 
that the olivine and orthopyroxene phenocrysts have a 
high pressure origin while the groundmass olivine, clino- 

. pyroxene and ore microphenoorysts, acicular plagioclase 
- and glass were formed in a near-surface environment after 
relatively rapid ascent of magma. 

Diffraction studies on synthetic and natural ortho- 
pyroxenes show that the angle (A26) between two re- 
flexions (at 63-28° and 62-60° for puro orthoenstatite and 
copper Kal radiation) is proportional to the alumina 
content®3!, X-ray data on Nuanetsi orthopyroxene 
phenocrysts indicate an alumina content of 4-4:5 per 
cent. This is considerably higher than the alumina 
content of primary orthopyroxene which crystallizes 
from basaltic magma in an upper crustal environ- 
ment, for example, the Stillwater and Skaergaard 
Intrusions and the Bushveld Complex****, Since the 
alumina content of orthopyroxenes depends on increase of 
pressure®, in addition to several other factors, this adds 
further weight to the theory of high pressure equilibrium. 

In order to produce lavas ranging from those with 
abundant olivine and no orthopyroxene to the highly 
porphyritic types with 15-20 per cent orthopyroxene 
phenocrysts, selective crystal-liquid fractionation must 
be postulated. One result of selective crystal fractions- 
tion in the “‘trivariant’’ high pressure equilibrium would 
be to widen the scatter of the composition points, especially 
at the mafic end (see Fig. 1). 

The frequent skeletal, embayed habit of olivine pheno- 
orysts may be due in part to resorption on decrease of 
pressure. Caution must, however, be exercised in dis- 
tinguishing low and high pressure olivine phenocrysts. 
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Skeletal habit is not a reliablo criterion since it may be 
attributed either to resorption or to rapid crystallization. 
At present only the rare, large, non-skeletal olivine crystals, 
up to 15 mm long, can be taken as having a probable 
high pressure origin. Until high pressure olivine pheno- 
erysts are conclusively demonstrated, there remains an 
alternative hypothesis of origin for the trend, that is 
at high pressures, perhaps exceeding 16 kbar, the parental 
magmas had compositions lying in the orthopyroxene 
primary phase volume. Fractionation of early ortho- 
pyroxene would then produce a trend of both residual 
and accumulative compositions lying on orthopyroxene 
control lines. If the magmas in this orthopyroxene + 
liquid equilibrium were suddenly brought up to a near- 
surface environment they would have compositions now 
lying within the olivine primary phase volume. A certain 
amount of olivine fractionation would scatter the linear 
trend of compositions along olivine control lines to produce 
the trend and scatter shown in Fig. 1. During this 
stage high pressure orthopyroxene phenocrysts would be 
shielded from the liquid, and from total resorption, by the 
mantles of “quench” clinopyroxene mentioned previously. 
This hypothesis suggests that only the orthopyroxene 
phenocrysts and some olivine have a high pressure origin. 
Most of the olivine phenocrysts and all the groundmass 
are the result of low pressure crystallization. 

These two hypotheses of magmatic evolution differ 
only in that some importance is given to low pressure 
olivine fractionation in the latter. They are by no means 
mutually exclusive and it is likely that elements of both 
have produced the resultant lava compositions. Never- 
theless, no matter which is confirmed as the dominant 
factor, it remains possible to recognize phenocrysts and 
bulk compositions inherited from a considerable depth and 
from a relatively early stage of magmatic development. 
Bulk compositions, mineralogy and textural features are 
all consistent with this conclusion. The Nuanetsi olivine- 
rich lavas appear to provide one example of non-cotectic 
magma of a rather primitive nature reaching the surface 
over a large area and continuing to be erupted over a 
considerable period of time. 3 

While the inherited nature of the phenocrysts and com- 
positions does seem to be well founded, the two inter- 
pretations of magmatic development are more speculative 
and are open to modification as more detailed work is 
undertaken. One particular problem worthy of considera- 
tion is the development of the magmas before the postu- 
lated crystallization of olivine and orthopyroxene at 
around 10-165 kbar. Several chemical features of the 
lavas, for example, the generally high contents of potas- 
sium and trace elements such as barium, strontium 
and zirconium (ref. 23 and unpublished data), suggest 
an earlier period of fractionation. To account for these 
characters, in particular the high potassium to sodium 
ratios in the most basic rocks, it may be necessary 
to invoke the crystallization of primary phlogopitic 
mica at some stage of development. Fractionation 
and subsequent resorption of the mica, as outlined by 
Bowen*‘, would produce basic magmas with the distinctive 
alkali ratios found in some Nuanets: olivine-rich lavas. 
Alternatively fractionation of ecologite minerals may 
have occurred at an even earlier stage of magmatic evolu- 
tion. 

The great difficulty in this aspect of the general investi- 
gation is that intermediate pressure fractionation of olivine 
and orthopyroxene will have obscured any previous 
history—just as low pressure fractionation in most basalt 
magmas almost completely obliterates their development 
history at sll higher pressures. It is because low pressure 
fractionation has been limited that the Nuanetsi olivine- 
rich lavas offer an excellent, but apparently rare, oppor- 
tunity to study the problems involved in the development 
of basaltic magma at depth. 

I thank Dr. K. G. Cox for his guidance during the 
preparation of this paper. The text has also benefited 
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from the constructive criticism of Dr. M. J. O'Hara and 
D. A. Carswell. 
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VARIATION OF INTENSITY OF THE PALAEOMAGNETIC FIELD 
THROUGH GEOLOGICAL TIME 


By Dr. J. C. BRIDEN 
Physics Department, University College of Rhodesia, Salisbury 


Nessirr! recently outlined a possible method of estimating 
relative intensities of the palaeomagnetic field, using the 
ratio of remanent intensity (I) to susceptibility (x) in 
red sandstones. She suggests that I/x may be approxi- 
mately proportional to the palasomagnetic field at the 
time of magnetization of the sandstones, and presents 
some results from redbeds of Pre-Cambrian to Tertiary 
age in the United States. A plot of I/x against geological 
age shows smooth variations, which may legitimately be 
interpreted in terms of variation of ancient field strength. 
It is difficult, however, to assess the reliability of results 
such as these because the estimation of palaeomagnetic 
field strength is subject to so many uncertainties and 
assumptions. It has to be assumed that the natural 
remanent magnetism (NRM) has remained unaltered in 
magnitude and direction throughout geological time. It 
is very difficult to demonstrate that NRM in sediments 
originated at the time of their deposition. The propor- 
tionality of remanence and ambient field is also assumed, 
but this is fairly well established for both sediments 
and igneous rocks in fields of about 1 oersted**. If 
Nesbitt’s curve is to reflect changes in ancient field 
strength, it has to be shown that the magnetic composition 
of all the redbeds which she used is the same. Collinsont* 
has shown that the stable NRM in redbeds is commonly 
due to haematite, both in the form of black specular 
grains and as the finely divided red matrix, and this 
implies an assumption that the susceptibility of haematite 
is independent of grain size and mode of occurrence. 

The purpose of this communication is to present some 
estimates of absolute field intensity by a method largely 
independent of Nesbitt’s. The NRM (I) in igneous rocks 
is believed to be of thermoremanent origin. From the 
well founded assumption that in weak fields remanence is 
proportional to field, it follows that the ratio of I to the 
palacomagnetic field M should be equal to I:/M;, where 
T, ig the thermoremanent magnetism (TRM) imposed in 
the laboratory in field M:. This was the basis of Thel- 
lier’s*:? method, which was first used for kiln bricks and 
kiln-fired pottery but has been adapted for use with rocks 
by Thellier and Thellier*, Wilson?’ and myself!*. As for 
sediments, it is critical that NRM should have remained 
unaltered since its formation. I have shown elsewhere 
that the chief problems in obtaining reliable estimates of 


M by this method are (1) to avoid alteration of specimens 
during heating in the laboratory and (2) to show that 
decay through geological time has been small. I concluded 
that detailed measurements of several samples from an 
igneous body were required in order to make a single 
reliable estimate of ancient field strength. Here I present 
some other estimates, which are based on less detailed 
laboratory work, and which are therefore individually 
suspect. They are of interest because they show certain 
features which are in agreement with Nesbitt’s results. 
It may be that in spite of the many assumptions and the 
limitations of the data, some real and significant patterns 
have been detected. 

The new estimates are obtained from measurements 
of partial remanences I and J;. I is the partial NRM 
which is stable above 500° C; J; ia the permanent thermo- 
remanent magnetism (PTRM) ired in the laboratory 
by cooling specimens in the Earth’s field M, (0-71 oersteds) - 
from above the Curie temperature to 500° C, and thence to 
room temperature in zero field. The precautions taken 
to avoid alteration of specimens have been described 
elsewhere’ but no steps were taken to detect any altera- 
tions which might have occurred. Seventy-six specimens 
were used, from a total of 31 samples. The results 
(Table 1) are obtained from formations at palaeolatitudes 
ranging from 13° N. to 70° 8. For comparison, data are 
reduced to the palascequator, assuming a geocentric 
dipole model for the palaeomagnetic field, on which 

M = H,(1 + 3sint Ay)t 


where H, is the ancient field strength at the palaeoequator 
and àp is the palacolatitude of the formation. Assuming 
that remanence is directly proportional to field, and thas 
no decay of remanence has ocourred, 


M I 


Thus 
M, I 
(1 + 3sin? àp) I: 
The mean values of H, and the range of determinations for 
each igneous body are shown in Fig. la. 
In Fig. 1b the part of Nesbitt’s plot of IJ/x against 
time from 550 x 10* years to the present has been redrawn 


H, = 
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Table 1. SUMMARY OF ESTIMATES OF PALARONQUATORIAL INTENSITY FROM IGNEOUS Rocks IN THA TEMPHRATURE Rawas 670° O To 500° C 


Rock body and location Age (potasaium-argon analyala) 7p Mean I/I, Range of TI: conte us 
cers! 

Aden ee (ref, Plio-Pleistocene hes Pleistocene) 18° N. 225 0-192-0-266 0 088 
Mt. Drom plex (ref. 1 ref. 12), Now South Wales Upper Lower Ore! m.years Oe 18) 70° 8. 0 338 0-178-0 895 0-098 
Ferrar tA Gf. nD, ictoria Valley, Antarctica Lower Jurassic, 162 ma. yoars (rf 18) 61° 8. 0:277 0 2800-0- 285 0-119 
Red Hill Granophyre (ref. 15), Tasmanis, Lower Jurassic, 170 m years Tef. 18) 62° 8. 0-681 0-245-0 086 0-166 
Andesite (ref. 17), Lower Marine Series New 5 South Wales Lower Permian 68° 8. 0437 0108-0784 0122 
Paterson ‘Toscanite (ref. 18), New South W. Middle Carboniferous 60°8. 0001 0042-0161 0 027 
Lower Kuttung Volcanics (ref. 18), New Ta Wales Lower Carboniferous 30° 8. 0 0864 0 010-0 162 0-024 
Notheroote Basalt (ref, 10), New South Wales Upper Devonian 12° 8. 0-007 0 001-0 028 0 004 
Mugga Mugga Porphyry (ref. 10), Aust. Capital Terr. Upper Silunan (to Lower Devonian) 25° 8. 0-074 0-054-0°182 0-080 
on a natural rather than a logarithmic scale. In comparing Previous absolute estimates of intensity for pre- 


the two figures, it should be noted that even if I is propor- 
tional to M, the estimates in Fig. 16 are still relative. The 
palacolatitude correction has not been applied to the 
results from sediments, but this does not alter the plot 
greatly because a factor of only 2 in ancient field strength 
18 involved, and in any case all the redbeds represented 
here have palavolatitudes less than 45°. 

The features which the two plots have in common are 
(1) a minimum in the mid-Palaeozoic; (2) an increase 
from the mid-Palacozoie to the Mesozoic; (3) a maximum 
in the Mesozoic and (4) a decrease, possibly slower, from 
the Mesozoic to the Pleistocene. 

In assessing the results, the basic differences between 
the two methods are noteworthy, although they have 
some assumptions in common. The quantities which are 
measured are quite different. From sediments, deposi- 
tional remanent magnetization and susceptibility, usually 
due to haematite, are measured and this remanence is a 
minute fraction of the saturation remanence of the rocks. 
With igneous rocks the measurements are usually domi- 
nated by the thermoremanence in (usually) magnetite, 
and even in small fields this may amount to a few per cent 
of saturation remanence. Few conclusions could be 
drawn from the two sets of results separately; together, 
the compatibility of results from quite different experi- 
mental data from different continents and a wide variety 
of rocks 1s most striking. It suggests that the features 
which they have in common are real, and that the main 
estimates are better than has been demonstrated statistic- 
ally. 


(a) 0-4 








my b 

€ Oo 5 D` E J K T 
Fig. L etic fleld strength thro „geol cal 
tıme. Geol cal age et maret mona of years on Kulp’s (ref. 24) 
time seale. brian, B; Ordovician, Silunan, 8; oman, D; 
Carboniferous, C; Permian, P; Trasaic, Tr; Jurasaic, J; Cretaceous, K; 
Tertiary, T. (a) Absolute ‘estimates from ratios 1n 


im Table 1, and red) to the palasoequator on the 
assumption of a geocentric drpole fold. drew est estimates are denoted by 
solid circles, and their ranges by as ter bars. Previously published 
cetimates are for the Mugga Mugan P orphyry (ref. 10), denoted by 8 
square, Stormberg lavas (ref. 20), denoted ya oroes, an baked Tertiary 
laterite (ref. 9), denoted by an open circle’ the vertical bars on thon 
denoted by an arrow. (0) Railo of ta fenaty (D), to susceptibility 09 
1G) al arrow o of in suscep 
for redbeds from the U.S A. (ref. 1). 


Quaternary time are also shown in Fig. la. The result 
from a more detailed study of the Mugga Mugga Por- 
phyry*® emphasizes that the results in this plot are likely 
to be minimum estimates. The estimate from the Storm- 

berg lavas?’ is in good agreement with results from Lower 
Juraasic igneous rocks from both Australia and Antarctica. 

Wilson’s® estimate from a baked Tertiary laterite from 
Northern Ireland is higher than would be anticipated 
from Nesbitt’s or my data. In this connexion it should be 
noted that other studies on igneous rocks by Koenigs- 
berger?! and Thellier and Thellier® suggest large fluctua- 

tions in field strength through the Tertiary and Quaternary 
respectively. Other results from Koenigsberger™ could 
be interpreted as evidence of a weak field in the Carboni- 
ferous and early Permian (about 10 per cent of present 
field strength) which is in general agreement with the new 
results. 

The current evidence, then, supports the view that 
variations in ancient field strength have taken place 
during and since the Palaeozoic. Tf this 1s so, it is of the 
greatest importance to the origin and mechanism of the 
Earth’s magnetic field. For example, there is a growing 
amount of evidence that the dispersion associated with 
the ancient field has been unchanged since the Pre-Cam- 
brian***5, If this, too, becomes established, 1+ follows 
that the magnitude of the steady field is proportional to 
that of the components which contribute to the dispersion. 
The evidence of constant intensity during part of a period 
of rapid palaecolatitude change in Australia (Paterson 
Toscanite and Lower Kuttung voleanics) may also be 
significant. 

The measurements described here were made during the 
tenure of an Australian National University scholarship. 
My thanks are due to Dr. E. Irving for his advice during 
development of the work, and to my colleagues, whose 
references!) 14,14,18,17-19 are cited in Table 1, for access to 
rocks which they collected. This contribution was pre- 
pared during the tenure of a research fellowship under a 
grant from the U.S. National Science Foundation. 
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NATURE OF x-IRON CARBIDE 


By M. J. DUGGIN 
Department of Physics and Metallurgical Engineering, University of Pittsburgh 
AND 
Dr. L. J. E. HOFER 
Mellon Institute, Pittsburgh 


Since y-iron carbide (Hagg carbide) was first prepared}, 
attempts have been made to determine the lattice para- 
meters of its unit cell. Jack? attempted to index a powder 
pattern of the carbide Fe,,C, on the basis of a complex 
orthorhombic structure with the lattice parameters 
a= 9-061 A, b = 16-694 A, c= 7-937 A; this inter- 


Table 1. INDBXED RauyLiexions or Fe,C (FeKg RADIATION) 


h k I dÀ 
3 1 I 2 62 
0 0 2 2 48 
£ 1 1 280 
2 0 p 
0 2 0 2-28 
{i 1 2 218 
2 0 2 
{5 1 0 206 
0 2 1 
{8 1 3 203 
4 0 3 
{5 1 T 198 
2 2 T 
2 2 1 181 
8 1 2 180 
5 1 1 
4 0 2 1-76 
4 2 I 172 
5 1 3 167 
6 0 z 1-62 
1 1 3 1:57 
4 2 z 150 
3 3 I 1:37 
8 3 1 1'34 
8 0 Z 1-32 
5 3 T 127 
7 1 2 125 
1 1 4 1-21 
8 2 T 
6 2 3 117 
9 1 z 
4 2 38 116 
8 0 2 
8 2 1 114 
{ 0 4 0 
10 0 0 
1 3 3 118 
6 0 7 
0 4 1 111 
4 0 4 108 


pretation was later found to be incorrect?. Wilson 
beheved the Hägg carbide to be a species of stramed 
cementite’, Sénateur, Fruchart and Michel! prepared an 
iron carbide which they determined to be Fe,C, (refs. 6, 7) 
since 1ts powder diffraction pattern could be indexed on 
the basis of a unit cell the parameters of which were close 
to those of Mn,C, (refs. 8, 9). Hofer?® has prepared a 
magnetically pure sample of Hagg carbide, with no Curie 
point other than the one at 247° C, the composition of 
which is known to be very close to that of the stoichio- 
metric composition Fe,C. The sample was prepared at 
240° C, so that it contained little free carbon. The powder 
diffraction pattern?’ of this carbide may be indexed, as 
shown in Table 1, on the basis of a monoclinic unit cell 
the parameters of which are 
a=1156A b= 456A c=5-03A f = 98° 3’ 

where the acouracy of the lattice parameters 18 approx- 
imately + 0-4 per cent. The relative X-ray line intensities 
reported by Hofer! suggest a structure isomorphous 
with that of Mn,C, (ref. 9); further structural mvesti- 
gations are under way. 

It is known that there is a range of solid—solubility 
from Fe,C, to Mn,C, (ref. 3), and it appears that over at 
least a portion of this range the unit cell of the inter- 
mediate carbide (Fe,Mn),C, is monoclinic!. It is likely 
therefore, that the unit cell of Fe,C, is monoclinic, as 
proposed by Sénateur, Fruchart and Michel’. In this case, 
it appears that there is a range of composition between 
Fe,C, and Fe,C over which the unit cell of the carbide 18 
monochnic. 

We thank 8. Jones for assistance. 
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NATURE OF x-CARBIDE AND ITS POSSIBLE OCCURRENCE IN STEELS 


By Pror. K. H. JACK and S. WILD 
Department of Metallurgy, University of Newcastle upon Tyne 


As stated by Duggin and Hofer!, the inter- 
pretation of the powder pattern of Hagg 
carbide (otherwise known as -carbide and 
iron percarbide) as having an orthorhombic 
unit cell with contents Fe,,C, (ref. 2) 18 
incorrect. It was realized more than ten 
years ago that the structure was probably 
of lower symmetry, and attempts were made 
by one of us (K. H. J.) to observe shifte of 
reflexions with related indices when some 
of the iron atoms were substituted by 





ase 


miaii 


Fig. 1. X-ray diffraction patterns of FesCs, Fe, AMniCa and Mn,,C, (CrKa tal- 
reflected monochromatic radiation: 19 om diameter ‘Cmca’ camera) Er 
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other metal atoms. It was thought that the resulting 
expansion or contraction of the monoclmie or triclinic 
cell might be markedly anisotropic, so that those reflexions 
showing similar changes in interplanar spacing would 
arise from planes with similar orientations. As a first 
attempt, a 75 atomic per cent ron : 25 atomic per cent 
manganese alloy was carburized by the method? known 
to give a fully orystallime Hagg carbide from pure iron. 
Except for the small variations ın lattice d-spacings, the 
diffraction pattern of the product was identical with that 
of the iron carbide. More surprisingly, similar patterns 
were obtained for 50, 75 and even 100 atomic per cent 
manganese. This established the existence of a con- 
tinuous range of solid solution from the iron carbide to 
the manganeso carbide and the common diffraction pattern 
was the same as reported for Mn,C,. Kuo and Persson‘ 
had characterized the latter by reference to Ohman’s 
previous interpretation® of the single crystal pattern of a 
double carbide of iron and manganese. 

Powder patterns of the two pure binary carbides taken 
with crystal-reflected monochromatic CrKa radiation in 
a 19 cm diameter ‘Unicam’ camera are compared with 
that of the intermediate 1ron—manganese carbide in Fig. 1. 
In each case the monoclinic unit cell, space group 02/c, 
contains twenty metal and eight carbon atoms. Dimen- 
sions are given in Table 1 and are plotted against com- 
position in Fig. 2. At this stage there was no opportunity 
to carry out a structure refinement, and the foregomg 
results? were reported only as private communications’. 
Meanwhile, Stenberg’ showed that Mn,C, was probably 
isostructural with Pd,B, for which he had completed a 
three-dimensional structure refinement from single crystal 
data. More recently, Fruchart®? and Sénateur and 
Fruchart!® compared the X-ray powder intensities of 
Mn,C, and Fe,C, preparations; the agreement clearly 
indicated that the carbides were isostructural with one 
another and also with Pd,B;. 


Table 1. UNIT-CRLL DIMENSIONS OF MC, TRON-MANGANESE CARBIDES AT 
18 + 1°C 


a b c 8 Vv 

A A À degrees Ae 
Fent 11-562 45727 5 0595 97 74 2651 
Fe,B tig, 11 6314 4:5679 5 0754 97 71 267-2 
Mitas 11 672 4 5818 5 0941 97:69 270-0 
+0001 +0 0005 +0 0005 £0-01 +01 


Before the publications of Fruchart et al. became avail- 
able, work on the structure refinements of Fe,C, and 
(Fe,Mn),C, was restarted at Newcastle, using the Glasgow 
SFLS computer program provided by Prof. D. W. J. 
Cruickshank". The results of this investigation show that 
the twenty metal atoms are in two sets of eight-fold 
general positions and in one set of four-fold special 
positions, while carbon atoms are ın general positions. 
The final refined atomic parameters with their standard 
deviations and remarkably good reliability indices are 
given in Table 2. The carbon-atom parameters are less 
reliable than those of the metal atoms but for Fe,C, agree 
with, and have similar standard deviations to, the carbon 
parameters found in FeMn,C, by Duggin, Cox and Zwell!* 
using neutron diffraction techniques. The complete struc- 
ture of Fe,C,, including the positions of the carbon atoms, 
is now firmly established?** and it is certain that the 
ideal composition for this structure type 1s M,C,. Any 
increase in the number of carbon atoms or decrease in 
the number of metal atoms to bring the composition 
nearer to M,C would require pronounced structural 


changes. 


Table 2. ATOMIO PARAMETHRS WITH STANDARD DEVIATIONS AND “RFLIA- 
BILITY INDICES” FOR Fe,C, 


Ea Yy z 
8 Fer 0-0057 + 0:0005 00879 + 00015 04184 + 00010 
8 Fen 02147 + 0-0004 05837400016 03060 + 00010 
4 Fom 0 05782 + 00023 025 
80 0115 + 0008 0308 + 0008 0084 + 0007 


LIF oF EF, = R = 0 0226; A FFA EFE = RK = 0 0008 
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Close simularities are observed between the structures 
of Fe,C, and cementite (Fe,C), both of which can be 
described in terms of a pleated-layer hexagonal arrange- 
ment of iron atoms; see Faskiska and Jeffrey’ for this 
description of cementite. In both structures each carbon 
atom is near the centre of a trigonal prism of iron atoms. 
In cementite, two of the six iron-carbon bond lengths 
(1:97 Å) are shorter than the other four (2-04 A), while in 
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Fig. 2. Variation of unit-cell dimensions with compoaltion for M,O, 
fron-manganese carbides. 
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Fig. 3. Structural transformations in the tempering of high-carbon martensitic steels, 


Hagg carbide there are two long bonds (2-08 A) and four 
(two at 1-97 A and two at 2-00 A) which are shorter than 
the sum of the accepted atomic radi: of iron and carbon 
(2-03 A). In Hagg carbide the trigonal prisms are joined 
by sharing edges and corners to form double layers 
parallel to the two shorter monoclinic unit-cell edges b 
and c, while ın cementite only single layers of prisms are 
similarly oriented normal to the cementite c-axis. The 
next higher iron carbide, Fe,C,, is also built up from 
carbon-containing trigonal prisms of iron atoms: and 
belongs to one of three related structure type". Ru,Bs, 
Cr,C, and Mn,C,. 

There 18 no evidence for the existence of an iron carbido 
of composition Fe,C, and because the known carbides 
Fe,C, Fe,C, and Fe,C, are now classified as belonging to 
well-characterized types, 1t seems most unlikely that a 
carbide Fe,C should exist with the Hagg carbide structure 

The close structural relationship between cementite and 
Hagg carbide may resolve previously unexplained 
features of the transformations which occur during the 
tempering of high-carbon martensitic steels. Intorprete- 
tions of magnetic!* and K-ray'* investigations are sum- 
marized in Fig. 3. e-Iron carbide, which is precipitated 
in the first tempering stage, is replaced during the early 
part of the third tempering stage either by Hagg carbide 
according to the magnetic data, or by cementite platelets 
which, according to the X-ray evidence, show relaxation 
of the Laue condition for reflexion ın the c-direction. In 
the later part of the third temporing stage, tho magnetic 
and X-ray observations both show the presence of ‘‘threo- 
dimensional” cementite. Except for the monoclinic dis- 
tortion of 7-74° in the unit cell of Hagg carbide, its 
structural relationship with cementite 1s indicated by the 
correspondence between the edge-lengths and orientations 
of the respective cells 


Orthorhombie 
cementite 


a = 4526 x 


Monoclinic 
Hägg carbide 


a = 11-562 


b= 5087, b= 4578 
0 = 6744 “Mem 


Ge R3 Om, 


6 060 
bok Cm, DCA am 

Single layers of trigonal prisms in the cementite structure 
are perpendicular to the c,-direction, while double layers 
of trigonal prisms in Hagg carbide are approximately 


perpendicular to exactly the same spatial direction, am. 
The orientations of the doublo layers in Hägg carbide 
correspond with those of the single layers in cementite, 
and it is clear that for any orientation rolationship 
between a cementite precipitate and its matrix there will 
be a closely corresponding relationship for a Hagg carbide 
precipitate. The exact identification of a carbide pre- 
cipitate by microscopic methods, and from orientation 
and habit relationships, might therefore be difficult. 

Faults in the stacking of the double layers in the Hagg 
carbide structure and stacking faults in successive 
cementite single layers will both give rise to relaxation of 
the Laue condition for X-ray reflexion in the corresponding 
directions co and Gm of the two structures. The respective 
“two-dimensional”? diffraction patterns might, therefore, 
be expected to be simular. More detailed evidence is 
required before the carbide which 1s precipitated during 
the first part of the third martensitic tempering stage 
can be definitely identified. The free energies of formation 
of cementite and Hagg carbide differ by only about 
0-5 keal per g atom of iron and therefore factors such as 
strain, or the stabilizing effect of other steel alloying 
elements, could determine whether Hagg carbide is a 
precursor to cementite in steel heat-treatment. Man- 
ganeso, for example, may be expected to have a marked 
effect; indeed, the carbide Fe,.,Mn,.,C, is obtained 
sunply by heating together a mixture of the stoichio- 
metric amounts of iron, manganese and carbon at 1,000° C. 
Work to obtain direct evidence of the possible occurrence 
of Hagg carbide in alloy steels is in progress. 
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MOLECULAR ORBITAL CALCULATIONS ON PHOTOSENSITIZING 
PSORALEN DERIVATIVES 


By Dr. EDWARD YEARGERS* and Pror. LEROY AUGENSTEIN 
Biophysics Department, Michigan State University, East Lansing, Michigan 


Maxa in the burning, or erythemal, action spectrum 
for 8-methoxypsoralen and in the action spectra of 
psoralen for enzyme activation are apparently at about 
360 muy (refs. 1, 2). The lowest energy maxima, however, 
in the absorption and emission excitation spectra for both 
compounds are found at about 300-320 my (ref. 3). We 
suggested previously? that this may reflect chemical 
interactions of these compounds with skin components 
(or an enzyme). Erythema! activity depends critically on 
chemical reactivity of the photosensitizer, as is suggested 
by the report that the attachment of methyl, amino, 
bromo, methoxy, acetyl and other substituents at certain 
positions in the psoralen skeleton modified their photo- 
songitizing abilities markedly*. Since these compounds 
have many similarities in their x-electron structure, it 
seemed feasible to use molecular orbital (MO) caloulations 
to investigate whether certain electronic properties (and 
thus chemical specificity) can be correlated with photo- 
sensitization. Similar calculations have been useful in 
predicting valuable experiments to test several theories 
of carcinogenesis’, 

It 13 ımportant that Huckel calculations are limited to 
relative values of electronic parameters between similar 
compounds, because this technique incorporates certain 
severe approximations which preclude the calculation 
of accurate absolute values’. In spite of these simpli- 
fications, this method has been applied successfully in 
calculating such properties as the ionization potentials 
end electron affinities in charge-transfer spectra, and the 
carcinogenicity of aromatic hydrocarbons’. We have 
therefore used these standard Huckel MO procedures in 
making our calculations. 

. Ideally, we would like to correlate our theoretically 
calculated values with biological data of higher accuracy 
than is normally obtained in photosensitization studies. 
For example, the in vivo studies by Pathak et al. yielded 
measures of mcreasing photosensitizing ability according 
toa 0, +, ++, +++, +++ + soale. Although this 
scale is difficult to mterpret on a numerical basis, all 
compounds with the same symbol have greater or less 
sensitizing ability, respectively, than those higher or lower 
in the “symbolic hierarchy” of Pathak et al.4. Thus, we 
have assigned to the four compounds labelled + + + + 
the average rank of 2-5 (that is, we assume that they 
share equally the ranks of 1, 2, 3 and 4), the single + + + 
compound ıs ranked 5, etc. The data from the Hickel 
calculations can also be ranked on the basis of some 
electronic index and then a rank correlation can be 
computed between the MO data and the tn vivo data, 
and tested for significance using accepted statistical pro- 
cedures’: in essence, we test the null hypothesis that 
there is no positive correlation between the rank given 
by MO calculations and the rank given by the in vwo 
measurements. In this way a precise parametric inter- 
pretation of the biological potency symbols (+) is un- 
necessary. 

The following MO calculations were made on the 
compounds listed in Fig. 2. 


* Present address: Health tS ae Division, Oak Ridge National Labora- 
tory, Oak Ridge, Tennessee, U. 


Hilectron denstites. This represents the fraction of a 
x-electron which, on the average, occupies a given atomic 
region of a molecule. Several examples demonstrate that 
this index is inadequate (at least, not in the Huckel 
approximation) for predicting photosensitazing ability. 
For example, the calculated n-electron distributions for 
the psoralen backbone of 8-methoxypsoralen {+ + +) and 
5-bromo-8-methoxypsoralen (0) are essentially identical. 

Bond orders. This quantity gives the proportion of 
double-bonded character in a bond between any two 
atoms. In the case of the psoralen-like compounds the 
calculated bond orders, buke the x-clectron densities, do 
not enable varying degrees of photosensitizing ability to 
be distinguished. Free valences can, however, be cal- 
culated from the knowledge of bond orders. 

Energy levels. The differences in energy between filled 
and unfilled orbitals can be determined from the MO 
calculations. Such transition energies were considered by 
Mason ın one theory of carcinogenesis*: he related these 
energies in carcinogens with energy differences in protems 
as a basia for proposmg that specific charge-transfer 
interactions are involved in initiating cancer. In our 
investigation, however, no relation between photo- 
sensitizing activity and transition energies was found. 

These calculated transition energies can, however, be 


` compared with absorption tranmtion energies measured 


experimentally. Those calculated by the Hiickel method 
probably represent a “‘centre-of-gravity’? energy taken 
over all vibrational contributions and all multiplicities 
and include a constant factor 6, the resonance integral, 
the value of which is usually determined empirically for 
the particular type of transition involved?*!°, Fig. 1 
shows a comparison of the Huckel MO values with the 
experimental values for the band maxima of the absorp- 
tion (singlet—singlet) transition of lowest energy in the ten 
psoralen compounds available to us. Agreement is very 
good (significantly below 0-1 per cent); thus, it is probably 
valid to apply the Hiickel technique to the lowest energy 
levels in the psoralen derivatives. 

Free valence. This index is a measure of the unused 
fraction of double bondedness potentially associated with 
a given atomic position and, consequently, is a general 
measure of reactivity®’. Thus, a free valence greater than 
1-0 is found for free radicals, while a value of less than 
0-1-0-3 is found for carbon atoms at the juncture of two 
benzene rings. Rank correlations indicated that free 
valency may be related to photosensitizing ability. Thus, 
since free valence is a fairly general index and ıs often 
related to localization energies? *, we examined localiza- 
tion energies to specify further the probable nature of a 
predicted reaction at the particular atomico sites involved. 

Substitution localization energy. This is a measure of 
the energy needed to localize, at a particular atomic site, 
the proper number of electrons for a given kind of reaction 
to take place. For electrophilic attachment, two 1-elec- 
trons must be localized at a given site while the others 
are spread over the remainder of the molecular skeleton, 
whereas for radical attachment one z-electron is localized 
and for nucleophilic attachment no r-electrons are 
localized. Thus, this index reflects that the n-electron 


Molecular orbital value (x£) 
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donsities already calculated may be changed when the 
psoralen molecule is in the neighbourhood of a potential 
reactant. A large amount of evidence indicates that 
localization energies can profitably be used to predict the 
position and nature of reactions involving x-electron 
systems”>®, 
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Fig. 1. Comparison of the en of the lowest transition of ten psoralen 

compounds as calculated by the Huckel MO technique and as found 

for absorption investigations in water at 800° K. Experimental values 
are accurate to about + 100 cm~. 


In computing our results we have assumed: (1) That 
the ın vivo data are ranked perfectly. Implicit in this 18 
the assumption that all sixteen of the psoralen derivatives 
investigated had equal solubilities in the ‘‘carrier fluid”. 
(2) That localization energies for a position bonded to a 
methyl group and the same position bonded to a hydroxyl 
group have the same significance in terms of chemical 
reactions—in spite of the different nature of the con- 
necting bond. Unfortunately, there is little evidence 
either for or against this assumption, so that we cannot 
estimate its significance. (3) That the sums of individual 
free valences or substitution localization energies from 
several atomic positions represent a measure of either the 
combined reactivities of these positions reacting at dif- 
ferent times or their simultaneous reactivities. A better 
measure of the simultaneous reactivities of multiple sites 
would be obtamed by simultaneously localizing the 
appropriate number of electrons at each of the positions 
involved, as for the ortho and meta localization energies. 
In the present case the difference introduced would be 
trivial. 

Summations of these indices for up to three atoms were 
made, and rank correlations determmed. We found a 
correlation significant at the 1 per cent level only with 
high photosensitizing activity for those sums the low 
substitution localization energies of which corresponded 
to nucleophilic attachment at atomic positions 8 plus 3, 
4 or 5 (the significant combinations were: 3, 8; 4, 8; 
3, 4, 8; 3, 5, 8; and 4, 5, 8). Fig. 2 shows a rank cor- 
relation diagram for the sums at positions 3, 5 and 8 as 
a typical set of data for nucleophilic attachment. Thus, 
apparently the best photosensitizers in the psoralen series 
are those which are the most susceptible to nucleophile 
attack involving positions 3, 4 or 5, and 8. 
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It may be that positions 3, 4 and 5 complement positior 
8 either electronically or sterically in reacting with critica 
cellular components by forming a group of covalent bond: 
to a single molecule or macromolecule. This could lead 
to charge transfer to give the observed shift in the excita 
tion spectrum followed by efficient transfer of energy 
absorbed by the complex to the macromolecule. If the 
macromolecule is a critical one, photodamage could be 
observed in the cell of which it 1s a part. Using knowm 
bond lengths, we estimate that this anticipated mech- 
anism may involve nucleophilic attachment at two points: 
(one of which is 8) about 4:0-4-5 A apart with the possi- 
bility of a third one about 1-4-4:0 jA from each of the 
first two. (Actually tho values in Table 1 are given only 
approximately, since bridging reactions would likely dis- 
tort the normal molecular configuration.) 


Table 1. APPROXIMATE DISTANORS BETWEEN SELECTED ATOMIC POSITIOXS 
IN PSORALENS 


Positions 3,4 
1 


3,5 3,8 4,5 
4 4:0 45 27 


(+ 15 per cent) 


Another way to explain different degrees of psoralen- 
induced photosensitization is for substituents on the 
psoralen backbone to prevent its absorption through 
tissue to critical sites because of changed reactivity. 
Autoradiography should then show different points of 
localization of variously substituted, tritiam-labelled 
psoralen in skin tissue. 


In mvo rank 








MO rank 


dimethylpsoralen, (10) 8,4,6',8-totramothylpsoralen, 

4,6’,8-trimethylpsoralen, (12) 8-acetyl-4,5 ethylpeoralen, soemicar- 

bazone, (18) 8-acetamido-4-6’,8-dimethylpeoralen, (14) 8,4-benzo-b’,8- 

dimethylpsoralen, (15) 8-amino-4,5’-dimethylpsoralen, (6) 5-bromo- 
8-methoxypsoralen. 


Both mechanisms suggested would require specific 
interactions with skin components consistent with the 
discussion given earler. Mathews! and Pathak and 
Fowlks* have presented evidence suggesting an unspecified 
interaction between psoralens and, respectively, DNA and 
succinic dehydrogenase. Since psoralen-related compounds 
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mit fluorescence at 350 mu or more, howevor, while 
Jamorotems and nucleic acids have little absorption in this 
‘ange, simple resonance transfer between these com- 
ounds should not occur. Nevertheless, as noted pre- 
‘viously, charge-transfer complexes may form with a 
mascosultant change in the energy levels of the components 
saking part. Thus, measurements on the emission and 
absorption of the appropriate compounds and complexes 
E. be made as early as possible under in vwo conditions. 
me way to do this might be to examine the spectral 
properties of tissue samples contaming adsorbed psoralens 
using the technique of Everett et al.. Alternatively, 
mixed solutions, mixed crystals, or even non-crystalline 
«solids of psoralen and possible reactants should be studied. 
One other line of investigation may be profitable; 
clearly, bond formation involving an atom to which a 
substituent is attached would result in the displacement 
of the group originally substituted at that point. Thus, 


it should be feasible to isolate in vwo any labolled sub- 
stituents displaced from the psoralen skeleton following 
cellular uptake and reaction. 
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ACETALDEHYDE OXIDATION BY METHANOBACILLUS—A NEW 
FERREDOXIN-DEPENDENT REACTION 


By WINSTON J. BRILL and Pror. R. S. WOLFE 


Department of Microbiology, University of Illinois, Urbana, Illinois 


Methanobactllus omelianskti, an anaerobic methane bac- 
terium which oxidizes ethanol and reduces carbon dioxide 
to methane!-?, has been found to contain large amounts of 
ferredoxin?*. Certain enzyme reactions dependent on 
ferredoxm have been described in the organism‘, and 
the general role of bacterial ferredoxin in anaerobic 
oxidation-reduction reactions has recently been reviewed 
by Valentine’. Evidence 1s presented in this communica- 
tion for the existence of a new enzyme—acetaldehyde : 
ferredoxin oxidoreductase—which catalyses the transfer 
of electrons from acetaldehyde to ferredoxin, producing 
acetate. Since calculations based on thermochemical 
data predict that E} = — 0-581 volts for the oxidation of 
acetaldehyde to acetate*, the reaction may be of con- 
siderable umportance in the generation of low-potential 
electron transport reactions in M. omelianskss. Nicotin- 
amide adenine dinucleotide (NAD)®, nicotinamide adenine 
‘dinucleotide phosphate (NADP)!*, and oxygen! have 
been observed to be natural acceptors for acetaldehyde 
oxidation, but the enzyme reported here is the first 
example of an acetaldehyde oxidation dependent on 
ferredoxin!*, 

M. omelianskvi supplied by H. A. Barker was grown as 
described by Johns and Barker”, with modifications by 
Woln et al.‘. Cells were broken by sonication using a 
Branson sonifier, and the extracts were centrifuged at 
23,000g for 30 min. Four ml. of the supernatant solution 
were passed through a ‘Sephadex G-25’ column (18 x 
2 cm) at 4° C to remove substrates and cofactors of low 
molecular weight. For oxperiments ın which ferredoxin 
was to be omitted, the treated extract was passed through 
al x 3cm column of diethylaminoethyl (DEAE) cellulose 
in the phosphate form. Ferredoxin was purified from 
Closiridvum pasteurtanum and M. omeliansku by the 
method of Mortenson", Protein was determined by the 
biuret method!*. Acetyl coenzyme A (Co-A), acetyl 
phosphate, lipoic acid, NAD, and NADP were obtained 
from the Sigma Chemical Company. Reduction of NAD 

_or NADP at 340 mp or of ferredoxin at 410 my was 
followed by spectrophotometry in an anaerobio cuvette 
which contamed oxygen-free argon at a pressure of one 
atmosphere above the reaction mixture Disappearance 
of acetaldehyde and accumulation of acetate were de- 
termined by aerobic incubation of the reaction mixtures 


in glass stoppered test tubes. To determine acetate, each 
reaction was stopped by placing the tube in a bath of 
boiling water for 3 min. The tube was cooled and acetate 
was estimated with an acetokinase purified from Hachert- 
chia cols by the method of Rose!*. Acethydroxamate was 
identified by ascending chromatography in butanol 
saturated with water”. To determine acetaldehyde, the 
reaction was stopped by placing the tube in a bath 
containing dry-ice ethanol mixture. The stopper was 
removed and 1 ml. of a 0-2 per cent solution of 2,4- 
dinitrophenylhydrazine in 2 N hydrochloric acid was 
added. After thawing the reaction mixture and adding 
5-0 ml. of 1-5 N sodium hydroxide, 1-0 ml. of the mixed 
solution was added to 5-0 ml. of water m a colorimeter 
tube. The absorbancy was read at 440 my in an Evelyn 
colorimeter. Acetoin and diacetyl were determined by 
the colorumetric determination". 
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Fig 1. The oxidized and reduced spectrum of ferredoxin in the reaction 
mixture Components were added ss described in Table 1, and the 
incubation time was 18 min at 25° C. 
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Fig. 2 Time curve of acetaldehyde oxidation and acetate accumulation. 
The reaction mixture contaimed. extract (1:3 mg protein), 5 moles 
ee 100 umoles rmidazole parar apir 70, $ moles glutathione 
and water to make up to 10 ml. Temp. t each tıme interval 
indicated the reaction in each of two tubes was At each one tube was 
placed in a boiling water bath (the reaction mixture was later used for 
estimation of acetate by acetokinase), and the other tube was placed in 
a dry-ice ethanol bath (the reaction mixture in this tube was used for 
estimation of acetaldehyde). 


The spectrum of the complete reaction mixture with 
ferredoxm in the omdized state and a spectrum of the 
reaction mixture after reduction of ferredoxin are shown 
in Fig. 1. When reduction was complete (an absorbancy 
change of about 0-2), the cuvette was opened to air and 
shaken several times; the original oxidized spectrum of 
ferredoxin was obtained. Table 1 presents evidence that 
for this absorbancy change at 410 mp to occur, both 
extract and acetaldehyde are required; controls with 
boiled extract exhibit no change. 


Table 1. COMPONENTS REQUIRED FOR FERREDOXIN REDUCTION 


Decrease in 
Tube Components absorbancy at 410 myu 
1 Complete 024 
2 Aunus extract 001 
3 Minus acetaldehyde 008 


Reaction mixture contamed extract (1 mg pot. protein), 0 88 mg ferredomn 
from Q. pasteurianum, 160 pmoles tris, pH 7 2,10 oles acetaldehyde, and 
water to 30ml. Tneubation time was 13 min at 2 


The disappearance of acetaldehyde and the formation of 
acetate during the course of the reaction are shown in Fig. 2. 
For this experiment the reaction mixture was mcubated 
aerobically, as ferredoxin is auto-oxidizable in air’. 
Formation of acethydroxamate in the acetate determina- 
tion required adenosine triphosphate (ATP), Mgt, 
acetokinase and hydroxylamine. 

In repeated expermments stoichiometric amounts of 
acetate were nover detected and, subsequently, a dis- 
proportionation of acetaldehyde was observed which 
was not dependent on ferredoxin. The amount of missing 
acetate was accounted for by ethanol formation. This 
disproportionation occurred anaerobically in the absence 
of ferredoxin, and was found to be inhibited by air. In 
the tube determination, where the ferredoxin-dependent 
oxidation of acetaldehyde provided reducing conditions, 
the disproportionation reaction accounted for the dis- 
appearance of about 25 per cent of the acetaldehyde. 

The rate of acetate formation was unchanged by the 
addition to the reaction mixture of 0-1 umole of Co-4; 
1 mg of lipoic acid; or 50 moles of potassium phosphate, 
either separately or together, and no hydroxamate forming 
products were observed. Acetyl Co-A and acetyl phosphate 
were not degraded when added to the reaction mixture. 
When 2 ml. of ‘Dowex’ 1-X-10 (Cl-) 200-400 mesh were 
mixed at 0° C with 2 ml. of extract (86 mg protein) for 
10 min and then removed by centrifuge, the extract re- 
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tained its ability to oxidize acetaldehyde, and the ac 
dition of Co-A did not stimulate the reaction. Whe 
crude extract was precipitated by alkaline dialysis agains 
a solution of 80 cent saturated ammonium sulphat 
at pH 8-0 for 2 h, and then dialysed at pH 7-0 for 1 h ix 
0-001 M imidazole containing 0:0017 M reduced gluta 
thione, the oxidation of acetaldehyde was not stimulate 
by addition of thiamine pyrophosphate. Lipoic acid wes 
not required, and sodium arsenite at a final concentration 
of 5 x 10- M inhibited acetaldehyde disappearance b; 
only 16 per cent. 

Extract from which ferredoxin had been remove» 
did not catalyse the rapid oxidation of acetaldehyd 
to acetate (Table 2, tube 5), but when ferredoxin wai 
replaced (tube 6) the reaction proceeded. Control tube 
contained only neghgible amounts of acetate. Acetoin œ 
diacetyl were not detected as products in the reactio. 
mixture 


Table 2. FAOTORS AFFROTING ACETALDWHYDE DISAPPHARANCE AND AOBTAT 
FORMATION 


Acetaldehyde Acetate 
Tube Components remaining formed 
(mmoles) (moles) 

1 Complete 08 40 

2 Minus acetaldehyde 00 00 

8 Bofled extract 4:8 OO 

4  Ferredoxn (no extract) 48 02 

5 Extract (DEAE-cellulose treated) 5-0 00 

6 DEAE-cellulose treated extract plus 
ferredoxin 03 88 


Reaction mixtures contamed crude extract or DEAE-cellulose treatee 
extract (1 8 mg proteim), 5 umoles acetaldehyde, 100 umoles imidazole buffer 
pH 70, 5 moles gintathione, 0 4 mg ferredoxin from M. it, ane 
sufficient water to make up to 10 ml. Tubes were incubated for 10 min 
then analysed for acetaldehyde and acetate. 


Acetaldehyde oxidation was found to be a source o. 
electrons for the reduction of pyridine nucleotide; Fig. è 
shows that this system is specific for NAD. Extraca 
passed through a 1 x 3 cm DEAE-cellulose column tc 
remove ferredoxin did not reduce NAD, but after addition 
of ferredoxin, reduction of NAD was observed (Fig. 4). 

The offect of pH on the oxdation of acetaldehyde was 
determined using a reaction mixture similar to that 
described for Fig. 2. The amounts of acetaldehyde 
reacting in 90 sec ın imidazole buffer were: 2-6 umole 
at pH 6-2, 3-1 pmoles at pH 6-5, 2:2 umoles at pH 7-0, 
and 1-0 moles at pH 8-0, indicating that the reactiom 
rate was greatest in the expected pH range from 
6-2 to 7-0. Since we were terested ın detecting unstable 
intermediates, pH 7-0 was chosen as the standard pH 
for the investigations reported above. Tris-(hydroxy- 
methyl)aminomethane, imidazole, or phosphate buffers: 
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Fig. 4. Ferredoxin dependence for NAD reduction by acetaldehyde. 

The reaction mixture contained’ 150 Simoes hosphato È puter at pH 7-b, 

1 mole NAD, 10 mmoles acotaldehy: 2A E-call ted extract 

(3-5 mg protein), 0-88 mg ferredoxin from 0. panizurianum, ont water to 
mako up to 8 0ml. Temp. 25° 0 


were suitable for use in the reaction mixture. When 
increasing concentrations of acetaldehyde were added to 
the reaction mixture, the rate of acetate formation in- 
creased linearly with addition of acetaldehyde up to a 
final acetaldehyde concentration of 0:02 M. Concentra- 
tions greater than this hibited the reaction; at a con- 
centration of 0:05 M, the rate of acetate formation was 
38 per cent of that obtained when a 0-02 M solution was 
used, 

Since ferredoxin is the primary electron acceptor, it is 
to be expected that acetate will be the product and not 
acetyl Co-A, for calculations from thermochemical data! 
give Ej} = — 0-412 volts for the oxidation of acetaldehyde 
to acetyl Co-A and E} = — 0-581 volte for the oxidation 
to acetate. Tagawa and Arnon” give the value of E} = 
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— 0-418 volts for the oxidation of ferredoxin. The evidence 
that acetyl Co-A or acetyl phosphate are not intermediates 
in this reaction is supported by the observations that 
these compounds were stable under the conditions of the 
determination, and that the additions of Co-A or phosphate 
to untreated or to ‘Dowex’-treated extract did not produce 
compounds which form hydroxamate when incubated 
with acetaldehyde. Furthermore, these compounds had no 
effect on the rate of the reaction. 

It is not known how this anaerobic microbe obtains its 
ATP. This acetaldehyde : ferredoxin oxidoreductase 
which carries out a reaction in which AG’ = —7-7 kcal’ 
on perhaps, be coupled with a phosphorylation to yield 

TP. 


We thank Mr. Norman Ryckman and Mr. Jack Althaus 
for assistance. This investigation was supported by the 
National Science Foundation, andin part by theU.8. Public 
Health Service. 
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RETINA POSSESS A FOVEA? 


By Dr R. A. WEALE 
Department of Physiological Optics, Institute of Ophthalmology, Judd Street, London 


Tue fovea, the part of the human retina characterized 
by optimal colour vision and visual resolving power, is a 
hollow in the neural structure. Here the retina 1s at its 
thinnest and consists almost wholly of sum photic trans- 
ducers, muscalled the “cones”. A variety of reasons have 
been advanced for its existence. Wolff! writes “. . . at 
the fovea centralis the layers of the retina are spread aside, 
so that light may fall directly on the true percipient 
elements, namely the cones”, a view echoed by Fulton’. 
Michaelson and Campbell? have shown that the fovea is 
avascular—Salus‘ being among the few contemporary 
authors to state the opposite—and. as the choriocapullaris*® 
can supply nutriment for distances up to some 130z, 
there would appear to be no need for an internal retinal 
blood supply in the foveal centre. In a general theory of 
the fovea, Pumphrey* has distinguished the avian from the 
anthropoid fovea and emphasizes that the latter ıs found 
‘ only in eyes used for binocular vision: it might be im- 
possible to superpose two retinal images that are subject 
to the optical distortion caused by the avian fovea, which, 
however, greatly facilitates the fixation of moving targets. 

Several of these and other authors assume that the 
retinal neuroglia interfere with vision by scattering the 


light that has to traverse them in non-foveal parts of the 
retina. But the evidence for this view does not appear to 
be available. Recent experiments’ on the manner in which 
hght is reflected from the ocular background are relevant 
to this problem. When plane polarized light is directed 
into the eye, and the fraction that is reflected and emerges 
from the pupil is analysed, partial depolarization is found 
to have occurred. There is thus a diffuse fraction and a 
specularly reflected one. While there is no implication 
here that the back of the human eye acts partly like a 
mirror as it appears to in the case of the scallop Pecten 
maximus’, the effect on polarized light is as though there 
were & huffed mirror there: it may well be that a compari- 
son with an aluminized screen may be nearer the mark, 
Pi, the ratio of the specularly reflected component to the 
total amount reflected, was found to vary with choroidal 
pigmentation and with the wavelength of the incident 
light, even though both components were shown to be 
reflected behind the retina. 

In eyes in which choroidal pigmentation in the foveal 
area was similar to that outside it (at an eccentricity of 
34°), the values of P, were similar throughout the whole 
of the spectrum. This implied that the depolarization of 
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the hght was similar in the two retinal regions; but if 
this 18 so, it ıs hard to see how the retinal neurogha 
outeide the fovea can interfere with visual resolving 
power so as to necessitate their eviction from the foveal 
centre. 

The field tested in those messurements was semi- 
circular, the diameter subtending at the eye an angle of 
3-6°. Now it might be argued with justification that this 
value exceeds not only the angular extent of the fovea 
proper but also that of the avascular area. Subjective 
estimates (S) of the latter are compared in Table 1 with 
Michaelson and Campbell’s objective measurements (O) 
and new estimates obtained from human retinae injected 
with indian ink and kindly lent for the present work by 
Prof. N. H. Ashton of this Institute. 


Table 1 
Diameter D of human avasculai 
Authors area (mm) 

Abeladorff and Nagel (ref. 5) O41 
„g | Gesoher (ref. 5) 042 

Sperling, Miller and Adler 04£05(N = 38) 

eale (ref. 9) 041 

o { Michaelson and Campbell (ref 3) 04-06 

Present data 042(o= +01) 


Thus the test field used in the investigation mvolving 
polarized light was more than twice as wide as the avas- 
cular area. Accordingly, the experiments were repeated 
by using the same measuring field in turn with a much 
smaller one—of angular diameter 55’ (0-23 mm on the 
retina). The origmal interference filters with which the 
spectral variation of P} had been measured had to be 
replaced with gelatine filters (8.F.) in order to provide an 
adequate ght signal, but ın spectral regions where 1t was 
possible some of the measurements were checked with 
interference filters (I.F.). The results of this investigation 
are given in Fig. 1, which shows the spectral variation of 
the ratio rj. This is defined as (Pı for the 56’ retinal 
area) divided by (P, for the 3-6° retinal area), Pı being 
the ratio of the amplitude of the plane polarized light 
reflected from the ocular background to the amplitude 
of all the light reflected there. Representative samples 
of the standard deviation are shown. It is obvious that r3 
is substantially equal to unity throughout the spectrum. 
It follows that the properties of the light analysed are not 
affected differentially by a double traverse through the 
retna. 

The case for the detrimental effect of the retinal 
neuroglia on visual resolution has probably been over- 
stated. In the first place, an excised retina, unpenetrated 
by air and flattened, 1s fairly transparent Second, 
the presumptive scattering loci are juxtaposed to the 
photo-transducers; hence their effect, if any, cannot 
possibly be compared with scattering, for example ın the 
crystalline lens: we know how marked this has to be 


before it affects visual acuity!%1!, Third, a subsidiary 
experiment showed that when a Snellen visual acuity (C) 
chart is projected on a screen, and a ground glass 1s 
apposed to the chart on the side of the projecting Jens, then 
the coarseness of the ground glass required to reduce 
visual acuity is much greater than that needed to raise the 
value of P, by a significant amount. This is also true for 
contrasts smaller than those used in Snellen charts. 

If the retinal tissue itself does not appear to interfero 
with visual acuity m particular and vision in general, 
this cannot be seid of the internal retinal blood supply. 
The very fact that the avascular area can be measured 
subjectively with the astonishing precision shown in 
Table 1 is sufficient indication of the mterference which 
blood-flow would cause m foveal vision were it present 
in the central area. As regards a raison d’éire of the an- 
thropoid fovea, ıt may be suggested that this exists 
because the internal blood supply, not the retinal neurogha, 
interferes with steady and acute vision: the fovea is 
therefore spared and the neurogla move outward to 
reach the blood supply that provides them with the 
requisite metabolites. Examination of human retinge 
shows that the avascular and aneuroghel areas in the 
central retina are co-extensive. Michaelson" and Ashton!* 
have referred to a hypothetical vasoformative factor which 
governs the formation of retimal vessels, the factor 
operating in regions of low oxygen tension and vice versa. 
The accurate match between the two areas mentioned . 
does not detract from this general principle, although 1b 
renders questionable the need for a special oxygen supply 
in the central fovea and, with it, a reason advanced for the 
existence of the yellow macular pigment’ in the living 
primate eye. On the other hand, the centrel retina of the 
night monkey Aotes is also avascular, but no fovea is 
present. This raises intriguing questions regarding the 
evolution of this monkey, the phylogenetic and onto- 
genetic stages of the formation of the above areas, and, 
of course, the validity of the hypothesis put forward here. 

I thank Miss G. M. Villermet for her help and 
enthusiasm. 
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SYNTHESIS OF ADENOSINE TRIPHOSPHATE BY A PROTONMOTIVE FORCE 
IN RAT LIVER MITOCHONDRIA 


By Dr R. A. REID*, Dk JENNIFER MOYLE and Dr. PETER MITCHELL 


Glynn Research Laboratories, Bodmin, Cornwall 


ACCORDING to the chemiosmotic hypothesis of oxidative 
and photosynthetic phosphorylation!, the “oligomycin 
sensitive’ ATPase of mitochondria? and the “ ‘Dio-9° 
sensitive’ ATPase of chloroplasts? reversibly couple the 
translocation of hydrogen ions across the cristae or 
lamellae membrane to the hydrolysis of ATP. It follows 
that the establishment of a pH gradient m the appropriate 
sense across the cristae or lamellae membrane (under 
conditions precluding the development of an opposing 
membrane potential) should cause the ohgomycin sensitive 
or ‘Dio-9’ sensitive synthesis of ATP from ADP and 
inorganic phosphate (Pi) (see ref. 4). 

Jagendorf and Uribe® recently desoribed the proton 
driven synthesis of ATP by fragmented spmach chloro- 
plasts, and McCarty and Racker‘ confirmed that this 
apparent reversal of the ATPase reaction is sensitive to 
‘Dio-9’, and to an antibody to part of the ATPase enzyme 
system. 

Experiments designed to detect ATP synthesis induced 
by a pH gradient across the membrane of mitochondria 
have been 1n progress for some time in several laboratories, 
and we have received reports of negative results that have 
been fairly widely canvassed ın private correspondence 
and at international meetings during the past 9 months. 
These events have prompted us to attempt to reverse the 
oligomycin sensitive ATPase reaction by subjecting intact 
rat liver mitochondria to a pH gradient under the con- 
ditions specified by Mitchell‘. The optimum expermental 
conditions for the proton driven reversal of the muto- 
chondrial ATPase have not yet been explored, but the 
observations described here provide substantial evidence 
for the predicted reversibility of the oligomycin sensitive 
mitochondrial ATPase, and should be useful as a basis for 
further work. 

Liver mitochondria from male Wistar rats were isolated 
by conventional methods in cold 0:25 molar sucrose free 
from carbon dioxide and saturated with nitrogen’, and 
were stored at 4° C at a concentration equivalent to 
100 mg proteim/ml. (ref. 8) for between 1 and 5 h before 
use. 

The proton driven reactions were carried out at 25° C 
in a small polythene vessel containing a glass electrode 
assembly and a magnetically driven “‘flea” giving vigorous 
stirring. The reactants were added to the mitochondrial 
suspension according to the schedule of Table 1, using 
hand operated glass syringes fitted with fine glass needles. 
The timing of the addition of the reactants was assisted 
by a metronome, which beat m seconds. The pH was 
continuously monitored on a strip-chart recorder. The 
addition of rotenone and antimycin A to the mitochondria 
at the concentrations described in Table 1 was shown in 
separate experiments to give practically complete in- 
hibition of the small endogenous respiration. The ethylene- 
diaminetetraacetate (EDTA) was added to inhıbit the 
adenylate kinase’, especially during the alkali bath phase, 
and the valinomycin was added to collapse the membrane 
potential‘. 

When the reaction had been terminated with trichloro- 
acetic acid (TCA), as shown in Table 1, the precipitated 

* Permanent address" Department of Biology, Unrvermty of York. 





Table 1 
Tıme 
Phase (200) Additions 
tmaitochondna (50 m; tein) 
0 500 ul. {1n 0 28 M sucrose ca 
15 5 ul. rotenone (1 5 yg) in ethanol 
30 5 uL antimycin A a Netter in re 
glycyl-glycine 
meubation 45 500 yl. {pete tassıum EDTA ural) in H,O 
obigomyein (60 ug) 
Om, or 
p is (obeP ot tot mole) } m ethanol | 
amo 
e S A 
mole Pt; e. 1 we. 
Alkali bath 4 8% a r (ADP (id umole) þa H.0 
405 valinomycin (0 6 ug) ın ethanol 
420 000 a {Hol (35 cuore)” pn H,O 


Acid bath {42040 225 ul. TCA (50 per cent w/y) in H,O 


* Items shown m square brackets are not included in the routine pro- 
ure. 


mitochondria were centrifuged, and 1 ml. samples of the 
clear supernatant (“TCA extract’’) were treated with 
ammonium molybdate in sulphuric acid, and the Pi was 
extracted with isobutanol-benzene by the modification of 
the method of Martin and Doty** used for ATP assay by 
Van Dam". One tenth of the “TCA extract” from which 
the P, had thus been extracted was plated, dried at 80° C 
and counted for phosphorus-32 by a conventional Geiger— 
Muller scaler system, and expressed in terms of total P: 
taken up by comparison with the counts obtained from 
standard dilutions of the inorganic phosphate solution 
containing phosphorus-32 used m the alkali bath phase 
(Table 1). Sufficient counts were recorded to measure 
phosphorus-32 equivalent to 0-5 umole ATP/g mito- 
chondrial protein with a standard deviation not exceeding 
+3 per cent. The values were corrected for the radio- 
activity not extracted by a modification of the method of 
Martin and Doty! in a control sample carried through 
without mitochondria. 
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Fig. 1, curve A, shows the time course of the appearance 
and disappearance of ATP estimated in mymole/g 
mitochondrial protein, after the routine application of the 
pu gradient according to the schedule given in Table 1. 
The estimated ATP values for zero, 1 sec and 2 sec in 
the acid bath phase are the means of five independent 
experiments, using different batches of mitochondria. 
The point corresponding to 4 sec in the acid bath phase 
is the mean of two experiments, and that for 10 sec was 
obtained in a single experiment. The bars show the 
standard deviation from the mean. 

Fig. 2 shows the course of the pH changes corresponding 
to the 10 seo point in Fig. 1, curve A. In the routine 
procedure, the pH. at the beginning of the acid bath phase 
was 8:8-9:0 (and the pH of the interior of the cristae 
would presumably be near this value), and it went down 
to “bounce” at pH 4-2-4:3, giving a transient pH span 
across the membrane starting near 4:6 pH units and 
presumably falling rapidly to zero. 

Fig. 1, curve A, shows that the quantity of ATP 
apparently synthesized in the routine procedure reached. 
its peak after about | sec of the acid bath phase and then 
decayed to a value near zero by 10 sec. When the routine 
procedure was modified so that the drop of the pH to 
the “bounce” point was one unit less than usual (that is, 
giving a pH span starting near 3-6 pH units), as shown 
by the experiment of Fig. 1, curve B, little or no ATP 
was produced. 
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The experiments depicted by Fig. 3 show that olgo- 
mycin, added at the point indicated in Table 1, at a con- 
centration corresponding to 2-6 umole/g mitochondrial 
protein, decreased the estimated ATP synthesis by 92 per 
cent. Furthermore, the uncoupling agent, carbonyl- 
cyanide - p - trifluoromethoxyphenylhydrazone (CFCCP), 
added at a concentration corresponding to 200 mumole/g 
mitochondrial protein (which would have been equivalent 
to 6 x 10-7 mole/l. CFCCP at a mitochondrial protein 
concentration of 2-5 mg/ml.), reduced the estimated 
synthesis of ATP to 23 per cent of the normal value at 
I sec, and effectively reduced it to zero by 2 sec. 

The results of these experiments suggest that, when 
the oligomycin sensitive ATPase system of the cristae 
membrane of rat liver mitochondria 18 subjected to an 
inwardly directed transient protonmotive force (corre- 
sponding to a pH difference which falls rapidly to zero from 
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some 4:6 units), it is able to catalyse the synthesis of 
at least 0:5 umole ATP/g mitochondrial protein, the 
concentrations of P; and ADP in the suspension medium 
bemg initially 1 mmole/l. and 5 mmole/l., respectively. 
The proton driven ATP synthesis seems to be more 
transient than that observed in chloroplast fragments’, 
and this may be partly asoribed to the relatively vigorous 


ATPase activity of mitochondria, which, unlike that of 
chloroplasts, does not require thiol- or light-activation. 
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From the point of view of the chemosmotic hypothesis, 
it is especially interesting that our observations indicate 
that ATP synthesis in rat liver mitochondria is associated 
with the passage of protons inwards, as predicted, whereas 
the synthesis of ATP in chloroplasts 1s associated with 
the passage of protons outwards. This observation is in 
keeping with other evidence (see ref. 1) which implies 
that the polarity of the ATPase system in the cristae 
membrane of intact mitochondria is opposite to that in 
the lamellae membrane of chloroplasts. 

Our findings would thus seem to help to promote the 
status of the chemiosmotic hypothesis towards that of a 
theory. Conversely, the chemical hypothesis is weakened 
to the extent that a further ad hoc assumption 18 required 
to account for the new observations. 

We thank Messrs. Panex Equipment, Ltd., for attending 
to our isotope counting requirements with particular spoed 
and efficiency. We also thank Roy Mitchell and Robert 
Harper for skilled techmeal assistance, and Glynn 
Research, Ltd., for financial support. 

September 30, 1966. 
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LOCAL PASSIVE TRANSFER OF REACTIVITY OF PERITONEAL MACROPHAGES 
TO ANTIGEN: POSSIBLE ROLE OF CYTOPHILIC ANTIBODY IN ONE 
MANIFESTATION OF DELAYED-TYPE HYPERSENSITIVITY 


By Dr. D. S. NELSON* 


Department of Pathology, 


Tue importance of delayed-type hypersensitivity hes 
in its association with other immunological phenomena: 
homograft rejection, auto-allergic diseases and resistance 
to certain infections. There is considerable evidence 
that the immunological speorficity of all these phenomena 
depends on some form of antibody associated with cells. 
In addition to the characteristic delayed skin reactions, 
other reactions can be elicited ın animals with delayed- 
type hypersensitivity. One such reaction occurring ım 
guinea-pigs is the peritoneal “‘macrophage disappearance 
reaction” xm which administration of antigen by any 
route (but notably intraperitoneally) is followed by a 
profound fall ın the numbers of macrophages floating 
freely in previously induced peritoneal exudates'. This 
reaction is rapid, sensitive, immunologically specific and 
occurs in response to challenge injections of antigen only 
in ammals with delayed-type hypersensitivity. The loss 
of macrophages from the peritoneal fluid is preceded by 
clumping and is due to the adherence of the cells, singly 
or in clumps, to the lining of the peritoneal cavity?. 

The experiments to be described were prompted by two 
considerations. First, it seemed advisable to see whether 
this reaction, like other manifestations of delayed-type 
£ hypersensitivity, could be transfered from sensitive 
to normal animals by means of cells and not by means of 
serum. Second, recent experiments by Boyden? showed 
that the peritoneal macrophages of guinea-pigs immunized 
with antigen in Freund’s complete adjuvant carried an 
antibody on their surface, and that the serum of such 
animals contained a cytophilic antibody which could 
become attached to cells from normal animals and confer 
on them an affinity for antigen. Such animals also hed 
delayed skin reactions to the antigen, whereas animals 
immunized with antigen in Freund’s incomplete adjuvant 
had neither cytophilic antibodies nor delayed skin re- 
activity, although possessing “conventional” haemag- 
glutinatang antibodies to similar titres. These findings 
wero substantially confirmed by Jonas et al.4, who also 
showed that, of all the cells tested for their capacity to 
take up such a cytophilic antibody, only macrophages 
and blood monocytes were reactive. The association 
between delayed-type hypersensitivity, a striking reac- 
tivity of macrophages, and a cytophilic antibody which 
could become attached only to macrophages, seemed too 
striking to be ignored. Experiments on the local passive 
transfer of the peritoneal macrophage disappearance 
reaction were therefore undertaken. 

Non-inbred guinea-pigs were sensitized by an intra- 
dermal injection of 0-1 mg Myco. tuberculosis (lve BCG 
vaccine, Glaxo Laboratories) 4-8 weeks before use. The 
methods of inducing peritoneal exudates by glycogen and 
of collecting and counting the cells in them have been 
described elsewhere. The first series of experiments was 
concerned with the feasibility of local passive transfer 
of the reaction by means of peritoneal cells from actively 
sensitized donors. Four groups of cell donors were used: 
(1) normal animals with exudates induced by glycogen; 
(2) animals vaccinated with BCG with exudates induced by 
glycogen; (3) anmmals vaccinated with BCG with exudates 


* Present address Department of Bacteriology, Uniwersity of Sydney, 
Sydney, New South Wales, Australia. 


University of Cambridge 


induced by intraperitoneal injection of 100 ug tuberculin 
(PPD, Batch RT 24, State Serum Institute, Copenhagen) 
4 days previously; (4) BCG vaccinated animals skin 
tested with 10 ug PPD 6 days previously and with 
exudates induced by glycogen. The peritoneal exudates 
were collocted and the cells were counted; they consisted of 
60-75 per cent macrophages with lymphocytes and a few 
polymorphs. After centmfugation and washing in 20 ml. 
Hanks solution, the cells were resuspended to a con- ` 
centration of 5 x 10° per ml. in either Hanks solution 
alone or Hanks solution contaming 100 ug PPD per ml. 
Each normal recipient was given an intraperitoneal in- 
jection of 6 x 10* cells with or without PPD. The 
recipients’ exudates were collected 4 h later and the total 
number of macrophages floating free in the peritoneal 
fluid determined from total and differential cell counte. 
As additional controls, normal animals and animals 
vacemated with BCG with exudates induced by glycogen 
were injected intraperitoneally with either 1 ml. Hanks 
solution or 100 upg PPD; 4 h later the exudates were 
collected and the cells counted. The macrophage con- 
tents of the exudates of the animals in this series of experi- 
ments are shown in Tables 1 and 2. 


Table 1 Errsct or PPD ON MACROPHAGE CONTENTS OF EXUDATES OF 
CONTROL 


Total numbers of 
macrophages in 
peritoneal fwd 


Group of animals Intraperitoneal 


(number ın group} injection {x 10+ + standard 
error) 
A Normal (10) Hanks, 1 ml. 1,868 + 187 
B Normal (8) PPD, ee 1,514 + 1l4 
0 3BCG-vacomated R Hanks, 1 1,865 + 289 
D BCG-vacomated (7) PPD, 100 ug 171 + 28 
Table 2, LooaL PABSIVE TRANSFER OF PERITONHAL MAOROPHAGE 


DISAPPEARANOH REACTION BY MEANS OF CELLS FROM SENSITIEAD DONORS 
Total numbers of 


PPD macrophages in 
Group Treatment of donors with No.of recipients’ peritoneal 

calls recipients fimd(x 104+ + 

stan error) 

E Normal 0 8 1,850 + 174 
F Normal 100 ug 8 1,582 + 166 
G@ BCG 0 8 1,817 + 380 
H BCG 100 ug 8 1,461 + 268 
J BCG, PPD intraperitoneally 0 8 1,668 + 214 
K BCG, PPD intraperitoneally 100 gg 8 473 + 90 
ZL BCG, PPD intradermally 0 12 1,602 + 149 
M BOG, PPD intradermally 100 ug 12 618 + 65 


In these, as in previous experiments*-’, the intraperitoneal 
injection of PPD into guimes-pigs vaccinated with BCG 
was rapidly followed by s profound fall (91 per cent) in 
the number of macrophages m the peritoneal fluid. 
Sunilar treatment of normal animals was followed by a 
shght but statistically insignificant (P = 0-05-0-10) fall 
in the macrophage counts. 

When PPD was injected into normal animals together 
with cells, a statistically significant (P < 0-001) fall in the 
macrophage count occurred only when the cells had been 
obtained from donors which had been both vaccinated 
with BCG and remjected with PPD either intraperito- 
neally or intradermally. The fall in the macrophage 
counts, compared with recipients of Hanks solution 
alone, amounted to 72 per cent when the donors had 
received PPD intraperitoneally (Groups J and K) and 
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59 per cent when the donors had received PPD intrader- 
mally (Groups L and M). The differences between the 
macrophage counts of the animals of Groups K or M 
and those of Groups F or B (which had received PPD 
alone or PPD with normal cells) were also statistically 
significant (P <0-001). 

These experiments mdicated therefore that local passive 
transfer of macrophage reactivity by means of peritoneal 
cells from actively sensitized guinea-pigs is indeed pos- 
sible, but only when the donors have been restimulated 
with PPD. In the second series of expermments the 
possibility of local passive transfer by means of serum 
alone was investigated. Groups of guinea-pigs received 
intraperitoneal injections of 1 ml. of serum from BCG- 
vaccinated donors remjected with PPD (donors of Groups 
J-M ın Table 2), or 1 ml. of such serum mixed with 
100 yg PPD. The macrophage contents of the exudates 
of the recipients are shown in Table 3 (Groups N and P). 
No transfer of reactivity was observed, there being no 
significant difference in the macrophage counts between 
the two groups. 
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was much smaller than the number exposed in vivo. 
Incubation en vitro was carried out at 0° C, mamly to 
prevent the macrophages adhering to the glass tubes 
in which they were incubated, but also to minimize the 
ingestion of cytophilic antibody by the cells, and antigen 
was mixed with the cells treated with serum immediately 
after washing. It has also proved difficult to transfer 
other cytophilic antibody activities in vivo by injection of 
serum, unless very sensitive techniques are used to detect 
residual cytophlic antibody in the serum or on the 
celis*:*, 

In the first series of expermments on transfer by means 
of cells from actively sensitized guinea-pigs, two points 
are of particular interest. First, with the small number 
of peritoneal cells used, ıt was necessary for the donors 
to be restumulated with PPD for successful transfers to 
be brought about. Second, the mjection of 5 x 10° cells 
contaming approximately 3 x 10° macrophages brought 
about the specific disappearance of 9-11 x 10° macro- 
phages in the recipient. This su that the reaction 
between antigen and donor cells resulted in the release of a 


Tablo 3, ATTEMPTED LooaL PASSIVE TRANS¥RB OF PERITONBAL MAOGROPHAGE DISAPPEARANCE REACTION BY MEANS OF SERUM FROM SENSITIZED DONORS 
AND NORMAL OBLLS TREATED WITH SKERUM FROM SENSITIZED DONORS 


Group Cell donors Serum donors 

N No cells BCG-vaccinated, resnjected 

P No cells with PPD 

Q Normal, glycogen Normal 

R Normal, glycogen BCG-vaccinated, reinjected 
with PPD 

8 Normal, endotoxin Normal 

T Normal, endotoxin BCG-vaccinated, reinjected 
with PPD 


Attempts were also made to transfer reactivity by 
means of cells treated with serum. Normal cell donors 
received intraperitoneal injections of glycogen or 50 ug 
bacterial endotoxm (F. colé endotoxin, Difco) 4 days 
before harvest. The latter donors were used because it 
was thought possible that some non-specific stimulation 
of the donor cells might be necessary. The cells were 
washed in Hanks solution and 12-17 x 10° cells were 
mixed with 1 ml. of erther normal serum or serum from 
BCG vaccinated guinea-pigs reinjected with PPD. After 
30 min incubation at 0° C the suspension was diluted 
tanfold m Hanks solution, centrifuged, washed once 
more ın 10 ml. Hanks solution and resuspended to a 
concentration of 5 x 10% cells per ml. in Hanks solution 
containing PPD (100 ug per ml.). One ml. of the sus- 
pension was injected intraperitoneally into normal guineas- 
pigs with exudates induced by glycogen. The macrophage 
contents of the recipients’ exudates are shown in Table 3 
(Groups Q-T). A statistically significant (P = 0-002-0-01) 
fall in the macrophage contents of the recipients’ exudates 
occurred when PPD was injected with cells treated with 
serum from sensitive donors, compsred with cells treated 
with normal serum. This occurred whether the cells were 
obtained from normal donors injected with glycogen or 
endotoxin. The falls amounted to 45 per cent and 40 per 
cent respectively. 

It thus appears possible to transfer peritoneal macro- 
phage reactivity to antigen by means of normal cells 
treated with serum from sensitive donors as well as by 
means of cells from sensitive donors. This finding strongly 
suggests that a cytophilic antibody present on the surface 
of the cells is responsible for the transfer of reactivity. 
The failure of serum alone to transfer reactivity is in line 
with observations on other manifestations of delayed-type 
hypersensitivity. There seems at first sight to be a dis- 
crepancy between this failure and the ability of serum to 
sensitize normal cells in vitro for passive transfer. Several 
complementary explanations are offered for this dis- 
crepancy. ‘The number of cells exposed to serum in vitro 


Total numbers of macrophages 
Dose of PPD Xo. of recipients in Teoinionta. peritoneal fluid 
0“ + standard error) 

0 7 1,593 + 269 
100 ug 8 1,971 + 552 
100 ug 5 1,592 + 169 
100 ug 6 82 + 185 
100 ug 5 1,864 + 177 
100 ag 9 1,122 + 61 


pharmacologically active substance which caused the 
disappearance of the normal recipient cells. 

Although the evidence accumulated up to now indicates 
that the peritoneal macrophage disappearance reaction 18 
a manifestation of delayed-type hypersensitivity, and 
that a cytophilic antibody plays a part in bringing about 
the reaction, certam reservations must be expressed 
about the mplhcations of these statements. First, the 
cytophilic antibody may be different in properties from 
those previously investigated ın guinea-pigs?*. Second, 
although the macrophage disappearance reaction in actively 
sensitized guinea-pigs ıs immunologically specific, the 
specificity of the transferred reaction remains to be 
determined. Third, other workers have reported failures 
to demonstrate æ role of cytophilic antibody in other 
manifestations of delayed-type hypersensitivity, for 
example, skin reactivity’ and the inhibition of cell migra- 
tion ın tissue culture’. This may be because of technical 
problems, such as the long delay (24 h) before such 
reactions are manifest, allowing time for the cytophilic 
antibody to be removed from the surface of donor cells. 
The macrophage disappearance reaction is both sensitive 
and rapid, yet a large dose (100 ug) of PPD produced 
only a modest reaction in the recipients. It is also 
possible that not all manifestations of delayed-type 
hypersensitivity necessarily involve similar mechanisms. 

This work was carried out during the tenure of a 
Meres Senior Studentship in Medical Research at St. 
John’s College, Cambridge. 
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PURIFICATION, CHARACTERIZATION AND IMMUNOCHEMICAL 
PROPERTIES OF HUMAN CHORIONIC GONADOTROPIN 


By H. VAN HELL, B. C. GOVERDE, A. H. W. M. SCHUURS, E. DE JAGER, 
R. MATTHIJSEN and J. D. H. HOMAN 
Research Laboratories, N.Y. Organon, Css, The Netherlands 


Swor the discovery by Aschheim et al.! that urine during 
pregnancy contains large amounts of gonadotropic 
activity, several investigators have tried to obtain m 
pure form the hormone which became known as human 
chorionic gonadotropm (HCG). A preparation with a 
biological potency of 10,000-12,000 ru/mg was isolated 
from pregnancy urine by Got?, while Reisfeld and Hertz* 
and Taliberg et al.‘ reported the isolation of even more 
potent preparations (14,000-15,000 ro/mg). This com- 
rmounmcation summarizes the isolation, characterization 
and immunochemical properties of urinary HOG prepara- 
tions with potencies up to about 19,000 ru/mg. All 
HCG preparations were assayed ın the rat seminal vesicle 
test according to Loraine’ as desorbed by van Hell et al.*. 
Bovine serum albumin (Cohn fraction V) was added to 
all test solutions as a stabilizer to a final concentration of 
0-1 per cent. 

In a typical experiment crude HCG (with a potency of 
about 1,500 ru/mg) from pregnancy urme was submitted 
to an ethanol fractionation. A 0-5 per cent (w/v) aqueous 
solution containing ammonium acetate in a mole fraction 
of 0-025 and having a pH of 7 was prepared. Ethanol was 
added to the clear solution kept at — 2° C until a mole 
fraction of 0-4 was reached. An inactive precipitate was 
removed. To precipitate the active principle the mole 
fraction of ethanol was raised to 0-52 while acetic acid 
was added to a final mole fraction of 0-03. The tempera- 
ture of the solution was lowered to — 6° C. A preparation 
with a potency of 5,400 (4,900-6,000) ru/mg (95 per cent 
confidence interval) was isolated in a yield of about 90 
per cent based on biological activity 

The active material was applied to a CM-‘Sephadex’ C-25 
column equilibrated with a 0-05 M ammonium acetate 
buffer of pH 5-0. Elution took place with buffers of the 
same pH with a stepwise increase in ammonium acetate 
concentration. Material eluted with a 0-3 M buffer 
proved to contam the bulk of the biological activity. 
Ethanol precipitation yielded a preparation with a potency 
of 10,500 (9,100-12,000) ro/mg in an activity yield of 
about 75 per cent. A further purification was achieved 
by passing this material through a ‘Sephadex’ G-200 
column. Elution with distilled water gave two fractions, 
with potencies of 14,400 (12,600-16,600) and 11,300 
(9,600-13,300) ro/mg. Gelfiltration with ‘Sephadex’ G-100 
gave a better separation; a preparation with a potency 
of 18,800 (16,200-21,800) ro/mg was obtained (Table 1). 

A comparative analytical investigation was carried out 
with six preparations in various stages of purification 
Table 1, RELATIONSHIP ELHOTROPHORETIO MO 


BETWEEN OBILITIES, SLALIO 
AOID CONTENTS AND BroLogiaaL POTHNOIES OF HCG FRACTIONS OBTAINED 
BY CHROMATOGRAPHY WITH ‘SEPHADEX’ G-100 


Codeof Ry-valnes of bands NANA Potency ru/mg (95 per 
fraction content cent confidence interval) 
per cent 
BB, 076071 a 18,800 ie .200-21,800 
CR, 0-68 5 11,800 (10,100-13, 700, 
DR, 0 65 0 93 11,000 8,900-18,600 
ERa 0-59 056 0-48 8-6 8,800 (7, "400-10, 100 
BR, 0 51 82 7,500 0- 8, "800 
GsBy B1* 44 4,100 3,400- 4,900 
*and lower values 


In the first column the fractions isolated are given, while in the third and 
fourth columns ther NANA contents and thelr biological potencies are 
recorded. In the second column the qualitative results of the starch gel 
electrophoresis of the isolated materials are grven, that 1s, the r poaitlon of 


each band relative to bovine serum albumin (for BSA an Ry value of 


100 ıs arbitrarily chosen). 


and with different biological potencies ranging from 
1,280-11,500 xro/mg. Quantitative amino-acid analysis 
showed a minor increase in the content of proline, and a 
simular decrease in the content of aspartic acid, glutamic 
acid and glycine, with increasing potency. It was estab- 
lished that the sialic acid portion contams only 
N-acetyl neuraminic acid (NANA). This is in agreement 
with the generally accepted view that human sialo 
compounds do not contain other neuraminic acid deriva- 
tives’. N-glycolyl neuraminic acid found in substantial 
amounts in highly purfied HCG by Got! could not be 
detected. Quantitative analyses of the carbohydrate 
components of the six preparations did not reveal signifi- 
cant differences in galactose and mannose contents (ratio 
2:1) and in glucosamine and galactosamine (ratio 4:1). 
NANA content, however, increased and fucose content 
decreased significantly with increasing potency. After 
logarithmic transformation of the potencies, linear regres- 
sion curves could be satisfactorily fitted. It is clear that 
during the purification glycoproteins with a relatively 
higher content of fucose are removed, and that glyco- 
protems with & higher content of NANA are concentrated. 

The HCG preparations in the various stages of purifica- 
tion were also characterized by starch gel electrophoresis® 
at pH 8-7 in the manner described by van Hell e al.*, 
using the albumin band of bovine serum as a mobility 
reference (Ra = 1-00). Membrane electrophoresis with a 
0-05 M veronal buffer of the same pH was also used. 
Starch gel electrophoresis even of the most potent pre- 
parations produced patterns with several bands. Mem- 
brane electrophoresis of highly potent preparations 
produced homogeneous patterns, but multiple band 
patterns comparable with the starch gel electrophero- 
grams were observed after the addition to the buffer of 
an equal volume of formamide. All bands appeared to 
have maintaimed their electrophoretic mobility on repeated 
electrophoresis. 

HCG preparations were further studied by starch gel 
immuno-electrophoresis by the method of Slater’. In 
these expermments a mixture of different rabbit anti-HCG 
sera was used. The antisera were directed against HCG 
preparations of very different biological potency in 
order to ensure the presence of antibodies against all 
possible components which may also occur in the low 
potency HCG preparations. All preparations obtained 
by CM ‘Sephadex’ chromatography produced more than 
one precipitation arc, re immunochemical hetero- 
geneity. Final gel filtration of the materials with ‘Sepha- 
dex’ G-100 or G-200 led in some instances to immuno- 
chemically homogeneous preparations. In a typical 
experiment with ‘Sephadex’ G-100 (Table 1), sıx fractions 
were isolated with very different characteristics. The 
preparation with the greatest biological potency, B,R,, 
proved to consist of two main components in the normal 
starch gel electrophoresis, while starch gel immuno- 
electrophoresis produced two precipitation arcs, & very 
strong one corresponding with the band of Ra = 0-71 
and a weaker one which did not correspond with that of 
Ra = 0-76. From other experiments, evidence was 
collected that the band of Ra = 0-76 lacked biological 
activity. From optical density measurements of the 
electrophoretic pattern of fraction B,R,. it was found 
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that the band with Ra = 0-71 contamed 57 per cent of 
the amido black 10B stainable material present in the 
gel. Neglecting a possible non-linear relationship between 
tensity of stam and protein material present, an approxi- 
mation of the potency of the material in band 0-71 would 
lead to a value of about 30,000 ru/mg. 

The fractions C,R, and F,R, were found to be homogeno- 
ous electrophoretically as well as immunochemically. 
The fractions D,R, and E,R, showed a number of bands 
in the starch gel electrophoresis and a single precipitation 
arc in the immuno-electrophoresis. All the fractions 
mentioned in Table 1 contained immunochemically identi- 
cal material, while B,R, and G,R, appeared to contain 
immunochemically non-identical components as well. 
Fraction G,R, also contained a very faint 0-71 band. 

From the above it is clear that the bands designated 
with the R4 values: 0-71 + 0-02; 0-65 + 0-02; 0-60 + 
0:02; 0:56 + 0-02; 0-62 + 0-02 and 0-48 + 0-02, all 
of which were shown to carry biological activity, are 
immunochemically identical. This identity was also 
confirmed (a) by immunodiffusion experiments of the 
fractions; (b) by immunodiffusion experiments ın which 
the separated bands were cut out and embedded in agar; 
(c) by means of the membrane-agar technique according 
to Kohn"; (d) by haemagglutination inhibition experi- 
ments. Within the population of immunochemically 
identical proteins the biological potencies and the NANA 
contents of these proteins increase simultaneously with 
the electrophoretic mobilities. This is illustrated in 
Table 1. 

Removal of the NANA (end) groups from HCG, either 
by treatment with 0-01 N hydrochloric acid at 80° C for 
1 h or by treatment with neuraminidase from Vibrio 
cholerae, produced biologically inactive products". The 
electrophoretic mobilities of the latter were sharply 
reduced. These findings and the data presented in Table 1 
are in agreement with Schultze’s"* observations that the 
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electrophoretic mobilities of glycoproteihs are to @ con 

siderable extent determined by their sialic acid contents 

It was shown by immuno-electrophoresis and haemag 

glutination inhibition that these degraded HCG prepara. 

tions retained their immunochemical properties to a very 

great extent. Ultracentmfugal analysis at pH 7-0 anc 

pH 3-95 of preparations having potencies of 11,000 ru/m, 

and higher showed the presence of one sedimentatior 

peak and indicates a molecular weight of 62,000. Thi: 

value could be explained by the existence of a dimer a: 

described by Blobel et al.%. The results from thes 

different observations can be summarized as follows 

(1) an HCG preparation of a biological potency of 18,80 

(16,200-21,800) ru/mg was isolated; (2) immunochemic 

ally homogeneous HCG appeared to consist of one to si: 

components all carrying biological activity; (3) th 

biological potencies of HCG preparations increase in th 

same order as their NANA contents and the electro 

phoretic mobilities of their components; (4) it 1s not clea 

whether these components originate as such from th 

chorion or whether less potent molecules are dogradatioi 

products of the biologically most active one; (5) th 

structural requirements for the biological and for th 

immunochemical activities are not identical. 
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HOMOZYGOUS £3 THALASSAEMIA (88 MICROCYTHAEMIA) 
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Centro di Studi della Microcitemla, Cosenza, Italy 
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Mozxzouxzs of the human hsaemoglobins are built up of 
two a peptide chains and of two $ chains (adult haemo- 
globin, HbA = aß), or two y chains (foetal haemoglobin, 
HbF = ay;), or two 8 chains (haemoglobin Ay: HbA, = 
%3,) (ref. 1). The term thalassaemia designates a group 
of haematological diseases caused by the gonetically 
determined depression of the synthesis of haemoglobin 
peptide chains". Thalassaemia major refers to the severe 
disease observed in patients homozygous for thalassaemia 
genes; thalassaemia minor (microcythaemia) refers to the 
usually symptomless heterozygous condition. 

There are different types of thalassaemia, each caused 
by different thalassaemia genes which depress either 
partially or completely the synthesis of specific haemo- 
globin peptide chains*. Thus the synthesis of the a chains 
is depressed in « thalassaemia whereas the synthesis of 
the $ chains is depressed in B thalassaemia. These two 
types of thalassaemia account for the majority of cascs 
of thalassaemia minor. Most patients with thalassaemia 
major are homozygotes for the 8 thalassaemia gones, 
because homozygous « thalassaemia is not compatible 
with foetal or newborn survival because of the unavail- 
ability of a chains for the formation of Hb? (ref. 3). 

Other types of thalassaemia and of related haomato- 
logical disorders are known—{8 thalassaemia (also called 


F thalassaemia), Lepore haemoglobinopathy and hered: 
tary persistence of HbF. In the heterozygotes for thes 
mutations, the synthesis of two haemoglobin peptid 
chains—the 8 and the 8 chains—is depressed*. In th 
homozygotes for Lepore haemoglobinopathy and fc 
hereditary persistence of HbF (African type), tho synthe 
sis of the 8 and ô chains is completely suppressed an: 
HbA and HbA, are therefore absent’. In this article w 
report that this is also the cage in the homozygote fo 
68 thalassaemia, which has been observed for the fire 
time. 

The homozygote for 88 thalassaemia was a woman c 
31 years from Calabria, a region of southern Italy wit. 
a very high incidence of thalassaemia and othor haemc 
globinopathies*. She was in relatively good genert 
condition, although pale, slightly jaundiced and with 
considerably cnlarged liver and spleen. X-ray examun 
tion of the skull, the pelvis and the long bones showed n 
relevant alt-ration. Tho peripheral blood smear showe 
hypochromia, anisocytosis, poukilocytosis and schistocyt« 
sis of the red cells, numerous terget cells and 12 
orthochromatic erythroblasts per mm*. The osmoti 
resistanco was markedly mereased and tho sicklin 
test was negative. In short, the patient showed 
moderately severe microcytic hypochromic anaemi 
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present. Since both parents are heterozygotes for Bè- 
thalassaemia, as shown by their red cell morphology and 
by the level of HbF, the patient has been judged to b 
homozygous for 88 thalassaemia, even though she is 

HbF affected by a haematological disease less severe. than 
thalassaemia major. oe 

In view of the importance of the diagnosis of homo: 
gous 88 thalassaemia, it seems necessary to rule out the 
presence in either parent of a haematological 
different from $3 thalassaemia, which, by interactin 
the proposita with a thalassaemia gene carried by 
other parent, may cause the complete absence o 
and HbA, and the anaemia. HbF levels similar 
a ae observed in the parents have been described. 
3 4 5 perigee persistence of HbF of the Greek type? 
l rait is not, however, associated with haematologi 
gei leroy of tpe haemostobin of the individual stigmata and does not cause complete suppression of 
8 chain synthesis’, It can thus be ruled out that either 
parent is affected by hereditary persistence of HbF and 
it is extremely unlikely that one of them can be a carrier 
of a thalassaemia different from $5 thalassaemia, since 
the heterozygotes for other types of thalassaemia do not 
have HbF levels as high as those observed in this patient’s 

relatives?*. : 
The suppression of $ and è chain synthesis in 6d 
thalassaemia is of general interest, since an understanding 
of the mechanism of this suppression may throw some 
light on the genes involved in the regulation of haemo- 
globin synthesis and on the relationship between the: ~ 
B chain and the 3 chain gene. In homozygotes for the 
Lepore haemoglobinopathy and for the hereditary per- 
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Fig. 2. Column chromatography on ‘IRC 50 of the haemoglobin of the 
individual homozygous for fô thalassaemia. Note the complete absence 
of HbA,, which are eluted from this column after HbF. 


‘with marked morphological alterations of the red cells; 
clinically the disease may be classified as thalassaemia 
intermedia‘. 
; When the patient’s haemoglobin was analysed by starch 
- gel electrophoresis at pH 8-6 (ref. 7) (Fig. 1) and by 
chromatography on ‘Amberlite resin IRC 50’ (ref. 8) (Fig. 
2), only HbF was present. Not even traces of HbA or 
HbA, could be demonstrated by these methods of analysis, 
which can detect these haemoglobins in quantities of the 
- order of 0-1 per cent of the total haemoglobin. The i SN ; 
tryptic peptide pattern of the haemoglobin, analysed by ' Fig, fiui amet Woe go timiassnimia; this ingerelni i. ie 
fingerprinting’, showed the patient’s haemoglobin to be distinguishable from the fingerprint of HbF isolated from cord blood. 
indistinguishable from a sample of HbF isolated by 
column chromatography on ‘IRC 50’ (ref. 8) from umbilical 
cord blood (see Fig. 3). 

An investigation of the patient’s family (Fig. 4) showed 
that both parents (I-l and I-2) and the brother (I¥-3) 
were heterozygotes for Pè thalassaemia. They had in- 
creased HbF (see Table 1), normal or relatively low 
HbA, microcytosis, anisocytosis and increased osmotic 

“yesistance of the red cells. The patient’s sister was 
haematologically normal. 

“We have thus found that the patient's haemoglobin 

“4g normal HbF and that HbF is the only haemoglobin 





Table 1. HABMATOLOGICAL DATA ON FAMILY MEMBERS O = NORMAL 
Age ¢ BBC. MCV. ( iological eA ter : 
8 per ~B.C, LAV, morphologica: T per = os ee 
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sistence of HbF of the African type, there is also complete 
suppression of the synthesis of B and ò chains? The 
absence of B and 8 chains in the homozygous Lepore 
haemoglobinopathy can be explained by the partial 
deletion of the B and 8 chain structural genes!?. This 
overlapping deletion causes the undeleted part of the 
8 chain gene to be joined to the undeleted part of the 
8 chain gene, and the hybrid gene thus formed is respon- 
sible for the synthesis of the Lepore peptide chain™. The 
B and 8 chain genes are physically absent in homozygotes 
for the Lepore haemoglobinopathy, who are affected by a 
severe anaemia, clinically classified as thalassaemia 
major’14, 
There is no undisputed explanation of the suppression 
of the synthesis of 8 and 8 chains in the hereditary persist- 
ence of HbF of the African type. Several authors 
have suggested that a regulatory gene is involved, and that 
this controls the switch from the synthesis of HbF to the 
“synthesis of HbA + HbA, and may be considered an 
. operator gene in the terminology of Jacob and Monod!6, 
Various. tentative models of regulatory genes control- 
_ ling the synthesis of haemoglobin and the switch 

from HbF to HbA + HbA, synthesis have been based 
on the bacterial model of Jacob and Monod", but there 

is no direct evidence for the existence of regulatory genes 
= in man, 

It seems likely that 83 thalassaemia is caused by a 
single mutation rather than by two independent muta- 
tional events affecting the 8 and the & chain genes. If 
this were the case, the 83 thalassaemia homozygote should 
be affected by a disease identical with thalassaemia major, 
whereas the one described here is affected by a less severe 
disease. The suppression of the synthesis of 8 and 8 
chains in 83 thalassaemia may be caused by a deletion of 
the 8 and 8 chain structural genes, which are closely 
linked?; this mechanism has also been suggested to 
explain the hereditary persistence of HbF (ref. 15). 
But since a person homozygous for the hereditary per- 
sistence of HbF is clinically normal, whereas the homozy- 
gote for 83 thalassaemia is affected by anaemia, these two 
mutations cannot be explained by the same mechanism. 
Thus, either the 68 thalassaemia or the hereditary per- 
sistence of HbF is not caused by a deletion of the 8 and 
ê chain gene. 

63 thalassaemia is characterized by a haematological 
picture typical of thalassaemia, although homozygous 
88 thalassaemia is less severe than homozygous 8 thalas- 
saemia. HbF is also synthesized in large amounts by 
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p thalassaemia homozygotes, as compensation for the 
depressed synthesis of HbA (refs. 2 and 3). The 88 
thalassaemia homozygote appears, however, to compensate 
more effectively for the suppression of p and 6 chain 
synthesis by synthesizing y chains. This compensation 
may be explained by the assumption that y chain. synthesis 
is activated when ß chain synthesis is drastically de- 
pressed*, It is possible that a complete suppression of 
the synthesis of 8 and 8 chains such as that found in the 
88 thalassaemia homozygote activates y chain synthesis 
more effectively than the depression of § chain synthesis, 
observed in 8 thalassaemia homozygotes. i 

Among other possible explanations for 88 thalassaemia, 
that of a mutation of a regulatory gene responsible for 
the activation of the 8 and 8 chain genes, and for the in- 
activation of the y chain gene, may be considered. This 
would imply, however, that HbF should be evenly dis- 
tributed in red cells, since all haemopoietic cells should 
have the same genetic information for the activation of the 
y chain gene. HbF can be shown to be distributed un- 
evenly in red cells of 63 thalassaemia heterozygotes, 
whereas it is evenly distributed in red cells of those who 
are heterozygous for the persistence of HbF (ref. 15). 

It follows that only one explanation of 88 thalassaemia 
can at present be considered likely—the partial or com- 
plete deletion of the 8 and 6 chain genes. 

This work was carried out as part of the joint pro- 
gramme of EURATOM-CNR-CNEN. 


? Baglioni, C., in Molecular Genetics (Taylor, H., edit.), 405 (Academic Press, 
New York and London, 1963). 

2? Motulsky, A. C., Cold Spring Harb. Symp. Quant. Biol., 29, 399 (1964). 

3 Lie-Injo, L, E., Lie, H. G., Ager, J. A. M., and Lehmann, H., Brit. J. 
Haemat., 8, 1 (1962). 

* Brancati, C., and Puccetti, G., Progr. Med., 20, 635 (1964). 

§ Silvestroni, E., and Bianco, I., Le Emoglobine umane, in De Genetica Medica 
(Gedda, L., edit.) (Rome, 1963). ; 

€ Boyer, S. H., Fainer, D. C., and Naughton, M. A., Science, 140, 1228 (1968). 

7 Allen, DÐ, W., Schroeder, W. A., and Balog, J., J. Amer. Chem. Soc., 80, 
1628 (1958). 

* Baglioni, C., Biochim. Biophys. Acta, 48, 392 (1961). 

? Fessas, P., in Haemoglobin Colloquium Lehmann, H., and Betke, K., edit.) 
82 (Thieme, Stuttgart, 1962). 

1° Fessas, P., and Stamatoyannopoulos, G., Blood, 24, 223 (1964). 

u Baglioni, C., Proc. U.S. Nat. Acad. Sei., 48, 1880 (1962). 

#2 Neeb, H., Beiboer, J. L., Jouxis, J. H. P., Maars Sijpesteijn, J. A., and, 
Muller, C. J., Trop. Geogr. Med., 18, 207 (1961). 

8 Fessas, P., Stamatoyannopoulos, G., and Karaklis, A., Blood, 19, 1 (1962). 

1 Conley, C. L., Weatherall, D. J., Richardson, 8. N., Shepard, M. K., and 
Charache, 8., Blood, 21, 261 (1963). 

* Zuckerkandl, E., J. Mol. Biol., 8, 128 (1964). 

126 Gabudza, T. G., Nathan, D. G., and Gardner, F. H., New England J. Med., 
270, 1212 (1964). 


POSSIBLE APPROACH TO THE INDUCTION OF UNIVERSAL HUMAN 
HISTOCOMPATIBILITY TOLERANCE IN THE 
HETEROLOGOUS ANIMAL 


By Dr. ELAINE LEVI, Miss RACHEL ZERUBAVEL and Dr. SAM HERZIKOFF 


Immunology Laboratory, Cedars-Sinai Medical Research Institute, Los Angeles, California 


Te existence of tumour specific antigens has been claimed 
for:many human tumours usually after comparison of 
“normal and tumour tissue. Such comparisons do not 
unambiguously support the view that there exist antigens 
specific to the malignant state as such, for they do not 
rule out the possibility that the so-called “tumour specific 
reactions’ may not be reactions against normal histo- 
compatibility antigens on the tumour which are quite 
unrelated to its properties as a neoplasm. In two notable 
exceptions)’, however, tumour and normal tissue from the 
same individuals were compared using the in vitro tech- 
niques of the Shultz—Dale reaction! and the precipiten 
reaction as seen in Ouchterlony and immunoelectro- 


phoretic analyses?. Both these investigations implicated 
tumour specific antigens uncompromised by confusion 
with normal histocompatibility antigens. 

An even larger number of investigations have been 
carried out utilizing animal tumours of the primary 
autochthonous or syngenic host'-§. From these investi- 
gations, the existence of tumour specific antigens has 
been demonstrated without confusion by differences in 
histocompatibility antigens between tumour and host. 

Several workers have prepared anti-murine tumour 
sera after rendering the animal producing the heterologous 
antibody immunologically tolerant to normal tissue of the 
same syngenic mouse strain as that of the tumour. Such 
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‘tolerant anti-tumour sera have been shown to be effective 
‘in prolonging the lives of tumour-bearing mice and to 
possess little murine toxicity. 
“Po prove the existence of tumour specific antigens, it has 
therefore been necessary to compare tumour and normal 
tissue of the same genetic background. However, in any 
contemplated use of tolerant specific anti-human tumour 
sera, even if such might be potentially effective, it would 
probably not prove feasible to use tumour and normal 
tissue from the same individual for cne or both of the 
following reasons: (1) it would be difficult to obtain 
enough normal tissue of the same organ with positive 
certainty that it contains no tumour microfoci; (2) the 
preparation of one tolerant anti-tumour serum can take 
up to six months’, which might make the method useless 
because of rapid progression of the tumour and death of 
the patient. If, however, it could be shown that a finite 
-mumber of randomly selected human beings contained 
nong them all possible histocompatibility antigens, it 
ight be possible to render an animal producing heterolo- 
yus antibody immunologically tolerant to the entire 
spectrum of histocompatibility antigens of the entire 
population. It would then be unnecessary to use 
“normal” tissue from the patient with a malignancy 
to cause tolerance. Furthermore, since animals tolerant 
to all normal human antigens would be available at any 
or all times, the production of tolerant anti-tumour 
serum—even assuming that the tumour of each individual 
had its own unique tumour specific antigens—would be 
possible in a significantly decreased period of time. 
Although organ specific antigens have been distin- 
guished and may differ from one another in their anti- 
genicity, it has been demonstrated that all or substantially 
all histocompatibility antigens of the individual can be 
¿| found on all types of nucleated cells tested®. 
-Before preparing immunologically tolerant entiserum 
apecifie to a human tumour, without using any normal 
tissue from the patient, it must first be discovered whether 
a finite number of histocompatibility antigens can equal 
the total population spectrum of histocompatibility 
antigens. 
Two works of considerable interest which bear on this 
question are those of Lengerova and Chutna™ and Levi and 
“Sehechtman". Lengerova and Chutna used random bred 
< A strain mice into which embryonic liver cells from varying 
numbers of donors were injected. It was found that 
cells from forty donors would produce “universal” trans- 
“plantation immunity against skin and isolated epidermal 
““@ells from randomly selected adult donor H strain mice. 
Levi and Schechtman have shown that antiserum for 
12 day chick embryo erythrocytes, prepared in adult 
chickens, could not be absorbed to completion for all 
adult erythrocyte: activity using as many as 96 adult 
chicken erythrocyte donors. On the other hand, anti- 
serum for 12 day chick embryo erythrocytes prepared in 
the rabbit could usually be absorbed with the erythrocytes 
of a single adult bird, and no antiserum needed more than 
four birds to absorb activity to all adult erythrocytes 
tested. This latter observation would tend to indicate 
that the animal producing heterologous antibody—the 
rabbit-——was less discriminating (as judged by the produc- 
tion of humoral antibodies) to the variations of individual 
specific antigens than the allogenic animal (the chicken). 
In the light of these considerations, the following experi- 
ments were carried out: A solution was made containing 
equal parts of 6 per cent dextran (molecular weight 
approximately 75,000) in normal saline, Hanks solution, 
and enough heparin to amount to 4 units/e.c. Thirty 
“normal human subjects (pool 1) of all Landsteiner blood 
_ groups were bled for between 5 and 10 e.c. of blood which 
z was immediately mixed with approximately equal amounts 
of the. dextran-Hanks-heparin (DHH) solution. The 
ture was allowed to sediment for between 30 and 45 
min The supernatant was removed and pooled for 
washing according to Landsteiner blood groups. After 
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centrifugation, the cells in the supernatant. were. saved 
and washed twice in Hanks solution and finally, after 
washing, all cells were pooled together. These pools then ` 
contained mainly donated leucocytes together with 
erythrocyte contaminants. The suspensions contained 
50 per cent cells. 

In two experiments, rabbits were injected with these 
cells by way of the marginal ear vein. Coincident anaphyl- 
axis was very high using this route, and a maximum of 
four injections of the cell suspension could be made 
(0-25, 0-50, 0-75 and 1-00 ¢.c.). During the third series 
of immunizations, the intraperitoneal route was used 
throughout the course of injections and no fatal anaphyl- 
axis occurred (0-50, 0-75, 1:00, 1-50, 1-75 and 2°50 œe: 
of a 50 per cent suspension). The rabbits were bled 7-10 
days after the last immunizing injection and their serum 
pooled for each experiment. These donors (pool 1) and 
twenty-eight to thirty additional individuals (pool 2) 
were bled for 5-10 c.c. of blood which was treated as 
previously indicated. The animals in pool 1 and pool 2 
were kept separate. l : 

The antisera made to the leucocyte and erythrocyte 
contaminants were treated as follows: the complement 
of a portion of rabbit anti-human leucocyte-erythroeyte 
serum was destroyed by heating to 56° C for 30 min. 
Haemagglutination titres were obtained against equal 
suspensions of pool 1 and pool 2 cells. In all cases, these 
were identical for a given pool of antiserum but differed 
among the three pools. 

Table 1 gives the highest antiserum dilution, giving 
haemagglutination for the three antisera pools. 


Table 1. HAEMAGGLUTINATION TITRE 


Route of 
immunization 
Pool 1 Pool 2 
z ¢ i 1 1 
Antisera i intravenous a 084 to Tan Toe 
woes PRO + 
1 1 
Antisera 2 intravenous 6568 Sie 
. ' 
1 1 
Antisera 3 intraperitoneal “F000 “E000 


In all three experiments a second portion of antisera 
against pool 1 was absorbed with pool 1, and when the 
absorbed antisera had lost all activity against pool 1, as 
judged by cytotoxic indices* and haemagglutination, it 
was also absorbed to completion when tested against 
pool 2. In addition, when absorbed to completion with 
pool 2, it had no activity against pool 1. 

In experiments 2 and 3, the cytotoxic index of antisera: 
against pool 1 was obtained by titration against pool 1 and. 
pool 2 leucocytes. In experiment 2, all activity against 
both pool 1 and pool 2 cells was lost by 1 : 128 dilution. In 
experiment 3, all activity against pool 1 and pool 2 was lost 


by 1:40 dilution. The intermediate values obtained by: 


cytotoxic titration in both experiments did not differ 
significantly (+ 5 per cent) at any point in the titration. 
There remained a distinct possibility, however, that 
absorption of antisera by the cells of either pool 1 or poo! 2 
could co-precipitate unrelated antibodies, so that the 
following experiment was designed: six neonatal rabbits 
were injected using the same cell pools as for experiment 3 
(Table 1) beginning within 8 h of birth with 0-5 c.e. cells 
of a group, pool 1, containing leucocytes with erythrocyte 
contaminants from twenty-six to twenty-eight donors. 
These injections were continued daily for a total of ten 
injections and the amount of cells increased to 1 ¢.c. for 
an additional eleven daily injections. The rabbits. pre- 
sumed tolerant were rested until they were 8 weeks old,’ 
at which time three of them were reinjected with cells from 
the original donor group—pool 1; and three with the 
second group of cells from the same number of unrelate: 
donors—-pool 2. The injection schedule for each:rabbit w 
the same as for the non-tolerant rabbits of ex 
ment 3; it was bled 10 days after the last 
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injection. |The sera from three pool -1 tolerant r 


“the sera from rabbits tolerant to pool 1 and immunized 
with pool 2." These sera were titrated by haemagglutina- 
tion and cytotoxic index against red cells and white cells 
of both pool 1 and pool 2 respectively. Antisera tolerant 

“to pool.1 and immunized with pool 1, like antisera tolerant 

“to pool 1 and immunized with pool 2, behaved in a 
similar fashion. No eytotoxic activity was present in 
either antiserum against either pool at a dilution of 1 : 10. 

It should be noted that the rabbits tolerant to pool 1 
and immunized with pool 1 had no higher cytotoxic 
index against cither pool 1 or pool 2 than had rabbits 

‘made-tolerant to pool 1 and immunized with pool 2, 

<o and the behaviour of both types of antisera against homo- 

¿=> logous pool 1 and heterologous pool 2 cells was essentially 
similar. Haemagglutination titres of both tolerant 
_ antisera pools were essentially the same against pools 1 
and 2, and were below 1: 100 in all cases. 

_ Thus by the parameters of cytotoxic index and haemag- 

_ glutination in tolerant, non-tolerant and intolerant recipro- 
eally absorbed sera show that the pool 1 group has induced 

the same degree of either tolerance or immunity against a 









‘given pool | cells for immunization were pooled as was 
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second pool of similar size and thus, from the immuno- 
logical perspective of the rabbit, a finite pool. of white. 
blood cells with their array of histocompatibility antigens: 
is equal to a second finite unrelated pool. Thus, it would 
seem that the immunological perspective of the rabbits’ 
toward human histocompatibility antigens (as represented 
on white blood cells) is that a finite pool is equivalent to 
an infinite pool. 

This work has obvious implications in preparing hetero- 
logous animals to be tolerant to all normal human 
histocompatibility antigens without using any given 
individual. 
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GENETIC POLYMORPHISM IN PARASITIC SYSTEMS 
By Pror. CLAYTON PERSON 


Department of Genetics, University of Alberta, Edmonton 


GENETIC interrelationships between hosts and their 
_oparasites have been extensively studied by Flori, who 
-= concluded that for each genetic locus in the host, governing 

resistance and susceptibility, there is a specific and 
_-crelated locus in the parasite that governs its virulence and 
_ avirulence. Flor’s hypothesis of “gene for gene” relations 
- is widely accepted, and results of studies of a number of 
parasitic systems have been interpreted in terms of specific 

- interactions between related genes in host and parasite 


(Table 1). 











“Table 1. PARASITIC SYSTEMS IN WHICH GENE FOR GENE RELATIONSHIPS 
pees HAVE BEEN REPORTED OR SUGGESTED 
: System Author(s) Year Reference 
 Dinum and Melampsora Flor 1955 1 
Solanum and Phytophthora Toxopeus 1956 2 
i0, Lycopersicum and Cladosporium Day 1956 3 
Ooo Mabe and Venturia Boone and Keitt 1957 4 
Hordeum and Erysiphe Moseman 1959 5 
o Pritieum and Erysiphe Powers and Sando 1960 6 
Triticum and. Puccinia Zadoks 1961 T 
| Lriticum and Tilletia Metzger and Trione 1962 8 
< Priticum and Puccinia Loegering and Powers 1962 9 
Hordeum and Ustilago Oort 1963 10 
: Cafea and Hemileia Mello-Sampayo and 1964 11 
Hagen Noronha-Wagner 
Halisky 1965 12 


a vena and. Ustilago 










Tn his studies of flax and flax rust, Flor found that host 
istance was invariably inherited as a dominant charac- 
sristic. He found, in addition, that the 27 genes for 
sistance (R genes) already identified occurred as multiple 
es at five loci. He also found that the virulence of 
arasite was invariably inherited as a recessive char- 
ristic, and that the genes for virulence (V genes) 
segregated independently, giving no evidence of allelism. 
hese observations are supported by subsequent, studies 
of other parasitic systems which have yielded the same 
general result, that R genes in the host are commonly 
dominant and allelic, whereas V genes in the parasite 
are. commonly recessive and show no evidence of allelism. 
‘The underlying mechanism which gives rise to the specific 
gene for gene relationships has been described earlier. 
Briefly, the entry and spread of a new and effective R 
gene in the host population change the environment of 


the parasite to favour only those among them that have 
the requisite, and therefore related, V gene. 

Possession of the related V gene enables the parasite 
to survive and to reproduce even though the host has the 
R gene, whereas non-possession of the appropriate V gene 
limits parasitic reproduction to those in susceptible hosts 
{that is, hosts without an effective R gene). With the. 
spread of its related V gene, the value of an R genein 
the host population, initially high, is reduced progressively 
and approaches zero when all parasitic individuals possess- 
the related V gene and are able to attack the previously 
resistant but now “susceptible” host. The R gene, now 
useless, is no longer kept at high frequencies through 
selection in the host population and, as frequency declines, 
the value of its related V gene in the parasitic population 
is also reduced. The selective values of R genes and V 
genes in their respective populations are therefore inter: 
dependent, an R gene having a high selective value when 
the related FV gene is rare, and a low value when it is 
abundant; a V gene has a low selective value when the: 
related R gene is rare, and a high value when it is abun- 0 
dant. The interaction between an R gene and its related 
V gene is such that a continued increase in the frequency: 
of either of them will ultimately lead to a breakdown in’ 
the selective mechanism that initiated the increase. ; 

For systems involving Batesian mimicry, Sheppard'4 has: 
outlined a mechanism regulating allele frequencies in the | 
mimetic population in which a superabundance of the 
mimetic form leads to a breakdown in the selective | 
mechanism, and to a reversal in relative frequencies of 
model and mimic. The obvious parallel between events > 
occurring in mimetie systems and those described pre- 
viously for parasitism suggests that parasitic systema, 
and particularly the commonly observed features of 
them, should also be viewed in terms of Ford’s theory 
of balanced polymorphism. 

It has been shown previously!® that regardless of the ~ 
number of different R genes already present in a host 
genotype, each additional R gene will reduce by half the 
number of parasitic genotypes to which it may prove 
susceptible. Where host resistance is both dominant and 
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elic i would follow that a heterozygote, say R,R,, 

yould have a wider range of resistance than would either 

f the two homozygotes, R,R, or R,R,. It is obvious that 

in outcrossing host populations, heterozygote superiority 

_ would stand out as one of the factors contributing to the 
maintenance of R allele polymorphism". 

Assuming that selection in the host population favours 
heterozygotes over homozygotes, then in any particular 
case the heterozygote that has been favoured will, in its 
turn, bring forward two related genes and not just one, in 
the parasitic population. Allowing that virulence of the 
parasite is as a general rule recessive, this means that 
changes at a single host locus will affect gene frequencies 

at two different loci in the parasite. It also means that 
replacement of either of the two alleles at the host locus 
by a third R-allele will then affect gene frequencies at a 
hird locus in the parasite. For example, genotype R,R, 
n the host will bring forward, and ultimately become 
‘Geceptible to, genotypes ¥,v,v2v, in the parasite; replace- 
ment of either R, or R, by R} which confers resistance, 
will therefore favour, among the existing v,v,v,v, popula- 
ion, those individuals that are also v,v,. With R gene 
_ polymorphism in the host, it is clear that the parasite, if 
it is to survive on a newly resistant sector of an otherwise 
susceptible host population, must possess genes for 
virulence at at least three different loci. 
If we now consider a system in which there are five 
alleles at a single host locus (Flor’s studies) it then becomes 
i< apparent, through extension of the above, that the five 
related V genes will occur separately, at five different 
loci, in the parasite. The five possible changes from 
susceptibility to resistance in the host population will each 
call for an adaptive response at a new V locus that is not 
then contributing to parasitic survival on the existing 
host. population. 
= A diagram to show how the five R alleles and their five 
_. related V loci may interact in a system of balanced poly- 
- morphism is presented in Fig. 1. In the outer circle the 
_ five R alleles are shown as being replaced, in the sequence 
SR, to Rẹ at the single R locus in the host. The five inner 
circuits are intended to represent the changing frequencies 
of v alleles at the five separate and related V loci in the 
parasite. Frequencies of V alleles are shown as rising 
rapidly (outward from the centre), following entry of a 
new R allele, and falling slowly (inward to the centre) 
after replacement of the R allele. The diagram is intended 
to illustrate a repeating series of steps, each of which 
‘involves the conversion of the host population from 
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Fig. 1. For information see text. 
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resistance to susceptibility. Each of the five such steps 
shown in Fig. 1 begins with the replacement. of one R- 
allele by another. The incoming R allele in each case is: 
that with the least frequent related V gene. Introduc- | 
tion of this R allele then raises the frequency of the 
related V gene from a minimal to a maximal. level, 
and the host population is again susceptible... During - 
the remainder of the cycle, with the R allele ineffective, 
the frequency of the V gene declines until it reaches 
a level sufficiently low to ensure the reintroduction — 
of the R allele. (In drawing up Fig. 1 it was convenient. 
to represent V gene frequencies as declining stead: 
except for the intervals in which related R genes 
resistance. No attempt was made to illustrate 
changes in overall numbers of the interacting po 
tions, or to illustrate changes in the relative frequencies 
of the five R alleles, or of alleles for avirulence at the © 
five V loci.) Allelism of R genes can thus be viewed 
as an integral part of a larger system which’ also. 
includes specific gene for gene relationships, with the 
interactions between related genes in separate host and 
parasitic populations generating a cycle of selection: pres- 
sures that leads to the maintenance of balanced poly- 
morphisms in the two interacting populations. 

The role of R gene polymorphism in parasitic systems 
was examined some years ago by Mode“, who analysed” 
a model system involving specific interactions between 
two R alleles in the host and two separate loci in the _ 
pathogen, and concluded on mathematical grounds that — 
such a system would, under certain conditions, eventually > 
reach a state of stable equilibrium. Mode also considered — 
the problem of co-evolution of host and parasite over long — 
periods of time, and concluded that “the problem of the — 
pathogen, existence without eliminating its host, and the. 
problem of the host, the maintenance of resistance- to the - 
pathogen, have been solved simultaneously by the com- ; 
plementary genetic systems of the host and parasite”? = 
Although the model constructed in this article differs in © 
many ways from the one analysed by Mode, it is clear 
that since both are self-regulating, Mode’s earlier stato- -- 
ment still applies. It is difficult not to agree with Mode’s - 
earlier suggestion that some such mechanism of. gelf- 
regulation is a necessary condition for the continued, 
co-evolution of hosts and their parasites, 

It is necessary to add that most of the available genetic 
evidence for R gene polymorphism has arisen out: of: 
studies of parasitic systems in which the host populations: 
characteristically reproduce through inbreeding. ‘This was: 
also pointed out by Mode", who considered allelism of R 
genes in these populations to be relicts of ancient poly- 
morphic systems. It is known that low levels of oute i 
sing do occur in most inbreeding systems, however, and 
this introduces the possibility of maintaining an R gene ~ 
polymorphism even though the proportion of heter 
zygotes within the population may be small. BS RE 
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VIABILITY OF LONG TERM FROZEN CAT BRAIN IN VITRO 
By FROF. |, SUDA, Dr, K. KITO and Dr. C. ADACHI 


Department of Physiology, Kobe University School {of Medicine and Growth, Research Institute, Kobe Medical College, 
Ikutaku, Kobe, Japan 


One purpose of this study was to investigate a possible 
limit of viability of the nerve cells of the brain under 
hypoxic or anoxic states. It is known that if the cerebral 
eirculation is interrupted for more than a few minutes, 
the brain function is irreversibly damaged. The cause of 
the damage has been suggested to be vulnerability of the 
nerve cells to anoxia, but an alternative is that the micro- 
circulation of the brain cannot be restored after the arrest 
of the cerebral blood flow. This new concept resulted from 
our experimental isolations of the cat brain in vitro’ and 
in situ”. To confirm the possible long term viability of 
nerve cells, the brain was isolated in vitro, using methods 
to prevent blockage of the micro-circulation, and stored 
in the frozen state over long periods. Its electrical activity 
was recorded after thawing and reperfusion. 

The main procedures for isolation and preservation 
of the cat brain in vitro are briefly as follows: (1) initial 
im vivo pulsatile perfusion with cooled salt balanced 
artificial solution with an adjusted colloidal pressure; 
{2) surgical procedures for isolation of the brain during 
the cold perfusion; (3) gradual additions of glycerol to 
the perfusion fluid up to 15 volumes per cent; (4) slow 
cooling to — 20° C, maintenance at that temperature and 
then slow thawing. 

The experiment was carried out as follows, using cats 
anaesthetized with ‘Nembutal’. A plastic cannula con- 
nected to a pulsatile perfusion apparatus described 
previously! was introduced into the internal maxillary 
artery on one side, close to the pterygo palatinal fossa 
after dislocation of the lower jaw and ligature of the 
occipital, auricular, temporal and alveolar arteries, and 
of the ophthalmic arteries and the optic nerve. Before 
cannulation 5 mg/kg of heparin were administered 
intravenously. After cannulation Hanks solution, which 
had been adjusted to the correct colloidal pressure with 
4-§ per cent dextran (molecular weight 55,000) or hydro- 
-dextran (molecular weight 65,000) and cooled to about 
10° C, was perfused through the brain using the pulsatile 
‘pump. At this stage the carotid artery was bled to facilitate 
displacement of cerebral blood by the artificial solution. 
Cannulation and cold perfusion of the other side were 
then carried out. After ligaturing the vertebral arteries 
at their exit from the foramen transversarium on both 
sides, the spinal cord was transected at about the C, 
level, The zygomatic bones were excised and the upper 
wall of the frontal sinuses, the orbital contents, and the 
upper and outer walls of the orbits were removed. The 
ethmoidal cells and the hard palatina were cut from 
the ridges of the opened frontal sinuses together with the 
upper jaw using bone scissors. Thus, the brain within the 
skull was isolated from the body. While continuing 
the cold perfusion, all fragments of muscle and mucous 
membrane were scraped from the skull and cut end 
branches of the internal maxillary artery, such as infra 
orbital, ethmoidal, buccinator, and palatinal arteries were 
ligatured, 

The brain within the cranium was then transferred to a 
perfusion apparatus containing a recirculation device, 
and glycerol was added to the reservoir of cooled artificial 
solution at 10 min intervals, thus increasing its con- 
centration from 5 to 10, and then from 10 to 15 volumes 
per cent. The preparation, with a piece of perfusing 
cannula attached, was immersed in a plastic container 
filled with artificial solution of the same composition as 
the final perfusate and transferred to a deep freezer 
where it was cooled and kept at — 20° C. 


On the day before use the container holding the frozen 
brain was removed from the freezer to a cold room at 
about 2° C and the brain was thawed very slowly over- 
night. After complete thawing, the cranial bone covering 
both hemispheres was removed while the brain remained 
in the ice cold solution, and the cerebral dura was opened. 
The craniotomized brain was again connected to the cold 
perfusion apparatus without recireulation and the glycerol 
was washed out completely, taking about 30 min, and 
was replaced by dextran and Hanks solution. The brain 
was transferred to a warm blood perfusion assembly 
installed in an incubator. As the amount of circulating 
blood required for operation of the apparatus was between 
150 and 200 ml., fresh blood was obtained from a cat under 
ether narcosis. This blood was diluted by adding one 
third to one half volumes of 4 per cent dextran and 
Hanks solution. This diluted blood was equilibrated 
well with oxygen before perfusion by passing it through 
the globe type film oxygenator of the assembly, against a 
flow of 95 per cent oxygen and 5 per cent carbon dioxide 
gas saturated with water vapour. In order to facilitate 
temperature maintenance and handling of the preparation, 
the ineubator used consisted of two sections, an upper 
organ and a lower pump oxygenator chamber. The prin- 
ciples of the pulsatile perfusion system were the same as 





Fig. 1. Front view of perfusion assembly consisting of an upper organ 

chamber and a lower pump-oxygenator chamber as installed in the 

specially constructed incubator. The diameter of the globe oxygenator 
is 10 em. 
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Control ECG’s recorded before and during cold perfusion 
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Fig. 2. 


Electrocorticograms recorded before and after 45 days storage at —20° C. The 
recorded under ‘Nembutal’ anaesthesia. The second tracing indicates disappearance of the 
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permost tracing shows a control brain wave- 
rain waves during perfusion with the cooled, 


artificial solution in vivo. Lower three tracings were obtained after storage at —20° C and reperfusion at a normal temperature. 


those already published’, except that the container holding 
the brain was some distance from the pressure regulating 
and oxygenating apparatus shown in Fig. 1. The surface 
of the cerebral hemispheres was protected against dryness 
and cooling by covering it with strips of thin plastic 
wrap, but for long term observation the container holding 
the brain was closed tightly while in the incubator. 

To demonstrate living brain tissue, spontaneous 
electrical activity was recorded by small silver plates 
placed on the surface of the cerebral cortex and needle 
microelectrodes (approximately 2-4u at the tip) inserted 
¿into the brain. Fig. 2 permits a comparison of the brain 
waves obtained before and after 45 days of storage in the 
frozen state. The uppermost tracing shows an electrocorti- 
` cogram recorded with a pair of screws inserted into the 
cranial bone under ‘Nembutal’ anaesthesia. The second 
tracing indicates the course of disappearance of the brain 
waves during in situ perfusion with cooled dextran and 
Hanks solution at a pressure of 85/75 mm mercury. 
The lower tracings are records of the electrocorticogram 
obtained from the revived frozen brain during perfusion 
with dilute blood at a pressure of 95/65 mm mercury 
and 37° C. 

The photomicrographs of this and other revived frozen 
brains showed almost normal cell arrangements and 
Nissl grains as illustrated in Fig. 3. 

In one specific experiment, the brain of a 2-8 kg cat, 
anaesthetized with ‘Nembutal’, was perfused in situ 
| with 4 per cent dextran and Hanks solution at 10-5° C 


through the internal maxillary arteries under a pressure of 


90/80 mm mercury. This was on December 17, 1964. Iso- 
lation of the cranium containing the brain, glycerol treat- 
ment and immersion in the artificial solution were per- 
formed as described above, and the tissue stored in a 

_deep freezer at — 20° C until July 7, 1965. On the next 





afternoon the craniotomized brain was perfused so as to 
wash out the glycerol with dextran and Hanks solution 
at 7°C and under a pressure of 90/80 mm mercury. 
This took 20 min and the temperature of the interior of 
the brain rose to 12° C. The pressure was then lowered to 
65/60 mm mercury and the perfusion continued for more 
than 30 min. The temperature of the brain remained 
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Phe room temperature was 26°C. The 
_ brain was transferred to the incubator and 
connected to the warm blood perfusion 
_ apparatus which circulated through the 
_ brain diluted fresh cat blood at 37° C under 
a pressure of 70/55 mm mercury and a 
- pulsation rate of 118/min. The brain 
temperature rose from 16° C to 34° C during 
the first 15 min and reached 36° C during 
_ the next 30 min, when the perfusion pres- 
_ sure was adjusted to 80/60 mm mercury 
and maintained at this level throughout 
_the rest of the experiment. 
o Fig. 4 shows the electrocorticograms of 
“the revived. brain, described above, at dif- 



















5 shows sample strips of spontaneous 
discharges recorded after hemispherectomy from the 
ntralateral cerebral cortex, hypothalamus and the ipsi- 
cerebellar culmen of the same mon which gave 
electrocorticograms shown in Fig. 4. 
nee the discovery by Smith in “1048 that glycerol 
ts the otherwise lethal effects of freezing on fowl 
spermatozoa, the use of glycerol has been successfully 
applied to the preservation of isolated mammalian cells, 
issues and organs*. No attempt has been made to pre- 
“serve central nervous tissues except for the rat superior 
cervical ganglia which were stored successfully by J. E. 
‘Pascoe in 1957 at ~76° C for 21 days. After storage, 
the evoked action potentials from these ganglia were 
somewhat reduced in amplitude‘. The protective effect 
of glycerol against freezing has been confirmed. on the 
cat brain by the present experiments. A defect following 
freezing was a pial oozing of the cerebral cortex which 







my N Sa wn a ha alt MA 


, A g fi 
Gurr evuuverees syacuevesususwavanus luvsvusvvervetrcercscccecoccS coos 





6 between 12° C and 16° C during this period. Cerebroi cortex 


OCTOBER 15, 1966 vou 212 





e 200py for the uppermost tracing 2° 
fOOpV. tor the other tracings 


Time O4 sec fdiv 


Serie PPPI EL ES 


AA a PNPA Vri aad | Lule vis, j! Meal da 


. DAEAR ainakeaihehitaiiainidaitiiahhaiihikiririhikaliiiiitkhrkhiirtaritisriiathiihitnnuihikat thet botnets dechehe a dotenecadntate 
pen roeren raaa 








BEC SOmin 
= fee, AA A at E a EN 
TA yo uA rA AI, if hoch Lt Aa! J a Wide Pee 8 Xe 
ep ON Ure ae r NY 
i iad i iv. \ / wy Ph a 
ae ’ ne Aon ft A Aah A a A 7 AON N ah A f i we Me 
oon y” i Wetman | can aye W eee AW A Ay SAW \| | y \ J wai J R r ) 
y Y 
: MAPIN PERCER FuUTENUUNN PununvEts ruruvivury OTETI ETTAN i Fevevutseveuweelsuneveewes ens i i sakasi; 
36e 120 min r X r N 9. y 
f n NE ha A ea fi A N ehet, T A A j V MA 
AT AL ANN y a Y z aana A NA (Vv 
X S ally Ne f wt A 
AA M^ AAS Wi A AN 
E mae Se) ree en ek emer, 





Big. 4. Electrocorticograms recorded from the revived cat brain stored for 203 days in the frozen state at —20° C. Upper two tracings 
show records obtained from the right hemisphere only. The lower pairs were from right (top) and left (lower) hemispheres. Time 
indicates the lapse of time subsequent to beginning of the blood perfusion. 





Time 20 mses. 


-Terent temperatures and at different times Fig. 5. Spontaneous unit discharges recorded with needle microelectrodes from yarions 
after the beginning of the blood perfusion. parts of the revived frozen brain which gave the electrocorticograms shown in Fig. 4 


developed, usually after one hour’s blood perfusion... 
This caused little harm to the spontaneous electrical | 
activity, but remains a defect in our experiment. i 
We especially emphasize the fact that in vivo perfusion = 
of the brain for two hours or more, with the bloodless © 
artificial solution used, was not lethal to nerve cells of the 
central nervous system. It was also effective in starting 
up the microcirculation of the brain and revival of its 
function after long storage and reperfusion. At this 
stage we wish to conclude that brain cells are not ex- 
ceptionally vulnerable to lack of oxygen. It appears that 
even nerve cells of the brain can survive and be revived 
after long term storage under special circumstances. 


? Suda, L, Adachi, C., and Kito, K., Kobe J. Med. Sei., 9, 41 (1963). 

? Suda, I., Dwenty-third. Japan Neurosurgical Society (Morioka, 1964). 

3 Smith, A. U., Biological Effects of Freezing and Supereooling (London, 1961}, 
* Pascoe, J. E., Proc, Roy. Sov. B., 147, 510 (1957). 
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LETTERS TO THE EDITOR 


PLANETARY SCIENCE 


Shape of the Moon from the Orbiter 
Determination of its Gravitational Field 


Ax analysis of the perturbations of the American Orbtzer 1, 
revolving since August 14 in a 200 min orbit close to the 
Moon, has led to a satisfactory determination of the 
principal characteristics of the lunar gravitational field’, 
and it is of interest to compare these with previous 
predictions based on plausible physical assumptions. In 
a previous investigation’ one of us predicted the coefficients 
of a harmonic expansion of the lunar gravitational po- 
tential on the assumption that the mass of the Moon 
is distributed homogeneously. The volume of the Moon is 
defined by a surface obtained from the hypsometric 
data of the Aeronautical Chart and Information Centre 
of the U.8. Air Force’. We believe these data to be the 
best available at the present time, because the use of 
high-resolution sequential photographs from Pic du Midi 
enabled the ACIC investigators to minimize the atmo- 
spheric effects, which are the principal source of errors. 
Direct determinations of the coefficients of the lunar 
gravitational field are now available, so that it is possible 
to invert the problem, and determine the shape of the 
Moon on the assumption that it is a homogeneous body. 
(Small deviations from homogeneity, as shown for example 
by the form of the lunar profiles deduced from the eclipse 
data‘, do not affect the results in any significant manner.) 
We find that the principal features of the global shape 
of the Moon, as deduced from the Orbtfer data, should be 
described by the following tesseral harmonics: 
Y;(4,8) = 0-30 — 0-89 sin*8— (0-06 cos A—O0-11 sin A)sin 
B cos B 

+ (0-21 cos 2440-01 sin 2A)cos*8, (1) 

Y,(2,8) = —0-60sin B + 1-00 sin’8+ (0-02 cos A+0-11 sin 
4) (5 sin*B — 1) cos 6 

+ (0:19 cos 24+ 0-56 sin 24)sin B cos?8 

+ (0:07 cos 3A— 0-04 sin 3A)cos*8, (2) 
Y,(4,8) = 0:12 — 1-22 smn’ + 1-42 sinih 

— (0:04 cos A— 0'16 sin A) (7 sin?6 — 3)sin 


Cos 
+ (0-06 cos 2440-32 sin 2A) (7 sin%B—1) 
cos 
+ (0-07 cos 34+ 0:04 sin 3A)sin B cos*B 
+ (0-04 cos 44—0-14 gin 4A)cos*f (3) 


Numerical values are in kilometres, as functions of the 
selenographic latitude B and longitude A, as customarily 
defined. 

Comparison of these expressions with the results of a 
previous harmonic analysis of the ACIC data’ shows close 
correspondence. Strictly speaking, the shape of the 
surface does not uniquely define the gravitational field 
emanating from its interior (for the latter is a volume, 
rather than a surface, property). In order to translate 
one into the other an explicit assumption on internal 
mass distribution must be made. A self-gravitating body 
of a mass as small as that of the Moon, however, cannot 
depart much from homogeneity, for its self-compression 
is still marginal, and it is unlikely that the close agreement 
between our present equations (1)—(3) and their equivalents 
in Table 4 of reference 5 signifles anything other than the 
homogeneity of the Moon. It should, therefore, be possible 
to determine the essential features of the mean selenoid 
more accurately from its gravitational field than from 
hypsometric measurements, as the latter are essential 
only for determinations of such deformations as would 


be described by harmonics of very high orders. For the 
Earth, the internal structure of which is more compli- 
cated, a close correspondence between volume and surface 
properties does not seem to occur, but the recent Orbiter 
results disclose that for the Moon this is probably the case. 

The results available so far! also reveal several other 
properties of the lunar globe which we wish to mention. 

First, the fact that the observed coefficients of the lunar 
zonal harmonics Y; forj = 2, 3 and 4 are not of the same 
algebraic sign (their values for j = 2 being positive, and 
negative for 7 = 3 and 4) disposes once for all of the 
possibility that the underlying deformations may con- 
stitute “frozen tides” caused by the attraction of the 
Earth or any other body—now or at any time in the 
past; if this were true, the coefficients of all zonal harmonics 
would have the same sign. In addition, the successive 
absolute values of the coefficients of the second, third and 
fourth harmonic diminish only by a factor of about two 
which implies on the tidal hypothesis that the disturbing 
body is located at a distance of not more than two lunar 
radi from its centre of mass; and this rules out the Earth 
(the radius of which is four times that of the Moon) 
altogether. 

Second, equations (1)-(3) show that the maximum 
difference in elevation represented by the second, third 
and fourth harmonic distortion does not exceed 2-2 km. 
Local level differences exceeding this limit are known 
to exist on the surface of the Moon, but even disregarding 
them we conclude that the lunar globe must possess 
mechanical strength sufficient to sustain load differences 
amounting to at least 2-2 km of surface material over 


large areas. 


C. L. Goupas 
Z. KOPAL* 
Z. Kopart 
Boeing Scientific Research Laboratories, 
Seattle, Washington. 


* Normally at the University of Manchester. 
t Normally at Stanford University. 


1 Michael, W. H., Tolson, R. H., and Gapoynski, J. P., Science, 153, 1102 (1966)° 
® Goudas, O. L. in Advances in Astronomy and Astro: y$ sios, odit. b Eopal f 
27 (Academio Press, New York, and London, 1966). 7 
* Moyer, D. L., and Ruffin, B. W., Icarus, 4, 518 (1985). 
t Carson, D., Davidson, M., Goudas, 0. L , Kopal, Z., and Stoddard, L. G., 
Icarus, b, 834 (1986). 
* Goudas, C. L., Icarus, 4, 528 (1965). 


Odd Zonal Harmonics in the Earth’s 
Gravitational Potential, determined from 
Fourteen Well Distributed Satellite Orbits 


Tms zonal harmonics in the Earth’s gravitational field 
indicate its variations with latitude, averaged over all 
longitudes. The odd zonal harmonics, of degree 3, 5, 
7, ..., specify that part of the gravitational field which 
is not symmetrical about the equator and gives rise to 
the ‘‘pear-shape”’ effect. 

The coefficients J» of the zonal harmonics are defined 
by expressing the Earth’s gravitational potential U at 
an exterior point, distant r from the Earth’s centre and 
having geocentric latitude ọp, in the form 


-Mf ŽI, (EY Paena) }, 


where G is the gravitational constant, M the mass of the 
Earth, and R the Earth’s equatorial radius. P,(sing) 
is the Legendre polynomial of degree n and argument 
sin g. GM is taken as 398602 km?*/sec’ and R as 6378-163 
km. ‘ 
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Table 1. Servs OF VALUES FOR THE ODD HARMONIO COBFFICIANTS 


7 coefficients 10 coefficients 
10S, ~—2-53 + 002 ~2604 001 
10'S, ~022 + 004 —028 + 001 
10°S, — 041 + 006 —0 40 + 002 
10°J, +0:09 + 006 0 + 006 
10*Sy, ~O14 + 005 —0 27 + 006 
10°35 +0-29 + 006 +086 + 0-08 
10°35 ~040 + 0:06 —0-65 + 0°10 
ie +980 d gos 

m 
1t 

10°Ta: +058 + 011 


The coefficients of the odd zonal harmonics can best 
be determined from the amplitudes of the long-period 
oscillations which they cause in the orbital parameters 
of close Earth satellites, and in particular from the 
variations in orbital eccentricity. A value for the third 
harmonic coefficient J, was found! in 1959. Reliable 
sets of values for J;, Js and J, emerged?“ in 1961-63. 
Consistent sets of values for Ja, Js, J; and J, were ob- 
tained*-? in 1964-65. 

Recently, we have analysed the orbits of fourteen satel- 
lites chosen. to give the widest and most uniform possible 
distribution in orbital inclination and semi-major axis. 
We have found that the odd zonal harmonics may best 
be represented in terms of either 7 or 10 coefficients, if 
coefficients of higher degree are assumed zero. The two 
seta of values obtained are given in Table 1. The errors 
in the last few coefficients of each seb may be slightly 
greater than the standard deviations given, which make 
no allowance for the neglected higher harmonics. Ten- 
tative values of J,, and Ja, were obtained; but these 
were small, so that Ja, and J,, were not worth taking into 
account. 

In Table 1 the large magnitudes of J,, and J,, are note- 
worthy: neither of these coefficients has been determined 
before. The sets of values of J; to J, in refs. 6 and 7 
are in close agreement with those in Table 1. 

The 7 coefficient set of values in Table 1 indicates 
that the sea-level surface at the North Pole is 43 metres 
further from the equator than sea level at the South Pole. 


D. Q. Kine-HELE 
G. E. Coox 
Diana W. Scorr 
Space Department, 
Royal Aircraft Establishment, 
Farnborough. 
1 O'Keefe, J , Eckels, A., and Squires, R. K., Scvence, 129, 565 (1959). 
1 Newton, R. B., Hopfield, H. 8., and Kine, B. O., Nature, 190, 617 (1961). 
* Kozai, Y., Smuthsonian Astrophys. Obs. Spec. Rpt 101 (1962). 
‘Smith, D. E., Planet. Space Sci., 11, 789 (1068). 
*Guwer, W, H., and Newton, R. R., Johns Hopkins Univ. App. Phys. Lab. 
Rpt. TG 634 (1964). RE 
* Kozal, Y., Pubi. Astronom. Soc. Japan, 16, 268 (1964). 
: King Hole, D. G., Cook, G. E , and Scott, D W., Planet Spacs Sor., 13, 1218 


Chemical Composition of Tholeiitic Basalts 
from the Wyville-Thompson Ridge Belt 
Tas Thulean basalts have been thought to belong to a 
single petrographic province, but as such they have been 


difficult to group. New data from the Faroes may throw 
light on this problem. 
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Holmes? called attention to some peculiarities of the 
chemical composition of the Thulean basalte, particularly 
the distribution of titanium. The view that these rocks 
belong to the continental shelf has been stated briefly by 
Barth? and was held previously by Peacock? and Noe- 
Nygeard‘. Muir and Tilley* state that Icelandic basalts 
are generally richer in iron than those of the Mid- 
Atlantic Ridge farther south. In a recent calculation on 
circum-oceanic and intra-oceanic basalt groups, Chayes* 
omitted the Thulean region, evidently because it did not 
fit clearly into any of his groups, being of mixed character. 

This may be because the North Atlantic Ocean houses 
not one but two volcanic belts with basalt as the dominant 
rock type; the belts cross one another (in Iceland) but 
are not of the same age. One is the young and still active 
Mid-Atlantic Ridge zone, which runs along the central 
part of the ocean, crosses Iceland and continues to Jan 
Mayen. The other is the Wyville~Thompson Ridge and 
its westward continuation which is older; Wilson’ classi- 
fies the latter as a “branch” ridge. 

Interbasaltic plant remains from the Faroes point to a 
Lower Eocene age for the lavas here, but recent radio- 
metric age determinations would place them in the 
Cretaceous*. I think that the early Faroes, and possibly 
early Iceland as well, originated on an oceanic fissure 
system running south-east to north-west; the same system 
algo gave rise to basaltic volcanism in Greenland and in 
north-west Scotland. 

Hawkes? showed that volcanic activity in Iceland came 
to a standstill durmg the middle Tertiary. The other 
parts of the Wyville-Thompson Ridge fissure belt may 
have lost their voleanic and seismic activity at approxim- 
ately the same time. In Iceland volcanic activity was 
resumed ın late Tertiary, but from then onwards ıt has 
been restricted to the central graben zone, which is 
connected with the young Mid-Atlantic Ridge; it runs 
south-west to north-east in the south-west and almost 
south to north in the northern, central part of the island. 

Work still in progress in the Faroes has included a 
number of chemical analyses. These show, together with 
microscopy of the rocks, that the lower third of the three 
kilometres thick lava pile of these islands is composed of 
non-porphyritic, tholeiitic basalts. The average of eighteen 
analyses of these lower basalts from the Faroes is shown 
in the first column of Table 1; column 2 gives the average 
of six tholeitic basaltic lavas from East Iceland (Walker®®) ; 
and columns 3 and 4 give basalt analyses from Hast and 
West Greenland’. These two may also be classified as 
tholeiitic (Munck and Noe-Nygaard!'), The chemical 
composition of the basalts from these four areas is very 
similar. The higher potash content of the rocks from 
Greenland as compared with those from Iceland and the 
Faroes may be due to the influence of the sialic material 
of this continent. 

For comparison, analyses of some oceanic tholeiites 
are shown in the last three columns of Table 1 (Engel and 
Engel**). These rocks come from the oceanic ridges in the 
Atlantic, Indian and Pacific Oceans; they are mutually 
alike, but differ markedly from the tholeiites of the 
Wyville~Thompson Ridge belt. The main differences sre 
as follows. In the tholeutic lavas of the Wyville-Thomp- 
son Ridge belt total iron is almost 5 per cent higher than 


Table 1 
Bast Weat Mid-Atlantio Indian Ocean East Pacific 

The Faroes East Iceland Greenland Greenland Ru Median Ridge Rise 
Bulicon dioxide 493 491 491 4938 498 50-7 60-3 
Titanium oxido 2-8 30 3-2 3-9 138 14 16 
Aluminium oxide 185 187 13-8 180 16-0 17-1 16-1 
Ferric oxide 54 6-5 4:2 53 1-8 1-7 2-7 
Ferrous oxide 87 89 e6 81 73 7-0 7-2 
Manganese oxide 02 02 02 02 02 O2 0-2 
Magnesinm oxide 59 62 5-5 55 A T5 7-0 
Calcium oxide 11:0 107 105 10-3 11:8 11:5 14-8 
Sodium oxde 2-5 2-8 26 27 2-8 28 28 
Potassium oxide 04 06 0-9 13 0:2 Oz 02 
Phosphorous pentoxide 03 04 0-5 04 01 01 02 


All analysea presented are given as water free, recalculated to 100. 
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in the lavas of the recent oceanic ridges, and there is nearly 
twice as much titanium and phosphorus; this is counter- 
balanced by correspondingly lower values for alumina and 
magnesium. Potash is considerably higher in the Wyville— 
Thompson Ridge belt than in the mid-ocean ridges. 

The difference in chemical composition between the 
south-east to north-west trending and the north-east to 
south-west trending belts in the North Atlantic could 
either be the result of original differences in the oceanic 
crust or the upper mantle from one oceanic sector to 
another, or alternatively of a different trend or stage in the 
development of the two intra-oceanic belts, which now 
cross one another but were not mobile at the same time. 

ARNE NOE-NYGAARD 
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Universitetet, København. 
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Polycyclic Aromatic Hydrocarbons in 
Carbonaceous Meteorites 

A FEW polycyclic aromatic hydrocarbons have been 
demonstrated in carbonaceous meteorites!*. Polycyclic 
hydrocarbons can be found m a large variety of materials? 
such as coal tar and pitch, products of combustion of 
wood, oil and petrol, and in a number of rocks and 
munerals** including asbestos* and manganese ores’. The 
origin of these hydrocarbons ın minerals is difficult to 
explain and we have analysed samples of the Cold Bokke- 
veld and Orguen meteorites to find out more about the 
distribution of the hydrocarbons and explain their 
presence in a variety of materials. 

Three samples of meteorites were examined; two were 
of the Cold Bokkeveld and one of the Orgueil meteorite. 
The Orgueil and one of the Cold Bokkeveld samples were 
obtained from the British Museum (Natural History) 
and the other Cold Bokkeveld sample came from the 
South African Museum, Cape Town. The samples were 
crushed, and extracted in redistilled benzene. The 
procedures used to extract and estimate the hydrocarbons 
have been described previously®; great care was taken 
to prevent contamination at any stage. The results of the 
analysis are given in Table 1. 

The Orgueil meteorite contained only mmute traces of 
hydrocarbons, despite the much larger yield of material 
soluble in benzene which was found to be largely elemental 
sulphur. Both the Cold Bokkeveld samples were relatively 
rich in hydrocarbons. Fig. 1 shows the ultra-violet 
absorption spectrum of 3: 4-benzpyrene in cyclohexane; 
this compound waa isolated from the extract of one of the 
samples of the Cold Bokkeveld meteorite. This isolation 
was carried out by adsorption column chromatography 
followed by paper chromatography®’. 

The absorption maxima of solutions of 3: 4-benz- 
pyrene closely match those of the fraction isolated from 
the meteorite except for a small peak at about 310 mp due 
to an unknown compound. 

The contrast between the traces of polycyclic aromatic 
hydrocarbons and the high sulphur content of the Orgueil 
sample and the much larger amounts of hydrocarbon 
and the low sulphur content in the Cold Bokkeveld 
samples is interesting. These findings seem to indicate 
that the two meteorites are of entirely different origin. 
The presence of the polycyclic hydrocarbons in the 
meteorite samples could be due to contamination of the 
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Table 1. AMOUNTS OF POLYOYOLIO AROMATIC HYDROCARBONS ‘IN THE 
BaNSENE SOLUBLE MATERIAL AXTRACTED FROM THE COLD BOKKEVELD AND 
ORGURIL METEORITES 


Amounts of polycyclic aromaso hydrooa rbons 


Hydrocarbon presen 
(ug of hydrocarbon per g of benrene-soluble 
MA ) 
Cold Bokkeveld* Orguel* 
Sample 1 Sample 2 Sample 8 
Fiuorene 2,065 440 P 
Anthracene ND P ND 
Phenanthrene 1,878 1,880 ND 
Fiuorantbrene 1,084 598 ND 
Pyrene 880 681 ND 
Chrysene P 47 ND 
1 2-benzpyrene 27 80 Tv 
8 4-benzpyrens 42 32 g: 
11 . 12-benzfluoranthrene P 6 ND 
Perylene ND P ND 
1 12-benxperylene 21 26 ND 
Anthanthrene 3 T ND 
Coronene 5 15 ND 
Weight of meteorite 
extracted 9 26 454 5-560 
Weight of benzene-toluble 
portion (mg) 23 4 179 164 0 
Percentage benzene-soluble 
portion 0 25 039 2-98 


ND, Not detected; P, present but not measured; T, traces present. 


* Sample 1, Cold Bokkeveld (BAf18989), British Museum, (Natural 
History), London. 


Sample 2, Cold Bokkeveld, South African Museum, Cape Town, 


inne 8, Orgueil (84£1060,881), Brtish Museum (Natural History), 
ndon. 


meteorite occurring immediately after impact, during 
handling and storage, or they could have been formed 
by the pyrolysis of organic maternal during or before 
passage through our atmosphere. 

Soils can contain small amounts of polycyclic hydro- 
carbons?*-!3, and if at impact some of the soil became 
attached to the surface of the meteorite, a subsequent 
analysis might show the presence of such hydrocarbons. 

Combustion and pyrolysis of organic material can give 
rise to polycyclic aromatic hydrocarbons’, and as the 
surface of meteorites could be hot when they hit the Earth, 
contamination by the products arising from the burning 
of material of vegetable origin appears to be possible. 
Mason™ is of the opinion, however, that there are no 
authentic records of meteorites having caused fires on or 
after impact. 

The polycyclic hydrocarbons could have been produced 
by pyrolysis of organic compounds, known to be present 
in carbonaceous meteorites! *15 at a time when the meteor- 
ites were subjected to high temperatures during their 
passage through air to Earth. According to Dr. Hey of 
the British Museum, however, only the extreme outer 
surface (the fusion crust) of the meteontes we examined 
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would have been at temperatures high enough for 
pyrolysis of organic material, and any products so 
formed would most likely have been swept off immediately 
on formation. There remains the final possibility that the 
hydrocarbons were present in the meteorites before they 
entered the Earth’s atmosphere. 

There is, therefore, insufficient evidence at present to 
determine the origin of the hydrocarbons detected ın the 
meteorites. The evidence given in this note indicates 
that the hydrocarbons found in the meteorite might have 
been present in soil which could have contaminated the 
sample; alternatively, they might have been present in 
the chondrites before these entered our atmosphere. 

We thank the British Museum (Natural History) and 
particularly Dr. M. H. Hey for the samples of the Cold 
Bokkeveld and Orgueil meteorites which we analysed. 
We also thank Professor L. O. Nicolaysen of the Bernard 
Proe Institute of Geophysical Research, Johannesburg, 
for constructive criticism of the manuscript, and for help 
in obtaining a specimen of the Cold Bokkeveld meteorite. 
This specimen was carefully selected from a larger one in 
the South African Museum, Cape Town, and powdered 
by Mr. A. J. Erlank of the Department of Geochemistry, 
University of Cape Town. One of us (J. S. H.) wishes to 
thank the Anna Fuller Fund for full financial support. 
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Intensity of the Geomagnetic Field during a 
Reversed Polarity 


SzovuLaR varation of the intensity of the geomagnetic 
field m the past is of considerable interest as it may 
provide a new approach to the problem of the origin of 
the geomagnetic field. 

Data for the secular variation based on direct observa- 
tions and archeomagnetism are available only for the 
past few thousand years. The tensity of the geomagnetic 
field more than six thousand years ago 1s scarcely known, 
particularly during a period of reversed polarity. 

Demagnetization by heating in a stepwise manner! is, 
at present, the most reliable means of estimating the 
intensity of the past geomagnetic field. The method 18 so 
elaborate and complicated, however, that only baked 
earths, potteries and recent lava flows have been used in 
the present investigation which have been shown to be 
2,000-3,000 years old by archaeological or carbon-14 
dating*. 

This method is based on the observation that ferro- 
magnetic minerals cooled in a weak magnetic field from 
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above their Curie temperature acquire thermoremanent 
magnetization (TRM), which has a characteristic tem- 
perature spectrum uniquely determined by the magnetic 
properties of the minerals, and that the intensity of such 
TRM is proportional to the field strength. With these 
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Fig. 1. Decay of NRM (Jn) and acquisition of partial TRM (J) ona 
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F* is the intensity of the geomagnetic field ın Kakioka laboratory. 
a, Sample from New Afexico; b, sample from Arizona. 


— 


a 


No, $089 OCTOBER 15, 1966 


<equency 


Normal polarity 





Reversed polarrty 


samples from New Mexico O 


m 


Arizona 


Fig. 2. Histogram of intensity ratio F/ Fo. 


properties of TRM, the intenmty of the ancient geo- 
«magnetic field can be obtained by comparing the spectrum 
of natural remanent magnetization (NRM) of a sample 
from baked materials or igneous rocks with that of TRM 
which is produced in the same sample in a known mag- 
netic field. 

We have found that this method can also be applied 
to rocks more than one million years old and we were 
able to determine the intensity of the geomagnetic field 
during a period of reversed polarity. Samples of Pliocene 
basalt lavas were collected from Taos, New Mexico, and 
from Flagstaff, Arizona. The New Mexico lavas show a 
distinct succession of normal, reversed and normal mag- 
netic polarities, and the upper normal and middle reversed 
lavas have been dated by the potassium—argon method 
as 3:64 and 3-92 million years old, respectively?. The 
Arizona basalte possess reversed magnetic polarity and 
are stratigraphically dated as late Phocene. The mag- 
netic properties and the stability of the NRM of these 
samples were examined in detail, and these tests con- 
firmed that the NRM of these samples is stable and no 
indication of self-reversal of the magnetic polarity by 
physico-chemical processes has been found. 

In this intensity study, one sample was taken from each 
lavaflow. Twenty-foursamples were studied by thestepwise 
heating method, of which sixteen displayed a linear rela- 
tion between the progressively demagnetized intensity of 

“NRM (J) and the partial acquisition of TRM (J;) (Fig. 1). 
The intensity ratio of F/F, where F and F, are the 
mtensities of the geomagnetic field at the sampling points 
at the time of lava eruption and at present, respectively, 
is determined from the slope of J,—J, curve for samples 
showing a linear relation between J, and J; Fig. 2 isa 
histogram of intensity ratios obtained in this way. 

It 1s remarkable that the values of F/F, are nearly 
unity for both normally and reversedly magnetized 
samples. This strongly supports the theory that the 
intensity of the reversed field 3-4 million years ago in 
the south-western U.S.A. was of smiler tude to 
that of the succeeding normal field and also to that of 
the present magnetic field. 

We thank Drs. M. Ozima, K. Kobayashi and E. E. 
Larson and Mr. H. Kinoshita for their assistance and 
advice. This study was supported by the Japan—U.S. 
scientific co-operation programme. 
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Biological Buffering of Oceanic Silica 


CALOULATION of a silica budget for the oceans provides 
useful quantitative information about the factors control- 
ling the concentration of oceanic silica. The geochemical 
cycle of silica involves its release to continental waters dur- 
ing terrestrial weathering and subsequent introduction into 
the oceans, the release of silica directly to ocean water 
during submarine weathering, and its utilization in the 
biochemical cycles of marine plants and animals. Some 
organically bound silica is removed from the oceanic 
reservoir through deposition in the sediment, and some is 
regenerated m the water column and at the interface 
between water and sediment. In a study of possible 
variations in the concentration of dissolved silica during 
the evolution of the oceans, siles budget calculations were 
made for the modern ocean. 

The only major source of oceanic silica generally con- 
sidered in geochemical balance calculations is continental 
drainage. According to the data of Livingstone!, con- 
tinental waters deliver 4:3 x 10% g silicon dioxide/year to 
the ocean of the world. A second source of oceanic silica 1s 
submarine weathering, and evaluation of its contribution 
requires a quantitative estimate of the weathering of 
aluminosilicate minerals in ocean water, since a fine 
layer of these covers most of the ocean floor. The dis- 
solution of aluminosilicate minerals in ocean water was 
investigated by Mackenzie and Garrels?, who demonstrated 
that from 2 to 20 mg/l. of dissolved silicon dioxide is 
released from various sedimentary minerals ın less than six 
months. In calculating the annual release of silica into the 
oceanic reservoir through submarine weathering, I have 
assumed that 2 mg/l. of silicon dioxide are released from 
every gram of detrital aluminosilicate maternal deposited 
annually on the ocean floor. Using annual sedimentation 
rates calculated by Goldberg and Koide? and Turekian*‘, 
and the estimates of the areas of the major ocean basins 
given by Sverdrup, Johnson and Fleming’, the annual 
addition of silica to the oceans from the submarine 
weathering is calculated as 3-0 x 10% g of dissolved 
silicon dioxide/year. 

Two methods have been used to estimate the annual 
removal of silica from the oceanic reservoir by organic 
processes. The first method utilizes data on the annual 
oceanic production of organic carbon and the average 
silicon/earbon ratio of marine organisms taken from 
Strickland’ and Vinogradov’. With this method the 
amount of silica utilized annually in the production of 
organic matter is 7:7 x 10 g of silicon dioxide. Tt 18 
difficult to estimate the proportion of mlica bound in 
organic matter which is returned to the oceanic reservoir 
through regeneration before burial in the sediment. 
Redfield, Ketchum and Richards® pointed out that silica 
in organic structures is not regenerated as rapidly as other 
nutrients such as nitrate and -phosphate. Silica versus 
depth profiles from the oceanic environment seldom show 
maxima in the water column corresponding to oxygen 
minima as do phosphate and nitrate, but they show a 
continuous increase from surface to bottom water. The 
results of Siever, Beck and Berner? indicate that sediment 
pore water does not exchange freely with overlying sea 
water and silica regenerated in the sedimentary environ- 
ment is effectively removed from the oceanic reservoir. 
Silica removal from the oceanic reservoir may also be 
calculated using sedimentation rates for siliceous oozes. 
Using the data of Lisitzin®, the annual removal of silica 
from the Antarctic ocean by siliceous organisms has been 
calculated by Schutz and Turekian™ to be approximately 
0-8 x 105 g silicon dioxide/year. 2 

The results of the silice budget calculations are sum- 
marized in Table 1. The most important conclusion 18 
that the annual removal of silica from the oceanic reservoir 
exceeds the annual influx by an order of magnitude. 
The ocean is not a steady state system with respect to 
silica, and the total amount of silica in the oceanic reservoir 


276 
Table 1. BHICA BUDGET FOR THE WORLD OOEAN 
Suljcon dioxide 

(g/year) 
Dissolved silica in i cóntiaental drain 4-3 x 10% 
Dissolved silica from submarine weathering 80x 104 
Silica in marine biochemical cycle 7-7 x 104 
Silica removed as diatom ooze in Antarctto* 08x10" 


* Calculated by Schutz and Turekian®, 


18 decreasing. It is proposed here that organisms, pri- 
marily diatoms, silicoflagellates, radiolaria, and siliceous 
sponges, are responsible for controlling the concentration 
of oceanic silica. Increases of oceanic silica which may 
result from extensive volcanism would, if sufficient 
quantities of other nutrients were present, result in large 
population increases of siliceous organisms and corre- 
sponding increases of silica sedimentation. Durmg periods 
of geological history when the influx of silica into the 
oceans is less than the biochemical demand, the concen- 
tration of oceanic silica would probably tend toward a 
minimum of approximately 0-2 mg/l. of silicon dioxide, 
cited by Strickland* as the limiting concentration of 
dissolved silica for diatom growth. 

I thank Prof. Raymond Siever for his continued interest 
and discussion of this project, which has been supported 
by the Committee on Experimental Geology and Geo- 
physics, Harvard University. 
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Estimation of Surface Energies from 
Contact Angles 


A REOENT communication by Gray! illustrates a possible 
pitfall in the use of the theories of Fowkes*-* and Good and 
Gurifalco*? to estimate surface energies, and the vanous 
components of surface energy, from contact angles. This 
source of error is the mcorrect identification of the surface 
tension terms, and the equating of the contact angle in 
a contaminated, experimental system to that in a system 
composed of properly pure components. Thus, Gray 
wrote Fowkes’s equation in the form 


cos = ~14+ 2 vt (VTE) (1) 


and used his observed contact angle data for mercury on 
polyethylene, paraffin wax and polytetrafluorcethylene, 
together with Fowkes’s estimates of y$ for the solids and 
of yi, for mercury, to calculate values for y, for mercury. 
The fact that the values of y, turned out to be very 
much larger than 485 dynes/cm was then taken to be an 
unexplained discrepancy in the theory. In his discussion, 
Gray apparently also misinterpreted a remark of Fowkes* 
about the effect of a contaminant in the mercury on the 
observed contact angle. 

I propose a more explicit nomenclature in which sub- 
scripts Sv, Lv and SL refer to the experimental solid— 
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vapour, liquid-vapour and solid-liquid interfaces. M 
there is any unspecified #1 situ contamination of any c 
these interfaces, then it is the contaminated. interface 
that are described—for example, by the term y,, for ths 
experimental surface tension of the liquid. Subserir 
SIw refers to the experimental solid—liqud~—vapour træ 
hedral. Thus, Young’s equation 


Ys. | Yas (2 
Yue 


describes an observed contact angle. 

The added subscript o refers to interfaces ın whicll 
unspecified adsorbed materials are absent. Thus, So refer 
to the solid in equilibrium with its own vapour, Lo te 
the liquid in equlbrium with its own vapour, Svo to the 
solid—vapour interface with the vapour saturated wit! 
both components, and so on, and SIvo to the solid- 
liquid—vapour trihedral in a system where only the tw 
components, S and L, are present. 

Fowkes’s equation now becomes 


C08 Osio = —1 + 2 vi (TH) = 


cos Ogn»y = 


(3 





Y Lro 
where 
Te = Yso T Ysu (£ 
According to the assumption of Fox and Zisman® 
(experimentally corroborated by Johnson and Dettre*, 
for systems in which 


Osim > 0, T, %0 (5u 


This distinction among the y’s and the 6’s is clearly 
important, in view of the derivation of equation (3% 
by means of the “geometric mean” hypothesis*7:1¢.11, 
which, for those condensed phases where dispersion force» 
dominate all other types of forces, takes the form 


-AFS _ -AF a] (8) 
V{(AFSAF) S(APMARSA) 
Since AF" = ya — 11 — Yo AFP? = — 2y, and AF“ = 
— 27, equation (6) may be written as follows: 
Yate = Yao + Yre — 2 Ve Yie (7) 


This is the basic form for Fowkes’s theory?®. Note that 
YLv, the surface tension of the contaminated surface, does 
not appear anywhere in equations (3) and (7). m 
The role of contaminants on the liquid surface, that is, 
of the mercury ın Gray’s case, can now be explained as 
follows. Young’s equation for a two-component system is 





COB Saree = Ys — Yale (8) 
Y ive 
Comparison with (2) shows that, in general, 
Osie Æ Ostro (9) 


For a low-energy surface such as ‘Teflon’, polyethylene or 
paraffin, in contact with mercury, 1b is to be expected that 
Ysvo = Yso ~ Yav (10) 
Ysus ~ Yar (11) 
So only the effects of contaminants on y,, need be con- 
sidered, when the liquid is mercury. Hence, if 0 > 80°, 
a contaminant which reduces yz, will make the value of 
6 too high, that is, Ozzy > Ogre, and the value of (1 + 
cos 9) too low. If a value of yz, is then calculated, such 
as to reconcile the left and right sides of equation (1), the „ 
result will, of course, be higher than the value of yz» 


To make a valid test of equation (3), we may solve 
equations (2), (7), (10) and (11) for yz, 


— Yrs + 2 V (Ye Yio) 


cos Ogre 


(12) 





Yir = 
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Taking y,, = 485 dynes/em, and yi, = 200 for mer- 
sury®, together with Gray’s contact angles!, the results 


mashown in Table 1 are obtained. 


“a 


Table 1 
VS8e YL (Eq. 12) 
Substance Qa Or ergs/cm* etgs/om" 
araffin wax 141-1° 140 9° 25-5 480-441 
olyethylene 148 0 145-5 35* 375-386 
olytetrafiuoro- 
ethylene 1517 160 2 19 5: 420-427 
- 24" 415-420 
* The number, 24 ergs/em*, for Ys of polytetrafiuoroethylene may contain 
a small component of quadrupole interaction energy. See ref. 7 for fon 


of this point. 


All these calculated values of yz» fell ın the range of 
values of yg, for laboratory-air-contaminated mercury 
cited by Gray and by others!*. Thus, Gray's results both 
confirm equations (3) and (7) and corroborate the estim- 
ates of the dispersion-force components of the surface free 
energies of these solids. 

The results in Table 1 for paraffin wax and polytetra- 
fluoroethylene are in reasonable agreement. The result 
for polyethylene is appreciably lower, which may be 
explained by the probable presence of plasticizers, mould- 
lubricant compounds, and polar telomers in the com- 
mercial polyethylene. Such compounds, being polar and 
of relatively low molecular weight, could migrate rather 
strongly to a mercury—vapour interface, and seriously 
depress the surface tension; so the values of yz» near 
380 dynes/em are not unexpected. Also it should be 
mentioned that Gray’s technique, of polishing polytetra- 
fluoroethylene with fine emery, is not to be recommended 
for the preparation of an uncontaminated polymer surface. 
Serious contamination of, or damage to, the solid would, 
of course, render the calculations by equation (12) invalid, 
because then ys» and ys, may be considerably different 
from YSvo and YSLo, respectively. 

In conclusion, it should be pomted out that it is now 
possible, by proper design of expermments, to measure 
surface tension and contact angle simultaneously. It 
appears, from the results in Table 1, that variations of 
the surface tension of the wetting liquid may in some 
cases be more important than intrinsic hysteresis effects 
resulting from roughness and heterogeneity of the surface. 

Furthermore, it is now possible to suggest a new source 
of hysteresis: the fluctuation in yz», as the wetting liquid 
advances or retreats. If, as is quite possible, contaminants 
are picked up from the solid by the advancing liquid 
surface, the result would be an appreciable decrease in 
YL», and a “too high” contact angle; and conversely for 
for the retreating case. In addition, a retreating, con- 
taminated liquid-front could lay down a layer of con- 
taminant on the solid, reducing ys» and thus increasing 9. 
This hypothesis regarding hysteresis can obviously be 
tested directly by experiment. 


R. J. GooD 
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Buffalo. 
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Drag Coefficients for Spheres in High 
Reynolds Number Flow of Dilute Solutions 
of High Polymers 


Divre polymer solutions show substantial reduction of 
drag ın turbulent pipe flow! and a 28 per cent reduction 
has been reported for sphere drag coefficients in a 0-5 
per cent solution of Guar gum for a 1 in. diameter steel 
ball*, These drag coefficients were measured by timing 
balls falling down a 3 ın. tube. Greater reductions of 
sphere friction factors were noted in my recent experi- 
ments. Balls were dropped by hand in a glass fronted 
tank, 1 ft. square and 6 ft. deep. The terminal velocity 
was found using a photographic technique* in which the 
position. of the ball every 0-04 sec was recorded on a 35 mm 
negative. 


Weiselberger’s Data 





5,000 10,000 40,000 


Fig. 1. 


This method allowed a check on whether the ball had 
accelerated to its terminal velocity during the first 6 ft. of 
its descent; it was found that 1 in. and } in. brass balls 
never attained terminal velocities, and these were dis- 
carded. Results in pure water are shown m Fig. 1 and 
are compared with the data of Weiselberger*. The points 
le about 10 per cent above this curve, apparently because 
of the wobbling of balls during their descent in the 
tank. This is an inherent disadvantage of the experi- 
mental technique. The balls were dropped through 
aqueous solutions of ‘P. 301 Polyox’, 0005 per cent, 
0:0075 per cent, 0-01 per cent and 0-015 per cent weight 
for weight. The results are given in Table 1 where Cp is 
the drag coefficient and Re the Reynolds number. 

The results seem to show that (1) at Re = 7,000 there 
seems to be no change in Cp; (2) maximum reduction of 
Cp occurred in 0:0075 per cent solution; (3) the per cent 
reduction of Cp increases with Re; (4) the maximum 
reduction in Cp noted was 45 per cent. 

The range of Reynolds numbers 5,000—40,000 is before 
the transition to turbulence coinciding with a sudden 


Table 1 
Diameter of Pure 0 016 , 
ball water 0 005 0:0075 00L cent ‘Polyox’ 
1430m Re 22,100 25,600 26,600 27,900 20,400 
On 0-61 0-325 0 20 0 855 0-39 
1-12 Re 15,400 16,700 16,700 15,100 18,300 
Op 0 40 0 36 0:33 0 38 0 425 
0 956 Re 12,700 18,000 18,800 11,700 10,400 
Op 0 46 0 37 0 85 0 42 0 446 
0-875 Re 7,160 6,640 6,170 5,800 5,800 
Op 0-40 0-48 048 0-40 049 
1-91 Re 80,900 38,400 38,000 34,600 20,000 
Cp 0 58 0-29 027 0 815 0 37 
159 Re 23,900 27,700 28,500 24,100 20,700 
Cp 051 0 305 0 285 0-315 0 375 
1-70 Re 12,800 18,900 18,500 12,300 11,800 
Cp 0 48 0 375 034 0 39 041 


Values for Re were corrected for the small increase in viecosity of the poly- 
mer solutions, 
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backward shift of the point of separation in pure water. 
It 18 possible to consider the reduction in friction factor 
of ‘Polyox’ solutions as a gradual motion of the point of 
separation back towards the trailing edge as Re increases. 
If this is so then the actual process of transition has been 
changed by the addition of polymer. 

I thank Dr. A. M. Benis and Mr. D. Pike for their help 
and the Department of Chemical Engineering, University 
of Cambridge, for providing facilities to carry out the 
experiments. 
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Random Heap Structure of Liquids 


BERNAL? has proposed a theory for the geometrical 
structure of liquids in which the arrangement of the 
atoms is totally irregular but nonetheless capable of being 
described by statistical means. In terms of a hard sphere 
model, Bernel postulates that liquids consist of close 
packed random heaps of spherical atoms, for which the 
volume packing density ps is 0-637 (Pv is 0-741 for cry- 
stalline closest packing). On this basis, all liquids should 
have roughly similar structures characterized by this 
single value of py. This does not, however, rule out the 
likelihood of local structural differences between different 
liquids arising from the partial retention of crystalline 
structure, for the co-ordination type may change con- 
siderably yet be accompanied by only minor changes of 
packing parameter. 

The random heap liquid structure has recently been 
used by Chadwick? in a hard sphere model of solidification 
leading to an explanation of the anisotropic nature of 
crystal growth. It is the purpose of this communication 
to show that the reliability of the random heap concept 
of liquid structure can be further tested by the use of the 
volume packing parameter. The hard sphere model 
results in a volume expansion on melting AVy of about 
14 per cent relative to the solid molar volume Vs. In 
practice, real materials (with the exception of the rare gas 
crystals) expand or contract by much smaller amounts, 
but the hard sphere model does not take into account the 
change in atomic radius resulting from the co-ordination 
change accompanying fusion. The observed values of 
(AV y/Vs) are the result of the combined effect of a change 
in packing and a change in atomic radius. Noting that 
pv is given by 4/3 nr? N/Vus, where Vx is molar volume 
and N is Avogadro’s number, the following equation may 


be obtained 
s 3 
ca B i @) ai 


where r and rs are the atomic radii of the hquid and 
solid, respectively, and p+ and p,* are the corresponding 
volume packing parameters. Since there is no unique 
value for the number of nearest neighbours in an irregular 
liquid, but instead a range within which the co-ordination 
number of any liquid atom can be found, it follows that 
there should not be a distinctive atomic size in the liquid. 
To a good approximation, however, r; can be assumed 
to be given by the position of the main peak in the radial 
distribution function obtained by diffraction methods. 
For solids, of course, rs is given by one half of the ery- 
stalline nearest neighbour distance. 

Table 1 shows some values of (r,/rs) calculated from 
the foregoing equation for various crystal structures and. 
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Table 1. RELATIVE LIQUID/SOLID ATOMIO RADH BASRD ON CLOSE PAOKED 
BANDOM HEAP LIQUID SrRUCTURES 
(rzirs) (r zits) 


Structure type Material pA experimental calculated 
Densel: cked metals, py > 0 50 
Face centred Pb zp 0-741 096 0-96 = 
cubic Al Ag PA 0-97 0 06 
AU n 097 0 97 
Al i 101 097 
Body centred li o 680 102 099 
cubic Az Na D 102 0-99 
K is 100 0-90 
Rb J 0 09 0 99 
Cs ” 1-01 0-99 
M ozo 10 0-97 
H nal close ` 
ked Å ze 0 658 108 1-01 
Cd 0 648 102 1-01 
Tetragonal 45 Bn 0 535 1-07 107 
To nal AG In 0 688 0 97 0 98 
Ehombohedral 410 Eg 0 607 103 103 
Rare gas crystals 
Face centred Ne 0 741 0 98 098 
eublo Al Ar j 0 98 099 
Kr ù 0-99 0:97 
Xe ” 100 100 
Loosely packed metallords, psf < 050 
Diamond cubic A+ Ge 0 340 110 1-21 
Bhombohedral 47 Bı 0 448 107 111 
Sb 0 425 107 112 
Orthorhombic Ail Ga 0 390 ld 1-16 


for liquids assumed to consist of closed packed random 
heaps of hard spheres, for which py“ = 0-637. Compared 
with the calculated (rz/rs) values in the table are experi- 
mental values of this ratio at the melting point, taking 
into account thermal expansion. (The date are taken 
from refs. 3-7.) The results suggest that the more densely 
packed motals and the face-centred cubic rare gas crystals 
(mm which p > 0-50) have similar structures when 
molten and that they are almost always consistent with 
random heap packing. (Hexagonally close packed mag- 
nesium and zinc seem to differ somewhat from this 
arrangement, but this may be caused—at least for zino— 
by non-sphericity of the atoms.) On the other hand, 
the metalloids which have more open crystalline structures 
(pos < 0-50) show a less pronounced tendency toward the 
random heap hquid structure, deviating from ıt by rather 
larger amounts. It might be pointed out that the ratios 
shown ın Table 1 are the result of taking cube roots, so 
that discrepancies appear smaller, but nevertheless the 
agreement between calculated and experimental (rz/rs) 
values remains striking, especially when it is considered 
that experimental values of rz often differ by about 2 per 
cent. 
I thank the National Research Council of Canada for 
a post-doctoral research fellowship, and Dr. G. A. Chad- 
wick for his many valuable suggestions. a 
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CHEMISTRY 


Hydride Transfer Reactions catalysed by 
Metal Complexes 


In the course of an investigation of the catalytic action 
of certain metal complexes in hydride transfer reactions 
it was observed that rhodium chloride catalysed the 
dehydrogenation of isopropanol to acetone. During the 
reaction rhodium metal was precipitated, and it was 
found that the rate of dehydrogenation decreased as 
rhodium was removed from solution. For example, when 
a 100 ml. solution of isopropanol containing 0:0076 M 
rhodium trichloride, 0-094 M lithium chloride and 0-29 M 
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mmydrochloric acid was refluxed, 216 ml. of gas were 


volved after 1 h and 303 ml. after 2h. A sample of gas 
taken 1 h after the commencement of the reaction con- 
«sisted of 97 per cent hydrogen, 1-4 per cent isopropyl 
hloride, and small amounts of acetone, isopropanol, 
ji-isopropy] ethér and propane (all less than 1 per cent). 
A total of 0-017 mole of hydrogen was evolved, and about 


0-013 mole of acetone was formed in the reaction solution. 


The rate of evolution of hydrogen can be described by 


mathe equation 


«a 


k 
—kt = log rx, + log (Va — P) 


where V is the volume of hydrogen evolved at time ¢ and 
Vœ 18 the volume of hydrogen evolved at t = œ; X, is 
the initial concentration of rhodium trichloride. 

This 18 consistent with 


aC?) _ k [Rh] and Z 





LEA] 
di = k [Rh] 
where [Rh] represents the concentration of rhodium in 
solution. The value of k derived by following [Rh] a 
measuring the optical density of the solution at 3300 
agreed with that derived by plotting log (Vo — P) 
against t. These kinetics indicate that the dehydrogena- 
tion is homogeneously catalysed by rhodium in solution. 
It is proposed that the dehydrogenation involves the 
transfer of a hydride ion from the «C atom of the 
alcohol to the rhodium complex? to form a rhodium 
hydride intermediate (equation 1) which either reacts 
with a proton to give hydrogen (equation 2) or decom- 
poses to give rhodium metal (equation 3). 


Me,CHOH + [RhCl,]*- 2 Mo,CO + [HRhCl,]*-+ HCl (1) 
(HRhCl,]}*-+HCl + (RbCl,}-+H, (2) 
3(HRhCl,]*- > 2Rh°+ (RbCl, }-+6Cl-+3HC] (3) 


Halpern has concluded that hydrogen and rhodium 
chloride react according to equation (2) in aqueous N 
hydrochloric acid’. 

The dehydrogenation of isopropanol was also catalysed 
by the complex formed between rhodium trichloride and 
stannous chloride’, without concurrent metal precipita- 
tion. Alcohol solutions containing 0:0076 M rhodium 
trichlonde, 0-029 M stannous chloride and 0-094 M lithium 
chloride were refluxed. The rates of hydrogen evolution 
were: for ethanol, 0:0078 mole/l./h; isopropanol, 0-018 
mole/l./h; isobutanol, 0:077 mole/l./h;  sec-butanol, 
0-020 mole/I./h. With isopropanol the rate of evolution 
of gas decreased as the concentration of acetone built up 
in the reaction solution but moreased when acetone was 
removed by fractional distillation. From isopropanol the 
yields of hydrogen and acetone were equimolar. 

It is concluded that dehydrogenation catalysed by the 
rhodium-tin chloride complex proceeds by a mechaniam 
similar to that outlined m equations (1) and (2) but with 
some of the Cl- ligands replaced by SnCl,~ which stabilize 
the rhodium—hydride intermediate agaist metal forma- 
tion. It has been reported that platinum-—tin chloride 
complexes are stable against reduction to metal by 
molecular hydrogen‘. 

The complex formed between rhodium trichloride and 
stannous chloride also catalysed the following exchange 
reaction: 

(CH,),CHOD = (CH,),CDOH 


This result indicates that equation (1) 1s reversible and 
that the Rh—H bond exchanges with protons in solution; 
the deuterium distribution in the evolved gas suggested 
that this exchange was fast compared with the reaction 
of the Rh—H bond with a proton to form hydrogen. 
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Symmetrical Hydrogen Bonding in Solution: 
Infra-red Spectra of Organo-phosphate 
Complexes 


INFRA-RED studies of the extraction of beryllium (IZ) and 
iron (IO) from aqueous solution by di-(2-ethylhexy])- 
phosphoric acid (HDEHP) and its deuterated analogue 
(DDEHP) in cyclohexane and carbon tetrachloride indicate 
that in the species M*+ (DEHP)«,(HDEHP)s (I) the 
hydrogen bond is symmetrical. 


o OR 
an Fe b 
Pd Nor 5 


(I) R = 2-ethylhexyl (II) R = 2-ethylhexyl 

Fig. 1 shows the variation in intensity of several absorp- 
tion bands in the system Fe-HDEHP with change in the 
Fe : HDEHP molar ratio from 1 to 3 to 1 to infinity. 

These spectral changes have been reproduced in two 
different approaches: (a) extraction of ferric chloride or 
ferric nitrate by 0:2 M HDEHP in cyclohexane with 
variation in contact time, aqueous phase concentration, 
and volume ratios, that is 


FeCl, + 6HDEHP = Fe(DEHP),(HDEHP), + 3HCl 
(aq-)  (org.) ` (org.) (aq-) 
(b) Preparation of Fe(DEHP), and dilution of a 0-2 M 

solution in cyclohexane with 0-2 M HDEHP, that is 
Fe(DEHP), + 3HDEHP = Fe(DEHP),(HDEHP), 
(org.) (org.) (org) 

The spectra (recorded on a Perkin Elmer model 21 
spectrophotometer, with 0-1 mm sodium chloride cells) 
of HDEHP (A), DDEHP (B), Fe(DEHP),(HDEHP), (C), 
Fe(DEHP),(DDEHP), (D), Fe(DEHP), (#) (all 0-2 Min 
cyclohexane) are shown in Fig. 2. 

As the concentration of the metal mn the organic phase 
increases from zero (pure HDEHP) to an Fe: HDEHP 
molar ratio of 1:6, the three vp-o-— bands at about 
2,700, 2,300 and 1,700 cm-', characteristic of the dimeric 
(HDEHP), species, decrease in intensity, and in the 
spectrum of the 1 : 6 system there 1s no sign of any O—H 
absorption in the region above 1,700 cm~ although there 
are three O—H groups present in each metal atom. 
Concurrent with the disappearance of the O—H bands in 
the region 2,700-1,700 cm-t, there 1s the appearance of an 
extremely broad band showing itself only in the increase 
in the background absorption in the region 1,700—700 cm-?. 
Thus is illustrated in Fig. 1 by the variations in absorbance 
at 1,420 and 945 cm~ (frequencies at which no other 
complicating spectral changes are occurring). 
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Fig. 1. Variation of intennty of some infra-red absorption bands with 
change of iron : HDEHP ratio. 


The concurrent changes in the region 1,250-950 cm- 
(P=O and P—O—C regions) make it impossible to 
determine the true shape of this very broad absorption 
region: in particular 16 would be interesting to know 
whether there is one very broad band or one band centred 
on about 1,400 cm- as ın the case of di-p-chlorophenyl 
hydrogen phosphate’ plus another band centred on 
about 800 om. In HCrO, and HCoO, (refs. 2 and 3) 
there is m addition to the vo-4 band (2,000-800 cm~ with 
maximum absorption at 1,650 em-') a sharp 8 OHO band 
at about 1,200 cm. Similarly in the (FHF)- ion‘ a sharp 
3 FHF band is observed at 1,220 cm”. With M+ 
(DEHP).(HDEHP), (M = beryllium or iron (II1)) no 
3 OHO is observed ın the region 1,200-1,250 om~. 
Infra-red spectra of symmetrical hydrogen bonds have 
also been reported by Parasol and Rundle’, Albert and 
Badger®, and Hadzi and Novak’. 

As the molar ratio of ron to HDEHP increases from 1:6 
to 1:3, the very broad band 1,700-700 em-!, characteristic 
of a very short and strong symmetrical hydrogen bond, 
decreases m intensity, and the background absorption 
in Fe(DEHP), 1s very simular to that of HDEHP in 
regions where comparison is possible. 

The changes that occur in the P=O stretching region 
(about 1,200 cm-t) support the foregoing conclusions. 
In the dimeric (HDEHP),, vp~o occurs at 1,225 cm-}, 
and as the 1ron (III) concentration increases this band dis- 
appears with the appearance of a band of simular intensity 
at 1,195 cm-t. These two bands have the same intensity 
in the 1:12 iron to HDEHP system, indicating an 
equimolar mixture of Fe(DEHP),(HDEHP), (I) and 
(HDEHP),. The shift of vpxo to lower frequency, 
1,195 cm- results from co-ordination to the metal in the 
1:6 species (I, M = iron (IIT)). In Fe(DEHP),(I1) vp=o 
1s shifted further to 1,170 cm-t. The fact that only one 
P==O stretching frequency is observed in Fe(DEHP), 
(HDEHP), (I) supports the view that all P=O bonds are 
equivalent and thus the hydrogen bond symmetrical. 
(Changes which occur in the P—O—C vibration region 
{about 1,150-950 cm-t) are not discussed here.) 


Similar systems prepared using deuterated di-(2-ethyl 
hexyl)-phosphorio acid, (C,H,,0), POOD (DDEHP) hav» 
infra-red spectra (recorded to 350 om- using a Perkin 
Elmer model 521 spectrophotometer with 0-1 mm potas 
sium bromide cells) which are difficult to interpret fron 
the point of view of mass change. 

Changes ın the P—O and P-—-O—C regions appea» 
very similar although not identical; the differences aru 
brought out by æ series of differential spectra at sımılarm 
metal concentrations. The vo_p bands of (DDEHP), atm 
1,970 and 1,740 cm-! have disappeared in the 1:6 Fe 
to DDEHP system and the spectrum appears very similar 
to that of the 1 : 6 hydrogen analogue, the main difference 
being that the mcreased background absorbance in the 
region 1,700-700 om~, very apparent in Fe(DEHP),- 
(HDEHP),, although still present in Fe(DEHP),- 
(DDEHP),, is reduced ın magnitude. This is illustrated™ 
in Fig. 1 by the variations of absorbance at 1,420 and 
945 om~ for both the systems. A differential spectrum 
shows significant differences in the P=O and P—O—C 
regions. 

Difficulties in the interpretation of the spectra of 
deuterated, strong, symmetrical hydrogen bonds have 
been noted by Ibers? and Benoit? for the cases of DCrO, 
and DCoO,. On deuteration the broad vo-n band centred 
on 1,650 om-', which occurs in HCrO,, becomes two bands 
vo-p at 1,920 and 1,590 cm~, while 3 OHO at 1,200 cm- 
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indicate regions where cyclohexane absorbe very strongly. 
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«fts in a more reasonable way to § ODO at 835 em~. 
hese facts are interpreted by Ibers and Benoit to indicate 
nat while the O---H---O bond in HCrQ, is symmetrical, the 
«.--D---O in DCrO, 1s asymmetric. Ginn and Wood? 
ave suggested, however, that there is no change in the 
„tential energy function on deuteration. 

In the system beryllium-di-(2-ethylhexyl)-phosphoric 
wid, the same general features are observed as in the 
‘e-HDEHP system. In particular, the broad band 
,700-700 cm- is observed in the 1 : 4 species (which has 
atrahedral symmetry as opposed to the octahedral iron 
[II)). In this species, the shift of vpao to 1,205 cm~ is 
ess than in the iron (III) system. An additional band, 
which appears at 705 om-" and increases in mtensity with 
veryllium concentration, is assigned to a Be—O vibration. 

At beryllium concentrations greater than that corre- 
sponding to the 1: 4 species, polymeric species as postu- 

ated by Everest et al.’ are probably formed. The in- 
soluble nature of Be(DEHP), in cyclohexane and carbon 
cetrachloride tends to confirm this. 

Only an oil has been obtained in attempted crystalliza- 
kion of Fe(DEHP),(HDEHP), and the liquid film spectrum 
of this is very similar to that of the solution in cyclohexane 
and carbon tetrachloride. 

The acid salts potassium hydrogen maleate and potas- 
glum and ammonium hydrogen phthalates were shown 
by Hadzi? (on the basis of their infra-red spectra) to 
maintain their symmetrical hydrogen bonds in dimethyl 
sulphoxide. The occurrence of symmetrical hydrogen 
bonding in the systems described here, however, is the 
first example of the phenomenon occurring only ın the 
non-crystalline state and ın solution in non-polar solvents, 
and is obviously a very general feature of metal-di-alkyl 
(or aryl)-phosphoric acid systems with species of the 
general structure (I). Spectra reported by Goto and 
Smutz’ of the system (Pr+Nd)-HDEHP in Amsco 
125-82 show all the features of the systems reported here. 


T. L. WHATELEY 
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Charge Recombination in the Radiolysis of 
Liquid and Glassy Hydrocarbons 


THERMAL recombination of positive holes and trapped 
electrons in irradiated sohds may be regulated by two 
rather distinct mechanisms. The first possibility is that 
the electron is activated out of its trap into the conduction 
band, and thereby becomes “free” with an extended 
range before undergoing recombination or retrapping. A 
model of this type with a suitable distribution of trap 
depths was first suggested for ionic solids, and it has 
since been applied to explain the radiation-induced 
conductivity of hydrocarbon polymers*. A second mech- 
anism of recombination mvolves the diffusive motion of 
the trapped electron’, and this communication shows that 


‘* this model predicts the absolute rate of recombination in 


simple hydrocarbon glasses. 

Where the initial separation distance r between the 
positive hole and trapped electron is less than the distance 
re at which the Coulombic energy (—e*/er-) is equal to the 
thermal energy kT, there is a high probability of geminate 
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recombination as givent by l-exp(-+./r). For hydro- 
carbons with a dielectric constant e~2, the value of rs 
is 1090 A at 77° K and 280A at 300° K. In the case of 
irradiated cyclohexane at room temperature, conduc- 
tivity resulte’ show that the G yield of free ions (those 
escaping geminate recombination to undergo random 
recombination ın times of 10-7 sec at a dose rate of 
1 Mrad/h) ıs about 0-1 ion/100 eV. This finding is con- 
sistent with the results of proton scavenger studies*:” in 
the radiolysis of cyclohexane which indicate that most ions 
(@~ 2-6) undergo geminate recombination in times ftg 
extending from 3x 10-1! sec to 10-7 sec. In geminate 
recombination, the diffusive motion of the trapped electron 
back to the positive ion is strongly influenced by the 
Coulombic field, and the recombination time ‘ty, is 
determined’ by 

Tg = r?/3Dre (1) 


where D ıs the total diffusion coefficient. According to 
equation (1), the previously mentioned values of ty in 
liquid cyclohexane (D = 25 x 10-5 cm? sec-!) correspond to 
a distribution of r distances between 19A and 280A 
with an average distance <r> of about 50 Å. It must 
be emphasized that the separation distance r is only 
meaningful after the electron is trapped. An electron of 
thermal energy kT has a de Broglie wavelength of 70 A 
at 300°K and 150A at 77° K, so this measure of un- 
certainty in position for a mobile electron may indeed be 
related to the average separation distance achieved m 
condensed systems before trapping or attachment to 
solute molecules. 

In a hydrocarbon glass at 77° K (re= 1090 A), the low 
rate of recombination prevents the formation of a 
stationary state concentration of 10ns and electrons, and, 
under these circumstances, it is inappropriate to dis- 
tinguish between free ions and ions undergoing geminate 
recombination. For low total doses, therefore, it can be 
assumed that ionic recombination will occur over the range 
of initial separation distances (r < re), and it is now possible 
to calculate the relevant time scale. 

For this purpose, it is convenient to expresa the dif- 
fusion coefficient in the form 


D = 1/6 v exp (-E/kT) <P> (2) 


where v exp (—H/kT) represents the jump frequency and 
<> is the mean square jump length. Combining (1) 
and (2) we obtain the relation of interest: 


1 2r? (3) 
t = Soxp (-E/kT) re <i> 

Taking v exp (-EJkT) to be 0-1 sec- for the glassy state’, 
<B> x30 ke and re=1090 A at 77°K, we obtain 7, 
values of 4 sec and 1:3 x 10‘ sec corresponding to r values 
of 19 Avand 280 A for the distribution already mentioned’. 
These values can now be compared with the resulte 
obtained from a recent study? of the recombination 
luminescence from 2- and 3-methylpentane glasses w- 
radiated with gamma rays at 77°K. The luminescence 
decay, which can be attributed to recombination con- 
trolled by diffusion*, was found to have characteristic 
decay times (1/k where k was reported’ as a first order 
decay constant) between 11 sec and 3-7 x 10° sec. Thus, 
there is agreement with the absolute magnitude of the 
previous calculations to within a power of ten or better. 
The abilty of equation (1) to predict the correct order of 
magnitude for the recombination times with a change of 
101 in the value of the molecular diffusion coefficient 
argues strongly for the diffusion model of recombination 
ın both liquid and vitreous hydrocarbons. Moreover, the 
fact that the activation energy of luminescence decay® 18 
only about 1 kcal/mole between 77° K and 90° K is also 
consistent with a diffusion mechanism controlled by 
molecular motion in the glass. Of course, the detailed 
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statistics of the “decay law” for the kinetics cannot be 
derived from theory alone unless the exact form of the 
distribution function for r is known, and much further 
work is needed on this problem. 

Finally, since the present considerations suggest that 
recombination can be described in terms of molecular 
diffusion, it should be possible to extend the time scale 
for geminate recombination in hydrocarbon lquids by 
carrying out irradiation studies at temperatures in the 
region approaching the glass transition, where a large 
increase in the viscosity takes place!?, In particular, such 
studies by the pulse radiolysis method raise the interesting 
possibility that the geminate recombination process in 
hydrocarbon liquids may be made amenable to direct 
observation ın times exceeding microseconds, thereby 
removing the temporal restrictions involved in the study 
of mobile liquids at room temperature'!. 
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Magnetic Resonance Studies of Aqueous 
Manganese (II)-Phosphatidylserine-Adenosine 
Triphosphate Solutions 


Ir has recently been proposed by Maas and Colburn! that 
certain solubility and pH observations made on aqueous 
solutions contaming phosphatidylserine (P8), bivalent and 
trivalent metal cations (that 1s, cupric, magnesium and 
ferrous ion), and adenosine triphosphate (ATP) can be 
explained in terms of the following model. In concentrated 
solutions PS exists in the form of a colloidal micelle, with 
the polar end of the molecule lying in the aqueous phase (oil 
in water conformation); on addition of bivalent or trivalent 
metal cation, these bind to the polar end of the PS (that 
1s, to the COO-) and produce, as a consequence, another 
colloidal form. It is proposed that this form has a water 
1n oil conformation, that 18, the polar group—metal complex 
points mwards and the aliphatic chams point out- 
wards. The proximity of complexing metal cations to one 
another in this situation suggests a possible means of 
testing this hypothesis, for if the metal cations in question 
are paramagnetic, then it is possible that their electron 
paramagnetic resonance spectra should demonstrate the 
effects of dipolar and exchange interaction. 

A further method of studying such aqueous systems 
makes use of the fact that the nuclear magnetic relaxation 
rate of the protons ın an aqueous solution is markedly 
affected by the presence of divalent metal ions and also 
by the chemical environment of these ions. We wish to 
report some initial experuments examining these pos- 
sibilities, using an X-band electron paramagnetic reson- 
ance spectrometer and a 60 Mc/s nuclear magnetic 
resonance pulse spectrometer. 
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If equal volumes (0-5 ml.) of PS at 5 x 10-* M and man» 
ganese chloride at 2 x 10-? M were mixed together and th 
pH adjusted to 7-5 with 0-1 N potassium hydroxide, . 
yellow, easily dispersed, precipitate was formed. This pre 
cipitate, if isolated by low speed centrifugation, exhibited = 
broad structureless electron paramagnetic resonance ab 
sorption line with g= 2-0, and a peak to peak (on the firs 
derivative presentation) width AH œ 490 gauss. On re 
dispersing this precipitate (in 0-5 ml. water) and adjusting 
the pH to 7-5, an identical signal was observed, with, super 
imposed on it, a small six line hyperfine spectrum, whicl 
almost certainly resulted from free residual manganese 
(IT) ion? (Fig. la). On cooling the sample to T = — 150°C. 
the line narrowed slightly (AH ss 450 gauss), and the small 
six lne spectrum disappeared. 


-_ 1kG 
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iil os 


Fig. 1. a, Electron paramagnetic resonance spectrum of dispersed PS- 
manganese (II) complex. b, Electron paramagnetic resonance spectrum 
of oleate~-manganese (LI) emulsion 


A further prediction from the proposed model ıs that, 
on addition of ATP to a PS-metal cation system, a 
ternary PS—manganese (I1)—ATP complex may form, 
disrupting the water in oil colloid conformation. In the 
experiments reported here it was observed that, on mixing 
equal volumes (0-2 ml.) of 2 x 10-*M ATP, about 2 x 10-3 
M dispersed PS-manganese (IL) 10n complex, and adjusting 
the pH to 7-1, an electron paramagnetic resonance 
spectrum exhibiting a distinct six lme hyperfine structure 
was observed (Fig. 2a). This spectrum was essentially 
unchanged with the sample at T = -150°C. It is not 
possible to determine from these data whether or not the 
spectrum was from a ternary complex or from a man- 
ganese (II)-~ATP complex. The spectrum in Fig. 2a 
may, however, be directly compared with that ın Fig. 26 
which is from an aqueous solution of 10-2 M manganese 
chloride and 10-* M ATP. Addition of excess ATP to the 
PS-manganese (II) solutions did not further alter the 
signal from that shown in Fig. 2a. 


| 
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Fig. 2. a, Electron etic resonanco spectrum of P8~manganese 
h complex + ATP. b, Blectron etic resonance spectrum 
of manganese chloride + ATP solution. 


H, 


In analogy with these exporiments an electron para- 
magnetic resonance spectrum was taken from a sample 
containing manganese chloride and sodium oleste. 
Equal volumes (1 ml.) of 2 x 10-? M manganese chloride 
and 5 x 10-* M sodium oleate gave a white precipitate. 
Also, however, some of the complex formed stayed in 
solution as a white emulsion. Both the precipitate and 
the emulsion exhibited an EPR spectrum with a single 
structureless line g = 2:00; AH 290 gauss (Fig. 1b). 
The pH of the emulsion was 8-5. Addition of ATP to the 
white emulsion and adjustment of the pH to 7-5 produced 
an electron paramagnetic resonance spectrum with a well 
defined six line hyperfine spectrum. The spacings of the 
hyperfine components in all cases were about 100 gauss. 
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The elimination of the hyperfine structure in the electron 
paramagnetic resonance spectrum of the PS~—manganese 
(IT) system could result from a reduction in the electron 
spin lattice relaxation time, or to dipolar or exchange 
effects. The absence of hyperfine structure in the spectra 
of the sodium oleate-manganese (II) system, together 
with the observation that the electron paramagnetic 
resonance line-width (~ 300 gauss) is less than the overall 
hyperfine splitting (~500 gauss for manganese (I) 
ions), makes it fairly certain that here exchange narrowing 
is involved’. 

The model would lead one to expect, by virtue of the 
proximity of the metal cations to one another, that dipolar 
and exchange effects might occur for the water ın oil 
conformation, and it is suggested that the spectra shown 
in Fig. la and 6 demonstrate this. It would also predict 
the disappearance of these effects in the presence of 
ATP as is observed in Fig. 2a for PS, and also would 
account for the reappearance of the hyperfine structure 
in the manganese (II)-oleate system on addition of ATP. 

The spin lattice relaxation times {T,) of the water 
protons in the water-in-oil complex will depend on whether 
the binding sites of the PS for the added metal ion are 
interior or exterior sites‘. The formation of a ternary 
complex with ATP is expected to modify the T,’s of the 
water protons. Using a broad lno NMR spectrometer, 
and measuring T, by the spin echo technique, a drop in 
T, from 338-6 msec for the sodium oleate-manganese (IT) 
emulsion to 25-1 msec on the addition of ATP was observed. 
No attempt to degass the sample was made in this experi- 
ment. No such clear cut effect on T, was observed, how- 
ever, with PS, but further studies are in progress. 

It is concluded that electron paramagnetic resonance 
observations substantiate the water in oil colloid conforma- 
tion suggested!, and also the view that it is disrupted by 
ATP. They also support the view that this concept 
may also apply to oleate-manganese (II) systems. The 
nuclear magnetic resonance measurements and the 
narrowness of the electron paramagnetic resonance line 
in the oleate-manganese (IT) suggest that it has a some- 
what tighter packing than the PS~manganese (IL) system. 

As has already been suggested!, these effects of bivalent 
metal cation on the colloidal properties of PS may well 
be relevant to certain membrane processes. 
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Estimation of Electrochemical Activity of 
Carbon using a Paste Electrode 


Tam carbon paste electrode recommended by Adams? * 
for polarographic oxidation of various organic substances 
is also suitable for estimating the activity of carbon 
samples with respect to the reduction of oxygen and 
hydrogen peroxide. 

The paste used for filling the electrode was a mixture 
of powdered spectral graphite with grains smaller than 
60u (SU 103, Elektrokarbon Topolčany) and of the 
active carbon (10-30 weight per cent according to the 
activity of the sample) bound together with paraffin oil 
(25 -35 weight per cent). Polarographio curves of current 
against voltage were recorded using the voltage scan 0-8 
volts per min. The electrolysed solutions were either 
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Current (#amp) 





-12 


-02 -08 
Potential (V versus SOE) 


Fig 1. Reduction of oxygen and hydrogen peroxide at carbon paste 7 
electrode in 0 1 M sodium acetate buffer oe pH 47 (saturated with 
air oxygen). 


01 M sodium acetate buffer solution of pH = 4-7 or 
0:1 M potassium hydroxide; they were saturated with air 
oxygen. 

Tho measure of the activity of the carbon is the decrease 
of the overvoltage of oxygen reduction compared with the 
value obtained with a standard paste electrode prepared 
from powdered graphite and paraffin oil alone. The de- 
crease of the overvoltage was determmed by the change 
of the electrode potential corresponding to the half 
of the current peak (Fig. 1). If the active carbon is 
catalytically active with respect to decomposition of 
hydrogen peroxide, the current peak of oxygen increases 
while that of hydrogen peroxide decreases. 

Experience with samples of more than 30 kinds of active 
carbon has shown that the carbon activity moreases with 
increasing surface per unit weight and with the degree of 
granulation. Various catalysts which increase the catalytic 
activity of carbon, especially those containing silver, 
have been examined. In some cases the decomposition of 
hydrogen peroxide is so rapid that the oxygen reduction 
could be observed only in the more positive current peak. 

The results obtained with the paste electrode coincided 
with the estimation of carbon samples for the oxygen 
electrode of the fuel cell based on polarization curves of 
porous electrodes’. The addition of active carbon to a - 
paste electrode also decreases the overvoltage of reduc- 
tion of cobalt (II) and nickel (II); anodic peaks of ioniza- 
tion of the deposits of these metals could also be observed 
at an electrode potential 0-4-0-5 volts more positive than 
that of the cathodic process. 
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Occurrence of a Double Azeotrope in the 
Binary System Hexafluorobenzene + Benzene 


ReEoentTLY there has been much interest in the thermo- 
dynamic properties of bimary muxtures of aromatic 
fluorocarbons and aromatic hydrocarbons. Experimental 
studies of the phase diagrams'?, excess volumes? and 
excess enthalpies‘ of mixing can be interpreted by assum- 
ing that intermolecular complexing exists between the 
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Table 1. Varour/Liquip EQUILIBRIA IN THR SYSTEM HBXAFLUOROBENZENE 
+ BENZEN at 70° 0 


zır Pe Pe 4 WF gE 
9 550 61 
0 0988 556 31 556 86 ~0 05 0-0991 888 
0 1847 667-48 567 47 —0 04 0 1881 450 
0 2740 655-87 555-70 0-08 0-2624 409 
0 3648 652-25 652-18 007 0-8447 268 
0:4589 647-56 547-57 -001 0 4299 8-1 
0:5267 548-42 543-56 —0 14 0-5035 — 7-5 
0-6014 589-79 589-78 001 0-6826 —2i 4 
07852 584-75 584 59 018 07834 —850 
0 8959 585 34 535 48 -—014 0 8905 — 24-0 
1-0000 638 93 


two components. This complexing is believed to result 
from charge-transfer interaction, with the fluorocarbon 
acting as the electron acceptor. The presence of a specific 
interaction of this nature has the effect of reducing the 
magnitude of all the thermodynamic excess functions 
from their “normal” large, positive values. For example, 
in the system hexafluorobenzene + cyclohexane where 
there is httle possibilty of charge-transfer interaction, 
the excess free energy, enthalpy, entropy and volume are 
all large and positive, whereas these functions are all 
negative in the system hexafluorobenzene + mesitylene 
where the hydrocarbon 1s a strong electron donor. The 
system hexafluorobenzene + benzene is found to occupy 
an intermediate position. 

The total vapour pressure of this latter system was 
measured as a function of temperature from 30° C to 
70° C over the complete range of composition using a 
static method. The excess Gibbs free energy was cal- 
culated using an adaptation of the algebraic method of 
Barker’, The experimental results at 70° C are shown m 
Table 1, where zr and yp are the mole fractions of fluoro- 
carbon in the liquid and vapour states, P, is the experi- 
mental total vapour pressure and P, is the total pressure 
calculated from the Barker analysis. A = Pe — Pe 
gives an estimate of the experimental precision, and gE 
is the excess Gibbs free energy ın joules mole-'. 

The gE : xp function is S-shaped and this is thought 
to arise from the near cancellation of two opposing factors, 
a negative, symmetrical contribution to the free energy 
from the mtermolecular complexing and a positive, 
slightly asymmetric free energy due to dispersion forces. 

The total vapour pressure of the system 18 also an 
S shaped function of the liquid composition and, because 
of the closeness of the vapour pressures of the two pure 
components, a maximum and a minimum occur. The 
system thus forms a double azeotrope. This behaviour 18 
found at all temperatures from 30° C to 70° C and, from an 
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Fig. 1. The temperature ' composition diagram for the system hexa- 


fluorobenzene + benzene at a constant pressure of mm of mercury. 
zp 18 the mok fraction of hexifluorobenzens. 
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extrapolation of the results in this temperature range 
seems likely to persist at least up to 120° C. 

The T : ~ diagram for the system at a constant pressur 
of 500 mm mercury is shown in Fig. 1. The boiling point 
of the two pure components and of the two azeotrope 
are seen to lie within a range of only 1-6 degrees. It i 
believed that this example of double azeotrope formatio: 
is unique among solutions of non-electrolytes. The onl: 
other known example appears to be the system H,0/N,0 
(ref. 6). , 

We intend to study the vapour/hquid equilibrium o 
this system at higher temperatures and pressures. From: 
consideration of the present results combined with som 
recent heat of mixing data’ it is possible that the doubl 
azeotrope may persist up to the critical region, 


W. J. Gaw 
F. L. SWINTON 


Department of Pure and Applied Chemistry, 

University of Strathclyde, 

Glasgow, C.1. 

1 Patrick, C. R., and Prosser, G. 8., Nature, 187, 1021 (1960). 

* Duncan, W. A., and Swinton, F. L., Trans. Farad. Soc., 62, 1082 (1986). 

3 Duncan, W. A., Sheridan, J. P., and Swinton, F L, Trans Farad. See 
68, 1090 (1986). 

: Fonby, P- V., McLure, I. A, and Scott, R. L., J. Phys. Chem., 70, 60 
1 4 


* Barker, J. A., Austral. J. Okem., 8, 207 (1953). 
*Lioyd, L., and Wyatt, P. A H., J. Chem. Soc., 2248 (1955). 
7™Duncan, W. A , and Swinton, F. L. (to be published). 


A New Black Pigment with Antifouling 
Properties 

Tue problem of providing an efficient black antifoulin, 
paint for use on submarines and at the wind and wate 
line of surface ships has been the subject of investigation 
for some years. Cuprous oxide is considered to be th 
best antifouling pigment for performance and economy 
but it has a strong red colour. Films of paints containin; 
it froquently turn green on immersion in sea wate 
because of the formation of basic copper salts. Attempt 
to produce black paints with a cuprous oxide base by thi 
addition of sufficient carbon black to retain an acceptabl 
colour after prolonged immersion reduce the antifouln; 
efficiency. Another approach has been to augment blac] 
copper compounds, such as cuprous sulphide, whic] 
have too low a solubility in sea water, by adding othe 
poisons such as cuprous oxide, mercury salts, or organ 
mercury or tin compounds, together with carbon blac] 
to improve the colour. No fully acceptable solution ha; 
yet been found!+. 

Mylius and Fromm‘, Raoult! and Meissner’ observed tha: 
a black powder is produced when copper sulphate solutior 
is added to zinc dust or when a zinc anode is placed ir 
a copper sulphate solution. Mylius and Fromm callec 
this powder a black brass since it was found to contair 
only copper and zinc. We prepared “black brasses” by 
both these methods and found that the former 1s simple: 
to use and gives better yields. When zinc dust is sus 
pended mn water and dilute copper sulphate added slowly 
a black powder 1s formed immediately, but its colour anc 
composition depend largely on the pH of the reactior 
mixture. In shghtly acid solution the powders are brown- 
black and contam more copper than zinc (copper, 50-61 
per cent; zinc, 25-35 per cent), whereas in slightly alkalin 
solution the powders are blue-black and contain mor 
zine than copper (copper, 25-35 per cent; zinc, 50-6 
per cent). The ease with which the powders are oxidized 
particularly during drying, accounts for some of the varia 
tion in composition. The yields in alkaline solution ar 
higher than ın acid solution because in the latter some o 
the zinc dissolves. The blue-black powders approacl} 
some carbon-black pigments in colour, while the brown- 
black powders still have an acceptable colour for use ir 
black antifouling paints. 
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Fig. 1. X-ray diffraction powder photograph of a typical black powder. 


Analysis of the powders by X-ray fluorescent spectro- 
scopy showed that not more than a trace of sulphur was 
present. X-ray diffraction analysis of several batches 
of the powder by the Debye-Scherrer method showed the 
presence of cuprous oxide, zine oxide, copper and zine 
in most of them. A typical powder photograph is shown; 
the reflexions at low angles, that is those diffraction 
ines near the centre, indicate the presence of a compound 
of large unit-cell, the nature of which has not been 
determined. The diffraction patterns were somewhat, 
_ diffuse because of the small particle size of the powders. 
Electron photomicrographs of a powder dispersion 
showed that the smallest particle size is about 0-05p 
which would account for the diffuse X-ray diffraction 
powder photographs. It is not certain that even the small- 
est particles are in fact single particles. The photographs 
show that the small particles are either flat plates or 
plate-like forms rolled up; the large areas are aggregates. 

A paint based on a black antifouling paint formula- 
tion used in the U.S.A. was prepared, in which one of the 
samples of black powder containing about 50 per cent 
copper replaced the specified pigments5. 

The antifouling efficiency of the pigment was estimated 
by determining the leaching rate of copper ions from this 
paint by a method due to Marson’. The rate of leaching 
of the black paint was lower than that of a cuprous 
oxide paint of similar pigment volume concentration, 
but was high enough to prevent fouling. The test also 
indicated that the decrease in rate of leaching with time 
may be less for the black paint than for a cuprous oxide 
paint. The rate of leaching of zinc ions was not measured 
but they were found to be present in the solution. The 
toxicity of zinc ions to marine organisms is disputed in 
the literature, but there scems little doubt that the pre- 
gence of zinc ions will increase the antifouling potential 
of the paint?*5, Thus it appears from the laboratory 
tests that paints based on this new black pigment may 
prevent fouling for longer periods than similarly formu- 
lated black cuprous oxide paints. 

In antifouling paints in which the pigment is also the 
poison and the vehicle is of the insoluble vinyl type, 
colour retention after prolonged immersion poses a 





> Big. 2. 


Black powder—dispersed in acetone. Total magnification 
x 20,000. 
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problem, because the toxic pigment leaches 
out and the surface layer of the film 
becomes white. If “black brass” is used as 
the toxic pigment, this problem could 
readily be overcome by the addition of a 
small amount of a high-staining carbon 
black. The amount needed would be con- 
siderably less than that needed to mask the 
original red colour of cuprous oxide based 
paints, so that the antifouling efficiency of 
the “black brass” paints should not be seriously impaired. 
It seems, therefore, that it should be possible to make 
satisfactory black antifouling paints from this new pig- 
ment. In addition, because of its leaching characteristics it 
may prove a more efficient toxic pigment than cuprous 
oxide. Future work will be directed towards establishing 
these two claims and to determining the chemical 
composition of the pigment. 

We thank F. Marson and L. A. Hill for their helpful 
advice and D. Owen, N. McKenzie, I. G. MacDonald and 
Miss V. Spiers for technical assistance. 
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Determination of lodine-13! Specific Activity 
by Protein lodination 


Ioprxe-131 is obtained either from fission products 
uranium-235 or, more conveniently, by neutron. irr 

tion of tellurium in the form of metal or oxide. Natural, 
occurring tellurium consists of 18:7 per cent tellurium: 126. 
31-8 per cent tellurium-128, 34-5 per cent tellurium-130_ 
and five other minor nuclides. Irradiation will give rise. 
to three iodine isotopes by the concurrent nuclear reactions. 


of 











B 
Tellurium-126 (n,y) tellurium-127 - - iodine-127 (stable) 
3 
Tellurium-128 (n,y) tellurium-129 -> iodine-129 (1:6 x 10? 
years) 


B 
Tellurium-130 (n,y) tellurium-131 —> iodine-131 (8-04 days) 


The specifie activity of the iodine-131 produced will 
depend on the neutron capture cross-sections of the 
tellurium isotopes, the neutron flux, the time of irradiation 
and particularly the time elapsing between unload from 
the reactor and use. From these data the specific activity 
of an iodine-131 preparation at any particular time can 
be calculated. The presence of iodine-127 as contamina- 
tion of the original target material or inadvertently 
introduced during the chemical processing of the iodine 
131 will reduce this specific activity, but if care is tak 
this source is not significant. ee 

The specific activity of radioactive iodine prepara: 
is important in a number of applications, particu 



























-7 the iodination of protein 
An upper limit to the weight of iodine which can be in- 
corporated into a given weight of protein is always set, 
_ either by the number of sites available for iodination on 
the protein molecule or by the quality of the ensuing 
“product, and at this level of substitution the specific 
-~ activity of the product is determined by the specific 
activity of the iodine-131 preparation. 
_ _ The method of protein iodination using iodine mono- 
_ Chloride first described by McFarlane? does not produce 
the highest possible specific activities in the product, 
because the specific activity of the iodine used is reduced 
by the non-radioactive iodine in the iodine monochloride. 
© efficiency of iodination {as measured by the propor- 
ion of radioiodine incorporated into protein) in iodine 
monochloride systems, however, is also progressively 
lowered by the presence of increasing weights of iodide?. 
-= This phenomenon offers a method of determining the 
= weight of iodide in iodine-131 preparations, and thus the 
Specific activity. 
_ __& series of replicate iodinations was carried out using 
me 50 ug of insulin and an iodinating reagent which con- 
_ tained 1 me. of iodide-™I (IBS. 3, the Radiochemical 
| Centre, Amersham, Buckinghamshire), 7-7 ug of iodine 
-monochloride and in each iodination a different weight of 
- non-radioactive sodium iodide. The expected ‘decrease of 
efficiency with increasing weight of iodide was observed. 
_ At the same time a second series of iodinations was 
< Carried out, to which increasing amounts of sodium iodide- 
-MiL instead of non-radioactive sodium iodide were added, 
again producing a fall in iodinating efficiency. The 
_ Weight of iodide in each sample of iodide-13:I was cal- 
<- culated from the irradiation data (no chemical form of 
_ iedine-131 other than iodide could be detected by electro- 
_. Phoresis) and these data compared with that from non- 
radioactive sodium iodide. As can be seen from Fig. 1, 
_ there is excellent quantitative agreement between the 
_ behaviour of a pure solution of sodium iodide and the 
‘amount of sodium iodide- which is calculated to 
>> ¢ontain the same weight of iodine, as judged by their 
< behaviour in the iodination of insulin by this method. 
~. Three other batches of iodide-171 were similarly exam- 
-~ ined; each in a double series of iodinations as already 
described. Using the curve obtained by the addition of 
carrier iodide, the weight of iodide in each of the iodine-131 





_. Preparations was determined (in replicate) from the 
_ lodinating-efficiency. The results are shown in Table 1. 
‘On each occasion the mean value for the specific activity 
corresponded to the calculated value within the limits 
of accuracy to which the irradiation flux is known. No 
. attempt was made to remove reducing agent, hydrogen 
_. peroxide or other substances which are often reputed to 
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Fig. 1. Relation between the percentage of incorporation of iodine into 
protein and weight of iodide present, for carrier iodide and iodide-'**1, 
© —— ©, Addition of carrier iodide; x —~ x » addition of iodide-" 17, 
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„1. SPECIFIC ACTIVITY OF IODINE-I3L SAMPLES DETERMINED BY 
{NSULIN IopINation, AND CALCULATED FROM IRRADIATION Data 


"Determined — Calculated = 


“Mean determined Pe 
specific activity 


Sample specific activity specific activity 
(me./pg) (me. / iz} (meug) 
1 9-45 9-96 9-09 
11-24 
9-62 
9-52 
2 24-9 26-1 21-05 
27-0 
26-5 
3 12-2 10-86 9-69 
11-05 12-02* 
9-35 
4 22-5 19-33 17-8 
19-0 
16-5 


* Specific activity of sample 3 calculated by simple isotopic decay from the 
mean determined value of sample 2. 


be present in iodide-1Į solutions in sufficient amounts 
to interfere with protein iodination. 

Samples 2 and 3 are iodide-®I solutions which arose: 
from identical tellurium dioxide targets which had been 
irradiated together and the iodine extracted from one. 
target (and used for iodination) nine days after the iodine | 
from the other target. The drop in specific activity of 
sample 3 as compared with sample 2 should simply ‘be: 
due to isotopic decay with the half life of iodine-131 (this 
being the only nuclide of iodine effectively contributing 
to the radioactivity for this purpose). 

The determined mean values for the specific activity 
of all four samples were found to be rather higher than 
the calculated value. 

A different aspect of the iodination of insulin has been 
exploited by Berson and Yalow? to estimate the specific. 
activity of iodine-131 preparations. They related the- 
distribution of singly and multiply iodinated insulins 
with the weight of iodide present in chloramine-T' iodina- 
tions. The accuracy of the method reported here is well- 
within the limit of error (35 per cent) that Berson and 
Yalow aimed at, especially if replicate determinations 
are carried out. Another point of difference is that Berson 
and Yalow found the specific activity of the iodine-131 
preparations which they studied to be about twice as 
high as the calculated values, whereas we found excellent 
agreement between the calculated values and those 
determined. 

Although alternative methods for the determination of 
the specific activity of iodine isotopes may prove to be 
more accurate, sensitive and more suitable for routine 
use, the observations described here (and those described 
by Berson and Yalow) will commend themselves to those 
interested in protein iodination since they make use. of 
phenomena similar to those operating in the use of the 
isotope preparation. 

J. S. GLOVER 
B. P. SHEPHERD 
The Radiochemical Centre, 
Amersham, Buckinghamshire. 
1? McFarlane, A. S., Nature, 182, 53 {1958). ENEY 
? Bale, W. F; Helmkamp, R. W., Davis, T. P., Izzo, M. J., Goodland, Ry ayi 
aa Sper, I. L., Univ. of Rochester Atomic Energy Project Report UR God ne 
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Structures of Dimethyl Sulphoxide Complexes 


THERE has recently been widespread interest in the 
properties of dimethyl sulphoxide (DMSO), as a chemical 
and a solvent, in both organic! and inorganic?~4 systems, 
Its chemical behaviour is particularly influenced by its 
nucleophilie or donor character, which is potentially of 
two types, since either the sulphur or the oxygen atom 
should be capable of forming dative bonds to suitable 
electrophilic groups. Thisdual behaviour in organic systems 
has been discussed and exploited by Smith and Winstein®, 
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The existence of the s-methylsulphoxonium ion has 
since been conclusively demonstrated by X-ray study‘. 

For inorganic systems, it was recognized in an early 
extended study of the ligand properties? of DMSO that 
while it generally associates with metal atoms through its 
oxygen atom, the sulphur atom would probably be the 
donor atom toward metal ions such as palladium({IZ) and 
platinum(It), which normally show a marked preference 
for sulphur over oxygen. This view has received indirect 
support from infra-red spectra’ *, but so far there has 
been no direct confirmation. In this communication we 
report our X-ray results on two transition metal com- 
pounds with DMSO, one containing the O-bonded form 
and the other the 8-bonded form. 

The compound previously reported? as (FeCl,-2DMS0);, 
and in which the mfra-red spectra suggest that the 
DMSO is O-bonded, actually has the molecular formula 
trans-[FeCl,(DMSO),j[FeCl,]. Its crystalline form is tetra- 
gonal, with space group I4,/a, and with cell dimensions 
a = 11-60 + 0-01 A and c = 20-33 + 0-01 A. There are 
four of the true (ionic) formula units in each unit cell 
(Fig. 1). The structure was solved by Patterson and 
Fourier methods and refined by the full matrix, least 
squares method, assigning equal weights to all reflexions; 
the weighted residual now stands at 6-7 per cent. The 
iron atom les at a position of crystallographic 4 symmetry. 

The compound PdCi,(DMS8O), crystallizes in the mono- 
clinie system, space group P2,/c, with cell dimensions 
a = 6-45 + 0-005 A, b= 9-38+0-01 A, c= 954+ 
0-01 A, and B = 111-8 + 0-1°. There are two molecules 
in the unit cell and crystallographically these are required 
to be centrosymmetric and therefore trans. The structure 
(Fig. 2) was determined by Patterson and Fourier methods 
and has been refined by full matrix least squares; the 
residual is 3-5 per cent. % 

This work confirms that both O-bonded and S-bonded 
complexes of DMSO are formed, and also resolves the 
question of the true structure of the iron complex. More 
quantitatively, ıt is of interest to compare the sulphur— 
oxygen distance in these complexes with that in DMSO 
itself (1-471 + 0-008 Å)’, with that in (CH,),8O+ (1-45 + 
0-01 A)* and with an estimate of the length of the single 
sulphur-oxygen bond (1-70 A). Clearly, the sulphur- 


oxygen distance increases by a significant amount, and in. 


the expected direction, on oxygen co-ordination, as has 
also been found ın the complex BF, DMSO (1-52 + 0-01 A) 
(ref. 10); ıt does not, however, come very close to the 
estimated single bond distance of 1-70 A (ref. 11). In the 
8-bonded case, the decrease is negligible, although in the 
(CH,),80+ 10n there is a decrease of 0-02 + 0-01 A. This 
is entirely consistent with the fact that the so-called 
“S-O stretching mode” of the free ligand, which is 
1,096 cm- in the vapour and 1,055 om- in the liquid?, 
changes to only 1,116 om~! in PdCl,(DMSO),; in (CH,) 





Fig. 1. The structure of the cation m [Fe(D: 
periment bona lengths are. 8-O, 1 641 + 0 008 


ooi {FeCl}. Some 
; Fe-0, 2 007 + 0 006 


Fe-Cl, 23668 + 0006 A; 8-Cfav.), 1-79 + 001 A. 
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Fig. 2. The molecular structure of t -PdCl,(DALSO)s. Bone pertinent 
bond lengths are: 3—0, 1-47 + 0:01 A; Fd-S, 2 800 i 0004 A; Pd-Cl, 
2-288 + 0-04 A; 8-O(av.), 179 + 002 A. 


80+, on the other hand, the band ıs at 1,233 om-'—a 
much greater increase. The relatively small increase in 
S-O stretching frequency in the palladium complex is 
largely attributable to the dynamical effect of attaching 
the DMSO to the heavy ion; Pd(II) may therefore have 
only a small net electron withdrawing effect, perhaps 
because of its ability to back-donate from its filled d 
orbitals to empty sulphur d orbitals. It may also be that 
the degree of O— S dative x-bonding in DMSO itself is 
already closely approaching a limit, so that only the most 
powerful kind of electrophilic species (for example, CH,*) 
can appreciably increase the sulphur-oxygen bond order 
and thus significantly shorten the bond. 

This work was supported by the U.S. Atomic Energy 
Commission and the National Science Foundation. 
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BIOCHEMISTRY 


Endocrine Related Post-mortem Changes in 
Porcine Muscle 


Tu rate of post-mortem anaerobic glycolysis in striated 
muscle, estimated by measuring the rate of decline of pH, 
has beon found to be extremely variable in pigst*. When 
a low pH (< 5:6) develops? at body temperature and 
exists at the onset of rigor mortis*, the muscle usually 
becomes pale, soft and exudative (PSE)*. The stress of a 
warm. environment commonly results in tho death of pigs 
of breeds orstrains which are susceptible to the development 
of PSE muscle. Conversely, pigs of other breeds or strains 
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Table 1. ADRENAL HORMONE EXCRETION, PROTHIX-BOUND IODINE-181, 
AND THYROID IODINE-131 UPTAKE IN RELATION TO GROSS MORPHOLOGY 
OF STRIATED MUSCLE* 


Poland Poland Chester 
Parameter China 1t China 2} White ¢ 
Experiment 1 
PBI-181 
(per cent plasma 
lodine-181) 600421 (10) 432417 (6) 45331 (8) 
Thyroid 1odine-181 
(per cent dose) 115407(10) 138+4+19(6) 1837+08 (8) 
Experiment 2 
Catecholamines 
24 h urine) 57 4+187 (5) 8682+99 (5) 8762198 (5) 
ý Namen et ) 61407 (5) 824+14(5) 65+0 
m urine +07 £1 DO (5 
17-0 H-corticostero} : $ © 
(my/24 h urine) 141426 (5) 158422(5) 284453 (5) 


* Means and standard errors for specified groups. Number of animals 

shown ın parentheses. 

with pale, soft, exudative muscle with mean numerical gross 
morphology rating of longissimus dors: and gluteus medius <2 0 (ref. 6) 
and 45 min pH ın |. dors: «5-6. 

t Ammals with muscle of normal gross morphology with mean numerical 
rating of >2-0 and 45 min pH 35 9. 
which are capable of withstanding heat stress retain the 
normal colour and gross morphology of the muscle post 
mortem*. 

In view of the apparent relationship between ability to 
withstand stress and resistance to the development of 
PSE muscle post mortem, experiments were designed to 
measure certain parameters of thyroid and adrenal secre- 
tions in pigs of the Poland China (high incidence of PSE 
muscle) and Chester White (low incidence of PSE muscle) 
breeds’. 

In experiment 1, a 2 ue. dose of 1odine-131 (as sodium 
iodide) was injected intraperitoneally into each of sixteen. 
Poland China (PC) and eight Chester White (CW) pigs. 
The percentage of the administered 1odine-131 in the 
thyroid gland and the percentage of the plasma iodine-131 
as protem-bound iodine-131 (PBI-131) were determined 
22 h after injection. At this tume the animals were ex- 
sanguinated. The radioactivity of the ontire thyroids and 
of large volumes of trichloroacetic acid-precipitable plasma 
protem was measured with a model 440 ‘Armac’ scin- 
tillation detector. When those pigs of the PO breed with 
PSE muscle (PC-1) were compared with pigs of either 
breed with normal muscle (PCO-2 and CW), the percentage 
of plasma iodine-131 as PBI-131 was higher in the PSE 
group (P < 0-05, Table 1). In all the PO pigs, the per- 
centage of plasma 1odine-131 as bound PBI-131 was cor- 
related with the gross morphology ratings (low ratings 
indicate PSE muscle‘) of the longissimus dorsi (— 0-65; 
P < 0-01) and gluteus medius (— 0-70; P < 0-01) muscles. 
Total plasma iodine-131 was 0:37, 0:51 and 0-35 per cent of 
the dose administered per litre of plasma in PO-1, PC-2 
and OW pigs, respectively, and was not significantly dif- 
ferent between the three groups nor was ıb correlated with 
muscle properties. 

The PC-1, PO-2 and OW groups did not differ sig- 
nificantly in the mean values for thyroid 1odine-131 uptake 
(Table 1). Correlation analyses, however, revealed that 
the percentage administered dose of iodine-131 in the 
thyroid was related to the phases of rigor mortis and 
gross muscle morphology ratings. In PO pigs, thyroid 
10dine-131 was related to the duration of the onset phase 
(0-61; P < 0-05) and the total time to completion (0-59; 
P < 0-05) of rigor mortis. In OW pigs, thyroid iodine-131 
was correlated with the gross morphology rating of the 
longissimus dorsi muscle (— 0-85; P < 0-01). The data 
on PBI-131 and thyroid iodine-131 indicate that diffor- 
ences between breeds exist in the degree to which thyroid 
parameters are associated with post-mortem muscle 
properties. 

Experiment 2 was designed to find the relation between 
adrenal gland function and the incidence of the PSE con- 
dition. Urinary 17-ketosteroid?, 17-hydroxy-cortico- 
steroid? (17-OHCS) and catecholamine! excretion levels 
(24 hour) were compared with muscle morphology and 
the time course of rigor mortis. Tests of significance 
revealed no marked differences in the excretion levels 
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when the animals were grouped on the basis of muscle 
morphology and rate of decline of pH (Table 1). Among 
the ten PC male castrates, however, the muscles varied 
from PSE to normal in gross morphology, and positive cor- 
relations were found between the level of 17-ketosteroids 
and gluteus medius morphology rating (0-74; P < 0-05) 
and between the level of 17-hydroxy-corticosteroids and 
the length of the delay phase to onset of rigor mortis 
(0-76; P < 0-01) and the total timo to completion of 
rigor mortis (0-64; P < 0-05). Opposite correlations 
among OW male castrates suggest that the two breeds 
differ in the effects of adrenal hormones on striated muscle. 
These differences between breeds in adrenal relationships 
coincide with the suggestion of Ludvigsen® that some pigs 
are deficient in the pitwtary—adrenal stress response. 

The correlation analyses from the experiments described 
here imply that pigs which rapidly develop the changes 
associated with rigor mortis in PSE muscle may also have 
elevated blood levels of PBI, depressed thyroid iodine 
uptake, and deficiencies in adrenocortical hormone pro- 
duction. 

It 18 hoped to publish a complete account of these 
investigations elsewhere. This investigation was supported 
in part by a research grant from the U.S. Public Health 
Service, Division of Environmental Engincering and Food 
Protection. 
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Metabolic Intermediates in Skeletal Muscles with 
Fast and Slow Rates of Post-mortem Glycolysis 


Stuprms on the rate-limiting steps of glycolysis have” 


been carried out in dog!, mouse? and frog? skeletal muscle 
and in perfused rat heart‘, yeast® and ascites tumour 
cells*. The rate of post-mortem anaerobic glycolysis is 
extremely variable in porcine striated musculature’. Study 
of metabolic mtermediates associated with the extremes 
in glycolytic rate (fast, pH < 5-5, and slow, pH > 6-0 
by 1 hour post mortem) may provide information on the 
control of anaerobic glycolysis in intact skeletal musole. 

Serial (50 g) samples of right porcine longissimus dorsi 
muscles were obtained 2—6 min after exsanguination, and 
at 16, 30, 60, 120 and 180 min post mortem. Samples 
were frozen in liquid nitrogen, powdered and extracted 
with 0-6 normal perchloric acid for subsequent analyses. 
Standard enzyme methods? were used for determining 
glucose-6-phosphate (G-6-P), fructose-6-phosphate (F-6-P), 
fructose-1,6-diphosphate (F-1,6-diP), triose phosphates, 
alpha-glycerophosphate, 3-phosphoglyceric acid, 2-phos- 
phoglyceric acid, phosphoenolpyruvate, pyruvate and 
lactate. Creatine phosphate was estimated by the method 
of Ennor and Stockton!*. Nucleotides were estimated by 
their ultra-violet absorbancy at 260 mp after previous 
separation on cellulose thin-layer plates!®. 

The muscles were divided into groups with fast and 
slow glycolytic rates as described earlier. Data on some 
of the glycolytic intermediates are shown in Fig. 1. 
Fig. 14 shows the relative rates of lactate accumulation 
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in the two groups. The higher level of lactate in the 
muscles with a fast rate of post-mortem glycolysis sup- 
ports the concept of an oxygen debt before death in these 
animals. The accumulation of lactate m muscles with 
fast glycolysis was nearly complete within 30 min post 
mortem, but in muscles with slow glycolysis, lactate con- 
tinued to rise for 180 min after death. 

The most striking differences between glycolytic inter- 
mediates in muscles with fast and slow glycolysis were in 
G-6-P (Fig. 18) and F-1,6-diP (Fig. LD). The high levels 
of G-6-P in muscles with fast glycolysis indicate increased 
phosphorylation of glycogen. Calculation of the G-6-P/ 
F-6-P ratios indicated that muscles with a fast rate of 
«eglycolysis had ratios higher than those with a slow rate 

of glycolysis (5:1). This indicates that glucose may be 
phosphorylated at a faster rate than it 18 isomerized under 
these conditions. 

The large decrease of F-1,6-diP (Fig. LD) at 15 min 
post mortem and its virtual absence after 30 min in muscles 
with fast glycolysis can be explained by (a) an inactiva- 
tion of phosphofructokinase (PFK), and (b) an activation 
of aldolase and subsequent steps of glycolysis. The 
former concept 18 supported by the extreme sensitivity 
of PFK to acidity (pH in this group had reached 5-91 at 
15 mun and 5:47 at 30 min post mortem). Also lactate 
accumulation. had essentially ceased 30 min after death 
and. triose phosphates were virtually absent. Neverthe- 
less, considerable lactate was accumulating from 15 to 
30 min post mortem (Fig. 14), indicating that the observed 
decrease ın F'-1,6-diP (Fig. 1D) may be due to stimulation 
or to removal of a block at the aldolase step and stimula- 
tion of subsequent steps of glycolysis. This latter concept 
may be supported by the fact that no rise in F-6-P levels 
(Fig. 10) was noted, as should have occurred 1f PFK had 
been inhibited and by the higher levels of alpha-glycero- 

* phosphate. 

The markedly lower levels of 3-phosphoglyceric acid, 
2-phosphoglyceric acid, phosphoenolpyruvate and pyru- 
vate (data not reported here) 1 hour after death in the 
rapid glycolysing muscles result from the obvious reduc- 
tion in glycolytic flux. 
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Table 1. NUOLEOTIDE LEVELS IN MUSCLES WITH FAST AND SLOW BATES OF 
ANAEROBIC GLYCOLYSIS 


Rate of Nucleotide 
glycolysis ATP ADP IMP 
Initial a 60 mma Initial 60min Initial 60 min 
Fast b 2-64 0 02 180 117 0 95 2°46 
Slow o eel 2 66t 154 1538 0 54" 1 28* 
a, Tıme post mo PR BB 60 ree morlem, ¢, pH>00 60 mm 
post mortem. * Pee 0 05, b, 


Table 1 lists the nucleotide levels ın muscles with fast 
and slow glycolysis. The lower initial level of ATP found 
in muscles with fast glycolysis supports the concept of 
oxygen debt before exsanguination. ADP levels were not 
significantly different between the two groups, while the 
levels of inosine monophosphate (IMP) were consistently 
(about two-fold) higher in the muscles with fast glycolysis. 
Creatine phosphate was present at a much lower level and 
glycogen at a somewhat lower level in the rapid glycolysing 
muscles. 

Work 18 in progress to explain further these observed 
differences. 

This investigation was supported, in part, by a research 
grant from the U8. Publhe Health Service, Division of 
Environmental Engmeermg and Food Protection. 
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Insulin Resistance of the Inherently Obese 
Mouse—obob 


Maymr and his colleagues first demonstrated the insulin 
resistance of the mutant obese! soon after its discovery in 
1949. Further work amplified the nature of the resistance: 
the level of blood glucose was significantly higher, after 
administration of insulin, than that of normal animals, 
and it was not possible to put the mutante into an insulin 
coma or convulsions, even after giving massive doses far 
in excess of lethal quantities*-*. 

Because insulin resistance is only one of the many 
abnormal features of the obese mouse, it was decided to 
approach the problem from the point of view of its context 
and, in particular, to investigate the possibility of the re- 
sistance being a consequence of the obesity itself. Mayer 
had shown that msulin resistance, with characteristic 
hyperglycaemia, did not appear until several weeks after 
obesity was apparent’, and Kennedy, im a more recent 
report, described for the rat a lag period between the 
obesity following hypothalamic lesions, and the develop- 
ment of diabetes with hypertrophy of pancreatic islet 
tissue’. 

These two findings in particular decided us to investi- 
gate the response to insulin of genetically obese mice, 
which had been prevented from becoming overweight 
by limiting the food intake from an early age to that 
quantity consumed by normal littermates. In practice 
this involved selecting litters in which obese animals 
were just apparent, and allowing each animal a daily 
average of 2 g of food. (A daily routine was adopted, 


290 


150 
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admunistered intraperiton after 16 h fast. The standard error of the 


mean value is shown, with the number of blood examinations and mean 
body weight, for each group. 


m which the food was given as three separate meals, in 
an attempt to prevent obese animals from eating exces- 
sively.) The quantity was eventually increased to 3 g and 
blood glucose estimations were begun after 30 days of the 
luted food intake. 

Blood was collected at 9 a.m., 16 h after tho previous 
meal, by puncturing the orbital sinus. 0-1 ml. was sub- 
jected to the Hagedorn Jensen method of glucose estima- 
tion. Insulin was then administered immediately intra- 
peritoneally in nearly physiological quantities, 1 u./kg 
body weight of a porcine crystallme preparation (Novo 
Industrie Pharmaceutique) diluted in physiological saline. 
Glucose estimations were repeated on the same animals 
at 0-5 and 2 h after the injection. 

The results showed that limiting the body weight 
produced no change of blood glucose levels, when moasured 
after an overnight fast. They were not significantly 
different from those of obese animals fed ad libitum, 
measured under the same conditions. That is to say, 
limiting the body weight did not ‘“‘move” the blood sugar 
level out of the normal range; Shull and Mayer had 
shown. that after fasting the blood sugar level of obese 
mice fed ad libitum dropped to that of normal animals. 

These same obese animals clearly showed their charac-- 
teristic msulin resistance, even m response to physio- 
logical quantities. But the genetically similar animals of 
limited body weight responded as normal littermates 
to the same dose. At 0:5 h the blood sugar level had 
dropped to 54 mg per cent compared to the 99 mg per 
cent of obese animals fed ad libitum. The contrast was 
still as marked 2 h after mjection. 

Thus the relative resistance to msulin of obese mice 
appeared to have been abolished. As ıt had boen shown 
that this resistance was absoluto, in that insulin coma 
could not be induced even with massive doses, a second 
experiment was performed on the restricted animals. 

Three unite/kg of insulin were administered by the same 
route. By 30 min the blood sugar level had dropped to 
a mean of 37 mg per cent. Movement about the cage 
gradually decreased and by 1 h after recerving the 
insulin the animals appeared to be in a typical insulin 
coma during which pronounced convulsive movements 
could be produced on stimulation. Co-ordinated move- 
ment was regained after a further 30 min, and no con- 
vulsions could be elicited at 2 h, when the blood 
sugar level averaged 44 mg per cent. 

Thus it would appear that the insulin resistance of the 
inherently obcse mouse obob, measured in terms of blood 
sugar level or behaviour, can be prevented by limiting to 
normal quantities the food available from weaning 
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onwards. The response to sulin during adult life, under 
these conditions, 1s that of normal mice. 

No attempt was made qualitatively to alter the diet. 
It would appear that the insulin resistance, like the 
characteristic hyperglycaemia of these animals, is de- 
pendent on an oxcessive food intake and anabolism of 
fat’. Their subsequent response to insulin added support to 
this hypothesis. 

Limiting the quantity of food was eventually ended and 
a group of three animals was allowed to feed ad libitum. A 
steady gain in body weight resulted, and after 8 weeks tho 
animals averaged 55-5 g. 

After an overnight fast, injection of the convulsion- 
producing solution was then repeated. Normal and 
obese animals were used as controls. 

Thirty minutes aftor injection the normal animals were 
in marked convulsions. They responded quickly to glucoso 
administered intraperitoneally. All other animals, mclud- 
ing the derestricted obese, showed no apparent change in 
behaviour, even after a further 30 min. Even though the 
injection of 3 vu./kg was repeated at this point, still 
no change in behaviour ensued. It was therefore con- 
cluded that the msuln resistance of obese mice had 
returned, as a result of the increased intake of food. 

These preliminary investigations were carried out 
during the tenure of a scholarship for traming in research 
methods awarded by the Medical Research Council of 
Great Britam. 

We thank Mrs. Hutt, Mrs. Roth and Miss Leroux for 
thor able technical assistance. 
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Amniomucoids—a New Class of Hexosamine- 
rich Glycoproteins 


SevERArL investigators have observed! * that amniotic 
fluid contams specific components of a glycoprotem 
nature, which do not usually occur in human or animal 
sera and body fluids. In the course of the characterization 
of these compounds, we have succeeded in isolating 
mucoids from bovine and human amniotic fluid by phenol 
extraction and subsequent alcohol fractionation. Pre- 
liminary experiments have shown that tho main amuino- 
acids are threonine, serine and glutamic acid. Table l 
gives the carbohydrate analysis of the mucoid fractions 
from ammiotic fluid. 


Table 1 CARBOHYDRATE COMPOSITION OF AMNIOMUOOIDS 
Bovine mucoid Human mucoid 


Neuraminic acid 10 9 
Reducing sugar 48 47 
Hexosamine 19 20 


The high content of hexosamine in these mucoids 
resembles that of the blood group active mucoids. No 
blood group activity could be detected, however, in our 
proparations. The carbohydrate portion of the mucoils 
consists of galactose, small amounts of glucose, galactos- 
amine and glucosamine, presumably as N-acetyl com- 
pound, N-acetyl neuraminic acid (small amounts of the 
N’-glycolyl compound in the bovine mucoid), and fucose 
and mannose. 
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The presence of glucose differentiates these compounds 
from serum glycoproteins, and mannose is not found 
ın secreted blood group substances. Our preparations 
are, therefore, a new class of mucoids, for which we propose 
the name amniomucoids. The mmunological significance 
of glycoproteins specific for ammotic fluid has already 
been discussed in detail elsewhere‘. 
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Adenosine Triphosphate Dependent Calcium 
Binding of Microsomes and Nerve Endings 


Nowavays, it is fairly well established that calerum not 
only affects the excitability of the nerve cell membrane! 
but that it 1s an important constituent of the membrane 
itself". In ths communication we contrast adenosine 
triphosphate (ATP) dependent calcium binding by the 
microsomal fraction of brain and liver cells and the nerve 
ending fraction of neurones with that by the sarcoplasmic 
reticulum of muscle cells and the mitochondrial fractions 
of brain and liver cells. 

Guinea-pig brain was homogenized in ten volumes of 
ice cold 0-32 molar sucrose and the debris and nucle: 
were removed by centrifuging at 1,000g for 10 min. The 
supernatant was then overlaid on a sucrose density 
gradient consisting of 0-8 molar and 1:2 molar sucrose 
and centrifuged n a swing rotor (SW 25) of a ‘Spinco’ 
Model L ultracentrifuge at 63,000g for 60 mm. This pro- 
cedure produced three distinct layers: A (between 0-32 
and 0-8 molar sucrose); B (between 0-8 and 1-2 molar 
sucrose); and C (at the bottom of the tube). Fractions A 
and B were separated carefully, diluted with 2 volumes 
of distilled water and then centrifuged at 100,000g for 
30 min in order to concentrate them. The fractions 
obtained contamed mainly microsome, nerve ending 
fraction and mitochondria, in A, B, and O, respectively. 
This separation corresponded to the fractions delimited by 
Whittaker et al.*4 on the basis of phospholipid, RNA and 
acetylcholino contents and succinic dehydrogenase activity. 
Liver microsomes were prepared in a similar manner. 
The individual fractions were then suspended m 0-32 
molar sucrose or in a mixture of sodium chloride (130 
mmolar) and potasstum chloride (6 mmolar). Exper- 
ments to investigate the binding of calcium were carried 
out using calcium-45 as label. 

The time course of calcium-46 binding by the micro- 
somal and nerve ending fractions of brain cells 1s shown 
in Fig. 1. The amount of calcium-45 bound by brain 
microsomes increased linearly for about 5 min, at which 
time a steady state was established. On the other hand, 
calcium-45 binding by the nerve ending fraction proved 
to be biphasic, with an initial rapid phase and a second 
slower phase. This implies that at least two different 
processes participate in the binding of calcium by this 
fraction. In order to examine in greater detail the initial 
rapid phase, an experiment was next performed ın which 
the nerve endings were incubated with caleium-45 for 
3 min only. 

The results shown in Table 1 show that the presence of 
both ATP and magnesium ıs required for the activation 
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Fig 1. Time course of calcilum-45 binding by brain microsomal and nerve 
ending fraction. 


The reaction mixture contained 40 mM of ins buffer (pH 7 4); 0 25 M 
of sucrose, 0-01 mM **CaCl,; 2 mM ATP-Na,; 2:5 mM magnesinm chionde 
and subcellular particles (about 2 mg of protein). The reaction was started 
by the addition of particles and stopped by ice cold salt mixture (180 mM 
sodium chloride, 5 mM potassium chloride, 2-5 mM magnesium chloride, 
001 mM calcium chlonde, 40 mM trs buffer). After con tion, 
10 per cent of trichloroacetic acid was added to the extract calorum-45 
in the particles. Radioactivity in the extract was measured with a 
‘Tricarb’ liquid scintillation counter 


of calcrum binding by the brain microsome and nerve 
ending fractions. The reaction was temperature depen- 
dent. When sucrose was omitted from the reaction 
medium (resulting in hypotonicity) or was replaced by 
the mixture of sodium chloride and potassium chloride, 
ATP independent calcium bmding was remarkably 
reduced, especially in the case of the nerve ending frac- 
tion. The stimulatory effect of ATP and magnesium m 
the mixture of sodium and potassium chloride or in the 
hypotonic medium seemed to be greater than that in the 
sucrose media. Liver microsomes and brain mitochondria 
showed a similar ATP dependent calcium binding—but 
to a lesser extent. 

As shown in Table 2, succinate and inorganic phosphate 
(known to accelerate calcium binding with mitochondria‘) 
and oligomycin (an inhibitor of ATP dependent calcium 
binding by mitochondria’) had no significant influence on 
calcium binding in our experiments (Table 2). Igrosin 
(sodium salt of mercuric salicyl-allyl-amide acetic acid, 
kindly donated by Takeda Chemical Industries, Ltd., 
Japan), which 1s similar to salyrgan’-*, however, selectively 
mhibited ATP dependent calcium binding. It therefore 


Table 1. SrouLatoRY EFFEOTS oy ATP AND MAGNESIUM ON CALOIUM-45 
BINDING BY SUBOBLLULAR PARTIOLAS 


Radioactivity in particles (o,p.m./mg protein) 
1 2 3 R 4 Ratio 


ATP Mg ATP+Mg 
Preparation Medium* None (2mM) (25mM) (2mM) (4/1) 
(2-5 mB) 
Bram UCTOBS 
microsome (0 25 B 8,000 2,140 2,560 12,040 0 
NaCl q màn 
-KOl (6 2,260 1,600 1,860 10,800 4:8 
Hypotonic 2,760 - - 16,200 55 
NaCl-KCl 
at orc 900 i =- 1,100 12 
Sucrose 3,700 2,520 8,060 8,900 2-4 
Nerve 
ending NaClKCi 1,320 1,120 1,160 4,080 31 
fraction Hypotonic 1,120 - - 3,340 30 
Brain 
mitochondna Na0l-KC1 1,820 - - 3,380 26 
Liver 
mucrosome NaCi-KOCl 1,600 - - 4,490 30 


* Mixture of sodium chloride and potassium chlonde or hypotonic media; 
sucrose 1m the reaction mixture (see Fig. 1) was displaced by the mixture 
of sodium chloride and potassium chloride or omitted. 

Incubation was for 8 min at 30° C. 
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Table 2. ACTION OF DRUGS ON CaLOIUM-15 BINDING BY THE BRAIN MIORO- 
SOMAL AND NERVE ENDING FRACTIONS 


Radioactivity in partacles (c.p m./mg protein) 


Brain microsome Nerve enoma fraction 
ATP-Mg ATP-Big 
None (2mM,265 mM) None (2mM,25 mM) 
Control 2,280 10,800 1,820 4,100 
Igrosin OD 2,120 3,120 1,840 1, 
Oxalate (5 1, 10,800 1,100 8,660 
Pa (10 mA) + 1,700 11,200 1,460 4,180 
succinate (10 man) 
Olgomycin 5y/ml. 1,840 18,200 1,040 4,540 
toveratrine (10> ,020 11,880 1,440 4,840 
Ouabam 1 2,900 10,600 1,820 4,840 


Incubated ın the mixture of sodium chloride and potassium chloride for 
8 min at 30° 0, 


seems likely that the mechanism of ATP dependent 
calcium binding in bram mucrosome and nerve ending 
fraction may differ from that in mitochondria, and re- 
sembles the calcium binding of sarcoplasmic reticulum. 
The binding reaction in our expermments was not stimulated 
by oxalate, which is known to cause an increase in amount 
of caloium bound in sarcoplasmic reticulum’*. Moreover, 
ouabain—an inhibitor of the active transport of mono- 
valent cations across the cell membrane*’—did not inhibit 
calcium binding by mitochondria. The effect of proto- 
veratrine——a typical labilizer of excitable membrane—on 
calcium binding was also examined, but the effect of the 
drug was slight under the experimental conditions used. 
From these results it is concluded that brain micro- 
some and nerve ending fractions can bind calcium and 
that calcium binding is greatly stimulated by ATP and 
magnesium. Calcium binding by mitochondria seemed to 
be similar to binding by sarcoplasmic reticulum but does 
not have the same temperature dependency’ and is not 
responsive to oxalate. The fact that ATP dependent 
calcium binding was also observed with liver microsomes 
suggosta that such phenomena are not specific to the 
so-called excitable membrane. 
Similar observations of brain cell fractions have recently 

been made independently by Otsuka et al." 
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Free Amino Acids of Human Foetal and 
Adult Liver 


THe glycine and «-amimo nitrogen concentrations in 
rabbit foetal muscle are approximately three times as 
great as in maternal muscle?. Previous studies on regen- 
erating rat liver mdicate increased concentrations of a- 
amino nitrogen and glutathione during regeneration’. 
These observations suggest a relationship between high 
concentrations of amino acids and mereased protem 
synthesis. Studies of the amino acid concentrations of 
tumours also show that elevated concentrations of amino 
acids are present during rapid growth’. The foetal liver 
of the guinea-pig, however, unlike foetal muscle, has been 
found to have the same concentration of amino acids 
as the maternal liver. 

Comparable information about human foetal liver is 
not available, even though this would be important in 
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Table 1, CONORNTRATIONS OF FRES AMDXO ACIDS IX HUMAN Foeni, AND 
ADULT EXPRESSED AS HMOLES/G WET TISSUE + STANDARD ERROR 


OF THE 
Each entry represents 5 samples each of foetal and adult hver 
Foetal Adult 
Amuno acid Concen- Standaid Concen- Standard 
tration error tration eror 
Taurine 2 40* 018 077 010 
Urea 2-08 0-12 217 021 
Aspartic acid 0 28 0 05 O59 0-04 
Threonine 1 08* 0 28 0 20 0 08 
Serine 092 0 24 0 68 007 
Glutamine-asparagine 2 22 0-41 2-44 0 22 
Proline 0 86 0-17 0 20 0 02 
Glutamic acid 2-99 0 63 169 009 
Glycine 211 0-49 2-48 O17 
Alanine 2-72 0-15 1-90 018 
Valine 0-41 0 04 1-04* 007 
Half cystine 0-18 004 002 0 02 
Methionine 10t 001 0 05 001 
Isoleucine 0-10* 0 08 010 001 
Leucme 0 34* 005 O11 001 
e 0-22* 0-08 0-05 001 
Phenylalanine O16 0 02 0-05 0 02 
Ornithine 0 38* 004 0-10 001 
Lysme 0 65" 0 02 0-17 0 02 
stidne 0-87" 002 0 24 002 
*P<001. 
IP < 0-05. 


chemical studies of human development as well as in 
comparisons between foetal and adult metabohsm. For 
these reasons, a study has been carried out to describe 
quantitatively the free amino acids of human foetal and 
adult liver. The results are described in this report. 
Samples of foetal liver (22-24 weeks gestation) were 
obtained within an hour of death. Human adult liver 
was obtained during surgery or by biopsy from patients 
in which no liver disease was observed. All samples were 


Immediately frozen until analysis. The free ammo acids 


wore isolated‘ and chromatographed on an amino acid 
analyser’. 

The total concentration of free amıno acids, as well as 
the total concentration of substances reactive with 
ninhydrin, were greater in the foetal liver than the adult 
(Table 1). Moreover, valine was the only amino acid 
significantly more concentrated in the adult tissue. 
Taurine, threonine, alanine, methionine, isoleucine, leucine, 
tyrosine, phenylalanine, ornithine, lysine and histidine 
were significantly elevated in the foetal hvers. These 
results are not unexpected because of the need for amino 
acids during the period of rapid growth, and they are also 
in agreement with those obtained from studies of amino 
acids in foetal and maternal plasma®*, which have 
demonstrated a ratio of foetal to maternal amino acids 
of approximately three. 

Changes in water content in the tissues cannot account 
for the observations, since all the amino acids did not 
decrease with development; in fact, valne was found 
to be more concentrated in the adult liver. 

It should be emphasized that the foetal data recorded 
here relate to a specific time during pregnancy. Different 
results might be obtained later in gestation. Presumably 
they would be lower concentrations of ammo avcids— 
that is, they would approach adult concentrations as 
the foetus matures. It is difficult, however, to discuss 
this point without additional information since many other 
factors influencing amino acid metabolism must be con- 
sidered, and particularly” the rates of foetal protein syn- 
thesis, net amino acid retention by the foetus, transport 
across the placenta. In any event, further studies later in 
gestation are required. 

It 18 of interest to speculate about the reasons why 
some amino acids are more concentrated in the foetal 
tissue than in adult, while others are similarly concen- 
trated even for foetuses of twenty-two weeks gestation. 
One explanation may be that the enzyme systems in 
liver required for the metabolism of these amino acids 
have not reached an appreciable level of activity by 
twenty-two weeks. Since information regarding these 
enzyme systems for human foetal tissues is not available, 
further conjecture is premature. It is hoped that the 
concentrations of amino acids reported here will emphasize 
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the need for a complete description of the free amino 
acids of human liver during foetal development. Such 
studies would be a valuable adjunct to investigations 


` of enzyme development. 
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Heparin Metabolism : Isolation and 
Characterization of Uroheparin 


Tue naturally occurrmg mucopolysaccharides (MPS) of 
mammals include the chondroitin sulphates, hyaluronic 
acid, heparitm sulphate, keratosulphate, chondroitin, and 
heparm. Most are located extracellularly, primarily in 
connective tissue. Only heparin is stored mtracellularly, 
chiefly ın mast cells and basophils. Little is known of its 
metabolism in humans, although rat tissues rapidly take 
1t up after injection’. Although in dogs small amounts of 
circulating heparin bound to protein have been reported’, 
circulating extracellular heparin has not been demon- 
strated in humans and several attempts to detect heparin 
excretion ın normal human urine have so far been un- 
successful. 

This communication briefly doscribes studies of the 
metabolism of exogenously administered heparin in man. 
Commercial heparin was purified by chromatography on 
AG1-X2 resin until its analysis was constant («#D%* = 
+50°, sulphate molar ratio equal to 5-16 pur repeating 
tetrasaccharide, uronic acid molar ratio equal to 1-63 with 
hexosamine taken as 1-00). Doses of 50-200 mg admunis- 
tered intravenously led to alterations of clotting time for 
three to six hours after injection. During this period 
approximately ono-third of the heparin administered was 
excreted as MPS, most of it in tho urine within three hours. 
Fractionation revealed that roughly one half of the 
excreted MPS was apparently unchanged heparin, and 
that most of the remamder was uroheparm, which now 
appears to be the principal early metabolite of heparin, and 
which has been isolated, purified and chemically charac- 
terized as partially desulphated heparin. We tentatively 
suggest that uroheparin is an MPS virtually identical 
with heparin but lacking some oster sulphate linkages. It 
has approximately half the anticoagulant activity of 
heparin. 

In typical experiments the urinary excretion of heparm 
was measured by treating samples of urine with excess 
cetyltrimethylammonium bromide (CTAB) to precipitate 
all MP8. The precipitate was washed with ethanol and 
then. dissolved in 0-05 N sodium hydroxide; the uronic 
acid concentration was measured using the carbazole 
method*. Basal levels of endogenous urmary MPS excre- 
tion were determined for each subject just before injection 
of heparin, after which urine samples were collected at 
30 min intervals. 30 ml. samples were used for determ- 
ination of the total amount of MPS precipitated by 
CTAB; the amall endogenous MPS excretion (about 6 per 
cent of the total) was subtracted. Excretion of heparim 
was very rapid and reached a peak at about 3 h, but 
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small amounts contmued to be excreted some 6-6 h 
after injection. The average recovery of MPS from the 
urine in twenty determinations with thirteen individuals 
was 29:4 per cent (ranging from 22 to 39 per cent). 

Crude extracts of the post-heparin urinary MPS frac- 
tion fractionated by electrophoresis on paper strips in 
0-1 M lithium sulphate’at 50 volts for 17 h (ref. 4). MPS 
was identified by alcian blue stain, and the only two 
significant components were heparm and a more slowly 
migrating component. Completely desulphated heparin, 
comparable with a laboratory standard contaming traces 
of sulphate, could not be detected. 

To facilhtate identification of the fractions separated 
by electrophoresis, the urine samples collected in tho 3 h 
after injection of heparin were pooled and MPS was 
precipitated with CTAB. The precipitate was mcubated 
with testicular hyaluronidase in 0-1 M acetate buffer (in 
0-2 M sodium chloride, pH 6), for 1-2 days to remove 
most endogenous urinary MPS (chondroitin sulphates). 
Protein was removed by meubation with trypsin’, fol- 
lowed by treatment with Lloyd’s reagent and passage 
over AG 50W-X2 resm. After dialysis for 48h at 4° C, 
the sample was precipitated as the calcium salt with 
ethanol. The contamination from endogenous urmary 
MPS with this purification procedure was determined to 
be no more than 3—4 per cent. 

The purified sample (25-30 mg) was adsorbed on to an 
AG 1-X2 column (0-9 x 40cm) and eluted with a step- 
wise sodium chloride gradient (0-2-0 M). Two principal 
fractions were obtained m about equal concentration, 
the first at 1-45 M and the other at 2-0 M sodium chloride. 
The 2-0 M fraction was identified as heparin by electro- 
phoretic separation and sulphate assay. The 1-45 M 
fraction was identified as uroheparin, a compound first 
noted by Best and Jaques’. The urcheparin and heparin 
were isolated, characterized by electrophoresis and papor 
chromatography, and chemical pharmacological analyses 
were carried out, including optical rotation, character- 
ization of amino sugar’, uronic acid content, sulphate 
content® and anticoagulant activity. Only two significant 
differences between heparin and urcheparin were observed. 
First, the number of moles of sulphate per repeating 
tetrasaccharide was 3-94 for uroheparm, compared with 
5-16 for heparin. Second, the anticoagulant activity of 
uroheparin, kindly determined by Dr. N. Alkjaersig, of 
this department, on the basis of thrombin clotting time, 
was about half that of heparin. This uroheparin appears 
to be formed from the injected heparm by the elimina- 
tion of one mole of sulphate for each repeating tetra- 
saccharide, and with a reduction of the anticoagulant 
activity of the compound. 

The structure of heparm has not been completely 
elucidated and many questions remain to be resolved 
meluding the type of tho glycosidic linkages, the possible 
presence of iduronic acid as well as glucuronic acid, the 
number and position of the sulphate groups on the uronic 
acid and the branching of the polymer. For purposes of 
sunplification, however, a schematic representation of 
the classic repeating tetrasaccharide structure of heparin 
is included (Fig. 1). Sulphate is located in three positions 
on the tetrasaccharide; each tetrasaccharide contains 
five moles of sulphate with two types of sulphate bonds 
(ester sulphate and sulphoamino). 

Any one, or even all, of the three sulphate positions could 
conceivably be involved in the formation of uroheparin. 


CH,0SO3H COOH CH,OSOH COOH 
o, Q Q 
`o 
OH OH o—\ou H 
NH SO,H OSOH NHSQH OH 


Fig. 1. Sohematio representation of the repeating tetrasaccharide of 
heparin, 
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The sulphoamino group, unlike the ester sulphates, 1s 
labile in dilute acid, which makes it possible to determine 
which sulphate is cleaved in the formation of uroheparin 
from the original heparin polymer. Samples (5-10 mg) of 
heparin and uroheparm were hydrolysed in 0-04 N hydro- 
chloric acid at 100° C for 90 min, neutralized, and then 
precipitated with CTAB. The sulphate content of heparin 
was reduced to 3-12 from 5-16 and that of uroheparin to 
2°18 from 3-94 per repeating tetrasaccharide, indicating 
that a labile sulphoamino group was originally present in 
both compounds. 

These data strongly suggested that an ester sulphate had 
been removed from heparin to form uroheparin and this 
was confirmed with N-acetylation studies. Nitrous acid 
will deaminate 2-amino-2-deoxy-hexosamines and with 
prolonged hydrolysis will remove the sulphoamino group 
of 2-gulphoamino-2-deoxy-hexosamines. The deaminated 
product can react with indole? to produce a chromogen. 
In practice, heparin and uroheparin are treated with 
nitrous acid (80 min, room temperature); a 12-5 per cent 
solution of ammonium sulphamate is added, followed 30 
min later by 5 per cent hydrochloric acid and 1 per 
cent indole; boiling the samples for 5 min leads to 
chromogen formation. A 2-acetamido group will block the 
action of nitrous acid, however, and thereby prevont the 
formation of a chromogen. If uroheparin resulted from 
cleavage of the sulphoamino bond, N-acetylation with 
acetic anhydride of the resulting free 2-amino group 
should be possible. After mcubation of heparin and uro- 
heparin with acetic anhydride in the presence of borate 
buffer?’, there was no N-acetylation as indicated by the 
formation of chromogen when treated with nitrous acid 
and indole. Control incubations of N-desulphated heparin 
and glucosamine resulted in complete N-acetylation since 
no indole chromogen was formed (Fig. 1). 

Thus uroheparin, the principal early metabolite of 
heparin, appears to be an MPS of composition similar to 
heparm, formed directly by the removal of an ester 
sulphate from each repeating tetrasaccharide. Heparin, 
which is unique among mucopolysaccharides in being 
stored intracellularly, also appears to have a metabolism 
differing from that reported for other MPS", being 
degraded initially by partial desulphation to a biologically 
less active metabolite. 

We are indebted to Miss Carol Collier for technical 
assistance. The work was supported by a grant from the 
U.S. Public Health Service. 
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Determination of Disulphide Groups in 
Proteins 
RaeLarrve.y simple methods are available for the determ- 
ination of sulphydryl groups in proteins!. The determina- 
tion of disulphide groups is, however, more difficult and 
the methods available are more laborious and less accurate. 
Most of the methods used for the determination of disul- 
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phide groups are based on the reduction of these groups 
followed by amperometric determination of liberated 
thiols?. Alternative to these procedures are those using 
exchange with dinitrophenylcystine*, oxidation with 
performic acid‘, or reduction and alkylation with mono- 
iodacetaie’. This communication deals with the method 
recently used in our laboratory for the determination of 
disulphide groups using sodium borohydride (NaBH,) in 
8 molar urea as reducing agent! and 5,5’-dithiobts 
(2-nitrobenzoic) acid (DTNB) as a thiol disulphide 
exchanger®. 

Test-tubes 18 x 110 mm, with marks at 3 and 6 ml., 
were used. The following material was added to the tubes 
in the order shown: 1-44 g solid urea; 0-1 ml. of 0-1 
molar sodium versenate; 0:5-1 ml. of protein sample; 
1 ml. of 2-5 per cent sodium borohydride prepared immedi- 
ately before use; water to make up to the 3 ml. mark 
and a drop of octyl alcohol as an antifoaming agent. 

The solution of sodium borohydiide was dispensed 
from a buretie with an internal diameter of 0-5 em. This 
method gave sufficiontly accurate contro] of the amount of 
solution measured and the error due to the developmont 
of hydrogen gas was reduced to a minimum. 

The tubes were shaken at 38° C in order to dissolve urca 
and were then kept at this temperature for the desired 
time. At the eud of the temperature treatment, 0-5 ml. 
of a solution of 1 molar monopcotassium phosphate con- 
taining 0-2 normal hydrochloric acid was added. The 
wall of the test-tube was carefully wetted with the internal 
solution in order to destroy traces of sodium borohydride 
adhering to it. Five minutes after the addition of the 
potassium phosphate~hydrochloric acid solution, the 
destruction of sodium borohydride was completed by add- 
ing 2 ml. of acetone. The mouth of the tube was closed 
with a piece of ‘Parafilm’ and the tube inverted several 
times to bring the solution into contact with the wall. 
Nitrogen was bubbled slowly through a narrow glass tube 
for 5 min; 0-5 ml. of a 0-01 molar solution of DTNB was 
then added and the solution made up to 6 ml. with water. 
Nitrogen was bubbled again for 1-2 min and the tube 
stoppered, care being taken to fill the gas space with nitro- 
gen as thoroughly as possible. After standing for 15 min, 
the absorbancy at 412 mp was determined against water 
in a spectrophotometer, using a cuvette with a 1 cm light 
path. 

The pH of the final solution lay in the range 7-2-7-5. 
Determinations were made in duplicate, and duplicate 
blanks, containing all the reactants except the protein 
solution, were subtracted from the values. The extinction 
coefficient of 12,000 reported by Flavin’ was used. The 
number (N) of total sulphydryl groups after reduction is 
given by the formula 


N MWxAxV 
~ 12,000 x m 

where MW is the molecular weight of the protem; A, 
the value of the absorbancy read from the spectrophoto- 
meter; V the volume of the final solution (6 ml. in the 
present case); and m, the weight in mg of the protein 
sample analysed. 

The success of the determination depends on destroying 
all the excess of sodium borohydride. When the sodium 
borohydride was destroyed completely, the absorbancy of 
blanks was in the range 0-03-0-05. Denaturation of 
some proteins gave a gelatinous sticky precipitate 
of insoluble protem., Care was taken in these cases to 
bring the precipitate into contact with the solution with 
the aid of the glass tube used for bubbling nitrogen. 
When the final solution was cloudy, 1t was filtered through 
Whatman No. 42 filter paper immediately before the 
spectrophotometer reading. 

Tho results of the determination of tota: disulphide 
groups, including pre-existing sulphydryl groups, are 
shown in Table 1 for various proteins. Of the proteins 
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Table 1. NUMBER OF SULFHYDRYL GROUPS TITRATABLE WITH DTNB AFTER 
REDUCTION WITH SODIUM BOROHYDRIDE 


Number of zulphydryl groupe 
Amount after reduction 
Protein of protein ‘ound 

in im the Time of reduction 
literaturef 15 min mmn 

0-15 12 106-9 12-6 

Buibonuclease 019 8 7-0 82 
CERN o o a R g 

ymo nogen 5 

Insun 10 6 57 57 
Bovine serum albumin 0 18 35 26-6 860 


* Caloulated from the extinction at 280 me (ref. 8). 
+ According to Glazer and Smith (ref. 8). 


analysed, chymotrypsinogen repeatedly gave values 
lower than those expected. Increasing the time of reduc- 
tion to 1 h did not improve the result with this protein. 
The remaining protems gave satisfactory results after 
reduction for 30 min. 
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Enzymes involved in Glutamate Metabolism 
in Legume Root Nodules 


GLUTAMIC acid, a-alanine and aspartic acid are some of 
the carly products of nitrogen fixation ın legume root 
nodules':*, Enzymes involved in the synthesis of these 
amino acids in root nodules of Trofoltum repens (white 
clover), Pisum sativum (pea) and Medicago saitva (lucerne) 
were examuned in the investigations reported here. 

The plants, which were grown in quartz sand in & green- 
house, were supplied with a nutrient solution free of mtro- 
gon? and with suitable strains of nodule bacteria. When 
the plants wore about 6 weeks old, the nodules were 
removed and stored at —10° C until required. Nodules 
were extracted with 0-05 molar fris-hydrochloric acid 
buffer (pH 72) in a Potter-Elvehjem homogenizer. 
After the homogenate had been centrifuged for 30 min 
at 26,100g and at 0° C, the supernatant was used for 
enzyme determinations. A similar procedure was used 
for the preparation of extracts for electrophoresis except 
that the nodules were homogenized without adding 
buffer. 

The following enzymes were assayed at 340 my on a 
Beckman model DB spectrophotometer at 22° C (ref. 4): 
lactate dehydrogenase (t-lactate: NAD oxidoreductase, 
EC 1.1.1.27), malate dehydrogenase (L-malate: NAD 
oxidoreductase, EC 1.1.1.37), glucose-6-phosphate de- 
hydrogenase (D-glucose-6-phosphate : NADP oxidoreduct- 
ase, EC 1.1.1.49), glutamate dehydrogenase (L-glutamate : 
NAD oxidoreductase, EC 1.4.1.2) and isocitrate dehydro- 
genase (L-isocitrate: NADP oxidoreductase, 1.1.1.42). 
Simuar procedures were used for the assay of aspartate 
aminotransferase (L- te : 2-oxoglutarate amino- 
transferase, EC 2.6.1.1) (ref. 5) and alanine aminotrans- 
ferase (L-alanine : 2-oxoglutarate aminotransferase, EC 
2.6.1.2) (ref. 6). Aconitase (citrate (isocitrate) hydro- 
lyase, EC 4.2.1.3) was assayed according to the method 
of Davies’. Enzyme activity 1s expressed in mtornational 
units (10), a unit being the amount of enzyme which 
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converts 1 pmole of NAD (or NADP) to NADH, (or 
NADPH,) per min. The extinction coefficient for NADH, 
or NADPH, at 340 my was taken as 6-22 om*/micromole*. 
For the determination of specific activities (enzyme 
units per mg of protein) protein was according 
to Lowry et al.®, using bovine serum albumin as a standard. 
All the biochemicals used were supplied by Sigma 
(London). 


Table 1. LEVELS OF D¥WHYDROGHNASES AND AMINOTRANSFERASES LN 
LEGUAR Roor NODULES 
Specific activities* (1.U./mg protein) 
Pisum Trifohum Medwago 

Š repens saiwa 
Isocitrate dehydrogenase 0 074 0 102 0104 
Glutamate dehy nase (re- 0 030 0-059 0-03¢ 

ductive amination 

Lactate dehydrogenase 002 0-010 0 006 
Gincoso-5-phosphate dehydro- 0:009 0011 0-014 
Malate ‘to dehydrogėnase <0-001 <0-001 <0 001 
Aspartate aminotransferase 0:280 0 308 0 897 
Alanine aminotransferase 0 083 0 164 0-008 


* Each figure represents the mean specific activity of five samples. 


Isocitrate dehydrogenase and glutamate dehydrogenase 
had the highest specific activity when nodule dehydro- 
genases were compared (Table 1). The activity of glutam- 
ate dehydrogenase, measured by the reductive amination 
of 2-oxoglutarate with ammonium sulphate and NADH,, 
was about thirty times higher than the oxidative deamina- 
tion reaction (assayed with glutamate and NAD). The 
optimum pH for glutamate dehydrogenase m nodule 
extracts from T. repens was 9-2, in 0-065 molar glycine— 
sodium hydroxde buffer. When nodules from T. repens 
were crushed and fractionated by centrifugation as 
descmbed by Bergersen’, 10 per cent of the total glutamate 
dehydrogenase activity was detected in the bacteroid 
fraction whereas 73 per cent was present in the super- 
natant fraction. About 96 per cent of the isovitrate 
dehydrogenase activity was located in the supernatant 
fraction, with 1-2 per cent in the bacteroid fraction. The 
optimum pH of isocitrate dehydrogenase in nodule 
extracts from T. repens was pH 7-8, in 0-05 molar tris- 
hydrochloric acid buffer. The aconitase activity was 
very low in all extracts. 

The levels of aspartate amimotransferase and alanine 
aminotransferase in root nodule extracts are also given in 
Table 1. Aspartate ammotransferase activity was about 
three times that of alanine aminotransferase and in com- 
mon with isocitrate dehydrogenase 98 per cent of the total 
activity was detected in the supernatant fraction of 7. 
repens nodules. The optimum pH for both enzymes in 
extracts of nodules from T. repens was pH 7-8 in 0-05 
molar tris-hydrochloric acid buffer. In these preparations 
glutamato dehydrogenase was active at pH 7:8 and almost 
cortainly contributed to the aminotransferase activity. 





utamate ate dehydrogenase (GDH) and ssocitrate 
d from Tri aium 


Wogonase (IODH) aym prepare 
nase 
tive antenaity OOF the the pee is indica 


nod dules 


» GD (AD): . GDH may, O , ICDH RAD); D, ICDA 
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When nodule oxtracts from T. repens were subjected to 
starch gel electrophoresis’ and dehydrogenase zymograms 
prepared", at least three proteins with glutamate dehydro- 
genase activity were visible (Fig. 1). One enzyme was 
specific for NAD and another for NADP, while the third 
reacted with NAD or NADP. Bacteroid extracts, how- 
ever, showed extremely low activity on the zymograms. 
Only one band of isocitrate dehydrogenase was detected 
on nodule zymograms. This enzyme was very active 
with NADP and displayed moderate activity with NAD. 

Previous investigations’ of root nodules, suggested 
glutamate dehydrogenase as the most important enzyme 
in the formation of amino acids from fixed nitrogen. The 
present investigations substantiate this and further 
suggest that isocitrate dehydrogenase, aspartate amino- 
transferase and alanine smmotransferase are also impor- 
tant in the nitrogen metabolism of legume root nodules. 
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Layer Technique in Gel Filtration for 
estimating Differences in the Degree of 
Dissociation of Closely Related Proteins 


WueEn the interaction or the association of large mole- 
cules 1s to be studied by gel filtration’, ıt 13 recommended?-* 
that enough solution should be passed into the gel column 
for a plateau region to appear on the elution record. The 
leading and trailing boundaries do not then interfere with 
each other, and the effective elution position of a con- 
stituent can be found by constructing an equivalent sharp 
boundary using Longsworth’s® procedure for homogeneous 
solutions. In finding this position, to obtain what may be 
called the constituent elution volume VP, all the forms of 
the constituent, combined and free, are included. 

The constituent elution volume has the useful property 
that when multiplied by the concentration, w,, of the 
constituent in the inflowing solution, it gives the amount 
of the constituent held in the column under steady state 
conditions, when the solution is passing unchanged 
through the column’. This amount is “missing” from the 
elution record, ıf the record is begun immediately the 
solution begins to enter the solvent-filled column and, for 
mass to be conserved, must be exactly equal to the amount 
that would be found in the void volume and gel phase of 
the column by a static adsorption experiment’, provided 
elution volumes are independent of flow rate. Being a 
steady state value, V,w, is not affected by purely kinetic 
factors. For example, it cannot be altered by re-equilibra- 
tion within the column caused by preferential occlusion of 
the smaller particles of a reaction mixture by the gel 
phase?*; nor can ıt depend on the rates of diffusion of the 
various species to and from or within the gel phase’, 
Further, provided the solution entering the column is 
already in internal equilibrium, the value of VY, is inde- 
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pendent of the rate at which equilibrium is restored if 
disturbed in the column. Whether the rate of re-equilibra- 
tion is fast or slow affects the shape of the concentration 
profile on the record?!, but not the value of 7,8. Equilib- 
Trium constants can, therefore, be calculated from V; 
without fear of error being mtroduced by any of these 
processes. 

After a steady state has been established, an interesting 
situation arises if a permanent change is then made to the 
inflowing solution. The change can be to new values of 
any of the variables such as constituent concentrations, 
ionic strength, pH, ligand concentration and so on which 
govern the value of 7; A new steady state becomes 
established, associated with a new value of the product 
Į., the amount of the constituent i occluded in the 
column. 

For conservation of mass the increase, say A(V.t%,), of + 
in the column must be exactly matched by a deficiency of + 
in the elution record. In the special case that w: 1s kept 
constant in the two solutions, the deficiency, WAF, will 
be seen as a temporary dip, at the junction of the two 
solutions, below the otherwise constant plateau level w. 
Sensitive differential methods by which the eluate is com- 
pared with a control solution of concentration w, can, 
therefore, be used to determine #,;AV; as a function of 
any chosen variable. The method is bemg used in this 
laboratory"? to determine the dependence of the dissocia- 
tion of haemoglobin into subunits on the various pars- 
meters already hsted. In some respects the method 
recalls that of Hummel and Dreyer", but differs from 
theirs ın bemg a steady state method, and of greater“ 
generality. 

A variant of the method, which follows closely the 
layering techniques used in ultracentrifuge experiments’, 
is of particular value for the study of the influence of 
amino-acid sequence on the ease of dissociation of a protem 
mto subunits. This can be illustrated by reference to 
haemoglobin. Recently’, there has been discussion con- 
cerning the relative tendency of haemoglobins from 
different species to dissociate into subunits, and evidence 
has been presented that sheep?? haemoglobin in neutral 
dilute phosphate buffer is insignificantly dissociated even 
at very low concentration. Human‘ haemoglobin under 
similar conditions 1s appreciably dissociated. A direct 
comparison 1s possible by setting up a steady state flow 
of a solution of one haemoglobin through a gel column, 
and following it by a steady state flow of a solution of the 
other at the same concentration of protein. A dip in the 
protein concentration at the junction of the two solutions 
on the record means that the haemoglobm in the following. 
solution is the more dissociated, a hump that the haemo- 
globin in the leading solution is the more dissociated. 

When this experiment was carried out}? with normal 
human oxyhaemoglobin in the leading solution and 
normal sheep oxyhaemoglobin in the solution that 
followed. a pronounced dip was observed. Reversing the 
order of the solutions led to an equivalent hump. The 
same qualitative result was obtained whether humen 
haemoglobin was compared with the electrophoretically 
fast or slow vaneties of normal sheep haemoglobin. 
Clearly, the sheep oxyhaemoglobins were more and not 
less dissociated than human oxyhaemoglobin under the 
conditions used, which were 3° C, ionic strength 0-1, pH 7, 
and protein concentration 0-008 per cent weight/volume. 
Similar experiments ın which the two varieties of sheep 
haemoglobin were compared against each other showed 
that the electrophoretically slow variety was more disso- 
ciated than the electrophoretically fast variety. These 
experiments, and others involving change of ligand, will 
be reported in detail elsewhere’. 

If the haemoglobin molecules can be regarded as 


dissociating from tetramers into dimers, it is possible to ` 


show that AV, is directly proportional to the difference in 
degree of dissociation of the two kinds of haemoglobin in 
the layered solutions. Let V, and F, be the elution 
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volumes characteristic of the dimer and tetramer species 
at the given protein concentration. The same values for 
these volumes can be assumed to apply to both kinds of 
haemoglobm. Then, since m general‘ 


Visa, Vat (l-a) Vy 


where «, 18 the degree of dissociation of the protein, +, 
it follows that ıf, for example, sheep is layered over human 
haemoglobin, then 


AV = Vaneep oi V human = (sheep — human) (V2— V4) 


As Thave pointed out, the method lends itself ideally to 
the use of differential methods of observation. It is to be 
expected, therefore, that very small differences in degree 
of dissociation will be detectable, and that it will be 
possible to study the effect of minor changes in protein 
composition on subunit association. 

I thank Prof. F. W. Roughton and Dr. J. C. Kernohan 
for making typed sheep haemoglobin available, Dr. W. 
Weiner, of the Regional Blood Transfusion Service, for 
samples of normal human haemoglobin, and Miss C. E. 
Page for technical assistance. 
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In vitro Inhibition of the Synthesis of 
Deoxyribonucleic Acid by 2-Phenyl-ethanol 
and some of its Derivatives 


2-PHENYL-ETHANOL (PEA) has been shown to induce 
unbalanced growth in bacteria. Originally, this was 
thought to be due to selective inhibition of DNA synthesis'. 
Recently, it has been shown that in Escherichia coli the 
primary effect is the inhibition of mRNA formation’. 
The inhibition of DNA synthesis can be explained by 
inhibition of a mRNA involved in the synthesis of DNA’. 
This communication describes the extent to which 2- 
phenyl-ethanol and its derivatives are able to inhibit 
an vitro synthesis of DNA. 

DNA-nucleotidyl-transferase (H.C. 2. 7. 7. 7.) (polymer- 
ase) has been isolated from calf thymus by Bollum’s 
method‘, DNA from trout sperm was used as primer after 
heating a 0-1 per cent aqueous solution for 10 min and 
chilng. One mililitre samples of the enzyme system 
with the compound added to a final concentration of 0:5 


per cent were incubated for 2 h at 37° C. Compounds ` 


which were not sufficiently soluble were used as a slurry. 
The tubes were tightly sealed durmg incubation because 
some of the compounds are very volatile. Controls with 
added saline were run in parallel. Twenty microlitre 
samples were taken at zero time, after 1 h and after 2 h. 
These were processed with the paper disk method of 
Bollum’ and counted m a dioxane scintillator with 
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Table 1. In vio INHIBITION OF THE POLYMERASE SYSTEM 
a b e d é 
1 control with saline 10004180 57 








Vl 

2 2-phenyl-ethanol G 355 +102 15 
X 
A 

3 £-phenyl-ethylamine AN CHCHNH, 606 + 154 9* 
AVA 
K 

4 2-naphthyl-ethanol | CH,CH,OH 206+ 105 6 
NN 
f 

5 8-pyridine ethanol Gaga B85 +152 9 
Nw 
VA 

8 cinnanuc alcohol fe eyes 98+ 65 0 
X% 

7 yp-fluoro-cinnamic 7 CH CHCH,OH 554 22 21 


alcohol ra | 


8 2-cyclopentenylethanol wit 55 9 
CH,CH,0OH 


va 
a CH,CH,OH 


Column a, current number of compound tested; b, name of compound, 
c, formula, d, relative rate of in ration of 4C-dATP into acid insoluble 
material; e, number of portions (different experiments). 

* These values had to be extrapolated from different concentrations 


9 2-(m-chlorophenyl)- 


22 21 
ethanol aes 


a Tricarb scintillation counter. The results are summar- 
ized in Table 1. PEA (No. 2) causes an appreciable 
in vitro inhibition of the polymerase system used. Com- 
pared with the active concentrations mn Escherichia cols, 
the concentration studied here is higher. It is not known 
how much inhibition of the polymerase ıs necessary to 
produce a critical alteration in, for example, the cellular 
rate of division, and for this reason we cannot tell how 
applicable our results are to the situation in vivo. On the 
other hand, intracellular PEA concentrations could be 
raised by active transport mechanisms. In addition, 
there seem to exist other and more sensitive sites in 
bactena. 

We have been interested in the consequences arising 
from alteration of the PEA molecule. If the hydroxyl 
group is replaced by an amino group (Table 1, No. 3) the 
+m vitro activity drops markedly. Introduction of a double 
bond together with the addition of one carbon in the side 
chain appreciably increases the inhibition (Table 1, No. 8), 
and addition of a halogen in the para-position brings 
about a further increase (No. 7). Other modifications 
studied concern alterations of the ring portion of the PEA 
molecule. Replacing the phenyl by naphthyl (No. 4) 
does not significantly change the activity. The mtroduc- 
tion of the heterocyche pyridine ring (No. 5) reduces 
the inhibitory activity, but a pentene rng (No. 8) enhances 
it. Tt 1s remarkable that binding a halogen to the phenyl 
ring ın a meta-position (No. 9) increases the activity of the 
compound so markedly. 

By further altering the molecule ıt may ultimately be 
possible to determine the necessary conditions for the 
inhibitory activity of this family of molecules. Further 
work is ın progress to investigate whether a planar, 
hydrophobic configuration at the rng portion, with an 
attached halogen, together with a partially flexible side 
chain terminated by a group with hydrogen-bonding 
capability achieves maximum specific polymerase inhibi- 
tion. It should be borne in mind, however, that we 
have dealt here with an impure enzyme; moreover, it is 
questionable how far these in vuro findings parallel 
tn vivo results. 
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Cellular Division and Cellular Volume 
Distribution in the Presence of 2-Phenyl- 
ethanol and some of its Derivatives 


AGENTS that inhibit DNA synthesis in cells of higher 
animals are comparatively rare. Following on our earlier 
work}, we have tested mouse lymphoma cells in order to 
determine the rate of division and change in volume 
brought about by the presence of various concentrations 
of 2-phenyl-ethanol (PEA) and some of its derivatives. 

Mouse lymphoma cells L 5178 Y were used, and were 
grown in a 10-20 per cent horse serum medium. At the 
beginning of an experiment, 30,000 cells/ml. were inocu- 
lated into fresh medium. Five mulblitres in 25 ml. roller 
tubes were brought to the required concentration of the 
compound to be tested and maintained at 36-5° C and 
l r.p.m. until the controls had reached about 300,000 
cells/mi.—this usually took 2 days. Ten tubes were run 
in parallel at each step of the investigation. At the end 
of the experiment the number of cells in each tube was 
determined by means of a Coulter counter model B with 
size distribution plotter. The values were averaged and 
the standard deviations calculated. Parts of the volume of 
each tube were pooled for each set of ten and their volume 
distribution was plotted. The mean value was determined 
im each set. 

Hach compound to be tested was set up in eight con- 
centration steps from 0 to 0-1 per cent. The curves relating 
concentrations to the number of cells/ml. at the end of the 
experiment were plotted and the 50 per cent inhibition 
estimated. 

The concentrations of PEA and some of its derivatives 
that réduce cell concentrations to half the control values 
are given in column c of Table 1. The activity of PEA 
in this respect is about the same as was shown earlier by 
Escherichia coli O 600 when tests wero carried out for 
viable bacteria or enzyme mduction®?. From this we sug- 
gest that similar inhibitory mechanisms prevau. The 
necessary concentration for 50 per cent inhibition m this 
experiment is one-tenth of that which reduces DNA- 
polymerase activity to 36 per cent (ref. 1). We did not 
find significant changes of the cellular volume at any of 


Table 1. INHIBITION OF CHLLULAR DIVISION IN MOUSE LYNPHOMA CELLS IN 


OULTUEB 

s b o d e 
1 pphonyl ethanol 0 04 60-0 + 88 50 
2 #-phenyl-ethylamine 0 004 600 + 59 20 
8 (m-i my chiorap nyi} 

he nol 0-015 500 +438 10 
4 2-naphthyl-ethanol 0 0085 50:0 + 9-5 10 
5 p-fuoro-cilnnamic 

aloohol 0-008 60:0 + 5-6 10 
—  oontrol 100-0 +45 90 


Column g, current number of compond tested; b, name of compound; 
¢, concentration of compound that brings about bo p per cont inhibition; d, 
avere inhibition with standard deviation in per cent; 6, number of portions 
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the concentration levels studied. Such a situation would 
be expected with unbalanced growth. 

In PEA where the hydroxyl group has been replaced 
by the amino group the mhibitory activity is increased by 
a factor of ten (Table 1, No. 2). This increased inhibition 
in cell culture cannot be caused by an increased inhibition 
of the polymerase systom*. Binding a halogen to the PEA 
ring (No. 3) increases its activity in cell culture by a factor 
of about three, whereas the polymerase showed the strong- 
est response of all the compounds tested. The replace- 
ment of the phenyl ring m PEA by the naphthyl ring 
(No. 4) causes its inhibitory powers in cell culture to 
increase by a factor of ten. In p-fluoro-cinnamuc alcohol 
(No. 5) the side chain as well as tho ring portion has been 
alterod, and this has resulted in a fivo-fold increase in 
inhibition. 

Comparing the changes of activity for cell culture and 
for polymerase system with the alterations in the PEA 
molecule ıt seems lkely that the polymerase system of the 
cell is not exclusively affected. The different derivatives 
may attack the functional parts of the cells in a very 
different manner. The expormments will be continued. 

We thank Miss H. Jamieson for technical assistance and 
H. Mack G.m.b.H. for supplies of PEA and its derivatives. 
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Induction of Thymine Dimers in Synchronized 
Populations of Chinese Hamster Cells 


Recent evidence indicates that the response of Chinese 
hamster cells in vitro to ultra-violet radiation changes 
during the difference phases of the cell cycle!:**. Humph- 
rey ef al.) have shown that cells synthesizing deoxyribo- 
nucleic acid (DNA) at the time of irradiation using ultra- 
violet rays (S phase cells) sustain more chromosome 
damage than cells which were in the period before DNA 
synthesis (G,) or cells in the period after DNA synthesis 
(G,). Sinclair and Morton have demonstrated that the 
response to ultra-violet radiation m synchronous popula- 
tions of cells as measured by cell death also fluctuates 
with the age of tho irradiated cells; the fraction of surviv- 
ing cells falls as the cells move from G, into § phase, and 
rises as they move from S into Q, phase*. In an effort to 
explain these changes in radiation response during the 
cell cycle, the production of an ultra-violet photoproduct 
of DNA, the thymine dimer? has been measured in syn- 
chronized population of Chinese hamster cells‘. 

B-14 Chinese hamster cells with a generation time of 
12 h were subcultured into 150 mm? Petri dishes (107 cells/ 
Petri dish) containing McCoy’s 54 medium supplemented 
with 10 per cent calf serum’. Cells were grown for 20 h at 
37° Cin a medium containing tritiated thymidine (Schwarz 
BioResearch, Inc., 1 pe./ml., 13 o./mmoles) to obtain 
labelled cells for the determination of thymine dimers. 
Labelled cells were incubated for 1-5 h in a medium con- 
taining 0-06 y/ml. ‘Colcemid’ in order to accumulate the cells 
in metaphase*. ‘Coleemid’ was omitted in one series of 
experiments. Mitotic cells were detached from the glass 
Petri dishes’ by shaking the cultures on a wrist action 
shaker and collected by pooling the media’. Cells collected 
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Table 1 
C.p.m.* Increase in thymine 
Time of Thymine region Nott thymine dimer/monomer from G, 
Description of irradiation Total Dumer region thymine monomer dimer/ to S (thymine 1 
exper:ments after pla actavity non dimer Net dimer t activity (above monomer monomer) — (thymine 
mitotio calls (h) activity activity background) (per cent) dimer/monomer) gı 
(Thymine dimer/ 
monomer)g, (per cent) 
Exp, 8-9 with ‘Colcemid’ 1-6 (G. 840 2 180 160 2 116,150 0 140 50 
0 ergs/mm? TH ( 674 4 165 500-4 248,701 0-215 
. S-83 with ‘Colcemid’ 15(@,) 904 192 712 55,020 138 80 
„000 ergs/mm?* 4 1,280 181 1,109 71,700 16 
7 (8) 1,243 216 1,027 61,173 1-7 
11 826 158 870 39,050 1? 
S-4 without ‘Colcemid’ 1-5 (G,) 2,074 230 1,844 68,492 27 22 
0,000 erge/mm? 803) 674 170 501 14,964 38 
Exp. 8-18 with ‘Colcemd’ 15 (Gy) 2,170 5 1,895 0,647 6-2 6 
100,000 ergs/mm? T5 9 2,245 210 2,086 30,740 66 
Exp. S-16 with ‘Colcamid’ 1-5 (G) 1,616 216 1,400 23,300 8-0 5 
100,000 ergs/mm'* 7-6 (S) 5,269 406 4,888 77,100 63 


* Samples were counted over periods of time which yielded a standard deviation of 2 5 par cent; background was 25 to 35 c.p.m. 
Unwradiated controls had a thymine dimer/monomer ratio of leas than 0-01 per cent. 


‘The two dimenalonal chromatographic a: ee 
ucts is referred to as thymine dimer activity in t 
unng acid hydrolysis of tho DNA (ref 17) 


from cultures which had been treated with ‘Colcemid’ 
had a mitotic mdex of 85-95 per cent with a 5 per cent 
yield; untreated cultures had a mitotic index of 40-60 
per cent with a 1 per cent yield. 

Mitotic cells (2 x 10) were plated into 100 mm? 
Petri dishes containing conditioned medium’ and incu- 
bated for 1:5, 4, 6, 7-5 orllh. The cells were washed twice 
with Hanks balanced salt solution to remove any 
material which absorbed ultra-violet and exposed for 
known periods of time to ultra-violet radiation of known 
intensities. The source of ultra-violet radiation consisted 
of 15 W General Electric germicidal lamps emitting 
radiation primarily at 2537 A. The ultra-violet dosimetry 
and irradiation procedures have been described in detail 
previously’. Immediately after irradiation, the cells 
were trypsinized and collected by centrifugation. The 
pellet was hydrolysed in formic acid, and the hydrolysate 
analysed for thymine dimers as described by Setlow et al.*. 

The growth of synchronous populations was monitored 
by time lapse photomicrography. A number of the mitotic 
cells used in an experiment were plated into a 60 mm? 
Petri dish adapted for microscopy. The cells were main- 
tained at 37° C and photographed at 30 min intervals 
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ae i Increase in number of cells as a function of time after plating 
tio cells. Numbers measured by time lapse photomicrography. 


ref, 8) does not separate uridine-thymine dimers from thymine dimers and the activity of both photo- 
report. The undine-thymine dimer arises from the cystine or cysteme-thymine dimer deammation 


through a phase contrast microscope at a magnification of 
35 times. Increase in the number of cells in the field 
was determined usmg successive photographs. The 
progression of cells through the first interdivisional period 
was monitored by periodically determining the percentage 
of cells in S phase. Mitotic cells gathered from cultures 
which had not been exposed to tritiated thymidine were 
plated into 60 mm? Petri dishes and incubated for whole 
numbers of hours before exposure to æ 20 min pulse of 
tritiated thymidine (1 pc./ml., 1-9 c./mmoles). The per- 
centage of labelled cells in a sample was determined by 
autoradiography®. 

Growth curves for synchronous populations from three 
experiments are shown in Fig. 1. Cell division in the 
first hour at 37° C was greater for cells the reproductive 
eycle of which had been arrested at metaphase by ‘Colce- 
mid’ than for the untreated cells which were collected at 
all stages of mitosis. A second burst of division occurred 
at about 16 h and involved 70-80 per cent of the popula- 
tion. The results of two experiments showing the per- 
centage of cells labelled (S phase cells) at different times 
after mitotic cells had been plated are given in Fig. 2. 
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Fig 3. Dose res 
at various times 
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ted in G, phases; A 


Table 1 gives the relative amount of dimers (percentage 
of thymine dimer/thymme monomer) found m the hydro- 
lysates of cells irradiated at various times after mitotic 
cells had been plated. In all experiments, more thymine 
dimers were found in cells irradiated during S phase than 
cells irradiated in G, phase. In experiment 8-3, the relative 
amount of thymine dimer increased and then remained 
constant as the cells moved from G, into S. The data 
given in Table 1 and Fig. 3 show that the relative amount 
of thymine dimer inoreases as a linear function of the 
incident dose of ultra-violet radiation below 10* ergs/mm?, 
and the rate of this increase is dependent on “‘cell age”. 
S phase cells had an average of 34 per cent more thymine 
dimers than G, phase cells for doses up to 104 ergs/mm?. 
The results ın Table 1 show that the percentage difference 
in thymine dimer/monomer between G, and S phase cells 
decreased with increasing dose, suggesting that both 
phases are asymptotically approaching the same steady 
state concentration of thymime dimer at large doses. 

Three possible schemes to account for the differences in 
the yield of thymine dimers between G, and S phase may 
be considered, namely: (a) that the same amount of 
dimers are initially induced in both G, and S phase cells, 
but are repaired at a faster rate in G, than ın S phase cells; 
(6) that the physical state of DNA changes during its 
replication and shifts the kinetics of production of thymine 
dimers in favour of more dimer being formed m S than in 
G, phase cells; (c) that there is greater absorption of the 
ultra-violet radiation before it reaches the DNA in G, 
than in S phase cells. 

Although splitting and/or excision of thymine dimers 
occurs in certain strains of bacteria®:!°, there is evidence 
that neither of these processes occurs in the mammalian 
cells tested‘:?. The B-14 hamster cells used in this 
investigation do not show repair of damage caused by 
ultra-violet radiation as measured by an imcrease in 
survival following fractionation of the dose, that is, the 
same fraction of surviving cells results if the total dose 
of ultra-violet radiation 1s delivered as a single exposure 
or is given in two equal exposures some time apart}. 
The available evidencet1-1* and the fact that the cells 
were analysed for thymine dimer immediately after 
irradiation make it unlikely that repair or removal of 
thymine dimer is involved in the observed variation with 
cell age im the production of thymine dimer. 

Large doses of ultra-violet radiation yield a steady state 
in which the fraction of adjacent thymines forming 
dimers is a function of the wavelength and the physical 
state of the DNA!*-*, The data presented here do not 
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rule out the possibility that there may be a change in the 
physical state of the DNA between cells of G, and S 
phases. The fact that cells in both phases appear to 
approach the same steady state concentration of the dimer 
at high doses, however, would indicate that this possi- 
bility is also unlikely to explain the variation in the produc- 
tion of thymine dimer observed at low doses. 

If the amount of thymine dimer found in & particular 
sample is not affected by repair or changes in the physical 
state of DNA, then the photodimerization of thymine 
reaction can be used at doses below 10‘ ergs/mm? as @ 
measure of the relative doses to the DNA for a known 
incident photon flux to the outside of the cells. If these 
assumptions are correct, the third possibility—that is, 
that there is greater attenuation of the ultra-violet 
radiation before it reaches the DNA in G, phase cells as 
compared with S phase cells—is a more likely explanation 
for the observed results. Such factors as cell size, cell 
shape", the distribution and/or concentration of materials 
which can absorb ultra-violet radiation within the cell, 
and the state of condensation of chromatin could play a 
part in this attenuation. Trosko et al. recently reported 
that an incident dose of 2 x 10? ergs/mm®* produced 20 
per cent more thymine dimers at early S than at G, and 
suggested that newly synthesized RNA attenuates the 
dose to the DNA in G, phase cells‘. 

Available evidence shows that S phase cells are more 
sensitive to the induction of thymine dimers by ultra- 
violet radiation‘, chromosomal damage’ !* and cell death? 
than G, or G, phase cells. Although this correlation does 
not prove that pyrimidine dimers are involved in the 
killing of cells or in the damaging of chromosomes it may 
reflect that differences in the mtracellular attenuation of 
ultra-violet radiation play a large part in determining 
response to ultra-violet radiation measured at different 
stages of the mammalian cell cycle. 

This work was supported in part by the National Cancer 
Institute and the National Institutes of Health. 
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Cobalt-free Corrinoids as Vitamin Biz 
Antagonists 


CorRINolD compounds containing no metal have recently 
been found ın certain species of photosynthetic bacteria’*. 
Hitherto, the corrin rmg has not been obtained without 
a central metal atom. Several “‘metal free” corrinoids 
of different electrophoretic mobilities have been purified 
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from these bacteria. They are converted into yellow 
products of unknown structure by the action of light, 
alkali or acid. They take up cobalt in shghtly alkaline 
solution. We have now tested these compounds as antag- 
onists of vrtamm B,, in some bioassay systems. This 
communication describes the results of these tests. 

_ Many compounds are known to act as B,, antagonists 
in the bioassay systems’. Some of the antagonists are 
relatively simple molecules which mimic part of the By, 
structure (for example, benzimidazoles, 6-mercaptopurine, 
2,6-diaminopurine and other purmes) while others (in- 
cluding sulphanilamides) have no structural relationship 
to vitamın B,,; all these compounds are relatively weak 
antagonists with 50 per cent inhibition mdices greater 
than 1,000: 1 (ref. 3), where the 50 per cent inhibition 
index 1s defined as the ratio of inhibitor to cyanocobalamin 
which reduces the growth response to 50 per cent of that 
obtained with the vitamin alone. Some chemical modi- 
fications of the vitamin B,, molecule havo led to com- 
petitive antagonists, but for most of these analogues the 
50 per cent inhibition index is greater than 1,000 : 1 (ref. 3). 
The exceptions are Friedrich’s alkanolamine analogues 
(for example, C’,-2-methyl-2-ammo-propanol(1)-vitamin 
Bı!) which have 60 per cent inhibition mdices as low as 
3° 1 (ref. 4). The cobalt-free corrinoids were found to have 
a potency in this range and are, therefore, among the 
most potent Bı, antagonists known for the Escherichia 
colt 113-3 system. 

The cobalt-free corrinoids used in these experiments 
were: the neutral compound’, believed to be descobalt- 
cobamide (I); the positively charged compound?, believed 
to be descobalt-cobinamide (I1); and the negatively 
me compound’, which has not as yet been identified 

Tests were carried out to determme whether these 
compounds exhibited any growth promoting activity 
in the absence of vitamin B,, using Æ. colt 113-3, Lacto- 
bacrllus leichmannii ATCC 7830, and E. colt B which had 
been inhibited from developing by treatment with 
sulphanilamide’. None of the compounds showed sig- 
nificant growth promoting activity in these organisms; 
the actavity was less than 0-01 per cent that of cyano- 
cobalamin. 

The effects of the cobalt-free corrinoids were determmed 
on cultures of the following test organisms supplemented 
with cyanocobalamin: Æ. coli 113-3 grown as previously 
described’; L. leichmannii 4797 grown on the medium of 
Blakley’; and L. leichmannw 7830 grown by the standard 
method’, The compounds showed no antagonism to 
vitamin B,, in L. leichmannii ATCC 7830 at inhibitor to 
cyanocobalamin ratios up to 200:1. The effects on 
E. colt 113-3 and L. leichmannii ATCC 4797 are shown 
in Table 1. 


Table 1 Erysor OF CoBALT-FREB CORRINOIDS ON THR CYANOOOBALAMIN 
GROWTH RESPONSE OF E, coli 118-8 AND L. leichmannas ATCO 4797 


60 per cent inhibition index 
For E. cols 118-8* F 


Corrmod or L lechmanni 
ATCC 4797+ 
I (neutral) 16 8 
I (pomtive) 2 19 
IO (negatave) 40 not tested 


* Cyanocobajamin concentration = 0 06 ng/ml. 

t Cyanocobalamin concentration = 0005 ng/ml. Data obtained by E 
pratt R. L. Blakley at the Australian National University, Canberra, 

us 


It is evident that the cobalt-free corrinoids are strong 
antagonists of vitamin B,, in these bioassay systems, 
although the relative potency of the compounds is not 
the same for the two systems. Compound II has a potency 
simular to that of Fnedrich’s S-102 in the E. colt system‘. 
The effect of the cobalt-free corrinoids was greater when 
they were added at the samo time as the cyanocobalamun 
than when they were added after growth had started. 
Thus, when the compounds were added to the cultures 
8 h after inoculation, the 50 per cent inhibition index was 
about doubled. This effect has been previously observed 
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with a variety of B,,-antagonists® including Friedrich’s 
S-102 (unpublished observation). 

The anti-vitamin effect of the cobalt-free corrinoids is 
destroyed when they are converted to the yellow products; 
the yellow products showed no anti-vitamin B,, activity 
in Æ. coli 113-3 at ratios as high as 1,000: 1. 

The cobalt derivatives!'* of compounds I and I had 
growth promoting activity for Æ. coli 113-3, for L. letch- 
mannii ATCC 7830 and for Æ. colt B inhibited with sulpha- 
nilamide (Table 2). Tho specific activities are close to 
the known activities of cobamide and cobinamide, respec- 
tively. 


Table 2. VITAMIN B,, ACTIVITY or Const DERIVATIVES OF COMPOUNDS 
AND 


Relative growth response* 


Corrinoid E.cols E.coli Binhibited L. lerckmanntt 
113-3 withsulphandamide ATCC 7830 
Cobalt derivative of I 3 10 03 
Cobalt derivative of IT 10 10 1:6 


* Relative to a growth response of 100 for vitamin Bs 


Addition of cobalt salts to the medium together with 
the cobalt-free corrmoids did not bring about the formation 
of active complexes when tested in the E. cole 113-3 
system. This may have resulted from the failure of the 
cobalt ions to enter the cells or from the absence of 
enzymes in this organism for introducing cobalt into the 
corrin ring. 

The B,, antagonism by the cobalt-free corrmoids in 
the bioassay systems suggests thet these compounds 
block the B,, binding sites and that the cobalt atom may 
not be nocessary for binding to these sites. 
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J. I. Toonmy 


The Squibb Institute for Medical Research, 

New Brunswick, New Jersey, and 

Department of Cell Physiology, 

University of California, 

Berkeley, California. 

* Fellow, John Simon Guggenheim Memorial Foundation, 1006. 
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MICROBIOLOGY 


Chemical Characteristics of Leptotrichia 
buccalis Endotoxin 


WE recently reported! that washed, killed suspensions of 
Leptotrechia buccalis were lethal to rabbits on intravenous 
injection. Endotoxin, which possesses potent biological 
activity?:*, was extracted from L. buccalis with hot phenol 
according to the technique of Westphal and Liderntz‘. 
Further purification was accomplished by differential 
centrifugation. 

Leptotrichia buccalis endotoxin and a repurified, com- 
mercially available endotoxin of Escherichia cols 0111 : B4 
(Difco Laboratories) were analysed for phosphorus‘, total 
reducing sugars‘, hexosamine’ and nitrogen’. L. buccalis 
endotoxin contained 1-0 per cent nitrogen, 0:9 per cent 
phosphorus, 60 per cent total reducing sugars and 16 per 
cent hexosamine, and the repurified WẸ. colt endotoxin 
contained 1:3 per cent nitrogen, 1-0 per cent phosphorus, 
34 per cent hexose and 16 per cent hexosamine Neither 
endotoxin contained detectable material absorbing at 260 
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or 280 mp when tested at a concentration of 300 pg/ml. Table 1. Paorocumacat REDUOTION OF ELEMENTAL NITROGEN BY NORMAL 


The values obtained with the L. buccalis endotoxin were 
similar to those reported for other Gram negative bac- 
teria’. 

L. buccalis is frequently found in increased numbers in 
some pathological processes involving the oral tissues, 
and it appears that the toxic components of these oral 
micro-organisms are implicated ın the necrotic phases of 
Vincent’s infection’. 

R. L. Gustarson* 
A. V. KROEGER 
E. M. K. VAI0HOLIS 


Department of Microbiology, 
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Photochemical Reduction of Elemental 
Nitrogen by Anabaena flos-aquae A-37 


Anabaena cylindrica has been shown to reduce elemental 
nitrogen photochemucally'*. Anabaena cylindrica is 
readily cultivated at room temperature, and ıt was of 
interest to determine if a blue-green alga with an optimum 
temperature of 39° C possessed this ability. 

Anabaena flos-aquae A-37 was isolated from an oxidation 
pond and obtained in unialgal bacteria free culture*. This 
alga was identified by Dr. Q. W. Johnston, Department 
of Botany, Mississippi State University. 

Anabaena flos-aquae A-37 has been shown to possess the 
ability to fix atmospheric nitrogen‘ and to be an abundant 
producer of an extracellular polysaccharide’. The assets 
of this alga could be increased if it were capable of reducing 
elemental nitrogen according to the following assumed 
equation!: 


Light 
N, + 3H,O —-——~> 2NH, + 1-5 0, 


and was therefore capable of producing oxygen other than 
by photosynthesis. 

To establish whether Anabaena jlos-aguae A-37 was 
capable of reducing elementary nitrogen photochemically, 
manometric techniques were used. The cells to be investi- 
gated were grown on a modification of the mineral salts 
medium of Dyer and Gafford*. The modifications con- 
sisted of omitting all nitrogen except for that present as 
contaminants in the chemicals used, and substituting 
ferric citrate (0-030 g/l.) for ferric chloride. The trace 
elements used were a modification of those recommended 
by Gafford’. The modifications consisted of substituting 
other salts of the desired element for those which con- 
tained nitrogen and raising the molybdenum content from 
0-9 p.p.m. to 10-0 p.p.m. The mixture was aerated with 
5 per cent carbon dioxide at 40 + 2° C for 5 days. The 
cells were collected by centrifugation and were washed 
twice in sterile basal medium under aseptic conditions 
and, in most cases, were depleted of nitrogen by aerating 
for 12 h with a 5 per cent carbon dioxide—90 per cent 
argon mixture. The cells were blended in a Waring 
blender and then centrifuged. Next, the cells were re- 
suspended ın 9 ml. of the basal medium, and the percentage 
light transmittance was obtained on a 1/10 dilution using 
white hght. The percentage light transmittance was cor- 
related with standard curves in order to obtain the 
cellular dry weight and cellular nitrogen corresponding 
with that value. 


Cais OF Anabaena flos-aquas A-87 
Argon control 





{min) produced* O,/N, chango in gas volume 
(ul.) (ul.) (ul) 

10 3 4 134 0 
5 T 140 8 

40 10 14 1-40 3 
55 11 15 1:37 3 
70 12 18 1:50 3 
85 9 15 1:67 2 
100 14 20 1:48 3 
115 12 18 1:50 2 
180 15 23 1-58 8 

T148 


QE? (N) = 104; Q! = 7-5; Qt CN) = 166; QG? = 11:3. 
* ‘These are cumulative totals. 


The cells were nitrogen-depleted in an effort to increase 
nitrogen uptake. During the period of depletion, carbon 
was still assimilated and stored as a carbohydrate reserve 
which allowed for substantial nitrogen uptake when the 
cells were exposed to free nitrogen. 

The Warburg flasks used had double side arms with 
one side arm connected to the centre wall. The main 
compartment of the flask contained 2-3 ml. of the basal 
medium and 0-5 ml. of cells. The flasks were flushed for 
10 min with either nitrogen or argon and 0-4 ml. of 
chromous chloride waa then added to the side arm 
connected to the centre well of half the flasks. 0-4 ml. 
of distilled water was added to the remaining flasks. The 
flasks were then flushed for another 5 min. The gassing 
was carried out m the light. Readings were begun after 
15 min and continued at 15 min intervals for the duration 
of the experiment, usually about 2 h. 

Manometric measurements were carried out usimg a 
conventional Warburg respirometer equipped with four 
20 W white fluorescent lamps. Chromous chloride (pre- 
pared and handled as described in a communication with 
Dr. R. M. Brown as a modification of the technique 
developed by M. Cramer as reported by Myers*) was used 
as the oxygen absorbent. 

The data obtained from the manometric studies are 
expressed as follows. (The superscript refers to the 
atmosphere and the subscript to the gas being measured.) 


O,/N,; ratio of pl. oxygen produced to ul. nitrogen 
fixed. 


qe (N); pl. nitrogen fixed in an atmosphere of nitrogen 
* per mg of cellular nitrogen per hour. 


ul. nitrogen fixed in an atmosphere of nitrogen 

per mg dry weight of cells per hour. 

Qn N; ul. oxygen produced in an atmosphere of 

nitrogen per mg cellular nitrogen per hour. 

ul. oxygen produced in an atmosphere of nitrogen 

per mg dry weight of cells per hour (ref. 9). 
Nitrogen fixation and oxygen production are plotted in 

relation to time. 


K ; 


o 5 





0 10 


25 40 55 70 85 100 115 1380 
Min 
Fig. 1. Photochemical] reduction of elemental nitrogen. by normal cells 


of Anabasna flos-aquae A-37. A, Argon control; O, nitrogen uptake, 
O, oxygen produced. 
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Table 2. PHOTOCHEMICAL REDUCTION OF ELEMENTAL NITROGEN BY 
EPLETED CHLLS OF Anabaena 


NITROGEN D fios-aguas A-87 
Time ul. nitrogen fixed 4d. oxygen produced ON, 
85 5 14 ~ 
50 ae 2 1-46 

180 

30 se 5 154 
1 

110 86 59 1 a 

125 86 62 1-72 

140 87 1:62 

& 1-58 


O, (M = 188; Qè = 121; Q93 CN) = 283; Qt = 181, 


The results obtained from the manometric studies with 
Anabaena flos-aquae A-37 indicate that thib alga is capable 
of reducing elemental nitrogen with concomitant oxygen 
production. 

Table 1 contains the results found when normal cells 
not depleted of nitrogen were used as the inoculum. The 
ratio of oxygen produced to the nitrogen fixed 
from 1-34 to 1-67 with a mean value of 1-46. This is very 
close to the theoretical value of 1-50 (ref. 1). Fig. 1 con- 
tains these data plotted in relation to time. 

The results in Table 2 were obtained when nitrogen 
depleted cells were used as the inoculum. Here the ratio 
of oxygen produced to nitrogen fixed ranges from 1-45 to 
1:72 with a mean value of 1:58. The nse from the 
nitrogen depleted cells was much greater than that of the 
normal cells, which is to be expected as the nitrogen 
depleted cells would have a carbohydrate reserve which 
would enable the cells to assimilate nitrogen at a more 
rapid rate. The carbohydrate reserve would be used for 
the manufacture of protein and other nitrogenous sub- 
stances as the required nitrogen became available. Fig. 2 
contains the data plotted in relation to time. 

The indication that Anabaena flos-aquae A-37 is capable 
of reducing elementary nitrogen photochemically would 


have great value in a system which required more oxygen 
than could be derived from photosynthesis alone. 


65 
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Fig. 2. Photochemical reduction of elemental nitrogen by ni 
depleted cells of Anabaena flos-aquae A-37. 0, Nitrogen uptake; 


O, oxygen produced. 
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To make use of basio equations to illustrate this fact, 
let us assume that the following reactions occur: 


6 CO, + 6 H,O C,H,,0, + 6 O; 
3 H,0 +N, 2 NH, + 150, 














6 CO, + 9H,O + N, C,.H,,0, + 2 NH, + T50, 


A 25 per cent increase in oxygen production could be 
gained using an alga with this ability. 

This work was done in co-operation with the National 
Aeronautics and Space Administration, Washington, D.C. 


Eprra B. Davis 
R. G. TISOHER 


Department of Microbiology, 
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Variation in a Strain of Classica! Vibrio 
cholerae 


HAEMAGGLUTINATING activity has been observed occasion- 
ally in stock laboratory cultures of some strains of 
classical Vibrio cholerae)*. It is therefore necessary to 
use recently isolated organisms in haemagglutination 
tests for the differentiation of vibrios. 
During an investigation of the mechanism of direct 
lutination in vibrios, five El Tor strains and four 
classical V. cholerae strains were serially subcultured in 
heart extract nutrient agar and nutrient broth at 37° C. 
After every sixth passage, the haemagglutinating activity 
and cholera-phage sensitivity of each strain were tested 
to determine whether there had been any change. Sur- 
prisingly, one recently isolated classical strain of FV. 
cholerae (STMC 588) in the twelfth serial subculture in 
nutrient broth showed haemagglutinating activity. It 
retained, however, its sensitivity to cholera-phage IV 
and polymyxin (50 ug/disk) and did not produce acetyl- 
methyl-carbinol. At the eighteenth subculture stage the 
organism still maintained its haemagglutinating property. 
Thus, even a recently isolated strain of V. cholerae may 
acquire haemagglutinating activity. 


K. N. Neoey 
A. C. MUKHERJEE 


Department of Bacteriology, 
School of Tropical Medicine, 
Calcutta. 
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Dehydroxylation of Caffeic Acid by a 
Bacterium isolated from Rat Faeces 


Tas removal of phenolic hydroxyl groups in rats and 
rabbits was first reported in 1957 by Booth et al.1. More 
recently, Booth and Williams* showed that dehydroxy- 
lation of caffeic acid to m-hydroxy-phenyl-propionic 
and m-coumaric acids was also carried out by rat and 
rabbit caecal contents and sheep rumen liquor. In 
ó ir results, Booth and Williams suggested 
icro-organisms could be responsible 
ion reactions. 
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We are unaware of any work showing dehydroxylation 
of caffeic acid by pure cultures of micro-organisms. 

We have isolated a strain of Pseudomonas sp. from rat 
faeces which has the ability to dehydroxylate caffeic 
acid yieldmg both m-hydroxy-phenyl-propionic and 
m-coumaric acids, aa well as some other products which 
were not identified. Enriched cultures of this bacterium 
can be obtained by moculating nutrient broth with a 
suspension of fresh normal ret faeces, and then incubating 
in an atmosphere of carbon dioxide at 37° C for 48 h. 
The bacterium was isolated from this culture by plating 
in nutrient agar. 

Dehydroxylation of caffeic acid occurs when heavy 
washed cell suspensions of this bacterium grown on 
nutrient broth are incubated for 48—72 h in the presence 
of a solution of caffeic acid in phosphate buffer (pH = 7). 

At present we are working on the isolation of micro- 
organisms from various sources capable of removing 
hydroxyl groups from different phenolic substrates. 


G. Prenmz-Suva 
D. RODRIGUEZ 
J. PEREZ-SILVA 


Instituto “Jame Forrán” de Microbiologia, 

Madrid, Spain. 
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Number of Cytoplasmic Factors in Yeast 
Cells 


Ir is well known that the self-reproducing genetic factors 
(pe), required for the development of mitochondria, are 
present in the cytoplasm. of yeast cell. When the cells are 
allowed to grow in a medium containing acriflavine or 
related dyes, large numbers of mutant cells with deficient 
respiration are produced, which tend to dominate the 
entire cell population after several generations!. 

A possible explanation of this finding is thet acriflavine 
may inhibit the replication of p factors but not of nuclear 
chromosomes and that, as a result, the respiration- 
deficient mutant may be produced because of lack of 
p factors by & process of dilution through successive cell 
divisions. If we assume that the initially existing p 
factors in a cell are distributed to daughter cells at random 
under conditions in which the multiplication of p factors is 
completely inhibited, we can calculate, using the method of 
polynomial expansion, the incidence of cells in any 
generation which lack p factor. The percentage incidences 
of the respiration-deficient mutant at the given genera- 
tions are calculated that the number of p 
factors is 4, 5, 6, 7 and 8, and the results are shown in 
Table 1. 

Saccharomyces cerevisiae, O-1 (ref. 1) was inoculated at 
the initial concentration of 2 x 10‘ cells per ml. in the 
media containing glucose (2 per cent), ‘Difco’ proteose- 
peptone (1 per cent) and ‘Difco’ yeast extract (1 per cent) 
added with acriflavine at 2-5 ug per ml., which had almost 
no effect on the growth rate of this microbe. Incubation 
was carried out aerobically with reciprocal shaking at 
30° C. The cell number was counted at intervals of 1 h 
and the percentage of the respiration-deficient mutant 
wae determined by the triphenyltetrazolium chloride 
overlaying technique of Ogur, John and Nagai?. The per- 
centage of the respiration-deficient mutant was plotted 
against the number of cells per ml. By interpolation from 
this curve, the percentage of the respiration-deficient 
mutant at a given generation was obtained. The values 
thus obtained for various generations are shown in Table 2. 
Comparison of the experimental values with those cal- 
culated up to the fourth generation led us to conclude 
that the number of p factors in a cell of this strain is 
between 6 and 7. At the fifth ge 
obtained experimentally is betwee 
assuming that the number of o fi 
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Table 1 CALCULATED FREQUENCY OF RESPIRATION DEFICIENT MUTANT 
(48 PEROENTAGH) 

No. of Number of poneration 

factors 1 2 8 5 6 7 8 
4 0-0 6-8 316 58 6 772 88-1 98-9 96 9 
5 0-0 81 28-7 513 72-4 85:3 92-4 96-2 
6 0-0 1-6 178 449 67-9 827 91:0 954 
7 0-0 O-8 134 89-3 63 7 801 89 6 04:7 
8 0-0 04 100 844 59-5 776 88 2 93-9 


Table 2. FREQUENCY OF RESPIRATION DAFIOINNT MUTANTS (AS PAROENTAGH, 
OBTAINED FROM EXPERINENTS 


Experimental Number of generation 
number 1 2 3 4 5 7 8 
1 00 00 15 87 55 70 85 - 
2 00 0-0 14 46 69 84 91 95 
8 05 8 18 45 63 75 86 
Average 0-2 1 16 48 62 76 86 ol 


the sıxth generstion, the values obtsined experimentally 
are a little lower than those calculated on the assumption 
that the number of p factors is 8. This is probably 
because of the slower growth rate of respiration-deficient 
mutant cells compared with normal cells. 

We conclude that there are few p factors in each cell 
and so all mitochondria in aerobically cultured cells may 
not necessarily contain p factors although p factors are 
required for the development of mitochondria. 

Tt is as well to point out that this conclusion is based on 
rather general arguments and is open to error. In the cell 
division of yeast, the cytoplasmic volume does not divide 
equally into two daughter cells, which suggests that there 
may be an uneven distribution of p factors into the two 
daughter cells. In the cell population of this strain used 
in the experiments described here, about 90 per cent of the 
cells are individually separated, and the rest of the cells 
are in clusters consisting of two or more cells. If one of 
the cells in a cluster is a respiration-deficient mutant and 
the rest are normal, the colony raised from such a cluster 
would consist of normal cells, as the growth of normal 
cells overcomes that of the respiration-deficient mutant 
cells on the agar plate. This factor could lead to under- 
estimation of the frequency of the respiration-deficient 
cells and overestimation of the number of p factors in a 
cell. The same would be true in the case of incomplete 
inhibition of the replication of p factors by acriflavine or 
lesser growth rate of respiration-deficient mutant than 
of wild cells. The latter possibility has already been 
pointed out. In any case overestimation of the number 
of p factors is possible, but underestimation is not. 
Clearly, then, there are only a small number of p factors in 
a normal cell. As the cells of stram C-1 are known to be 
tetraploid, investigations of the number of p factors in 
diploid or haploid cells are now in progress. In these 
cells, the existence of clusters of many cells in the popula- 
tion makes the experiment difficult. 

TAKASHI SUGIMURA 
KAZUKO OKABE 
Biochemistry Division, 
AKIRA [MAMURA 
Biophysics Division, 
National Cancer Center Research Institute, 
Tsukiji, Chuo-ku, 
Tokyo, Japan. 
1 
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BIOLOGY 


Nuclear Histones and Early Embryogenesis of 
the Chick 


Tas biological processes of differentiation and develop- 
ment must involve a differential expresaion of the genome. 
The mechanisms for control of such expression are as yet 
unknown. A genetic regulatory function has been postu- 
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lated, however, for certain basic cellular proteins, the 
saistones!-*. The presence of histones within the cell 
nucleus, their association with DNA and RNA, and their 
molecular heterogeneity give support to this concept. 
Kfurthermore, interactions between histones and in vitro 
IDNA-dependent RNA synthesis systems have been 
weported’*. In a developing embryo, differentiation might 
lbo reflected by changes in the nuclear histone complement 
mas new and differentiated tissues are formed, especially 
‘during the early stages of embryogenesis, such as gas- 
trulation, when the primary organ rudiments are first 
formed. For these reasons, an investigation was made of 
the electrophoretic patterns and amino-acid compositions 
of histones extracted from nuclei of the chick embryo 
from gastrulation to 7 days of age. 

Chick embryos were collected, and the ares pellucida 
was dissected out of the early stages, while older embryos 
were divested of all membranes. The embryos were then 
grouped into the following : 4-5, 4-8, 9-13, 14-18, 
18-22, 23-26, 26-27, 28-30, and 31 (ref. 9). They encom- 
passed a range from the definitive primitive streak at 
18 h, during which time gastrulation is in progress, to a 
maximum of 7 days of age. Erythrocytes were eliminated 
by soaking the embryos in isotonic sucrose followed by 
selective centrifugation. 

Nuclei were prepared by homogenizing the embryos in 
a solution containing 0-25 molar sucrose and 0-005 molar 
calctum chloride in a special homogenizer with a pestle 
clearance of 0-004 in. The homogenate was layered over 
0-84 molar sucrose, and the nuclei were obtained by 
centrifuging for 5 min at 1,000g. The nuclei were purified 
by repeating the homogenization of the sediment once in 
a solution containing 0-25 molar sucrose and 0-001 molar 
magnesium chloride and three times in 0-25 molar sucrose 
alone, centrifuging the nuclei through the 0-34 molar 
sucrose between each homogenization. The nuclear 
preparations obtained in this way were free of erythro- 
cytes and yolk granules, and nuclei with attached cyto- 
plasm were rarely observed. Nuclear ribosomes were 
removed by washing the nuclei successively with 20 
volumes of a solution containing 0-14 molar sodium 
chloride and 0:01 molar trisodium citrate and with 20 
volumes of 0:1 molar iris-hydrochloride buffer (pH 7-6), 
collecting the washed material each time by centri- 
fugationt 1°, 

Histones were extracted by homogenization of the 
nuclei three times in 0-2 molar hydrochlorio acid, clearing 
the homogenate between each extraction by centrifuga- 
tion. The acid extracts were combined and dialysed 
against deionized water for 24 h and lyophilized. 

Amino-acid analyses of the embryonic histone prepara- 
tions were performed on 100-300 ug quantities using a 
Beckman model 120A amino-acid analyser, equipped with 
a high-sensitivity cuvette (Table 1). From these data, 
the basic/acidic amino-acid ratio was found to increase 
gradually during the developmental stages studied. This 
change is largely due to a progressive increase in basic 


Table 1. HISTONE AMINO-AOID COMPOSITION OF OHIOXK EMBRYOS OF IN- 
ORBASING AGE* 
Stages of embryos 
Amuno-acid t 9-18 22 
Lysine 
tidine 
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Fig. 1. Electrophoresis of 120 ag of chick embryo nuclear histones on 

polyacrylamide gels for 90 min. Histones were isolated from embryos 

in the following developmental s (A) stage 4-5; (B) stage 0-18; 

(0) stage 14-18, (D) sano 18-22; stage 23-26; and (F) stage 28-380. 

Intensity of staining with amido black in 7 per cent acetic acid: I 

> >—— > —--~. The tracing 1 orlented with the origin at 
the top. 


amino-acid content and a decrease in aspartic acid content 
during gastrulation. 

An examination of the electrophoretic patterns obtained 
from each group of embryo histone preparations revealed, 
in every case, nine bands resolved on starch gels’! and 
twenty-four bands resolved on polyacrylamide gels!?, No 
essential qualitative or large quantitative differences were 
observed which could be attributed to a particular em- 
bryonio stage of development (Fig. 1). 

In previous experiments on advanced stages of chick 
embryos, where organs could be removed for more 
specific investigation, the same major spectrum of histones 
has been found to be distributed to several embryonic 
organs during different developmental stages'*. Several 
organs of adult mammalian species have also been found 
to have the same major histone spectrum! 14, and the 
starch gel electrophoretic patterns of whole histones 
extracted from sources as widely different as trout hver 
nuclei and calf thymus have been reported to be similar!’. 
These earlier results did not necessarily preclude # histone 
specificity for gene expression resulting from a sequential 
appearance of new histone species during the embryonic 
stages when these tissues are first constructed (that is, 
gastrulation). The similar electrophoretic patterns 
examined in this investigation indicate that no such 
specificity is overtly demonstrated from nuclear histones 
during early embryonic development. 

We conclude, therefore, that the specificity of gene 
expressions can be provided for by other than a solely 
qualitative character of histones. Regulatory control 
mechanisms during development may involve quantita- 
tive differences between various histone fractions'*, 
reversible activation of genes by methylation or acetyla- 
tion of histones associated with genes'*, RNA associated 
with histone which could give non-specific histones the 
specificity needed for gene control*!-*, or an association 
between histones and acid nuclear proteins™**, The 
gradual increase in basic/acidic amino-acid ratio during 







siated non-histone proteins would 
in the electrophoretic patterns, 
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since this procedure is designed to demonstrate basic 
proteins. 

In summary, electrophoresis of nuclear histones isolated 
from chick embryos from gastrulation to 7 days of age 
does not reflect ontogenic changes i in continuing embryonic 
development. The gradual increase ın the basic/acidic 
amino-acid ratio of histone preparations as gastrulation 
is completed suggests an association of histones with other 
nuclear proteins during this early stage. 

This work was supported, in part, by a grant from the 
National Institutes of Health, U.8. Public Health Service, 
and, in part, by the U.8. Atomic Energy Commission. 
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Effect of Deprivation of Water on the 
Dorcas Gazelle 


In a previous communication! we stated that the Dorcas 
gazelle Gazella dorcas dorcas (L.) requires water or succulent 
food in order to maintain homeostasis in desert conditions. 
It loses weight steadily on a diet of dry sorghum (millet) 
without water. F ceases when 14-17 per cent of 
normal body weight has been lost and the animals appear 
weak and emaciated. This may take up to 12 days under 
winter conditions at Khartoum when the air temperature 
ranges between about 10° C (50° F) and 30° C (84° F) 
with a relative humidity varying from 20 to 40 per cent; 
but, in summer, when the air temperature fluctuates 
from about 35° C (95° F) to 45° C (113° F), with a relative 
humidity varying from 10 to 30 per cent, gazelles cannot 
survive for more than about 5 days without water. Two 
experimental animals died after 6 days’ i 
during which they lost 24 per cent 9 






tolerated without ill effects 
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12 per cent which can be withstood by man and most 
other mammals’. 

During desiccation, the blood urea of gazelles increases 
from 5-10 mg/100 ml. to 70-110 mg/100 ml. (In the 
animals that died it reached a figure of 225 mg/100 ml.» 
At the same time, the haemoglobin content of the blood 
increases from 14-18 g/100 ml. to 20-29 g/100 ml., the 
haemocrit from 40-55 per cent to 55-59 per cent and the: 
plasma protein from 4-5-5-5 g/100 ml. to 5:5-7 g/100 ml. 
These results, accompanied by an increase in electrolytes, 
indicate a decrease in extracellular water and a concen- 
tration of the contents of the body fluids, even though 
urine production is reduced from about 200-700 ml. to 
30-80 ml./day and the amount of water lost with the. 
faeces is reduced to half. The experimental work has been 
earried out by L. I. G. 
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Sex Ratios of Some Mason Wasps 
(Vespoidea and Sphecoidea) 


Matz hymenoptera are haploid and develop from un- 
fertilized eggs, while females are diploid and the product 
of a fertilization. A female is inseminated early in her 
imaginal life and, at least in the Apocrita, subsequently 
exercises control over whether or not a sperm will be made 
available for a given egg. Most of the exploitations of the 
non-random production of the sexes seem to depend on 
this psychic capacity to determine whether a given egg 
will develop into a female or a male. Among solitary 
forms, male and female eggs are frequently laid in different 
situations. The three social groups produce very few 
males, all during a restricted period of the annual cycle. 
In the Symphyta and the ‘“‘Parasitica”, the rarity of 
males may be further augmented by the evolution of 
thelytocous parthenogeneses, which also occur sporadically 
in the social forms. An excess of females has been assumed. 
to be typical of the order because the females of the 
solitary bees and wasps produce few eggs (fifty-two is 
regarded as the record for such wasps'), and their elaborate 
maternal behaviour patterns would seem to expose them 
to dangers which the males can avoid. Recently, Hamil- 
ton? has even suggested that because a female contributes 
twice as much genetic material to the Mendelian popula- 
tion as a male, a selection pressure exists to produce females 
preferentially. 

Table 1 gives the sexes of those animals which have 
emerged in the leboratory, omitting those developing 
from eggs laid during the then unfinished year, 1966, and. 
those of species of which less than ten individuals have 
been reared. All data except those for one family of 
Sceliphron madraspaianum*® have been collected in 
Bhubaneswar since August 1962. For most of the animala 


Tablo 1 
Potters Squatters 


& g ő g 
Family Vespidae subfamily Bumeninae 
Eumenas campaniforms esuriens (Fabr.) 29 36 


aus conoideus (Gmel.) 16 

Z: srilormis urormis Fab. ) 3 
Rhyne 2 spp.) (Fabr ) 28 
Subancistrocerus sichelis (Saussure) 24 
Family Sphecidsac subfamily Trypoxylinas 

Ls pilsatum (Smith) 21 85 

subfamily Sphecinae 

Chal; bengalense Soy 
Sesliphron madraspatanum (Fabr.) 23 26 
the 005 level. 


* Significantly different from equality a 
t Significantly different from equality at. the 0-01 level. 
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have: notes on the oviposition, but some individuals 
lected as larvae or pupae are included‘. Diapause has 
been observed in all species except the three of Eumenes. 
No heterogeneity has been detected between the various 
samples within a species, except those in Eumenes cam- 
— paniformis esuriens (discussed elsewhere®*) and Rhynchium 
=- {two species) referred to later. Some non-randomness in 
othe production of the sexes, either in time or space, has 
been detected in all species except E. emarginatus conoideus 
and E. pyriformis pyriformis. 

: All nine species work with mud. The four potter species 
build for each egg an individual cell in which it is sealed 
_ with paralysed arthropod prey. These cells are built in 
groups ranging from one to forty-six, though aggregates 
of more than ten are rare. The squatters lay their eggs 
‘pre-existing cavities which they clean out and then 
larly provision, and seal. They also use mud for 
partitioning and repairing, in which they show consider- 
je versatility, and often associate themselves with a 
ven region for many consecutive days, for example, 
hile re-using the several cells in a deserted potter nest, 
r filling a hollow stem with a series of eggs laid in tandem. 
In four of the nine species the sex ratio approximates 
o equality. The discovery of such sex ratios among the 
~ hymenoptera, where their production is not a necessary 
| eonsequence of the sex determining mechanism, supports 
_ the belief that they possess very general selective advan- 
tages. This is argued to be at least one reason for the 
conservatism of the method of sex determination in which 
one sex is heterozygous and the other homozygous which, 
without further modification, ensures a primary sex ratio 

“of unity. 
=o Two species only, both potters, show the expected 
excess of females, and four, all squatters, show a much 
> greater excess of males. In the three Vespids only is this 
_ excess greater among diapausing individuals, and only in 
-Rhynchium spp., where twenty male larvae and no female 
-larva have diapaused, are the data heterogeneous. The 
difference in the maternal behaviour between the potters 
and squatters, the latter being superficially less exacting 
for the mother, does not seem sufficient to explain why all 
the potter samples show an excess of females, while four 
out of five of the squatter species have produced an excess 

of males. 

The similarity of the sex ratios of Antodynerus 
flavescens and Chalybion bengalense may be a response to 
‘similar selection pressures. We do not think it a coin- 
cidence that we have observed approximately the same 

-i numbers in these two species which compete for nesting 
sites, though not for prey. 
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Stimulus for Diurnal Vertical Migration of 
Pelagic Animals 


- Recentiy I correlated! the movements of deep scattering 
| layers with the relative decrease in light intensity, using 
| data from Clarke and Backus? and Kampa and Boden?. 
-~ In my opinion, this correlation supports my hypothesis 

‘that the relative change in light intensity is the stimulus 

_ which causes pelagic animals to perform at least part of 

the diurnal vertical migration. 
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In a recent paper, Clarke and Backus‘ dispute the 
validity of the correlation because for my calculation of 
the stimulus I used “. . . the change of light intensity at 
a constant depth, instead of at the changing depths 
where the migrating animals were found” (ref. 4, p- 11). 
The relative change in light intensity, however, is the 
same at all depths at a particular time. Therefore, the 
foregoing objection is invalid. ; 

The validity of the relative change in light intensity as: - 
a stimulus seems to be doubtful whenever the animals 
swim as fast, or faster, upward or downward as the iso- 


lumes ascend or descend. For example, when in the =. 


afternoon the animals swim as fast upward as the iso- _ 
lumes ascend, they will not perceive a change in light 
intensity. Such situations were actually observed by the 
authors*:* mentioned. ; PEUN 

On the strength of these observations in nature, Clarke 
and Backus?‘ claim that the change in light intensity 
might act only as a stimulus at the start of migration. 

Another solution could be that the animals do not 
move continuously, but that short periods of vertical 
swimming alternate with short periods of less or no 
vertical swimming. This kind of behaviour was observed 
in Daphnia magna in the laboratory. The interpretation 
is that during a stationary period an excitatory state is 
built up by the (relative) change in light intensity. This 
results in a vertical swimming movement. The effect of 
the stimulus wears off, however, and consequently. the 
swimming stops. Now the animal once more perceives a. 
change in light intensity, the excitatory state is built up 
again and the swimming is repeated after some time. — 
When the vertical swimming is sufficiently fast the result 
of the total movement might be that the animal remains 
in more or less the same light intensity. This hypothesis 
was fully discussed in my earlier paper’. 

J. RINGELBERG. . 
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Parasitic Castration of the Scallop Pecten 
alba (Tate) by a Bucephalid Trematode 


THE phenomenon of parasitic castration has been reported | 
in many of the animal phyla including the Mollusca’-*. 
Investigations into the biology and ecology of scallops 
in Port Phillip Bay, Victoria, have revealed an interesting 
example of parasitic castration in Pecten alba. 

Pecten alba, which is normally hermaphrodite, has a 
tongue shaped gonad attached to the adductor muscle 
and posterior to the foot. The testicular (proximal) end 
of the gonad is creamy white in colour, the ovarian (distal) 
end is coloured pink to red (Fig. 1B). The normal imma- 
ture gonad is colourless and watery. The reproductive 
cycle of the normal gonad can be macroscopically divided 
into seven arbitrary stages based mainly on the state of 
filling of the gonad*'*. 

It is quite common in Port Phillip Bay to find scallops 
with the gonads coloured red throughout (Fig. 1A). 
Tissue from both the distal and the proximal ends of such 
gonads was sectioned and stained with Ehrlich’s haema- 
toxylin and eosin. Subsequent examination showed the 
distal and proximal ends of the gonad to be identical and 
the entire gonad to be made up of ovarian tissue, 

In the hermaphrodites, the ratio of gonad weight. 
shell length varied with the seasons as would be exp 
but for the completely red female gonads collected 
period of 13 months this ratio remained cons 
indication of sterility in the females is support 
data collected over 6 months which show tha 


w 












Fig, 1. Scallop gonads: A, full red gonad; B, normal hermaphrodite 
gonad in gonad maturity stage 5. 





Testis Ovary 


Fig. 2.. Photomicrographs showing gonadal tissue from, a, the proximal 
end of a sterile female; b, the intersection of testicular and ovarian 
tissue of a normal gonad (x e. 50), 
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Table 1. Error OF SHELL LENGTH ON BEX 
Shell length ; B. 


; Reece Pei é steri 

(mm) i No, in sample aenraay of Aeril 

51-55 2 0 

56-60 10 0 

61-65 33 0 

86-70 59 0 

71-75 97 4 

76-80 277 7 

81-85 400 19 

86-90 311 34 

91-95 130 61 

96-100 42 81 
101-105 1 100 


diameter in females remains constant in contrast to that 
of the hermaphrodites. 

A survey of the scallop areas of Port Phillip Bay was 
carried out from December 1964 to February 1965. The 
age of scallops from fifty-nine stations was estimated; 
at the same time their length was measured (radial from 
the umbo), and they were sexed and assigned to a gonad 
maturity stage. The sterile females were found to be 
widely distributed, the highest percentage being 67. The- 
data for all stations were pooled, and the relationship of 
percentage sterile females against shell length determined 
(Table 1). The absence of sterile females below 70 mm 
shell length and their percentage increase with increasing 
shell size suggested that the sterile females arise from 
formerly hermaphrodite scallops. Closer examination of < 
the gonad sections revealed the presence of a parasite in. 
the gonads of the sterile females, and their absence in the 
hermaphrodites (Fig. 2a and b). 

Fresh smears trom the cut surface of the sterile female 
gonads revealed large numbers of larval parasites which 
were identified by Dr. I. D. Hiseock (Monash University, 
Melbourne) to be cercariae of the family Bucephalidae. 
A more detailed identification of the parasite is being 
earried out. 

I thank Miss Halliday, Mr. R. Hosking and Mr. A. Clark 
for their assistance. 

M. J. SANDERS 


Fisheries and Wildlife Department, 
605 Flinders Street Extension, 
Melbourne. 
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Formation of Microtrees on Surfaces 
submerged by the Sea 


Tuis communication deals with some very distinctive 
formations originally noticed during routine investigations |, 
on seasonal fouling in the Menai Straits. The investiga- 
tions were part of a project based on regular observations 
of the marine growths attaching to ‘Tufnol’ panels exposed 
for various time intervals from an anchored raft. Kite 
brand “Tufnol’, a paper based phenol-formaldehyde 
bonded material, is used in the investigation. The panels 
are exposed parallel to the direction of the main flow of 
current, which attains a velocity of 90 em/see on spring 
tides. The turbidity of the water varies from a Secchi 
disk extinction of 0-5 m to 5-0 m corresponding to 0-5 mg/l. 
to about 40 mg/l. ash weight of suspended material, the 
heaviest loads being carried in winter?. 

Initial observations were made in October 1963. After 
being submerged for 2 weeks, panels were found to be 
eolonized by fragile branching structures (Fig. 1), not 
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Fig. 2. 


Complex microtrees on glass slide. (x 100.) 


unlike certain hydroids in appearance and which reached 
a maximum length of 1-0 mm. These ‘‘microtrees” 
appeared annually in large numbers in patches measuring 
05-15 em in diameter from October to March. Outside 
this period the increased biological growth associated 
with spring and summer probably overgrew the micro- 
trees or prevented their appearance altogether. It was 
noted that severe winter storms destroyed the microtrees 
completely. 

Microtrees also grew on glass microscope slides sus- 
pended from the raft. Although characteristic in appear- 
ance, these microtrees were gonerally smaller and less 
numerous than those found on ‘Tufnol’. It is not clear 
why the microtrees should grow less profusely on glass; 
‘perhaps the difference is due to some physical property 
of the surface or to variation of surface water flow pro- 
duced by the slide holders. Growth of microtrees on 
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glass slides, however, made a more detailed microscopie 
study possible. 

The branched structure is sometimes very complex 
(Fig. 2). Branching is by simple bifurcation (Fig: 3) and 
branches arise from buds on the main stems. The ends 
of the branches tend to be bulbous. Gentle disintegration 
of the microtrees by slight pressure showed them to be 
composed of detritus of various sorts, and they included 
mineral crystals, fragments of diatom skeleton, live algae 
and pieces of amorphous material (probably organie) 
together with many bacteria (Fig. 4). 

An attempt was made to isolate the bacteria from the 
microtrees. This is an almost impossible task to carry 
out with certainty because of the close proximity of other 
bacteria on the slide or panel and in the sea water. If one 
particular organism was especially associated with micro- 





Fig. 3. Microtrees grown on glass slide showing method of branching. 
(x 600.) 





















icrotreea branch showing debris and 
x 608, : $a e 
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trees, however, it could be expected to be present more 
frequently in the microtree material than in the sea 
water. The medium used in an attempt to discover if 
one such organism was dominant was 0-3 per cent peptone 
agar, which has been shown to be the optimal medium 
for routine bacteriological examination of the Menai 
Straits water? Bacteria isolated from the microtrees 
were, however, similar in type to those isolated in the 
routine laboratory examination of the water, and no one 
érganism dominated the microtree flora. Hence, it was 
concluded that the flora of the microtrees simply reflects 
that of the local sea water. Mineralogical examination 
indicated the presence of large numbers of small crystals 
of various types similar to those found in the local sea 
water. Only calcite appeared to be present in somewhat 
greater quantity than expected, suggesting carbonate 
precipitation in situ by a local change of pH, possibly 
induced by the release of ammonia from proteinaceous 
< material under the influence of bacteria. All attempts to 

grow the microtrees in the laboratory have so far failed 

both on “Tufnol’ panels and on glass slides. 

It is impossible at present to be sure of the mechanism 
governing the growth of microtrees, but it is probable that 
the local hydrographic conditions, in particular the large 

amount of suspended matter and the fast currents, are of 
great importance. Observations on a series of glass slides 


removed at regular intervals from the water suggested 


the following order of events. Primary colonization was 
by ‘bacteria, which developed microcolonies. Detritus 
“then collected, forming a small mound which began to form 
‘buds by the local adhesion of detritus. These then 
developed into branches which appeared while the micro- 
-trees were quite small, about 20-304 long. In order for 
the detritus to adhere, the microtrees probably developed 
a-stieky surface which may have arisen from the mutual 
adherence of claylike inorganic particles, or to sticky 
products of bacterial metabolism, or probably to both. 
As the structures developed the branches joined at one 
“point or coalesced along their length beginning near the 
base, so that the branches of a small mierotree became 
_ the trunk as the structure grew. The turbulence produced 
by the fast current speeds may have limited the extent to 
‘Which the branches adhered, however, by keeping them 
apart. The morphology of the microtrees can then be 
- regarded as the resultant of the opposing forces causing 
the parts to adhere, and to stay separated. 


A. O. CHRISTIE 
G. D. FLOODGATE 


The Marine Science Laboratories, 
University College of North Wales, 
Menai Bridge, Anglesey. 
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Method of estimating Algal Production 
Rates at Sea 


. Presenr methods of determining primary productivity 
< dn water make use of the chemical and physical processes 
. in the metabolism of unicellular algae. An alternative is 
to try to estimate the algal production rate, which may 


be defined as the mean daily reproduction rate of all the 


algae in the water. One of us (D. H. C.)!-4 has already 
_ attempted to make preliminary estimates of this rate, 
both theoretically and in the sea. 

The Coulter counter has now been used to make 
estimates of the algal production rate at sea. The advan- 
tage. of this instrument is that very small volumes of 
water can be used and so samples can be frequently 
replicated. An amplifier and a 100 channel pulse height 

analyser were added to the counter in orto7.+0.7 “ne 
the particle size distribution in a e ; 
accurate total particle volume de 
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water sample which contains a complete range of particle 
sizes takes about 50 min using the Coulter counter alone. 
This time is reduced to 5 min by photographing the 
cathode-ray tube of the pulse height analyser with a 
‘Polaroid’ camera. The calibration of the whole system 
is easily accomplished by passing a series of particles of 
uniform size and known volume, such as pollen, through 
the Coulter counter and determining the voltage of the 
pulses displayed on the analyser. A typical calibration 
at one gain setting of the counter is given in Fig. 1. 
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Fig. 1. Calibration of the pulse-height analyser at a Coulter counter 

setting J = 10, using 24-44 diameter pollen and a 200 aperture tube: 

7 is the gain setting of the counter amplifier; that of the added amplifier. : 

is given in dB, with reference to the input voltage. E is the voltage of 
the pulses appearing on the cathode ray tube of the analyser. 


The mechanism of the Coulter counter and its accuracy 
have been described by El-Sayed and Lee’. It enables an 
estimate to be made of particle volume as numbers of. 
particles of different sizes. If the particles were all algal 
cells, 


P = exp (R(t, —t:)) 


where P, is the total volume of algal cells per unit volume 
at time to, P, is the total volume of algal cells per unit 
volume at time ¢,, and R is the instantaneous algal 
reproductive rate during the time period (t,— tg). 

In the sea there are many dead particles as well as 
algal cells; total particle volume V = P + D, where P 
is the total volume of algal cells and D is the total volume 
of dead particles. 

If it is assumed that the volume of dead material 
remains constant over 2 or 3 days in a culture flask and 
that the algal production rate also remains constant over 
the same period, then D, P, and et can be calculated. 

Let eft be constant with time, and Rt be the biased 
estimate of eR when detritus is present. With varying 
estimates of detritus, Ô, (Vi =D) {Yo D) = ekt, Tf 
(V—D) > P, 6Rt increases with time. If (V-D) < P, 
êRt decreases with time. If êRt does not change with time, 
(V-D) =P, and D=D. Then (V,—D)/(V,—D) = 
P,/P, = et. 

The change of êt with time is curvilinear, and can 
be fitted approximately by a least squares line. Where the’ 


fitted line of êRt on time has a zero slope, D = D. A 
regression of log (V—D) on time is linear, and P, and: 
êRt (= P,/P,) can be determined. 

A series of determinations of total particle volume over. a 
period of 54 h was made on a sample of sea water from 
the southern North Sea off Smith’s Knoll Lightvessel in 
May 1964. A fine net haul was filtered through a 90u 
nylon mesh and kept in a 10 1. glass flask in a cooling 
tank on deck. The flask was covered with nylon netting 
to reduce the light by one third, and the inside of the 
flask had been siliconed to prevent adhesion of particles. 
A 200u aperture tube was used to count a range of 
particles from p to 90u (diameter of an equivalent. 


sphere). 
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Fig. 2. Tho slopes of the regressions of êR! against time. 









The slopes of êRt against time for various values of D 
_are plotted in Fig. 2. Where the line joining these points 
intercepts zero (Ô = 2-25), D = D. From the regression 
log (V-D) or P on time (probability P < 0-02), 
P: = 0-680 p3/ml., D = 2-250 p*/ml., and êRt = 1-62/day. 
“The resultant fitted curve and the observed values of V 
are plotted in Fig. 3. The assumption that D is constant 
is likely to be valid because the experiment was carried 
out in a bottle. 











Total particle volume {108 ptjmi.) 











0 1 2 6 7 8 9 


3 4 5 
Time in 6-h intervals 


Fig. 3. Observed and fitted values of V, The vertical dotted lines 
represent midnight on two successive days. 


`The disadvantages of this system are: (1) the assump- 
tion that R is constant; Fig. 3 shows that there is a 
< diurnal variation in the rate of production just as there 
is in photosynthetic processes, the fitted line averaging 
the changes in production rate for more than 2 days; 
(2) samples have been concentrated from a fine net; it 
ig hoped that it will become possible to concentrate sea 
water satisfactorily by using a continuous centrifuge. 
OO The advantages are: (1) the algal production rate is 
< measured at sea; (2) both production and standing crop 
are determined from the same set of measurements ; 
_ (3) living material is separated from the dead; (4) high 
` accuracy is possible with heavy replication of samples. 

as D. H. Cusuxa 
Pate H. F. NICHOLSON 
- Fisheries Laboratory, 
- Lowestoft, 
- Suffolk. 
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PHARMACOLOGY 


Structures of the Polymyxins A and the oo 
Question of Identity with the Polymyxins M 


Tux elucidation of the structures of the polymyxins and - 
the related antibiotic circulin A has so far revealed a 
remarkable consistency. Polymyxins Bl and B2 (refs. 
1 and 2), polymyxins #1 and £2 (identical with colistins 
A and B, respectively)**, and circulin A (ref. 5) are now. 
known to be cyclic decapeptides, each possessing a ringo 
of seven amino-acids and a chain of three amino-acids 
attached to the ring at the a-amino-group of an ay: 
diaminobutyric (DAB) acid component. As shown in t 
accompanying formula, differences occur. in the natur 
of the accompanying aliphatic acid and of certain amino- — 
acid constituents. me 








-NH, 
AB ——— C ——> D 


@ 
ee ee 


| a 
y-NH, bs 
he — DAB — DAB 
Y-NH, Y-NH,. 


In common with polymyxins B and E, polymyxin = 
A has now been shown to be composite, separable 
by counter-current distribution into two components, _ 
polymyxin Al and polymyxin A2. From the sequential 
analysis of the fragments obtained by partial acid hydro- | 
lysis and enzyme degradation, the structures of- these 
two antibiotics have been determined and, as the formula 
shows, conform to the basic pattern. In contrast to the 
polymyxins B and E the polymyxins A have two p-amino- 
acids, which may account for the high degree of nephro- 
toxicity. It will be recalled that two D-amino-acids, 
p-serine and D-leucine, also occur in polymyxin D, the 
other nephrotoxic antibiotic of this group. 





Table 1 

A B Cc DB 
Polymyxin B1 MOA DAB D-Phe Leu 
Polymyxin B2 IOA DAB p-Phe Leu 
Polymyxin £1 MOA DAB p-Leu Leu 

Sa colistin A) 
Polymyxin EZ IOA DAB p-Leu Leu 
= colistin B) ee 

Cireulin 4 MOA DAB p-Leu Hews. 
Polymyxin 41 MOA p-DAB p-Leu Thr : 
Polymyxin 42 IOA p-DAB p-Leu Thr eos 


MOA is (+)-6-methyloctanoic acid, and IOA is isooctanoie acid, 


Polymyxin M, isolated by Khokhlov‘ in 1956, has now : 
similarly been shown to be a mixture of antibiotics, giving, > 
on hydrolysis, the same aliphatic acids, (+ )-6-methyl- 
octanoic acid and isooctanoic acid, found in the other 
polymyxins. The amino-acid composition, electrophoretic 
and chromatographic behaviours, optical rotation and 
nephrotoxicity of polymyxin M so parallel those of __ 
polymyxin A that there can be little doubt that these 
two antibiotics are identical. EEN 

S. WILKINSON: O00 
L. A. Lows oo 
The Wellcome Research Laboratories, g 
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Effect of Chlorpromazine and Other Drugs 
on the Disposition of Circulating Melatonin 
Tar mammalian pineal gland has the unique ability to 

‘synthesize methoxyindoles such as melatonin? and 

methoxytryptophol*. It has been suggested that these 
compounds function as hormones**: melatonin is secreted 
“into the circulation’* and efficiently extracted from the 
blood by most tissues’*; both compounds inhibit gonad 
function‘:5.°, and it has also been claimed that melatonin 
acts- on the thyroid!©1!, gut??, pituitary’, skin’! and 
- braint, 
<0 The physiological disposition of circulating melatonin 
- has been investigated by injecting isotopically labelled 
_ material of high specific activity?*. It has been shown 
_ that melatonin disappears rapidly from the circulation’. 

_ Most of the hormone is inactivated by 6-hydroxylation 
within the liver, followed by conjugation and excretion 
as the sulphate or glucuronide’. We have investigated 
the effects of a group of widely used drugs on the disposi- 
tion of circulating melatonin. It will be shown that 
-ehlorpromazine markedly prolongs the disappearance of 

. this hormone from the blood and the tissues. 

.. Tritiated melatonin (200 uc./umole) was synthesized 
_ from N-acetylserotonin and tritiated acetic anhydride 
(New England Nuclear Co., Boston, Massachusetts) by a 
_ method described previously’. Groups of Sprague- 
_ Dawley rats weighing 180-200 g were given the labelled 
-~ hormone intravenously, in doses ranging from 8 to 63-6 pe., 
_ and killed by neck fracture 30 min later. (The fate of the 
-= hormone was found to be unrelated to the magnitude of 

_ tho amount injected, in this range of dosages.) Tissues 
were rapidly dissected and homogenized in 3 volumes of 
cold 0-4 normal perchloric acid; the unchanged tritiated 
_ melatonin was then extracted into 8 ml. of chloroform, 
_. and measured as described before*. Blood was collected 

-by cardiac or vena caval puncture. 
-Thirty minutes before receiving the melatonin, groups 
ae -of ¿rats were treated with reserpine, chlorpromazine, 
‘serotonin, or methoxytryptamine (Table 1). Reserpine 
- pretreatment caused a significant fall (by about one-third) 
~ in the content of labelled hormone in the brain and the 
heart; it did not interfere with the accumulation of 
=- melatonin by the ovaries (Table 1). Chlorpromazine 

- markedly enhanced the accumulation of tritiated melatonin 
= by all the organs studied: brain, ovary and heart each 
- contained more than three times as much hormone as 
the organs of control animals, 30 min after its injection. 
Neither serotonin nor methoxytryptamine pretreatment 
_ altered the accumulation of tritiated melatonin in tissue, 
- although both compounds are similar to melatonin in 
chemical structure (Table 1). 

-Phenothiazines are known to influence membrane trans- 
_ port mechanisms!*. The ability of chlorpromazine to 

enhance the accumulation of circulating melatonin by 
the tissues could thus have resulted from changes in 
the uptake of the indole from the blood. If so, it might 
xpected that the ratio of tritiated melatonin in brain 
at in the blood would be increased by chlorproma- 
treatment. If, on the other hand, chlorpromazine 
acted by inhibiting the metabolism of the indole, it would 

e anticipated that tho levels of labelled hormone would 


















































© 1. Erect oF PRETREATMENT WITH DRUGS ON THE LEVELS OF 
E 'RITIATED MELATONIN IN TISSUES 


3H-melatonin content (myc./g) 





Dose Brain Ovary Heart 
- 19-1420 2374 2-4 25:8 + 2-7 
c Reserpine 3 mg/kg 12-541:7* 23-84 %1 17-6 + 1:2* 
< Chlorpromazine 20 mg/kg 64-947-7¢ 76541074 71-2 + 85t 
Serotonin 20 mg/kg 17-3419 BL74 54 21-6 + 4-2 
< Methoxytryptamine 20 mg/kg 21-7425 32:24 3 22-2 + 2-7 


* Differs from control, P < 0-05. 
T Differs from control, P < 0-001. 









Table 2. EFFECT or CHLO) 





; Octo BER: 15, 19660 vewdi2 


a RPROMAZINE ON THE TRITIATED MELATONIN 
>o  s CONTENTS OF BLOOD AND TISSUES ooo 
Treatment. 





*H-melatonin content (mpe.j/g) 7 
Brain Skin Eye “Blood. 
Control 3634039 2274006 1504004 3294 030 
Chlorpromazine 10-004 1-06* 7:40+0-18* 3-57+40-09* 8-7640-71* 


Rats were given chlorpromazine (20 mg/kg) or its diluent 30 min before 
receiving *H-melatonin (8 ge. intravenously). Thirty minutes later they were 
killed. “Skin” represents both ears; “Eye” represents both whole eyes, 


* P <0-001. 


rise in both the tissues and the blood. To determine which 
mechanism was operating, rats were pretreated with 
chlorpromazine, and then given tritiated melatonin 
intravenously; 30 min later the levels of hormone were 
determined in both blood and tissues. It was found 
(Table 2) that chlorpromazine treatment elevated the levels 
of melatonin in both the brain and the circulation. The 
drug also increased the accumulation of the hormone in 
the skin and the eye. 

Chlorpromazine and melatonin appear to exert physio- 
logical actions on several common structures: they have 
both been reported to alter electroencephalograph 
patterns'*.!’, to interfere with the ovulatory or oestrous 
cycle of rats®:', to block some of the effects of serotonin 
on smooth muscle!?.1*, and to alter mammalian pigmenta- 
tion't:2°, On the basis of the results reported here, it 
seems possible that one mechenism by which chlorproma- 
zine might produce some of its effects is by elevating the 
levels of melatonin in the tissues. Melatonin has been 
found in human urine and in bovine sciatic nerve, albeit 
in very small quantities®. It should be of interest to 
determine whether humans who have been treated ; 
chronically with chlorpromazine have higher than normal 
levels of melatonin or its metabolites in their urine and 
tissues. 

R. J. WURTMAN 
J. AXELROD 
National Institute of Mental Health, 
National Institutes of Health, 
Bethesda, Maryland. 
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CYTOLOGY 


Rapid Method for localizing Beta-glucuroni- 
dase in Populations of Human Leucocytes 
and of Mouse Ehrlich Carcinoma Cells 
Tue localization of beta-glucuronidase in populations of 
free cells has already been reported! from this laboratory. 
Thus, formaldehyde—chloral hydrate fixation of the sedi- ; 
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mented cells followed by embedding in Knox gelatine’ 
made it possible to cut thin sections of the frozen gelatine 
block on the freezing microtome and the sections so 
obtained were incubated while floating freely in Fishman- 
“Baker substrate medium containing 8-hydroxyquinoline 
@-p-glucosiduronic acid and ferric ions. The enzymatically 
liberated 8-hydroxyquinoline became insoluble as the 
brownish-black ferric chelate at the sites rich in enzyme, 
and the ion was later converted to Prussian blue. The 
whole process required a minimum of 24 h from beginning 
to end and included many steps?. Efforts to use dried 
smears with this technique were usually unsuccessful 
(except for one report)? because of loss of cells from the 
slide during the various steps in the staining process. 

A new beta-glucuronidase substrate, naphthol AS-B1 
$-p-glucosiduronic acid, was studied‘, and has been used 
“in enzymorphology® to process dried smears of free cell 
populations and locate the enzyme. The use of this sub- 
strate has the advantages of rapidity of hydrolysis of 
the substrate, insolubility of the aglycone, chromogenic 
intensity and ease of performing the post coupling reaction 
and, as a consequence, fewer steps are required to visualize 
the enzyme product. The result is a much simplified, 
reproducible, clear cut staining reaction without any 
handicaps of diffusion of enzyme or product and which 
‘reflects the enzyme activity far more closely. 

The cells used came from human capillary blood and 
freshly gathered mouse Ehrlich ascites tumour fluid. The 
smears were prepared on glass slides in the conventional 
manner and were then fixed either in chilled formaldehyde- 
chloral hydrate? or in formol calcium solutions for 2 min. 
They were then rinsed in three changes of chilled distilled 

water. Dried smears could be kept up to 24 h at room 
temperature and up to 72h at 4° C without much loss 
of enzyme activity as estimated by the extent of staining. 

The slides were incubated according to the method of 
Fishman and Goldman’ in a substrate medium of 0-04 
mmolar AS-B1 §-p-glucosiduronic acid in 0-1 normal 
acetate buffer, pH 4-5 for 2 h in the case of blood smears 
and 1 h in the ease of the Ehrlich cells. The slides were 
rinsed several times in chilled distilled water and coupled 
for 4 min in chilled fast garnet GBC (1 mg/c.c. of 0-01 
molar phosphate buffer, pH 7-4) or in fast dark blue R 
(0-2 mg/c.c. phosphate buffer, pH 7-4). The slides were 
counterstained with buffered methyl green for 3 min, and 
the smears were mounted with PVP (polyvinylpyrro- 
lidone). Sections inactivated by heat were used as con- 
trols, together with digests lacking substrate and digests 





Hig. 1. Montage of several fields of white blood cells most of which are 
‘polymerphonuclear leucocytes. Platelets (pD are indicated by arrows. 
Oil immersion ( x 800). 
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Fig. 2. a, Ehrlich ascites cells. On the left is a nest of cells showing a 

uniform cytoplasmic reaction. The free cells to the right show a pre- 

dominant droplet reaction (x ec. 380). b, Free Ehrlich cells showing a ~ 

droplet reaction with a faint cytoplasmic background. Oi! immersion 
(x 800). e, Free Ehrlich cells. Oil immersion ( x 800). 


containing saccharolactone (l pmole/ml.), a specific 
inhibitor for §-glucuronidase. Sites of 8-glucuronidase 
show an intense red colour with fast garnet GBC and 
a blue hue with fast dark blue R. 

The most intensely positive cells in the blood smears 
were the polymorphonuclear leucocytes (Fig. 1). The 
enzyme product was localized predominantly in numerous 
small droplets at the periphery of the cells and between 
the lobes of the nucleus. Monocytes, lymphocytes, eosino- 
phils and basophils also contained droplets rich in enzymes, 
but the neutrophils contained by far the greatest number. 
A consistent finding was the positive reaction shown ‘by 
droplets in the platelets (Fig. 1, arrows). Red blood cells 
were uniformly unreactive. Biochemical studies have 
shown §-glucuronidase in the buffy coat’, in platelets’. 
and in the leucocytic series in health and disease*-'. 

Acid phosphatase has recently been shown in the formed. 
elements present in human peripheral smears", and is 
distributed in a similar manner to beta-glucuronidase. 

The Ehrlich ascites carcinoma cells have several inter- 
esting patterns of enzyme distribution. On the one hand, 
the nests of cells (Fig. 2a) have a uniform cytoplasmic. 
location of enzyme product with occasional strongly 
reactive intracytoplasmic droplets. The cells floatir 
freely in the ascitic fluid had many more intracytop: 
droplets in a variety of sizes and showed. a` gene! 
decreased cytoplasmic reactivity (Fig. 2b, 2c). 1 
cases the enzyme product was seen to be deposit 
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surface of the cytoplasmic droplets rather than in their 
interior. The enzyme morphology of §-glucuronidase 
found in these cells by the methods described is indis- 
tinguishable from that reported by Fishman, Ladue and 
Borges? using the 8-hydroxyquinoline glucuronide-ferric 
chelate procedure. 

This work was supported by the U.S. Public Health 
Service and the American Cancer Society, Inc., New York. 
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Meiosis in Pupal Ovarian Cells of Samia cynthia 
cultured in vitro 


QVABIAN tissue has been much used in insect tissue 
culture; indeed, several cell lines derived from ovaries 
of the silkmoth Antheraea eucalypti are now being main- 
tained in continuous culture?, The cell lines are believed 
to be derived from cells of the ovariole sheath found in the 
primary cultures, and after 120 generations in vitro they 
have nuclei which range in ploidy from 2n to approxi- 
mately 1287. The three distinct cell types in these lines 
apparently undergo only mitotic divisions typical of 
somatic cells or of primordial germ cells. 

Although meiosis has been observed in short term 
cultures of male lepidopteran spermatocyte cysts*4, it 
has never been reported from cultures of the lepidopteran 
ovary. We have found an apparently meiotic division 
sequence in a primary explant culture of diapausing pupal 
ovary of the silkmoth Samia cynthia. 

Ovarian tissue was derived from diapausing pupae 
which had been chilled at 15°C for varying lengths of 
time. Each ovary consisted of a globular “cap” enclosing 
the anterior germarial portions of four ovarioles, and the 
posterior “‘arms’’ of the ovarioles emerging from the cap 
and into the lateral oviduct. Whole ovaries were dissected 
free of fat body in Grace’s physiological solution! contain- 
ing no antibiotics. One ovary was put on a cover slip 
into a drop of approximately 0-004 ml. of 5 per cent 
homologous heat treated (60° C for 5 min) haemolymph 
in Grace solution. The cover slip was sealed to a depression 
slide and the hanging drop culture placed at 27° C. 

In explant cultures of this kind, migration of cells 
usually begins after 18-24 h and consists of several 
morphologically distinct cell types—spindle-shaped, round 
and polygonal—which undergo mitotic division. The cells 
crawl off or out of the tubular portion of the ovariole and 
migrate out into the medium, the tube appearing pro- 
gressively thinner with time as the constituent cells 
leave in large numbers. When the original explants are 
repeatedly subcultured, cellular migration becomes less 
and less extensive. 

In one culture, we observed a different kind of migra- 
tion on the fourth day. A sheet of flattened cells had 
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appeared near the “ecap” portion of the explant, and in it 
were large round nuclei containing dense material identi- 
fied as chromosomes (Figs. 1 and 2). The chromosomal 
configurations were typical of those found in primary 
oocytes during leptotene and diakinesis in a first matura- 
tion division. Twelve or thirteen chromosome groups 
were counted in these nuclei; the haploid number of 
chromosomes in Samia cynthia is thirteen’. One group of 
nuclei was followed, and on the sixth day a bleb containing 
a knot of dense material was observed and identified as a 
first polar body (Fig. 3) which divided during the sixth 
and seventh days (Fig. 4) and finally degenerated on the 
seventh day. 

Although it is known that spermatogenesis occurs in the 
testes of intact developing silkmoths‘, and there is some 
evidence for enhanced meiosis following large integu- 
mentary injuries in Cecropia and Cynthia diapausing 





A 


Figs. 1-4. Meiotic sequence in a primary explant culture of diapausing 
pupal ovary. Phase contrast, 


Fig. 1. Ovarian cell nuclei on fifth day. 





Fig. 2. Same area 3 h later. Note change in position of some nuclei 
Nucleus at arrow has come into focus and will divide. 
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Fig. 3. Same area 15 h later. Note polar body (pb) and double nature 
of chromosomes at arrow. 





S 


Fig. 4. Same area 4 h later. Note that the polar body has divided (dpb); 
and chromosomes in cell at arrow appear to be separating, with spindle 
visible. 


pupae, meiosis does not normally occur in the testes 
of intact uninjured diapausing pupae*’ and only very 
infrequently in testicular cysts cultured in blood from 
diapausing pupac'. Our finding of meiosis of primary 
oocytes in cultures of ovarian tissue is the first reported 
and is somewhat unusual in view of the cytological 
findings of Dederer?, who found that polar body forma- 
tion during oogenesis in Cynthia occurs in the adult when 
the egg has grown large and is laden with yolk, and then 
only after sperm entrance. 

- This instance of meiosis observed in one out of twenty- 
eight cultures of ovarian cells derived from a diapausing 
‘pupa may be a normal occurrence, or it may be a reflexion 

of some reproducible event triggered by removing the 
ovarian cells from their normal environment. But 
others'?*-!2 have not reported this phenomenon in their 
cultures of either whole or dissociated ovaries, and in the 
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latter instance the germarial cells were directly exposed 
to the new environment of the culture medium. ae 

_If meiosis of insect germ cells can take place in vitro 
either normally or under specifically defined conditions, 
a system such as reported here can be expected to answer 
a number of questions concerning the control of develop- 
ment and differentiation in insects. 

This research was supported by a grant from the 
National Institute of General Medical Sciences, U.S. 
Public Health Service. 
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Nuclear Blebs in the Cells of the Guinea-pig 
Thymus 


Tuer thymus is known to contain a very high concentration 
of DNA and to play a large part in lymphopoiesis. 
Recently, the hypothesis has been developed that the 
thymus not only produces new thymocytes but also 
confers immunobiologiecal competence on them and that 
these cells, carried to other lymphatic organs via the blood 
stream, become the primordial cells of clones which give 
rise to generations of immunologically competent cells. 
On this basis, thymocytes develop their immunobiological 
properties within the thymus—that is, they differentiate 
there. Because the differentiation involves the synthesis 
of new proteins, nucleic acids therefore have a substantial 
role; for this reason the phenomena taking place in the 
nucleus deserve special attention. 

Weakley et al.t have observed a tunnel of cytoplasm in 
the nucleus, and Tanaka? reported hernia-like protrusions 
from it. During the ontogenesis of thymus anlage in the 
chick embryo, Chen? observed the appearance of myelin 
configurations at the pores of the nuclear membrane. 
Hruban! considered these to be a “focal nuclear degrada- 
tion” and suggested that this kind of degeneration is 
associated with the stimulatory process initiating the 
lymphoid clone required for the establishment of specific 
immune reactivity. Hoshino® also found cytoplasmic 
tunnels—in the nuclei of epithelial cells. The tunnels 
appeared in the nuclear substance in the form of blebs 
or sacs of smooth-edged endoplasmic reticulum; the blebs 
were arranged like a string of beads, leading from the 
bottom of the cytoplasmic invagination to the interior 
of the nucleus. 

In this communication we report some remarkable 
nuclear phenomena observed in the cells of the guinea-pig 
thymus. The glands were removed from 6 week old 
guinea-pigs. Usually the thymus was fixed in osmium 
tetroxide; in some instances, however, fixation was 
achieved by perfusing the gland with 6 per cent glutar- 
aldehyde through the blood-vessels. After dehydrating 
in acetone the specimens were embedded in ‘Vestopal’.. 
Nuclear blebs could be demonstrated by both methods of 
fixation. j 

In Fig. 1 a duplicate of the nuclear membrane is seen 
detached from the nucleus, and bordered by. a th 
membrane at the site of detachment... A portion of | 
cytoplasm appears between the detaching duplica 









316 


the surface of the nucleus. Fig. 2 shows a higher power 
micrograph of the duplicate and nuclear substance is 
apparent between its layers. The cytoplasm inside this 
dilated configuration corresponds structurally to that 
surrounding it, except that the endoplasmic reticulum in 
the former is dilated. In Fig. 3 several layers of raised 





Fig. 1. Nuclear blebs on the surface of thymocyte nuclei from the 

guinea-pig. The five layers of the “reduplicated’ nuclear membrane are 

clearly seen. Nuclear substance can be seen between the layers. (1) Cell 

membrane; (2) nuclear membrane; (3) reduplicated nuclear membrane; 

44) protrusion of nuclear substance into the new structure; (5) cyto- 
plasm; (6) endoplasmic reticulum: (7) mitochondrion. 





Fig. 2. Nuclear blebs in a more advanced stage of development, Inside 
the bleb, cytoplasm with endoplasmic reticulum can be seen, In this 
picture seven layers of “‘reduplicated” nuclear membrane can he dis- 
tinguished, (a) Continuity of the outer layer of the nuclear membrane; 
(b) nuclear substance; (e) two nuclear membranes in contact; (d) nuclear 
substance; (e) inner nuclear membrane; (f) gap; (g) thin membrane; 
(1) duplicate of nuclear membrane; (2) cytoplasmic reticulum; (3) a 
newly developing membrane (?); (4) nuclear substance; (5) protrusion 
of the nuclear substance into the duplicate of nuclear membrane; (6) 
mitochondrion. 
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Fig. 3. Nuclear blebs in the phase of isolation. The wall of the bleb is 

consistent all the way around and the layers of which it is composed 

separate the bleb from the nuclear substance. (1) Cell border; (2) wall of 

nuclear bleb with seven layers; (3) cytoplasm: (4) nuclear membrane; 
(5) nuclear substance, 


es 





Fig. 4. The nuclear bleb separated from the nucleus and the two nuclear 

portions included in its wall show a tendency to confluence, (1) Cell 

membrane; (2) reduplication of nuclear membrane resulting in the 

formation of the wall of the bleb and containing nuclear substance; (3) 

cytoplasm; (4) nucleus; (5) nuclear membrane; (6) mitochondrion; 
(7) probable site of evagination. 


duplications of the nuclear membrane enclose a portion 
of the cytoplasm, separating it from the nucleus. In 
Fig. 2, (a) is the continuation of the outer nuclear layer 
and is found on the surface of the bleb. Below it, a con- 
tinuation of the nuclear substance (b) constitutes the next 
layer. In the layer (c) below, a thin dark membrane is 
apparent. Beneath this there is a circumferential layer 
(d) which also looks like nuclear substance. A thin 
membrane (e), a light layer (f) and finally (g). another 
membrane, are also apparent. 
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Fig. 5. Hypothetical scheme for the formation of nuclear blebs: (1) 
“outer layer of the fold of the nuclear membrane; (2) inner layer of the 
“S<fold of nuclear membrane; (3) nuclear substance; (4) contact of the 

Be two nuclear folds, 


= In Fig. 4 the derivative of the nucleus appears to be 
: completely isolated from the nucleus and to surround a 
-large area of cytoplasm in which there is a mitochondrion. 
This configuration consists of a very peculiar inner cyto- 
_ plasmic portion surrounded by a nuclear coat. Izard® 
observed a similar configuration in the thymus at an 
early stage of development. He considered it to be a 
regenerativo phenomenon of the nuclear membrane. 
_ This explanation for the origin of this structure, however, 
-is not adequate. A far more satisfactory interpretation is 
„offered by the scheme in Fig. 5 in which a deep trough- 
like indentation is formed on the nuclear membrane. 
-| One of the borders rises together with the nuclear substance 
< at its interior. The fold thus formed gradually rolls up 
amd ‘eans against the other border fold of the trough. 
“Later, the raised portion closes and becomes detached 
| from the nucleus. This would provide a possible explana- 
_ tion for the evagination of nuclear substances. Extrusion 
ef these nuclear blebs may be related to the special 
function of transferring immunobiological information 
and bestowing immune competence on thymocytes. A 
elationship between this phenomenon and degeneration 
of the cell would seem to be most unlikely as morphological 
signs of degeneration are absent from the cytoplasm. 
Thus, it is feasible to consider bleb formation as a pheno- 
enon specific to the cells of the thymus. 

In the bursa of Fabricius—a thymus-like structure 
side the cloaca in birds—Ackermann observed two kinds 



























33 nuclear phenomena in the rapidly proliferating. and 







differentiating cell. One of them was the formatic 
vesicles inside the nucleus, the other was the forma 
blebs on its surface. He stated that vesicle formatio 
probably associated with the transport of substances ae 
synthesized in the nucleus to the cytoplasm. The vesicles 
were observed to reach the cell membrane and even to | 
empty in the intercellular space. Bleb formation differs ©. 
from vesicle formation in that the latter process is shared 
only by the outer nuclear membrane, whereas bleb __ 
formation involves not only the whole nuclear membrane. 
but also the nuclear substance (fluid, chromatin an 
nucleolus as well). Clark’ observed a similar phenomenoi 
in the acinas cells of the pancreas and offered a similar 
explanation. x 
It would therofore seem correct to consider a bleb form 
tion to be related to the mechanism of development: and 
differentiation of thymocytes. Further experimentation 
and data are needed to determine whether the transferenc 
of nuclear material to the protoplasm by nuclear blebs 
is linked with the acquisition of immunological com- 
petence by the thymocytes or whether the phenomenon 
of bleb formation is merely associated with the develo 
ment of the polymorphic nucleus at mitosis. E 
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Estimate of the Number of Genes involved — 
in the Genetic Suppression of the Cytological > 
Diploidization of Wheat ee 


Triticum aestivum is an allohexaploid species originatin, 
from the hybridization of a tetraploid wheat and the 
diploid species Aegilops squarrosa. The tetraploid wheats: 
are also allopolyploid species and were derived from a 
hybrid between a diploid wheat species and the diploid Ae. 
speltoides. The relationship of these three diploid specie 
is such that, in hybrids between them, at first meiotic meta 
phase there is an average of approximately 3-5 bivale 
from a possible maximum of seven’. On this basis som 
multivalent formation would be expected in amphidiploid 
derived from them, yet the usual meiotic disturbance in 
hexaploid wheat is univalent formation*. Classically, the 
regular bivalent formation and absence of intergenomi 
pairing in the polyploid Triticum species has been explained _ 
in terms of differential affinity, and in recent years it has: 
been shown that differential affinity is enhanced by the 
activity of a genetical system on the long arm of chromo 
some 5B (refs. 3, 4). OCS 
Since no alternative alleles exist in polyploid wheats, 
is not possible to demonstrate the number of genes 
involved. Ae. speltoides has a genetic system, however, _ 
suppressing that of T. aestivum so that intergenomic 
pairing occurs in its hybrids with wheat. It is assumed’ 
that the system in the polyploids evolved by mutation 
from this system in Ae. speltoides. Ae. sharonensis, & 
diploid species, genomically identical and crossable with. 
Ae. speltoides, has a genetic system of null effect, since in 
crosses with hexaploid wheat there is no intergenomi 
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Table 1.. MEIOTIO ANALYSES (MEAN AND RANGE) OF THE PROGENY OF 
(Ae, speltoides x Ae. sharonensis) x Ae. speltoides] x T. aestivum 
No. of 
Plant cells P Ilrod Hring TI total I IV 
11-06 5-48 1-28 6-76 0-82 0-24 
1 50 3-17 2-9 0-5 4-12 0-3 0-2 
11-24 542 1-68 710 0-56 0-22 
2 50 3~17 2-8 0-5 4-11 0-3 0-2 
12-04 5-26 1:82 7-08 0-36 0-18 
3 50 10-17 2-9 0-5 4-9 0-3 0-1 
9-98 5-42 1:96 7°38 0-72 0-30 
4 50 3-14 2-9 0-5 5-11 0-3 0-2 
22:56 2:70 0-02 2:72 Š = 
8 50 14-28 0-7 0-1 0-7 - = 
21-80 3-10 ~ 3-10 - = 
§ 50 14-28 0-7 ~ 0-7 - _ 


*I,univalents; II rod, rod bivalents; II ring, ring bivalents; II total, 
¥ total bivalents; III, trivalents; IV, quadrivalents. 


Crosses were made between Ae. speltoides and Ae. 
sharonensis, and in an attempt to raise the fertility of the 
hybrids two backcrosses were made to Ae. speltoides, 
during which it was hoped that the heterozygosity for the 
pairing control difference was maintained. The three 
second backcross derivatives were crossed with T. aestivum 
and a progeny of six plants was recovered. The meiotic 

analyses of these plants are shown in Table 1 and photo- 
-- micrographs of the two types of meiosis in Figs. 1 and 9. 
The analyses can be divided into two groups. Plants 
numbers 1-4 had a high level of synapsis, up to twenty- 
five chromosomes paired in some cells from a maximum 
possible of twenty-eight, and trivalents and quadrivalents 
were quite common. The plants 5 and 6 demonstrated 
& quite different meiotic pattern with a much lower 
level of synapsis; some cells had no chiasmata asso- 
ciations at all, and from a total of 100 cells none was 
observed with a configuration more complex than a 
bivalent. 

Six plants, segregating 4:2, are clearly a very small 
“population from which to infer a 1: 1 ratio and thus.imply 
monogenic control of a character. Proof of monegenie 
inheritance is, however, exceedingly diffieult. For even 
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with a large progeny the possibility of bresking a close 
linkage is quite low and in the present case evidence is 
only provided concerning the nature of heterozygosity in 
the backcross plants and not in the species hybrid. It is 
clear, however, that the segregation of the present popula- 
tion can be explained in the simplest terms by monogenic 
inheritance of the difference in pairing control of Ae. 
speltoides and Ae. sharonensis. This provides a strong 
inference that the genetical control of the diploid-like 
cytological behaviour of the polyploid wheats is also 
simply inherited. 

G. KIMBER 
Plant Breeding Institute, 
Trumpington, Cambridge. 
! Kimber, G., and Riley, R., Canad. J. Genet. Cytol., 5, 83 (1963). 
? Riley, R., and Kimber, G., Heredity, 16, 275 (1961). 
* Riley, R., Chapman, V., and Kimber, G., Nature, 186, 259 (1980). 
* Riley, R., Heredity, 15, 407 (1960). 
* Riley, R., Kimber, G., and Chapman, V., J. Hered., 52, 22 (1961), 


Chromosome Number of Erysiphe graminis 


THE formae speciales of the Ascomycete Erysiphe graminis 
cause powdery mildew of cereal crops, a disease of con- 
siderable economic importance. The chromosome number 
of the fungus is, however, not recorded in the literature. 
Chromosome counts following meiosis of a few related 
species and genera have been madet‘, and in general 
these suggest a haploid number of four (n = 4). 

The paucity of cytological information is due partly 
to the small size of the chromosomes, which is close to the 
limit of resolution of visible light microscopy, and partly 
to the difficulty of staining the bodies. These restrictions 
were partly overcome in the present work by using an 
interference microscope. This instrument, in which 
differences in optical path length caused by refractive 
heterogeneity in the object are converted into differences 
of intensity or colour, allows the examination of live and 
unstained specimens. 

The material used was race 3 of E. graminis f. sp, 
tritict,” races A3 and A17 of E. graminis f. sp. hordet and 
race group C of E. graminis f. sp. avenae® growing on leaves 
of Minister wheat, Proctor barley and Milford oats respec- 
tively. Mycelial colonies which had just begun to sporu- 
late (approximately 10 days after inoculation) were 
stripped from the leaf and mounted in water. 

Observations of mitosis were made on hyphal tips, on 
young hyphal branches and on a single germinating 
conidiospore. Spindle formation was difficult to observe 
despite the occurrence of a metaphase plate and polar 
movement of the chromosomes, but indications of a 
spindle were seen in several preparations. The division 
process was presumably rapid because few were seen in 
the actively growing material. It is possible, however, 
that little mycelial growth was taking place at the time 
of profuse conidiospore formation. 

The haploid chromosome number during mitosis was 
found to be two (n = 2) in all three formae speciales; 
the two chromosomes of f. sp. ordei are shown in Fig. la.’ 
Under the conditions of observation, the two chromosomes 
differed in size by 20 per cent; the approximate measure- 
nents are 0-4u and O'u. There was no detectable differ- 
vuce in size or morphology between chromosomes of tho 
three formae speciales. 

An attempt was made to confirm these observations by 
visible light microscopy using nuclear stains. Similar 
material was used and observations were made at the 
same state of development. Fixation in Carnoy’s fixative 
gave the best results although some cytoplasmic collapse 
was noted. Staining was much more difficult. It was not 
possible to stain the chromosomes with the DNA specific 
Feulgen stain although clear preparations were made with 
hacmatoxylin. Slightly less satisfactory results were 
obtained with acetocarmine and propionic orcein. Fig. 1b 
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Fig. 1. a, Interference photomicrograph of hypha of E. graminis f. sp. 
hordei showing the two chromosomes at early anaphase. b, Photomiero- 


graph of a preparation of a hypha of E. graminis f. sp. hordei showing 


two groups of chromosomes at late anaphase. Haematoxylin stain. 


is a photomicrograph from a haematoxylin stained 
preparation and shows chromosome separation at late 
anaphase, here in f. sp. tritici. The chromosomes after 
fixing and staining are of the same order of size or slightly 
smaller than in the interference observations. 

The low chromosome number is clearly of significance 
in the evolution of the fungus, in the origin of new physio- 
logical races and in breeding for resistance to the disease. 
The capacity of a pathogen, such as Æ. graminis, to develop 
on a host of a specific genotype has been shown to depend 
on the relationship of the alleles carried by the pathogen 
at specific loci conditioning virulence, and the alleles 
carried by the host at specific loci conditioning resistance, 
in a gene for gene system®°, The degree of aggressiveness 
of the pathogen, however, is also determined by the 
adaptation of its genotype to a range of ecological condi- 
tions. Consequently, successful adaptation of the fungus 
to a new host genotype may involve a considerable 
rearrangement of the pathogen genotype. This usually 
occurs as the result of recombination and segregation 
following meiosis. 

The present observations of only two chromosomes in 
E. graminis implies that much of the genotypic readjust- 
ment would depend on recombination within the linkage 
groups. On this interpretation, E. graminis would be 
relatively inflexible in the evolutionary sense. Moseman!! 
has, however, reported that six loci recognized in a study 
of eight virulence alleles are unlinked. This view must be 
revised on the basis of the present results since some of 
the loci must be linked although more than fifty map 
units apart. This would mean that, following meiosis, 
rearrangement of the loci conditioning virulence would 
take place as freely as if they were unlinked. Such a 
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facility may be an adaptive mechanism to overcome the 
linkage restrictions; it would imply a total genetic 
chromosome length of at least 200 map units. 

_ Although the restrictions posed by the small number of 
linkage groups would thus be obviated by loose linkage 
so far as the virulence loci are concerned, the efficiency of 
the fungus is not determined solely by the virulence 
alleles. The linkage of such loci to others concerned with 
aggressiveness must significantly influence the total 
genotypic readjustment necessary in the pathogen to 
overcome resistance in a new host. Such overall adjust- 
ments may be impeded by the small number of linkage 
groups. The task of the breeder is thus to select host 
genotypes which in turn select for improbable or inefficient 
gene combinations in the pathogen. 

This is facilitated theoretically by the difference between 
the chromosome numbers of host and pathogen. The 
cereal hosts have a much larger chromosome complement 
(the haploid number of the most widely cultivated species 
of wheat, oats and barley is 21, 21 and 7, respectively) 
so that in a gene for gene system there should be less 
linkage restriction in the host than in the pathogen, 
allowing the production of appropriate combinations of 
resistance genes in the host more freely than of virulence 
genes in the pathogen. 

We appreciate the loan of the interference microscope 
from Mr. W. Koliner of Vickers Instruments, Ltd., which 
enabled this work to be undertaken. 


GQ. KIMBER 
M. S. WOLFE 
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Levels of Macro- and Micro-elements in 
Eucalyptus camaldulensis Dehn. (E. rostrata 
Schlecht) 


Very little is known about the amount and variation of 
major and minor elements in forest tree species'. The 
information on Eucalyptus species is even more limited’. 
Eight-year-old Eucalyptus camaldulensis trees at Pali, 
Rajasthan, were investigated. The lower (older) leaves 
of these trees yellowed from the tip backwards along the 
leaf edges and this was followed in some cases by browning 
of the leaf edges. Close examination of the affected leaves 
did not reveal any damage by insects which can some- 
times cause such patterns to develop in leaves. 
Healthy and unhealthy leaves and leaves showing 
apparent deficiency symptoms from two E. camaldulensis 
trees at Pali and from a five-year-old healthy tree at 
Ootacamund were analysed for major and minor nutrient 
elements. The analytical data are presented in Table 1. 
The leaf symptoms as well as the content of macro- and 
micro-elements in healthy and unhealthy leaves and leaves 
exhibiting apparent deficiency symptoms showed that 
unhealthy troes suffered from acute potassium deficiency: 
and the content of nitrogen and phosphate was also low. 
A comparison of the potash content of healthy 
unhealthy leaves from trees growing at Pali and Oot 
mund indicates that E. camaldulensis leaves 
less than 0-90-1-0 per cent potash; potash deficien 
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‘fable 1. MACRO- AND MICRO-ELEMENTS IN HEALTHY AND UNHFALTHY 
Coo LEAVES OF Eucalyptus camaldulensis 









Description of Macro-nutrients (per cent) Micro-nutrients (p:p.m.) 
leaf sample N P K Ca Mg Cu Zn Fe Mn 
Tree No. 2 in 
row No. 1 (H) 2-016 012 097 103 0-26 163 203 141 77 
Tree No. 2 in 
row No. 1 (U) 1:544 0-08 0-71 148 0-22 8&0 126 146 105 
Tree No. 2 in 
.. row No. 2(H) 1573 0:09 109 2-22 0-26 123 125 131 120 
Tree No. 2 in 
row No. 2(S) 1450 0-08 066 3-28 030 131 175 190 143 
“Tree No, 2 in 
>o row No, 2(U) 1-190 0-06 0-61 410 0-24 157 14-7 250 168 
Qotacamund (H) 1:78 0-13 0-94 159 0-32 25-0 36-0 290 1,000 


a dH, Healthy; U, unhealthy; and S, apparent deficiency symptoms. 


. accompanied by a high content of calcium is likely to 

appear. A relationship between potash deficiency and 

_ othe content of calcium oxide has been observed by 

<- Lockard® in rice. A comparison of our data with those 

given in Table 1 of ref. 2 shows that the quantities 

_ of iron, manganese, copper and zinc even in healthy 

leaves of E. camaldulensis are relatively low. It should, 

however, be mentioned that iron, manganese, copper and 

zine deficiencies could possibly occur when soils with a 

< low supplying power are afforested or when these elements 

are not available. This was observed in the case of 

_ nursery seedlings of a large number of Eucalyptus species 

< | which developed characteristic symptoms of iron, magne- 
< sium, and manganese deficiency*. 

© |. We thank Dr. Ch. Krishnamoorthy for the analysis of 

- the leaf samples and Dr. P. C. Raheja for his valuable 

-o suggestions. 
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o i Susceptibility of Coconut Palm to Lethal 
oe Yellowing Disease 


- Coconut palms (Cocos nucifera) are not susceptible to 

<- lethal yellowing disease’ until they are from two to three 
years old, reckoning from the time they are planted out 
from the nursery bed. Rare instances are known where 
palms have become infected at 18 months. No explanation 
- for this unusual phenomenon has been offered, even 
- though it is widely held that the disease is infectious. It 

“| presents a serious barrier to the study of the transmission 
`- of the disease, since palms 18 months old and older are 

_ difficult to grow under controlled conditions. 

_ . The disease is characterized by wilting of the palm and 
his in turn implies a blockage of translocation. The 
ite of this blockage has been determined by means 
f translocation tests with dyes, by starch accumula- 
n tests with potassium iodide—iodine solutions, chemical 
nalyses of tissues and histological studies of tissues 
‘proximal and slightly distal to the growing point in the 
heart of the palm. 

If a palm is felled and a section cut out from just below 
the “cabbage” or heart of the palm to a point at about the 
= top of the brown felt-like strainer, the growing point and 
` the bases of the contiguous fronds are included. When 
such a section is set base down in a 0-5 per cent solution of 
“acid fuchsin, translocation of the dye takes place and 
material differences can be observed between healthy and 
diseased tissues. A healthy palm will show a uniform 
distribution of the dye across the stem and up into the 
fronds. In the diseased palm, the dye is limited to a few 
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seattered streaks; the older the palm the more of thes 
there are likely to be. In the ease of young non-bearing 
palms with only a very short stem (trunk), the ‘eut-of 
of dye translocation below the growing point is abrupt 
and complete. For comparisons of starch concentration, 
the sections of palms were split down the middle longi- 
tudinally and the solution of potassium iodide and iodine 
was brushed on copiously. Strong positive reactions were 
obtained with both healthy and diseased tissues in the 
area at the base of the growing point; distally, however, 
the healthy tissues showed a deeper and more extensive 
coloration in the contiguous fronds. Split sections were 
also used for chemical analyses. These analyses (by R. A. 
Chen) revealed a high concentration of reducing sugars 
in the bases of the inner fronds just above the central 
growing point. 

From the same split sections, samples were also taken 
for histological study (and fixed in formol acetic alcohol). 
The samples were examined by P. D. Tomlinson of the 
Fairchild Tropical Gardens, and it appears that in the 
diseased tissues the phloem in the region just proximal 
to the growing point is practically obliterated. 

Taken singly, any one of these sets of observations 
would be significant, but together they appear to present 
rather conclusive evidence that the central wilting 
characteristic of lethal yellowing disease is a result of a 
blockage of translocation associated with phloem necrosis 
in the stem. The data also add materially to the plausi- 
bility of the hypothesis that a virus is the causal agent. 
The lack of susceptibility of very young palms is also 
accounted for, since it is not until the palm has reached 
an age of approximately two years that the stem is clearly 
differentiated and the anatomo-physiological basis for 
blockage established. 


WALTER CARTER 


Food and Agriculture Organization of the 
United Nations. 
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Waterproofing of Metaldehyde on Bran 
Baits for Slug Control 


SUCCESSFUL long term slug control depends on the per- 
sistence of the molluscide and baiting material because 
both must be present when weather conditions are optimal 
for slug activity!. Moreover, to investigate the effect of 
incorporation of baits in the soil to limit subterranean 
damage to wheat and potatoes, the bran must be protected 
from soil moisture and subsequent deterioration by soil 
fungi. In 1963, the problem was brought to the notice of 
J. N. Firth and J. C. Jones of the new project division of: 
Midland Silicones, who collaborated on methods of water- 
proofing metaldehyde baits. 

The first approach was to dip slug “pellets” for 1 min 
in a 5 per cent solution of chlorosilanes dissolved in 
petroleum ether. The solvent was removed by air drying’ 
for 13 days, but tests showed that the presence of small 
solvent residues made the baits unpalatable to slugs. 
A gaseous treatment with chlorosilanes has now been, . 
tried, and preliminary trials comparing treated and 
untreated pellets show that the treatment is in no way. 
repellent to slugs. The baits, having been moistened, 
are held in a stream of air containing chlorosilane vapours 
which react with the moisture to form a siloxane film on 
the surface of the baits. The hydrochloric acid liberated is 
removed in the air stream. 

The water repellent properties of a number of pro- 
prietary slug “pellets” have been assessed by immersing 
known weights in water and noting the time taken for 
them to disintegrate. The longest took 10 min but were 
still intact after 3 months immersion after treatment using 
the gaseous method to contain 1:0 per cent siloxane. 
The same effect can be achieved with alkoxysilanes, 
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me resins and fluids. Siloxane is odourless, tasteless, 
harmless to people handling the baits. 

_ Work is in progress to produce pellets able to be mixed 
with wheat seed for drilling, to evaluate their lasting 
properties in the field and in the laboratory to produce the 
optimum treatment with regard to cost and breakdown 
time. 

IT thank Mr. L. E. W. Stone for his helpful advice and 
stimulating interest in the problem. 
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PSYCHOLOGY 


Transmission of Edge Information in the 
ces Human Visual System 


‘Saccapic (jumping) eye movements are the characteristic 
ay of moving the eye from point to point. The eye 
rarely moves in any other way except during tracking. A 
crucial fact, established definitively by Riggs’s* and Diteh- 
‘burn’s* groups, is that the eye continues to make small 
saccadic movements of about 2-10 min of are as it 
‘fixates a point. Fig. 1 shows how the horizontal com- 
ponent of these eye movements resembles the discon- 
tinuous step-function of an electronic square wave. When 
‘a saccade occurs, the retinal image abruptly shifts on the 
retina by an angle equal to the angle of the movement. 
‘This simple fact is used here as the basis for a model of the 
“transmission in the human visual system of information 
“about the edges of objects. This fact alone can logically 
sustain the model, although other evidence will also be 
presented. 
<= According to the model, a fixation saccade shifts the 
‘retinal image suddenly and thereby generates a set of 
edges (see below) uniquely determined by the saccadic 
-yector. Such a set of edges is momentarily generated and 
_gyansmitted in a discontinuous packet of information to 
‘the central nervous system. This is a feedback process 
because the output (eye movements) affects the input 
(retinal activity). 
“The three concepts of discontinuity, feedback and 
packets of information require further explanation. In 
“engineering systems analysis, discontinuity typifies a 
‘system that samples data rather than monitoring it con- 
‘tinuously. Young and Stark* were among the first to 
use the concept to explain human performance during 
visual tracking tasks. The overwhelming fact of the 
` gubjective continuousness of perception makes it difficult 
-to grasp the possibility that the input of visual information 
might be discontinuous. Recent work* shows that the 
timing of the discontinuities is related to the alpha cycle. 
Feedback is demonstrated by the finding that changing 
“the visual stimulus changes the output (eye movements) 
of the system’, which in turn affects the input (retinal 
activity). The idea of packets of information has an 
_ experimental basis in the finding of an electrical response 
<in the visual cortex after saceades*. In other words, 
-gaceades are followed in time by the discrete response of 
he visual cortex to a packet of information. 
he model can best be demonstrated pictorially. 
- Fig. 3 simulates in the lower six parts what happens when 
_ the retinal image is displaced on the retina by a saccade. 
‘These pictures have been made by the technique of taking 
a film positive (Fig: 34) and a film negative (Fig. 3B) 
f the same scene, superimposing them with a slight 
splacement and making a print of the resultant negative. 
It is sometimes used by photographers to give a three 
_ dimensional relief effect. The black and the white areas 


- represent edges where displacement has either moved a 
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dark edge into a formerly light area or vice versa. The 
greys represent retinal areas not altered by the occurrence — 
of the saccade, where adaptation to a uniform area results — 
in no net change with the saccade. per 
The same effect is shown diagrammatically in Fig. 2, 
which depicts the image of a small segment of edge on the 
retina. In I, between A and B is a segment of vertical 
edge, or boundary between light and dark. Consider the. 
other lines as imaginary, but necessary to convey the ideas 
pictorially. In II the indicated left or right saccadic i 
vector displaces the retinal image. t, is the retinal image 
immediately before the discontinuous displacement of tho 
saccade and łą, is the retinal image immediately after . 
displacement. On the left, dark moves into the area along a 
the edge where light was. The opposite movement on the . 
right produces exactly the opposite effect. III shows th 
net change in each case. The net change on the left would — 
result in the selective firing of vertically oriented “off” | 
edge receptors, while the net change on the right would - 
result in the similar firing of “on” receptors. The work of 
Krauskopf? and McCollough! suggests it is possible to 
generalize from the limited case of light and dark to the 
more general case of two colours as well. 7 
There is no inconsistency in the fact that Fig. 3 isthe 
combination of a positive and negative and shows greys in: 
unchanged areas, while Fig. 2, II, shows either double. 
dark or double light in the unchanged areas. The problem 
has to do with the representation of a process involving 
time by the simultaneous presentation of two instants of 
time, and here the more complex composite photograph is- 
a more accurate representation than the diagram, = oe 
These features of Fig. 3 should be noted: a saccadic | 
vector, represented by the arrow, generates a set of dark 
and light edges; the set is unique to the saccadic vector— 
mostly by direction, but from Fig. 3 C and D also to - 
some extent by length; considering the process as dis- 
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Typical fixation eye movements recorded by the mirror-on- Boge 
H represents horizontal component, 


Fig. 1. 
contact-lens technique (ref. 5). ‘ 
¥ represents vertical. Several typical saccades are plainly evident; 
S() is a specific example. s 
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Fig. 2. Diagrammatic representation of segment of retinal 
(D Segment of edge between points 4 and B. Other bounda: 
necessary for pictorial purposes. (if). Displacement of the 
saccadic vector occurring between time t and timete (IDN 
produced i 
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continuous and imagining these six sets of edges as typical, 
there is crude analogy to the information in six consecutive 
frames of a ciné projector being discontinuously presented. 
Using a general systems analysis terminology such as 
Ashby’s*, there is a trajectory of unique transformations 
which may represent a stochastic process. 


Fig. 3. 


Simulation of retinal image edge generation by saccades. 


by a saccade, produced by overlaying films of A and B with slight displacement. 
G, Case with torsion. 


degree of arc is about 0-25 in. 
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A, Positive print. 


For photographic reproducibility the displacements are larger th 
A typical fixation saccade might result in 1/32 to 1/64 in. displacement at that distance, 
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The physical fact of retinal image displacement durir 
saccades is indisputable and it necessarily results in th 
retinal image changes described. The accompanyir 
occipital evoked response has been established. Thi 
there is sound basis for further experimental work usir 
the model, 


B, The negative. C-H, Retinal image change generated 
Arrow represents direction (but not length) of saceadic vector. 
lan actually occurring during fixation. At 15 in. one 
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Sensitivity of Populations of Visual Cortical 
Cells to Variable Period Stimulation 


‘Tan hypothesis has been advanced that pictorial informa- 

sion is processed by the mammalian visual system as 
distinct frames of data’. Bearing in mind the mechanics 
of physical image processing systems, it is apparent that 
the number of frames which can be processed each second 
is not without limit. The purpose of this investigation 
was to answer several questions: (1) How many frames 
can the mammalian visual system process in one second ? 
(2) If finite, is the rate fixed or variable? (3) If fixed, 
what is the rate? (4) If variable, what ia the ‘‘processing 
time” for one frame ? 

A review of previous reports revealed that the rate was 
probably finite and that either the rate was fixed at 
about ten frames a second or the processing time for one 
frame was constant at 100 msec. Because more than 400 
references lend support to either or both of these possible 
hypotheses, a selection of several appropriate references 
at the expense of the others does not appear to be equit- 
able and has not been done. (I am preparing a complete 
bibliography and would be pleased to furnish further 
details to scientists interested in this work.) A critical 
review of the literature reveals two lines of argument 
against the hypotheses. The first is based on the fact 
that the critical fusion frequency is usually in excess of 
10 c/s. Taravella and Clark*, however, removed the visual 
cortex in cats and found that the critical fusion frequency 
remained unchanged. Moreover, for non-foveal illumina- 
tion the light intensity can be increased by a factor of 
about a hundred without increasing the fusion frequency 
above 10 o/s (ref. 5). 

The second argument rests on the ability of various 
observers to recognize fairly complex patterns displayed 
for periods as short as 10 msec*?. In all instances, the 
testing methods required that the brief flash be preceded 
and followed by a relatively long period during which no 
characters were provided within the same visual field. 
Interference or “masking” is noted when the flashes are 
timed closer than 100 msec’. 

The present investigation was conducted with the view 
of clarifying the status of the frame rate or frame pro- 
cessing time hypotheses. Discrete frames were electrically 
simulated by means of pulses applied directly to the optic 
nerve, with the intervals between frames (periods) 
variable. Cats were anaesthetized with ‘Surital’ (2-2-5 c.c. 
2-5 per cent intrapleurally) followed by intermittent use 
of trichloroethylene. Tho right carotid artery was ligated 
and a tracheostomy performed. The left hemisphere was 
exposed in. the usual manner and all dura retracted from 
above the brain. Mesencephalic transection was performed 
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in such a fashion as to minimize sharply trigeminal sensory 
input from the right side of the face. _Anaesthesia was 
not used for the remainder of the experiment. The right 
orbit was removed, care being taken to preserve the 
optic nerve and eyeball, and the right optic nerve mobil- 
ized by transecting all muscular attachments to the 
eyeball. 

A patch of plastic sheeting was cut to fit the optic 
nerve and inserted between the nerve and surrounding 
tissue for electrical insulation. Two small electrodes, ono 
of which was also used for supporting the eyeball and 
nerve, were then attached to the optic nerve distally. 
Care was taken to insulate the electrodes from each other 
and to prevent damage to the nerve. A third electrode was 
inserted in the skin of the nuchal region. The eleotrodes 
were connected to an isolation box so as to 
minimize stimulus artefacts. A special stimulator sup- 
plying the isolation box was capable of providing 0-5 msec 
pulses of variable amplitude (5-20 V) with an interval 
between pulses (period) automatically changing from 
about 500 msec to 30 msec and back to 500 msec. This 
change from maximum to minimum interval length was 
accomplished through seven graded and variable interval 
lengths all within 1 sec, so that artefacts and alterations 
in signal resulting from long-term drift, electrode position, 
eto., were minimized. The stimulator automatically swept 
through gradually decreasing then gradually increasing 
interval lengths and the whole cycle repeated every 2 sec. 

Recording was performed by means of a micro-manipu- 
lator and three different types of electrodes for evoked 
potentials, unit responses and population (about 3-15 
cell) responses. The electrode for recording population 
responses was specially developed for this purpose, m 
that, following insulation, the tip was dipped in a solvent 
for the insulating material. Testing of such electrodes 
using the standard bubble criteria was not profitable, 
because a number of separate bubbles was produced, 
each of which was associated with an aperture of different 
impedance. Special criteria for acceptance or rejection 
of electrodes were developed, and about a third of all 
electrodes produced were found to be suitable for recording 
population responses from between three and fifteen cells. 

Nine cats, each weighing 5-8 lb., were used in these 
experiments with sıx anımals yielding suitable data. Data 
were rejected only if there was excessive nols, insufficient 
signal, or artefact which obscured them so as to make 
interpretation unprofitable. Signals were recorded from 
between 10p and 1,500 below the pia, as suggested by 
Mitra’, throughout the left visual cortex. Evoked poten- 
tials, unit responses and population responses were 
recorded independently with the appropriate type of 
electrode. 

An attempt was made using the data obtained to 
define a “processing interval length” (the tıme required 
to “process” the image represented by each frame) during, 
which there was a response following each stimulus; this 
was most difficult with the evoked and unit responses 
which were complex and not clear cut. In the case of the 
evoked potentials, an attempt was made to define both a 
rise and a fall in activity and to use these values. For 
the unit potentials, the presence of spike activity con- 
stituted processing of visual data. With the population 
responses, however, the length of the processing interval 
was always clear-cut, because there was an initial mse in 
activity, a plateau, and then a fall in activity, which— 
because of capacity coupling—became negative in almost 
all cases. The crossings of the “zero potential” hne were 
therefore used to indicate the initiation and cessation of 
activity. The times following each stimulus artefact were 
then measured manually. The results are shown graphic- 
ally in Fig. 1. (Except for three points on the population 
response curve, Fig. 1 does not show fast potentials which 
decayed generally before the ond of the firat 5-8 msec 
after a stimulus.) Actually, many points (between 9 and 
233—differing as a result of the characteristics of the 
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. 1. Frame processing interval length as a function of previous 
mend length. a, Evoked potentials, b, unit potentials; e, population 
responses, 


stimulator) were used in the compilation for each period, 
with the chart showing only the mean maximum and 
minimum values. The processing intervals are plotted 
against the previous period lengths, because these have 
more effect on interval length than docs the present 
eriod. 

j In analysing Fig. 1, there are certain difficulties which 
arise when an attempt is made to correlate the three types 
of curves. For example, in the region below 150 msec 
the evoked potentials tend to remain high well into the 
time of the next stimulus artefact. The unit responses 
become obvious only when one or another unit is active 
and they cannot be correlated with the population 
responses because of differing methods of interval measure- 
ment. The population responses do show one interesting 
feature which is not evident in the other two sets of 
data: for period lengths between 80 and 100 msec there 
is a marked increase in the ‘processing interval length”, 
which appears to have a slight peak at 100 msec and then 
remains essentially unchanged for increasing periods. One 
interpretation of this finding may be that significant 
patterns of visual information (or frames) will be ade- 
quately processed by the visual system only if they are 
separated by at least 90 msec from one another. This 
interpretation, as has already been indicated, agrees well 
with previous findings and supports a hypothesis that is 
intermediate between the two presented earlier, namely, 
that frames of pictorial information can be processed by 
the mammalian visual system at a maximum rate of 
between ten and eleven images per second and that, while 
slower frame rates can be accommodated, more rapid 
transmission leads to a shortening of the processing 
interval length of the frame. Although it would be a 
simple matter to conclude that this shortening of pro- 
ceasing interval length portrays an inability of the visual 
pattern recognition machinery to function at maximum 
capability, this conclusion will not be made at the present 
time. 
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Statistical Detection Theory of Piper’s Law 


For both incremental and absolute visual thresholds the 
relationship between the threshold (AZ) and the area 
of a stimulus (A) can be fitted fairly adequately to the 


equation: 
AI = const yA 

for conditions when!-*: (a) the duration of the test flash 
is short; (6) the test flash falls on a relatively uniform 
region of the retina; (c) A is not too amall and not too large. 

Gregory? has proposed a statistical model to account 
for the ocourrence of the square root relationship. He 
assumes that the area of the stimulus can be treated as 
equivalent to “n”, the number of observations on which 
an estimate of a mean is based (that is, the sample size). 
He then sssumes that this estimate is compared with an 
estimate of the meaning of the background stimulation. 
Bocause the area of the background is much greater than 
that of the stimulus, the estimate of the mean background 
intensity will be more accurate than the estimate of the 
mean intensity of the stimulus. Thus, the reliability of 
the perceptual judgment will be largely determined by 
the uncertainty of the estimate of the stimulus intensity. 

On Gregory’s assumption, the standard error of the 
estimate of the mean stimulus intensity will be 
or + AI 

VA 
stimulus variation over the stimulus area. The value 
and source of oz + Ar are not important. It is simply 
necessary to assume that it is independent of A ar. Then, 
for AT to be judged significantly different from the mean 
intensity of the background, we obtain: 


I- (I +A) 
Ge a 
V(L I+ Ar 
a t AAI 
If Az > Ar, this reduces to: 
Ar 
2 
VLEN 
AAI 
Thus AI = 


where oz + Ar is the standard deviation of the 


= some constant. 


= some constant. 


const. +/(AAr) 
oy + Ar 


An important feature of this model is that it assumes a 
direct comparison of two means—the mean intensity of 
the stimulus and the mean intensity of the background— 
rather like certain statistical tests of significance. 

A major difficulty with this ‘statistical’ model, how- 
ever, is that it assumes that the subject includes in the 
estimate of the stimulus mean intensity only those 
areas of the retina on which the stimulus actually falls, 
and conversely that none of the stimulus is included in 
the background—that is, it assumes that the subject 
knows the exact area of the stimulus, ita position on the 
background, and when it occurs. This information is 
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essential for making a statistical judgment or test of this 
kind. 

One possible way out of this difficulty might be to 
suppose that in the usual experimental set-up ın which 
the effect of stimulus area in the threshold is measured, 
the subject does in fact have this necessary previous 
information, and so has simply to perform the single 
statistical test assumed by Gregory. In many respects 
this assumption seams plausible, because the subject is 
indeed often formed about the nature of the stimulus 
and may be presented with a run of, say, twenty stimuli 
in sequence, all of the same area. If this is the case, 
however, then we would expect a definite increase in 
threshold if the stimulus areas were presented in a random 
order so that the subject would be uncertain of the 
stimulus area on any given trial. Quantitative pre- 
dictions of the effects of stimulus uncertainty on detection 
have been made by Green‘; indeed, effects of this kind 
have been obtained in a number of auditory threshold 
experiments. 

In our first experiment a brief, circular, stroboscopic 
light flash was presented 7° peripherally to a small red 
fixation light on an unilluminated screen. Subjects were 
viewed at a distance of 6 ft. 8 in. 

In one condition, the subject was shown the exact 
area of the stimulus flash before each series of threshold 
judgments. In the other condition, stimulus areas wero 
randomized, so that on each trial the subject did not 


“know what the area of the stimulus flash would be. There 


r 


were seven different stimulus areas, and intensity thresh- 
olds were obtained for each area in each condition. 
Subjects were allowed to become adapted to the dark for 
a period of about 20 min before each condition. 

The average results of three subjects are shown in 
Fig. 1. A measure of the false alarm rate was obtained 
by presenting blank stimuli at irregular intervals through- 
out the experiment. 

For stimulus areas above area 2 (angular diameter = 
0° 47’) the curves show an approximate square root 
relationship, which is usually found over this range of 
stimulus area. There are two important results: (a) we 
atill obtain a square root relationship between threshold 
intensity and area when the stimulus areas are ran- 
domized and thus unknown to the subject; (b) the thres- 
holds for the stimulus areas are not increased by ran- 
domization of the areas. 

This experiment suggests that the statistical model 
proposed by Gregory is not that responsible for the square 
root relationship in visual threshold experiments. Because 
the subject knew that the stimulus could be one of seven 
areas, however, we could postulate that he performs 
seven simultaneous teste—one for each possible area 
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againsb mean background intensity. There are two main 
consequences of this suggestion: (a) we would expect some 
increase in the false alarm rate, because there are seven 
teste for each threshold judgment; (b) because the 
simultaneous application of multiple tests is a complex 
performance, we would expect some limit to this per- 
formance as complexity is increased still further. 

From our data we can see that there is in fact some in- 
crease in the false alarm rate when the stimulus areas 
were randomized, but the false alarm rates in both con- 
ditions are very low and only occurred for one subject. 

In our next experiment we investigated the second 
consequence, that is, the effect on threshold level when 
there was a large amount of stimulus uncertainty. 

In this experiment, the set-up was rather similar to the 
previous one, except that on the dimly illuminated 
background screen (4 ft. x 3 ft.) was projected a circle 
(2 ft. 7 in. in diameter) at the centro of which was a small 
red fixation light. A stroboscopic circular stimulus 
flash was again used, but there were now three dimensions 
of stimulus uncerteinty—area, position and time of 
occurrence of the stimulus. More specifically, there were 
five possible stimulus areas, eight possible stimulus 
Positions, each at the same distance from the fixation 
light and five possible times of occurrence. There were 
thus 5 x 6 x 8 = 200 possible stimulus combinations on 
any given trial. Intensity thresholds were obtained for 
each stimulus area and again blank stimuli were presented 
at irregular times throughout the experiment. 

In the first condition there was no stimulus uncertainty ; 
subjects were shown the area and position of the stimulus 
and told when it would occur before each sequence of 
threshold judgments. 

In the second condition the 200 possible stimulus com- 
binations were randomized so that the subject, on any 
given trial, was uncertain about the area, position and 
time of occurrence of the stimulus. 
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Fig. 2. Visual threshold intensity as a function of stimulus area, Average 
results of five subjects. False alarm rates were 0 per cent for the stimulus 
known condition, and 0-875 por cent for the stimulus uncertainty condi- 
tion. There was moderate background ulumination ( 

“L765 log units). @, Stamulus uncertamty; A, stimulus 


There were five subjects and in each condition they 
simply had to report whether they had detected a stimulus. 
The results are shown in Fig. 2. There are two main 
findings: (a) again there is an approximate square root 
relationship between area and threshold intensity for both 
conditions, although the fit is not as good as in the previous 
experiment; (b) there is a shght but significant (at 0-05 
level) decrease in threshold for the condition involving 
stimulus uncertainty. Furthermore, there is some in- 
crease in the false alarm rate for the stimulus uncertainty 
condition, even though this is still not statistically 
significant. 

Thus it seems that under the conditions of stimulus 
uncertainty in our experiments detection of threshold 
stimuli is as good as, if not better than, detection when the 
stimulus is specified, that is to say, with no uncertainty. 
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These results are in contradiction to the predictions of 
statistical detection theory and make it umpossible to 
continue to explain Piper’s law in this way. 
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Asymptotic Dam Theory 


Ix a previous communication’, an asymptotic theory was 
outlined for the probabilistic behaviour of a finite dam or 
reservoir subject to random input and output. A further 
problem raised by Herman Rubin—that of the amount 
of water lost by overflow—may be solved by similar 
methods. In the case of normal diffusion which is treated 
here, the distribution of the overflow may be found by 
evaluating its moment generating function. There is an 
alternative and more general method, which is useful 
when only the expected overflow is required. The alterna- 
tive, suggested by R. Morton, is disoussed in the succeeding 
communication. 

As before, let the total capacity of the dam be C and 
the initial content c. Suppose the water lost before the 
dam first reaches emptiness be W, and let H(alc) = 
H(e2¥\c), where E denotes expectation. For the simple 
discrete case with probability p of one unit input and g 
of one unit output, we readily find 


Hale) = P,(c) + Po(c)H(«|C) a) 

H(ajC — 1) = P,(C — 1) + P&C — 1)H(«]0) (2) 
where P,(c) is the chance of emptiness before the dam 
becomes full, and P¢(o) is the chance of fullness before the 


dam becomes empty, given the starting point c. As we 
have also 
H(«j0) = petH(«|0) + gH(a|C — 1) (3) 
H(a|c) can be determined. In particular 
H(aj0) = 2? =) (4) 





1 — pet — gP¢(C — 1) 
representing a geometric-type distribution. 

The asymptotic case of normal diffusion can either be 
derived as a limiting case of the above, or from the follow- 
ing more direct argument. In place of equation (2) we 
have 

H(aj0 — e) = P0 — e) + PaO — ¢)H(a|C) 

whence (as Pe(c) is differentiable at C, so is H(a|c)) 


[Fae b= eo - WS, 


In ee of equation (3) we write 
H(a|O) = H(eeWA(a\C + 8V — 8W)) 

where $V is the net input and SW is the amount of over- 
flow during a short time 3+. Let m and o? be the net mean 
and variance of the flow per unit time (m measured 
positively if mean output exceeds mean input—this 
corrects the wrong convention given above equation (5) 
of the earlier communication’). 

The properties of normal diffusion imply that H(8W) is 
of order (8)t, whereas 8V contributes only terms of 
order 8t. 

Thus we obtain 





(5) 


aH (a|0) = (AS, 


(8) 
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whence H(a|c) may be determined from equations (I 


(5) and (6). 
In particular, as 
Polo) = (e” — 1)/(e% — 1) (m 
where y = 2m/a*, we find 
1 
Hl) = aa ey 


representing an exponential distribution. 

M. 8. BABETLETT 
Department of Statistics, 
University College, London. 

J. A. BATHER 
Statistical Laboratory, 
Department of Mathematics, 
University of Manchester. 


1 Bartlett, M. 8., Nature, 202, 731 (1964), 


Expected Overflow of a Dam 


CONSIDER a dam with total capacity O and initial content 
c. If the dam becomes full the surplus water overflow, 
and is lost. Let W(t) be the total overflow up to time ł 
and 7' be the time at which the dam first becomes empty 
For certain types of input and output Bartlett! derives 
the distribution of 7, and with Bather in the precedin; 
communication, the distribution of W(T), the total over 
flow before the dam becomes empty. 

For arbitrary input and output, the expectation os 
W(f) can be expressed in terms of the distribution of 
T and the excess demand for output at emptiness. 

Let m(t) be the mean flow per unit time (output minus 
input) at time t, and suppose that this does not depend on 
Wit) or X(t), the current content of the dam. By con 
vention, X(T) is negative if there is excess demand when 
the dam is empty. 


t 
Denote M(t) = f m(s) ds, then 


S(t) = W(t) + X(t) + M(t) 


ean be ed as a fair game in that for any + <t 
E[S(t)|S(+)] = S(+). In particular, if + = 0, ELS(¢)] = 0. 
The game is fair for any stopping rule, and in our case we 
stop at time T when first X(T) < 0. We have, therefore, 


E(S(T)] = ¢ = ALW(T)] + BLX(T)] + E[M(T)] (1) 


In cases where the output is continuous or the changes 
in content occur only in unit steps, there can be no 
excess demand and so X(T) = 0. Thus 


E[W(T)] = o — E[M(T)] (2) 


In particular, if m(t) =m is constant, equation (2) 
becomes 


E(W(T)] = o — m ET} (3) 


If the output consists solely of discrete jumps with a 
negative exponential distribution, then — X(T) is also 
negative exponential, but in other cases E[X(T)] may 
be hard to evaluate. 

Equation (1) can be explained intuitively by saying 
that the expected surplus c — H[M(T)] must come out 
as overflow. 

I would point out that because W(T) > 0, equation (3) 
implies the inequality E(T) < o/m when ? m > 0, equality 
occurring only when no overflow is possible; for example 
if O = œ, or if the content certainly decreases. 

R. Morron 
Statistical Laboratory, 
Department of Mathematics, 
University of Manchester. 


1 Bartlett, M. 8., Nature, 202, 791 (1064). 
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ondon; W.C.1), at 5.80 chofield (U.S A.). “The 
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London, W.C.1), at 5 30 at . J. White (0.8.4): 
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BEL. at 8 p.m.—Mr. James Douglas: Presidential ie 


Soomsty oF INSTRUMANT tp emma ik at the Royal Institution, Albe- 
marie Street, London, W. Dy at 6 . R. V, Jones: “Instruments and 
the Advance of Learning’ ‘the Phomeon 1 Lecture. ). 


Deparimon Pareri Coll London, 8.W.7), at 
ege, London, if 
“The Behaviour of Printing Ink on Rollers”. 


ROYAL Soamry OF TROPICAL MRDICINA AND Hycranm (at Manson House, 
20 Portland Place, London, W.1), at 7.80 p.m.—Prof. A. W. Woodruff: “A 
Q Comparison of Onchocerciasis in East Africa and Guatemala”, followed by a 


Venti- 
ndon, 


’ ASSOCIATION, Lownon SxorIorN (in the Physics 
6.30 p.m.—Mr. 0. 0. 


Friday, October 2! 


Brocama0aL Soorrry (at the Royal Caer of Surgeons, Lincoln’s Inn 
Folda, London, W.C.2 Hoauum on “Bi f the Histones”. 
Dr. G. J. Popják and W. Cornforth: “Bubstrate Stereochamistry 1n 
Squalene Biosynthesis” CA Medal Lect ure). 


BEIMTISH INSTITUTE OF RADIOLOGY (in the Reid-Knox Hall, 32 Welbeck 
Street, London, W.1), at 2 p m.— Radiobiology Meeting. 


Pe ashe lia ol ENGITBERENG Soorery (in the Engineering Lecture Theatre. 
College Tondon, Gower Streat, London, W.C, 55, at 6 p. .m,-—Sir 
paren utimann: ‘Physiological Integration of the Spimal Man” (1866 
Woolmer Memorial Lecture). 


ROYAL INstirvvion (at 21 Albemarle Btrost, London, W.1), at 9 p.m.— 
Mr. Frank Greenaway: “John Dalton in Lon: 


Saturday, October 22 


INNAR LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
Tendon Road, Forest Hill, London, 8. E.28 a 3.30 ee pn, —Mr, A. Robinson: 
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in Nature” (Second International Lecture). 


Holborn; London, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the folowing appointments on or before tho 
dates mentioned 
BENIOR LECTURER (with a good honours degree and Industrial experience 


in chemical pata and prefera bly experience in mass transfer operations 
and related fi CuBMIGAL EXGINHERING—The Staff Officer, University 
of Aston in B Gotta Green, Birmingham, 4, quoting Ref. 508/2 
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LIBERAL STUDIES IN ok—The Registrar, The University, Manchester, 
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Universit of Swanssa, Singleton Park, 
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SENIOR LECTURER or Sovunun IN TEHA DEPARTMENT OF SOCIAL ANTHRO- 
PYOLOGY, School of African Studies, University of Cape Town—The Secretary- 


General, Association of Commonwealth Universities (Branch Office), Marl- 
boro 1 House, Pall Mall, London, 8 W.1; and The Registrar, University of 
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Australia “i e Association of Commonwealth Universities (Branch 


Mariborough House, Pall Mall, London, 8.W.1 (Australia and omah 
November 14). 
Dorgan SANTOR LECTURER IN VETERINARY SURGERY at the University 
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research enos) in the School of Physics, University of New South 
Wales, A Association of Commonwealth Universities ee (Branoh 
ae), For a a House, Pall Mall, London, 8.W.1 (Australia and London, 

‘ovember 
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f Technology. Torry Research Station—Annual Report 1965 
ation of Fh end Wish Produots, ee of the 


NATURE 


OCTOBER 15, 1966 vor 212 
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Pp. 19 Cemteline Ancient tory, Fascicle 60.) Standen and 
Oambridge: University Press, 1986.) 6d. net; 30 188 


; 76. 
Royal Observatory aes No. 116: Time and Latitude Service 1965, 
Saly-Beptember. Pp. B48-B54, (London: H.M. Stationery Office, 19062 
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EVERYBODY’S PAYMASTER 


Tu Science Research Council is bound to have to play 
a central part in the struggles ahead on the place of 
university research, and of postgraduate teaching in 
general, in the pattern of British higher education. 
The reports of the Swann and Jackson committees have 
made this plain (see page 336, this issue). But the 
council itself is also fully aware of how much is ex- 
pected of it. The report for 1965-66, now published 
(H.M.S.0., 63.), is well laced with proof that the council 
is once more asking anxiously what objectives it should 
set itself. Even though there may sometimes seem to be 
a danger that critical self-appraisal will become a kind 
of public fashion, there is every reason why the Science 
Research Council should be cheered on in its good work. 

Even after some of the more incongruous activities 
of the old Department of Scientific and Industrial 
Research had been transferred to the Ministry of Tech- 
nology, the Science Research Council remained an 
awkward instrument, at least in comparison with the 
research councils responsible for medicine and agri- 
culture. This is inevitable, chiefly because of the 
diversity of functions for which it is responsible. It 
retains a foot in the industrial camp, and much of its 
current thinking is concerned with ways of stimulat- 
ing the application of science in industry. But its 
principal influence is on the universities, partly through 
the system ofggrants to postgraduate students in all 
disciplines, and partly because the council is still the 
principal source of funds for research at universities 
in the physical sciences. Of ita budget of £28 million 
in 1965-66, the council spent £5-5 million on research 
grants to workers in universities and £4 million on 
awards to some 5,700 postgraduate students—2,800 
of them on the books for the first time. But much of the 
remainder of the council’s work also affects directly 
the character of university research in Britain. The 

` £8 million spent on the two high-energy laboratories 
and the £4 million spent on international projects 
such as CERN are directly of interest to scientists at 
British universities. It is therefore of great importance 
that the council should have now embarked on re- 
appraisals of its policies on research grants and on 
postgraduate studentships. 

The council obviously has its ears close to the 
ground. Clearly it has been reading the Swann Report 
ahead of publication, it has been listening to the noises 
from the Ministry of Technology about the need to 
persuade bright people into industry, and it has 
recognized that if there is to be a pronounced shift 
in the pattern of university research, the Science 
Research Council will have the possibly unpleasant 
task of taking action. So it has appointed a committee 
under Lord Halsbury to redefine policy on postgraduate 
awards and it has asked its specialist committees, 
especially in applied science, “to identify those subjects 


in which the national interest requires work to be 
done and for which developments within the univer- 
sities might be encouraged...” Evidently it does not 
wish to be caught napping. 

Whether readiness will be a virtue only time will tell. 
There is a danger that in its eagerness to go the way 
the wind is blowing, the Science Research Council will 
be tempted into ill-considered action. Something must 
be done to interest British scientists in engineering and 
technology, but the Swann Report is better on diagnosis 
than on cure. Some of its remedies, if too hastily 
applied, could turn out to be like the cure for measles 
which consists of amputation of spotty parts. The 
trouble is that a host of questions affecting the nature 
of research in British universities are not yet properly 
understood. How much more valuable is a man after 
reading for a postgraduate degree? How necessary is 
research to teaching, and how important is it that 
researchers at universities should feel relatively free— 
they are never completely free—to follow where their 
interest leads them? Is the disinclination of British 
academics to go into industry a function of their 
education or of conditions in industry ? 

The Science Research Council is justly proud of how 
postgraduate teaching and research have grown, but 
that does not mean that the need is satisfied. The 
Swann Report hints that the council may be too 
spendthrift when it resolves to offer postgraduate 
awards to 18 per cent of the new graduates in science 
and technology, but may not this ratio be too small ? 
It may even be that industry would be better off if 
there were room for more postgraduates, for then there 
might be a greater proportion of overtly non-academic 
students. It is the same with research. The research 
councils are between them spending £14 million a year 
on university research, and the Science Research 
Council is right to boast that its own contribution has 
increased ten-fold in seven years to £5:6 million in 
1965-66, but this does not prove that everything is 
well. Even the cause of scientists in industry might 
benefit, for example, if some of the money being spent 
in government or national laboratories were spent 
instead in universities; among other things, that might 
help to foster the links between universities and 
industry mentioned by several of the contributors to 
the discussion on page 336. In other words, the 
obvious way of meeting the national need may not 
be the most sensible. It is too soon for dogmatism 
either way. 

If the Halsbury Committee and the other committees 
now making policy for the Science Research Council 
are going to make a thorough study of the value of 
advanced scientific work at universities, they will do a 
valuable service. The danger is that they may seek a 
formula to avoid trouble. But, whatever happens, it 
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seems as if the universities as such are going to be 
unrepresented in a decision which will critically affect 
their future. The Science Research Council has the 
closest links with academics through its committees, 
of course, but these are no substitute for means of 
making educational policy. Yet the universities have 
neglected to take the initiative in producing a coherent 
philosophy of how their work articulates with modern 
needs. The irony is that the universities are better 
equipped than any other institution to settle on a 
contemporary purpose. By their default, it seems the 
pipers are beginning to call the tunes. 


BIG BAD WOLF 


Tne Food and Agriculture Organization of the United 
Nations won some cheap but undeserved publicity for 
its latest report on the State of Food and Agriculture 
1966 published on October 13. On that day news- 
papers in several countries were understandably 
alarmed by the statement in the introduction to the 
report, signed by Mr. B. R. Sen, the Director-General 
of FAO, that “complacency about the food and agri- 
culture situation must surely have been dispelled by 
the events of the past year”. Mr. Sen goes on to say 
that, because of “widespread drought”, food produc- 
tion in 1965-86 was the same as in the previous year, 
“when there were about 70 million less people to feed”. 
The poor harvest last year is said to be particularly 
serious “because it comes not in the midst of plenty 
but after a long period in which production has only 
barely kept up with the rapidly mounting population”. 
The conclusion is that “the world food situation is now 
more precarious than at any time since the period of 
acute shortage immediately after the Second World 
War”. This, of course, is the language of impending 
disaster, and nobody should blame the newspapers 
for having taken it seriously. Unfortunately, however, 
a closer reading of the report suggests that the dedicated 
officials of the FAO may have let their concern for their 
most serious problem get the better of their sense of 
proportion. Certainly they have exaggerated some of 
the consequences of the bad harvest. 

Everybody agrees, of course, that the harvest last 
year was poor, particularly in what are called the 
developing countries. In Latin America production 
was 2-5 per cent less than in the previous year, with 
the result that the amount of food for every member 
of the growing population fell by roughly 5 per cent. 
Much the same was true in Africa, where a 2 per cent 
reduction of crops meant a 4 per cent decrease in the 
amount of food per head. But this is the gloomy side 
of the coin. In other regions the production of food 
continued to increase more quickly than the population. 
In North America, for example, food production was 5 
per cent greater than in the previous year, and the 
amount of production for each member of the popula- 
tion of North America increased by 3 per cent. In 
other words, in 1965-66, as in previous years, some 
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places did well and others did badly. Last year the- 
swings and the roundabouts cancelled each other out. 

The question to be decided is whether this is to be 

taken as a sign of doom or something very much like 

it, or merely as a statistical fluctuation which need not 

be repeated in the years ahead. 

The first thing to be said is that the balance between 
food production and the population has been moving 
in the right direction in the past two decades. In the 
past ten years, according to the statistics of the FAO, 
food production in the world as a whole has increased 
by 32 per cent. The food available for every member of 
the population has increased by 7 per cent in ten years 
or by 12 per cent since the late thirties. In some places, 
particularly in Europe and the Soviet Union, food 
production has been moving quickly ahead of popula- 
tion in the past decade. In Latin America and Africa, 
the knife-edge is more clearly to be seen, but even there 
the agriculturalists were more or less holding their own 
until the bad harvest last year. There are other 
encouraging trends in the statistics which the FAO has 
put together. Fish production is rising quickly, for 
example, and the pattern of trade which has grown up 
in agricultural products is plain evidence of the growing 
recognition that nations with surpluses must help out 
those with shortages. There could be no more telling 
evidence of that than the decision earlier this year, 
by the Government of the United States, to remove 
some of the artificial restraints which have been used in 
recent years to reduce the productive capacity of the 
North American prairies and the machines which farm 
there. In other words, a year from now the FAO may 
have a much more cheerful report to publish. There 
was, after all, a drought last year. 

The dangers of painting too black a picture, as the 
FAO now seems to have done, were well understood by 
the boy who cried “Wolf” too often. Overstatement 
can be as dangerous as complacency, and can engender 
indifference. The truth is that there is a great deal to 
be done before the balance between food and popula- 
tion is more adequate and more stable. Most attention 
so far has been given to increasing the food production 
of regions where scarcity is endemic, but even now it 
is not clear whether irrigation, tractors or education 
have the biggest part to play in the improvement of 
agriculture in Africa, for example. It will be some 
decades before plant-breeders can do for more tradi- 
tional crops what they have already done for rice. 
Experiments in artificial agriculture, including inten- 
sive fish farming and algal culture, deserve generous 
support. But increasing the production of food is 
only half the story. Better distribution is also neces- 
sary, both to ensure that crops are not eaten by pests 
before they find their way to people, and to ensure that 
there is enough money to finance the trade in agri- 
cultural produce there will have to be, if surpluses and 
scarcities are to be cancelled out. Within nations, 
ways must be found to see that even the poor have 
enough to eat. The problems are every bit as real and 
as serious as the FAO has been saying. But their 
solution will take decades, and will need cool heads. 
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NEWS AND VIEWS 


Ten Years Old 


Tue U.K. Atomic Energy Authority has made a modest 
fuss of itself to celebrate the tenth anniversary of the 
opening of Calder Hall—the first nuclear power station 
with civil uses to operate in Britain. There was no 
sentimentality, but Sir William Penney, the chairman 
of the authority, did let it be known that the cost of 
power from the new Advanced Gas Cooled Reactors 
which are the backbone of the 8,000 MW programme of 
construction upon which the Central Electricity Gener- 
ating Board is now embarked will be less than conven- 
tional electricity from the beginning, and will be 
reduced by 20 per cent in the course of five years 
Because the authority has so often been accused of over- 
optimism, it is worth remembering that it never claimed 
more than what its chairman is now announcing. What 
he says, indeed, sounds somewhat unadventurous com- 
pared with what is being said—and done—in the 
United States and Europe. 


What Universities Spend 


Britis universities remain a labour intensive industry, 
to judge from the details now made available by the 
University Grants Committee of the spending of public 
money on higher education in 1964-65 (Cmnd. 3106, 
Returns from Universities and University Colleges, 
H.M.S.O., 88. 6d.). The recurrent expenditure of the 
universities in 1964-65 amounted to £122 million, of 
which £53 million (43-8 per cent) was spent on salaries 
and £14-7 million (12-1 per cent) on wages for laboratory 
technicians and assistants. Departmental maintenance 
took £20 million, or 16:9 per cent of the total, in 
1964-65. During that year the exchequer grant 
through the U.G.C. amounted to £158 million, £94 
million as the contribution of the central government 
to the total recurrent expenditure of £122 million, and 
£63 million as the U.G.C. contribution to the cost of 
university building. 

In spite of recent talk about the desirability of 
- increasing the income of British universities from fees, 
the £10 million raised in this way in 1964-85, much of 
which would have been paid to the universities by 
local education authorities, amounted to 8-1 per cent 
of the total income, compared with 10-0 per cent in 
1959-60 and 12-0 per cent in 1953. In other words, the 
trend seems to be in a direction opposite to that 
favoured by those who regard an increased contribution 
from fees as a defence of university freedom. 

The student population continues to increase. In 
1964-65 there were 138,711 full-time students, with a 
slightly increased proportion of women. The fraction 
of undergraduates reading for degrees in science and 
applied science has increased to 40 per cent from 32-6 
per cent in 1953-54; and the proportion of post- 
graduates in science and applied science is now more 
than half the total of all such students. In comparison 
with 1953-54, the new entrants to universities in pure 
science in 1964-65 have increased by 127-7 per cent. 
The corresponding increase in applied science is 104-1 
per cent. Arts and the social sciences now take 90 
per cent more entrants, but medicine, agriculture and 
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veterinary science have increased only modestly in 
the last decade. 


Instant Steel 


A STBELMAKING process which combines low capital 
cost and technical sophistication is being developed by 
the Millom Hematite Ore and Iron Company. The 
process, known as spray steelmaking, was devised in 
the laboratories of the British Iron and Steel Research 
Association and is now being used on a small scale at 
Millom to convert excess pig iron to steel. 

The physical chemistry of the process is fundamen- 
tally the same as that of traditional methods; the 
impurities in the iron are oxidized, and the products 
of oxidation are absorbed into slag, which floats on 
top of the liquid steel. The novelty is that by atom- 
izing a falling column of liquid pig iron into discrete 
droplets by means of an oxygen blast, the reaction 
interface between the pig iron and the agents which 
form slag is enormously increased. A droplet which 
begins its fall as crude iron reaches the collecting ladle 
as steel. 

The plant itself is absurdly simple. Molten pig iron 
is tapped directly from the blast furnace into a tundish 
(Fig. 1, A) and allowed to flow out under gravity at a 
rate determined by the size of the outlet .(B)., Lime 
and flux are introduced into the stream at a controlled 
rate (C) and the mixture is then atomized by a ring of 
eight oxygen jets (D) which impinge on the stream. 
The oxidation of the impurities (carbon, phosphorus, 
silicon, manganese, and sulphur) generates great heat, 
and temperatures of about 2,200° © are reached at E. 
The purifying reactions take place as the drops fall 
into a ladle at the bottom. 





Scrap can be incorporated into the process either by 
filling the ladle with scrap before steelmaking, or by 
adding it continuously throughout the process. The 
high temperatures make it possible to use as much as 
50 per cent of scrap, although 30 per cent is more usual. 
The carbon content of the steel is controlled by the 
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rate of the oxygen blast; the more rapid, the less 
carbon. The pilot plant is now producing steel of 
controlled composition, and all types of steel, very 
mild and with the highest content of carbon, have been 
produced. 

Spray steelmaking has a number of technical advan- 

The method is continuous—steel comes out 
at the bottom as long as molten iron is poured in at the 
top. The hot metal is treated directly as it flows from 
the blast furnace, which minimizes the heat losses and 
high capital costs associated with moving hot metal. 
The scrap consumption is high, and the refractory 
consumption should be low, as none of the reactions 
takes place in contact with the refractory walls of the 
furnace. The control variables in the process are the 
flow rates, which it is hoped will make the process 
more amenable to computer control. Finally, and 
perhaps most important of all, the capital costs of the 
plant are very low in comparison with conventional 
steelmaking methods; the cost of the plant at Millom 
is only a few tens of thousands of pounds. 

If doubts exist, they are about quality control; 
partial blockage of the outlet B by slag, for instance, 
would prevent the pig iron from flowing freely, and the 
carbon content of the steel produced would be less than 
specified. In addition, overflowing slag carries away 
too much of the purified metal, which makes the process 
leas efficient. 

BISRA is confident that these problems can be 
solved, and that the process can be operated on a 
larger scale than the experimental plant at Millom. 
If so, the implications will be enormous. Economic 
planning in steel is dominated by the high capital cost 
of conventional equipment. When capital costs are 
high, production is only profitable if concentrated 
in a few large units—an economic law borne out by 
the history of the motor car industry. Considera- 
tions of this sort led the Benson Committee to suggest 
that investment in a steel plant would not be justi- 
fied if its production fell below between 2 and 3 million 
tons a year. The logic is inescapable, but a process of 
low capital cost destroys the premise. Yet even if spray 
steelmaking is successful, it will not spread like wildfire 
through the industry; many of the large companies 
have already committed themselves to the LD oxygen 
lance process, which will not be written off for at least 
ten years. So, ironically, the new process will appeal 
first to the technologically backward companies which 
have not yet replaced obsolete equipment, or companies 
producing pig iron for a declining market. More signifi- 
cantly, perhaps, the process may be a godsend to 
developing countries. And BISRA itself will be much 
fortified by any proof that the industry’s research 
association can assume technical leadership of a 
re-nationalized steel industry. 


Fall-out in Food 


THE suspension of weapons testing in the atmosphere 
has allowed the concentration of radioactive nuclides 
in food to decrease during 1965 and the early part of 
1966. The ratio of strontium-90 to calcium in the 
normal mixed diet during the year was about two- 
thirds of the value in 1964, and half the peak value 
reached in 1963. This is the main finding of the 
Agricultural Research Council Radiobiological Labora- 
tory, which carries out measurements of the level of 
radioactivity in foodstuffs. The report of the Labora- 
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tory (H.M.S.O., 8s. 6d.) indicates that fall-out at the 
present rate does not constitute a serious hazard to 
health, but until experience over a longer period of time 
is available it is impossible to be categorical about this. 
The knowledge which has been gained by the annual 
surveys will enable the Laboratory to reduce the scale 
of survey in the future while still providing adequate 
information. If widespread weapons testing is resumed, 
the continuous monitoring of milk will serve as an early 
warning of the build-up of radioactivity in food, and 
testing on a large scale could then be rapidly reintro- 
duced. 

The majority of the Laboratory’s work is not, how- 
ever, devoted to fall-out. The main effort goes on 
studies of the behaviour of ions in the soil, and their 
absorption by plants. Projects covered include the 
effects of fertilizers and water supply on the uptake of 
nutrients from the soil, and the effect of radiation on 
plant growth. 


Chadwick at Daresbury 


Sie James Cuapwiox, who was 75 on October 19, 
was presented with a commemorative volume compiled 
by his friends and colleagues at a ceremony at the 
Daresbury (Cheshire) Nuclear Physics Laboratory of 
the Science Research Council on October 20. Although 
it is now eight years since Sir James retired as Master 
of Caius College, Cambridge, he has remained closely 
in touch with research in high energy nuclear physics, 
and is chairman of the Advisory Committee of the 
Daresbury Laboratory. He is also working on the 
Rutherford papers. 


Nobel Medicine 1966 


Tas Nobel Committee in Stockholm announced last 
week that the Nobel Prize in Medicine for 1966 has 
been awarded to Dr. Peyton Rous of the Rockefeller 
University and Professor Charles Huggins of the Uni- 
versity of Chicago. The award to Dr. Rous will give 
particular pleasure, partly because of the great age 
(87) at which he continues to lead an active scientific 
life, partly because of the prophetic nature of his 
announcement half a century ago of virus-like agents 
as causes of tumours in chickens, and partly because 
of his endearing modesty which is typified by the way 
in which, in a recent article in this journal (Nature, 207, 
457; 1965), he referred to the sarcoma virus known as 
RSV without explaining that “R” stands for 
“Roug”. 

Dr. Rous has been with the Rockefeller University 
(previously the Rockefeller Institute) since 1909. He 
isolated a virus-like agent from the solid sarcoma 
tumours of chickens in 1911, and has since been con- 
cerned with various aspects of the tumour-stimulating 
viruses. He and his collaborators were, for example, 
responsible for the observation that strains of the 
RSV maintained themselves without alteration of their 
specific oncogenic characteristics (with periodic waning 
of virulence) for more than forty years. (Only in 1957 
did it first appear that certain lines of RSV could 
affect the tissues of hamsters and rats as well as cause 
sarcomata in chickens.) Although the work on tumour 
viruses was regarded sceptically for some decades, 
Dr. Rous was closely in touch with the discovery of 
the Shope papilloma virus in the thirties by the late 
Dr. Richard Shope and the work on the mouse mam- 
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mary tumour virus (which appears to be transmitted 
from one generation of mice to the next in the maternal 
milk, but only in suitable genetic strains). Work with 
tumour viruses came into its own in the fifties, par- 
ticularly with the recognition of leukaemia viruses 
first in mice and then in other animals including cattle. 
The Nobel Committee said last week of Dr. Rous’s 
work that “its real importance and bearing have only 
been comprehended in the last ten years”. 

Professor Huggins, who is 66, has been singled out 
by the Nobel Committee for his study of endocrine 
influences on the prostate gland “which paved the way 
for the treatment of one of our most common species 
of cancer, the one most frequent in males, which until 
then had withstood all forms of treatment’’. In the 
late thirties, in experiments with dogs, Dr. Huggins 
established that the prostate is dependent on the male 
sex hormones (androgens) produced in the testicles. 
The effect of these on the prostate can be neutralized 
by female sex hormones, which can cause the gland to 
atrophy even when cancerous. Professor Huggins, who 
has been at Chicago since 1921, has been since 1951 
director of the Ben May Laboratory for Cancer 
Research at the University of Chicago Hospital. 


Natural History Report 


Tue British Museum (Natural History)—as it says—has 
broken with the sad precedent of recent years, and has 
published a report on its activities in the period 1963-65 
(obtainable from the museum at 12s. 6d.). The document 
will be valuable not merely as a record of events but 
as a statement of the problems which the museum is 
having to face in its attempt to meet the growing and 
ever-changing demand on its services. 

Nearly 90 per cent of the budget is spent on research, 
and more than half of the 584 staff members are 
scientists. More than 50,000 scientists paid visits to 
the museum during 1963-65, usually because of the 
zoological and entomological collections. (The latter, 
with 18 million specimens, is still the largest in the 
world.) The museum continues to give advice pro- 
lifically, and during the period covered by the report 
it carried out a study of snails (Theba pirana) infesting 
the runways of a U.S. Navy air base in Morocco and 
helped British aircraft manufacturers to identify the 

` remains of birds ingested by jet engines. During the 
same period, 27 major scientific expeditions were 
mounted by the museum itself and in conjunction with 
other organizations. The twelve weeks spent in Zambia 
and Tanzania collecting fossils from the Permian and 
Triagsio rocks around Lake Malawi seem to have been 
particularly worthwhile. That expedition recovered 
450 specimens, including from Zambia the remains of 
what must be the largest fossil amphibian so far—a 
skeleton 13 ft. long with a 4-ft. skull. The taxonomic 
work at the museum has been given a biochemical 
flavour by the work seeking to establish accurate 
biochemical criteria for differentiating populations of 
snails and particularly those which act as hosts for 
the schistosome blood-flukes of man in Africa. It 
appears that the egg proteins are sensitive indicators of 
population differences, and that differences between the 
proteins can account for the existence of distinctive 
strains of parasites, each of them adapted to its own 
host population. 

But change and growth make problems. The budget 
of the museum has increased from £591,000 in 1962-63 
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to £816,000 in 1965-66, but the staff arid the collée- 
tions are increasingly cramped for space. ‘The trustees, 
in the current report, recall that the need for more space 
has been recognized ever since 1961, when the Standing 
Committee on Museums and Galleries considered that 
an extra 140,000 aq. ft. was needed because “‘collec- 
tions have for many years been overflowing into 
corridors, with some staff working in partitioned 
passages and odd corners”. Expansion was also com- 
mended by the Taxonomy Committee of the Royal 
ee in 1963, and more staff has indeed material- 
ized. 


Geophysics 1967 


Tax purpose of the International Geophysical Calendar 
(see Table 1) is to provide a framework for international 
geophysical research. For observations which it is not 
possible or sensible to carry out daily, the Calendar 
suggests specific dates, and geophysicists can then make 
observations with reasonable confidence that similar, 
or related, observations are being carried out at the 
same time in different parts of the world. 


Table 1. INTERNATIONAL GEOPHYSIOAL CALENDARE 
TABLE OF WORLD DAYS 


1967 BWD PRWD QWD RGD WGI ECL Meteors 
Jan. 17, 18,19 18 — 4,11, 18, 26 — = 34 
Feb. 14, 15, 16 15 15 1, 8, 15, 22 18-26 — — 
Mar. 14, 15,16 16 — 1, 8, 1b, 22, 29 — < — 
Apr. 11, 12, 18 12 — 5,12, 19, 26 — _ 22 
May 9,10, 11 10 10 3, 10, 17, 24, 31 B21 9 46 
June 13, 14, 15 14 — 7,14, 21, 28 — se 6-10 
July 18, 19, 20 19 — -§, 12,10, 26 _ — 28-80 
Aug. 15,16, 17 16 16 2, 0,16, 28,80 14-27 —- 10-14 
Sep. 19, 20, 21 20 — 6, 13, 20, 27 _ — — 
Oct. 17, 18, 19 18 — 4,11, 18, 25 _ ~~ 20-21 
Nov. 14, 15, 16 15 16 1, 8, 15,22,29 18-26 2 16-17 
Deo. 12, 18,14 18 — $, 18, 20, 27 m: — 12-14 
22-28 


In this way, more data are made available for Calendar 
dates than for other days in the year, and the amount 
of geophysical knowledge is concentrated, instead of 
being evenly spread. Regular World Days (RWD) are 
three consecutive days each month intended for 
observations which can only be made on about 10 
per cent of the days in the year, and are particularly 
suitable for meteorological or geomagnetic observations. 
Priority Regular World Days (pRwp) are for work 
which can or needs to be done only once a month. 
Quarterly World Days (QwD) are four selected PRwDs, 
and are intended to be used for co-ordinating high 
altitude rocket experiments. Regular Geophysical 
Days (RGD) occur every Wednesday throughout the 
year, and are particularly intended for meteorological 
work. World Geophysical Intervals (wer) are fourteen 
consecutive days in each season, intended for study 
of seasonal variations, and the timing of seasonal 
changes. Solar eclipse days are marked KOL, and meteor 
showers of special interest are also included in the 
Calendar. 


Geologists Hard Up 


Tux Geological Society of London is facing up to a 
problem that has become increasingly urgent over the 
last few years—a widening gap between income and 
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expenses. With a deficit of more than £2,700 last 

ear and costs continuing to rise, the officers have 
decided to go to the membership at a special general 
meeting on November 23 to propose an increase in 
the annual contribution from five guineas (£5-25) to 
seven pounds ten shillings (£7-5). They are confident 
that the fellows will feel as they do that the Society 
should continue to be self-supporting. 

. The increasing spate of publication in geology, the 
growth of library acquisitions and the Society’s own 
publications, has placed an extra burden on the 
finances. A number of oil companies who make use 
of the library—the oldest and one of the finest geological 
libraries in the world—have made grants in the past 
few years for upkeep and new acquisitions, but the 
Society urgently needs more space; it is hoped to use 
some of the space vacated by the Royal Society when 
it. moves from Burlington House some time next year, 
but the cost of conversion will be high. The Society 
would also like more capital to enable it to print 
symposium volumes. At present the Society holds 
evening meetings every three weeks (but would like 
to turn more of these into full-day symposia), publishes 
a quarterly journal, the proceedings of the Society, 
and memoirs, and is trying to develop specialist groups— 
groups in geological engineering and volcanic studies 
now meet regularly. To cover these costa the Society 
spent £25,600 in 1985, nearly double its expenditure 
in 1958 but still far more than its income. 

On the eve of the Society’s 160th birthday, the officers 

are hoping that an extra two pounds a year will look 
like a good investment to its members. 


Oppenheimer on Stage 


Tue Hampstead Theatre Club has been flying success- 
fully in the face of theatrical prudence by mounting a 
play based on the transcript of the proceedings of the 
review board of the U.S.A.E.C. which, in 1964, 
declined to renew Dr. Robert Oppenheimer’s security 
clearance. An all-male cast is enough of a handicap, but 
if eight of them have to be sitting down for most of the 
time, it is a considerable achievement to prevent the 
audience dropping off to sleep. Over-anxiety on this 
score may explain why Bethe and Rabi both appeared 
more like comic turns than they would wish and their 
friends would think credible. In the event, of course, 
there is still enough drama in those bizarre proceedings 
to keep people on the edges of their seats. 

By now, it is no great surprise that Oppenheimer 
emerged from the hearings less of a hero than when they 
began. (Lf it had been otherwise, would the transcript 
have seen the light of day ?) The Hampstead produc- 
tion has the particular merit of raising the question why 
Oppenheimer did not give up his official positions when 
the tightening of security regulations in the early fifties 
put him ina false position. Through no fault of its own, 
the play is perhaps less successful at sharpening the 
question of how far a scientist (or any citizen, for that 
matter) should swallow his conscience in the national 
interest. The trouble, of course, is that the review 
board persisted with foolishly oversimplified questions. 
That was its weakness. Oppenheimer may be right to 
have called the proceedings a comedy, not a tragedy. 
It is nevertheless important that he should sometime 
say in public how it seemed from his side of the stage. 
It is a great misfortune that the principal rôle should 
have to be reconstructed from a dusty transcript. 
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University News: Brunel 


De. M. L. V. Prrreway, at present director of the Cripps 
Computing Centre m the University of Nottingham, has 
been appointed professor of computer science in the School 
of Mathematics as from April 1, 1967. 

London 


SR OWEN SAUNDERS, pro-rector and professor of mech- 
anical engineering, has been appointed acting rector of 
the Imperial College of Science and Technology after the 
recent death of Sir Patrick Linstead. The title of professor 
of biology has been conferred on Dr. A. G. Hamilton, in 
respect of his post at St. Thomas’s Hospital Medical 
School. 

Manchester 


Mr. T. Sanpxava, Regent’s professor in tke Univermty of 
Nebraska, has been appointed visiting professor in the 
Department of the Mechanics of Fluids. 


Newcastle upon Tyne 


Dr. K. M. CREER, at present reader in geophysics, has 
been appointed professor in magnetism in the Depart- 
ment of Geophysics and Planetary Physics, as from 
October 1. 

Strathclyde 


Dr. Hues C. meson, manager of the Research and 
Development Division of G. and J. Weir, Ltd., Glasgow, 
and research manager for Weir Westgarth, Ltd., East Kil- 
bride, has been appointed to the chair of thermodynamics 
and heat transfer in the Department of Mechanical 
Engineering at Strathclyde University from December 1, 
1966. Dr. A. Coull, lecturer in civil engineering in the 
University of Southampton, has been appointed professor 
of structural engmeering in the Department of Civil 
Engineering. 


Appointments 


Pror. AnDREw Witson, professor of pharmacology at 
the University of Liverpool, has succeeded Sir James 
Cook as chairman of the Advisory Committee on Pesti- 
cides and other Toxic Chemicals to the British Govern- 
ment through the Secretary of State for Education and 
Science. Sir James, who is vice-chancellor of the University 
of Exeter, has been appointed vice-chancellor of the 
University of East Africa, 


THe National Coal Board has appointed Dr. A. M. 
Roberts, development manager of Imperial Chemical 
Industries’ Mond Division, as director-general of research 
and development for coal processing and combustion. 


De. Wittovexsy Latrem, formerly Acting Chief of the 
European Office of the National Institutes of Health, has 
been appointed Deputy Director for the Medical and 
Natural Sciences for the Rockefeller Foundation. Dr. 
Lathem has taught medicine at the Universities of Pitts- 
burgh, Columbia and Yale, 


Dr. G. L. RIDDELL, at present chief scientist with the 
Reed Paper Group, has been appointed director of the 
Printing, Packaging and Allied Trades Research Associa- 
tion (PATRA). 


Announcements 


Tam Institute of Metals has elected as president from 
March 7, 1967, Dr. H. M. Finniston, managing director 
of the International Research and Development Co. 


Tar Ramsay Memorial Fellowships Trustees will consider 
in April 1967 applications for two Ramsay Memorial 
Fellowships, one British (general) fellowship and one 
fellowship limited to candidates educated at a Glasgow 
University. The value of the former fellowship will be 
within the range of £1,500 to £2,000 per annum and the 
award will be for research at post-doctoral level. The 
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value of the Glasgow fellowship will be £750 per annum 
and is also intended for research, usually at Ph.D. level. 
The trustees will also consider at the same time applica- 
tions for one Ramsay Travel Grant, not exceeding £350 
for the year 1967-68. The grant will be limited to junior 
academic chemistry staff of universities and colleges of 
technology or advanced technology in Scotland. Further 
information about both these awards can be obtained from 
the Joint Honorary Secretaries, Ramsay Memorial Fellow- 
ships Trust, University College, Gower Street, London, 
W.C.1. 


In an advertisement which appeared in Nature on 
October 15 the Anna Monika Foundation announced the 
award of three prizes for research into the physical 
causes and functional disturbances in endogenous depres- 
sion. By an error of the Foundation’s, the address to which 
applications should be sent was given as Peter Rehme, 
46 Dortmung, Tollnerstrasse 9-11 and not, as it should 
have been, 46 Dortmund, Tollnerstrasse 9-11. 


Tue Society for Chemical Industry has set up a Solvent 
Extraction Group and will be holding an inaugural 
meeting at its headquarters, 14 Belgrave Square, London, 
8.W.1, on October 28, 1966. Proceedings will start at 
9.30 in the morning. 


A CONFERENCE on “Meteorite Research in the United 
Kingdom” will be held on December 15, 1966, at the 
University of Leicester. Participation is limited to people 
m Britain at present working in this field. Further 
information can be obtained from A. J. Meadows, Depart- 
ment of Astronomy, University of Leicester. 


A CONFRONTATION between mathematicians and physicists 
is planned for the period July 16 to August 31, 1967, at 
the Battelle Seattle Center of the Battelle Memorial 
Institute. Some thirty people, half of them physicists and 
half mathematicians, will be given an opportunity to 
exchange views, usually informally, on topics such as 
differential geometry, topology, relativity and Feynman 
graphs. Participants must be prepared to stay the whole 
of six weeks, will be paid $8 a day subsistence and also 
provided with living accommodation. “Limited assistance 
towards travel expenses will be available on justification 
of need.” The organizers of the gathering, which is 
described as the first “Summer Rencontres in Mathematics 
and Physics’, are Professors C. M. DeWitt (North 
Carolina) and J. A. Wheeler (Princeton). Applications 
should be sent to Prof. DeWitt not later than Feb- 
ruary 22, 1967. 


A NEw journal entitled International Journal of Quantum 
Chemistry is to be published by the Interscience Division 
of John Wiley and Sons early in 1967. 
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A Jort symposium on “Rheology and Texture of Food- 
stuffs”, arranged by the Society of Chemical Industry 
Food Group and the British Society of Rheology, will be 
held at the School of Pharmacy, University of London, 
during January 5-6. Further information can be obtained 
from P. Sherman, Unilever Research Laboratory, Welwyn, 
Herts. 


-Tam fourth Caribbean Chemical Symposium will be held 


in the University of the West Indies durmg January 3-7. 
Sessions of the symposium, which is intended primarily 
for chemists from countries in the Caribbean area, will 
be arranged in two sections—Physics and Inorganic 
Chemistry, and Organic Chemistry and Biochemistry. 
Further information can be obtained from the Organizing 
Secretary, Chemistry Department, University of the 
West Indies, Mona, Kingston 7. 


Tus 1967 Texas Symposium on “Relativistic Astro- 
physics” will be held in New York during January 23-27, 
Among the topics discussed will be quasi-stellar sources, 
“fireball physics’, X-ray and y-ray astronomy, cosmic 
neutrinos, and observational cosmology. Further in- 
formation can be obtained from Prof. A. G. W. Cameron, 
Belfer Graduate School of Science, Yeshiva University, 
Amsterdam Avenue and 186th Street, New York,-New 
York 10033. 


A OONFERENOE on “Solid State Physics” will be held by 
the Institute of Physics and the Physical Society in the 
University of Manchester during January 4-7. This 
conference will follow the same general pattern as the 
meetings held in Bristol and Manchester in preceding 
years, and will provide an opportunity for workers in all 
branches of sold state physics to meet and discuss recent 
developments. Further information can be obtained from 
the Meetings Officer, The Institute of Physics and the 
Physical Society, 47 Belgrave Square, London, 8.W.1. 


Erratum. In the article entitled “Photosynthetic 
Nitrite Reductase and the Significance of Hydroxylamine 
in Nitrite Reduction in Plants” by Dr. G. F. Betts and Dr. 
E. J. Hewitt, which appeared on p. 1327 of the June 26, 
1966, issue of Nature, in line 9 of the paragraph on p. 1327 
beginning ‘‘Using rate hmiting ratios ...” 10-45 M should 
read 10-6 M. _ Also the last lme of the first paragraph 
should read “ ... with fungi*?”, and not “ . with 
fungi® me. 5 
CORRIGENDUM. In the article entitled ‘Osmotic 
Emergency Purifier of 8ea Water” by K. Popper, W. M. 
Camirand, Dr. W. L. Stanley and F. 8. Nury, which 
appeared on p. 297 of the July 16, 1966, issue of Nature, 
the thicknesses 88 and 120 mils should read 0-88 and 
1-20 mils throughout. 


IN NOVEMBER 


All times are in Universal Time 
Moow CONJUNOTIONS WITH THH MOON 
New Moon 12d 14h Venus — 
Ful Moon 28d 03h Mars 8d 03h, 8° 8. 
Jupiter 5d 05h, 5° 8. 
Saturn 22d 02h, 2° N. 
PLANETS ‘ 
Times of rising (R) and setting (S) during the month 
Name RIS Beginning Middle End Mag. Dy (10* miles) Zodiacal poattion 
Mi R Unfavourable for observation 5h 46m +08 88 Libra 
Venus — Unfavourable for obeervation — 159 Ibra 
R Ih 26m 1h 16m 1h 05m +16 173 Leo 
Jupiter R 21h 60m 20h 55m 19h 60m —1:9 461 Cancer, 
Saturn S 2h 35m 1h 85m Oh 85m +12 837 Aquaris $ 
METEORS 
Name Active period Date of maximum Radiant Remarks 
Taurids Oct 26d—Nov 16d 1Id-10d 64° R.A., +14° Deo. Favourable at later dates 
Leonds 14d-18d 16d-17d 162° R.A., + 22° Deo, Favourable 
OTHER PHENOMENA 
12d Total Echpse of Sun: Eclipse berina 11h 48m--visıble East Pacifio, Central and 8. 
Centra! Eclhpee begins 12h 48m Amenca, 3. Atlantı 1o, 8. Afnos, 
Central Echipse at local apparent Moon 14h 87m Antarctica 
Central Eclipse ends 16h 03m : EE. 
Eclipse en 17h 03m Bi i 
21d 20h Mars 1° N. of Uranus, E RE ag 
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WHAT TO DO ABOUT MANPOWER 


Ten days ago the Department of Education and Science published two reports on the 
supply and tralning of scientific and technical manpower in Britain by committees under 
Sir Willis Jackson and Prof. Michael Swann. The contents of these reports were 
summarized brlefly in pages 227-8 of this Journal last week. There follow solicited 
comments on the reports from Sir Eric Ashby, Lord Bowden, Dr. D. G. 
Christopherson, Sir Nevill Mott, Prof. M. Stacey and Dr. G. Templeman. 


From Sir Eric Ashby, Master of Olare College, Oambridge. 
‘Tee powerful forces influence the size and pattern of 
a system of higher education: (i) the pressure from studentes 
to get into it; (i1) the “suction” from employers drawing 
graduates out of it; and (iii) the convictions held by those 
within the system itself. In the United States of America, 
the first of these three forces is the most powerful; ın the 
Soviet Union the second is the most powerful; in Britain, 
until comparatively recently, the third force was the pre- 
vailing one. The Robbins Report was essentially & 
programme to give precedence to the first of these three 
forces; but we are coming to realize that we cannot 
afford a system of higher education based on student 
demand unless the system also fulfils manpower needs: 
the second of the three forces must play more part in the 
planning of higher education. 

These two reports powerfully reinforce the need to 
allow “suction” from employers to play more part in the 
planning of higher education in science and technology; 
` and ph 42 of the Swann Report suggests five ways 
in which this might be done. The doubt is whether these 
five ways alone would be effective. In a democracy people 
cannot be directed into specific employment; the Swann 
Report is right in saying that “the vital issue is the motiva- 
tion of the individual’. But it is not undemocratic to 
encourage motivation by inducements. For example, 
it has been demonstrated that the brighter school-leavers 
(as measured by results at A-level of G.C.E.) read science 
at universities in preference to technology. Are not the 

i of these two reports serious enough to suggest 
that local authorities should offer grants to students who 
wil read technology, and loans to all but a proportion 
of students who want to read science? And would it 
be heresy to suggest not (emphatically) that too much 
research is being done, but that too many young people 
are being encouraged to do research ? With rare exceptions, 
research workers who never publish more than one or two 
papers do not make important contributions to know- 
ledge. Long ago Lotka showed that the number of authors 
who publish » papers is proportional to (1/n?). Could 
the research councils, while increasing provision for syste- 
matic postgraduate studentships, restrict provision for 
research studentships to some reasonable value of (1/n*) ? 

There are other consequences for the higher education 
system if these two reports are to be taken seriously: 
defer specialization at school; make it easy (even if it 
involves an extra undergraduate year) for science students 
to switch to technology after their freshman year; estab- 
lish, as an experiment, a few joint appointments between 
schools and universities for sixth form masters, so that 
they can teach ın a school atmosphere and think in a 
university atmosphere; persuade industry that some of 
the money spent on advertising products would more 
profitably be spent on attracting talent, and that it is 
as important for a firm to understand its source of human 
raw material as it is to understand ita customers; and 
at government level, break down the barriers, such as 
pension arrangements, which make migration difficult 
across the frontiers which separate the higher education 
system from government service. ERIO ASHBY 


From Lord Bowden, Principal, University of Manchester 
Institute of Science and Technology. 


Tum Editor of Nature (October 15, p. 221) is quite right; 
things will never be the same again. These two reports 
and the Arthur Report (Enquiry into Longer-term 
Postgraduate Courses for Hngineers and Technologists, 
1964—-65—H.M.S.O., 1965) will influence national policy 
for years to come. Why is it that so few good scientists 
go into industry ? A famous chemical engineer told me 
that his company always tries to recruit some of the 
ablest young men of their generation. They find them, 
of course, in the schools of pure chemistry in the best 
universities. They persuade them to go and do academic 
research of the most esoteric kind in the best possible 
conditions in their industrial laboratories. After they have 
been working happily for a year or two someone approaches 
the young men in a panic and says that, important though 
their work ıs, could they help in an emergency and get a 
piece of plant working again? (Sometimes the firm itself 
has been known to sabotage the plant beforehand.) 

The young men drop everything, work night and day 
and triumph. A gratifyingly large number of them after- 
wards shyly approach the management and ask if they 
could be allowed to transfer from pure research to the 
more exciting world of practical industry in future. 

That this should be true has always seemed to me one 
of the most astonishing facts of contemporary industrial 
life, but as the Swann Committee has shown, young 
men neither understand nor appreciate the intellectual 
challenge of industry and many of them fuger the moment 
of truth when their theory and their calculations will be 
exposed without disguise to the ultimato test. A man may 
dread the possibility that if his plant blows up, he may be 
responsible for the death of its operators. But many men 
who would not shrink from responsibiity are unhappy 
about what they regard as the frustrations of industry. 

In spite of everything, many departments of engineering 
in English universities cannot retam enough of their own 
best graduates to organize adequate research schools. 
It has become notorious that many graduate schools 
could scarcely survive without forvign students. Only a 
third of our postgraduate students of civil engineering 
are Englishmen. And why should English students do 
research work if industry values experienco so much more ? 
A fow years of research in some branches of modern 
technology can reduce a man’s income significantly for 
the rest of his life, if he goes into industry. He only 
benefits from his research work if he joins the staff of a 
university. 

We must preserve a balance—some good men must go 
into industry and others must work in universities. It 
will be even bettor if they change places occasionally. 

If one classifies students as stable or neurotic, introvert 
or extrovert, one discovers that it is the stable extroverts 
who get Thirds and the unstable neurotics who tend to get 
Firsts. 

Before we despair at the failure of our universities to 
provide scholarly recruits for industry, we might at least 
ponder the future of an industry dominated by unstable 
neurotics. BOWDEN 
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From Dr. D. G. Christopherson, Vice-Ohancellor, University 
of Durham. 

THe main impression given by the 1965 Triennial Man- 
power Survey is that the supply of people qualified in 
science and technology is developing satisfactory, and 
as planned. But is it ? The almost simultaneous publica- 
tion of the annual returns of the University Grants 
Committee for 1964-65 makes a new comparison possible. 
The significant figures are those for new entrants to the 
faculties of science and technology (excluding those from 
overseas) as compared with the Robbins forecasts. 
The following table shows figures for home entrants (in 
thousands) to British universities in 1964-66. 


Pure science Apphed science ‘Total all faculties 
Robbins forecast 11-01 7-23 88 44 
Actually achieved 10-33 671 86-89 
Percentage deficiency 66 26.6 42 


Thus, within a year of the publication of the Robbins 
Report, the university total of home entrants was within 
4 per cent of the target, but in science and technology 
combined it was 14 per cent short, and all the indications 
are that this trend is continuing. Yet there is no doubt 
that the universities have leant over backwards to admit 
every properly qualified applicant in these fields. 

The largest single cause of the deficiency ın applicants, 
of the relatively slow growth of the scientific sixth forms, 
and of the disturbing new tendency for those who have 
been scientists at school to apply to other faculties at the 
university, is the difficulties which the schools are experi- 
encing in recruiting good science teachers. The impression 
which the 1965 Manpower Survey gives, that recruiting 
to the schools has been satisfactory ın the last three years, 
is quite misleading. It 1s really extraordinary that the 
Survey includes ın Table IV details of vacant posts in 
industry and the government service (8-7 per cent of 
total employment) and even allows a footnote for the 
universities and C.A.T.’a (5:6 per cent vacancies), but 
says not a word about vacancies in the schools. Can this 
be because, although the schools now employ something 
lke 20 per cent of all qualified scientists, no schoolmaster 
(and no H.M.1.) is a member of Sir Willis Jackson’s 
committee? Recruitment to the schools over the last 
three years seems reasonably satisfactory, but before 
these figures can be seen in proportion much more infor- 
mation is required about the needs of the schools, not only 
in terms of actual numbers in science sixth forms, and 
those taking scientific subjects at earlier stages, but in 
terms of the numbers who would choose science 1f suitable 
teaching was available. 

The interim report of Professor Swann’s Working 
Group is likely to cause a greater stir in the scientific 
world than ın some respects ıt should. It happens that the 
years covered are just those ın which the universities 
were growing far faster than ever before, and thus neces- 
sarily recruiting staff, from a total pool of graduates 
which had not yet increased very much, far faster than 
ever before. Thus, for these few years the universities 
were retaining their own products to a quite abnormal 
extent. This situation will not persist for more than about 
one more year, and ıt would be altogether wrong to take 
long-term decisions on this evidence. The report itself 
shows how large are the variations which can occur 
even between one year and the next. There is a great 
risk that, if the argument ıs used that people must be 
forced out of the universities into industry by reducing 
university research grants, the sole effect may be to m- 
crease proportionally the stream of migration to the United 
States. D. G. CERISTOPHERSON 


From Prof. Sir Nevill Mott, Head of the Cavendish Labora- 
tory, Cambridge. 

Your editorial makes some good points. The Swann 
Report says what everybody knows, namely that it 
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would help the economy if more of our most talented 
scientists made a career in industry, either as scientists, 
acientists-turned-engineers, or as managers. The impor- 
tant question is how to make this happen. Your editorial 
says ‘‘to the extent that the imbalance of the skilled labour 
market is a consequence of the failure of the young people 
to appreciate that the problems of industry can be intel- 
lectually as exciting and emotionally as rewarding as 
those of academic life, there is much that can be done”. 
Certainly a career in industry can be rewarding and I 
do not doubt that Lord Beeching and other leaders find 
it-so; there ıs room at the top. But every university 
teacher knows of the physics graduate who has gone into 
industry and been bitterly disappointed, not because 
of the bias towards pure research that he received at his 
university but because the company had not thought 
out what to do with him. As your editorial says, “may 
not young people be right in supposing that academic life 
offers better opportunities than life in industry ?” 

Both the Swann Report and your editorial make it 
clear that the trouble is not really with what is taught 
in university science departments either to undergraduates 
or to postgraduates; what is taught ıs usually excellent. 
The trouble is simply that too few people, and particularly 
too few of the most talented people, want to go into indus- 
try. The danger now is that, in an attempt to correct this, 
the Science Research Council, following the Swann recom- 
mendation that “the scale of support for postgraduate 
courses leading primarily to academic research should be 
reviewed”, may damage the present excellent system of 
education, without achieving the desired result. If the 
Committee goes about saying that careers in research 
are only for the few, or (as Mr. Crosland said at Newcastle) 
that too many people stay on to do research, they will 
not make science attractive as a career to schoolboys or 
increase the incentives for graduates to stay in Britain. 
This talk and indeed this rather negative report seem to 
me examples of the “English sickness’, In Holland, for 
example, it is taken for granted that many young men 
after their research in the universities or even at C.E.R.N. 
will find their careers in Philips or in other firms and that 
these are the men that Philhps wants. 

But we have the English sickness here, and what we 
have to do in the university science departments is 
vigorously to improve our relationship with industry. 
It is as necessary that we join with industry in its attempt 
to make itself attractive to talent as it is to maintain our 
position in fundamental science. The Swann Report says 
that the Science Research Council is actively planning 
methods of encouraging universities and industrial firms 
to collaborate, but there is no need to wait until these 
plans are ready. In the Department of Physics at Cam- 
bridge we have not done so; during the last year we have 
attempted, with some success, to plan projects for Ph.D. 
students in co-operation with industrial firms of such a 
nature that the student will spend part of his time in an 
industrial laboratory and part of his time in the Cavendish. 
We hope that as many firms as possible will use this 
opportunity to show ambitious and talented students 
what a career in industry can offer. N. F. Morr 


From Prof. M. Stacey, Head of the Depariment of Ohemisiry, 
University of Birmingham. 
THESE reports are timely and of enormous importance 
to all concerned with higher education. They are timely 
because, in this “stop-go” period of university develop- 
ment, the proportions of students traming as scientists 
and engineers in the coming years are already dropping 
significantly in some universities. Some of us already 
fear that unless some financial miracle happens, our 
hopes and ambitions for an increased production of 
scientists and engineers will not be fulfilled. 

The statistics in the reports may not be strictly 
accurate, but they are the best available and must be 
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accepted. The analysis and the conclusions are sensible. 
In the Willis Jackson Report the consideration of ‘‘tech- 
nical supporting staff” is most important. The career 
structure and adequate training of these essential technical 
people (and there are nearly 2,000 of them in my university 
alone) is a matter of great concern to the universities 
and to our technical colleges whose fine work with these 
poople is not always properly appreciated. 

It is clear from the report of the Swann Committce, 
which clearly needs broadening, that it has been infected 
by some of the misconceptions of industrialists about 
graduates and higher dogree courses. The idea that it is 
the Ph.D. course which swings tho young man away from 
an industrial career is utterly wrong. It is at the Honours 
degree stago that the brighter young people wish to 
follow the path of academic freedom in order to help 
humanity and perhaps to win a Nobel Prize. A tough 
Ph.D. course brings most of them to earth. The others 
know that they must serve a further year or two in a 
postdoctoral apprenticeslup before they have a chance 
of a moderately paid lectureship. Good recruiting, on the 
American industrial pattern, could catch many more 
young men for dustry. 

It 1s doubtless the presence (in large numbers) in 
universities in Britain and the United States of the 
“postdoctorals’’ which has caused the scarcity in industrial 
laboratories. But this same exceptionally fine group of 
well trained young scientists has also enabled the new 
universities to be staffed smoothly and has filled the 
considerable gaps in the older universities as well. There 
has been a healthy 30 per cent turnover of my own staff 
in the past three years. That stage 1s now passed, and a 
stream of similar young people will surely flow into 
industry. 

The reports are misleading in that they do not make it 
clear that graduates who “entered higher education and 
research”? mainly did so for a temporary period of further 
tramuing. 

I view with alarm the recommendation of the Swann 
Report for the possible cutting down of Science Rescarch 
Council studentships for Ph.D. tramnmg—these were all 
too few this year—for this will be the surest way of driving 
more young men to the United States. Young graduates 
who qualify well have come to regard the award of a 
research studentship as a mght, for they know full wel] 
that they cannot be trained to be scientists and engineers 
in a three year course. We must, of course, introduce now 
kinds of graduate courses—sandwich, businoss, or indus- 
trially delayed type, if you like. These must not, however, 
be stuffed up with lectures and course work, for they 
must teach the graduates how to think and create. It is 
hoped that thcre will bo the fullest consultation with 
universities b fore any drastic changes are made in the 
pattern of S.R.C. awards. 

The real answer to the question of how to got a better 
flow of scientists into mdustry 18 to establish a much 
closer lason between mdustrial and university labora- 
tories. Industrial concerns must be prepared to bring in 
university staff as visitors and consultants on a much 
bigger scale—even to the extent of appomting some to 
their boards of directors—and they must be prepared to 
trust academics with their precious sccrets and policies. 
Universities must make many more industrial scientists 
into part-time lecturers and profussors and put them 
on to faculty boards and senates. If this can be done, 
then we can share laboratories and supervisors for Ph.D. 
and postdoctoral research work. 

The domination of top management of British industry 
by financiers and accountants will need to be changed 
radically before we can convince the very brightest of 
our young people that an mdusirial career is the best 
to follow. In regard to the future supply of teachers— 
the dons, real and potential, could persuade many more 
young scientista to become teachers if the financial 
rewards of the profession were better. 
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The reports will cause a good deal of re-thinking by 
academics. M. STACEY 


From Dr. Geoffrey Templeman, Vice-Chancellor, University 
of Kent, Canterbury. 

Tue Swann Report makes plain that universities must 
now take very seriously the problem of how and for what 
purposes postgraduate studies in science and technology 
ought to be organized. The need to do this is the direct 
consequence of the remarkable success universities have 
had in raising their postgraduate numbers in science and 
technology over the last few years to which the Jackson 
Report bears witness. Yet this great increase has been 
achieved without much attention to the problem of what 
the folk so trained were to do afterwards. It was assumed 
that most of them would follow the well tried form of 
apprenticeship to research leading to the Ph.D.; a consider- 
ation not uninfluenced by the fact that team research, 
lıke medieval industry, has come to rely heavily upon the 
services of indentured apprentices and journoymen for its 
continumg prosperity. The growth of graduate courses 
has hitherto been a very ad hoc business. They have 
mostly sought to meet the highly specialized need of 
new applications m science and they have oscillated 
uneasily between trying to provide for new graduates 
and for those with post-university experience in industry 
or elsewhere. 

I think universities, industry and the professions now 
have a chance to deal constructively with this whole 
situation. I only hope they will take it quckly. I would 
like to seo the matter handled broadly as follows. 

First, all concerned ought to recognize exphoitly that 
the three-year undergraduate course in science and 
technology is not of itself a direct preparation for anything. 
As the Swann Report shows, this is already tacitly 
assumed by a high proportion of those who complete the 
normal undergraduate course, for they now undertake 
further training of some kind. If we could only be clear 
about this, then we could concentrate on the essential 
business of establishing a range of recognized and woll 
signposted outlets from the undergraduate course into 
research, industry, teaching and the like. 

I am convinced that the graduate attitude to industry 
and school-teaching, which the Swann Committee rightly 
deplores, is much more influenced by the present failure 
to provide acceptable training outlets from the under- 
graduate course than the report will allow. I suspect 
this point has an even wider relevance. It is at least 
arguable that the present strong, ıf unavowed, profos- 
sional slant of many undergraduate courses in science 
and technology leads to the congestion and lack of 
intellectual challenge which, so far as I can make out, 
deter many able boys and girls who ought to enter 
them. 

Second, I think we ought to try to ostablish throe main 
outlets from the undergraduate course, each of broadly 
comparable standing. Obviously the first would be into 
research and it would be restricted, as the Swann Report 
says, to those who “can demonstrate a clear potential for 
continued origmal work”. The second would lead to 
industry, and here surely is a large opportunity for that 
real collaboration between universitws and industry 
which both sides, so I think, genumely want. Tho third 
outlet should be to teaching, not only in schools but in the 
range of other institutions whero the need is groat and 
growing. Here I think there ıs considerable scope for 
chango and improvement. I should like to soe the content 
of the present postgraduate certificate course in education 
for intending toachers of scionco and technology very 
drasticaly overhauled. I think it would be helpful if it 
ceased to be the monopoly of university departments of 
education, so that the appropriate academic departments 
could contribute to this last year of the intending teacher's 
university course. GQ. TEMPLEMAN 
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AFRICA AND PLEISTOCENE OVERKILL 
By PAUL S. MARTIN 
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A HARVEST of almost twenty years of radiocarbon dates, 
the increasing use of pollen analysis in the investigation 
of Pleistocene faunas, and new information on the faunas 
themselves, have rejuvenated interest in Pleistocene 
extinction. The enduring problem which fascinated 
Darwin, Wallace, Lyell, Owen, Cuvier, and other 
naturalists in the 18th and 19th centuries can be re- 
examined in the light of recent findings. 

In continental North America north of Mexico, thirty- 
five extinct genera of large mammals and one genus of 
reptiles characterize Late Pleistocene deposits (see Table 
1). Their disappearance is among the criteria often used 
to define the boundary between Pleistocene and Recent 
in North America. Only on oceanic islands did Late 
Pleistocene extinction affect small vertebrates. Some 
100 radiocarbon dates in various degrees of association 
with remains of extinct mammoths, mastcdons, sloths, 
horses, camels, and other large mammals indicate that 
the extinction occurred at the end of the last episode of 
continental glaciation. The time at which each species 
vanished 1s crucial; 1t should reveal the pattern in which 
extinction occurred and, one hopes, its cause. So far, 
there ıs no clear-cut case of the extinction of any of the 
North American genera of the Rancholabrean fauna 
(listed in Table 1) before 15,000 B.P. or after 6,000 B.P. 
(seo Martin in ref. 1). Within this interval of 9,000 years 
there is much chronological evidence to suggest that, 
rather than being uniformly or randomly distmbuted, the 


Table 1, NORTH AMERICAN PLEISTOOMNE MEGAFAUNA HXOREDIKG 50 
KILoGRsMs* 


Irvingtonfan + Blancan Rancholabrean 
Order extinction extinction (1 5-2 Sen 
(last 15,000 years) years) 
Edentata Glyplothsrium Megalonyx 
Glyptodon Nothrothenum 
Paramylodon 
E ium 
Boreostracon 
Brachyostracon 
Ohlamytherium 
` Carnivora Borophagus Arctodus Euaretos 
Isehyrosmilus Smulodon Ursus 
Ohasmaporthetes Dinobastrs Felis 
Aenocyon Panthera 
Tremarctos t Canis 
Proboscides Rhyncotherium Mammut 
Stegomastodon Cuvtsronius 
Mammuthus 
Artlodactyla Phauchenia P us Corvus 
Trtanotylopus Mylohyus Odocousus 
Hayoesros amelops Oreamnos 
Platycerabos Tanupolama 
Sangamona Ons 
'ervalces Rangifer 
Capromeryz Antiocap) a 
Bison 
Tetrameryr Aless 
um 
uceratherium 
Sagat 
Bos 
Perissodactyla Nanmppus 
Plesippus Aan 
Rodentia Castoro s? 
s 
Hydrochoerus t 
(Teatudinata) Geochelone t 
Total 18 36 14 


* + heapted from Hibbard ¢ al, (ref. 8 
Living species surviving south of the United States or in Eurasia. 


lost genera disappeared suddenly soon after the first 
arrival of fluted-point hunters who had spread their dis- 
tinctive stone tools rapidly from coast to coast by roughly 
11,000 years ago. 

Even ın arid America, fossil pollen and other palacoeco- 
logical evidence fails to show any obvious defect in range 
carrying capacity at the time of extimction’. A major 
vegetation shift accompanying climatic warm-up and the 
retreat of the Wisconsin ice sheet was drawing to a close. 
But there must have been many earlier and similar shifts 
in the Pleistocene, and yet there was no major decline in 
the megafauna during or after the earlier glaciations. 
The failure to find evidence of environmental upset 
strengthens the proposal that extinction in the Americas 
was triggered in some unknown way by the arrival of 
prehistoric hunters and would not have occurred without 
this intervention of human beings (see articles by Martin 
and Edwards in ref. 1). 

Among the objections raised by Hiseley and others? 
to the hypothesis that prehistoric man was the single 
basic cause of New World extinction is the example of 
Africa. If Early Man was responsible for the destruction 
of the New World fauna, the argument goes, why did 
the evolving hominids leave the African fauna intact 
during their evolutionary development over more than 
a mullion years? ? The impressive diversity of African big 
game has apparently led some scientists to assume that 
there could have been no additional extmet Pleistocene 
fauna associated with the livmg one. But there was. 
Hopwood and Hollyfield® list 50 extinct genera for the 
Pleistocene of Africa up until 1950. More than half the 
extinct African genera are recorded from the latter part 
of the Pleistocene when they coexisted with virtually 
all the living genera and with Acheulean hunting cultures 
(Table 2). 

It seems almost unbelievable, but the African game 
plains presently contain only about 60 per cent of the 
genera of large mammals encountered in the hand-axe 
faunas (see Tables 2 and 3). According to Ewer and Cooke¢ 
“Tf a modern naturalist were to return to this period he 
would probably find himself somewhat confused at first. 
At one moment he would be quite at home, able to identify 
every mammal he saw; the next, his confidence would be 
rudely shaken as a totally unfamiliar beast, a sabre-tooth 
or a giant buffalo, a pig or a giraffid belonging to an 
extinct genus, met his view.” The ecological implications 
in terms of hypothetical empty niches in the African game 
plains are intriguing, but are not the subject of this account, 
which is concerned mainly with matters of chronology. 

The hst of extinct African genera of large mammals 
(those estimated to exceed 50 kg adult body weight) 
in Table 2 was assembled from Cooke’s recent, compre- 
hensive review’. Although preferable in certain respects, 
an attempt at æ list of species would founder on many 
unresolved and perhaps unresolvable systematic problems. 
New fossil genera will undoubtedly be discovered and 
described, others will be taxonomically submerged, some 
elements of the Middle Pleistocene fauna may be found 
to be Late Pleistocene survivors, and certain Villafrancian 
genera will undoubtedly also be found in younger deposits, 
but it is nevertheless clear that the African extinction 
record involves a major reduction comparable with the 
extinction pattern of the later Pleistocene of other con- 


Table 2. AFRIOAN PLEISTOCENE AIBGAPAUNAT 


Part A Part B Part 0 
Late Middle 
Villafrancian and Early Pleistocene 
Middle Pleistocene extinction (laat Living genera 
(1-0-2-0 million years) 100,000 yeara) 
Primates Gorgopukerus Simopühscus Pan 
Danidas Mandru 
Australopithecus 
Paranthropus 
Telanthropus 
Parapapio 
Carnivora cyasna Machairodus Actinonyn 
oganisron Panthera 
Homothervum Hyaena 
Crocuta 
Tubulidentata Oryelsropus 
Proboscidea Anancus Archidiskodon Loxodonta 
Stegodon Gomphotheriumt 
Devnotherium 
Perissodactyla Afetaschizogherium Stylohpparion Equus 
ed Serengeticeros Oean sus Dresros 
Ceratotherium 
Artiodactyla 
Suidas Potamochoerops Potamochoerordes Potamochosrus 
Omochoerus us 
hacochoerus 
Tapinochosrus  Hylochoerus 
lochoerus 
aridtochoerus 
“ Kolpochosrus”’ 
Hippopotamidae Hippopotamus 
Chosroprs 
Camelideae Camelus* 
Cervidae Megacerovdes Cervus 
Giraffidae Tabythsrvum Girafa 
Okapia 
"Bovidae Pulti H Tragelaphus 
amana Bularchus Boocercus 
Peloroms Taurotragus 
Fnatoceras ea 
(Gen. nov. 3) Kobus 
(aen: nov. 2 Redunca 
fips te a or 
2 
Addas 
Aloslaphus 
Beatragus 
Concave 
epyceros 
Tptocrantus 
Gazella 
Capra 
Ammotragus 
` Total 19 26 40 
* „o Adapted om Cooks in Eurasia, 
dap Trom Cooke viag 5) and including mammals estimated to exceed 
a body weigh Clarke (personal communication) Gomphotherium in the 


Vaal River gravels may be der:ved from an older outcrop, possibly Pliocene. 


tinents. In Africa as in North America, the extraordinary 
record of generic extinction so late m the Pleistocene has 
been hard to believe. On the assumption that a large 
number of extinct genera in & fossil deposit must indicate 
a considerable age, some palasontologists have apparently 
been led to “back date” their faunas. For example, 
Cornelia, now regarded as belonging to the Middle Pleis- 
tocene by Cooke’, was considered of Pliocene age by van 
Hoeppen. 

The difference in rate of generic extinction between the 
end and the rest of the Pleistocene deserves further con- 
sideration. As already noted, in America 35 genera of 
large mammals disappear at the end of the Rancholabrean, 
most of them apparently within the last 12,000 years. In 
the preceding one or two million years, only 13 genera of 
large mammals were lost—a difference that can be as- 
cribed only in small part to our less adequate knowledge 
of the older faunas. In Africa the difference between 
earher and later Pleistocene faunas seems less striking 
until some thought is given to the time involved. In the 
first 1-5 million years, 19 large mammalian genera were 
lost but within roughly the last 100,000 years, at least 
26 genera have disappeared—a rate at least twenty 
times greater. 

Exactly when did the last wave of extinction occur in 
Africa ? How may it be compared with late Pleistocene 
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extinction in the Americas? At sites such as Olduvai 
(Bed IV), Olorgesailie, Kariandusi, Hopefield, Ismilia, 
and the Vaal River gravels, most of the list of genera in 
Part B, Table 2, are found in stratigraphic association 
with Acheulean artefacts. The artefacts are typified by 
large hand-axes and cleavers. In addition, there are 
bifacial knives, a variety of stone tools for scraping, boring, 
and grooving, and heavy duty picks, choppers, scrapers, 
polyhedral stones (assumed by some to have been thrown 
as bolas) and other crude bifacial and large flake tools‘. 
After this generalized culture of intercontinental distri- 
bution, there develop the more specialized Sangoan- 
Fauresmith-Levallois/Mousterian cultures which lead m 
Africa into the Middle Stone Age‘. Of the extinct genera, 
only three—Camelus, Megaceroides, and Homotoceras— 
are known to disappear long after the end of the Acheulean 
in the Middle or Late Stone Age‘. The first two were 
never part of the extinct sub-Saharan faunas. In spite of 
profound ecological changes brought about by the pre- 
historic spread of agriculture, the adoption of iron weapons 
and ultimately the intrusion of western civilization itself, 
no generic extinction is known to have occurred in Africa 
in the last 1,000 years. 

The terminal age for the extinct fauna may be inferred 
from its association with the hand-axe cultures. Radio- 
carbon and potessium-argon dating have both been 
attempted for the Late Acheulean with discordant 
results’. The Late Acheulean must be somewhat older 
than the 19,000-40,000-year ages on Stillbay obtained 
repeatedly by radiocarbon dating’. On the basis of 
earbon-14 dates at Kalambo Falls, Clarke* places the 
final Acheulean at about 50,000 B.P. Although the un- 
certainties of the carbon-14 method require that samples 
should be virtually free from contamination if finite dates 
greater than 30,000 years are to be accepted with con- 
fidence, the age of 50,000 years assigned to the final 
Acheulean by Clarke is strongly supported by archaeo- 
logical evidence by the theoretically more reliable dates 
of slightly younger cultures. 


Table 3. SUMMARY OF MAMMALIAN MEGAFAUNAL EXTINCTION AND SURVIVAL* 


Africa U.S.A. + Canada 

(1) Living genera (50 kg) 40 14. 
(2) Later Pleistocene extinction 26+ 85 
(3) Earlier Pleistocene extinction 19 18 
(4) Normal Pleistocene megafauna 

(rows 1 and 2) 66+ 49 
(5) Later Pleistocene 

Extinction intensity (Row 2/Row 4) 39 per cent 71 per cent 


* Data from Tables 1 and 2. 


Exactly when such distinctive Middle Pleistocene genera 
as the baboon Stmoptiheous, the horse Stylohipparton, 
the pigs Notochoerus and Taptnochoerus, the giraffid 
TAbytherium, and the giant sheep Pelorovis disappeared 
remains to be determined. Because of problems in 
fixing dates greater than 40,000 years, the African ex- 
tinction chronology may never be known with the same 
precison as the extinction chronology of North America. 
The most that can be inferred at present is that there is 
a temporal association of the Middle Pleistocene fauna 
with the Chellean-Acheulean, together with the fact that 
the extinct animals (other than Homotoceras) have nowhere 
been found in association with cultures dated at less 
than 40,000 years by the carbon-14 method. 

The fact that faunal upset in North America lagged by 
tens of thousands of years must be explained in any 
extinction analysis. At the time the hand-axe fauna 
disappeared in Africa, North America was experiencing 
faunal enrichment with the arrival across the Bering 
Bridge of Eurasian genera of Arcto-Boreal adaptations 
such as Rangifer, Saiga, Oreamnos, Ovibos, Ovis, Bos, 
and Alces!. 

In contrast with the history of the megafauna, the 
principal vegetation changes in the Late Pleistocene of 
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Fig. 1. Extinction chronology showing percentage reduction of Plestocene animals ın three parts or the world. In each case a major cultural change 
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Africa and the Americas seem to be comparable in age 
and in magnitude. There is now substantial evidence for a 
major upward shift in montane forest and alpine zones 
about 12,000 years ago’, at about the same timme as the 
upward movement of montane forest in Andean regions 
occupied by paramo roughly 20,000 years ago!*. Those 
African pollen diagrams which are assigned by carbon-14 
dating to the last 20,000 years show a marked shift of 
many montane species and presumably imply a major 
change in climate during the late-glacial. One cannot 
conclude that Africa was sheltered from Pleistocene 
climatic change. 

This point bears directly on the question of Pleistocene 
extinction. Those who hold that climatic change is the 
chief cause of faunal extinction in the Americas have 
claimed that the events of the last glaciation were unique, 
that climatic stress was greater in the late Wisconsin 
than at any previous time in the Pleistocene (see Slaughter 
and Guilday in ref. 1). But the one marked shift in 
vegetation zones now known from late-glacial pollen 
records in both Africa and America is accompanied by 
catastrophic extinction only in America (Fig. 1). 

In Africa, as in arid parts of the New World, certain 
authors have regarded drought as the cause of Late 
Pleistocene extinction". The drought hypothesis seemed. 
slightly more plausible when the Acheulean of Africa 
was correlated with the last interglacial and was not 
recognized as extending into the time of early Wirm— 
Wisconsin glaciation. The drought hypothesis can be 
questioned on two grounds. First, it is ad hoc. If, under 
an increasingly arid climate, large animals found the local 
range completely unsuitable, what prevented their 
emigration, either seasonally or permanently, to & more 
suitable habitat ? The famous 800-mile annual migration 
of certain wildebeests from the arid Serengeti Plains to 
the humid shores of Lake Victoria and back is a case in 
point", Second, if a unique catastrophic drought or other 
environmental upset of continental proportions decimated 
the Pleistocene fauna in both Africa and the Americas, 
why was the timing not synchronous? Why did not at 
least a few genera of large mammals in North America 
die out during the middle of the Rancholabresan ? Why 
did not at least a few of the surviving African genera 
perish in the late-glacial warm-up 11,000 years ago ? 


es extinction. Time scale is logarithms 


Timing is even more critical in the case of Madagascar. 
In this island of 588,000 square kilometres separated 
by an average distance of 410 km of open ocean from 
Africa, there are, in addition to a highly endemic living 
faunas, some 16 extinct genera of vertebrates, many 
extremely common in fossil faunas of the island (Table 4). 
Precise carbon-14 dating of the deposits has hardly 
begun, but there is no evidence—either radiometric or 
stratigraphic—to suggest extinction that might correspond 
with extinction of the hand-axe fauna in Africa or with the 
late-glacial faunas of North America (Fig. 1). 


Table 4. Exrmvor GENARA OF MADAGASCAR 


Aves Palaeognathae Aepyorns 
Malorornis 
Anseriformes iste hd 
Falconiformes Aceipiter 
Gruiformes Triboynz 
Mammalia, Artiodactyla Hippopotamus 
Muridae Majoria 
Megaladapidas Megaladapis 
Indnidea Palasopropithecus 
Mesopropiihecus 
Arekaosindris 
Archacolemur 
Hadroptthecus 
Tubuhdentata Plesiorycteropus 


Most of the genera of extinct vertebrates are known from 
sites associated with artefacts in deposite of late post- 
glacial age. While the cultural history of the island is 
poorly known, no trace of Acheulean or Middle Stone Age 
artefacts has been found. Faunal extinction apparently 
occurred only within the last thousand years, after 
Melanesian invasion (see Battistini and Verin in ref. 1). 

Thus the chronology of extinction—firat in Africa, 
second in America, finally in Madagascar—and the in- 
tensity of extinction—moderate in Africa, heavier in 
America, and extremely heavy in Madagascar where it 
affected much smaller species than on the continents— 
seems clearly related to the spread of human beings to 
their cultural development, and to the vulnerability of the 
faunas they encountered (Fig. 1). 
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There are certain other apparently incongruous features 
of the later Pleistocene that may be credible if they are 
examined in terms of the admittedly provocative hypo- 
thesis of prehistoric overkill. For example, Pleistocene 
faunas are renowned for their large size. They are fre- 
quently regarded as illustrating the phenomenon of 
gigantiam. The cause of “gigantism” is a matter of 
speculation, sometimes held to be the result of hyper- 
trophy of the pituitary, & surplus of trace elements, or & 
response to cooler Pleistocene climates with increases of 
sıze in accordance with Bermann’s rule. But ıt may be 
that the small size of the Pleistocene survivors and not 
the large size of their predecessors is the unusual con- 
dition. If we assume that normal Cenozoic selection 
pressures favoured large herbivores, it 1s possible to regard 
the modern and post-glacial fauna as exhibiting nanism, 
an artificial dwarfing umposed by selective hunting of 
prehistoric man. Left to itself, natural selection in a non- 
hominoid ecosystem would favour redevelopment of the 
giant species. The advantage of smaller size in the face 
of human predation presumably les in the more rapid 
reproductive rate and the better chance of concealment. 
Certain morphological features such as the protruding 
orbit of Hippopotamus gorgops suggest a more conspicuous 
habit for an extinct species. 

Without knowing more about the essentially un- 
knowable life histories of the extinct species, ıt seems 
impossible to learn why they perished and others survived. 
But in the case of the lemuroids of Madagascar, Walker 
(see ref. 1) has made some revealing inferences. Based 
on morphology and presumed locomotor habits, Walker 
concludes that 14 species of extinct lemurs, megaladapids, 
and indriids were relatively large, probably all diurnal, 
often terrestrial, and relatively sluggish. The 20 living 
species are smaller, often nocturnal, and can be divided 
into active arboreal quadrupedal and active arboreal 
leaping forms. Both living and extmet species are found 
together in sub-recent depomts of the land. It seems 
that the habits of the extinct lemurs would have made 
them excessively vulnerable to human predation. The 
fact that animals the size of an Alsatian dog or smaller 
were lost in the wave of extinction sweeping Madagascar 
may be attributed to the fact that until 1,000 years ago 
the fauna was protected not only from man but also from 
advanced carnivores of virtually all kinds. 

But where the contments are concerned, why should 
generic extinction of large mammals be less intense in the 
later Pleistocene of Africa, with roughly 40 per cent of 
the fauna lost in the last 100,000 years, than in North 
America, with roughly 70 per cent lost ? I have pointed 
out the total lack of any synchronous extinction pattern 
in Africa and America that may have been related to 
worldwide climatic change. If prehistoric man was the 
main factor in Pleistocene megafaunal extinction, one 
would expect the fauna of the newly invaded continent to 
be affected more markedly than that of a region in which 
hominids evolved throughout the Pleistocene, finally 
developed a variety of tools and, presumably, a variety 
of hunting techniques. In companmson with Africa, the 
American fauna must have lacked the simplest behavioural 
defences against human predators, a point indirectly 
considered by Darwin and recently re-examined by 
Jelinek and Edwards (see ref. 1). 

For the earlier Pleistocene, it is important to know why 
generic extinction seems heavier in Africa, the vertebrate 
faunas of which are not so well known as those of North 
America (line 3, Table 3)? Dart has asserted that the 
depredations of the Australopithecines ‘‘. . . were probably 
insufficient, despite their lengthened life span, to make 
serious inroads upon the stupendous faunal reserves of 
Early Pleistocene Africa” (see ref. 4, p. 64). But the num- 
ber of extinct genera, 19 in the pre-hand-axe Pleistocene 
megafauna compared with 13 known from the Blancan and 
Irvingtonian of North America, suggests an excessive loss 
in Africa; this is certainly true among the larger primates, 
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which include seven extinct genera. Would this loss 
have occurred in the absence of the Australopithecinos ? 

Turning to a much younger cultural problem and as a 
final speculation, I would suggest that the survival of a 
diverse plains game fauna in Africa south of the Sahara 
may account for the remarkable lag in Neolithic agriculture 
in that part of the globe. In the absence of vast herds of 
large mammals in the flood plain fields, the domestication 
and widespread adoption of crop plants was possible at. 
an early date in the Near East and the Amerncas. The 
destruction of New World large mammals 11,000 years 
ago not only may have hastened, through necessity, the 
first casual experiments of Early Man with plant foods, 
but may also have made available the essential un- 
trampled and ungrazed flood plain habitats where domesti- 
cation began. 

In conclusion, the circumstance of a relatively homo- 
geneous hand-axe culture abundantly distributed through- 
out Africa and disappearing together with some 26 extinct 
genera roughly 50,000 years ago is quite provocative. 
Unbalanced megafaunal extinction is encountered in the 
fossil record only from that part of the Pleistocene when 
Stone Age hunters or younger cultures are also known. 
The extmetion pattern matches no known world-wide 
climatic upset. Only on islands were small genera of 
animals lost. These facts, together with the evidence of 
strong selection for smaller size and cryptic habits at the 
time of extinction, point toward prehistoric overkill as 
the main cause. Above all, the mnference of no extinction 
in the later Pleistocene of Africa, cited by Hiseley and 
others* as evidence against the hypothesis of culturally 
caused extinction in the New World, must be rejected 
in view of the palaeontological record. 

The overkill hypothesis is likely to continue to provoke 
serious and perhaps unanswerable objections. But until a 
continent or island can be found in which a major wave 
of Pleistocene megafaunal extinction clearly pre-dates 
the arrival of human bemgs, the hypothesis stands un- 
refuted on chronological grounds. 
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Dr. L. 8. B. Leakey of the Centre for Prehistory and 
Palaeontology, Prof. and Mrs. W. Isaac of the University 
College, Nairobi, and Dr. A. Walker, Makerere College. 
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M. Hyder, I. Loupekine, J. Newbould, L. Robbins, 
J. Simons, and the Trustees of the Kenya National 
Parks. In Madagascar, Profs. A. Brennon, R. Derijard, 
J. Mahé, G. Randrianasolo, and P. Verin helped in many 
ways. A. and J. Russell were excellent field companions. 
Perceptive comments on this manuscript were sent by 
J. D. Clarke, D. A. Livingstone, and K. Curry-Lindahl. 
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BOOK REVIEWS 


VARIATIONS OF HAEMOGLOBIN 


Man’s Haemoglobins 

By H. Lehmann and R. G. Huntsman. Pp. xi+331. 
(Amsterdam: North-Holland Publishing Company, 1966.) 
708. 


Tus book has immediate appeal because of the clarity 
of production, the obvious broadness of approach and the 
profusion of dlustrations—some in colour. 

In his preface Professor F. G. Young describes it as 
“most readable and unquestionably authoritative”. 
Few could argue with the first description. The many 
anecdotes skilfully interwoven with the hard facts will 
bring pleasure to anyone interested in the nature of 
biological variation. 

Many approaches have been used in the study of haemo- 
globin, from the clinical to the physico-chemical. The 
literature ıs not only too vast to be read in a working 
week but requires an impossible range of specialist 
information for its understanding. This must be borne in 
mind when trying to asseas the authors’ attempt to place 
ther medically based interest in haemoglobin in its con- 
` text of biology, genetics and biochemistry. 

The introductory scheme promises well, but ın detail 
the section 1s disappointing. A little more about iron 
in Chapter 1 would have been welcome, perhaps instead 
of the out of date description of the electron transport 
chain. (Surely ıb is time that the hydride ion was given 
equal status with the proton in elementary biochemistry.) 
Haem is mentioned, but the formula is not given until 
Chapter 2 and its biosynthesis, carried out entirely unaided 
by enzymes, is saved for Chapter 3. One looks in vain to 
discover how the iron atom may be modified by combina- 
tion with porphyrin and protein to act either as an electron 
carrier or as an oxygen acceptor. 

In Chapter 2 the praiseworthy intention of showing 
man’s haemoglobins against a background of those of 
other animals has paved the way to an underworld of 
easy inaccuracies. There are oversimplified statements 
about the way in which insects and jellyfish satisfy their 
oxygen requirements. Later, the marine worm, Sabella 
(illustrated), is said to have haemoglobin in its muscle. 
This is @ confusion of species. H. Munro Fox showed in 
1949 that although a number of marine annelids contain 
haemoglobin in various tissues, including the muscle of 
Potamilla, Sabella dooa not. The thoughts on evolution 
which follow lack the incisiveness expected in the milieu 
of molecular biology. 

A discussion of oxygen dissociation and the Bohr effect 
is developed by referring to the lamprey, in which the 
authors assume the embryo contains monomeric haemo- 
globin molecules which aggregate during maturation. 
Manwell reports, however, that the degree of aggregation, 
never very great in this species, depends not on age but 
on the state of oxygenation. The lamprey also provides a 
warning against such dogmatic statements as close this 
section, that the Bohr effect is absent from single haem 
polypeptide chains and ‘‘depends on the combination of 
« and 6 chains’. Lamprey haemoglobm shows a greater 
Bohr effect than human haemoglobin. The mammals 
are negotiated without mishap and one is shown the first 
of many excellent electrophoretograms marred only by 
an irritating failure to indicate in many of them the origin, 
if present, and positive and negative poles. 

A first-rate account of protein structure profusely 
illustrated with some familiar and a number of original 
figures is followed by a lucid elementary account of genetics 


and protein synthesis. A useful addition here would have 
been a section on population genetics in preparation for 
later discussions of the geographical distribution of 
haemoglobin variants. 

The next eleven chapters are an excellent compilation 
describing the haemoglobin variants, their racial distribu- 
tion, the diseases they cause, their diagnosis and manage- 
ment. The presentation here is in striking contrast to 
the elementary introduction and, to the reviewer off his 
home ground, the lack of definitions in describing the 
clinical aspects makes some of these sections tough 
going. Mainor criticisms which can be made do not 
detract from the overall merit of the work. For example, 
Murayama’s work on haemoglobin § receives little con- 
sideration—one might expect a comment on the curious 
fact that the treatment recommended for this disease, 
“keeping the patient warm”, is the very opposite of the 
conditions required to minimize cell sickling; three shots 
at a concise explanation of the cause of thalassaemia, all 
different, at no point give the evidence on which the 
conclusions are based ; and discussions of genetic principles 
occasionally use an unhappy turn of phrase as in (page 
190) “ .. . gene mutation resulted from a natural defence 
mechanism against malaria”. 

For many, the last section alone—a practical one out- 
lining the principles and methods involved in tracking 
down haemoglobin variants—will be worth the price of 
this book. Descriptions of general methods are barely 
adequate for the complete novice. Simple problems, such 
as the choice of anticoagulants, are overlooked; however, 
the main section on trouble shooting methods for tracking 
down specific haemogiobins, use of hybridization tech- 
niques, procedure for fingerprinting (by D. Beale) and 
the analysis of peptide maps is of inestimable value. 

Although the authors are not completely successful 
in their attempt at an integrated approach, Man’s Haemo- 
globins is nevertheless a valuable contribution both to 
the book shelf and at the bench. It should prove of 
particular value to the busy clinician where an appreciation 
of the modern approach is more important than errors in 
detail. 

D. C. Warts 


PLANT ANATOMY 


Vascular Differentiation in Plants 
By Katharine Esau. Pp.ix+ 160. (New York and London: 
Holt, Rinehart and Winston, 1965.) 36s. 


In this concise picture of patterns and problems in the 
differentiation of primary vascular tissues Prof. Esau has 
given us an account which (in substance rather than in 
any formal sense) follows on from her reviews of one and 
two decades earlier. Her emphasis is mainly on the 
shoot, where the problems are the more striking, and her 
approach is one which emphasizes not only the unity of 
the vascular system rather than the distinctness of its 
parts (for instance, the cauline and leaf-trace components) 
but also the unity of the problems of its development: 
for instance, whether procambial differentiation determ- 
ines the sites of leaves, or vice veraa, is ed as too 
narrow an enquiry. The student is thus led to consider 
vascularization processes as a whole, and, for example, 
to look at phyllotaxis not only in terms of the arrangement 
of leaf primordia near the apex, but also in terms of the 
vasculature of the shoot. 
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Chapters concerned with the origin and identification 
of procambium and with the differentiation and recogni- 
tion of primary xylem and phloem point out the technical 
difficulties of critical observation, noting on one hand the 
variability in patterns of procambial origin vis-à-vis the 
apex and on the other, in contrast, the rather consistent 
pattern of differentiation of protoxylem and protophloem 
within the procambial strands. Effects of surgical 
operations on growing apices are briefly reviewed, though 
the author’s opinions of their bearing on the origins of 
vascularization may differ from those of the original 
investigators to whose experiments she refers. Her 
main point here, as in the past, is, in general terms, that 
the anatomical evidence is commonly inadequate to allow 
of their unequivocal interpretation. 

Prof. Esau also draws our attention to tissue-culture 
studies of vascularization. Groups of freely suspended 
parenchymatous cells, derivatives of undifferentiated 
callus, may produce vascular elements, organized in 
varying degree, within themselves—the forerunners of 
the formation of roots and ultimately, under appropriate 
conditions, of whole plants. The existence of environ- 
mental gradients of some kind between the surface and 
the interior of the group has been postulated as a critical 
factor in this initial differentiation. In other experiments, 
vascular differentiation in callus has been induced by 
bud grafting, or by the application of auxin and sugars, 
which may substitute for the buds. The inductive effects 
of grafted buds are thus interpreted as arising from the 
auxin secreted by their leaves, so leaving open the question 
of whether the apices sensu sirictu might have a determin- 
ing role. This and other evidence for hormonal participa- 
tion in vascular differentiation cannot but maintain our 
wonder and excite our curiosity about the increasing 
variety of specific cellular responses to auxin. It may also 
remind us that the recognition of auxin as an instrument 
in these responses does not lay bare their fundamentals. 

The book is illustrated by diagrams and photomicro- 
graphs exemplifying points at issue and includes some 
260 references to recent literature. It is a welcome 
statement of some current problems of a classical botanical 
discipline. K. Wison 


VEG. AND TWO VEG. 


Plantes Alimentaires de |’Ouest Africain 

Etude Botanique, Biologique et Chimique. Par F. 
Busson, avec la collaboration technique de P. Jaeger, 
P. Lunven et M. Pinta. Pp. 568. (Marseille: Laboratoires 
de Recherche du Service de Santé des Troupes de Marine, 
1965.) n.p. 


Ir will be some time before the majority of West Africans 
go to work on an egg—or even a high protein biscuit. And 
while the ingenuity and efforts of those who devise 
supplements to tropical diets from processed surplus 
products from temperate regions must be admired, 
improvement in nutritional standards is more likely to be 
achieved quickly and economically by more effective use 
of indigenous foods. Unfortunately, the nutritional 
composition of indigenous tropical food plants is not known 
in sufficient detail to allow fuller exploitation. More 
knowledge is therefore essential if nutritional standards 
are to be improved. 

The value of Plantes Alimentaires de Ouest Africain lies 
in the detailed information it presents on the chemical 
composition of vegetable foods of West Africa. The author 
has chosen to set this material against a general biological 
background which includes an account of the physical 
environment as well as the vegetational cover and human 
population of the area, but it is doubtful if this effort 
has been worth while. Much of this information is easily 
available from other sources, often in a more generally 
suitable form. For example, some lesser known “indices” 
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are used to describe various climatic parameters, including 
the “‘pluviometric index” of Weisse!. This index is mapped 
only for the ex-French West African territories, thus 
excluding Nigeria, Togo, Ghana, Liberia, Sierra Leone 
and Portuguese Guinea. While this may have been 
acceptable in 1950 when the index was first published, it 
seems a pity that a book on West Africa should give 
continued currency, in 1965, to outdated colonial 
boundaries. A similar bias has crept into the account of 
human populations. , 

In the main body of the work the arrangement is a 
taxonomic one. A brief description of each family of plants 
is followed by a short description of its edible members, 
often enhanced by photographs and drawings. Finally, 
there are tables of the chemical composition of the edible 
parts. Little attention seems to have been paid to the age 
of the parts analysed and, because analyses are mostly 
confined to single samples, there is no indication of the 
variability of the chemical components within similar 
material of a single species. This may be excusable in the 
present state of knowledge, for in spite of the importance 
of having estimates of variability this book does contain 
much valuable information, particularly on amino-acid 
content, for a wide range of tropical plants. , 

In the concluding sections of the book, the analytical 
results are discussed in terms of the general composition of 
leaves and other parts and the main chemical components., 
Only passing reference 1s made to the possibility of dis- 
cerning various compositional patterns and affinities in 
species within a family. This part of the book is surpris- 
ingly poorly developed in view of the rigorous taxonomic 
arrangement adopted throughout. A cursory examination 
suggests that quite interesting systematic trends might 
have been revealed. 

The material in this work will be of some use in devising 
cheap balanced diets from indigenous foods in West Africa, 
but the main contribution is in the attention it draws to 
the potential of indigenous plants in improving standards 
of nutrition. For fuller benefit to be derived from these 
plants, however, more will have to be known of the 
variability in chemical composition within species. 

M. J. CHapwick 


1 Weisse, H., Première Conf. Intern. das aeons de Ouest, 175 (Institut 
Francais , Dakar, 1959). 
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DOWNWARPS 


nclines 

By Jean Aubouin. (Developments in Geotectonics, 1.) 
Pp. xv+335. (Amsterdam, London and New York: 
Elsevier Publishing Company, 1965.) 110s. 


Tm ever increasing flood of literature on the sediment- 
ology, stratigraphy and structural evolution of geosynclines 
makes an attempt to produce a single volume entitled 
Geosynclines a formidable task. Prof. Aubouin has the 
standing experience and has succeeded beyond any reason- 
able ctation in covering the field in both space and 
time. Part 1 the birth and development of the term 
“geosyncline” to denote a thick pile of sediments acoumul- 
ating on a subsiding trough, that was later subject to 
orogenesis, is traced through Hall, Dana and Haug. The 
independence of downwarp and sedimentation was clearly 
brought out by Haug’s recognition of a deep water exial 
region and emphasized in Britain by O. T. Jones’s classic 
synthesis of the Caledonian geosyncline. 

Aubouin rejects the attempts at complex classifications 
by adjectival prefixes made by Schuckert (1923), Stille 
(1913-40) and Marshall Kay (1947). He prefers an inte- 
grated evolutionary approach somewhat recalling the 
simple grouping of the Russians Peyve and Sinitzyn (1950) 
into primary, secondary and residual geosynclines. The eu- 
and mio-geosyncline combination of the orthogeosyncline 
of Stille and Kay is accepted as the primary geosyncline 
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with the ‘‘ortho-” prefix redundant but including genera- 
tive, developmental and orogenic stages. Secondary 
geosynclines become Aubouin’s late-geosynclinal phase 
(in time) and comprise the well established foredeep, 
backdeep and intra-deep (that is, the molasse troughs and 
Kay’s epieu- and exo-geosynclines). Post-geosynclinal 
stages (residual of Peyve and Sinitzyn) are late intra- 
cratonio and vertical fault block movements such as to 
form neo-oceanic regions as in sunken deep Mediterranean 
seas with their ‘‘guyot’’-like volcanic mounds. 

In Part 2 the Hellenides comprising much of Albania, 
Yugoslav Macedonia, and Greece, south of the Scutari-Bec 
disturbance is taken as the most complete example of an 
elementary geosynclinal chain. West of the Rhodope 
mass the N.N.W.-8.8.E. oriented series of depositional 
and structural zones comprise the Pelagonian Zone 
(internal, eugeanticlinal) developing into the Pelagonian 
corderilla, the sub-Pelagonian zone of flank limestone 
breccias and ophiolites, the Pindus furrow (internal, eugeo- 
syncline), the Gavrovo ridge (mio-geoanticlinal, limestone), 
the Ionian furrow (mio-geosynclinal) and the Apulian 
ridge (Foreland). 

The time sequence of depositional and orogenic chango 
is from east to west. Initial orogenesis in the Cretaceous 
is restricted to the interior eugeanticlinal, leading to flysch 
confined to the adjacent Pindus furrow in the Eocene. 
Tertiary orogenesis was more widespread, commencing 
in the east and migrating westwards. Younger flysch 
extends over the site of the Gavrovo ridge and barrière en 
oreuxz into the Ionian furrow. Over the site of the eugeo- 
syncline extensive allochthonous thrust sheets including 
ophiolite and overlying crystalline nappes, underlain by 
superficial nappes from the Pindus furrow spread as far 
as the Gavrovo ridge with folding and thrusting essentially 
autochthonous in the Ionian furrow developing in the 
Miocene. 

In the text there is much that is repetitive as a conse- 
quence of treatment from distinct angles and an embarrass- 
ing wealth of footnote material; but the reader is greatly 
helped by an exceptionally instructive series of clean, 
well drawn legible maps and diagrams among which the 
map of the Hellenides (Fig. 11) and the folding sheet 
of palasogeographical sections (Fig. 14) are outstanding. 

Geosynclines of the Apline cycle in the Mediterranean 
follow logically in Part 3. The geosynclinal couple 
(eugeosyneline and miogeosyncline) may occur as a single 
unit but is commonly developed in pairs, either as a 
“divergent bicouple’” or with a Zwischengebirge of the 
classic exial region of divergence, or as “convergent 
bi-couple” of which the Apennines and Hellenides facing 
each other across the Adriatic form a typical example 
with the Apulian ridge foreland in common. 

There is much of general interest in the author’s treat- 
ment of the complex of Alpine orogenic belts that must be 
passed over here. 

The author critically discusses many aspects of facies, 
and the isolation in time and space of the oft quoted 
association of ophrolites and radiolarites is accepted. 
There are some valuable comments on red nodular lime- 
stones such as the widesproad Devonian “griotte’ and 
the “Ammonitico rosso” facies of the Apline Trias and 
Jurassic and the association of the latter with bauxite 
and ‘hard ground” horizons. 

The oxtrusive characters of the thick ophiolites, ranging 
in petrographic type from gabbro—peridotites to spilitized 
pillow lavas, is also demonstrated. 

Extensions in space and time of the Alpine geosynclinal 
concepts are attempted in Part 4. Whereas close com- 
parisons can be made between the Hellenides and the 
structural zones of Burma and Indonesia, difficulties 
arise in accepting the geosynclinal couple hypothesis to 
the sedimentary profile off the Atlantic Coast of North 
America. 

British readers may be intrigued by the apparent 
success of the author’s interpretation of the older orogenies, 
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notebly the Hercynian, as two divergent bicouples, one 
with a Central European Moldanubian axis and an Iberian 
Meseta equivalent with a Galicia—Castille axis, with phase 
limestones comparable with the Hellenides. The limite, 
for example, Lysa Gora in the east and the Atlantic sea- 
board in the west, present problems of interest in the 
possible terminal ends of the geosynclines. Metamorphism 
and intrusive igneous activity are touched on in various 
contexts. 

Metamorphism tends to be restricted to the eugeanti- 
clinal area. LEctinites are pre-orogenic, migmatites syn- 
orogenic and discordant granite-granodionites are late- or 
post-orogenic. Cores composed of older orogenies involved 
in younger, such as the St. Barthelemy on the Pyrenees, 
help to demonstrate the extent of the former, and suggest 
to Aubouin a similar scale and pattern for geosynclines 
in general. In older orogenies, however, discordant plutons 
extend into the miogeosynclinal zones and are associated. 
with reactivation with superimposed similar mineral 
development. (Does not this fit the Alston Block pre- 
Carboniferous granite and later mineralization well 
beyond the Hereynian front ?) 

Elsevier and Express Translation Services are to be 
congratulated on the format and the excellence of the 
unnamed translator. The author modestly declines to 
regard the book as definitive but it is surely most welcome 
and stimulating. The best thanks of the geological world 
are due for the clarity and profundity of this illuminating 
major synthesis of the fundamental problems of the 
science to which his compatriota have contributed so 
much. 8. E. HOLLINGWORTH* 


NORTH AFRICAN ROCKS 


South-Central Libya and Northern Chad 

A Guidebook to the Geology and Prehistory. By James J. 
Wiliams (Field Conference Chairman) and Eberhard 
Klitzsch (Field Conference Leader). Pp. xii+94. (Tripoli: 
Petroleum Exploration Society of Libya, 1966.) n.p. 


Over the past seven years the Petroleum Exploration 
Society of Libya has organized excursions into neighbour- 
ing territories, often little explored geologically, and in 
connexion with each of these has published a volume of 
original papers relevant to the area. The latest volume 
results from the 1966 field conference to south-central 
Libya and northern Chad; it contains nine papers, four 
on the solid geology, two on geomorphology and three on 
archaeology and ethnography. 

Klitzsch outlines the geological history, with emphasis 
on the north-east flank of the Murzuk basin. ‘Topics 
included are the stratal succession, structural history and 
palaeogeography—the bulk of the data based on work by 
petroleum geologists over the past decade. The outline 
illustrates the many interesting problems—structural, 
sedimentary and palaeontological—that would repay 
detailed study. Gohrbandt’s paper gives a clear account 
of the sedimentation history, marine throughout, of the 
west and south-west edge of the Sirte basin during late 
Cretaceous and early Tertiary times. Pesce has written 
on Uau en Namus, the strikingly beautiful volcanic crater 
with lakes (and mosquitoes). 

The form and development of the Tibesti serir are dis- 
cussed by Fürst. The serir has a slope of 1: 1,000 over 
300 km and thickens toward the centre, though unhappily 
no profiles of thickness were obtained. First considers 
the serir of fluviatile origin in the south and aeolian 
origin in the north, with genetic connexion between the 
hamada, serir and erg. The ideas are interesting and it is 
hoped more detailed work will follow. 

The Free University of Berlin has a field station at 
Bardai and from here members are making geomorpho- 
logical investigations in Tibesti. Hagedorn in this volume 

* Prof. 8, E. Hollingworth died on June 23, 1966, 
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writes on the classification of land forms in Tibesti, based 
on geological and climatic controls, and in another paper 
describes the Tibesti people, whom he considers of Nilotic 
origin. 

Two final papers report on palaeolithic industries and 
prehistoric sites, and the volume ends with a road log of 
the excursions. The work is well supplied with maps, 
correlation tables, sections, photographs and bibliography, 
and will serve as a valuable reference work to an inter- 
esting and until recently almost unknown area. 

R. J. G. BAVAGE 


STATISTICAL DESCRIPTION OF 
GEOLOGICAL PHENOMENA 


An Introduction to Statistical Models in Toe 
By W. C. Krumbem and Franklin A. Graybill ter- 
national Series in the Earth Sciences.) Pp. Eyer’ 
(New York: McGraw-Hill Book Company, Inc.; Maiden- 
head: McGraw-Hill Publishing Company, Ltd., 1965.) 
$13; 104s. 


Tars book is a welcome addition to that small but growing 
number of texts concerned to show how the use of 
numerical methods can yield a better understanding of 
geological phenomena. ‘Therein lies its mam attraction 
and its present weaknesses. The volume is directed to 
the attention of geologists with minimal mathematical 
training: would-be readers are recommended to familiarize 
themselves with elementary caloulus and elementary 
statistical methods before reading ıb. 

In the first four chapters the authors show on a simple 
level why they believe statistical models—rather than 
what they call the “determmistic’” models of the physical 
sciences where relations are expressed by equations—are 
necessary in geological studies, and how these models and 
their properties apply to geological situations. 

The four chapters that follow present the properties of 
the standard population distributions and give examples 
of their geological application (normal, lognormal, gamma, 
circular normal, binomial and Poisson). The use of chi- 
square, Student’s ¢ and Snedecor’s F distribution in 
testing statistical hypotheses is also discussed. 

I found much of these eight chapters rather dull 
reading. They illustrate the mathematical technique well 
enough, but the examples given do not greatly clarify or 
advance one’s understanding of the geological phenomena 
under discussion. Moreover, one of the examples used 
throughout the book—a selected set of drainage basins— 
seems the antithesis of the kind of problem best suited 
to illustrate statistical methods. In the first place, to 
make it amenable to these methods, tho geological settmg 
has had to be oversmmplified; and second, even with 
these necessary simplifications (or perhaps because of 
them), no clear idea of the factors controlling the properties 
of this drainage network emerges at the end of the cal- 
culations. A situation such as this does not inspire the 
reader with confidence, for he may perhaps assume that 
he has misunderstood the mathematics; or worse, he 
may conclude the statistical methods have little bearing on 
geomorphological problems. In an introductory book, it 
ig surely of the greatest importance to show not only the 
underlying mathematical structure of the statistical model 
(which the book does well), but also to relate the com- 
ponents of this model to its geological properties. If 
these properties are too numerous, or difficult to quantify, 
little 18 gained by applying statistical analysis—par- 
ticularly when, as seems the case with the drainage 
network problem used here, the conclusions are those a 
geologist might draw from a casual glance at the data, 
or simply from his experience in the field. 

The second half of the book deals with topics such as 
the analysis of variance, the simply and general linear 
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model (with a brief account of vector and matrix algebra), 
map analysis, advanced models, evaluation of data and 
empirical models. Every chapter except the introductory 
one provides a long list of references, furnishing an 
invaluable bibliography covering the field up to 1964. 

The chapters on the general linear model and map 
analysis are among the most interesting parts of the 
book. The treatment is clear and from the beginning it 
is geared to eventual computer use. Moreover, the 
possible range of applications is considerable, and the 
methods will almost certainly assume an important role 
in many fields in the near future. The advanced models 
discussed include factor analysis and discriminant func- 
tions, and one feels that if this all too brief account had 
been expanded into two or more chapters—with a cor- 
responding condensation of some of the earlier material— 
this would have added to the interest of the volume. 
Although “advanced” in character, the models are only 
slightly more complex than the general linear model; 
and, lke it, they will also come to occupy a position of 
increasing importance in the range of statistical tech- 
niques available to the geologist. 

‘Yet even these last sections left me unconvinced that 
statistical analysis had yielded significant results un- 
obtamable by conventional “subjective” methods. For 
example, although the mathematical significance of the 
“trends” extracted from a map pattern and the “factors” 
composing a pattern of sedimentation is made quite 
clear, it is not always certam what their geological sig- 
nificance might be. The root of this problem may lie in 
an attempt to analyse too complex a phenomenon, or 
possibly in the use of inadequate data. It may be that 
other fields of geology, such as palaeontology or petrology, 
could provide more suitable illustrative material. 

Some of the shortcomings may also spring from the 
novelty of the subject, for in many respects the book is 
the first in its field. The book cannot be ignored by those 
geologists interested in using statistical methods to gain 
a better understanding of geological phenomena and the 
problems associated with thom; but the methods them- 
selves cannot provide short cuts to their solution, nor can 
they act as substitutes for the time-consuming process of 
accumulating the necessary data. A. GILBERT SMITH 


ORGANIC OXIDATIONS 


Oxidation in Organic Chemistry 

Edited by Kenneth B. Wiberg. Part A. (Organic Chem- 
istry: @ Series of Monographs, Vol. 5.) Pp. xi+443. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1965.) 112s. 


Tms book, the first of two parte, considers in turn each 
of certain inorganic oxidants and its oxidation of organic 
compounds. The final chapter, however, deals with glycol 
fission by several reagents. 

Only since 1943 have these reactions been studied using 
the full range of physical methods. Fortunately, several 
of those most closely concerned with this development 
have contributed. The editor deals with Cr(V1), Ross 
Stewart with Mn(VIL), Waters and Littler with V(V), 
Co(II) and Mn(ITI), Richardson with Ce(IV) and Criegee 
with Pb(IV). Bunton covers glycol fission. Cu(IT), 
Fe(CN)?- and others are reserved for the forthcoming 
companion volume. 

Each author presents concisely the inorganic chemistry 
of his chosen oxidant. Most kinetics for the oxidation of 
organic molecules refer to aqueous solution, and conse- 
quently mechanisms relate to simple (water-soluble) 
organic species which are, nevertheless, representative of 
the behaviour of larger molecules. Emphasis 1s placed on 
kinetics in the chapters on V(V), Co(ITZ), Mn(III) and 
Ce(IV), for these reagents have been used very largely in 
aqueous solution, while, conversely, there is a dearth of 
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kinetic information about the readily hydrolysed Pb(IV), 
but an abundance of data concerning yields of its oxida- 
tion products. Both aspects have been explored for 
Mn(VIT) and Cr(VI) and are well documented. 

Although references to more recent work are included, 
the text 1s comprehensive only to the end of 1963 and 
this leads to some infelicities. On page 9 we are told 
that, “Ordinary alcohols . . . are inert to manganic 
oxidation”, while on page 214 are recorded parameters 
for such a reaction. There are also a few mistakes in the 
index and references. The many equations are free from 
typographical error, but on page 188 oxidation by a free 
radical R 1s alleged to give Rt. 

These are minor blemishes, however, and this book is 
recommended to all those who are, or intend to become, 
active m this field. T. J. Kee 


REACTOR TECHNOLOGY 


Reactor Handbook 

Vol. 4: Engineering. Edited by S. McLain and J. H. 
Martens. Second edition. Pp. xvii+ 857. (New York and 
London: Interscience Publishers, a Division of John 
Wiley and Sons, 1964.) 192s. 


Waren reading through an omnibus like Volume 4 of 
the U.8. Atomic Energy Commussion’s Reactor Handbook, 
` one feels that to write a completely satisfactory single text 
covering the whole field of nuclear engineering 1s probably 
an impossible task. A number of major engineering dis- 
ciplnes, for example, fluid mechanics, thermodynamics, 
and structures, must presumably receive a treatment 
which achieves some compromise between a formal 
presentation and development of basic principles, and 
the empiricism often needed to solve practical problems. 
In addition, specialist technologies, such as shielding and 
fuel element design, must be covered, and qualitative 
accounts of reactor systems and components are required. 

The present book, which weighs 4:25 Ib., contains 
twenty-one chapters, written by 252 contributors, com- 
prising a total of about 500,000 words, with nearly 2,000 
references, It contains rather empirical discussions of the 
basic principles of fluid mechanics and heat transfer, and 
an outline of the application of structural analysis to 
reactor design. Descriptive accounts are given of water, 
liquid metal and molten salt fuelled systems. Chapters 
are also included on fuel elements, shielding, control and 
instrumentation, coolant treatment, safety, and remote 
handling. The treatment throughout has a bias towards 
water reactors and American work generally. 

The book is reasonably easy to read since the text is, 
for the most part, clearly written and logically arranged, 
with adequate indexing and listing of chapter contents, 
helpful diagrams, and abundant references. Certain sec- 
tions are of particular merit, for example, the compre- 
hensive treatment of natural convection in Chapter 2 and 
the indication in Chapter 5 of the wide range of con- 
siderations affecting fuel element performance. 

It is not possible to mention every relevant aspect in a 
book of this kind, but more serious omissions include 
such topics as thermal conduction and radiation, heat 
transfer from roughened or extended surfaces, power 
cycle analysis, pre-stressed concrete pressure vessels, 
economic aspects of reactor performance and the applica- 
tion of computers to reactor design; moreover, some 
worked examples would be helpful in the presentation of 
basic principles, for example, in the chapters on fluid 
mechanics and heat transfer. Reactor safety is given a 
somewhat superficial treatment ın one chapter, and a 
brief reference to transients occurs in the chapter on 
thermal analysis. The chapter on structural analysis 
includes an madequate discussion of the significance of 
different kinds of stress, without any reference to A.8.M.E. 
Boiler and Pressure Vessel Code, Section II, which treats 
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this subject in some detail. No discussion of reactor 
control philosophy is given in the chapter on control and 
instrumentation, although details of particular designs of 
control rod mechanism are provided. The references 
quoted at the end of each chapter are usually pre-1961, 
and some of the information included 1s also rather out- 
dated. Sometimes the interests, and energies, of individual 
contributors are reflected; for example, only thirty 
references on reactor safety are listed, whereas 478 
references appear at the end of the chapter on remote 
handling. 

The book is well produced and contains a great deal of 
information, not all of which is complete or up to date, 
but which nevertheless provides a convenient first refer- 
ence for the student, or for the worker who is new to some 
field of nuclear engineering. It does not seem, and prob- 
ably is not intended, to be of great value to the experienced 
worker or specialist. J. F. Parson 


A r Ultrasonics 

Industrial Applications. By Basil Brown and John E. 
Goodman. Pp. vin+235. (London: Iliffe Books, Ltd.; 
Princeton, N.J.: D. Van Nostrand Company, Inc., 1965.) 
55s. net. 


Tas book is a survey of the industrial applications of 
high intensity ultrasound. Two introductory chapters 
deal with propagation and absorption and the phenomenon. 
of cavitation—e process of fundamental importance in 
many industrial applications. In fact, aa one reads this 
book, one finds that the application of high intensity 
ultrasound is very often the application of cavitation 
processes. 

Two chapters follow on the generation of high intensit y 
ultrasound, the first concerned with mechanical methods 
(whistles of various kinds) and the second with magneto- 
strictive and piezoelectric techniques. 

The second half of the book deals in detail with appli- 
cations. Ultrasonic cleaning and emulsification (homo- 
genization) are treated, followed by soldering, drilling 
and welding. Metal fatigue testing is described and the 
use of ultrasound for grain refining from the molten 
metal discussed. The book ends with a chapter on chemical 
and biological effects. Among those described are the 
hydrolysis of esters, the dispersal of solid catalysts and 
the extraction of cell contents m experimental biology. 

Throughout the book the intention has been to main- 
tain a practical slant, making it useful to the industrial 
worker lacking in extensive physical knowledge. In 
general, this aim has been achieved; there are many 
useful tables of data and a good collection of references. 
Less happy is the “plain man’s guide” to the physical 
background of the subject. What, for example, 1s meant 
by the statement that in the case of a longitudinal wave 
(page 2) the “movement” of a vibrating body is com- 
municated to the medium, or that (page 10) “in a liquid 
the viscosity 18 equivalent to the rigidity”. If it is the 
authors’ opinion that such misleading statements are 
acceptable against the reader’s technological background 
one must feel uneasy on the point at which simplification 
becomes half-truth. There is also some confusion (pages 
27-28) between the use of the ultrasonic wave as a dif- 
fraction grating and its visualization by the Schlieren 
technique. As a further example of lack of precision in 
a simple description, we are told (page 59) that the 
generation of sound in a Galton whistle is due to the 
vibration of the lip of the cavity resonator. 

Some clarity—and a great deal of truth—has been 
sacrificed in attempting to play to an imagined gallery 
of “industrial” engineers and scientists. The skilled 
writer should be able to adjust his emphasis so as to 
present facts as clearly and truthfully to the industrial 
workers of Joule’s native town as to the alleged “‘ivory- 
tower” scientists of my laboratory. 
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It is a pity that these defects detract from an otherwise 
concise and well-written book. A clear picture, not too 
cluttered with detail, is provided of the whole field; for 
readers requiring more detailed treatments, adequate 
references are provided. The layout is good and for- 
tunately the proof reading has been done efficiently. 

A. E. Brown 


Textbook of Organic Chemistry 

By Carl R. Noller. Third edition. Pp. vii+ 760. (Phila- 
delphia and London: W. B. Saunders Company, 1966.) 
708. 


A TEXT-BOOK of organic chemistry should be a place 
where a student can look things up—such as the Wittig 
reaction or the chemistry of naphthalene; it should be a 
place to stumble on things he did not know before; ideally 
it should also provide a balanced and comprehensive 
digest of the subject. On the first two counts, Noller’s 
Textbook is useful (it is a condensed and therefore cheaper 
version of the author’s Chemisiry of Organic Compounds, 
which is, of course, even more useful for those who can 
afford it). 

The student will find at least a mention of most of the 
reactions he will need; he will find very many passages 
in mall print relating the laboratory chemistry to that 
of important industrial materials; he will also find dis- 
cussions under most of the traditional headings—fune- 
tional groups, conformation, optical activity, eto. Mech- 
anisms and infra-red spectroscopy are integrated with the 
text, with other spectroscopic methods relegated to a 
later chapter. Some points are open to criticism: cyclic 
and acyche aliphatic chemistry has been separated, 
curly arrows are inconsistently (reluctantly 1) and there- 
fore unconvincingly used; structural diagrams of the 
skeletal type are used for aromatic compounds but only 
occasionally for others; the discussions of aromaticity, of 
photochemistry, and of “valence tautomerism” are shorter 
than one might expect in view of the current interest in 
these subjects; fish-hook arrows are not used for radical 
or even mass spectrometer reactions. It is unfortunate, 
too, that the molecular orbital theory is very inadequately 
presented and scarcely ever used, not even for benzene, 
for example. 

These defects are symptomatic of the limitations of the 
book—a student who used it alone would be seriously 
handicapped. Noller remains a worthy standard but 
rather unexciting text. It is good value for money, but 
the bigger books are better. Ian FLEMING 


Gas Chromatography of Steroids In Biological Fluids 
Edited by Mortimer B. Lipsett. (Proceedings of the 
Workshop on Gas—Liquid Chromatography of Steroids in 
Biological Fluids, held February 25-27, 1964, Warrenton, 
Virginia.) Pp. xix+315. (New York: Plenum Press, 
1965.) $12.50. 


Tas volume is a collection of thirty research reports, 
bemg the proceedings of the workshop on “Gas Liquid 
Chromatography of Steroids in Biological Fluids”, held 
in 1965 at Warrenton, Virginia. 

Because of the complexity of structure and non- 
volatile nature of steroids, the present methods of analysis 
of these materials by gas liquid chromatography must be 
regarded as somewhat tentative. Many of the papers in 
this volume are, however, written by pioneers in this 
field and an attempt has been made to describe in detail 
techniques for the preparation of suitable columns, so 
essential if satisfactory results are to be achieved. The 
selection of a suitable support and liquid phase is emphas- 
ized in most papers, but the reader unfamiliar with present 
commercial catalogues may be confused by the variety 
of materials referred to only by trade or code names. 

The book is divided into four sections dealing with the 
different classes of steroids (ketosteroids, corticoids, pro- 
gestins, oestrogens) with a final section on the practical 
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aspects of gas liquid chromatography. Hach of the 
papers is well illustrated by means of typical chromato- 
grams and tables of retention deta and quantitative 
recoveries. It is noted that preparation of volatile and 
less polar derivatives often facilitates analysis by reducing 
the temperature required for elution, reducing adsorption 
losses which are often considerable on the small amounts 
of sample available, and improving peak shape for area 
measurement. The techniques referred to are not con- 
fined to gas liquid chromatography, and thin layer 
chromatography is often used as a preliminary “‘clean-up” 
procedure, while ultra-violet adsorption is useful for 
identification purposes. Discussion material is included 
at the end of each section. 

It is regrettable that this useful volume is marred by 
a number of trivial but irritating typographical errors 
and that the eighty-three item index is grossly inadequate 
for so comprehensive a treatise. In spite of these short- 
comings, there is no comparable work in this fleld of 
study and it is particularly recommended to biochemists 
new to the fleld of gas liquid ae tanny. 


Treatise on Analytical Chemistry 

Edited by I. M. Kolthoff and Philip J. Elving. Part 2, 
Vol. 12: Analytical Chemistry of Inorganic and Organic 
Compounds. Pp. xvi+383. (New York and London: 
Interscience Publishers, a Division of John Wiley and 
Sons, 1965.) 113s. 


Tas volume is one of many in a comprehensive treatise 
on analytical chemistry. The six sections have been 
contributed by a total of eight authors and are, therefore, 
varied in style, treatment and appraisal of the material. 
The subjects included are the determinations of oxygen, 
sulphur, fluorine, boron, silicon and ‘‘other elements”. 
The various sections are, in general, critical reviews of 
the field of activity and where possible the practice of 
presenting preferred methods is to be applauded, although 
one finds it difficult to reconcile the use of an automatic 
colorimetric finish in the determination of fluoride with the 
lengthy preliminary procedure necessary for preparation 
of samples. The value of such a set of reviews is that 
they provide a fairly comprehensive survey of ‘the state 
of the art” at the time of writing and for most purposes 
additional literature surveys may be restricted to the past 
three or four years. R. SAWYER 


Commonwealth Universities Yearbook 1966 

A Directory to the Universities of the Commonwealth 
and the Handbook of Their Association. Pp. xxxii+ 
2496. (London: The Association of Commonwealth 
Universities, 1966.) 1268.; $18. 


Tam 1966 edition of the Commonwealih Universities 
Yearbook is the forty-third to be published since it 
first made an appearance in 1914. The volume is not 
greatly changed from previous years, but contains more 
details about entrance requirements and contents of 
courses. Brief country by country introductions have 
been contributed to amplify and explain these new details. 
This additional information will be particularly useful 
for graduates contemplating a postgraduate course in a 
Commonwealth University, and will satiafy the demand 
of the 1964 Commonwealth Education Conference for 
more information on which comparison of degrees in 
different countries could be based. 

The expansion of the University section, which contains 
twenty-seven new institutions, reflects the growth of 
higher education throughout the Commonwealth. The 
two main indexes are supplemented by seventeen other 
indexes, tables and lists, which make the use of the volume 
comparatively simple. The Yearbook remains a vital 
source of information for all those. concerned with 
higher education in Commonwealth countries. 

N. Hawks 
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ROTATIONAL SYMMETRY OF THE TWO TURN DISK AGGREGATE __ 
OF TOBACCO MOSAIC VIRUS PROTEIN o 





By Dr. J. T. FINCH, Dr. R. LEBERMAN, CHANG YU-SHANG* and Dr. A. KLUG 
Medical Research Council Laboratory of Molecular Biology, Hills Road, Cambridge, England 


Topacco mosaic virus (TMV) can be broken down in 
dilute alkaline solution™? so as to yield the protein part 
(A protein) which is native in the sense that it can be 
repolymerized with ribonucleic acid from TMV to produce 
infective virus particles’. The protein can exist in a 
number of different stages of aggregation, depending on 

-eonditions of protein concentration, pH ionic strength 

and temperature (reviewed by Caspar‘). At low concen- 
tration of protein or pH 13, dissociation into monomeric 

“polypeptide chains of sedimentation constant 2:0 S 
oceurs*~?, At higher protein concentrations and pH 11 
there occurs a state of limited aggregation with sedimen- 

tation constant 4-4-6 S. Between pH 7 and 9 aggregates 

are also found with sedimentation constants in the range 

20-50 S (ref. 8); these appear in electron micrographs as 

hollow, disk like particles of about the same diameter as 

the TMV particle, and of thickness 50-100 A. Two 
particular aggregates in this range with sedimentation 
= constants 20 S and 30 S (ref. 9) have been identified by 

_ ealeulation’ with disks built, respectively, from two and 
“three rings of sub-units in an arrangement closely similar 
= to that in the virus particle. 

If the pH of the protein solution is reduced below 6-3, 
the disks aggregate into long rods resembling the intact 
virus, and X-ray diffraction studies have shown that these 

“ean have either a helical structure very similar to the 
Mirus’ or another in which the sub-units are packed in 

= rings which are stacked in pairs (disks) one above the 

-other to form the rod shaped particlest!. This association 
of rings in pairs has been recognized™ in electron micro- 
“graphs. 

. Electron micrographs of single disks have been investi- 
gated for rotational symmetry by Markham, Frey and 
Hills'* using their rotational superposition method; re- 
inforcement of the image was obtained for 16-fold 
symmetry. 

The appearance of small crystals in A protein solutions 
which had been dialysed exhaustively against distilled 
water was reported by Macleod, Hills and Markham", 

-- Electron micrographs of the thinnest of these crystals 

“negatively stained with potassium phosphotungstate 

showed an approximately square network of side about 

100 A. It was suggested that the crystal was built from 

disks of sub-units at the lattice points of a body centred 

tetragonal cell, with the axes of the disks parallel to the 

“tetragonal axis—the peripheries of the disks in adjacent 

“layers normal to this axis overlapping in projection to 

produce the 100 A square network. 

< During a systematic search for three-dimensional 

erystals of TMV protein, we have obtained crystals which 

are well formed and sufficiently large for X-ray diffraction 

a studies. Their structure is essentially that described by 

i0. Macleod et al., but the X-ray investigation shows that it 

‘is somewhat more complex than could be deduced from 

electron micrographs. The physical unit of packing 

within the crystal lattice is a disk built of two rings of 

“ gub-units. The rotational symmetry of the disks is directly 

displayed in the X-ray patterns, and is found to be 

17 -fold. 


This result has been confirmed by electron 
“microscopy. 
. Crystallography. A protein was prepared from type 


strain virus by what is essentially the method of Fraenkel- 
| Conrat and Singer’. Since the ultracentrifugal analysis 
by Schramm and Zillig* showed that at pH 8 and ionic 
“strength 0-5, the protein aggregates had sedimentation 
“2: # Present address: Institute of Biochemistry, Shanghai, China. 





constants in two ranges near 4 S and 30 S, crystallizat 
experiments were conducted under conditions clos 
these. The best crystals were grown in 2-3 weeks 
protein solutions of concentration about 8 mg/ml 
trishydroxymethylaminomethane buffer of ionic stre 
0-1 at pH 8-0 by the addition of ammonium sulphat 
the same buffer to a final concentration of 0-5 MY. 
sequent ultracentrifugal analysis showed that at pH — 
values between 8 and 9-5 and salt concentration between — 
0-2 and 1:0 M, most of the protein sedimented ‘with 
(uncorrected) sedimentation constants in the range 20- 
40 S, the sedimentation patterns showing discrete bands 
within this region. ee 
The results only of the X-ray crystallographic investi- 
gation are given in this article. The crystals are ortho- 
rhombic with space group P222,, and cell sides a = 228 A; 
= 224 A, and c = 174 A (all + 2 A); the zaxis is. 
pseudo-tetragonal. The crystal is built up of disks, each _ 
of which consists of two rings of protein sub-units.. The 


packing of the disks is fairly complex. They are arranged ne 
in approximately tetragonal sheets normal to the 2: axis, 


and those in one sheet lie approximately below the 


centres of the squares formed by the disks in the sheet 
above. The side of the square cell is 160 A, so that the | 


disks, which have an outer diameter of 180 A (ref. 17), 


are interlocked. There are four sheets in the z axis repeat _ = 
of 174 A, so that the average thickness of a sheet: (and 


hence that of a disk) is 44 A, very close to twice the pitch — 
of the viral helix (23 A). o 
The fact that there are 17 units in each ring is deduced 
from the intensity distribution on the X-ray diagram 
taken in the direction of the z axis, or normal to the: | 
plane of the disks. One such diagram is shown in Fig. L- 
In the outer regions of this photograph the intensity is. 
concentrated into 34 equally spaced regions. In fact, the 
inner regions of this diagram display 17-fold symmetry. 
although this is not immediately obvious. The proof rests 
on the presence of a special class of reflexions (with hak. 
odd) that would be absent if the disk had an even order 


{100} 
A 


Fig. 1. X-ray precession photograph (x equals 25°, no layer line se 
from a cryatal of TMV A protein taken in a direction norm 

planes of the disks (i.c.,in the [001] direction). -in the out 
the photograph there are 34 equally spaced regions of stro. 
(marked by arrows) which arise from the 17-fold rotational: 
the individual disks. (Equivalent distance from specimen | 
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of rotational symmetry. Thus, inpro- 
jection, the sub-units in one ring of the 
pair comprising a disk do not exactly 
interleave with those in the other ring, 
since if this were so the lowest symmetry 
present would be 34-fold. In fact, 
electron micrographs of stacked disk 
rods! indicate that the azimuthal angle 
between the two rings in a disk is close 
to one-third of 360°/17-—the same as 
that betwoen adjacent turns in the 
O yirus. 

Electron microscopy. In addition to 
the “X-ray study, we have carried out 
with an electron microscope an investi- 

gation of the symmetry of single disks 
/ Which are seen end on or almost exactly 
80, as judged by their circularity, and 
“which also show protuberances more 
or less equally around the periphery. 
Images of six such disks are shown in 
Fig. 2a; these come from two protein 
preparations made under different con- 
-ditions and also differing from those 
within the crystals (or at lower ionic 
-Strength and pH). In the clearest 
‘images 17 individual protuberances can 
“be counted around the periphery, but 
in-others the number cannot be un- 
_equivocally counted. When the images 
“are. superimposed, however, choosing 
one protuberance in each image for 
alignment, the 17-fold symmetry is 
“quite clear (Fig. 2b). The superposition 
pattern does not appreciably alter if 
each of the individual images is removed 
dn turn, which shows that the average 
symmetry is not dictated by any one 
disk. Although these results do not 
prove that all disks under all conditions 
have this symmetry, they do show that 
the disks with 17-fold symmetry occur 
under the normal conditions in which 
protein aggregates are formed, and not 
only under the particular conditions of 
our crystallization experiment. 

Discussion, The bonding between 
sub-units within a ring is very similar 
to that within a turn of the basic 

helix of the virus—the fact that there are 17 units in 
each ring compared with 164 units in each turn of the 
Virus’? only changes the curvature for each sub-unit by 
about 0-9°. With the present data, we are unable to say 
whether the two rings making up a disk are facing the 
Same way or in opposite ways. At low resolution there are 
strong indications on the X-ray diagrams that there are 
dyad axes in the plane of a disk, and if this were the 
-@ase: the two rings constituting a disk would be head to 
head. (or tail to tail). Although this would provide a 
simple explanation of the stability of the two ring disk, 
the bonding between the rings would be unrelated to 
that within the virus. The effects observed in the X-ray 
diagrams may, however, be due to the presence of the 
pseudo-twofold axes which would still relate to each 
other the positions of the sub-units in the two rings even 
if they faced the same way within a disk. If this is the 
ease, then because the two rings are rotationally staggered 
with respect to cach other, the bonding between rings is 
probably similar to that between turns of the helical 
„Virus particle. If the bonding were exactly the same in 
the two cases, apart from the differences between helical 
and cylindrical symmetry, one would expect the protein 
rings to pile successively on top of each other at the 
appropriate angle. To explain the fact that such stacking 
does not proceed further than two rings, Caspart has 


uranyl acetate, 
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Fig. 2. a, Electron micrographs of selected single disks of TMV 4 protein negatively stained with 
These particles are 
outline and by the fact that they s i id : 
(Magnification 1-2 10°.) b, Superposition of the six images in a aligned by superposing one 
protuberance on the periphery of each image, ro : 

showing the presence of 17-fold rotational symmetry in the original disks. 





1 end-on or very nearly so as judged by the circularity of 
protuberances more or less equally around the periphery. 


Seventeen equally spaced protuberances can be seen 


suggested that there is a further perturbation with the 
formation of additional bonds stabilizing the two ring 
disk. Whatever the explanation, it is these disks, con- 
sisting of thirty-four protein sub-units, which pack 
together in the crystal as described earlier or, if the pH 
is lowered, stack on top of each other to give the com- 
monly occurring stacked disk rods. 
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STRUCTURE IN PROTEIN FILMS: MYOSIN MONOLAYERS 
By ROBERT E. BAIER 


Department of Biophysics 


AND 
C. RICHARD ZOBEL 


Departments of Biophysics and Pathology, State University of New York, at Buffalo 


PROTEINS applied to an interface between air and water 
usually spread to a limiting area of about one square 
metre of surface per milligram of protein. It is usually 
assumed that asymmetric interfacial forces are sufficient 


_ to disrupt completely native protein structure, and a 
| limiting area of 1 m*/mg is consistent with a model film 


in which each polypeptide chain is localized in the inter- 
Myosin and actomyosin, structural proteins from 
muscle which also exhibit enzyme activity, occupy only 


about 0-5 m?/mg when spread on solutions of low ionic 


strength with pH near the protein isoelectric point. If the 
ionic strength of the substrate solution is increased above 
about 0-3, or if the pH is beyond the isoelectric value, these 
proteins spread more fully?. An explanation for their 
anomalous behaviour on media of low ionic strength has 


-emerged from an electron microscopie study of myosin 
“monolayers from distilled water surfaces. V 


We have 
observed the presence of a uniform filamentous substruc- 
ture in these films, and we suggest that the filaments are 
similar to myosin aggregates formed by the simple dilution 
of solutions (at high ionic strength) of the protein®-+*, 
This finding conflicts with the general concept that all 
non-covalently bonded protein structures are surface 
labile. Indeed, it suggests that special structural features 


of proteins may survive the interfacial forces in suitable 


eonditions, among which may be circumstances promoting 
a specific protective aggregation. 

Myosin monolayers were formed by a modification of 
Trarnit’s technique for complete protein spreading’. A 
0-01 per cent solution of myosin in 1 M ammonium acetate, 
buffered at pH 7, was allowed to spread slowly over a 
wetted glass slide positioned as a ramp leading into 
distilled water in a modified Langmuir trough. The whole 
system was enclosed in a constant temperature box main- 
tained at low temperature to minimize thermal effects on 
the protein. The volatile salt ammonium acetate was 
used to avoid the formation of salt crystals in specimens 
prepared for electron microscopy and has been shown to 
have no apparent effect on the molecular conformation of 
myosin®. Films prepared in this fashion retain most of 
the protein applied to the surface, for the recovery of 
protein in compressed skims of the films is nearly quan- 
titative. After stuitable preparation, samples of the 
monolayers were studied in a JEM-6C electron micro- 


scope. The presence of filamentous substructure in the 
“yetrieved films was suggested by observation of specimens 


stained with osmium tetroxide, uranyl acetate, and phos- 


‘photungstic acid, and also of specimens which had been 


shadowed with platinum metal in a vacuum evaporator. 
< Excellent resolution of the fibrous structure was some- 
Fig. 1 shows 


- two different magnifications of regions of a monolayer 


sample retrieved by gentle lifting of carbon coated electron 
microscope specimen grids through a highly extended 
film (surface area = 1-9 m?/mg, surface pressure less than 


















1 dyne/em). The sample was air dried and shadowed 
with platinum after the application of polystyrene calibra- 
tion spheres 1880 A in diameter. The micrographs show 
that the general film texture is rough and granular in- 
appearance. A similar highly granular surface texture 
characterized all specimens of protein films prepared in 
this way, and has been previously noted with shadow cast 
surface films of proteins from other sources’. Here, 
however, much detail can be resolved in those regions 
of the films shielded from the evaporated platinum. by the 

calibration spheres, where it can be seen that the film — 

















-contains an array of filaments 1 


ents 100-200 A wi 
_ aggregates have about the same width and general appear- 
-ance as those noted in electron microscope studies of 
- specimens prepared from diluted myosin solutions®*, In 
__ the regions in front of and between the calibration spheres, 
- only the rough granular metal coated surface is to be seen, 
~ and this presumably represents a less electron dense and 
-diffuso external protein coat of the aggregates. This 
-interpretation is supported by the fact that the location of 
an aggregate can frequently be traced from one shielded 
. region across the intervening metal coated area into an 
_ adjacent shielded region. The presence of myosin aggre- 
gates in these films is consistent with the fact that the 
spreading procedure involves a dilution of the myosin 
lution as it comes into contact with the distilled water 
. the Langmuir trough. The pH of the water, 5-6, was 
lose to the myosin isoelectric point, 5-4, and this may 
also favour aggregation. 
_. The successful observation of structure in 
Shielded regions of these films shadowed 
h platinum seems to depend on the simul- 
neous satisfaction of a number of condi- 0%% 
_ tions: retrieval of the sample at a very high 
_ film extension, use of a very thin support 
_ film on the specimen grid, and a very light 
_ application of the platinum to lessen the 
possibility of secondary scattering of metal 
into the shielded regions. All these condi- 
| tions would decrease the background electron 
_ density in the shielded regions. We have 
_ also noted the aggregates in unstained and 
_ unshadowed specimens, but their relation to 
__ the surface film is not as convincingly demon- 
strated as when metal coated and shielded 
_-Pegions are adjacent to one another. That 
‘this observation is critically dependent on 
_ differences of electron density between the 
_ aggregates and the background is suggested 
by the considerable reduction of contrast in 
the shielded areas which occurs with con- 
ined viewing in the electron microscope 
md the associated accumulation of layers 
of contamination. 
Myosin has the unique property of being 
sible into two fragments, one of which 
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wide. These disruption, when | taken to 
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gether with the evidenco 
that myosin monolayers do not retain enzyme properties _ 
thought to depend on the intact HMM structure, suggests 
that the aggregates present in myosin monolayers Ore 
formed with the HMM portions of intact molecules situated 
at the aggregate exterior and therefore exposed to the 
disruptive surface forces. A recent proposal for the. 
general structure of myosin aggregates, in which the LMM 
fragments form a dense rod like core and the HMM 
fragments are arrayed at the periphery of this core’, is 
consistent with the evidence presented here. o 

The results of studies of collapsed and dried myosin and ; 
LMM films are consistent with the presence of helical 
structure in these films. The position and polarization of the © 
amide absorption bands may be interpreted as being due 
to alpha-helical structures oriented parallel to the direction 
of an applied mechanical stross, The lack of birefring- 
ence in the incompletely collapsed films and the diffuse 
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tewperature =- 6°, 
Substrate =- distilled water 


Spreading Solvent +- ix WH Acetate < 
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— is almost completely alpha-helical while the 
` other is largely globular in nature®. We 
have studied the surface properties of 
the myosin molecule and its fragments 
In-an attempt to characterize further 
myosin films at the interface between air and water. 
Fig. 2 shows a comparison of the graphs of surface 
area against surface pressure for myosin, heavy mero- 
_ myosin (designated HMM) and light meromyosin (LMM). 
At low temperatures, tho almost completely alpha- 
lical LMM occupies small limiting surface areas, as 
s myosin. This is consistent with the fact that LMM 
retains the solubility and salt dependent aggregation 
perties of the intact molecule. Both LMM and myosin 
ll support high surface pressures (well over the normal 
ge pressure of 20 dynes/em for protein films) without 
isible appearance of collapse structures, which may 
consequence of the thickness of these films compared 
those from other more fully spread proteins. HMM, 
more globular and enzymatically active fragment, 
eads to greater areas than does myosin. 
Myosin monolayers (which are films spread at an 
_ Specific surface area equal to or greater than 
_ 05 m?/mg) did not retain any measurable ATPase activi ty 
(sensitivity 0-005 micromoles of ATP split/mg protein/ 
min) after recovery as compressed fibres. Myosin films 
formed with more protein than could have been in a mono- 
layer, however, retained appreciable activity after recovery 
by the same technique!®, The more complete spreading 
of the HMM fragment, indicative of significant structure 


Fig. 2. 























Surface pressures (in dynes/cm) against surface area (in m*/mg) for myosin and 
its two fragments (HMM and LMM). Dotted extrapolations to area axia give approximate 
limiting areas at zero pressure for comparative purposes, but have no theoretical signifi- 


cance. 


rings which characterize electron diffraction patterns from 
similar specimens indicate that the orientation is far from ` 
complete. Other workers have also suggested that helical 
structures may be present in interfacial films of proteins 
and polypeptides'*, We would add that the alpha-helix 
as such may not be surface stable but rather may exist 
only at interfaces where protective aggregation may occur. 
This work was supported by grants from the U.S. 
Public Health Service. ae 
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BROWNIAN MOTION: A THEORETICAL EXPLANATION FOR 
THE MOVEMENT OF VESICLES ACROSS THE 
ENDOTHELIUM 


By Dr. STEPHEN M. SHEA and Pror. MORRIS J. KARNOVSKY 
Department of Pathology, Harvard Medical School, Boston, Massachusetts 


PaLaDe?* has suggested that micropinocytotic vesicles 
may represent a mechanism for the transportation of 
material across the endothelial cell, and this interpretation 
has been supported by the behaviour of tracers opaque to 
electrons’, including particles of ferritin‘, saccharated 
iron oxide’ and colloidal gold**, as well as by using 
horseradish peroxidase as a tracer’. This interpretation is 
also consonant with quantitative physiological data’ about 
the transport across capillary membranes of large mole- 
cules with molecular weight greater than 10,000. This 
raises the question of the mechanism involved ın the 
movement of vesicles across the endothelial cell, and in 
particular the question as to how the mechanism 1s 
related to the expenditure of energy. In this context it 
has been 10 that the vesicles are moved randomly 
about the cell by the thermodynamic bombardment of 
the surrounding molecules. It is the purpose of this 
communication to propose that Brownian motion is indeed 
sufficient to account for the migration of the vesicles in 
the greater part of their journey across the cell. This is 
not to suggest that the whole transit is accomplished 
without energy expenditure, nor indeed that Brownian 
motion is necessarily the mechanism involved. 

The mean square displacement of a particle in a given 





direction, by Brownian motion, was expressed by 
Einstein” as 
- krt 
Mean square displacement = z (1) 


where & is Boltzmann’s constant, T the absolute tempers- 
ture, a is the radius of the particle in centimetres, 7 is the 
coefficient of viscosity in poises, and ¢ the duration in 
seconds of random Brownian migration. Ifo! = M (mean 
square displacement), the distribution function of absolute 
displacements |x], in a given direction, is 


w 


l, [om » dy (2) 


F (|=|) = Vn) 





z 


g 
This distribution (see Chandrasekhar", p. 25) was con- 
firmed experimentally by Perrin!?. 

Although Brownian motion of mtra-cytoplasmic gran- 
ules in algae“ was described as early as 1905, the first 
effort to exploit Hinstein’s" result to obtain an exact 
measure of cytoplasmic viscosity appears to be that of 
Baas Becking e al.15 in a study of Spirogyra. Pekarek!’ 
subsequently began a long series of similar studies of 
cytoplasmic viscosity in protozoa, algae, and plant cells. 

Brownian, movement in living mammalian cells has 
seldom been observed. In a phase contrast study of 
guinea-pig testicular cells, Fawcett and Ito’ reported 
changes in the cells on standing apparently associated with 
the imbibition of water. “In the resulting fluid areas of 
the cytoplasm, mitochondria and other particulates exhibit 


lively Brownian motion, while the same components in the 
perinuclear cytoplasm are relatively quiescent,” Casley- 
Smith", using a protein marker labelled with fluorescein 
and ultraviolet microscopy, has observed Brownian move- 
ments of vesicles at about the limit of optical resolution in 
HeLa and other cells. Usually, however, even cinamato- 
graphic studies of mammalian cells!*-*! have not led to the | 
explicit description of Brownian motion, although Freed 
æ al., in a communication primarily concerned with 
saltatory movements of intracellular granules in mam- 
malian cells in tissue culture, do describe Brownian motion 
of the granules. This was observed by phase contrast 
cinematography. 

The theoretical limit of the resolving power of the light 
mucroscope is about 2000 A; and this has been attained in 
the phase contrast photomicrography of myelin figures 
formed by hydration of phospholipid*-**. In seeking, 
therefore, to account for the paucity of observations of 
Brownian motion in mammalian cella we must take into 
account this limitation of light microscopy. As Hinstein’s™ 
relation shows (equation (1) ), the root mean square dis- 
placement o of a particle, in a given direction, by Brownian 
motion is inversely proportional to the square root of its 
radius. The other relevant factor is cytoplasmic viscosity, 
for the root mean square displacement is also inversely 
proportional to the square root of the viscosity of the 
medium (equation (1) ). 

Heilbrimn* has reviewed the literature on cytoplasmic 
viscosity since the first quantitative experiments of 
Heilbronn**. He remarks** that ‘Unfortunately the 
protoplasmic viscosity of very few types of cells has been 
successfully measured, and for most cells there are dif- 
ficulties in the way of a proper measurement”. In general, 
the interior of cells was found to be of relatively low 
viscosity, though in some cases the cortical region of the 
cell was more viscous. Some representative values sre 
given in Table 1. 


Table 1, OYTOPLASMIO VISOOBITY 


Tissue Visoœæity Reference 
(powes) 
Lobster nerve 0-055 25 
m 0-20 25 
Ohaos chaos pseudopod on ad 
Lowest value 0-44 27 
Highest value OB 27 


Accordingly we have calculated (Figs. 1-3), using 
Hinstein’s" relation (equations (1) and (2) ), the theoretical 
distribution functions of absolute displacements in a given 
direction, for particles of three sizes in media of viscosity 
0-06, 0-80, 0-50, and 10-0 poises. These curves were 
computed on the IBM 7094 computer at the Harvard 
Computing Centre by means of a FORTRAN programme 
based on one developed by McCracken and Dorn" for the 
normal probability integral. 
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Fig. 1 shows parts of the distribution functions for a 
particle of radius 300 A—and which is therefore com- 
mensurate with a micropinocytotic vesicle—in media of 
these four viscosities and corresponding to an mterval of 
1 sec. Corresponding curves for 0-1 and for 10 sec 
can be constructed by multiplying the abscissae by 
0°31623 and by 3-16228 respectively. Figs. 2 and 3 show 
curves for particles of radius 2000 A and 5000 A respec- 
tively, particles which should be resolvable by the hght 
microscope. It will be seen that few of the particles of 
radius 6000 A of Fig. 3 will have undergone resolvable 
displacement in 1 sec in media of viscomty 0:3 and 
0-5 poises (25 per cent and 14 per cent respectively). 
These results are expressed in terms of the root mean 
square displacement in Table 2. 

Two features of these figures and of Table 2 are evident. 
First, it is clear that large migrations of the particle of 
300 A radius are possible, even with the improbably high 
viscosity of 10 0 poises. Second, if one considera the ight 
resolvable particles of radius 2000 A and 5000 A respec- 
tively, and the more probably relevant mtermediate 
viscosities, one can perhaps best account for the paucity 
of reports of Brownian motion in mammalian cells by 
attributing such viscosities to these cells. 

It is obvious that these calculations show that the time 
required for a micropinocytotic vesicle to move through 
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the cytoplasm a distance in a given direction of 1000 A 
or 2000 A should be measured in seconds. This contrasts 
with the vesicular “turnover time” of a “few minutes” 
calculated by Renkin?’ from the transport rate of large 
dextran molecules. There are, moreover, theoretical 
objections to the hypothesis of transport by unrestricted 
Brownian motion alone. 

Indeed, if there is a finite probability that a vesicle will 
fuse with a cell surface membrane on contact and discharge 
its contents, unrestricted Brownian motion is inadequate 
to explam transport. Yet such fusion and discharge are 
necessary features of transport by vesicles. 


Table 2. Root MHAN SQUARE DISPLACESIANTS IN A GIVRN DIRBOTION 
Viscosity n Time ¢ Radius of particle a 

(po1ses) (300) 800 A 20 5000 A 
0 06 01 5022 Å 1045 Å 1280 A 
006 10 15,881 A 6150 Å 3890 A 
0-80 %1 2246 À 869 Å 550 Å 
030 1-0 7102 A 2761 A 1740 Å 
0-50 01 1740 Å 674 À 425 À 
050 10 6502 A 2130 Å 1347 A 
100 01 389 A 151 À 95 Å 
10-0 10 1280 A 476 A 301 A 
100 10-0 8800 A 1605 A 252 A 


What is needed to allow Brownian motion an effective 
role is an additional assumption, involving a more realistic 
theory. The full analysis of vesicle transport in terms of 
Brownian motion will have to be in terms of Brownian 
motion in the presence of an “absorbing barrier’’**. The 
general features of the problem can be expressed in terms 
of a result of Feller’s**, which shows that, for an absorbing 
barrier at the origin, the probability that a particle moves 
from g> 0 to y >x without first reaching the origin is (z/y). 

To avoid the conclusion that vesicles necessanly return 
to the cell surface at which they originate an infinite 
number of times, and thus transport their contents 
abortively, ıt ıs necessary to postulate that each vesicle 
when set “free” in the cytoplasm, is deposited or actively 
intruded a small finite distance (the numerator of 2/y). 
Let us assume the value of z to be 20 A. For a cell 2600 A 
across, and for a vesicle of radius 300 A, the probability 
that a newly released vesicle will succeed in negotiating 
the remaining 1980 A of cell cytoplasm is then only 0-01. 

This does not, however, account for the disparity 
between physiological estimates of vesicle “turnover 
time” of ‘‘minutes’’*, and the times tabulated in Table 2 
for unrestricted Brownian motion. This is because the 
expected life span for free vesicles destined to transport 
abortively is very short, compensating for their greater 
rate of formation, so that they will not represent a large 
fraction of the free vesicles observed anatomically. 
Renkin’s® estimates of vesicle “turnover time” are based 
partly on the assumption that all observed vesicles are 
simultaneously available for transport in one direction, 
which neglects the role of concentration gradient and 
bidirectional transport’, and leads to a roughly three-fold 
error. But the disparity should probably be principally 
attributed to delays of vesicles at the surface membranes, 
during which they are not available for transport. Indeed, 
Fawcett? comments on the electron microscopic evidence 
that vesicles, once formed, remain attached to the 
plasmalemma for an appreciable time as can be inferred 
from their alignment in great numbers along the inner 
aspect of the membrane. This circumstance may also be 
taken to support the hypothesis of active intrusion of 
vesicles into the cytoplasm. 

Brownian motion seems therefore to be largely sufficient, 
to account for the migration of micropmocytotic vesicles 
across the endothelial cell cytoplasm. The energy require- 
ments? of the process include those of the postulated 
active initial “intrusion” of all vesicles into the cytoplasm, 
at least from one cell surface; that is to say the energy 
requirements of abortive as well as of successful transport, 
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This does not preclude additional expenditure of energy 
m the formation of vesicles or in their attachment to cell 
surface membranes. Neither does it exclude the pos- 
sibility that other mechanisms of migration, such as 
saltatory movement, are also or exclusively involved. 
No direct evidence for Brownian motion of the vesicles 
is of course available because of the limitations of resolu- 
tion of the light microscope. 

This work was supported by grants from the National 
Institutes of Health and the U.S. Public Health Service. 
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SEPARATION OF ANTIBODY-BOUND AND UNBOUND PEPTIDE HORMONES 


LABELLED WITH IODINE-!3! 


BY TALCUM POWDER 


AND PRECIPITATED SILICA 


By Dr. G. ROSSELIN*, Dr. R. ASSAN*, Dr. R. S. YALOW and Dr. S. A. BERSON 
Veterans Administration Hospital, Radioisotope Service, 130 West Kingsbridge Road, Bronx, New York] 


Tue radiommmunoassay of peptide hormones in plasma 
depends on the ability of the endogenous plasma hormones 
to inhibit competitively the binding of 1**I labelled hor- 
mone to specific antibody!; hormone concentrations are 
determined by comparison of the degree of inhibition in 
unknown samples with that in known standard solutions. 
Because of the extremely low concentrations of reactants 
(10-10-10-13 M) under which the assay is generally carried 
out, the complexes of antigen and antibody do not 
spontaneously precipitate even in systems in which 
precipitation is observed at higher concentrations. To 
evaluate the fractions of the labelled hormone which are 
bound and unbound (“free”) to antibody, it therefore 
becomes necessary to separate the soluble complexes from 
the free hormone. 

The method first used for this purpose* was based on the 
tendency of certain peptide hormones to adsorb to cel- 
lulose. Thus when incubated mixtures of plasma or 
serum, II labelled hormone and specific antibody are 
applied to paper strips for electrophoresis or “‘hydro- 
dynamic flow chromatoelectrophoresis”, the free hormone 
is adsorbed at the site of application while the hormone 
bound to antibody migrates with the serum globulins. 
It is our opinion that, for peptide hormones which adsorb 
well to cellulose (such as insulin, human growth hormone, 
ACTH, parathyroid hormone), this procedure provides 
the best separation now available. 

A singular advantage of paper strip chromatoelectro- 
phoresis over separation in the test-tube is that labelled 
peptide components damaged during labelling or during 
subsequent incubation in plasma, and ™1jodide, frequently 
released in small amounts during incubation, are readily 
distinguished from each other on the paper and from the 
radioactivity associated with intact hormone, and are 
then not erroneously included with the bound or the free 
fraction. A further advantage 1s that variations of the 
quality of the labelled hormone and subtle alterations 
taking place during incubation may be recognized by 

* Present addreas: Hotel Dieu, 1, Place du Parvis, Notre-Dame, Paris IV°, 


abnormahties in the pattern of adsorption to the paper. 
Moreover, inaccuracy of volumetric sampling of the 
incubation mixtures does not affect the precision of the 
assay since the only measurement involved is that of the 
ratio of bound to free hormone (B/F) on the paper strip. 
There ıs, however, a limitation of the volume which can 
be analysed on a single strip. The Whatman 3MO paper 
strips used in this work can easily be loaded with 300-400 
ul. in two applications, but larger volumes are not con- 
venient. When it is necessary to limit the concentration 
of labelled hormone because of very low concentrations of 
endogenous hormone in plasma, (as is frequently the case 
for ACTH), or because of inability to prepare labelled 
hormones of sufficiently high specific activity, it may be 
desirable to analyse larger volumes to provide satisfactory 
counting rates. For these reasons, several workers have 
used & variety of alternative methods for separation of 
bound and free hormone-salt fractionation, precipitation 
of hormone bound to antibody by means of antibody to 
the hormone antibody—-the so-called ‘double antibody 
method’—gel filtration, and adsorption of free hormone to 
resins or to charcoal coated with dextran. It is not our 
purpose here to enter mto an evaluation of each of these 
techniques, but rather to present a new simple technique 
for the separation of hormone free from and bound to 
antibody. 

It is common experience that the peptide hormones 
adsorb to glassware as well as to cellulose. It seemed to us 
possible to exploit this characteristic by employing sub- 
stances similar to glass, but in finely divided form pre- 
senting a large surfacó area. We have used certain types 
of ground glass with some success, but have found that 
simple talcum powder (hydrated magnesium silicate) and 
microfine particles of precipitated silica (“Quso silica’) 
are particularly suitable for certain hormones. The 
second material consists of microfine precipitated silica 
and is manufactured from sand by the Philadelphia 
Quartz Co., Philadelphia; it is available as powders in a 
variety of forms with distinctive characteristics. These 
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powders pack well on centrifugation and permit easy 
decantation of supernatant solutions. Several types of tale 
have shown similar characteristics. For convenience in 
dispensing, tale compressed into tablets prepared for us 
by Gold Leaf Pharmaceutical Co., New Rochelle, N.Y., 

may be used with only slight loss of adsorptive capacity. 

Recently, Murphy and Pattee have reported the use of 
Fuller’s earth (a complex silicate) for the adsorption of 
free plasma, cortisol and corticosterone’. 

From experiments with "I labelled porcine insulin, 
human growth hormone (HGH), human ACTH, and bovine 
and human parathyroid hormone (Pth), the following 
results appear to hold generally: (1) Adsorption of the 
peptide hormones to talc or ‘‘Quso”’ silica is competitively 
inhibited by other proteins and by plasma; the degrees of 
adsorption and of inhibition are variable and depend both 
on the silicate and on the individual peptide. Thus, for 
example, 90 per cent of 131I labelled parathyroid hormone 
in 5 ml. of non-mmune human plasma is adsorbed to as 
little as 20 mg “Quso G32” and essentially complete 
adsorption is observed with more powder relative to 
plasma, but only 26 per cent I labelled growth hormone 
in 1 ml. of a 1 : 10 dilution of plasma is adsorbed to 40 mg 
“Quso 32°’. (2) Even when bound to antibody, the =I 
labelled hormone may partly adsorb to the silicates in the 
absence of sufficient carrier plasma protem. Thus a certain 
quantity of carrier protein must be present to prevent 
significant adsorption of hormone bound to antibody, 
but an excess must be avoided to preclude inhibition of 
adsorption of free hormone. 

We have attempted to determine optimal conditions for 
each system by testing adsorption of hormone in control 
plasma without antibody and in plasma contaming a 
sufficient excess of antibody to permit almost complete 
binding. Each mixture was also subjected to paper 
chromatoelectrophoresis to determine the percentage of 
11I jodide and damaged fractions, neither of which is 
retained in significant amounts with the silicate. If these 
fractions were present in constant amounts there would be 
a similar error in standard solutions and unknown samples 
and the comparison of unknowns and standards would 
remain valid. Unfortunately, the damage to labelled 
hormones in different plasmas varies. Each unknown 
plasma should therefore have ita own control tube con- 
taining the same plasma and all other components of the 
mixture except antiserum‘. 

The dependence of adsorption of free and bound hor- 
mone on the relative quantities of silicate and plasma 
protein is shown for ACTH in Fig. 1. The points plotted 
represent radioactivities retained with the silicate, but 
7-6 per cent was determined to be damaged on paper 
chromatoelectrophoresis and therefore was not expected 
to adsorb well to the silicate. In excess antiserum, 
95-5 per cent of !** ACTH was determined to be bound to 
antibody on paper chromatoelectrophoresis. Using 2:6 ml. 
of a 1:6 or 1:10 dilution of plasma, 10 mg of tale was 
not sufficient for adequate adsorption of the I ACTH 
in control plasma, but 20 mg or more adsorbed almost the 
expected amount (Fig. la). On the other hand, in the 
presence of more than 50 mg talc, some adsorption of 
antibody-bound 1I ACTH takes place. It follows that 
40-50 mg of talo is a suitable amount for the volume 
and plasma dilutions used. As shown in Fig. 16, adsorption 
of free and bound 1I ACTH to 50 mg talc was not greatly 
dependent on plasma dilution over the range 1: 20 to 
1:2, Table 1 summarizes the conditions used for separa- 
tion of bound and free insulin, ACTH, growth hormone, 
and parathyroid hormone. Considerable leeway in select- 
ing conditions for ACTH and parathyroid hormone is 
available, for both these peptides are very avidly bound to 
tale and to “Quso G@32’’; less freedom is tolerated for 
insulin and HGH since the adsorption of these is progres- 
sively inhibited by larger amounts of plasma. 

Ideally, in order to minimize ‘incubation damage” to 
the labelled hormone, the assays should be carried out 
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with highly diluted plasma so long as the hormone con- 
centrations and the sensitivity of the system permit this. 
For both ACTH and parathyroid hormone, our standards 
are prepared in plasma respectively from patients with 
hypopituitariam and hypoparathyroidisam at the same 
dilution (1: 2-5 or 1:5) as used for unknown plasmas. 
Standard solutions for the assay of insulin and growth 
hormone are prepared in 0-02 M phosphate or veronal 
buffer containing 56 mg of human serum albumin/ml. 
Unknown plasmas are assayed at 1:10 to 1: 20 dilution 
in the same buffer since even normal endogenous plasma 
concentrations of these hormones are high enough to 
tolerate these dilutions. 


Table 1. SULMABLE CONDITIONS FOR SEPARATION OF BOUND AND FREE 
LABELLED PEPTIDE HORMONAS 


Parathyroid hormone: 10-20 “Quso G32"; er mu of 1 : 25 dilution of 
plasma in 0:02 M veronal buffer. ‘Tale also 


mg 60-75 mg talc; 1 ml. of 1: 10 dilution besa in 0-02 M phosphate 
or, 


ACTH: See Fig. 1. “Quso G32” also useful. 


Human growth hormone: 175-250 mg talo; 1 ml. of 1 : 10 dilution of plasma 
ın 0-02 M veronal buffer. 


Where incubation volume is lees than 2-5 ml., add veronal buffer Aves 02 M- 
Gi MO before centrifugation to dırunish percenta ge of supernatant trapped 
pitated silicate with 2-5 ml. buffer n aepo 

. reduces trapped supernatant sotivity to 


A comparison of results obtained with paper strip and 
silicate adsorption techniques is shown in Fig. 2. Standard 
curves (B/F against concentration of unlabellod hormone 
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STANDARD CURVES FOR HUMAN PEPTIDE HORMONES 
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HORMONE CONCENTRATIONS IN HUMAN PLASMAS 
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Comparisons of standard curves (B/F ratio of I labelled hormone against concentration of unlabelled hormone in known 8 


Since a suitably parifled pore tee 
eryrod pationt was used as standard for this hormone. b, Com- 
m the respective standard curves after separation of B ‘and F 


by paper chromatoeleotrophoresis and by oa oa n to talo or “Quso 882”. 


in known standards) obtained by the two methods (Fig. 2a) 
may differ slightly because of the somewhat differing 
efficiency of separation of the bound and free fractions 
and other factors, but unknowns assayed against the 
standard curves of the same separation system give values 
in fairly good agreement for the two techniques (Fig. 2b). 
The technique of separation by silicate adsorption is 
quite simple compared with most other test-tube separa- 
tion methods. Silicate in the form of powder or tablets 18 
added directly to the incubation tubes, the contents of 
which are vigorously agitated for a few seconds by touch- 
-ing the bottom of the tube to a Vortex mixer. Tubes are 
then centrifuged and the supernatant solution decanted. 
If there is a significant volume of trapped fluid, the silicate 
is washed with buffer containing 5 mg of human serum 
albumin/m]. If the amount of radioactivity in each 
tube is satisfactorily constant, only the precipitated silicate 
need be counted in an automatic well counter or other 
suitable device and calculated as the percentage of the 
total added radioactivity. For greater accuracy, however, 
we prefer to count the radioactivity in the supernatant 
solutions as well, making appropriate corrections for dif- 
ferences of geometry. Where the incubated mixtures 
contain insufficient plaama or volume to ensure optimal 
conditions for separation, buffered albumin solution or 
human plasma is added in appropriate amounts im- 
mediately before or after addition of the silicate. 
Although we feel that separation by paper chromato- 
electrophoresis remains the method of choice for the 
hormones studied here, the techniques described with talo 
and ‘‘Quso” can produce a satisfactory test-tube separa- 
_tion. Furthermore, the powdered silicates may be useful 
“in purifying and concentrating peptide hormones from 
plasma or other complex mixtures as described in the 
accompanying paper. 


We are greatly indebted to Drs. C. Arnaud, G. Aurbach, 
O. Behrens, C. H. Li, I. A. Mirsky, J. T. Potts, jun., M. 
Raben, H. Rasmussen, J. Schlichtkrull and A. Wilhelmi 
and to C. Hawker for supplies of peptide hormones used 
in this study. 
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Purification of "'I Parathyroid Hormone with 
Microfine Granules of Precipitated Silica 


1\[-LABELLED peptide hormones are widely applied in 
turnover studies and in the radioimmunoassay of endo- 
genous plasma hormones. For the second purpose, at 
least, the specific activity of the label on the hormones 
must be high, and under these conditions the iodination 
mixtures always contain, in addition to the labelled 
hormone, variable amounts of unreacted “liodide and 
labelled peptide components damaged during addition of 
iodine. Furthermore, the hormone preparation may 
contain some contaminating proteins which become 
labelled. It is therefore always necessary to purify the 
labelled hormone to remove non-essential radioactive 
components. 1Jodide is readily removed by a number of 
methods, but to remove other labelled contaminants we 
have previously! made use of the capacity of many small 
peptide hormones to adsorb on to cellulose. Since much 
of the damaged fraction binds non-specifically to certain 
plasma proteins or migrates with plasma proteins on 
paper chromatoelectrophoresis’, a mixture containing the 
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freshly labelled hormone ‘and a small amount of normal 
human plasma is applied to a small cellulose column, 
which retains most of the labelled hormone but permits 
obviously damaged fractions and iodide to pass through. 
After the column 1s washed to remove traces of these 
contaminants, the adsorbed hormone is eluted with 
relatively large amounts of plasma or certain solvents?. 
The cluates are then ndividually tested by paper chro- 
matoelectrophoresis for the absence of damaged fractions 
that migrate with normal plasma proteins and for ability 
to bind completely to specific hormone antibody; these 
characteristics constitute essential criteria for suitability 
in radioimmunoassay. 

Among the many peptide hormones we have tested, 
parathyroid hormone (Pth) adsorbs most strongly to 
laboratory glassware. Indeed, even in plasma at 1:10 
dilution, adsorption to glass may be significant. Sub- 
stitution of flint glass for borosilicate glass (‘‘Pyrex” or 
“Kimax”) diminishes this tendency, but siliconization of 
the glass has proved of no benefit (ın contrast to its marked 
effect on ACTH adsorption‘). Among substances chemi- 
cally related to glass we have found that microfine 
precipitated silica (‘“Quso 032”, Philadelphia Quartz 
Company, Philadelphia) is capable of removing 1H- 
parathyroid hormone almost completely from whole 
plasma, and we have exploited this to provide a rapid and 
effective purification of the hormone. 


Table 1. PURIFICATION OF I-Boving PARATHYROID HORMONE BY ADSORP- 
TION TO “Quso G82” 


One mi. normal human plasma added to content of iodination tube and 
mixture added to 5 mg “Quso G32” 


Percentage of total original 
activity 


In su tant 
Wien a ( Ey. i 


After wash of “Quso” with 2 mi. H,O 52% 5 
Š (disoaod) 
After extraction with 0 5 ml. 20 per cent acetone 10% 42% 
In 1 per cent acetic acid +1 6 ml. H,O (discarded) 


Supernatant evaporated to dryness and taken Precipltate 


32% 
up ın 0 1 per cent acetic acid (discarded) 


Highly purified bovine parathyroid hormone is labelled 
with 1I by the method of Hunter and Greenwood with 
minor modifications", after which 1 ml. of human plasma 
is added to the contents of the iodination vessel. A 
portion of the mixture is applied to Whatman 3MO paper 
for hydrodynamic flow chromatoelectrophoresis* and the 
remainder of the mixture is briefly agitated with 5 mg 
“Quso G32” powder in a test-tube. After centrifugation 
the supernatant is discarded and the precipitated powder 
18 washed with 2 ml. distilled water. The wash is discarded 
and the adsorbed }*I-Pth is eluted within a few seconds 
by agitation with 0-5 ml. 20 per cent acetone in 1 per cent 
acetic acid. Approximately 1-5—2-0 ml. of distilled water 
18 then added and the powder is removed by centrifugation. 
The supernatant solution may be used directly but about 
half of the solution is usually concentrated to OBS 
under vacuum to remove acetone and acid; the 1**[-Pth 
18 then taken up in 1 ml. of 0-1-0-25 per cent acetic acid 
and the small amount of residual plasma protein which 
does not dissolve is removed by centrifugation. A flow 
chart of the purification with recoveries is shown in Table 
l, and radioactive scans of paper strip chromatoelectro- 
phoresis of the original iodination mixture and of the 
purified products are shown in Fig. 1. Quantitative 
recovery is not attempted at any stage since less than 
1 per cent of the final yield is required for our purposes. 
Although ™I-Pth is lost in significant amounts by adsorp- 
tion to glassware at neutral or alkaline pH even in plasma 
at 1 : 10 dilution, no loss has been observed in 0-1 per cent 
acetic acid or stronger acid solutions containing virtually 
no carrier protein. 
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The 1J-Pth purified by the technique described is 
almost completely free from labelled components that 
migrate with or are bound to normal serum proteins on 
paper chromatoelectrophoresis; but it binds almost 
completely to antibodies to bovine parathyroid hormone 
(Fig. 1), and thus satisfies the first two essential criteria 
for suitability in radioimmunoassay. In other studies we 
have found that the purified hormone reacts quantitatively 
like unlabelled bovine parathyroid hormone in the 
immunochemical system. Although this behaviour is not 
essential to the validity of radioimmunoassay, significant 
differences in immunoreactivity of labelled and un- 
labelled hormone may result in loss of precision. 
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Fig. 1. Paper chromatoelectrophoresis of *4I-Iabelled bovine parathy- 
roid hormone in original 1odination mixture before purification (top) 
and after purification on cellulose column by elution with plasma (l 

middle) and efter purification on “Quso G82” (right middle). The 
bottom strips were obtained after a 1 h :ncubation of each purified frac- 
tion with guinea-pig anta-para! id hormone antiserum. 100 wl, normal 
human plasma was added to all tions immediately before application 

to the paper strips. 


The very strong affinity of “Quso G32’? powder for 
parathyroid hormone in the presence of greater than 
108-fold excess of serum proteins suggests that this silicate 
may prove useful in extracting and concentrating para- 
thyroid hormone from gland extracts and other complex 
mixtures. 

We are indebted to Drs. G. Aurbach and J. T. Potts, 
jun., and to Dr. H. Rasmussen, Dr. C. Arnaud and Mr. C. 
Hawker for the preparations of bovine parathyroid hor- 
mone used in this study. 

R. 8. Yarow 
8, A. BERSON 


Veterans Administration Hospital, 
Radioisotope Service, 
Bronx, New York. 


1 Berson, 8. A., and Yalow, BR. S., J. Clin. Invest., 39, 1157 (1980). 

2 Berson, 8. A., Yalow, R. S8., Bauman, A., Rothschild, M, A., and Newerly, 
E, J. Clin. Invest., 35, 170 (1958). 

>? Yalow, R. 8., and Berson, 8. A , Radioactive Pharmaceuticals, AEC Bym- 
postum Senes No. 6, CONF 651111, Apml 1966, 265, 

i Berson, 8. A., and Yalow, R. 8. (unpublished observations). 

* Hunter, W. M., and Greenwood, F. C., Nature, 194, 495 (1962). 

* Berson, S. A., and Yalow, R. 8., Science, 152, 205 (1966), 
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PRODUCTION OF AN ENZOOTIC-LIKE PNEUMONIA IN PIGS WITH 
“PROTOPLASTS” OF Haemophilus parainfluenzae 


By K. A. McKAY 


Animal Diseases Research Institute, Canada Department of Agriculture, Hull, Quebec 


M. K. ABELSETH 
Connaught Medical Research Laboratories, University of Toronto 


AND 


A. A. VANDREUMEL 
Provincial Veterinary Laboratory, University of Manitoba, Winnipeg 


In the past, many workers have tried to isolate and 
categorize the aetiological agent of enzootic pneumonia in 
pigs. Because of the nature of the disease and the type 
. of bodies or granules observed in smears of lung tissues 
stained with Giemsa, ıt was natural to ask whether the 
agent is a psittacoid virus or a pleuropneumonia-like 
organism (PPLO). On numerous occasions we have been 
able to isolate PPLO from lung tissues of pigs with 
enzootic pneumonia, but none of our isolates, when intro- 
duced intratracheally into week-old piglets, produced the 
histopathological lesions characteristic of this disease. 
During our experiments we noted that tissues which were 
negative for bacterial vegetative forms on primary culture, 
and were refrigerated at — 20° C for further tests, would, 
when thawed and tested at various intervals, often yield 
growth of Pasteurella multocida, Pasteurella haemolytica or 
Haemophilus paratinfluenzae. Tho last micro-organism 
was the most frequently encountered. It appeared that 
the majority of the lung tissues would at some period of 
handling give rise to one or other of the types of bacteria 
just mentioned. In fact, it became a problem to maintain 
tissue free from this Haemophilus species in virus and 
PPLO studies. However, the small number of Haemo- 
philus colonies isolated and the small number of bacilli 
visible in direct smear indicated that this bacterium in its 
vegetative form could not be the sole cause of the disease. 
The appearance, in tissue sections stained with Giemsa or 
observed by phase microscopy, of large numbers of 
granules and granules contained in bodies suggested that 
“protoplasts” simulating L-forms or PPLO might be 
implicated in this disease. We designed our experiments 
to determine whether bacteria could persist as “proto- 
plasts”’ in tissues and could cause the disease after having 
become stabilized in this atate. 

In recent years “protoplasts” have been regarded 
as cellular or sub-cellular units of bacteria that have been 
deprived of a rigid cell wall’. The conversion of the rod 
forms into spherical bodies was observed chiefly in media 
containing penicillm and with magnesium ions plus 
sucrose as stabilizers, although Jeynes* and Sinkovics? 
have reported that such conversion occurs naturally in 
aged cultures. We will use the term “protoplast to 
mean structures in which the cell wall has been modified 
in such a way as to render the organism spherical, sensitive 
to osmotic shock and incapable of forming colonies when 
plated in the usual mediat. 

The strain of H. parainfluenzae used in these experi- 
ments was isolated from the lung of & pig suffering from 
a septicaemic disease. It was lyophilized after it had been 
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passaged six times in an artificial medium. The lyophilized 
material was reconstituted and subcultured twice before 
being used in our experiments. The strain grew well as 
a satellite to a staphylococcus streaked on 10 per cent 
sheep blood agar medium and also in a liquid medium 
containing 5'0 ml. trypticase soy broth (Baltimore Bio- 
logical Laboratories), 1-0 ml. horse serum, 1-0 ml. dex- 
trose (0-5 per cent), and 0-15 ml. coenzyme I (Difco) at a 
concentration of 20 pg/ml. In 7 days without gas the 
organism fermented dextrose, dextrin, inositol, levulose, 
mannose, maltose and sucrose. Arabinose, dulcitol, 
galactose, inulin, lactose, mannitol, raffinose, rhamnose, 
salom, sorbitol, trehalose and xylose were not fermented. 

Our method of obtaining the “protoplasts” was to seed 
our isolate on to blood agar plates and, when growth took 
place, to allow the plates to age at room temperature for 
8 days before transferring colonies into the liquid medium 
described earher. Subcultures were made daily for 7 days 
ın fresh tubes of the trypticase soy broth and on blood 
agar plates contaming a staphylococcus streak to deter- 
mine whether viable rod forms were present. In wet 
mounts prepared from the aged colonies and examined 
by phase microscopy granules and protoplast-like bodies 
were observed. Our trypticase soy broth subcultures also 
showed such forms, but at no time was it possible to 
detect reversion to the rod state m them. If development 
of rod or bacillary forms had been taken as the sole 
criterion of the presence of viable micro-organisms in the 
subcultures made from the 8 day old colonies, then all 
would have been considered basteriologically sterile. The 
findings of Sinkovics’, however, suggested that the 
expermment should be repeated. This was done by sub- 
culturmg aged colonies into tubes of a “protoplasting”’ 
liquid medium of the following composition: 9-0 ml. of 
trypticase soy broth as a base medium; 2'0 ml. of a solution 
containing 0-34 molar sucrose and 1-1 pg/ml. of mag- 
nesium ions; 0-5 ml. of lysozyme (Difco) at a concen- 
tration of 100 pgfml.; 1:0 ml. horse serum; 1-0 ml. of 
coenzyme I (Difco) at a concentration of 20 ug/ml., and 
600 v/ml. of crystalline penicilun. Subcultures were made 
daily from the “protoplasting’” medium to check for the 
reversion gf the “protoplast” bodies to the rod form, and 
were also examined by phase microscopy. After incuba- 
tion for 18 h, approximately two “protoplasts” were 
observed in each microscopic field; by 96 h, their 
number had mcreased to 200 in each field. Subcultures 
made in fresh “‘protoplasting’’ medium from this growth 
after 96 h showed that the “protoplasts” were osmo- 
tically sensitive and were lysed leaving only granules. 
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At this stage it was decided to try to maintain “proto- 
plasts” in a stabilized form in tissue culture. Pig kidney 
cells were cultured on cover slips in Leighton tubes. Each 
of ten tubes prepared in this way was inoculated with 
0-1 ml. of “protoplast”? broth grown for 48 hours. A 
slide from one of the tubes was examined each day by 
phase microscopy. In the original set of ten tubes no 
cytopathic effect was noted except that by the third day 
the medium became acid as indicated by a colour change 
and debris appeared at the bottom of the tube. Sub- 
cultures were made weekly from these tubes into further 
sets of similar tissue cultures and at the third passage an 
indefinable change was noticed in the cytoplasm of the 
kidney cells. The nucleus did not appear damaged. Phase 
microscopy showed the presence of small granules in both 
the cells and the fluid. The nature and origin of these 
granules were not determined. These tissue cultures were 
continued for six passages, at which time many of the 
cells became rounded and dropped off. Subcultures to 
solid and liquid media following each passage were 
negative for the rod forms of the bacillus, indicating that 
the granules and/or “protoplasts” had not reverted to 
H. parainfluenzae. 

Experiments were then conducted to determine whether 
the “protoplasts”, apparently stabilized, were pathogenic 
to the lung tissue of pigs. Three litters of pigs were 
obtained from sows free of specific pathogens (SFP sows). 
The sows had been obtained from stock derived by 
Caesarean section, but the pigleta were allowed to nurse 
the mothers for a period of 5 days before exposure to 
infection. One piglet from each litter was retained as & 
control to show that the piglets themselves were not 
carriers of the enzootic pneumonia agent. Two other 
piglets were used for inoculation of the control tissue 
cultures to be certain that the tissues were free of infection. 
Ten piglets were placed in an isolation unit with six in 
the lower compartment and four in the upper. The four 
in the upper compartment were not inoculated and 
served as environmental controls. Another four piglets 
were placed in a separate isolation unit; three of them 
were inoculated with the infective material and one 
served as an environmental control. The pigleta were 
inoculated at 1 week of age and were killed together with 
- control animals after 20 days. The inoculum, consisting 
of 3-0 ml. of fluid from the sixth passage tissue culture 
containing the “protoplasts”, was administered intra- 
tracheally. The piglets were not handled in any way 
during the course of the experiment and to all appearances 
were normal. At autopsy tissues were preserved in 10 per 
cent formalin for histopathological sections which were 
stained with haematoxylin and eosin. Other tissues were 
collected aseptically and used for culture purposes. Smears 
of the lung tissues were examined by the Gram method 
in an attempt to detect the rod form of the bacterium and 
by phase microscopy and the Giemsa technique for the 
presence of “protoplasts”. 

The organs of the two pigs inoculated with 3-0 ml. of 
normal pig kidney tissue culture were negative on culture 
for H. parainfluenzae and other bacteria. They showed no 
tissue changes on histopathological sections. The three 
pigs which served as controls on their litter mates were 
algo negative, which indicated that the litters were free 
from the infectious agent. Three of the five pigs used as 
environmental controls were negative, but two had gross 
lesions of pneumonia at the tips of both apical lobes, 
possibly the result of exposure to the infective environ- 
ment. All pigs inoculated intratracheally with infective 
material showed gross lesions of pneumonia with varying 
degrees of severity. The infection appeared to be dis- 
tributed from the right cardiac to the right apical lobes 
with the left cardiac and apical lobes showing lesions only 
in the more advanced cases. The infected lobes were 
generally plum red in colour, atelectatic and consolidated 
with a distinct border between the affected and normal 
tissue. Mucus was present in the bronchi of ail nine 
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inoculated pigs and was quite copious in two of the lungs. 
All other organs appeared normal. Hustopathological 
sections, stained smears and cultural findings suggested 
that the effects of the infection could be divided into two 
groups. Lungs from seven of the animals showed lesions 
approximating those which are observed in enzootic 
pneumonia. Lymphocytes and histiocytes had infiltrated 
the peribronchiolar tissue and the adventitia of the blood 
vessels. The lobules were atelectatic. The bronchiolar 
lumen contained some cellular exudate and lymphoid 
hyperplasia was present. Different degrees of thickening 
of the alveolar septa were noted. Lungs of the two 

animals which received the same inoculum 
showed evidence of a bacterial bronchopneumonia with 
the presence of a great deal of exudate containing poly- 
morphonuclear leucocytes along with lymphocytes and 
desquamated epithelial cells. A correlation was suggested 
between the appearance of polymorphonuclear leucocytes 
and the rod form of the bacterium. In the seven lungs 
described previously we were unable to culture the rod 
form of the Haemophilus organism or to observe it in 
direct smears made from the tissue and stained by the 
Gram method. In the two lungs that showed a bacterial 
bronchopneumonia, however, we observed one rod in 
each microscopic field in one and in the other four rods in 
each field. We were able to grow the vegetative form of 
the organism only from the lung with four rods in each 
field. The nine lungs were cultured into the “protoplast- 
ing” medium and all showed the presence of granules and 
“protoplasta” after incubation for 48 h when examined 
by phase microscopy. Subcultures from this medium to 
solid and liquid media indicated that tho “protoplasts” 
were stable in this form. The efficiency of regeneration of 
the ‘“‘protoplastic’? structures to the rod form must, 
therefore, be considered poor. 

It appeared from the preliminary experiments described 
here that various cellular responses and histopathological 
lesions can be induced in tissue by “protoplasts” of H. 
parainfluenzae. These lesions resembled those which are 
observed in some viral or PPLO infections rather than 
those seen in bronchopneumonia caused by the vegetative 
form of H. paratnfluenzae. That this might be a property 
inherent in other bacteria was suggested by the fact that 
Pasteurella haemolytica and Pasteurella multocida have 
been isolated under similar conditions, Guze and Kalman- 
son‘ reported on the persistence of bacteria in the “‘proto- 
plast” form in pyelonephritis in rats. Our experimental 
disease, which is similar to enzootic pneumonia in many 
respects, progressed histologically despite the absence of 
bacterial infection as determined by culture on artificial 
media. These observations suggested to us that “‘proto- 
plasts’’ can persist in tissue without reversion to the 
bacterial vegetative state. 

Further investigations of the cultivation, cytopathic 
and cytopathogenic effects of these forms in tissue cultures 
are needed. More work should also be carried out on the 
cellular host~parasite relations of these micro-organisms, 
particularly as they relate to pathogenesis. In the work 
on host—parasite relationships, it may be found necessary 
to adapt the “protoplasts” to the host cells by using tissue 
culture methods before their pathogenic potential can be 
properly evaluated. The data presented here suggest that 
“protoplasts”, which may exist in tissues in the form of 
organized and viable protoplasm, could have a pathogenic 
significance not formerly fully recognized. 

Some of the experimental data cited here were obtained 
when the senior author was a member of the faculty of the 
Ontario Veterinary College, Guelph, Ontario. We thank 
Mr. J. L. Byrne and Dr. A. H. Corner for their criticisms 
of this artiole. 


i The Bacteria, a Treatise on Structure and on ae Tamed 
and Ranier, BR. Y.,1 ‘Cvatanss Preas, New York, 1 

2 Jeynes, M. H., ‘Nature, 180, 867 (1957). 

* Sinkovics, J., Nature, 181, 566 (1958). 

t Guze, B. L., and Kalmanson, G. M., Sctence, 148, 1840 (1964). 
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INTRACELLULAR POSTSYNAPTIC POTENTIALS AND LOCATION OF 
SYNAPSES IN PYRAMIDAL CELLS OF THE CAT OLFACTORY CORTEX 


By M. A. BIEDENBACH and Pros, CHARLES F. STEVENS 


Department of Physlology and Blophysis; University of Washington School of Medicine, 
eattle, Washington 


INTRACELLULAR recording has shown that synchronous 
orthodromic volleys evoke an excitatory—inhibitory post- 
synaptic potential (EPSP-IPSP) sequence in cells from 
various regions of the mammalian nervous system. In 
the somatosensory system, for example, this phenomenon 
has been seen in the cuneate nucleus', in the ventro- 
basal complex of the thalamus’, and in the somatosensory 
cortex**, EPSP-IPSP sequences are also common in 
cortical areas other than the somatosensory, and have 
been reported in the cerebellum’ and hippocampus’. 

Another type of cell in which long lasting inhibition 
follows excitation is the mitral cell of the olfactory bulb’. 
By analogy with the somatosensory system, it might 
therefore be expected that neurones in the olfactory 
cortex receiving inputs from the mitral cells also show 
an EPSP-IPSP sequence in response to lateral olfactory 
tract (LOT) stimulation. In the course of investigations 
of the frontal olfactory cortex, we obtained intracellular 
recordings from pyramidal cells which show that a LOT 
7 volley leads as expected to an EPSP followed immediately 
by a long lasting IPSP. Thus, olfactory cortex appears 
to share this property with other cortical areas studied 
previously. In apparent contrast to the hippocampal 
pyramids® and cerebellar Purkinje cells*, however, the 
inhibitory synapses on olfactory pyramidal] neurones seem 
primarily to be located not on the cell body, but rather on 
the apical dendrites more than 100p from the soma. 

In cats under pentobarbital anaesthesia a bipolar 
stimulating electrode was stereotaxically umplanted in 
the LOT near its exit from the olfactory bulb. A cranio- 
tomy was then carried out to expose the frontal olfactory 
cortex. 

A bilateral pneumothorax, gallamine triethiodide 
paralysis, and a 4 per cent agar gel seal over the cranio- 
tomy opening were used, in order to minimize movement 
artefacts. ‘Pyrex’ microelectrodes with a long taper filled 
with 28 molar potassium chloride with resistances 
between 10 and 40 MQ were driven slowly through the 
cortex perpendicular to the cortical surface with a 
hydraulic drive which allowed movements of the electrode 
tip of leas than a micron. Standard electronic equipment 
- was used, including a neutralized capacitance electro- 
meter preamplifier and a bridge circuit for passing current 
through the recording electrode. 

The structure of the frontal olfactory cortex is one of 
the simplest seen in any cortical area. Deep to the most 
superficial layer (containing LOT axons) are a molecular 
layer approximately 400, in depth, a layer of pyramidal 
cells, and finally a layer of larger polymorphic cells. The 
apical dendrites of the pyramidal cells extend through the 
molecular layer where they receive synapses from the 
LOT axons. Cell counts reveal that most of the neurones 
in the cortex are concentrated in a densely packed layer 
about 300p thick containing the pyramidal cells. It should 
be noted that the most superficial of the pyramidal cells 
are not generally pyramidal in shape, but more closely 
a resemble the granule cells of the hippocampal cortex. 

Because of the importance of knowing the position of the 
electrode tip in order to interpret the recorded potentials, 
marking experiments were performed with careful atten- 
tion to detail, and three different marking procedures were 
„ used. Although all three procedures gave consistent 
resulta, we found the method of Thomas and Wilson? most 
satisfactory in giving the smallest (20u) and most easily 


found marks. In our experience accurate localization of 
the electrode tip can usually be achieved only if the 
electrode is advanced in small (50u) steps with a wait of 
5-10 min between increments to allow tissue pushed 
ahead of the electrode to relax to a more normal con- 
figuration. 

Under the conditions of our experiments, an extra- 
cellular micro-electrode on the olfactory cortical surface 
records, in response to LOT stimulation, a gross wave 
which consisted of an initial negative component followed 
by @ positive component lasting for a longer period. As 
the electrode is driven through the cortex, these two 
components reverse polarity within 50 of each other in 
the molecular layer. Fig. 14 shows the distribution of 
marks for the turnover of the surface wave. The mean of 
seventeen such marks places the turnover point of the 
negative component 1924 above the superficial border of 
the pyramidal cell layer, with a standard error of lôu. 
The positrve component inverts no more than 50u deeper, 
and 1ts turnover point must be at least 100-150p superficial 
to the pyramidal cell layer. Several experiments in which 
the turnover point of the postive component has been 
marked (Fig. LA, hatched area) confirm this conclusion. 

In a typical experiment, extracellular recordings of 
neurone spikes begin to appear about 150-2002 below 
the turnover of the first wave, presumably from the cell 
bodies of the superficial pyramidal cells. A spike discharge 
was obtained during the first wave of the gross response 
in more than a hundred extracellular units encountered 
at distances from the first wave turnover point cor- 
responding to the position of the pyramidal cell layer. 
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Fig. 1. A, Histogram showing eine been of marks placed at the turn- 
over of the first wave (clear distogram) and the second waye (shaded 
histogram). B, In ular showing an action potential arising 
from P, and apontansons discharge resuming at the end of the 
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Shghtly less than half these cells were spontaneously 
active and, with two exceptions, spontaneous firing was 
absent durmg the second (surface positive) wave of the 
gross response. Comparing the number of unite en- 
countered as a function of depth from the turnover pomt 
with cell counts also as a function of depth from the pomt 
marked as the turnover, we are led to believe that we are 
recording spikes from neurone cell bodies approximately 
in proportion to their density in the cortex. 

Intracollular recording from olfactory cortex pyramidal 
cells is quite difficult, possibly because most of the cells 
are only 10-15 in diameter. In about twenty cells from 
which intracellular recordings were obtained, resting 
potentials ranged from 20 to 60 mV, usually being 
356-40 mV. Extracellular recordings were not infre- 
quently obtained before penetrating the cell, and we found 
nothing to indicate that the cells from which our intra- 
cellular recordings were obtained differed appreciably in 
their response to LOT volleys from the larger population 
for which only extracellular data are available. All our 
intracellular recordings had an EPSP with a mono- 
synaptic latency to LOT stimulation. After about 15 
msec, the EPSP was succeeded by an LPSP usually lasting 
more than 100 msec, although the apparent duration 
reflected the intensity of the LOT stimulus (Fig. 1B). 
The amplitude of the IPSP peak also depended on the 
intensity of stimulus applied to the LOT and on the 
condition of the cell; in most cells it was approximately 
5 mV, but in one cell with a resting potential of 45 mV 
it was about 15 mV. 

We think that we are justified ın calling the observed 
long-lasting hyperpolarization an IPSP for the following 
reasons. First, occurrence of the hyperpolarization does 
not depend on the neurone having discharged a spike: if 
the EPSP 1s below the threshold for spike production, 
or if the spike is blocked by excessive depolarization, 
hyperpolarization stil occurs. Second, iontophoresis of 
chloride into the cells causes the hyperpolarization to give 
way to a depolarization of the same time course. Finally, 
current pulses injected through the recording micro- 
electrode reveal a conductance increase which parallels 
the hyperpolarization. 

The distribution of axons from olfactory pyramidal 
cells has not, so far as we know, been definitively described, 
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and we have not as yet attempted to activate the pyra- 
midal cells antidromically. Thus we have no information 
on whether the inhibition described here is recurrent or 
non-recurrent. 

The fact that a large majonty of the neurones from 
which we have recorded show evidence of an EPSP—~IPSP 
sequence indicates that olfactory pyramudal cells are a 
fairly homogeneous population with respect to their 
response to a LOT volley. Because most of the neurones 
appear to have the same PSP pattern, and because the 
extracellular slow wave and the intracellularly recorded 
EPSP-IPSP have the same time course, we identify the 
gross response as the extracellular signs of an EPSP-IPSP 
sequence occurring synchronously in the population of 
olfactory pyramidal cells. 

The observation that the first wave of the gross response 
is negative on the surface and turns over superficial to the 
pyramidal cell layer is consistent with the anatomical 
localization of the excitatory LOT synapses on apical 
dendrites. As extracellular aigns of the IPSP are positive 
on the surface and negative at the pyramidal cell layer, it 
would seem that the majority of the wnhibitory synapses 
are algo on the apical dendrites. In fact, it is difficult to 
imagine that an appreciable proportion of the inhibitory 
synapses could be below the turnover pomt of the second 
wave which we have located at least 100. above the super- 
ficial border of the pyramidal layer. Thus the techniques 
which have previously been used to locate mbhibitory 
synapses on the cell bodies of hippocampal pyramids® and 
cerebellar pyramidal cells indicate that the inhibitory | 
synapses on the olfactory pyramidal cells are con- 
centrated on apical dendrites at some distance from the 
somas. 
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A UNIFYING HYPOTHESIS OF CELL ADHESION 


By Pror. BRYN M. JONES 
Department of Zoology, University College of Wales, Aberystwyth 


From an analysis of the known facts about the behaviour 
and distribution of actomyosin in striated muscle, and 
in non-muscular cells** and the results of recent studies 
in this laboratory on the effects of nucleotide phosphates 
on cellular adhesiveness*-?°, there emerges the possibility 
that contracting and relaxing mechanisms at or subjacent 
to the cell surface may well play a major part in the adhe- 
sion and detachment of cells. This article develops a 
conception of cell adhesion based on the mechano-chemical 
principle involved in the contraction and relaxation of 
actomyosin-like protem with ATPase activity located at 
the cell surface. 

In this hypothesis emphasis is laid on the modulating 
influence of a relaxing factor, made reactive by magnesium- 
ATP"-15, on the activity of the contractile protein and 
on how the reaction between these two systems could 
affect cell contacts and the selective association of cells. 
Attention has also been paid to those fastors which are 
capable of interfering with the activity of these two 
basically antagonistic systems. For example, ATP/ADP 


levels and ratios, by governing the activity of the contrac- 
tile protein’, could also bring about changes in the 
distribution of charges at the cell surface™, so altering 
cellular adhesiveness. 

It was only in 1951 that attention was drawn to the 
possibility that the motility of non-muscular cells might 
depend on a contractile system similar to that of muscle’. 
There followed the discovery that glycerol-extracted colls 
of non-muscular origin contracted in the presence of 
exogenous ATP", and that a protein of the actomyosin 
group could be isolated from tumour cells", platelets}, 
and slime mould plasmodia’*. It had already been shown 
in 1946 that living yeast cells were capable of hydrolysing 
ATP to AMP and inorganic phosphate, and it was sug- 
gested that this hydrolysis might be taking place at the 
cell surface**. This view was confirmed by the demon- 
stration of ATPase activity located in the surface mem- 
branes of amoebac™ and tissue cells?*** and by the isola- 
tion of an actomyosin-like protein with ATPase activity 
from the limiting membrane of liver cells*. 
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The presence of a contractile protein of the actomyosin 
type at the cell surface immediately suggests that the 
rigidity of the cell surface may well depend on the state 
of contraction of this protein. An increase in rigidity 
due to contraction would tend to reduce cellular adhesive- 
ness**, Further evidence for this is provided by the 
observation that in the presence of exogenous ATP, cells 

‘spread on glass will contract and rise above the surface 

of the glass**, On removing the ATP the cells apparently 

read out again and become mobile. 

The effect of exogenous ATP on the capacity of cells to 

adhere to glass has been estimated quantitatively in this 
laboratory’®. The cells were obtained from the muscle 
iagsues of 9 day old chick embryos and prepared and 
ended in Hanks solution as previously described". 
e density of cells in suspension was adjusted to about 
| million cells/ml. using a haemocytometer. 

The method of estimating the firmness of the adhesions 
f the cells to glass was as follows. A coverglass, 2'5 om 
ng and 0-5 om wide, was inserted into a glass tube and 
rsed in 1 ml. of the cell suspension. The cells were 
allowed to settle on to the coverglass at 37° C for a period 
of time long enough for the cells to spread out and adhere 
to the glass. The coverglass with the cells attached was 
removed and inserted mto a similar centrifuge tube 
containing 2 ml. of Hanks solution. The number of cells 
attached to the coverglass was estimated using a Chalkley 
random dot eyepiece graticule. The tube was then 
centrifuged at 60g. A further count of the cells attached 
to the glass was then made. The percentage of cells 
which became detached gave an indication of the strength 
of the cell to glass adhesion. 

When cells were allowed to settle over a period of 45 
min on to the coverglass in Hanks solution at pH 8, 
acting as the control preparation, and in Hanks solution 
containing ATP at a concentration of 10+ or 10 moles/ 
litre at pH 8, it was found that pretreatment of the cells 
with ATP reduced their abihty to withstand the forces 
imposed by subsequent centrifugation in Hanks solution 
at 60g. Whereas only about 10 per cent of the cells 
became detached in the control preparation at the end 
of 15 min, 49 per cent and 53 per cent became detached 
when the cells had previously been exposed to exogenous 
ATP at 10 and 10-* moles/litre respectively (Fig. 1). 
It was therefore concluded that under the conditions of 









60 

ATP107°M 
50 
2 ATP1074M 


8 


Percentage detachment of cells 
oe 
ò 


Control 





5 10 15 20 
Time (min) 
Effect of pretreatment with ATP for 45 min at 87° O on the 
from glass in Hanks 


.1. 
fhimt of chick-emb fibroblast colts BOU- 
tion when subjected to oeni jon at 60g for varous periods of time. 


NATURE 










ATP 1073M 


g 


ATP5x1074M 


Percentage detachment of cells 
5 


pi 
© 


ATP 1074M 
Control 


5 10 15 20 25 
Tome (min) 
Fig. 2. The effect of ex: ous ATP present in Hanks solution at pH 8 
from when 


on the detachment of ck-embryo fibroblast cells 
subjected to centrifugation at 60g for various periods of time. 


the test previous exposure to the exogenous ATP gub- 
fees reduced the strength of the adhesion of cells 
to glass. 

Cells in Hanks solution were allowed to settle on to 
the coverglass over a period of 45 min and form firm 
attachments to the surface and were afterwards centri- 
fuged at 60g in Hanks solution, or in Hanks solution 
containing ATP. The percentage of cells that became 
detached ın the presence of exogenous ATP was signifi- 
cantly larger undpr these conditions. In these tests 
estimations were made at different times up to 20 min. 
In the case of the control preparation about 10 per cent 
of cells became detached. In the case of the treated 
preparations, about 40 per cent became detached when 
the exogenous ATP was at a concentration of 10 moles/ 
litre, 30 per cent at 5 x 10+ moles/litre, and about 17 
per cent at 10— moles/litre (Fig. 2). At the higher con- 
centrations exogenous ATP was therefore effective in 
breaking the cell to glass attachments. The poasibility 
that this effect of ATP is due simply to chelation of 
calcium and magnesium was not overlooked. But the 
concentrations of these cations in the medium were too 
high for the concentration of ATP used to chelate enough 
calcium and magnesium to cause the effect. Attention 
has previously been drawn to this chelation of calcium 
and magnesium by ATP not being responsible for the 
inhibitory effect of the exogenous ATP on cell aggrega- 
tion’. This was quantitatively estimated by a turbidi- 
metric method?’:**, Dephosphorylation of the ATP was 
rapid in the presence of the rotated cells, and when it 
had been reduced to 3—5 per cent of its original concentra- 
tion, the cells began to reaggregate. It is significant that 


` ATP at 10-* moles/litre caused a disintegration of aggre- 


gates already formed. 

Since ATPase activity™™™ and protein of the actomyosin 
type** have been located at the surfaces of cella, the ability 
of ATP to reduce the capacity of cells to adhere to glass, 
and also to cause the detachment of cells from glass, points 
to a splitting of the exogenous ATP by a surface ATPase 
in the presence of calcium causing an actomyosin at the 
cell surface to contract. This would increase the rigidity 
of the cell surface, making it less adhesive*, Contraction 
of the cell surface could also be responsible for the detach- 
ment of the cells from the glass. On this view, a relaxation 
of the cell surface depending on the relaxation of its con- 
tractile elements would be necessary for the cells to 
re-adhere. This relaxation rendering the cell surface 
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adhesive could only be accomplished by a relaxing factor, 
made reactive by magnesium-ATP, causing a relaxation 
of the contractile protein, similar to that which occurs in 
musele!-15, A relaxing factor with this property has been 
extracted from fibroblast cells and porcine platelets’®. 
It is therefore not too far fetched to assume that a relaxing 
factor is present at the cell surface, and that the effect 
of this factor on the contractile system at the cell surface 
may well govern the ability of the cell to send out-probes, 
which initiate adhesions between cells***1, 

The contractile system at the cell surface would normally 
contract on reacting with ATP and caloium ions (mechan- 
ism QO), the energy required for the contraction being 
derived from the splitting of ATP by ATPase. There is 
evidence that exogenous ATP induces glycerinated muscle 
to contract’. The magnitude of contraction of isolated 
actomyosin in viro m the presence of exogenous ATP 
is the same in every direction, and the result, provided 
magnesium ions are present, is the formation of a relatively 
small pellet (‘‘superprecipitation”). Relaxation of the 
contractile system is most likely to be accomplished by 
a relaxing factor (mechanism F), which, after it has re- 
acted with ATP and magnesium ions‘, will effectively 
prevent contraction, or cause contractile protein to relax. 
The contractile system may therefore assume a state of 
contraction anywhere between optimum contraction and 
complete relaxation depending on the activity of the 
relaxing factor. It seams that the contractile protein of 
non-musoular cells makes use of the same general mechano- 
chemical principle as is involved in muscular contrac- 
tion!*. The contractile protein obtained from platelets 
is composed of actin-like and myosin-like sub-units**. 
When these are respectively cross-reacted with the 
isolated myosin and actin from muscle, the hybrids 
obtained show pronounced sensitivity to ATP. 

It is suggested that when the interaction between the 
two mechanisms, R and O, at the cell surface lies in a 
certain critical range it favours adhesign. The cell surface 
would then be relaxed sufficiently for the linkage sites 
to be exposed and would thus favour adhesion in the 
presence of calcium ions (Table 14). If mechanism C 
were predominant it would give rise to contractions which 
would be accompanied by an increase in both viscosity 
(rigidity) and surface density negative charge to render the 
cell surface unfavourable to adhesion (Table 1B). This 
state would be maintained as long as there was a supply of 
calcium and ATP. There has been a suggestion that 
the relaxing mechanism exerts its inhibitory effect on 
the contractile system by withdrawing calcium ions**. 

In an unfractionated suspension of muscle “relaxing 
factor” an “interference factor” is present which makes 
the preparation only partially effective in inhibiting 
contraction’. When the interfering particles were separ- 
ated by sucrose density-gradient centrifugation, the 
relaxing factor became fully effective. The mode of action 
of these interfering particles is not known; they do not 
appear to act on the relaxing factor by produemg ADP, 
which in high concentrations is known to interfere with 
the activity of the relaxing factor‘. 

How far can the proposed hypothesis provide a rationale 
for the inhibitory effect of exogenous ATP on cellular 


Table 1, HYPOTHESIS OF OBLLULAR ADHMSIVENRSS AS AN EXPRESSION 
UANON OF A RELAXING MeOHANISM (R) AT THE 
OxLL SURFACE 


Rolationship between activity of contracting mechanism Cell 
and inhibitory re mechanism surface 
A Contracting mechanism (0) +relaxing mechanism (R) 
(Ose actom: -ATPase + (Resrelaxing factor +Mg- 
Ca-ATP system, which is ATP system, which 1s ac- 
activated by Os-ATP, tively tnhfbited by Cat, 
and inactivated by ADP, or high concentrations 
or depletion of Oat) Mgt, or by the ‘inter- 
ference factor’ (IF)) 
When the reaction between o and (R) is critically 
balanced æ (0) + (R) Adhenve 
Non- 


(0) +(R-), or (C+) +(R) 
predo: 


(contractile system munently active in each case) 
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(a) Mechanism involving the role of “‘cell-binding’”’ material (= “relax 
ing factor”) in the adhesiveness of sponge cells, 


Normally 
Ot (B) (O) + (R) —— (0)+(R-) 
(adhesrve) (non-adhesive) 
X depletion 
Relaxing factor. 


b) Mechamsm of inhibition of the on of chick-embryo cells b; 
ean protein (= “interference fe berremetl Ego 7 


Normally 
+(R R —(R- 
ddad (+ (4) (ndm-edbeatre) 


x IF = serum protein / 


(c) Mechanism of inhibition of adhesiveness of chick-embryo fibroblast 
cells by exogenous ATP. 


Normally 
{ +(R) oO (0+) + (R) 
ve) + + -> (non-adhesrve) 
Ca-ATP. 
Break-down of ATP 
(d) Mechanism of aggregation of platelets by exogenous ADP. 
Normally 
t ct (O) + (R) 
non-adhesive) (4 +e + ) 
h P. Z 
Break-down of ADP 
. 3. Explanation of the known effects of factors on the 


mechanisms involved in the contraction of ac 
on which the proposed hypothesis of cell 


ron is 
adhesiveness and illuminate such debatable matters £ 
the role of the “‘cell-binding material” obtained from tł 
surfaces of sponge cells** ? Why do certain serum proteiz 
delay cell adhesion** ? Why does exogenous ADP induc 
platelet aggregation** ? 

It is a matter of common observation that dissociate 
sponge cells will readily re-aggregate in sea water t 
23° C, but at 5° C they fail to do so%*; however, if tk 
proteinaceous “cell-binding material’, which has bee 
removed from the surfaces of the sponge cells, is added t 
the medium, the sponge cells will reaggregate at 5° ( 
Reference to the hypothesis advanced here indicates the 
this ‘“‘cell-binding material’? may well correspond to tk 
relaxing factor. The removal of this material from tk 
surfaces of the sponge cells favours their contractic 
with a resulting decrease in theif adhesiveness (Fig. 3a 
Readsorption of the material (“relaxing factor”) by tl 
surfaces of the sponge cells, even at 5° C, probably relax 
the contractile system at the cell surface sufficiently t 
make them adhesive enough to form tes. TH 
discovery that the ‘‘cell-binding material” was selectis 
is particularly interesting. However, if the action of 
relaxing factor on its complementary actomyosin 
specific, the “‘cell-binding material” derived from one ce 
species would probably be capable only of relaxing tl 
contractile system of the same cell species. 

The serum protein which interferes with the aggregi 
tion of chick embryo cells** may be com with tk 
“interference factor” which inhibits the activity of tt 
“relaxing factor’. This would favour contraction « 
an, era e protein and reduce cellular adhesivene: 

ig. 3b). 

Since exogenous ATP inhibits cell to glass adhesion 1 
is shown by the results of the experiments describe 
earlier, and also inhibits cell to cell adhesion’, it is temptir 
to conclude that the ATP exerts this effect by activatir 
mechanism O, thereby causing contraction of the coi 
tractile system to make the cell surface less adhesiy 
(Fig. 8c). It is less clear, however, precisely how tk 
exogenous ATP could bring this about. There are tw 
possibilities. The energy derived from the splitting ı 
the ATP by the membrane ATPase is either utilize 
directly by the contractile system at the cell surface, « 
indirectly. It has been shown that ATP is rapidly reduce 
in the presence of chick embryo cells’. Hence the pose 
bility of the energy released being incorporated into tł 
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crease the energy stove anton. This i in turn 
uld accelerate the metabolic process supplying energy 
d initiate a contraction of the contractile system located 
t the cell surface. 

If, as the hypothesis suggests, cellular adhesiveness 
depends on the two mechanisms, C and R, being activated 
sufficiently to strike a balance within a range which is 
critical for adhesion, then temperature is bound to have 
modulating influence. For the activity of the cell 
urface ATPase in the presence of calcium and magnesium 
would be reduced by exposing the cells to suboptimal 
temperatures. It is possible that at very low suboptimal 
temperatures the balance of the reaction between the 
echanisms C and ÈR is upset sufficiently to inactivate 
e surface components and suppress the exposure of 
ne linkage sites. It is also likely that the tendency of 
alls to round up at suboptimal temperatures reflects 
contraction of the contractile system. It is possible 
iat this is brought about by a failure of the relaxing 
stem to relax the contractile system, because the 
esium-ATP system, on which the relaxing factor 
epends for its functioning!*, is not activated at sub- 
ptimal temperatures. 

_ Exogenous ADP may induce platelet aggregation by 
interfering with the activity of the platelet contractile 
system. This is feasible, and high concentrations of ADP 
have been shown to be capable of inactivating ATPase”. 

Platelets are normally non-adhesive while they are being 
-conveyed in the blood stream, and they are rich in high 
energy ATP, so that it is possible that their contractile 
-system (mechanism C in Table 1) is predominantly active 
-and thus unfavourable to adhesion. Exogenous ADP 
_ may well succeed in reducing the activity of the contractile 
> system by inhibiting the activity of the ATPase” and 

-thus send the balance between mechanisms R and C 
towards the critical level favourable to adhesion (Fig. 3d). 
he breakdown of the ADP would result in the contractile 
echanism regaining its former predominant activity, 
hich would account for the reversal of the aggregating 
effect of ADP on the platelets. 

-This explanation further invites the suggestion that the 
relatively rigid and non-adhesive state of tumour cells 
in vitro may also be due to the contractile elements 
(mechanism C) at their surfaces being predominantly 
active (see Table 1B). 

We might finally, but briefly, consider how the proposed 
hypothesis may serve to illuminate the problem of how 
lis acquire the ability to detach themselves from their 
neighbours in a developing organism, and emigrate to 
other site where they re-adhere to other cells to form 
w cellular patterns. It is pertinent to recall that 
oteins are produced sequentially in bacterial cells, 
id so, it seems, in animal tissue cells as well. The 
plication of this is that a cell would tend during its 
ife.cycle to accumulate different kinds of proteins, and 
ying amounts of the same protein at its surface; in 
ich case it is conceivable that the balance between 
mechanisms C and R may well change at some point in 




















_ ADHESION between surfaces ultimately depends on the 
- balance of attractive and repulsive forces between them. 
Repulsion is essentially electrostatic, whereas attraction 
s also dependent on Van der Waals—London forces. 
drogen bonding and linkage between divalent cations 
and negatively charged groups have been suggested as 
the means tof attachment on intimate contact’, and as 


A CONTRACTILE PROTEIN MODEL FOR CELL ADHESION 
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time. during the lifo-oyclo 
mechanism C became predominately active 
contiguity with its neighbours, it could induce contractio 
sufficient to break the continuity of the cell con 
The edges of the altered cell would become free, and. 
could in turn lead to the mobilization of the cell and i 
emigration to another site. Here the cell might: once 
again form adhesions with other cells, and this would 
presumably be accomplished according to the hypoth 
put forward by restoring a balance favourable to adhesi 
between the two mechanisms. 
This work has been aided by generous grants p 
by the British Empire Cancer Campaign for F 
and the Science Research Council. 
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ways of reducing the net negative charge; and on. this 
basis, the surface chemistry will determine adhesion, 

Adhesions between cells have similar properti 
asmuch as the non-adhesive tumour cell, in cont: 
its adhesive normal counterpart, carries a high | 
charge? Divalent cations are known. to affi 
adhesion and. ith lso been- 
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charged polyelectrolytes, which combine with the cell 
surface to neutralize the negative charge, lead both to 
reduction in net charge and to rapid aggregation’. By 
using these polymers, it has been possible to demonstrate 
a considerable degree of cellular surface specificity. The 
fine chemical detail of the cell surface probably, therefore, 
determines the pattern of adhesion. 

Cells, however, do not always show the same adhesive 
properties under different conditions, and temporal 
patterns of adhesion have been discussed!*, Curtis! first 
suggested that the cell surface might show such discon- 
tinuous properties, and he developed a rheological theory 
of cell adhesion. In his theory, surface expansion might 
be expected to increase adhesion by reduction in surface 
charge density, Van der Waals forces being unaffected. 
The mechanism, however, was only explicable in terms of 
shear viscosity, which did not fully explain the driving 
forces of expansion and contraction. Nevertheless, the 
model corresponded to the known physical properties of 
protein monolayers, thus underlining the important role 
of protein in determining cell adhesion*®-7, 

The importance of contractile proteins has long been 
recognized in the study of cell movements, and the acto- 
myosin system of striated muscle fibrils is well known*?®. 
Moreover, the glycerinated model technique of Szent- 
Györgyi” has been extended by Hoffman-Berling'® to 
cellular movements other than that of muscle; and he 
has shown that they are dependent on the same para- 
meters—ATP, calcium and magnesium ions, and a 
relaxing factor. 

A contractile protein mechanism for amoeboid move- 
ment has also been suggested by Goldacre™. He proposed 
that expanded surface or sub-surface protein was folded 
and solated in the “tail” of the amoeba, being sub- 
sequently propelled forward to form new 
pseudopods, thus providing the motive force 
for ‘movement. This view, like Curtis’s 
hypothesis, is also based on discontinuous 
surface properties. Studies with surface 
contact microscopy have shown that only 
the “tail” of the amoeba does not adhere 
to the substratum, and that purchase is 
obtained by the advancing pseudopods. In 
a frictional environment, adhesion and 
movement are interdependent phenomena, 
inasmuch as movement cannot be initiated 
without adhesion or purchase of a sub- 
stratum. What is surprising is that the 
parameters of cell movement have not been 
considered in relation to the problem of cell 
adhesion. 

The effect of calcium on cellular adhesive- 
ness, however, is well known and some 
effects of nucleoside phosphates have also 
been described. Born! has demonstrated the 
role of ADP in platelet aggregation; and the 
effect of ATP in disaggregating tissues has 
been known for some time, although its 
role has been thought to be that of chelating 
divalent cations. Plesner!5, moreover, 
has reported a cyclical variation in nucleo- 
side triphosphate levels in synchronously 
dividing Tetrahymena cells. A peak is 
reached in metaphase, and this would seem 
to correspond to the loss of adhesion shown 
by the tissue culture cell at this stage of 
mitosis’, Recently in this laboratory also, 
the effect of ATP in inhibiting the aggrega- 
tion of dissociated chick fibroblasts has been 
demonstrated**, 

These demonstrations would seem to 
indicate a connexion between adhesion and 
contractile protein systems, and in particu- 
lar, an inverse relationship between ATP 
concentration and adhesiveness. (A detailed 


Fig. 1. 
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Effect of nucleoside phosphates on Amoeba proteus. 
b, addition of 10 ADP; c, 1 min after addition of ADP—tail expanded; d, addition 
of 10-* ATP 5 min later; e, 2 min after addition of ATP; J, 8 min after addition of 
ATP—amoeba streaming. 
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mechanism will be suggested later in this article.) The 
effect of ADP on platelets might then be to reverse the 
reaction ATP ADP + phosphate by product inhibition 
and thus render the cell adhesive. Several experiments 
were performed to test these hypotheses. 

In view of the suggested relationship between cellular 
movement and adhesion, it was important to investigate 
a system in which both phenomena could readily be inter- 
related. The contractile protein system of the amoeba, 
tail” was an obvious choice, and an attempt was made. 
to determine whether the ATP-initiated contraction of 
the “tail” could be prevented by product inhibition with 
ADP as has been suggested. 

Single Amoeba proteus were allowed to attach and 
stream in cavity slides. When attachment to the glasa 
and active streaming were initiated, ADP dissolved in 
distilled water and adjusted to pH 7-0 was added to a 
final concentration of 10-3 or 10-4 moles/litre. The effec 
in all cases was to halt the movement of the amoeba 
and to reverse streaming so that it was temporarily in 
tail-wise direction. A slight swelling of the “tail? was 
noted, and this was interpreted as a relaxation of the 
contractile system. Furthermore, the amoeba remained 
attached (as can be seen from the uniform focus in F ig. la, 
b and c) and showed slow pseudopodia] retraction. Sub- 
sequent addition of ATP at a comparable concentration 
resulted in the resumption of locomotion with active 
streaming away from the “tail”. When the treatment 
was lengthy, a new “‘tail” was sometimes formed. More- 
over, the amoebae tended to detach from the substratum 
(as can be seen from the disparate focus of Fig. Id and e} 
streaming actively, and did not adhere until some time 
had elapsed (Fig. 1f). This sequence of events could be 
repeated a number of times on the same amoeba, 










a, Streaming amoeba; 
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Fig. 2. Effects of nucleoside phosphates on the aggregation of dissociated 
adult mouse cells, 





provided ATP and ADP concentrations did not exceed 
“the “physiological” level of 10-* moles/litre. Super- 
“ficially similar effects could be obtained by adding 
ATP initially, but these again could be reversed by 
adding comparable amounts of ADP to restore the 
balance. 

The inference to be drawn from these experiments is 
that amoeboid movement can be regulated by external 
application of ADP and ATP, and that the effect of ADP 

‘is probably by product inhibition. Moreover, ready 
detachment from the substratum usually occurred with 
ATP, and expanded surface contractile elements may be 

“the means of adhesion; in the locomotory amoeba, only 
the contracted “tail” remains unattached*, whereas in 
the cell treated with ATP, attachment tends to be lost. 
Cells of Amoeba proteus, however, are not mutually 
adherent, and their attachment to a substratum is easily 
broken. It was important, therefore, to extend these 
experiments to cells that were normally adhesive, and 
dissociated adult mouse liver cells were used. 





a b 


Fig. 3. Effect of nucleoside phosphates on aggregation of dissociated adult mouse liver cells in Hanks balanced salt solution at a 
37°C. a, 5x107 molar ATP; b, control; e, 5x10“ melar ADP. (Large cell aggregate.) - Bee 
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The livers of freshly killed mice were perfused with 
versene (or in some cases citrate or ATP), using the. 
method of Anderson“, and resuspended in Hanks 
balanced salt solution” after washing, to a final density of 
2 x 10° cells/ml. ATP or ADP (freshly dissolved: in 
Hanks balanced salt solution at 10-? M) was added to 2 
ml. or 4 ml. portions of these suspensions in 25 ml. 
Ehrlenmeyer flasks to give a final concentration of 
5 x 10-* molar. The pH was adjusted to 7-2, and the 
flasks rotated in a gyratory shaker at 37° C. The flasks 
were then examined at intervals to observe the gross 
effect, and samples were withdrawn for microscopical 
examination and cell counts. The numbers of unaggre- 
gated single cells present in each sample were used to give — 
a ready estimate of the degree of adhesion (see Table 1. 
and Fig. 2). Viability was estimated using the lissamine 
green test’ and was found to be unaffected by the treat-. 
ments. The liver cells showed a spontaneous tendeney to 
aggregate, but this was greatly enhanced by ADP and 
delayed by ATP (Figs. 2 and 3). Similar results (soon to 
be reported'*) were obtained using glycerinated cell 
modelst’. 


Table 1. EFFECTS OF NUCLEOSIDE PHOSPHATES ON THE AGGREGATION OF 
DISSOCIATED ADULT MOUSE LIVER CELLS 


5 x 10M ADP 5 x 104 M ATP 


Time in Hanks Control Hanks in Hanks 
(min) balanced salt solution balanced salt solution balanced salt solution 
0 88 88 88 
5 43 70 87 
10 35 65 83 


Suspension containing 2:1 x 10-* cells/ml. Viability 96-2 per cent, pH- 7-2. 
Relative counts of unaggregated single cells (expressed as percentage of 
total cell numbers), 


The results so far obtained confirmed the opposing 
effects of ATP and ADP using viable whole cells. It was 
decided, however, to extend these experiments to a non- 
cellular model system. To this end, Ehrlich ascites tumour 
cells or versene dissociated liver cells were successively. 
extracted by a series of glycerol concentrations (5, 10, 
20, 30, 40 per cent v/v) in a basal solution of 0-01 M tris. 
buffer and 0-005 M EDTA (ref. 19). The cells were 
readily disrupted in the low ionic strength of these 
solutions, and gelatinous residue resulted. This was. 
washed with the series of glycerol solutions in reverse 
order, and finally equilibrated with Hanks balanced 
salt solution. The gelatinous material obtained con- 
tracted in the presence of ATP and expanded in ADP, 
thus behaving in the manner of a contractile protein. 


e 





- Moreover, on rotatic a 
-of the floceulent material le salt solution 

adhered to form a single mass when treated with 10 M 
_ ADP; whereas less aggregation occurred with the control 
and none with 10-? M ATP (Fig. 4). This effect could also 
be demonstrated by cutting large masses, which would 
= rejoin in the presence of ADP but not of ATP. These 
`: results are of interest inasmuch as they are markedly 
similar to those obtained with whole cells, and suggest a 
<o eellular infra-structure of contractile proteins. This 
. evidence supports the thesis that adhesion can be mediated 
` by contractile proteins. Moreover, the experiments with 
Amoeba proteus indicate an inter-relationship between 
_.Saovement and adhesion. It is important, however, to 
< suggest a possible mechanism. 
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Fig. 4. Effect of nucleoside phosphates in Hanks balanced salt solution 
On the adhesiveness of disrupted glycerine-extracted cellular material 
(gee text). a, 10* molar ADP adhesive; b, control, less adhesive; 6, 
; 10 molar ATP, non-adhesive. 


n the Goldacre model the expanded protein adsorbs 
tal dye which is desorbed when the protein is refolded 
g- 5a); however, only cationic dyes are desorbed and 
cumulated in the amoeba “‘tail’?°, This would suggest 
t the vital dye is adsorbed to negatively charged sites 
the cell surface which are combined on folding. Pro- 
teins are amphoteric and possess both negatively charged 
carboxyl groups and positive side chains. Indeed, for 
some. proteins, such as myosin, basic and acidic side 
chains are approximately equal in number, Goldacre 
as suggested that on folding of a protein “there will be 
mnpetition for adsorption on the carboxy! group between 
the adsorbed cation and the positively charged side chain 
of the protein’’**. The adsorbed cation will thus tend to 
be desorbed. This mechanism is represented diagram- 
. matically in Fig. 5a. This in its essentials is similar to the 
_ mechanism now proposed for adhesion. When a protein 
surface is folded, positively charged groups may be 
< adsorbed (or form salt links) with adjacent carboxyl 
groups. The net surface charge will be unaltered, equal 
umbers of positive and negative groups being “neutral- 
ized’’.. Nevertheless, as a result of the folding or con- 
traction of the protein, the negative charge per unit 
surface aroa will be increased and the repulsive forces of 
a surface will augment (such a mechanism is illus- 
in Fig. 5b). That such an increased surface charge 
density is resident on a folded protein would seem to be 
indicated by the observation that positively charged 
microscopic particles attach preferentially to the amoeba 
1, These by virtue of their large dimensions (about 
) would tend to respond to net surface charge per 
unit area and not to discriminate individual protein side 
ains as would a small dye cation. 
1 adhesiveness has an inverse correlation with surface 
negativity, and it is therefore possible to propose such 
contractile protein models for cell adhesion. These are 
presented. diagrammatically in Fig. 5b and c. The 
of folding a protein could be mediated directly 
bif the protein were at the cell surface. How- 
ever, if a contractile protein were immediately sub- 
_Jacent to the lipoprotein membrane (Fig. 5c) (as has 
been: suggested by Ambrose”), then this could provide 
the driving force for a rheological model as suggested 
by Curtis'. 
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Fig. 5. a, Goldacre model of dye accumulation. Adserbed dye cations are 

desorbed on folding. b, Proposed direct model for cell adhesion, Ow 

folding, negative charge density is increased, e, Indirect model. Folding 

of the cell surface is as a resul Se a a contractile actomyosin- 
ike protein. 


The contractile status of such a protein is likely te. 
depend on the concentration of ATP, and on this basis the 
effect of ADP on platelets might operate by product 
inhibition as was suggested earlier. It has also been 
known for some time that ATP, in common with versene. 
and citrate, will disaggregate liver and other tissues on 
perfusion; and its role has been thought to be that of 
chelating divalent cations™, In the mechanism proposed, 
however, the roles of calcium and of magnesium are seen 
in a new light; for not only has calcium long been impli- 
cated in cell adhesion®, but both calcium and magnesium 
are parameters of actomyosin-like contractile systems, 
and may affect adhesion in this familiar role. Experiments 
to determine the interaction of divalent cations with 
this system are in progress and will be reported in due 
course, 

The model proposed has many implications; not only 
does it explain the non-adhesive phase of the mitotic 
cell, but also local differences in adhesion of a single cell?. 
The impaired adhesion of the tumour cell is also of interest. - 
because any of the parameters of a contractile system 
(nucleoside phosphates, divalent cations or relaxing 
factor**) can be responsible. I have long thought that a 
“hereditable” defect in the utilization of ATP might be - 
a character of the tumour cell, possibly resulting in high’ 
internal ATP levels which, if they reflected the effects 
demonstrated here, would result in loss of adhesion and 
increased mitotic rate, if this is, as I think, similarly 
dependent. Moreover, such a scheme might also be 
of great value in the interpretation of adhesions in 
embryogenesis, as fluctuations in nucleoside phosphate 
and divalent cation level would in all probability occur, 
with consequent alterations in intercellular adhesive- 
ness. 

The mechanism proposed obviously involves an over- 
simplification of the cell surface. Nevertheless, it may” 
provide a useful framework for the necessary detail. i 
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A HYDROGEN ION CONCENTRATION GRADIENT IN A 
MITOCHONDRIAL MEMBRANE 


By Pror. BRITTON CHANCE and LEENA MELA 
Johnson Research Foundation, University of Pennsylvania, Philadelphia, Pennsylvania 


Tun finding of a colorimetric indicator for the deter- 
mination of pH changes in the membranes of mitochon- 
dria’ has provided a unique opportunity to evaluate the 
properties of mitochondria in which a pH gradient has 
been established across the membrane by cation acoumula- 
tion. In view of the considerable current interest in the 
function of a membrane pH gradient in oxidative phos- 
phorylation and ion accumulation®.* a description of our 
experimental results appears timely and relevant to the 
evaluation of such mechanisms. This article deals, from 
the experimental point of view, with the question whether 
the energized state of mitochondria (State 4)’ is character- 
ized by a pH gradient across ita membrane. We describe 
experimental conditions which lead to an instability of a 
pH gradient in a mitochondrial membrane established 
by cation accumulation. 

The experimental methods used are described in detail 
elsewhere®*, Bromthymol blue (BTB) is tightly bound 
to the membranes of rat liver mitochondria at concentra- 
tions of 0-4 mumoles/mg protein, considerably lower than 
those used previously with guinea-pig kidney mito- 
chondria’. A reaction medium is used which consists 
of only the cation and anion of the substrate, in order to 
minimize interference with other cations and anions. 
0-225 molar mannitol and 0-075 molar sucrose supply 
appropriate osmotic support for the mitochondria. 
Absorbance changes are measured with a dual wavelength 
spectrophotometer equipped with interference filters. 

Can a pH gradient be established across a mitochondrial 
membrans? The experimental demonstration of a pH 
gradient across the mitochondrial membrane is shown in 
Fig. 1. This illustration shows the response of two colori- 
metric indicators under identical experimental conditions, 
namely, in the presence of 6-5 mg protein/ml. of mito- 
chondria in a medium containing 2 mmolar succinate at 
pH 6-6. BTB is added at a concentration of 3-3 wmolar 
and is measured at a wavelength of 618 my (reference 
wavelength 700 mu). Bromeoresol purple (BCP) is added 
at a higher concentration (8-7 pmolar) in order to obtain 
comparable absorbance changes, and is measured at 
580 mu (reference wavelength 640 my). In both cases 
absorbance increases are recorded as an upward deflexion 
on the traces and correspond to the alkaline colour of the 
indicator. <A series of additions of 160 molar calcium 
ions causes small but clearly distinguishable decreases of 
absorption of BCP and larger increases of absorption of 
BTB. In spite of its smaller concentration (one-third 
that of BCP), the absorbance change of BTB is three 
times greater. This experimental result has been obtained 
under a wide variety of conditions and leads us to conclude 


that we are measuring the establishment of a pH. gradient 
across the mitochondrial membrane due to the accumula- 
tion of calcium under unbalanced conditions. One possible 
equation follows: 


2Ca+ + 2H,O — 2Ht 
(outside) (outside) 


+ 2Cat+ + 20H- 
—(membrane}— 


These experiments show that BTB mdicates the pH 
on one side of the mitochondrial membrane and BCP 
indicates the pH on the other side. Experiments with the 
glass electrode show that BCP is on the same side of 
the membrane as the glass electrode, presumably outside. 
Addition of bovine serum albumin to mitochondria 
supplemented with BTB causes binding of the BTB 
externally to the mitochondria so that ıt then indicates 
pH changes on the “outside” as does BCP (refs. 3 and 4). 
Further investigations using a variation of the osmolarity 
of the reaction medium show that BTB is in the osmot- 
ically unresponsive space of the mitochondrion?* and 
lead to the conclusion that the indicator may be bound 
in the crystal space itself**. While the localization of the 
indicator cannot yet be identified on a molecular basis, 
it is functionally in the space in which cations are primarily 
accumulated, which is the space relevant to any hypothesis 
in which & proton gradient is postulated to drive cation 
accurulation. It is in this context that we say that 
BTB is a membrane-bound indicator. 
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Fig. 2. Kffect of EGTA on pH ent. Rat liver mitochondria 8 8 mg 
protem/ml., 0-8 molar mannitol-su » 20 mmolar sodium sucamate, 
pH 7-4, 8-8 «molar BTB (1064-11, 6 IV). 


Having now established that cation accumulation leads 
to a pH gradient in the mitochondrial membrane, we may 
now examine in detail its responses to a variety of reagents. 

Buffer capacity of the membrane. In addition to demon- 
strating that a pH gradient can be developed across the 
mitochondrial membrane, Fig. 1 shows that the membrano 
itself has appreciable buffer capacity. The first addition 
of calcium caused a much smaller pH change than did 
subsequent additions of calcium. A series of titrations of 
the change in absorbance with added calcium gives 
profiles the intercepts of which are displaced from the 
origin by an amount proportional to the mitochondrial 
protein concentration, a mean value of the intercept being 
30 mumoles/mg protein. This result, which we attribute 
to a buffer capacity of the membrane, is important, as it 
demonstrates that the membrane has the equivalent of 
an unneutralized acidity before addition of the cations. 

Specificity of the gradient. The addition of EGTA* 
demonstrates the specificity of the pH gradient to calcium. 
Fig. 2 shows the gradient established by two additions of 
167 pmolar calcium to 3-3 mg protein rat liver mito- 
chondria, and the absorbance of BTB at 633 my. increases 
as in Fig. 1. When a plateau has been reached, EGTA 
equivalent to half the total amount of calcium is added, 
causing a large diminution of BTB absorption. This 
result suggests that a portion of the intial amount of 
calcium participates in & reaction which is not concerned 
with generating a pH gradient. This is indicated in the 
discussion of the buffer capacity of the membrane. A third 
addition of calcium now causes a membrane alkalinization 
of 0-7 of the amount of acidification caused by the single 
addition of EGTA. Thus, additions of calcium after the 
first are more offective in alkalinizing the membrane. 
The majority of the added calcium is now bound to sites 
from which it can be removed by EGTA with a conse- 
quent loss of pH gradient. 

Stability of the pH gradient. Additions of calaum at 
40 mumoles/mg protein to mitochondria in which the 
endogenous buffer capacity has been expended (see Fig. 1) 
give a pH gradient which remains on a plateau for several 
minutes, as shown in Fig. 3 which was recorded on a slower 
time scale. The half-time for the “cycle” of pH changes 
is 6-6 min, with 80 mymoles calcium/mg protein. The 
stability represented as a “turnover number” (added 
ealoium/half-time for the cycle) 1s 12 mumoles calcium/mg 
protein/min. This value is negligibly slow compared with 
the rate of calcium accumulation by rat liver mitochondria 
under the usual experimental conditions (1-1 pmoles/mg 
protein)’. In summary, the rate of disappearance of the 
proton gradient due to cation accumulation is slow com- 
pared with the rate of its formation; however, an interval 
of approximately 7 min is sufficient to allow the proton 
gradient due to the accumulation of 40 mymoles calcium/ 
mg protein to dissipate substantially. It is apparent that 


* EGTA: ethyleneglycol-2-(2 aminoethyl)-tetraacstate. re 
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(c) 670 umolar EGTA, (d) 0 83 «molar , (e) 2-0 molar TTEB, (f)1-7 
mumolar hydrochloric acid, (g) 88 umolar FCOP (LM-28). 


ent. 


a slow equilibration of the ionic constituents of the 
mitochondria, possibly endogenous anions, is occurring. 

Fig. 4 summarizes the influence of a large number of 
factors on the stability of the pH gradient, and the effec- 
tiveness of various reagents in causing its collapse is 
emphasized by this figure. In these particular experi- 
ments, a single addition of 330 :molar calcium carries the 
system through its buffered range in a few seconds to a 
degree of alkalinization equivalent to 80 per cent of the 
maximal effect, or approximately 1 pH unit (91 mymoles 
calcium/mg protein)**. Thus the BTB response in each 
experiment contaims a short delay as the buffer capacity 
is expended, followed by a rise to a plateau of pH change, 
which, as has been mentioned, 1s stable for about 3 min. 
In Fig. 4a, addition of 1-7 mmolar phosphate causes the 
pH gradient to drop with a half-time of 3-7 sec. The 
reaction extends 13 per cent beyond the initial point; a 
further addition of calcium causes no alkalinization of the 
membrane. 
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Fig. 4b illustrates the effect of 8-3 mmolar tris acetate, 
and the half-time for the reaction is 7 sec. The extent in 
this case is 40 per cent over the inital level. A second 
addition of calcium causes a transient alkalmization of 
21 per cent of the original response. 

Fig. 4c is sumilar to Fig. 2, except that in this case an 
excess of EGTA (670 molar) is used ın order to determine 
the speed and maximal extent of the reaction. The half- 
time 1s 9 sec, and the extent exceeds the initial level by 
25 per cent; a second addition of calcium causes no 
alkalinization. 

In Fig. 4d and e two uncoupling agents are used: m 
4d, 0-8 umolar FCCP; and in 4e, 2:0 umolar TIFBfT. 
In the case of FCCP, the half-time is 6 sec, and for TTFB, 
12 sec. In both cases the initial and final absorbances are 
equal to within 2-5 per cent of the maximum deflexion. 

Fig. 4g shows that an initiel addition of 0-83 molar 
FCCP to the State 4 mitochondria causes no appreciable 
acidification, only a transient alkalinization. Further 
additions of calcium cause no alkalinization. 

Tho time constant of the mombrane in a step change of 
hydrogen ions 18 illustrated in Fig. 4f. Here 1-7 mmolar 
hydrochloric acid, which caused the external pH to drop 
from 7-0 to 6:1, shifts the internal pH of the mitochondria 
very nearly to the initial value before addition of calcium, 
suggesting a pH gradient of 0-9 units. The half-time of 
the change is 12 sec. Additions of FCCP at this point 
(not shown) suggest that the gradient still exists, but a 
portion has been shifted to a more acid pH. Thus a 
further addition of calcium can cause a small further 
increase of alkalmity. 

A number of other agents will diminish the mitochon- 
drial pH gradient, for example, reagents which stimulate 
sodium and potassium accumulation, such as valmomycin 
and gramicidin. Nigericin and dianemycin also diminish 
the pH gradient. In addition, a number of reagents which 
react with phosphate or phospholipids are found to 
accentuate the sensitivity of the mitochondrial membrane 
to pH change. For example, pretreatment with man- 
ganese accentuates the response to low concentrations of 
caloium®:*, Interestingly enough, we have found that 
local anaesthetics such as butacaine, which appear to 
interact with phospholipids, greatly increase the sensitiv- 
ity of the membrane to low concentrations of calcium’. 


Discussion 


Our experimental results indicate that a pH gradient 
across the mitochondrial membrane can readily be estab- 
lished by additions of cation in the absence of a permeant 
anion. An evaluation of the different parameters of the 
membrane pH gradient 1s of interest ın evaluating its 
possible relation to mitochondrial function. 

Extent of pH gradient. Previous work has indicated 
that 30 mumoles/mg protein of calcium can give a pH 
increment of approximately 0-5 units, and with maximum 
calo1um the gradient may exceed 1 pH unit?4. The 
factors that lmit the maximal pH gradient appear to be 
associated with the calcium capacity of the membrane 
iteelf and with an inhibitory effect of the pH gradient 
on the mitochondrial respiratory activity (see later). 

Buffering capacity of mitochondrial membrane. The 
fact that titrations of the mitochondrial membrane with 
added calcium at higher protein concentrations give a 
sigmoid relationship between the increment of indicator 
absorbance and added calcium points to the existence of 
a buffer capacity of the mitochondrial membrane. By 
extrapolatmg the maximum slope of graphs such as that 
of Fig. 1 to their intercept on the abscissa, a value of the 
buffer capacity of approximately 30 myumoles Cat+/mg 
protein is obtained**. The nature of this buffer capacity 
can be attributed to phospholipid following the reasoning 
of Chappell et al.1°, where a much higher value of phos- 
pholipid content was postulated to oxplain manganese 


+ FCCP: carbonyl o de p-trflaoromethoxyphenylhydrazone. TTFB- 
4,5,6,7-Letrachioro-2-trifluoromethylbenmmidazole, 
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binding. The work of Feinstein® taken with our recent 
findings on interactions with local anaesthetics suggests 
that the lower value of phospholipid is indeed involved’. 

The fact thet 30 mumoles/mg protein of buffer capacity 
is observed in the mitochondrial membrane im the resting 
state (State 4) is relevant to the proton gradient hypo- 
thesis®:*. Since the resting State 4 is a condition of maxi- 
mum capability for oxdative phosphorylation or cation 
uptake, the existence of a buffer capacity against a pH 
change suggests that: (a) no pH gradient has been estab- 
lished ın State 4; (b) no energy is stored in the membrane 
in terms of pH gradient; (c) if energy were indeed first 
converted into a pH gradient and then into energy 
suitable for driving oxidative phosphorylation and ion 
transport, the 30 mymoles/mg protein of buffer capacity 
would have to be expended before an effective output of 
energy metabolism from the mitochondria could be 
observed by the proton gradient mechanism. i 

Specificity of mitochondrial membranes. Reagents which 
establish a large pH gradient across the mitochondrial 
membrane are those cations which are transported rapidly. 
For example, calcium is most effective while strontium and 
manganese are less effective. Potassium and valinomycin 
establish correspondingly smaller gradient, possibly 
because the membrane is more “leaky” in their presence. 
The fact that EGTA will rapidly dissipate the pH gradient 
established by calcium further identifies this gradient 
with cation accumulation. ; 

Stability of the gradient, The conditions under which the 
pH gradient oan rapidly be collapsed are of the greatest 
interest in connexion with possible functions of such 
gradients. Three classes of substances have been found 
experimentally which cause the gradient to collapse 
rapidly. f 

enous substances. The endogenous buffer capacity 
collapses the pH gradient in 2-3 min for calcium con- 
centrations below 40 mymoles/mg protein. Above this 
the gradient persists for more than 5 min. 

Permeant anions. Phosphate and acetate completely 
collapse the gradient in several seconds. Subsequent 
attempts to re-establish the gradient by further additions 
of calcium cause no measurable change. These results 
suggest that the pH gradient does not exist when permeant 
anions such as acetate or phosphate are present, and the 
latter is always present for ADP phosphorylation. The 
gradient that can be established under these conditions 
cannot be measured by these techniques. Since an 
increment of 0-5 pH can be measured to an accuracy of 
better than 8 per cent, the pH gradient established 
by the addition of permeant anions is less than 0-02. 

Uncoupling agents. Low concentrations of uncoupling 
agents rapidly dissipate the pH gradient; in this case it 
is a matter of considerable interest to compare the State 4 
values of pH gradient with those following the addition of 
uncoupling agents. It is noted that within the experi- 
mental error the values are the same (estimated to be as 
above within 0-02 pH units). Thus, there appears to be 
no detectable difference in the pH gradient of a mito- 
chondrial membrane in the fully activated State 4 and in 
the uncoupled state. A similar conclusion was reached on 
consideration of the buffer capacity of the membrane. 

Response to hydrogen ions. A step chango of external 
pH of the magnitude of 0-9 unite causes an extent and a 
rate of change of the membrane-bound indicator similar 
to that caused by the other reagents mentioned above. 
This suggests that the pH gradient is in a membrane 
freely permeable to hydrogen ions, and that the pH 
gradient can be shifted by the external pH. 


A method of estabhshing a pH gradient across the mito- 
chondrial membrane by means of cation accumulation in 
the absence of permeant anion has been demonstrated. 
The establishment of the pH gradient requires an energized 
mitochondrion and the absence of permeant anions. The 
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pH gradient so established can be collapsed by the addi- 
tions of permeant anions, uncoupling agents, or- agents 
which chelate the added cation. The pH at which the 
gradient ıs established can be shifted by varymg the 
external pH. 

The large buffer capacity of the mitochondrial membrane 
in the resting State 4, our inability to create a measurable 
pH gradient (less than 0-02 pH units) in the presence of 
a permeant anion (phosphate) or uncoupling agents, and 
the equality of the mitochondrial pH gradient in the 
energized State 4 and m the uncoupled state, lead us to 
vonclude that no pH gradient exceeding 0:02 pH exists 
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across the mitochondrial membrane ın the energized 
State 4. 
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PROTON MOVEMENTS IN MITOCHONDRIAL MEMBRANES 
By Pror, BRITTON CHANCE and LEENA MELA 


Johnson Research Foundation, University of Pennsylvania, Philadelphia, Pennsylvania 


THe previous article! has indicated the properties of a 
mitochondrial membrane m which a pH gradient has 
artificially been established by cation accumulation in the 
absence of a permeant amon. In this article the indicator 
technique is used in order to determine whether transient 
movements of protons accompany the activation of 
electron transport in the mitochondrial membrane in the 
anaerobic—aerobic transition and vice versa. 

A. basic difference between conservation of energy in the 
respiratory chain in chemical mtermediates and in a 
proton gradient is the way in which the electron carriers 
must deal with protons and electrons. In 
the chemical mechanism there is no need 
to distmguish oxidation-reduction reac- 
tions involvimg hydrogen. carriers, electron Pred 
carriers, free radicals, or hydride ions. oe 
Proton gradient mechanisms are far more 
selective in the sense that energy can only , | H=7 H30 
be conserved m reactions of hydrogen 25" 
carriers that allow a separation of hydrogen 
ions and electrons at an interface. This 
hypothesis has appeared in many forms 
from time to time**, and the most recent 
formulation’? volves an overt separation 
of protons and clectrons so that the latter 
can be identified outside a physically 
detectable interface (the mitochondrial 
membrane). In other mechanisms, the 4 |fpH, 
nature of the anisotropic barrier has not 
been described in detail‘. While such 
mechanisms provide for a chemical separa- 
tion of reactions for producing the proton 
gradient and utilizing the proton gradient, 
the two processes are intimately linked 
from the structural pomt of view; the 
utilization of the proton gradient in the phosphoryle- 
tion of ADP or in cation uptake must occur at the mter- 
face across which the proton gradient has been established. 
Thus, any method which measures membrane pH changes 
accompanying ADP phosphorylation or cation uptake 
would measure pH changes that are linked to electron 

ort as well. For these reasons, our use of bromthy- 
mol blue (BTB) as an indicator of pH changes at the 
primary site in the mitochondrial membrane across which 
cations are accumulated 1s especially relevant to the 
existence and function of membrane pH gradients asso- 
ciated with electron transport. This article is a critical 
evaluation of the optimum conditions for detecting 
proton movements linked to electron transport. 

In order accurately to compare the proton gradient 
hypothesis (hypothesis A) and the hypothesis that proton 
movement is not compulsorily linked to electron transport 
(hypothesis B), we have simplified them in a number of 
ways (see Fig. 1). First, only one step 1s presented. Second, 


Fig. 1. Comparison of h: 
protein (fp) an 


we have chosen as a particular step the flavin—cytochrome 
b interaction. The reasons for this choice are that it is 
unlikely that the DPNH is oxidized appreciably in a 
State 5—4 transition in tightly coupled mitochondria or 
in the transition observed under the conditions described 
by Mitchell and Moyle’*. While ubiquinone might be 
pictured as a most likely hydrogen carner, direct oxperi- 
mental evidence obtamed from pigeon heart mitochondria 
indicates that ubiquinone is not reduced rapidly enough 
to qualify as a member of the electron transport 
chain’. 


~~ HYPOTHESIS 
Pion Pox) 'Piox) 
H,0 %24,0 
Ha~ I I? HI [20H 
2b" 2H 2r" 2H] a 
2cc+ 2cett 2cat* 
PROTON GRADIENT HYPOTHESIS 
a j i 
fp fp Hp 
2H Bal ae 20H" 
2b" 2b" 


theses A and B. Diagram showing 
hydrogen 10n changes in sirrinin A 


cytochrome b (b), flavo- 
transition. 


Cytochrome b itself appears to be under the control of 
high energy intermediates? and it has most recently been 
suggested that at least a portion of the content of this 
component 1s involved in a high energy mtermediate. 
The flavoprotein itself is an unlikely candidate for a “2 H” 
carrier; studies of the isolated enzyme suggest that it 
acts as a one-electron carrier which shows reduction to the 
semi-quinone state only!!. In a State 5—4 transition’, it is 
difficult to identify a hydrogen carrier which is an integral 
part of the electron transport chain. Thus, the representa- 
tion of Fig. 1 18 inconsistent with some of the available 
experimental data, but 1t is a useful example in order to 
compare the two theories. 

This representation of hypothesis B does not rule out 
separation of protons and electrons mside the membrane, 
and thus is not inconsistent in general with the Willams 


* B. O. Slater (ref. 8) finds that under the specialized conditions of pro- 
longed anasrobioais in potasatum chlomde-glycyl-glycine medium by 
Mitchell and Moyle, no rapid oxidation of DP’ us observed. 
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hypothesis*. The diagram 1s, however, intended to dis- 
tinguish clearly between mechanisms in which proton 
movement through a biological membrane is compulsorily 
linked to electron transport (mechanism A) and that ın 
which it is not (mechanism B). The diagram further 
indicates how the mechanism m hypothesis B could be 
mistaken for the mechanism of A when cations are present. 

Considering first mechanism B, and reading from left to 
right, ın the mutial stage flavoprotein is reduced, cyto- 
chrome b is oxdized and the intermediate (H,°I) is 
de-energized. In both these mechanisms we show tho cyto- 
chrome cham as a dimer in order to avoid complication 
in the transition from 2 to 1 electron steps. In the 
electron transfer reaction, flavoprotein is shown as 
donating two electrons to cytochrome b (presumably one 
electron at a time by a semi-quinone mechanism) to reduce 
cytochrome b and to convert the intermediate into its 
lugh energy form. In the second step the energized 
intermediate acts as a mobile carrier in the membrane?! M 
and calcrum is transported across the membrane. At the 
same time two protons are ejected either from the inter- 
mediate itself as indicated here, or from the membrane“. 
In the fourth step, a water molecule donates two protons 
to the carrier to restore 1t to the neutral form and to leave 
two hydroxyl ions on the inside of the membrane. The 
overall reaction due to the transfer of a pair of electrons 
results in a pH gradient across the membrane and a 
transport of two calcium ions. We call this a “‘cation- 
linked proton gradient’’. 

The corresponding reaction according to the proton 
gradient hypothesis is given at the bottom of the diagram 
of Fig. 1. On the left side the initial components consist 
only of the reduced and oxdized carriers, located, however, 
on opposite sides of the membrane (no intermediate is 
indicated). In the second diagram the donation of two 
electrons from cytochrome 6 is accompanied by the 
ejection of two protons on the outside of the membrane. 
In the third diagram flavoprotein is restored to 1ts initial 
state by the donation of two electrons from the adjacent 
carrier and two protons from water. Thus, the transfer 
of electrons between the two carners has resulted in a pH 
gradient across the mitochondrial membrane, but m this 
case no cations need to be translocated. We call this an 
“electron-transport-linked gradient”. 

Storchiometric aspects. The number of protons that can 
be ejected outside the mutochondrial membrane or 
hydroxyl ions that can be accumulated mside the mem- 
brane should be proportional to the amount of reduced 
carriers oxidized in the nitrogen to oxygen transition. In 
mechanism B, the total carmer content 1s available to 
cause such pH changes, while in mechanism A, only the 
hydrogen carriers of the respiratory chain are available. 
Where sucemate 1s the principal electron donor to the 
respiratory chain, only flavin and ubiquinone could be 
considered f. Under these conditions the total proton 
Jump in a State 5—4 transition m mitochondria 1s approxi- 
mately 6 mumoles H+/mg protem which includes a con- 
tribution of approximately 30 per cent for flavoprotei. 
This figure is based on the assumption that quinone and 
flavin are completely oxidized in the steady state. With 
succinate as the substrate the State 5-4 transition} 
involves no more than a 10 or 20 per cent change in the 
oxidation-reduction level of quinone. Under these 
conditions, the proton ejection would fall to approxim- 
ately 1 mumole Ht/mg protein. In submutochondrial 
particles, approximately 8 mymoles H+/mg protein would 
be expected’*, This 1s the maximum amount of rapid 
proton release that would be expected according to the 

+ We do not accept ubiquinone as an essential carrier of the mitochondrial 
chain because of the sluggishness with which it 18 reduced (ref. 9), but it 18 


oxidized rapidly enough to contribute effectively to a proton jump in the 
oxygen to nitrogen tranmtion, 


t The actual nature of the transition involved under the conditions of 
Mitchell and Moyle (ref. 7) 18 not known ın detan (ref. 8), but there 18 a 
bility that the mitochondria are go far depleted by a prolonged anaero- 
10818 that ihe nitrogen to oxygen transition 1s from State 5 to State 8 to which 
the larger figure applies. 
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proton gradient hypothesis, and experimental values 
exceeding these would support objections raised to this 
hypothesis'®1?, On the other hand, mechanism B would 
give a proton jump equal to the amount of calcium ion 
in the external medium at the time of the nitrogen to 
oxygen transition. 

Mechanism B gives equal changes in the concentration 
of hydrogen ions outside and hydroxyl 1ons inside in the 
nitrogen to oxygen transition. In the oxygen to nitrogen 
transition the decay of the pH gradient depends on the 
leakage of calcium ions through the membrane, which is 
small in fresh mitochondria and Jarge in cation-supple- 
mented mitochondria (see below). In mechanism A, 4 
jump of hydroxyl ions due to reduction of the flavoprotein 
would be observed in the oxygen to nitrogen transition (cee 
Fig. 1), a condition particularly appropriate to distin- 
gushing between mechanisms A and B. These different 
properties of the two mechanisms will be used ın experi- 
ments to distinguish them. 

Approach to the steady state. Following a jump in the 
states of the respiratory carriers in the nitrogen to oxygen 
transition, there ensues a steady state of proton and 
electron transport which continues until the reaction 18 
inhibited due to an excessive proton gradient. An estimate 
of the gradient at which electron transport 1s inhibited 18 
available from experiments of the preceding article’ and 
elsewhere’*18, A cation uptake of approximately 100 
mymoles/mg protein leads to a proton gradient of approxi- 
mately 1 pH unit and to an inhibited respiration’. Before 
alkalinization of the membrane, 1ts buffer capacity must 
be discharged, an amount of 30 mymoles/mg protein’. 
Thus the total proton movement required to control 
respiration by a pH gradient is 130 mymoles/mg protein. 

Kinetic aspects. In mechanism A, the nitrogen to oxygen 
transition would be expected to consist of an electron- 
transport-linked ejection of approximately 4 mymoles 
H+/mg protein in a reaction proceeding at the maximal 
rate of electron transport followed by a contmuous proton 
ejection at the State 3 rate up to about 130 mumoles 
H+/mg protein, leading first to a neutralization of the 
buffer capacity of the membrane, and finally to the estab- 
lishment of State 6 respiration rate and a proton gradient 
of approximately 1 pH unit. 

If we take as a conservative estimate of the rate of 
flavoprotein oxidation that it is no more rapid than the 
State 3 rate of proton ejection of mitochondria in calcium 
accumulation, (1-2 mymoles/mg protem/min or 20 mymoles/ 
mg protein/sec), the ejection of 4 mumoles H+/mg protein 
due to flavoprotein oxidation would be accomplished in 
0-2 sec. Experimentally, the oxidation time of the 
respiratory carriers has been found to be considerably 
faster than that required by the steady state electron 
flow through the respiratory chain™. The time required 
for the build-up of the membrane pH to a value required 
to inhibit respiration requires the turnover of 130 
mymoles H+/mg protem, equivalent to an interval of 6-5 
sec for mechanism A. The equivalent time for mechanism 
B depends on the external cation concentration. 

Interference from cation movement. The possibility that 
cation accumulation due to mechanism B might be mis- 
taken for electron-transport-lnked proton ejection by 
mechanism A is most likely at high mitochondrial con- 
centrations where the endogenous cation content of mito- 
chondria may be discharged in anaerobiosis into the 
external medium in sufficient concentration to stimulate 
rapid respiration and proton ejection. For example, a 
calcium ion content of the mitochondria of 10 mymoles/mg 
protein could lead to a 50 molar concentration of calcium 
ions in the external medium at protein concentrations of 
5 mg/ml. This concentration of calcium ions is sufficient 
to give half mammal stimulation of respiration, corre- 
sponding to 650 mumoles/mg protem/min. At this rate 
the 50 umolar calcium 10n concentration would be accumu- 
lated in roughly 0 6 sec, and would be confused with the 
rapid phase of proton ejection already mentioned, but 
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would readily be distinguished from the larger interval of 
6:5 sec required to establish the steady state proton 
gradient. 

An essential feature of the bound insoluble electron 
carriers of the respiratory chain is that tho half times 
for their interactions are independent of the dilution of the 
mitochondria. This is due to the fact that electron 
transport reactions occur between bound carriers of the 
respiratory chain, and their relative concentrations are not 
diminished by dilution!.*. Thus, the half time for the 
fast ejection of protons from flavoproteins according to 
Fig. 1 is not increased by increasing the volume in which 
the particles are suspended, nor is the time required for 
the establishment of the steady state proton gradient. 
On the other hand, a ten-fold increase of volume of the 
suspension medium for the mitochondria would decrease 
the external calcium concentration from 50 yumolar to 
5 pmolar. This concentration of calcium is now 0:1 of 
the Km value and would cause a negligible stimulation of 
respiration. Under these conditions there would be no 
tondency for the establishment of a membrane pH gradient 
to obscure an electron-linked proton jump. 

Technical methods for the measurement of a proton 
gradient: respiratory activity. The measurement of a 6 
sec interval of accelerated respiration in the nitrogen to 
oxygen trangition for a suspension of mitochondria 
mvolves no technical difficulty if the vibrating platinum 
microelectrode is used*. This method, however, involves 
the difficulty that it is non-specific; it does not indicate 
that the rapid State 3 respiration has actually been used 
in the establishment of a pH gradient ; the rapid respiration 
rears be a result of the phosphorylation of endogenous 

Glass electrode technique. The glass electrode technique, 
together with other methods for measuring pH changes 
external to the mitochondrial membranes, suffers from the 
disadvantage that the sensitivity becomes marginal at 
protein concentrations sufficiently low to render ineffective 
any interference due to simultaneous calcium accumule- 
tion, according to the dilution method already described. 
Furthermore, the response time§ of the glass electrode is 
barely adequate to distinguish the fast and slow phases 
of the possible proton movements already discussed. 

Colorimetric indicators. Colorimetric indicators are 
particularly suitable for distinguishing fast and slow pH 
changes, as, for example, when colorimetric indicators 
are used in conjunction with a rapid flow apparatus. 

A tremendous gain in sensitivity for the study of dilute 
suspensions of mitochondria ıs obtained with a pH indios- 
tion system bound to the membrane. First, the indicator 
does not decrease in sensitivity by a dilution that is 
achieved simply by mereasing the volume in which a 
given weight of mitochondria is suspended. Thus, a high 
sensitivity of pH indication can be obtained in high dilu- 
tions with excellent time resolution. For this reason the 
experiments described here are based on such an indicator. 
A few hundredths of a pH unit can be detected at protem 
concentrations of less than 1 mg/ml. m rise times of 
fractions of a second. 

Preparations. Rat liver mitochondria, especially 
prepared to minimize cation accumulation, are homogen- 
ized in the presence of 10— molar versene to give a minimal 
calcium content (approximately 5 mymoles/mg protein). 
The reaction medium is 0-3 molar mannitol sucrose. 
Bromthymol blue (BTB) is added in a concentration of 
approximately 0:4 mumoles/mg protein. Optical observa- 
tions are made at 618 or 626 mu with 700 my as a reference 
wavelength. These wavelengths are chosen especially 
so as to avoid any interference from the oxdation of 
cytochrome a during the oxygen to nitrogen transition. 

Oxygenation is carried out by the formation of oxygen 
in the solution by the addition of hydrogen peroxdo to a 


§ The limitations to the performance of the glass electrodes can be peer’ 
established by their physical properties; a 10° ohm electrode with a band 
pasa of 3 o/s gives a peak nowe of 7 uY or 10“ pH units. Usual glass elec- 
trodes show a time lag of 0 2 sec (ref. 22). 
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mitochondrial suspension supplemented with catalase. 
The half time for the decomposition of hydrogen peroxide 
by the endogenous catalase of the rat liver mitochondria 
preparation is 30 msec at 10 mg protein/ml. The addition 
of hydrogen peroxide provides a readily controllable 
means of oxygenating mitochondrial suspensions of a wide 
variety of protein concentrations for an interval sufficient 
to ensure that not only the transient but also the steady 
state proton ejection could be observed to ‘reach its 
maximum value. 

Recordings are made with a cathode ray tube oscillo- 
scope driven by an amplifier of response time adjustable 
from 30 msec to several seconds. The response time was 
varied to ensure that with slower settings no transient 
effects were missed. 





626- 700mp 
Absorboncy increase At 626myz 


Wig. 2. Effect of oxygenation of EDTA-washed anaerobic mitochondria. 
Traces showing oxygen uptake, BTB absorbance change and light scat- 
tering. Rat liver mitochondria 5:1 mg prote{n/ml. 0 8 molar mannitol- 
sucrose; 20 mmolar sodium succinate; pH 7-4; 83 molar BTB. 


Nitrogen to oxygen transition monitored with an internal 
pH indicator. In the expermment shown in Fig. 2, BTB is 
used to detect sensitively the possible build-up of a pH 
gradient associated with electron transport. The reaction 
medium is bubbled with purified nitrogen until the 
platinum micro-electrode mdicates the solution to be 
anaerobic, then mitochondria are added to the final 
protein concentration of 6 mg/ml. BTB is added to a 
final concentration of 3-3 umolar. The suspension is then 
covered with 3 mm of paraffin oil. Under these conditions 
the vibration of the platinum electrode stirs the solution 
effectively without the introduction of oxygen as moni- 
tored by the degree of reduction of cytochrome a at 605— 
630 mul. After about a minute of anaerobiosis, the 
wavelengths are shifted to those appropriate to BTB 
measurement without interference from cytochrome a 
changes, namely, to 626 mp with 700 my as the reference 
wavelength. The sensitivity of the recording is increased 
to 0:004 per scale division. Controls under aerobic 
conditions indicate from the linear portion of the calcium 
titration curve that the addition of 17 umolar calcium 
would cause a deflexion of one large scale division. On the 
basis that one calcium ion produces one hydroxyl ion 
in the membrane™:18, the sensitivity to hydroxyl ions in 
the membrane is 17 molar per scale division. Light scab- 
tering changes at 700 mu aro recorded on tho bottom trace 
with a sensitivity of 34 per cent per scale division. The 
top trace represents oxygen concentration with a sensi- 
tivity of 70 umolar per scale division. The response time 
of the amplifier is less than 0-2 scc, and the time scale is 
17 sec/scalo division. After the addition of 33 umolar 
hydrogen peroxide, an upward jump of the platinum 
electrode trace is observed to occur in a few seconds, 
followed by a decline of the trace over an interval of 
30 sec, indicating that the respiratory rate is approxim- 


li According to the experimental results of Schindler, under these condi- 
tions the oxygen concentration 1s of the order of 107" molar or less (ref. 28). 
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ately 1 umolar oxygen per seo, approximately 0-2 mymoles 
oxygen/mg protem/sec. This corresponds to 0-1 of the 
Btate 3 rate. 

The BTB trace shows a 2 sec deflexion during the inter- 
val that the cuvette cover was removed, the hydrogen 
Peroxide was added and the cover was replaced. Immedi- 
ately before and after the addition of hydrogen peroxide, 
the trace indicates the absorbance to be identical to within 
0-1 scale division, corresponding to the equivalent of 1:7 
pmolar hydrogen 10n or 0-3 mumole/mg protein. In the 
oxygen. to nitrogen transition, a deflexion of the trace of 
0-2 of a division occurs, suggesting an internal acidification 
of the mitochondrial contents equivalent to 0-8 mymoles 
H*/mg protein. Thereafter, the trace remains at an 
approximately constant level. Neither of these transitions 
gives evidence for either an electron-linked proton jump 
comparable with 4 mumoles/mg protein or a build-up of a 
proton gradient of 130 myumoles/mg protein. Since the 
respiration rate 1s that of the controlled State 4, and no 
proton gradient is developed in the nitrogen to oxygen 
transition, it appears that controlled respiration does not 
set up a proton gradient. 
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genation oe EDTA-washed anaerobic mitochondria in the 

presence Oxy 7 umolar BOP. Rat Lyer mitochondria 12-6 mg protein/ml. 
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Nitrogen to oxygen transtiton montiored with an external 
pH indicator. Fig. 3 illustrates an experiment similar to 
that of Fig. 2, except that the external pH indicator 
bromeresol purple (BCP) is employed at approximately 
three times the concentration used for BTB and at an 
external pH of 6-5 in order to accommodate the pK of 
BCP. ‘The mitochondrial protein concentration is in- 
creased 2:5 times to 12-6 mg protein/ml., and in view of 
the higher respiratory activity of the higher mitochondrial 
concentration, the time scale of the recording is accelerated 
to 2 seo/division. The wavelengths of the spectrophoto- 
meter are reset to those suitable for sensitively measuring 
BCP and for almost completely rejecting the oxidation- 
reduction changes due to the components of the respiratory 
chain (683-640 my). After an interval of anaerobiosis of 
several minutes, the addition of 17 pmolar hydrogen 
peroxide gives the V-shaped stirring artefact which lasts 
approximately 1 sec. Five seconds thereafter, a small 
deflexion in the trace indicates the ‘“‘cross talk” due to the 
reduction of cytochrome components. The net displace- 
ment of the trace in these two transitions is less than 0-1 
division. Since the sensitivity of the mdicator to added 
hydrogen ions under these conditions corresponds to 46 
umolar/scale division, the change of hydrogen ion concen- 
tration in the nitrogen to oxygen and oxygen to nitrogen 
transitions is less than 4:6 molar or 0-36 myumoles Ht/mg 
protein, a result that is consistent with the results of 
Fig. 2 where the internal indicator is used. 

Proton movements associated with cation movements in 
the nitrogen to oxygen transtiton. In the previous experi- 
ments, EDTA-washed mitochondria were used and no 
evidence of proton movements associated with the 
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n uptake and glass electrode recordings showing the 
10n of cation-supplemented anaerobio T mioenondria 
(580 amolar calor). + liver mitochondria 18:6 mg Berrie 

8 molar mannitol-sucrose; 2 mmolar (ris-succinate; 74; 36 
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oxygen to nitrogen transition could be detected either “‘in- 
side” or “outside” the membrane. We have found, 
however, using an electrode sensitive to calorum™, that 
mitochondria supplemented with calcium at concentra- 
tions of roughly 25 mumoles/mg protem exhibit, during 
the course of intermittent oxygenation as in Figs. 2 and 
3, a large acidification of their intramitochondrial contents 
over the course of 4 min, in which a considerable amount 
of the ionic contents is lost. At the end of this period a 
stabilized situation is obtained which is Jlustrated in 
Fig. 4. Here successive oxygenations of the mitochon- 
drial suspension by additions of 100 and 200 umolar 
hydrogen peroxide give reproducible cycles of alkaliniza- 
tion and acidification. On the bottom trace the glass 
electrode recording shows oycles of acidification and 
alkalinization which follow in duration the increases and 
decreases of oxygen concentration recorded on the middle 
trace. As measured from the rate of oxygen utilization, 
the respiratory activity corresponds closely to the State 3 
rather than the State 4 levels under these conditions; the 
oxygen rate is approximately 1 mumole oxygen/mg 
protein/sec, five times that of Fig. 2. Thus, higher oxygen 
concentrations are employed to achieve steady state 
levels of pH change. The responses of BTB and the glass 
electrode are complementary, the BTB indicating alkalin- 
ization and acidification in the nitrogen to oxygen and 
oxygen to nitrogen transitions while the glass electrode 
indicates the opposite changes. The calibration of the 
pH trace indicates that 180 umolar hydrogen ions are 
ejected in the interval of aerobiosis (14 mpmoles/mg 
protein), and as the longer interval of aerobiosis indicates, 
this is a “plateau’’ value, in spite of the fact that 330 
molar calcium is present. The deflexion of the BTB 
trace corresponds to an absorbance change of 0-013 cm-, 
equivalent to three major scale divisions in the diagram 
of Fig. 1, indicating that a massive pH change in the 
membrane occurs in the nitrogen to oxygen transition only 
when calcium ions are added to the medium. 


This article has given a critical evaluation of the 
experimental conditiohs where mechaniam B might be 
distinguished from mechanism A. In the latter case a 
compulsory ejection of approximately 4 myumoles H+/mg 
protein is required in the nitrogen to oxygen transition for 
rat liver mitochondria in which their ubiquinone and 
flavin contents are turned over, followed by a further 
proton movement to exhaust the membrane buffer 
capacity and to build up a pH gradient sufficient to control 
respiration (a total of 130 myumoles H*/mg protein). 
Mechanism B in the absence of cation movements requires 
no proton movements in the oxygen-nitrogen transition. 
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Experimental measurement of proton movements in 
calcium deficient mitochondria in the nitrogen-oxygen 
transition indicates values of less than 0-30 and 0:36 
mymoles Ht/mg protein, using internal and external 
indicators, respectively. Mitochondna supplemented with 
25 mumoles caloium/mg show both internal and external 
membrane pH changes of 14 mumoles/mg protein, after 
an interval of ionic redistribution, which are synchronized 
with the nitrogen to oxygen transition. We conclude 
that no experimental evidence exists for the establishment 
of a measurable proton gradient ın calcium deficient rat 
liver mitochondria in the nitrogen to oxygen transition. 
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CHEMI-OSMOTIC THEORY OF OXIDATIVE PHOSPHORYLATION 


By Dr. J. M. TAGER, Dr. R. D. VELDSEMA-CURRIE and Pror. E. C. SLATER 
Laboratory of Blochemlstry, University of Amsterdam 


ACCORDING to the chemi-osmotic theory of oxidative 
phosphorylation proposed by Mitchell':*, ATP is synthe- 
sized by an anisotropic ATPase present in the inner 
membrane of the mitochondrion. The region of the 
active centre of this ATPase contains a grouping XH=X- 
+ H+, which is accessible to hydroxylions from outside the 
membrane, and to ATP, ADP, phosphate and hydrogen 
ions from inside the membrane. The nucleophilic X- 
in the active centre can combine with the phosphorylium 
ion, (H,PO,)*, with the formation of X ~ P, when hydroxy! 
ions are driven from morganic phosphate through the 
active-centre region of the ATPase to the outside of the 
membrane. The phosphorylium 1on is then transferred 
to ADPO- with the formation of ATP. 

According to this theory, the respiratory chain delivers 
hydrogen ions at the right place to neutralize the hydroxyl 
ions in the neighbourhood of X, and thus supplies the 
driving force whereby this ATPase ıs made capable of 
synthesizing ATP. The pH differential can remain as 
such or may be utilized, at least partly, to set up a 
membrane potential. The combined effect of the residual 
pH differential and the membrane potential ıs the with- 
drawal of hydroxyl ions from H,PO, on the inside of the 
membrane. 

Although the Mitchell theory has stimulated much 
useful discussion in recent years ıt has lacked direct 
expermental support until recently. Such support is 
needed from two directions: (1) the demonstration that 
a pH differential or a membrane potential can indeed 
lead to ATP synthesis; (2) the demonstration that the 
operation of the respiratory chain can bring about a pH 
differential or a membrane potential. This type of 
experimental support has been brought forward during 
the past year. 

ATP synthesis by a pH differential. The feasibility of 
synthesizing ATP by building up a pH differential was 
demonstrated by Jagendorf®. After chloroplasts had been 
kept for a short time at 0° C and pH 3-8 in the presence 
of an organic acid (such as succinic acid) and N-3,4- 
dichlorophenyl-N’-dimethylurea to inhibit the light 
reaction, the suspension was brought to pH 8-0 in the 
presence of labelled inorganic phosphate (#*P;) and ADP. 
After a few seconds, the reaction was stopped with 


trichloroacetic acid and the ATP synthesis calculated 
from the uptake of **P, nto the organie phosphate 
fraction. This so-called “acid-bath phosphorylation” 
with chloroplasts, which can amount to about 40 umoles 
ATP/g protein, has been confirmed by Dr. K. G. Rienits 
in our laboratory‘. 

It seems likely that this phosphorylation reaction 18 
driven by a pH differential between the inside of the 
chloroplasts, which contam a high concentration of 
organic acid which probably diffused into the chloro- 
plast as uncharged acid durmg the treatment at pH 3-8, 
and the outside medium at pH 8-0. If the ADP and 
phosphate are added only 2 sec after adjusting the pH 
to 8-0, the yield of ATP 1s reduced by 83 per cent (ref. 3). 

Although analogous expermments with rat liver muto- 
chondria, carried out by Dr. K. G. Rienits and Dr. M. 
Koivusalo m this laboratory®, have failed to show any 
synthesis of ATP, either when the pH was raised from 
5-0 to 8-4 or lowered from 10:3 to 7:0, the general feasibility 
of proton-translocation phosphorylation, required by the 
chemi-osmotic theory, is demonstrated by Jagendorf’s 
experiments. 

Production of a pH differential by the respiratory chain. 
Mitchell and Moyle! have brought forward evidence in 
favour of their view that the operation of the respiratory 
chain causes a pH differential between the inside and 
outside of the membrane. They pre-incubated a sus- 
pension of rat hver mitochondria in a medium containing 
0-15 molar potassium chloride, 3-3 mmolar glycylglycine 
buffer (pH 7-2) and 2 mmolar §-hydroxybutyrate or 
2 mmolar succimate for 20 min at 25° C ın the absence of 
oxygen. When small amounts of oxygen were introduced, 
there was a rapid production of hydrogen ions in the 
medium, followed by a slower equilibration. The hydrogen 
ion : oxygen ratio was 6 for 8-hydroxybutyrate and 4 
for succinate. When ATP was added instead of oxygen 
to an anaerobic mitochondrial suspension in the absence 
of substrate, 2 moles of hydrogen ions were produced for 
each mole of ATP hydrolysed, in addition to the 0-8 mole 
of hydrogen ions expected for the hydrolysis of ATP to 
ADP and P, at this pH. 

At first sight, these observations seem to provide 
strong support for the chemi-osmotic hypothesis. Accord- 
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ing to this hypothesis, when oxygen is added to mito- 
chondria in the presence of substrate but in the absence 
of P: and ADP, ıt may be expected that the respiratory 
chain will function until a sufficient pH differential or 
membrane potential is built up, to prevent the flow of 
electrons from substrate to oxygen. In other words, one 
would expect that, immediately after adding the oxygen, 
the respiration would be uncontrolled even though phos- 
phate and phosphate acceptor are absent. To use the term- 
inology of Chance and Williams’, one would proceed from 
State 6 by way of State 3 to State 4, and finally to State 5, 
when the oxygen added is exhausted. The amount of 
oxygen consumed during the transient State 3 would 
depend on the amount of hydrogen ions required to build 
up the requred pH differential or membrane potential. 
With smaller amounts of oxygen State 4 would never be 
reached, and the system would pass through the sequence: 
State 5+State 3-State 5. 

Chance and Williams’ have shown that when ADP is 
added to rat liver mitochondria in State 4 in the presence of 
8-hydroxybutyrate, the mitochondrial NAD becomes 
more oxidized. Van Dam! found that the initial rate at 
which the NAD becomes more oxidized 1s double that of 
the steady state rate of oxidation of B-hydroxybutyrate 
which sets m immediately after the addition of the ADP. 
For the first 15 sec at 10° C, the net oxidation of mito- 
chondrial NADH 1s superimposed on the oxidation of 
B-hydroxybutyrate. NAD is even more highly reduced in 
State 5 than in State 4, and for this reason one would 
expect, according to the scheme mentioned, that the net 
oxidation of the mitochondrial NADH would contribute 
initially at least two-thirds of the hydrogen 10ns produced 
by the respiratory chain on the addition of oxygen to 
anaerobic mitochondria under the conditions used by 
Mitchell and Moyle. 

From the data given by Mitchell and Moyle it can be 
calculated that, under therr experimental conditions, at 
least 8 moles of hydrogen ions may be produced for each 
gram of mitochondrial protem. In order to liberate this 
amount of hydrogen ions, at least 8/6 = 1-3 umoles 
NADH for each gram of mitochondrial protem must be 
oxidized, if we accept the hydrogen ion : oxygen ratio of 6 
given by Mitchell and Moyle. For the reasons given in the 
previous paragraph, it 1s to be expected that two-thirds of 
the hydrogen ions would initially be derived from the 
net oxidation of the NADH. Even though the con- 
tribution of this reaction would rapidly decline after the 
first few seconds, one would expect to find a substantial 
oxidation of NADH during this period. 

Experiments have been carried out to test this pre- 
diction. The experiment was carried out in exactly the 
same way as described by Mitchell and Moyle. During 
the anaerobic pre-incubation for 20 min, the pH was 
found to decline slowly by 0-1-0-2 units. On adding 
0-15 molar potassium chloride contammg dissolved 
oxygen there was a rapid fall ın the pH, followed by a 
slow return to the initial value (Fig. 1), exactly as deacribed 
by Mitchell and Moyle. Thé maximum decline in pH in 
this experiment was 0-06, but this was very variable in 
different experiments (between 0-02 and 0-10). The pH 
remained constant on the addition of potassium chloride 
without oxygen. 

Fig. 2.4 shows that no oxidation of NADH or NADPH 
occurred on addition of oxygen. On the other hand, the 
expected oxidation of NADH ocourred when ADP and 
P, were added together with the oxygen. In Fig. 2B, a 
suniar experiment is shown m which no substrate was 
added. Even under these conditions, in which the net 
oxidation of NADH would be expected to contribute 
even more to the total oxygen uptake, no oxidation of 
mitochondrial NADH was observed, unless phosphate and 
ADP were added. In the experiments in Fig. 2, the oxi- 
dations of NADH and NADPH were followed by deter- 
mination of the oxidized nucleotides only. In a control 
experiment, ıt was shown that neither the NADH nor 
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Fig. 1. Acid production after the addition of oxygen to anaerobically 
pre-incubated mitochondria, Rat hver mitochon (181 mg protein 
were pre-incubated anaerobically at 26° in an oxygen-free medium (fin 

volume, 8 ml.) containing 3-8 mmolar glyoylglycine buffer, 150 mmolar 
potasium chlorıde and 20 mmolar #-hydroxybutyrate. The final pH 
after the addition of mitochondria was 69 Anaerobiosgis was maintained 


by layering non top of the reaction mixture 20 min anaero- 
biosi, 50 160 mmolar potassium chloride saturated with aur free 
of carbon dioxide or with ni n were added. The pH was measured 


continuously with a ‘Radiometer’ pH meter attached to a recorder. 


the NADPH content changes on aeration of the pre- 
incubated anaerobic suspension. The same results were 
obtained when the pre-incubation was carried out for 
only 4 min instead of the 20 min used by Mitchell and 
Moyle. 

Although these direct determinations of NAD(P) 
clearly show no change ın the nicotinamide nucleotide 
content on aeration, an appreciable decline of the 
Agic-auamz Was found by a direct spectrophotometric 
measurement in the double-beam spectrophotomoter 
(Fig. 3). This dechne of the Asıo-374 mu Occurred even 
when oxygen was added in the presence of rotenone, 
which blocks the oxidation of NADH in the respiratory 
chain. Thus ıt must result from oxidation of the oyto- 
chromes, which make & sigmficant contrmbution to the 
absorption m this region under the conditions of this 
experiment. In the transition from State 3 to State 4, 
investigated by Chance and Willams’, this error is pro- 
bably negligible, because under these conditions there 18 & 
large change ın the oxidation state of NAD and only 
small changes ın the oxidation state of the cytochromes. 

Fig. 2 shows clearly that the transition State 5+State 
3— (State 4)>State 5 did not occur, although 1t should 


NAD+ or NADP* (umoles/g protein) 





Time (seo) 


Fig. 2. Concentration of NAD(P)+ ın mitochondma on the transition 
from State 54 and from State 58. Rat hver mitochondria (4 6 mg 
protein in B) were pre-incubated anaerobically 1n 

of oxygen (final volume, 1 ml.) contaming 3 8 


curves markod EF ma m tao oa markod oor the solution added 

also contain: pmo: an umoles ino: c hosp R 

At the times indicated, the reachon was stopped with ado. ADt 

NADP+ in the acid extracts were determined separately by the methods 
of Kimgenberg (ref 12) as described by Van Dam (ref. 8). 
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Fig. 8. Concentration of NAD(P)+ and changes in A wi on 
transition from State 5—4 and State 6—8 in the presence and absence of 
rotenone. Rat lyer mitochondna (4-4 mg protein) were pre-incubated 
anaerobically at 25° O ın a reaction mixture (final volume, 1 mL) con- 
taining 8 3 mmolar Igiycine buffer, 150 mmolar potasium chloride 
and 2:0 mmolar f-hydroxybutyrate. After 19 min, 2 ug rotenone in 20 
Hl. ethanol (or, in control ex ents, ethanol alone) were sdded 
After a minute, 0 1 ml. 160 mmolar potassium chloride saturated 
with aur free of carbon dioxide wes added to experiment 4 (State 56> 
State 4). In B (State 5>Btate 8) the potassium chlonde solution also 
contained 0-5 umole ADP and 60 moles inorganic p. hate. In 
parallel experiments, the absorbance at 340-374 my of mitochondria 
ré-1neo and treated as above was recorded in the ‘Aminco-Ohance’ 
uble-beam spectrophotometer; Lite lower curves are traces of these 
recordings. 


according to the Mitchell theory when oxygen is added to 
an anaerobic suspension in the absence of ADP and 
phosphate. This prompted a further examination of the 
changes taking place during the anaerobio pre-incubation. 
Fig. 4 shows that the “~P content” (essentially the two 
terminal groups of ATP and the terminal group of ADP) 
dechned to about half during the first 5 min, followed by a 
slower decline. It is probable that the rapid loss of ~P 
results from hydrolysis of most or all of the ATP, and that 
the slower decline is due to hydrolysis of ADP by the 
combined action of adenylate kinase and ATPase. The 
doss of ~P during the 20 min anaerobic pre-incubation 
(16 umoles/g protein) greatly exceeds the amount of 
nicotinamide nucleotides present, and because of this 
sufficient phosphate acceptor must be present to allow 
the rapid oxidation of the NADH present in the mito- 
chondria. The question then arises, whichever theory 
of oxidative phosphorylation is favoured, why the 
NADH ıs not oxidized on acration. When 5 mmolar 
phosphate was added together with the oxygen, NAD(P)H 
was oxidized, and it is therefore probable that the pre- 
incubation causes a decrease in the concentration of 
phosphate effective for oxidative phosphorylation. Indeed, 
Table 1 shows that large amounts of phosphate appear ın 
the supernatant after the pre-mcubation. 

Table 1 also shows that magnesium, but not calcium, 
ions are lost from the mitochondria durmg the anaerobic 
pre-incubation. 

The loss of magnesium and possibly other cations such 
as potassium during the anaerobic pre-incubation allows 
Table 1. OHANGHS IN THE MAGNHĦAIUM ION, OALOIUM ION AND INORGANIC 
PHOSPHATE CONTANT OF MITOOHONDRIA AFTAR ANABROBIO INOUBATION 

Calotum Magnesium Inorganic 


phosphate 
Fraction (umolea/g mitochondrial protein) 
Mitochondria at zero tune 14 39 34 
Mitochondria after 20 mın 18 21 42 
Bupernatant at zero time 26 0 0 
Supernatant after 20 min 87 18 24 


Bat liver mitochondria (16 protein in Expt. 1 and 19 mg protem m 
Expt. 2) were Incubsted anaerobically at 25° as desonbed in Fig. 4. The 
final volume of the reaction mixture was 8-0 mJ. After 20 min tho reaction 
mixture was centrifa: anaerobically at 0° O. In Expt. 1, esium and 
calcium 10ns were de ed umg the methods desaribed by Brierley (ref. 
14) and by Bett and Fraser (ref. 15). ee phosphate was determined 
in Expt 2, uaing the method of Fiske and Subbarow (ref. 16). 
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an alternative explanation of the experimenta of Mitchell 
and Moyle’. From the work of many authors’, it is known 
that uptake of cations induced by respiration m mito- 
chondria is accompanied by the liberation of hydrogen 
ions. Although the uptake of calcium is accompanied by 
the oxidation of NADH, this is not to be expected for the 
uptake of magnesium or potassium, because these ions 
do not uncouple oxidative phosphorylation. 

Mitchell proposes that the primary act of the respiratory 
chain 1s proton translocation (H+), which can be utilized 
either for cation uptake or for oxidative phosphorylation, 
thus 


respiratory chan—> -—Ht = ATP 


cation uptake 


In our view, all experiments on ion translocation in mito- 
chondria can just as easily be explained by the “squiggle” 
theory in which one of the early events in energy con- 
servation 1s the formation of a ~ compound, which may 
be utilized either to make ATP or to drive a proton or 
eation pump, thus 


respiratory chain ~ + ATP 


H+ ejection or cation uptake 


Since the ejection of hydrogen ions detected by Mitchell 
and Moyle ıs not accompanied by the NADH oxidation 
predicted according to the chemi-oamotic theory, this 
production of hydrogen ions cannot be the proton trans- 
location proposed by Mitchell. Thus, the experiments of 
Mitchell and Moyle do not provide evidence in favour of 
their theory. 

During the recent meeting of the Federation of European 
Biochemical Societies at Warsaw, an additional argument 
was brought forward by one of us’ against the con- 
clusion that the production of hydrogen ions measured by 
Mitchell and Moyle is that predicted by the chemi-osmotic 
theory. This was the magnitude of the hydrogen ion pro- 
duction. On the bams of the chemi-osmotic theory, the 
production of 8 pmoles of hydrogen ions for each gram 
of mitochondrial protein (see above) corresponds to 4 
moles ATP. This means that mitochondria can accumu- 
late, in the absence of ADP and P:, up to 4 umoles of 
“squiggle” equivalent for each gram of mitochondrial pro- 
tein. Van Dam’ has shown that, m fact, mitochondria 
accumulate less than one-tenth of this amount in State 4. 
At the same meeting, Dr. Mitchell suggested that this dis- 
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Big. 4. Decrease in ~P during anaerobic incubation of mitochondria, 
Rat liver mitochondria (5-7 mg protem) were preincubated anaerobically 
at 25° O1n a reaction mixture (final volume, 1 ml.) containing 8 8 mmolar 
Roe buffer, 150 mmolar potassiam chloride and 20 mmolar 

-. ayaroxybatyrate. The final pH of the reaction mixture before the 
addition of mitochondria was 7:2. At the tumes indicated, the reaction 
was stopped with HCIO, ~P was determined in the protein free, 

neutralized extracts by the method of Slater (ref. 13). 
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crepancy arises from the fact that only a small part of the 
energy accumulated as a pH differential or a membrane 
potential would be capable of being utilhzed, because the 
available energy would soon drop to a value below that 
necessary to synthesize ATP. He used the mechanical 
term “backlash” to describe this phenomenon. Although 
we agree that some ‘“‘backlash’’ must be present, on the 
basis of the chemical as well as the chemi-osmotic theory, 
we find a “backlash” as high as 3-6 ymoles of “squiggle” 
equivalent for each gram of protein difficult to reconcile 
with the fact that oxidative phosphorylation operates at 
maximal efficiency at very high ratios of [ATP]/[ADP]-[Pi] 
and with the relative inefficiency of ATP compared with a 
functional respiratory chain in reversing the respiratory 
cham. In our view, the data on oxidative phosphory- 
lation and reversed electron transfer are more easily 
explicable on the basis of a “squiggle theory” with 
an intermediate with a free energy of hydrolysis much 
higher than that of ATP (ref. 11). In this caso, the 
“backlash” would be negligible. 

The arguments developed in this paper are directed 
against the interpretation of their experiments given by 
Mitchell and Moyle rather than against the chemi-osmotis 
theory itself, which deserves more space than is available 
here, 
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GAMMA EMITTING RADIONUCLIDES IN SUBARCTIC VEGETATION 
DURING 1962—64 


By ERKKI HÄSÄNEN and JORMA K. MIETTINEN 
- Department of Radiochemistry, University of Helsinki, Finland 


INVESTIGATIONS of environmental radioactivity in Fin- 
mshi? and Bwedish? Lapland and in Alaskat’ have 
revealed. conspicuous food chains leading from vegetation 
to cattle—reindeer and cows—and man. The most 
ımportant of these food chains starts with lichens and 
ends in Lapps, who have body burdens of caesium-137 
thirty to forty tumes lugher than other Scandinavians. 
Lichens take their nutrients directly from the air, grow 
very slowly and are the most important food of remdeer 
during the 6-7 months of winter. 

There are few published data on the radioactivity of 
the first link of the chain, the arctic and subarotic vege- 
tation. In addition to two papers from this laboratory®’, 
studies from Sweden! and Alaska*19 exist. This article 
reports the results of analysis of gamma emitting radio- 
nuclides, mainly caesium-137, from Finnish Lapland and, 
for comparison, from some other parts of Finland, under- 
taken over 3 years of high fall-out, from 1962 to 1964. 
Altogether in this investigation, 114 samples were separ- 
ately analysed and thirty-two different plant species 
studied. Emphasis was placed on analysis of species 
important as fodder for reindeer and cows. 

In winter, the reindeer feed almost entirely on lichens 
(85-90 per cent by weight), mainly Oladonia species, 
whereas during the summer they feed almost entirely on 
vascular plants. Reindeer also eat a small quantity of 
vascular plants in winter, and perhaps the most important 
of these is Deschampsia flexuosa. In spring and autumn 
especially remdeer also dig up rootstocks of Menyanthes 
trifoliata, Potentilla palustris and some Carex species (O. 
rostrata, C. aquatilts, O. lasiocarpa), and, for a short period 
in the autumn, they consume fungi*!*. The very varied 
summer diet includes numerous marsh plants, leaves of 
birch, willow. and Vaccinia species, but also small quan- 
tities of lichens (about 5-10 per cent). 

Lapland, where most of the samples were collected, is 
that part of Finland north of the Arctic circle (between 


67° and 70° N.). It ıs rather elevated, mostly 200-400 m 
above the sea level, with numerous hills, often between 
500 and 700 m. The rock is mainly granite, gneiss or 
granulite. The soil is half moraine (97 per cent of mineral 
sous) and half peat. The average annual temperature is 








Fig. 1. Places of collection (areas 1-12) of plant samples for the analysis 
of radionuclides. Lapland 1s to the north of the Arctic circle. 
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—1° to —2° C, with — 11° to — 13° in January, +11° to 
+ 13°im July. The rainfall is 400-450 mm/yr. The vegeta- 
tion is partly coniferous (forest Lapland) and partly poor 
heath birch forests rich ın lichens (ın the most northerly 
part)». 

For comparison, samples of the same species were col- 
lected from central and southern Fimland. These areas 
belong to the coniferous zone, have an average annual 
temperature from 2° to 5° C and an annual rainfall from 
600 to 700 mm. In addition to the terrestrial plants, 
some waterside and aquatic plants were collected in 1963 
in connexion with an investigation of hydrospheric radio- 
nuclide food chains'+. 

Each sample was formed by combining a number of 
smaller samples collected from an area of about 0-5-1 
hectare. The fresh weight of the bulked sample was 
1-6 kg. The lichen samples mamly represent an area of 
Q-25-1 m*, and it is therefore posmble to estimate the 
amount of fall-out on each unit area. The samples were 
dried in the laboratory at 100°-105° C. They were then 
ground and the caesium-137 content was determined 
using a y-spectrometer, either directly or after chemical 
separation. 

The 1962 samples were analysed with a y-spectrometer 
in 1964 so that short-lived nuclides would no longer 
interfere. 

An SKT pulse height analyser with 512 channels was 


used with a 5 x 3 m. sodium iodide (thallium) crystal - 


(without a well) as the detector. The energy range used 
in the measurements was 0-15-1-8 MeV, and the photo- 
peaks of five nuclides—antimony-125, ruthenium-106 and 
thodium-106, caesium-137, manganese-54 and potassium 
by potassium-40—were recorded in this range. The 
system was calibrated for each of these nuclides and the 
contribution of each nuclide in the energy range of the 
others was established. IAEA or Amersham absolute or 
reference standards were used for the calibration, and 
potassium chloride (Merck) for calibration of the potas- 
sium nuclides. For antimony-125, only the Amersham 
product AOS 1 was available, and its efficiency was 
therefore calculated from the disintegration scheme}. 

The total gamma spectra of the different nuclides were 
analysed by the stripping method, so that with the 
overlapping gamma peaks (caesium-137, ruthenium-106 
and rhodium-106, antumony-125) a “trial and error” 
method was used, and for ruthenium-106 and rhodium-106 
& narrow energy range in the middle of the photopeak. 
The accuracy of the results on caesium-137 was controlled 
by analysing some of the samples radiochemucally. The 
results agreed within the hmits of the counting statistics. 

The energy ranges, efficiencies and backgrounds used 
in the measurements are given in Table 1. 


Table 1 
ea range Eifficiency Background 
Element or nuclide (MeV) (o.p.m.jne.) (e.p.m ) 
Potassium 1:87-1:56 871* 26-4 
Manganese-54 0 78-090 156:8 86 4 
Cassium-137 >- 0-60-0 72 156-1 40-4 
Ruthenium-106 + rhodiam-106 0 48-0 54 236 827 
Antimony-125 0-40-0 46 810 81:8 


* Value for potassium in c.p.m./g potassium, 


The average statistical error of the measurements (one 
standard deviation) for the different nuclides was 


K “Mn 1C Ry 188b 

(%) (%) (%) (%) (%) 
Lichens 25 6 1 8 18 
Other plants 6 5 8 80 80 


The 1963 samples were analysed by first separating 
caesium-137 chemically and then measuring the resultant 
preparation with a well-type crystal and a single channel 
analyser. 
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We used a modification of the AMF method of Van der 
Stricht**, A 50-100 g ground plant sample was extracted 
for 2-3 h ın boiling 3 normal nitric acid into which 2 mg 
of caesium carrier was added. The plant extract was 
filtered and the filtrate concentrated through evaporation. 
A mixture of freshly prepared ammonium molybdophos- 
phate (AMF) with Whatman cellulose powder was added 
to the concentrate. The slurry was mixed for 1 h with a 
magnetic stirrer so that the caesium-137 was adsorbed by 
the AMF, The pulp was centrifuged, mnsed with methanol, 
packed into a plastic tube and measured with a well-type 
crystal and a single channel analyser for 100 mm. The 
efficiency of the system for caesium-137 was about 10 per 
cent, the energy range used was 0-61-0-71 MeV, and the 
statistical accuracy fluctuated between 1 and 10 per cent, 
bemg generally 2-3 per cent. A relatively small statistical 
error was achieved, because of the low and very stable 
background (about 10 c.p.m.). 

This method is highly specific for caesium-137 (only 
a large excess of zircomum-965-niobium-95 interferes 
shghtly). A drawback 1s that the yield cannot be determ- 
ined for individual analyses. In a series of spiked known 
trials the yield was found to be 95 + 3 percent. In most 
cases, the extracted plant pulps and the nitric acid 
solutions from which caesium-137 had been removed 
were both measured with a multichannel analyser to check 
the losses of caesium-137. No other nuclides were noticed 
in the AMF preparation (Fig. 2). 

Curve A is the spectrum of such a nitric acid solution 
from which caesium-137 has been separated, curve B is 
the spectrum of the AMF preparation, and curve C is the 
spectrum of the plant pulp extracted with nitric acid. 
The accuracy of the caesum determinations using this 
method 18 about + 10 per cent. 


Table 2. RADIONUCLIDES IN LICHENS AND MOSS IN DIFFERENT PARTS OF 
FINLAND DURING 1062 
K WO emg “An MBO 8p 
Name of species Area (g/kg) (no/kg) 201708 (nejkg) (no/kg) (nojkg) 
No. tafe weight) gK Be weight) 








Cladonta alpesiris 10 36 168 54 86 143 10 

(lohen) Lapland 6 2-8 258 110 60 255 1:8 

7 46 228 50 6&0 276 11 

9 56 28-1 50 54 255 18 

8 43 23 2 64 47 182 19 

11 1-8 206 159 46 221 14 

11 8-3 25 9 78 63 297 18 

12 85 264 7-3 69 267 17 

Average 36 28 8 66 62 288 18 

Oladoma alpestris 5 8-8 10-4 50 66 Me 17 

Middle Finland 5 3-5 14-7 42 42 257 14 

4 562 19 8 37 52 24-1 20 

Average 42 178 43 60 23 4 17 

Cladonia alpesiris 2 84 229 87 bi 240 14 

Southern Finland 2 8-1 20 9 67 &0 8867 08 

2 48 2190 48 48 242 13 

3 47 25-6 54 68 270 16 

Average 40 22-8 59 b54 280 618 

Average all 38 22 4 66 52 24-8 16 

Stereocaulon paschale 9 86 181 50 39 24-8 1:3 
(lohen) (Lapland) 

Alectona (mœs) 7 70 162 28 68 384 2o 

(Lapland 
netramneum 9 477 155 083 109 129 


Calhergo. 
(moss) (Lapland) 


Fifty-one samples collected in 1962 were analysed. Of 
these, eighteen were perennial plants, lichen or moss 
(Table 2), fourteen birch, eight willow samples and eleven 
annual vascular plants (Table 3). Of the latter, seven 
were samples of Vaccinsum species and two of different 
wild grasses. In Table 3 the samples from Lapland and 
other parte of Finland are combined when calculating 
averages, because marked differences were not found 
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Table 3. RADIONUCLIDES IX VASOULAR PLANTS IN DIFFERENT PARTS OF FINLAND DURING 1062 
(Bamples are from Lapland, if not marked otherwise) 
K 10g 10g ‘hin MOR Wb 
~ Name of species Area No. No. of (g/kg) (g/kg) ne. (no. /kg) (ne. /kg) (ne./kg) 
samples y waah” j 4- - -~ ~- {Dry weight) -- -~-~ 
Betula (birch) 
tortuosa 9-12 7 94 28 0-24 2-3 ALL 15 
nana 8, 10 2 73 21 0-31 21 9-6 Ld. 
verrucosa 7 1 78 2-6 0-88 24 18-2 19 . 
MF* 4 1 10-4 27 0-26 1-8 18-6 ne oe 
SFt 2 1 £1 84 0:37 83 155 21 
pubescens MF 5 1 11:6 1-0 0-09 1:8 8-3 1-7 
SF 3 1 88 8-5 ~ 0-89 8-4 121 15 
Average 14 1 24 0-27 2'4 11:4 16 
Saliz sp. (willow) 9-11 6 12-0 21 0-19 12 68 10 
” (MF) 5 1 127 20 0-16 27 182 1:3 
(SF) 2 1 13°8 26 C19 1-8 90 15 
Average 8 1253 2-2 018 16 T7 18 
Vacomum my tillus (whortleberry) 10, 11 8 8-2 8-2 0-39 18 61 08 
” (MEF) 4,5 2 9-5 54 0 60 3-3 130 2-7 
Average 5 8-7 41 0 47 24 8-9 18 
” uliginosum (bog bilberry) 6 1 8i 1-7 021 o-8 27 0-4 
” Vitus idaea 11 1 67 89 0-68 . 18 67 0-8 
Poa pratensis (june grasa) 11 1 14:0 1-0 0-08 0-6 _ _ 
Pestuca rubra (red fescue) 11 1 21:8 4-9 023 — 06 0-6 
Equisetum (horse-tau) 
flurratis 1 1 40:6 18-7 0-46 — — — 
suvaitcum 11 1 88 4 16:8 0 50 66 3 0-8 


* MP, Middle Finland. t SF, Southern Finland. 


between samples of the same species collected from 
different parts of the country. 

Examination of the results shows that the perennial 
plants, lichen, moss and Alectorta, and the annual horse- 
tail, form a “high activity group”. The caesium-137 
content of the samples of Cladonia alpestris varies 
between 17-27 nc./kg (dry weight), the mean being 
22-4 ne./kg (dry weight). The average dry weight of 
1 m* is 620 g, so that the caesium-137 content of the 
1962 samples is about 18 nc., which equals 15 me./ikm). 


C.p.m./eh. 





Fig. 2. Gamma s illustrating the absorption of caesium-187 from 
ni inrait 


val of caesıum-187; 


shown represent the follo 08° L 1838Sb (0 48 
MeV); 2 Ru +1Rh (051 MeV); 8, 18b (060 MeV), IRu+°Rh 
0-62 MoV), 4, #7Cs (0.66 MoV); 8, “Ain (084 MeV), 6, Ru -+*Rh 
105 MeV); 7,?*Ru+!*Rh, sum peak (1:14 MeV); 8, CK (1 46 MeV). 


On the other hand, the caesium-137 content of the: 


annual plants, other than horsetau, is only a fraction of 
that of the plants already mentioned. No noticeable 
differences were observed in the levels of activity of the 


different species. The annual plants analysed seem to 
have no exceptional enrichment in content of any of the 
nuclides analysed. 

- Sixty-three samples taken in 1963 were analysed for 
caesium-137 with the so-called AMF method as already 
described. The results are given in Tables 4 and 5. 

On examination of the min-max values, it is clear 
that the variation in the caesrum-137 content in & terres- 
trial annual plant was only a few tens per cent (Table 4), 
whereas the variation in the waterside and aquatic 
plants (Carex, Equisetum) was up to ten times as great 
within the same species (Table 5). This vanation was 
mainly due to differences in the potassium and sodium 
concentrations ın the water (Table 6). Also, this situation 
probably shows that the terrestrial plants acquired the 
chief part of their caes1um-137 in summer 1963 through 
their aerial parts, as no effect of the soil on the caesium- 
137 content can be observed. 

The purpose of the analyses of water plants was to find 
whether there 1s a correlation between the caesium-137 
content of & specific plant and that of the general biote 
of the same lake. For example, the caesium-137 content 
of Equisetum fluviatile and of fish seems to correlate in 
many cases. If a suitable general ‘‘indicator” plant is 


Table 4, OANSIUM-187 IN TMRRUSTRIAL PLANTS IN LAPLAND DURING 1963 


P Cg 
Name of species Arca No. of ne fkg s 
No. samples (dry wt.) Min-max + 
Cladonia alpestris (lichen) 11 1 871 ` 
Betula (birch) 
tortuosa 10, 11 2 5-5 (4 5-6-4) 
nana 8 1 a7 
pubescens 8, 11 6 43 (3-9-5 8) 
9 46 
Sahe (willow) 
lapponum 8, 10, 11 8 61 (5:8-72) 
phyhaphoha 8 2 42 (4 1-4-2) 
glauca 8 3 38 (3 4—4 2) 
8 47 
Deschampara flevuosa 8, 10, 11 8 52 (8 6-6 7) 
(wood hair grass) 
Potentilla palusiris 8, 10, 11 8 79. (4 5-10 9) 
(five finger) 
Eriophorum vaginatum 8, 10 2 84 (7 8-9 2) 
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Table 5. OASIUM-137 IN AQUATIO PLANTS IN FINLAND DURING 1963 
(Samples are from Lapland, if not marked otherwise) 
870g 
Name of species Area No. of ne. {kg 
. No. samples we.) (Min—max) 
Carex (sedge) 
rostrata 8 5 6:2 (1 5-12 2) 
pestcaria 10 1 17-7 
vesicaria (SF)* 1 1 40 
aquatiis 8 2 79 {5-8-10 0) 
acta 11 2 08 (0-2-1 4) 
lasiocarpa 8 1 6-0 
Average 12 6-4 
Equtsetum (horse-tatl) 
fluviatile 8, 10, 11 5 15-7 (7 8-88 8) 
Sluovaiue (SF) 1 4 42 (2:7-7-5) 
Average 9 106 
stloaticum 11 1 53 
Mi hyllum (parrot’s feather) 1 1 64 
A 
Typha latyfolia (oat-tail) (SF) 1 1 08 
Menyantes trifoliata 8,11 8 6-4 (24-141) 
(buckbean) 
(buckbean) (SF) 1 2 3-7 (27—47) 
Average 5 6-0 
Sparganium simplex (bur reed) 1 4 18 (0-8-8-1) 
Scorpidium scorpioides (bottom 1 1 63 
moss) (S.F) 


* SF, Southern Finland. 


found, analyses of such a plant will make it possible to 
estimate the level of activity of the biota in general. 
Equisetum seems to be promising in this respect. This 
limnological relationship has been treated in detail else- 
where!. 

A comparison of the analyses of tree leaves during 1962 
and 1963 reveals that the fall-out during the summer of 
1963 was about twice that in the summer of 1962. The 
analyses of lichen show that the increase of cassium-137 
from summer 1962 to summer 1963 was 9 mo./km?. 


Table 6. OARSIUN-137 CONTENT OF Equisstum fiuviatils AND 
LYTIO CONDUCTIVITY OF WaATHR IN Fivw 


THR ELBOTRO- 
AKES IN FINLAND, 1963 


Area 810g no. Oonduotivi 
Name of lake No. (dry wt.) 


(mho, 18° 0 
Niemenjarvi 1 27 77 
Kytäjärvi 1 80 72 
Mustalampı 1 75 40 
Inannjarvi 10 78 27 
Kilpisjarvi 11 178 U 


On the other hand, the amount of caesium-137 in the 
fall-out during this period also can, be calculated from the 
known fall-out of strontium-90 (see ref. 16) because the 
ratio of these nuclides in the test period 1961-62 is known 
to be 1-6. A calculation gives 7-5 mo./km! for caesium-137 
in 1962 and 14 mo./km? in 1963 between 0-80° N., which 
corresponds to about 11 mo./km* for the period July 
1963—July 1964. This value is slightly higher than the 
observed increase in lichen. This shows that caesium-137 
is retained almost quantitatively by the lichen. 

Table 7 presents the results of the measurements of 
four radionuclides in a species of birch and in lichen, 
the samples being collected at the same locations at 
intervals of 1 year. The y-spectrometric analyses were 
carried out in August 1964, and the results were corrected 
to the date of collection of the sample. 

These results for single samples show that the caesium- 
137 fall-out in summer 1963 was four times that in 1962, 
and in 1964 twice that in 1962. The caesium-137 content 
of lichen had increased from July 1962 to July 1963 by 
80 per cent, and from July 1963 to July 1964 by 85 per 
cent. 
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Other analyses of the 1964 samples show that the level 
of caesium-137 in annual plants had dropped to about the 
1962 level. They also show that the fall-out in Lapland 
during 1964 was somewhat higher than in southern Fin- 
land, evidently because of an unusually rainy summer m 
Lapland. The rainfall from May 1 to August 31, 1964, 
in Lapland was 240 mm, in southern Finland it was 
140 mm; in normal years it is lower in Lapland. 


Table 7. Four Lauber IN LHAVHS OF Betula ra AND IN Cladonia 


YEARS 196 1068 
os "Creston 69-22 Nat a) 
cite, golg, goig, gol 
no. no. 
Tıme of ) -) 
sampling Bae Lichen Be Trighen med Tithe ən Bion Lichen 


July 1962 15 
July 1963 64 
July 1964 838 


20-6 17 52 7-6 
871 158 197 828 
68-6 19 150 78 


297 16 18 
49-8 6-2 3-9 
42-4 1-6 26 


Table 8 shows variation within one summer period. 
The leaves of the same individual tree (Betula pubescens) 
were sampled at intervals of 1 month and analysed for 
caesium-137 and potassium. As can be seen, the caesium- 
137 content increased by about 50 per cent from June to 
August, but decreased in September. The fact that the 
potassium content romained constant until August but 
decreased in September probably indicates that caesium- 
137 is mobilized by the withermg processes which are 
known to mobilize several nutrients, among them potas- 
sium, in the plants. Some leaching may also have taken 
place. Auerbach et al. report somewhat similar results 
from studies of caesium metabolism in different trees. 


Table 8. CARSIUM-187 AND POTASSIUM CONTENTS IN THH LBAVES OF THA 
Samm BRO (Bi G Tyna 1984 


etula agueson) DURIN 
(Location 60 3° N., 24:8° E.) 


June July August September 
ne. **Ca/kg (dry weight) 1-2 17 18 1-5 
ek/kg (dry weight) 102 10-9 10-7 92 


Our results show that lichens take up caesium-137 from 
fall-out almost quantitatively and that they retain it for 
years. Uptake by tho serial parts of vascular plants was 
more efficient than uptake by roots in the years 1962 to 
1963. No marked differences were observed in the activity 
of the same species growing in different soils. Equisetum 
jluviatile seems to be a suitable indicator plant to char- 
acterize the caesium-137 content of a freshwater biota. 

This investigation was supported by grants from the 
Finnish Atomic Energy Commission and the U.8. Atomic 
Energy Commission. Dr. T. Ahbti kindly helped us to 
identify the plant species. 
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LETTERS TO THE EDITOR 


PLANETARY SCIENCE 


Transport of Strontium-90 Towards the 
Equator at Mid-depths in the Atlantic Ocean 


SruDæs ın physical oceanography, both by observation 
(as summarized by Defant') and by theory (as summanzed 
by Stommel*), have led to the development of the concept 
of relatively rapidly flowing currents transporting con- 
siderable masses of water at intermediate depths north- 
ward or southward to and across the equator in the 
Atlantic Ocean. Measurement in these current systems 
of the changes in concentration of strontium-90 distri- 
buted by fall-out appears to offer an independent approach 
to the assessment of these circulations. Conversely, sub- 
stantial agreement between observed patterns of stron- 
tium-90 distribution, and details of those predicted on 
physical oceanographic grounds, may be taken as evidence 
supporting the accuracy of the radioisotope analyses. 
The radiochemical and geochemical aspects of strontium- 
90 analyses have been discussed elsewhere*—*. 

For the year 1961, we have already descmbed* the 
remarkably uniform concentrations of strontium-90 in 
samples from depths of 1,000 m to 2,500 m at inter- 
mediate latitudes in the Atlantic. Our own data, both 
published and unpublished, together with three measure- 
ments from Rocco and Broecker?, are summarized in 
Table 1; the mean concentration was 2-9 d.p.m. stron- 
tium-90/100 1., and the range from < 2-5 d.p.m./100 1.; 
only four out of sixteen samples do not fall in the 2-3 d.p.m. 
range. Most of the samples reported were collected 
towards the end of the moratorium on atmospheric 
testing; the two 1962 samples, included for comparison, 
are of special interest as they show no difference from 
1961 Sargasso Sea samples, despite almost a year of 
increased fall-out. 

Comparable analyses from samples collected in 1963 
between 10° 8. and 16° N. are set out in Table 2. The 
change in strontium-90 concentrations from the pattern 
shown in Table 1 is striking: the mean (8-8 d.p.m./100 1.) 
is more than three times that of the earlier group, and 
the variability (range 3-42 d.p.m.) has increased by a 
factor of more than six. These changes must be con- 
sidered in the light of the increased rate of fall-out in 
1962 (in the northern hemisphere approximately as much 
strontium-90 delivered per unit area in 1962 as the sum 
of the three previous years, about five times that delivered 
in 1961) and of the patterns of flow of the currents at 
intermediate depths ın the Atlantic Ocean. As described 
by Defant' for 800 m and for 2,000 m, the most notable 
currents are aligned close to the western boundaries of 
the ocean. At 800 m, northward currents close to the 
Brazu—Guianas coast range from 6 to 12 cm/sec; just 
south of the Equator, eastward and westward branches 
(6-9 cm/sec) extended east as far as 25° W. At 2,000 m 
southward flow at rates from 6 to 18 cm/sec characterizes 
the western boundary currents; just eastward of this 
flow, between 10° 8. and 0°, there appears to bo a north- 
ward component ranging from 2 to 9 em/see which crosses 
the equator about 30° W. 

The origin of the northward-flowing current (Antarctic 
Intermediate Water) at 800 m is ın the Antarctic conver- 
gence, between 45° and 60° S. The origins of the south- 
ward-flowing currents (North Atlantic Deep Water) at 
2,000 m are primarily from shallow water sinking, north 
of 45° N., and also from water of 35°/,, salinity sinking, at 
about 1,000-1,500 m, between 20° and 30° N. Wüst’ sets 


an approximate lower depth limit for the Antarctic 
Intermediate Water at about 1,400 m, and for the North 
Atlantic Deep Water at about 4,000 m. These patterns, 
derived from geostrophic calculations, correspond reason- 
ably well to those derived by Stommel* from purely 
theoretical considerations. 

For comparison with the data shown in Tables 1 and 2, 
strontium-90 analyses are available for samples collected 
in February and March of 1962 in the Labrador Sea. These 
samples, in the depth range 400-2,000 m, temperature 
range 3-365°-4-345° C and salinity from 34-871-34-067 
p.p.t., contained from 3-3 to 13 d.p.m. strontium-90/ 
100 1., with a mean concentration of 8-5 d.p.m. At the 
maximum velocity estimated by Defant! for the 2,000 m 
deep flow southward, this Labrador Sea water would 
reach the equator about May—June of 1963; at the mean 
velocity, not until late autumn of 1963. Clearly, both the 
increase in mean strontium-90 and the range of variability 
seen in 1,600-2,500-m samples from May 1963 at mid- 
latitudes (Table 2) are quite consistent with the idea that 
these samples represent Labrador Sea water which was 
labelled in the winter of 1961-62 at tho beginning of 
increased fall-out rates, and flowed south at velocities 
near Defant’s maxima. We believe that the levels of 
variability and of maximum strontium-90 concentration 
shown in Table 2 are unlikely to have been found at high 
latitudes in the North Atlantic in the year before resump- 
tion of atmospheric testing in autumn 1961. Samples to 
confirm this, however, are lacking. 





Table 1. 1961-1962. Srrowrrom-00 av MID-DAPTHS IN THR ATLANTIO 
OOHANS, FROM 35° N. to 38° B. 
Depth T Salinity Sr 

Year Poaltion (m) CO (eo)  d.p-m./100L 
1981 34° 54’ N , 65° 20’ W. 1,500 4-25 84-985 <2 
1961 84° 54° N., 65° 20 W 2,000 3-80 84-961 Ba12 
1961 29°16’ N., 57° 87 W. 1,000 719 85-108 38+1 
1961 29°15 N., 57° 80° W. 1,500 472 85-076 28413 
1961 28° 20’ N., 35° 02’ W.f 2,500 _ 85-020 5t 
1981 11° 01’ N., 29° 88’ W.* 1,000 528 34:779 2407 
1961 11° 01’ N., 20° 88’ W.* 1,500 4°25 -988 8+09 
1961 11° 01’ N., 20° 38’ W.” 2,500 8-00 84-946 240-7 
1961 5° 15’ N., 28° 30 W.* 1,000 4-70 84-708 8108 
1961 O° 18 8S., 18° 34’ W.* 1,000 438 616 4+06 
1961 0° 18’ 8, 18° 84° W.* 1,500 4-07 84-961 2406 
1961 0° 18’ 8., 18° 84’ W.* 2,500 2-961 e 3406 
1961 19° 57’ 8., 34° 08’ W.+ 2,000 — = 42 
1061 88° 00’ 8S., 49° 52’ W.t 1,000 — 84-249 2-6 
1062 22° 26 N., 65°02’ W. 1,000 870 34 989 2th1 
1962 22° 28 N., 65° 02’ W. 2,200 8-37 34-987 348 

Mean 2-9 


* From Bowen and Sugihara ar 8) 

+ From Rocoo and Broecker (ref. 7); full hydrographic data not avaflable. 

t Extrapolated from reported caesium-137 (21405 d.p.m./100 1.) using 
ratio caesium-137 . strontinm-90 derived from mid-depth stations of same 
report. 


Table 2. 1008, STRONTIUM-00 AT MID-DRPTHS IN TH ATLARTIO OOMANS, 
TROM 16° N. tO 10° 8. 


Depth T Salinity “Sr 
(je)  d.p.m./100 1.* 





Month Position (m) eO 
IV 16° 00 N., 60° 12 W. 1,000 5 29 84-819 6414 
1,600 4-39 “997 4413 
2,500 3-14 84:058 517 
Iv 09° 80’ N., 53° 12’ W. 1,000 471 740 12421 
n 07° 59’ N., 25° O1’ W., 1,000 501l 84:705 441-7 
1,500 4-00 384-936 1042-2 
2,500 8-625 34-038 8422 
DI 05° 00’ N., 82° 46’ W. 1,000 4-58 34-701 72 
Iv 00° 01’ B , 34° 54’ W. 1,000 4-43 34652 842 
1,800 3-62 34:990 15+8 
2,700 2°68 84 922 8425 
IV 00° 02’ 8., 25° 00’ W. 1,000 4-42 34-682 442-8 
2,006 $50 046 56421 
i 09° 64’ S., 30° 08" W. 1,900 4.00 84 572 42410 
1,500 401 34:989 5+19 
2,500 2 985 84:929 4Ł17 
Mean 88 


* Data corrected for strontunm-80 contribution from sodiam carbonate as 
indicated by analyses of Noshkin and Sutton (ref. 14). 
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In the southern hemisphere Rocco and Broecker? 
reported 3-7 d.p.m. strontium-90/100 1. at 800 m, 14°6 at 
1,000 m and 2-2 at 1,300 m, m March 1961 at 49° 19’ to 
25’ S., 78° 44’ to 46’ W. Although a small number of 
samples are represented, both variability and concentra- 
tion levels correspond reasonably well with those of the 
1,000 m samples of Table 2. These observations are 
consistent with northward flow of Antarctic Intermediate 
Water at rates near the minima estimated by Defant. 
The resumption of testing ın October 1961 produced a 
much smaller charge on southern hemisphere fall-out 
rates! than on those in the northern hemisphere. It is 
not possible, therefore, to be equally sure of the injection 
date of higher strontium-90 concentrations in Antarctio 
water masses, nor to discount the possibility that the 
strontium-90 data reflect in fact northward flows at 
higher rates than Defant’s minimum estimates. 

It does, nevertheless, seem clear that the increase in mid- 
depth strontium-90 concentrations shown by comparison 
of Tables 1 and 2 is quite consistent with the water 
circulation patterns and rates which have been developed 
from the study of physical oceanography. This internal 
consistency has been widely reported?-**11-12. Only the 
measurements of Broecker?> have shown patterns of 
distribution of strontium-80 and caesium-137 which appear 
clearly inconsistent with our understanding of the direc- 
tions and rates of movement of termediate depth cur- 
rents in the Atlantic Oceans; in fact, as seen in Table 1, 
and as we have discussed elsewhere’, their earlier set of 
analyses?” showed, where comparison was profitable, 
satisfactory correspondence with ours. We have no 
explanation for the fact that ther more recent measure- 
ments are completely irreconcilable with the measure- 
ments of other workers in this field. 

More detailed reports of the data presented here are 
being prepared for publication eleewhere. Various aspects 
of the programme have been supported by the U.S. 
Atomic Energy Commission, the U.S. Office of Naval 
Research, and the U.8. National Science Foundation. 
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Sizes of Atmospheric Ice Nuclei 
ATTEMPTS to identify and count atmospheric ice nuclei, 
as the first steps towards establishing the chemical and 
physical nature of such nucle: and their mode of action, 
have occupied cloud physicists for many years. It is 
generally accepted that ice nuclei are solid particles; the 
diameters of these particles have been reported! to be 
mostly between O'lu and lp. 
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The temperature at which a particle causes nucleation is 
determined largely (apart from a slight time dependence) 
by the presence of an effective site on the surface of the 
particle. It ıs therefore plausible that the larger the 
particle, the greater the probability that such a site will 
be found on it. 

Droplet-freezing experiments’ with the melts of hail- 
stones from the Western Canadian province of Alberta 
have shown that the hail contains very effective nuclei. 
Fig. 1 shows a typical nucleus spectrum for Alberta hail 
compared with one for hail from the Montreal (Eastern 
Canada) region. In order to obtain some information 
about the sizes of the nuclei in these hailstones, the melt 
was filtered through membrane filters of various pore 
sizes. The pore size of such a filter puts an upper limit on 
the size of the particles that remain in the transfluent. 
The filters themselves do not add particles to the filtrate, 
as has been shown by the processing of a sample of water 
which was of greater purity than the hail, and which 
retained that purity after filtration. An example 1s shown 
in Fig. 2 of how filtering changes the distributions of 
freezing events for 0-01 cm? drops of Alberta hail cooled 
at a rate of 2°/min. 

The nucleus spectra—the concentrations of nucle are 
obtained as the fraction of unfrozen drops freezing within 
one degree of the specified temperatura times the number 
of drops per ml.—derived from the histograms of Fig. 2 
are shown in Fig. 3. Apart from minor details, these 
results show that the removal of particles larger than 
0-0ly reduces the concentration of nuclei through most 
of the temperature range by a factor of only 2to 4. Thus 
1t seems that a large fraction of the Alberta hail nuclei 
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Fig. 1. Concentrations of ice nucle:, characteristic of hail from Alberta 
and from the Montreal region, as measured in the melt. 
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Fig. 2. Distmbutions of freexing events for a sample of Alberta hail. 
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are smaller than 0-O0lp, an order of magnitude smaller 
than generally assumed, and that they fall within the size 
range of the Aitken nuclei. The assumption that the con- 
centration of nuclei effective at specified temperatures is 
proportional to size (either radius, surface or volume) does 
not seem to be substantiated by Fig. 3. 

Ono? reported recently that the nucleation activity ın a 
unsaturated phloroglucinol solution was not diminished 
by filtration through a 0-0lpy pore-size filter. Further- 
more, ice nuclei less than 100 ee sıze can be active at 
just a few degrees below 0° C. The contnbution of these 
nucle: to natural cloud-physical processes can therefore 
not be neglected. 

The mechanism by which particles of such sizes may 
enter into the developing precipitation 1s capture by the 
cloud droplets. Brownian motion and motion due to 
microturbulence are very efficient mechanisms at these 
size-ranges for causing the coalescence of cloud droplets 
and the solid particles. Results obtained by Greenfield’ 
show that the half-life of 0-Olp diameter particles against 
capture by droplets m a cumulus cloud of average charac- 
teristics 18 only 0-4 h, and decreases further with decreasing 
particle diameter. Thus, nearly all of the particles less 
tian 0-Oly in diameter will be captured within the life- 
cycle of a thunderstorm. The measured concentration of 
ice-nuclei active at temperatures above — 12° C is 10* per 
ml. of hail. Each ml. of hail is derived from about 107 
cloud droplets, which means that one cloud droplet out 
of 10t contamed an ice nucleus. The corresponding 
concentration of the nuclei in the air before capture is 
10‘ particles per m’. This estimate is withm the range of 
concentrations measured in cloud-chambers*:5. 

Models of heterogenous nucleation normally picture the 
development of an ice-embryo on a plane substrate surface 
or m steps or cracks on the substrate. If the particles 
are comparable in sıze with the critical embryo size, the 
applicahhty of such ideas becomes questionable. The 
mechanism that nucleates ice on such small organic or 
non-crystallme particles is unknown. We may need 
to re-examine the techniques and experiments used to 
determine the concentrations and size-distributions of ice- 
nuclei, rf particles as small as these can serve as ice-nuclei. 

The work on which this report is based is part of the 
research carried out by the Stormy Weather Group of 
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McGill University and was supported by the National 
Research Council of Canada, the Canadian Meteorological 
Service and the Research Council of Alberta. 


een cage GABOR VALI 
p ent o icultural Physics, 

Macdonald College, 

Quebec, Canada. 


* Biggs, E. K., and Hopwood, S. O., J. Atm. Ser., 20, 185 (1968). 


* Byers, H, R., Proceeds the International Pi 
aah Crge enn af Conference on Cloud Physics, 


d Pees N. H., The Physics of Rawnclouds (Cambridge University Press, 


* Kumai, M., and Franois, K. E., J. Atm. Sei.,19, 474 (1062). 

* Mossop, 8. O., Z. Angew. Math. Phys , 14, 456 (1963). 

* Rucklidge, J., J Aim. Ser , 28, 301 (1065) 

‘Vall, G., and Stansbury, E. J., Can. J. Phys., 44, 477 (1066). 


"Ono, A., Proceedings of the International O Physi 
ayo, 1088). f onference on Oloud Physics, 185 


* Greenfield, 8. M., J. Meteor., 14, 115 (1957). 


Distribution of Normal Paraffins in Libyan 
and Nigerian Crude Oils 


Ix the course of work on the hydrocarbon type analyses of 
wax distillate fractions obtained during assays of crude 
ous, a method! was devised for the separation of normal 
paraffins. It relies on the specific retention of normal 
paraffins on a type 5 A molecular sieve, and their quantita- 
tive recovery therefrom after destroying the sieve with 
hydrofluoric acid. The separated normal paraffins are 
examined by temperature programmed chromatography 
and the data obtained, taken in conjunction with chroma- 
tographic analyses of the light distillates, make it possible 
to determine the normal paraffin carbon number distribu- 
tion of a crude oil. 

Using this procedure, the normal paraffin distribution in 
crude oils from the Sarir field in Libya and the Bomu 
field in Nigeria, contaming respectively 23-9 and 13-9 
weight per cent of normal paraffins, has been obtained 
(Fig. 1, Table 1). 

Both crudes have irregular normal paraffin distributions. 
The Sarir crude from what 18 probably a Cretaceous forma- 
tion and the Bomu crude from an upper Miocene forma- 
tion have carbon preference indices (CPI)? of 1-09 and 1-12 
respectively in the C,,-C,, range. Each CPI value in this 
range 1s the mean of the two ratios obtamed when the 
sum of the concentrations of odd numbered normal 
paraffins in the C,,-C,, range is divided by the sum of the 
concentrations of even numbered normal paraffins in the 
(a) Cy-C,, and (b) Cyp—C, ranges. 

Odd numbered predommances have been claimed as 
support for the hypothesis that straight-chain fatty acids 
from animal fats, and the fatty acids, alcohols and free 
hydrocarbons from plant waxes, are the probable pre- 
cursors of normal paraffins ın petroleum*“. The fatty 
acids contain an even number of carbon atoms’ which, 
1f simple decarboxylation occurred, would yield normal 
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Fig. 1. Normal paraffin carbon number distmbution of Libyan (4) and 
Nigerian (B) crude ous (per cent by weight). 











386 


paraffins with an odd number of carbon atoms. The 
alcohols, most of which are even numbered’, would have 
to lose a carbon atom together with hydroxyl group to 
yield odd numbered normal paraffins. An excess of odd 
numbered over even numbered normal paraffins has been 
found to occur in the C,,;-C;, range of recent sediments 
and the majority of ancient sediments’, but a predomin- 
ance of certam odd numbered normal paraffins has only 
been detected in fourteen out of a total of forty crude oils 
examined in & recent study”. Twelve of these fourteen 
crude oils show odd numbered normal paraffin predomin- 
ances in the C,,-C,, range, and the interesting observation 
was made that all twelve crudes were derived from early 
Palaeozoic formations. The two exceptions were from 
Cainozoic formations, but only one of them, the Eocene 
age Uinta Basin crude, from Uintah County in Utah, 
had in this context a significant CPI. For example, in the 
Cy-C3, range, Uinta Basin has a CPI of 1:11 and the 
maximum of 1ts normal] paraffin distribution occurs at the 
Cy, paraffin. 

The normal paraffin profiles of the Sarir and Bomu 
crude ous resemble Uinta Basin crude in having similar 
CPI values in approximately the same carbon number 
range, but differ from this crude in that the carbon number 
maxima of their distributions occur at Cis and C,, respec- 
tively. The Sarir crude oil also differs from both the other 
crudes in having a significantly smaller proportion of its 
total normal paraffin content in the COs; range. 

In the (,,-C,, region of both distributions, there are 
slight uncertainties in the values reported, because of 
the unavoidable change in distillation conditions at 371° C. 
Below C,, the distributions exhibit odd numbered pre- 
dominances at C,» Cis Cis and Cy, n the Sarir crude and 
an extraordinary dip m the Bomu distribution between 
C, and C,,. The absence of a predominance at C,, in the 
Sarir crude is real, while the predominances at Cis Cis 
and C,, are the first in the C,,-C,, range to be reported in 
a crude other than one derived from Palaeozoic formations. 
This means either that the Sarir crude contains some oil 
which has escaped from Palaeozoic formations or that odd 
numbered predominances in the C,,-C;, range are not, as 
suggested’, specific to ancient crude oils. More probably, 
as additional evidence accumulates, odd numbered pre- 
dominances in the C,,C,, range will be found in other 
younger crude oils. 

In the higher molecular weight range, the chromato- 
grams of the normal paraffin components from the higher 
distillates of both crudes, particularly Sarir, show even 
numbered predominances at Cg, Cars Cas and Cy. (Because 
the values quoted in Table I are in terms of total crude, 
the predomunances, while less obvious than in the chroma- 
tograms, are nevertheless real.) This intereating observa- 
tion, as far as is known, has not previously been reported ; 
this is possibly because the earlier work’ did not extend 
to this high molecular weight range. In the absence of an 


Table 1. NORMAL PARAFWINS IN LIBYAN AND NIGHRIAN CRUDHA ONS 


(Per cent by weight) 
No. of No. of 
carbon atoms Tabyan Nigerian carbon atoms Tabyan Nigerian 

4 0 005 28 O41 48 

5 0-52 o-16 20 0-88 0 45 

6 0-74 0 25 0 29 0-38 

7 081 0-24 31 0-25 0-80 

8 091 O14 32 0-18 O17 

9 1-00 0-12 83 0-16 0-14 
10 098 014 84 O11 0-06 
14 1:02 017 85 010 005 
12 118 0 22 86 0-07 0-02 
13 1:22 032 37 0 08 0-01 
14 122 050 88 0-07 0-01 
15 180 076 39 0-05 <001 
16 1:17 0-86 40 005 <0 01 
17 1 22 0 89 41 0 04 <0-01 
18 105 81 42, 008 <001 
19 0-88 0-81 48 0 04 <O-01 
20 0-98 081 44 0 04 <001 
21 0 87 0-70 45 0 03 <0 01 
22 0 80 0-68 46 004 <001 
23 074 0-70 47 0-02 <0-01 
24 0 65 0-69 48 0 02 <0 02 
25 062 0 86 49 001 <001 
26 0-58 0-60 50 001 <001 
27 0 49 0:57 >50 0-02 001 
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excess of free even numbered normal paraffins of high 
molecular weight in the source materal, it is difficult to 
suggest a mechanism to account for these predominances 
at Cys, Cas, Cy, and C,,. In terms of the decarboxylation 
route, there would have had to be an excess of acids in 
this range having chains containing an odd number of 
carbon atoms; such acids have not as yet been identified 
in biological material. If the even predominances have 
their ongin in plant alcohols, it is difficult to explain 
why they do not also occur in the Cy,.-C3, range. Other 
explanations, such as the formation of higher molecular 
weight normal paraffins by the thermal degradation of 
fatty acids®, are similarly unable to account for the even 
predomimances in this range and their absence in the 
Cyo-C,, range. The normal paraffin distribution of Sarir 
crude oil therefore does not lend much support to the 
suggested decarboxylation mechanism and conjectures 
of Martin and his colleagues’. Natural fats and plant 
waxes undoubtedly contribute to the normal paraffin 
content of crude oils, but the explanation of the odd carbon 
numbered predominances shown by certain crude ous 
must lie elsewhere. 

The inclusion of the light fractions (C,-C,) inevitably 
lost at the well head and during transportation would 
make the Bomu normal paraffin distribution in its lower 
carbon number range even more unusual than that shown 
in Fig. 1. Such a distribution is unlikely to be produced 
by any statistical degradation of high molecular weight 
material, irrespective of 1ta origin. The highly naphthenic 
erudes currently produced m Nigeria are of two types, 
waxy and non-waxy, and are, as far as is known at present, 
distributed randomly with respect to geographical loca- 
tion; in certain cases, the two types are produced from 
different intervals of depth in the same well. The waxy 
crudes are, in general, obtained from the deeper sands; 
they are of lower specific gravity, with more light distillate 
and much less residue above 371° C than the non-waxy 
crudes. These remarkable variations ın. wax content and 
the properties of the crude oil, ocourring as they do over 
relatively small areas, combined with the overall naph- 
thenicity of the crudes, suggest that the two types of 
crude are derived from two independent and basically 
different source materials yielding separately paraffinic 
and naphthenic products. The waxy material found m 
the deeper sands may be deposited from an oil formed 
from the more ancient primary source. If conditions are 
favourable, possible mechanisms for this are (a) adsorp- 
tion during migration, (b) precipitation after accumulation, 
due to the migration of mobile material, (c) a slow decrease 
m solubility durmg migration caused, for example, by a 
change in pressure so that the waxy material no longer 
moves in the solution. 

At a later date this deposited waxy material ıs redis- 
solved by a light naphthenic and mobile component of an 
oil derived from the second primary source to yield a 
product typical of a Nigerian waxy crude. The loss of 
such a mobile component from the oil formed from the 
second primary source would leave the remainder with 
little light distillate and a relatively larger residue above 
871° C, two characteristics of Nigerian non-waxy crudos. 
This suggests that the paraffinic component is adventitious 
to a Nigerian waxy crude. (It may not be significant, but 
it is interesting to note that a free mmeral wax, Ozokerite, 
also occurs in approximately the same geographical loca- 
tion as Uinta Basin crude.) This hypothesis could account 
for the distribution shown by the crude from the Bomu 
field in Nigeria. The distribution between C, and C, is con- 
sidered to represent the only identiflable portion of the 
original normal paraffin distribution of the postulated 
“naphthenic wax solvent”. The normal paraffin distribu- 
tion of the remaimder of this material is believed to 
approach extinction around Os, the normal paraffin 
content above Ci, being very largely accounted for by the 
contribution from the dissolved original wax. This small 
normal paraffin concentration attributed to the solvent 
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is not inconsistent with the known normal paraffin distribu- 
tions of certain Nigerian non-waxy crudes. For example, 
the crude oil obtamed from the Obigbo North field, 
situated approximately 20 miles to the north of the 
Bomu field, has a total normal paraffin content which is 
less than 0-6 weight per cent of the crude. 
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PHYSICS 


Transmission of Sub-millimetre Waves 
in Fog 


We wish to report the results of experiments aimed at 
verifying the prediction that sub-millimetre waves would 
be scattered relatively little by fog. The availability of a 
stimulated emission source of radiation of wavelength 
0:337 mm}, at which frequency the atmosphere is rela- 
tively transparent (Fig. 1), has made measurements 
possible, but the number of observations has been severely 
limited by the rarity of dense natural fogs on the sites 
available to us. 

We compared the attenuation of radiation in conditions 
of clear atmosphere and dense fog, considermg the at- 
tenuation to consist of two components: absorption and 
scattering. First, an accurate value of the absorption 
due to water vapour in the atmosphere had to be obtained. 
The results given here were assembled from a number of 
measurements; the first carried out in open sir over a path 
of 145 m (Fig. 2) gave a clear atmosphere attenuation 
(Fig. 4) of 

as = (54+5) dB/km at 0°C and saturated 

vapour pressure (8.V.P.). 
In making this measurement we had no control of the 
atxoospheric conditions, and furthermore the absorption 
path ran across the top of some buildings and there was 
considerable doubt about the true amount of water vapour 
present. We decided, therefore, to check this result 
using a controlled atmosphere in a 7:5 m vacuum tank 
in which a path length of 14:5 m could be attained using a 
simple double pass arrangement (Fig. 3). The result of 
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measurements made with a number of values of water 
vapour pressure in air at atmospheric pressure (Fig. 5) was 


& = (47 + 5) dB/km at 0° C and 8.V-P. 


It can be seen that the agreement between the two 
results is within the limits of experimental error. In fast, 
the disparity 1s further reduced if we consider the pre- 
sentation of the result. The quantity measured to give 
the water vapour content was the precipitable water 
present in the absorption path and the attenuation was 
calculated on the basis of there being 4:84 mm of pre- 
cipitable water in 1 km of air at 0° Cand 8.V.P. However, 
this calculation does not take into account the variation 
of asymmetric rotor line strengths with temperature which 
may be given approximately by* 


A ~ oBifkT 
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where T is the absolute temperature, k Boltzmann’s 
constant, and E: the energy of the ground state of a given 
transition in cm~. 

Since the absorption at 29-7 cm~ depends on a large 
number of transitions, mainly at much higher frequencies, 
we could not accurately correct the value of «s obtained. 
It should, however, be noted that results in open sir were 
obtained at an average temperature of 8° C and hence 
should give a stronger absorption coefficient than the 
controlled results carried out at 20° C. In the light of 
these considerations we have decided to adopt a value of 


oo = 50 + 5 dB/km at 0° C and §.V.P. 


for the absorption coefficient in clear atmosphere. 

The fog measurements were carried out on two separate 
days, on October 22 and 26, 1965, over a path length of 
120 m. The visibility was estimated by observing a 
series of white markers at intervals of 25 yards from the 
observer. The total attenuation, which is due to water 
vapour absorption plus fog particle scattermg loss, was 
measured at two different values of the vimbility, and 
the water vapour content was recorded at the same time 
from wet and dry bulb thermometers. The attenuation 
due to scattering (s) could then be obtained, since 


10 loge (Lo/Z«) = (0e + as) L 


where I, is the signal ın the absence of attenuation, 
I, is the signal measured in foggy conditions, and L 
the path length in kilometres. 

The value of I, can be obtained by extrapolating the 
clear atmosphere results to the condition of zero precipi- 
table water, using the known, value of a. 

The results obtained for a, are shown in Table 1. 


Table 1. 
Visibility Attenuation by scattering (a,) 
(m) (dB/km) F 
35 25 8 
70 iá 4 5 


During these measurements the long path mirror (M) 
was blocked off to ensure that none of the signal I, was 
due to back scattering from the fog particles, and no signal 
was detected. These results show that the attenuation 
due to scattering by fog particles is considerably less than 
that due to absorption due to water vapour in this part 
of the sub-mullimetre region. 

It should be noted that throughout this discussion we 
have assumed that all the clear atmosphere absorption 
was due to water vapour. We checked this assumption 
by filling the vacuum tank with nitrogen and oxygen 
respectively and found that in 300 metre atmospheres 
the broad band absorption in the 30 cm~ region was 
negligible. 
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We also computed the spectrum of air ın the region 
22-35 cm-1 (Fig. 6) as a comparison with obtained experi- 
mental results, using the following assumptions: a, that 
the water vapour lines had Lorentzian line-shape; b, 
that the pressure-broadened half-width of all lines was 
0-1 cm“; c, that only lines below 120 cm-? made appreciable 
contribution to the absorption coefficient as measured 
at 29-7 cm~. 

The result of this computation using line-strengths 
calculated from the values of King, Hainer and Cross for 
the dipole matrix elements? was 


oH,0 = 36 dB/km at 20° C and 4-8 mm precipitable 
water 


The result is given for a temperature of 20° C as this was 
the actual temperature at which controlled atmosphere 
measurements were made. It can be seen that the measured 
absorption is considerably greater than the theoretical 
result. This indicates that the assumptions made in the 
computation are too simple. The most obvious defect 
is the assumption of a Lorentzian line shape, and as the 
Van-Vieck-Weisskopf line shape does not offer a marked 
unprovement, it would appear that in the sub-millimetre 
region the pressure broadening effects far from line centre 
require a more complicated explanation. 


W. J. BURROUGHS 
E. C. Pyarr 
H. A. GEBB®E 
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Natıonal Physical Laboratory, 
Teddington, Middlesex. 
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Onset of Instabilities and Reduction of 
Drag in the Flow of Relaxing Liquids 
through Tubes and Porous Beds 


Jones and Williams’? showed that the onset of instabilities 
in the flow of gaseous carbon dioxide through tubes and 
through porous materials occurred at a value of the 
Reynolds number Re which was different from the value 
of Re when instabilities occurred ın the flow of gaseous 
nitrogen, through the same tube or porous material. The 
difference was attributed to the relaxation of a vibrational 
mode of the carbon dioxide molecule, the vibrational mode 
either absorbing or emittmg energy to the bulk motion 
of the gas depending on the conditions of the experiment. 
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As a consequence of the experiments and their interpreta- 
tion, 16 was anticipated that very sumilar effects would 
occur in the flow of relaxing (that 1s, visco-elastic) liquids 
through tubes and porous materials; prelimmary experi- 
ments confirming these predictions are reported here. 
(There are also theoretical reasons for expecting the 
onset of instabilities to be different in a relaxing liquid, 
compare Thomas and Walters’; considerable drag reduc- 
tion has also been observed in the turbulent flow of such 
hquids through tubes*.) 

The flow of “ordinary” hquids—water, glycerol solution 
in water (5 per cent w/w), salt solution m water (5 per 
cent w/w) and turpentine—and of relaxing liquids (solu- 
tions of ‘Cellofas’ in water and of polyacrylamide in water) 
through a straight tube 30-3 om long and 0-368 cm internal 
diameter, have been studied. The flow of water and of the 
glycerol solution and that of the relaxing liquids has also 
been studied ın beds of glass beads. Two sizes of beads 
have been used, respectively, 0-206 em and 0-114 cm dia- 
meter, packed in brass tubes of diameter 1:59 cm and 
length 15:2 cm. The porosities of the beds were 0-382 and 
0-369 respectively. The mass rate of flow of liquid (Vp) and 
the pressure difference (Ap) across the tube or porous bed 
were measured. Some typical results are shown in 
Figs. 1-4. 

In the flow of Newtonian liquids the onset of instabili- 
ties shows up as a departure of the results from the straight 
line relationship between the variables shown in Figs. 1-4. 
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The awkward kmetic energy correction for hquid flow 18 
avoided byrepresenting Ap/ Vo as a function of Vp and, in 
calculating Re, the kinetic energy correction can be found 
from the slope of the curves. The viscosities of the solu- 
tions were found using Ostwald viscometers with water 
as the standard liquid. 

In the flow through tubes (Figs. 1 and 2) 1t has been seen 
that in the “ordinary” liquids, departure from laminar 
flow begins at the same value of Re (1,460 + 40); (results 
for water only are shown. so as not to confuse the figures); 
in ‘Cellofas’ solutions, however, the value of Re can be 
greater than Re for water. Departure from laminar flow is 
accompanied by relatively violent oscillations in the read- 
ing of the manometer recording Ap; when the flow is 
laminar or when turbulence is complete, the oscillations 
are small. In “ordinary” liquids and in the ‘Cellofas’ solu- 
tions these violent oscillations occur just where the graphs 
of Fig. 1 are becoming non-hnear. In polyacrylamide 
solutions, however, the violent oscillations occur at a 
value of Re which is less than that for water and a slight 
munimum occurs in the curves in the figures as shown; 
furthermore, the fow would appear still to be laminar, 
judged from Figs. 1 and 2. The interpretation of the 
results for polyacrylamide solutions is that instabilities set 
in at a value of Re which ıs less than that for water but that 
the instabilities are accompanied by drag reduction, as com- 
pared with water; the reduced drag continues for all 
values of Re investigated. The interpretation for ‘Cellofas’ 
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is that the instabilities set ın at a higher value of Re than 
for water and there is a consequential reduction of drag 
over a small region as a result; however, there is some 
degradation of the ‘Cellofas’ at high rates of flow and when 
degradation 1s complete there is no distinction between 
‘Cellofas’ solutions and water. There is no degradation 
of the polyacrylamide. (Degradation is accompanied 
by a small but measurable change in viscosity.) 

In flow through porous beds, “ordinary” liquids show 
departures from a linear relationship between resistance 
and rate of flow at the same values of Re. (Re for the 
beds was determmed as in previous work.) Polyacryl- 
amide solutions became non-lnear at lower values of Re 
(Figs. 3 and 4), much as in flow in tubes, except that 
now there was no reduction in drag, but an increased drag 
compared with water (Fig. 3). No reproducible readings 
have been obtained with ‘Collofas’ solutions in porous 
beds, and the work continues. 

Future work will be concerned with the establishment 
of the shape of the non-linear portions of the curves shown 
in the figures and in studying the effect of temperature on 
the onset of instabilities in the flow; an effort will be made 
to put forward a molecular interpretation of the results. 
The purpose of this communication is to draw attention 
to the results and also to emphasize the important tech- 
nological consequence—the possibility that the reduced 
drag of relaxing liquids seen in flow through tubes would 
make such liquids useful in displacing oil from under- 
ground sources; the results reported here with porous 
beds show that drag 1s not reduced but increased in porous 
beds, so the use of relaxing liquids for displacement 
would be disadvantageous compared with “ordinary” 
liquids—assuming that all relaxing liquids at all rates of 
flow behave as polyacrylamide solutions do. 


W. M. JoNES 
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THE SOLID STATE 


Intensities in Filtered and Unfiltered 
Electron Diffraction from Thin Films 


Loss electrons are frequently considered to be unim- 
portant m electron diffraction from thin films. Indeed, 
their effects are usually ignored, because few diffraction 
instruments are capable of eliminating them. The basis 
for this belief 1s that if the thickness of the films is of the 
order of 100 A, this 1s less than the mean free path A for 
all electron scattering processes, and that therefore only 
a small fraction of the electrons will suffer two scattering 
acts. For electrons which have lost energy by collective 
excitation, two such acts are needed to put a loss electron 
among the diffracted ones, because collective cross-sections 
are small-angle; but there are also core excitations which 
are not small-angle. Films about 100A thick should in 
general be prepared in the high vacuum of the diffracto- 
meter and a support film ıs necessary; films thinner than 
100 A usually need a support film in any case. Of the 
practicable substrates carbon 1s one of the lightest and 
strongest; the situation in which toss electrons might most 
probably be neglected is therefore that of a heavy element 
a few angstroms in average thickness supported by a thin 
carbon membrane. 

We have grown lead on carbon tn stfu in a scanning 
electron diffraction system to test this assumption. The 
procedure was to deposit metal for a measuring cycle, 
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then to stop the growth by shutter, and record both a we 
filtered and a partially filtered diffraction profile, the 
to continue the growth and so on. 30 kV electrons wer 
used and the carbon substrates were about 200 A thiol 
Fig. 1 shows a sequence of measurements with energ 
bandwidths of 0-2-5 eV and 0-250 eV respectively. Tt 
latter is thought to include the majority of the lot 
electrons’, and to be virtually unfiltered. 0-2-5 eV give 
fairly complete filtermg, except for phonon loss electror 
inside the thermal energy spread of the incident electro 
beam. Little is known about these but indirect evident 
suggests their importance at room temperature is mino 

If the carbon supporting film is sufficiently thin, tł 
measured intensities increase at all scattering angl 
with deposit thickness until the latter reaches Am, tk 
mean free path in metal. The scattering arising from tk 
carbon can then be subtracted from the total profile i 
obtain the differential scattermg cross-section of tl 
metal. But if the support film is comparable in thickne 
with As, the mean free path in the support film, then 
considerable fraction of the incident beam is scattered t 
the substrate, and an appreciable number of the electror 
diffracted by the metal have been scattered once alread 
in the substrate. If the support film is hght and amo 

hous and the metal heavy, with interference peaks e 
111} and beyond, on balance the rediffracted electror 
are scattered to larger angles. As metal is deposited tk 
intensities at small angles may therefore diminish, 1 
shown in Fig. 1. From angles less than those of tl 
{111} ring outwards, however, intensities initially neres 
with the metal deposit thickness. 

Fig. 2 shows the lead scattering only, with the carbc 
profile subtracted. In growth (a) the well filtered case 
compared with the nearly unfiltered, 0-250 eV, and : 
another growth (5) the well filtered condition is compare 
with an intermediate one, the 0-25 eV pass band; th 
latter band will not include any core excitation electron 
Figures for the average metal thickness are given for ex 
curve; these are accurate only within a factor of thre 
but the relative values should be correct and a factor | 
three does not affect the conclusions. The important di 
ferences between the filtered and unfiltered curves a 
(i) even with 3 Å lead films the unfiltered intensities a 
more than twice as great as the filtered ones, and (i) tl 
shape of the profiles is appreciably altered by the presen: 
of loss electrons. 

The large increases in mtensities when loss electrons a 
included, even with the thinnest metal layers, imply lo 
collisions in the substrate followed by elastic diffractic 
in the metal. Growth (b) shows that a high proportion 
the loss electrons are in the band 0-25 eV, too low 








Comparison of filtered and unfiltered differentaal scatverinj 
The same intensity scale witl 


Fig. 1. 

crosé-sections for lead on carbon. 

common zero is used for both families of curves. The upper set has ar 

energy bandwidth of 0-250 eV, the lower 0-2°5 eV. The {000} peak i 

just to the left of the figure and the lead peaks from {111} to {811} ar 
shown. 
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|o- Fig. 2. (a) Part of the profiles of Fig. 1 with the carbon profiles sub- 
ooo tracted; only the first five and the last profiles are shown. (b) Another 
ee on with 0-25 eV bandwidth (upper set) and 0-2-5 eV (lower set). 
oPhickness for each pair of curves is indicated on the upper families only. 


value for core excitation in lead; a plasmon excitation in 
the lead would be small-angle. At thicknesses of about 
“10 A the lead would be too thin for multiple scattering. 
- The changes in the shape of the profile when loss electrons 
` are included are more pronounced when the lead is thicker, 
and when the 0-250 eV band is used. These facts suggest 
that both plural plasmon scattering and core losses in the 
“metal are responsible. The changes in shape are pro- 
nounced, for example the minimum between {111} and 
{200} is deeper for filtered electrons, as shown in Table 1. 
Table 1. RATIO OF THE MINIMUM BETWEEN {111} AND {200} TO THE {200} 
MAXIMUM 


Energy 
bandwidth 0-25 (eV) 


Thickness 0-250 Difference 

(A) 0-2-5 (eV) (eV) (per cent) 
Growth a 50 0-68 — 081 18 
Growth b 40 0-61 0-66 — 9 


This evidence emphasizes the need, even when con- 

ditions are kinematic with thin specimens, for using 
well filtered electrons if quantitative intensity measure- 
<- ments are to be made in electron diffraction. 
me C. W. B. Gricson 

M. B. HERITAGE 

e M. F. TOMPSETT 
Department of Engineering, 
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Spiral Fracture Characteristics in some 
Reinforced Polymers 


One of the reasons for using filled, rather than unfilled, 
plastics is the possibility they offer of reducing the 
occurrence of gross fracture by a redistribution of stress 
‘concentrations. One aim of the study of filled polymer 
“systems is the prediction of stress fields and their cor- 
relation with subsequent fracture behaviour. The present 
| communication demonstrates that controlled as distinct 
~from random brittle fracture can arise when suitable 
©: fillers are incorporated. 
< o Unfilled rod-like and transparent thermoset polymer 
owas formed by polymerizing the monomer in a glass tube 
(length 5 in., internal diameter 4 in.) at an elevated 
“temperature for a sufficient time. On cooling to room 
temperature the initially intact specimens suffered multiple 
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breaks in a brittle fashion. On the other hand, sp 
prepared by curing the resin around a multi-filament 
yarn of glass placed axially, developed a series of discrete 
spiral cohesive fractures during cooling. In the case of 
one resin, these propagated from each end of the rod over 
a period of several seconds without completely breaking © 
the specimen. The multi-filamented filler, and the spiral . 
geometry of the fracture, are shown in Fig. 1. Fig. 2 
shows the centre of the specimen where the spiral fractures 
from each end meet, 
The thermally induced spiral fractures probably arise 
as a consequence of several factors, principally: tho 
thermal expansion coefficients of the two phases; the 
strong adhesion between them; the diameter of thi 
sample; the temperature distribution and the rate 
of cooling of the sample; the state of cure of the 
resin; and the twisted nature of the yarn. Although 
the gross thermal contraction which occurs on cooling 
is along the length of the specimen, torsional shear 
stress components arise at the interface between glas 
and resin. Such stresses could account for the gross 
twisting of braided, multi-filamented glass—resin composite 
specimens (length 10 in., diameter 0-03 in.) which occurs: 
when the temperature is raised’, An implication of the 
geometrical regularity is that the fracture process alters. _ 
the stress field at the propagating front in a controlled way. 
The yarn was obtained from glass cloth (181-112, 
United Merchants and Manufacturers, Ine., New Yor 
cleaned by heat and contained three strands twiste 
together in the manufacturing process by 4-4 turns/in. | 
the “S” direction. Each-strand contained 204 mono- 
filaments twisted together in the manufacturing process 
by 5-0 turns/in. in the “Z” direction, The component <_ 
nature of the yarn is evident in Fig. 1. oe 
Three transparent resin-forming materials gave essen: | 
tially the same fracture patterns: polytriallylisocyanurate —_ 
and polyhexaallylmelamine, each prepared by heating the: 
monomer with 2,5-dimethyl-2,5-di(tert-butylperoxy)-7- 
hexane (Wallace and Tiernan, Inc., Buffalo) as initiator at 
130° C for 24 h; glass resin (Type 650, Owens-Illinois, 
Ine., Ohio) cured at a temperature of 90° C for 4 days 


Fig. o Spira . frac 








Fig. 2. Spiral fractures meeting in gla: 
after preparing prepolymer according to the directions of 
the manufacturer. Figs. 1 and 2 (magnification, 50x ) 
were obtained with polytriallylisocyanurate (Fig. 1) and 
glass resin (Fig. 2). 
J. K. GILLHAM 
B. H. ADEE 
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Similarity between ‘“‘Chukhrovite’”’ and the 
Octahedral Crystals found in Gypsum in the 
Manufacture of Phosphoric Acid 


THE presence of minute colourless octahedral crystals 
has long been noticed in gypsum made during the manu- 
. facture of phosphoric acid from phosphate rock and sul- 
< phurie acid. They normally occur at a concentration of 

01 weight per cent or less of the gypsum and, therefore, 


<o separation for analysis is extremely difficult. The use of 


selective dissolution, density separation, and sedimenta- 
tion to produce a sufficient quantity for chemical analysis 
yielded material contaminated with silica and calcium 
fluoride. In 1959, however, using X-ray powder and 
single-crystal diffraction techniques, we determined their 
unit cell to be cubic, of parameter 16°75 + 0-05 A, and 
probable space-group Th-Fd3. 

In 1960, Yermilova, Moleva and Klevtsova? published 
details of a new mineral found in Central Kazakhstan, 
which they named “chukhrovite’. Its formula was given 
as Ca,Al,(R.E.)SO,F,,.10H,O, where “R.E.” could be 
a mixture of rare earths and yttrium. X-ray diffraction 
studies showed it to have a face-centred cubic lattice of 
parameter 16:80 + 0-10 A, class T,-m3. The published 
powder-diffraction pattern showed the stronger lines 
of the pattern for our octahedral crystals; the erystal 
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habit was octahedral, with some development of the. cube 
faces, and the various chemical reactions listed agreed 
with those found by us for our unknown material. It 
seemed, therefore, that our octahedral crystals were at 
least isomorphous with chukhrovite. 

Lehr, Frazier and Smith? have recently published an 
article on the impurities precipitated from a wet process 
phosphoric acid preparation which includes a material 
Ca, AISISO,F,,0H.12H,O the X-ray powder-diffraction 
pattern of which is in close agreement with that from our 
octahedral crystals. They suggest that they are cubic, and 
of octahedral habit; an indexing of their powder pattern 
yields a cell parameter of 16-70 + 0:05 A. A material 
of this composition was first reported in a patent? in 1937 
and has recently been the subject of a further patent‘ on 
the purification of phosphoric acid. 

A relationship between chukhrovite and Lehr’s material 
can be shown by slight isomorphous replacements in the 
two formulae. F~ and OH- are commonly interchangeable, 
and therefore F,,OH is equivalent to F,,; (Ca?*Sit*) can 
be replaced by (Al**X*+). Thus, Lehr’s material becomes 
Ca,Al(ALX*+)SO,F,5.12H,0, or Ca,Al,(R.E.)SO,F,,.12H.0 
in the notation quoted for chukhrovite. The excess of 
2H,0 over that present in the chukhrovite formula is a 
weight error of only 4:5 per cent, and in addition some 
variation of hydration level without destruction of the 
crystal structure may well be possible in such a material. 

Recent changes in the source of phosphate rock used 
for the manufacture of phosphoric acid have led to in- 
creased production of octahedral crystals, and by good 
fortune these have been segregating from the gypsum, 
The only contamination present was amorphous organic 
material, which has made elemental analysis possible. 
These erystals have the formula Cay.53Bay.o4X9-orAlyoy 
Sig-75(SO04),-00F 1s-0-LOH,O. The trivalent metals, X, were 
yttrium and lanthanum. The crystals therefore have a 
chemical composition and unit cell size intermediate 
between chukhrovite and the erystals deseribed by Lehr 
et al., which confirms the similarity between those from a 
natural source and those precipitated in the phosphoric 
acid process. It would seem that all three materials are 
part of an isomorphous series in which Al*+ can be replaced 
by other trivalent ions or by Ca*+ and Bit jointly, and 
F- by OH-. The difference in water of hydration could 
be caused by experimental error, as fluorine was lost in 
addition to water on heating. If all the weight loss on 
heating were attributed to water, with no correction for 
fluorine loss, our results would have given 12H.O rather 
than 10H,0. 
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CHEMISTRY 


Growth of Single Crystals of Lead Sulphide 
in Silica Gels near Ambient Temperatures 


THE application of intermetallic compounds in electronic 
devices has been limited by the difficulties of prepar- 
ing single crystal materials with desirable properties’, 
Typical techniques used involve growth from the melt 
at high temperatures and, frequently, high pressures, 
or by chemical transport. We wish to report an alterna- 
tive method—the growth of single crystals of lead sulphide 
in silica gels near ambient temperatures. This shares 
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e various advantages. usually associated with low 
mperature techniques. 
Crystal growth in gels is a promising technique for 
ibstances which are slightly soluble in water and which 
cannot be conveniently grown from the melt or from the 
vapour’. The published literature does not, however, 
contain any reference to the preparation in gels of single 
crystals of group IV-VI compounds such as lead sulphide, 
probably because of a tendency to form microcrystalline or 
amorphous precipitates in such media. The growth of 
single erystals of compounds such as lead sulphide in gels 
usually involves as a first step the reaction of the two 
ions at some favourable rate to form lead sulphide nuclei 
‘the number of which is limited by diffusion in the gel. 
Failure to grow single crystals can be traced to excessive 
nucleation when compounds such as sodium sulphide or 
vdrogen sulphide are used as the source of sulphide ions. 
he use of thioacetamide as a source of sulphide ions over- 
mes. this difficulty by its slow and controllable rate 
hydrolysis, which makes available only a limited 
umber of sulphide ions at any time’. 
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Single lead sulphide erystals were therefore grown in 
silica gel prepared by mixing equal volumes of sodium 
silicate (Fisher certified reagent) solution of specific 
“gravity 1-06 and hydrochloric acid (3 N) to which a few 
drops of lead acetate solution (1 M) were added. The 
pH of the resulting solution was about 1-0. This solution 
“was poured. into standard 25 mm diameter test-tubes and 
permitted to gel at 35° C—a process which took 4-5 days. 
-The resulting gel was covered with 10 ml. of thicacetamide 
-O-1.M solution. The thioacetamide hydrolysed slowly, 
liberating hydrogen sulphide with the sulphide ions 
-diffusing into the gel and reacting with lead ions to form a 
limited number of lead sulphide nuclei. Growth of these 
nuclei was supplemented by periodic addition of fresh 
thioacetamide solution, and has resulted in well formed 
eubic lead sulphide crystals over 1 mm in size which are 
continuing to grow. Similar experiments are being 
conducted with cadmium sulphide. 

We suggest that further development of this gel growth 
technique may offer a new and more convenient method of 
preparing not only lead sulphide but also groups II-VI, 
groups II-VI and groups V-VI compounds. 
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Conductance of Coal Combustion Products 


- Bapztocu! has summarized the reasons for the consider- 
“able importance attached to the development of coal- 
‘fired magnetoplasmadynamic generator plant. Coal is, 
however, the most difficult fossil fuel to use in this 
application. partly because of the detrimental effects of 
its ash and partly because of the difficulties associated 
_with its combustion. Several hypothetical designs of 
plant have been suggested? and the theoretical conduct- 
“ances of ‘the products of combustion computed*, but no 
experimental data on the conductance of coal combustion 
products in the appropriate temperature range have been 
“reported. 
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Fig. 1. Conductance of the products of combustion of coal seeded witt ‘i 


potassium (0-52 wt. per cent potassium; ratio of oxygen to carbon.’ BESS 





atoms, 1-41). ~ ~ — ~ , Computed for OH (electron affinity, 210 
eV): , computed for OH (electron affinity, 2-65 eV); ©, experi- 
mental values. ; 


A high intensity coal-oxygen burner has been developed. : 
in this department’ which has allowed conductance. 


measurements in the range 2,000°-3,000° K. to be made. - 
A simple twin electrode technique was adopted, using — 


electrodes of high-purity carbon which, under the- con- 
ditions of the tests, closely approached the temperature of- 
the combustion products. The variation in the conduct- 
ance of the products with electrode separation showed that 
sheath effects had negligible influence on the conductance 
measurement; fringing effects were also shown tobe 
unimportant in the case of hot electrodes. os 
Fig. 1 typifies the results obtained. It shows. the- 
influence of temperature on the measured conductance of 
the products of combustion of a coal containing 85 per- 
cent carbon seeded with potassium. The data are com- 
pared with computed values of conductance’; two sets o 
of values were computed, one based on a value of 2-1 eV f 
for the electron affinity of the hydroxyl radical, the other 
on a value of 2-65 eV. The formation of hydroxy] ions was: 
thus shown to be highly significant. SSUES 
An empirical rule has been formulated which allows 
close prediction of electron concentration and conductance 


for coal-oxygen products at single temperatures over wide. 


ranges of temperature and seed level. If the individual. 


contributions, €, £2, Ss, ete., from each seed addition are os 
known the electron concentration, s, can be calculated: 


from 
e = yle t seg +e," + ete.) 

A similar expression can be used for the conductance. _ 

The conductance of the products at any temperature is 
determined largely by the concentrations of caesium, 
potassium and sodium in the ash. Because of the relatively 
low concentration of caesium and the comparatively high 
ionization potential of sodium, however, the conductance 
is, to a first approximation, directly related to the potas- 
sium concentration except when sodium is present in 
much greater concentrations than the potassium. On the 
basis of the satisfactory correlation of measured con- 


Table 1 
Potassium. Minimum duct outlet 
(per cent by weight) temperature (° K) 
0-15 
0-26 
0-52 
4-04 
2:08. 
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ductances with the computed values, Table 1 
indicates the potassium concentrations which 
would be required to give a conductance of 
about 4 mhos/m—the minimum acceptable 
‘Value at the outlet of a magnetoplasma- 
dynamic generator duct. 

The potassium content of British coal is 
low’, being only 010-015 per cent by 
weight of the coal. The data in Table l 
indicate that a temperature of the order of 
2,900° K is required to produce the necessary 
level of conductance for an unseeded coal. 
Such a temperature can be realized in 
a coal-oxygen burner of the type we have developed. 
W. A. GRAY 
J. L. SMTH 
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Structure of lon-exchange Membranes 


ARTIFICIAL membranes for ion-exchange purposes have 
hitherto been selected on an empirical basis only, and few 
attempts have been made to characterize them physically. 
Current theories of the structure of this type of membrane, 
together with some discussion of appropriate methods of 
investigation, have recently been summarized!. 
~The membranes manufactured by Asahi Chemical 
> Industries, Ltd., Tokyo (A.C.1.), are believed to be pre- 
“pared from a block-polymerized mixture of styrene and 
divinylbenzene®*, Hydrophilic groups are introduced 
into thin slices of the hydrophobic polymer either by the 
action of concentrated sulphuric acid to form the cation- 
exchanger A.C.I. C, or by chloromethylation with subse- 
quent quaternization of the amine groups to produce the 
“anionic membrane A. C contains about 37 per cent water 
and A 27 per cent*. 

Crabtree and Glueckauf examined ultramicrotomed 
sections of A.C.I. A by electron microscopy, and found 
that irregular pore structure and wide variation in pore 
size were characteristic of both C and A membranes’, 

We have confirmed this, using a similar technique®. 
Samples were prepared by a method developed for the 
investigation of biological ultrastructure?; water in the 
- membranes was gradually replaced by alcohol and then 
“by epoxy-resin, which was slowly cured and later sectioned. 
The profiles of the pores seen in A.C.I. C in the sodium 
form (Fig. 1) were generally two to three times greater 
in length than in width, and varied in dimensions between 
300 A and 10,000 A. 

We were uncertain, however, whether the holes in 
these samples represented accurately the membrane pores 
riginally filled with water. To confirm this, the surface 


















Fig. 1, 
“Epon 812’ and sectioned with a glass knife. (x e. 16,700. 










Fig. 2. Fold edge of a ‘Formvar’/carbon replica of A.C.I. C membrane. 


art of a thin section through A.C.I. C (sodium form), Membrane embedded in 
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(x e. 16,700.) 


replica technique was used. The water in an A.C.L C 
membrane was replaced in stages by dioxane; the surface 
was allowed to dry, and immediately replicas were made, 
using the two-stage ‘Formvar’/earbon technique, with gold 
shadowing at 45° (ref. 8). The ‘Formvar’ replica was 
found to strip easily from the smooth surface of the 
membrane. 

Fig. 2 shows a tangential view, resulting from the 
replica folding back on itself; the replicated pores stand 
out from the fold edge. The long intricately branching 
pore networks of varying, non-circular cross-section 
provide additional support for the theory that the irregular 
holes in the ultramicrotomed sample represent passages 
originally filled with water. 

It should be possible to adapt this replica technique 
to rough, moist membrane surfaces and to cross-sectiong 
through membranes by the use of cellulose acetate foil’ or 
carboxylmethyl cellulose solution”. Clearly the electron 
microscope techniques described here could be applied 
with advantage to the development of ion-exchange 
membranes, in cases where pore dimensions are smaller 
than the resolution limit of the optical microscope. 

A. E. B. PRESLAND 
Department of Chemical Engineering 


and Chemical Technology, E ea 


M. Brocg* 
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Radiation-induced Oxidation of Cytosine and 
Uracil in Aqueous Solution of Copper (II) 


Boru the hydrated electron, egg, and the hydroxyl radical, 
OH, which are formed as the principal intermediates in” 
water radiolysis, react rapidly with the pyrimidine bases. 
through preferential addition to the 5, 6 double bond to. 
give the hydropyrimidyl radical, BH, and 
the hydroxypyrimidy] radical, BOH, respec- 
tively!4. The yields for base destruction 
(molecules/100 eV) in oxygen-free solutions 
under y-rays are, however, consistently low, 
G(—B) <1 (refs. 5 and 6), when compared... 
with primary yields of the radical species ` 
derived from water, Geg = 2-85, Gon = 
2-4 (ref. 7); recent, work indicates that secon- 
dary reactions of BH and BOH lead to re-- 
generation of the parent compound’. In 
oxygen-saturated solutions, gq, is scavenged 
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-oxygen to form O (HO), the regeneration reac- 
on is quenched, and the yield for ‘base destruction 
yereases to G(—B)~2 through reactions involving the 
peroxy radical, B(OH)O,. Many organic products are 
formed, however, from the intermediate, B(OH)O,, 
and the overall product stoichiometries have yet to be 

_ fully elucidated’. 

“> We find that the use of a transition metal ion, such as 
copper (II) and iron (III), in the place of molecular oxygen 
as a scavenger of intermediate radicals leads to.a con- 
siderable simplification in the radiation chemistry of 
aqueous solutions of the representative bases, uracil and 
‘cytosine. The specific chemical effects of copper (IT) in 

these systems involve the preferential oxidation of the 

~hydroxypyrimidyl radicals to give the corresponding 

-glycols as the principal products of radiolysis 


H 
ba 
O) 

| [Con t+eu+ m0 > | OH +Cut+Ht (1) 
Z Na / 
a 





i H 
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-as is evident from the data in Table 1 for both uracil and 
ytosine. Formation of the isobarbituric acid derivatives 
_ (6-hydroxypyrimidines) with @<0-5 in each case can be 
_ attributed to a parallel branching reaction 








H OH 
Noe Nee 
Cc Cc 
i 
OH Cut: - | +Cut +H (2) 
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/ H H 


Thus, in the presence of copper (IT) the pyrimidine nucleus 

-is quantitatively oxidized in accord with the stoichiometry 
G(1)+G(2)~ Gon + Gmo, =~ 29. Reactions akin to steps 
-1] and 2 have been observed in other systems*-?. 


Table 1. PRODUCT YIELDS IN THE y-RADIOLYSIS OF PYRIMIDINE-COPPER (I1) 
SOLUTIONS - 


Base Copper (TE) G{iso- IG 
(mmoles/l.) (mmoles/i.) pH G(glycol) barbituric) (products) 

io Uracil 30 2 5 23 0-50 28 

30 1 5 23 0-60 2-9 

30 0-5 5 2-3 ~0-7 3-0 

10 10 35 2-4 0-45 2-85 
oo Sytosine 10 2 37 2-28 0-42 2-70 
ae 20 1 81 2-25 0-45 2-70 





The velocity constants for reaction of eaq with copper 
- (ID (ref. 12) and with the pyrimidine bases? are such that, 
at the low [base]/[Cu*?] ratios of Table 1, capture of eag is 
predominantly by Cut*+eaq—~Cu*. However, at higher 
 [base]/[Cut?] values, egq is scavenged almost exclusively 
: by the base. Such reaction does not lead to net chemical 
< change in the base because reaction of the hydropyrimidy! 
--yadical, BH, with Cut? by way of BH + Cut? + H,O—- 
O BH(OH) + Cu++ Ht, BH(OH)-+B+H,0 leads to base 
“regeneration. 
In the present experiments, the glycol and isobarbituric 
acid derivatives were separated from the parent com- 
| pounds and from copper (II) by chromatography on 
_. SDowex-50’ ion exchange resin (hydrogen form). Equal 
“portions of the irradiated solutions were placed on the 
© eolumn and, in the case of uracil, the product species were 
fractionally eluted with water. The separation of the 
various products with cytosine was effected by means of 
dilute hydrochlorie acid? at gradually increasing con- 
` centrations in the range 0-2 N. The yields of 4-amino- 
isobarbituric acid from cytosine and of isobarbiturie acid 
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from uracil were calculated on the basis of ex 
54x 10°(pH <1)? and tog mp=6'6 x 10% pH < 1) (rel 
respectively. Fractions containing cytosine glycol and 
uracil glycol were heated in 2 N hydrochloric acid after 
the method of Ekert and Monier? to convert quantitatively 
those products to the isobarbiturie acid forms for assay. 
This work was carried out under the auspices.of the 

U.S. Atomic Energy Commission. ee 

Joun HOLIAN me 
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Use of Salicylic Acid and Derivatives for 
the Protection of Wool from Insect Attack 
CHEMICALS which inhibit oxidative phosphorylation, 
usually toxic to keratin-digesting insect larvae (Table. 
and early investigations on the mothproofing of w 
involved the use of this type of compound’. With 
salicylic acid and simple derivatives, however, large. 
concentrations are required for protection from: insect 
attack (Table 2) and those which are effective have been 
found to have poor fastness to laundering. Attempts to ~ 
produce more satisfactory mothproofing agents have con- 
centrated on chlorinated organic compounds, and those 
which are used industrially at present are all of this _ 
nature’, oe 
Tt is known that bromination of salicylanilide and some 
of its derivatives can greatly increase bacteriostatic and 
fungistatic activity®-*, these compounds being of suffice 
ently low toxicity to mammals for their use to be permitt 
in toilet preparations and for cutaneous application | 
human beings. This communication reports the results 
of a preliminary investigation of such compounds for 
mothproofing. i 















Table 1. CONCENTRATIONS OF INHIBITORS OF OXIDATIVE PHOSPHOR’ LATIO 
REQUIRED TO PROTECT WOOL FROM INSECTS SESS 
Concentration* (per cent on weight of 
wool) required for weight loss in standard © 
test to be <8 mg with ten larvae of: > 











Compound h ey 
Anthrenus flavipes Tineola bisselliella: o > 
(Le Conte) (Humm) 

2 : 4-Dinitrophenol 0-8 10 

Thiogtycollic acid 1:8 0-9 

Salicylic acid 1-0 21 

5 : &-Diethylbarbituric acid > 47 

(sodium salt) 
Methylene blue >5 48 
Diazine green 4-9 +2 i 


= 


* Determined from a graph of Jog (concentration agent in woo! 
average weight loss of 4 samples of treated fabric per test. 


) against l 












Table 2. PROTECTION OF WOOL BY DERIVATIVES OF SALICYLIC ACID: 
Concentration (per cent on weight of wool) required: 
Compound for weight loss in standard test to be <8 mg with 
ten larvae of: Bane 
Anthrenus flavipes Tineola bisselliella 
(Le Conte) (Humm 
Salicylie acid 
Salicylamide 
Salicylaldehyde 
Salicylaldoxime 
5-Sulphosalicylie acid 


Salicylanilide 
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A mixture of 5,4’-dibromosalicylanilide ‘and 3,5,4- 
tribromosalicylanilide (‘Diaphene’) is commercially avail- 
able as a fine powder (particle size about 12u) which can 
be readily dispersed in cold water. We have now found 
that this can be applied evenly to wool fabric by an 
exhaustion process similar to dyeing. Concentrations of 
0-2 per cent and 0-3 per cent on the weight of wool result 
in < 8 mg feeding damage in tests with larvae of Anthrenus 
and Tineola, respectively, and if 0-5 per cent by weight is 
initially applied to the wool in this way, the proofing 
effects withstand ten hand-washing tests and ten dryclean- 
ing tests (using standard procedures’). 

This simple application of a readily available chemical 
may have some potential as an industrial process for 
< mothproofing wool. The technique involved, of applying 
a fine powder from aqueous dispersion, has not been widely 
used by the wool industry, but could conceivably offer a 
means of applying chemicals to wool for a variety of 
purposes. 

J. R. MCPHEE 
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CS.LR.O. Wool Research Laboratories, 
Geelong, Victoria. 
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BIOCHEMISTRY 


Alterations in Protein Fractions of Heated 
Blood Serum 


Waes blood serum is heated by being placed in boiling 
water the proteins coagulate and denaturation occurs. 
Such proteins do not migrate on paper electrophoresis. 
` On the other hand, serum proteins subjected to tempera- 
tures higher than body temperature but lower than 
boiling point migrate in different ways depending on the 
temperature. Denaturation of proteins consists, essen- 
tially, of the cleavage of some cross-links between peptide 
chains. Heat denaturation is caused by the excessive 
thermal agitation of the peptide chains and the resulting 
cleavage of hydrogen bonds. 

Van der Scheer et al. demonstrated electrophoretically 
the formation of a colloidal component (C) in normal 
horse serum which had previously been heated to 65° C. 
Bozzetti and Prina? showed an electrophoretic fusion of 
the æ, and §-globulin areas of thermally denatured 
human serum. Recently® electrophoresis was carried out 
with thermally denatured beef blood serum proteins in 
an alkaline medium and the electrophoretic patterns 
‘were compared with those of the native proteins. 

This communication describes the initial changes in 

` electrophoretic pattern of human serum treated by heat 
at gradually increasing temperatures. 
» T ml. portions of serum were heated in a water bath to 
. 80°, 55°, 60°, 65°, 70° or 75° C, respectively, for 15 min 
‘and cooled. The samples heat-treated to 50°, 55° and 
60°C were clear; that heated to 65°C had a trace of 
opalescence ; that heated to 70° C had a marked turbidity ; 
and that heated to 75° C was coagulated. Paper electro- 
phoresis of these sera using an LKB type B apparatus 
with barbitone-sodium barbitone buffer, pH 8-6, ionic 
strength 0-1 (225 V), was carried out for 8 h. The strips 
were then dyed with bromo-phenol blue, washed and 
dried*. Fig. 1 shows the electrophoretic pattern of de- 
natured serum proteins at different temperatures. The 
samples which were heated to 50° and 55° C showed an 
electrophoretic pattern similar to that of unheated blood 
serum. The sample which was heated to 60° C showed 
initial alteration in the globulin areas (« and 8-globulin 
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Fig. 1. Paper electrophoretic migration of serum proteins heated to 


different temperatures. 


fractions came together to form a single fraction). The 
sample which was heated to 65° showed decreased albumin 
mobility and no fractionation of the globulin fractions. 
The sample which was heated to 70° C showed a similar 
alteration of the albumin fraction and no migration of 
the globulin fractions. The sample which was heated 
to 75°C showed no migration of any protein fractions. 
The experiments show that the initial alterations occur 
at 60°C for the globulin fraction and at 65°C for the 
albumin fraction. 

S. TEKMAN 

N. ÖNER 
Institute of Biochemistry, 
University of Istanbul. 
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Freeing of Nucleotides from Haemoglobin 


Ix an earlier communication!, reference was made to the 
freeing of amino-acids from haemoglobin. Not only are 
amino-acids freed, but also substances which strongly 
absorb ultra-violet light. 

Pigs’ blood from a slaughterhouse was allowed to elot, 
filtered through muslin, then washed four times with 
saline to remove the plasma proteins. The cells were 
lysed with an equal volume of water; and the whole 
extracted with ether. The aqueous layer was centrifuged 
to coagulate the fat micelles at the surface so that the 
haemoglobin could be siphoned off. Such fresh solutions 
were then put into ‘Visking’ tubing, agitated and dialysed 
overnight (14 h) against running tap water. (The volume 
of haemoglobin per bag was usually 50 ml., the volume 
of the reservoir 101. and the rate of flow of water 3 1./min.) 

The total haemoglobin was measured from the light 
absorption? immediately after cessation of washing, as was 
the total phosphate*, which was always between two and 
four molecules of phosphate for each haemoglobin mole- 
cule of molecular weight 68,000, 

After washing overnight, the separate bags containing 
the haemoglobin solutions were further agitated in fixed 
volumes of distilled water for varying lengths of time. 
Figs. 1 and 2 show the ultra-violet absorptions of the 
dialysates from different pigs. The ratio of the phos- 


OCTOBER 22. 1966 


oret 





~ O12 4 


0-08 





Optical density 


0-04 


2200 2800 


2400 


2600 
Wavelength (A) 


| Fig. 1, Ultra-violet. absorption of dialysates (200 ml.) at pH 7 from 
; basmogiobin (96 ml. of 53x10 molar; molecular weight 17,000). 
Numbers on curves indicate time of dialysis in minutes. 
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Fig. 2. Ultra-violet absorption of dialysates (100 ml) at pH 7 from 
haemoglobin (20 ml, of 46x 10° molar; molecular weight 17,000). 
Numbers on curve indicate time of dialysis in minutes, 


J phate in the dialysate relative to the pentose sugar? fell 
from a value of six for a 5 min wash to four for a dialysis 
of 2h. 

These observations show that molecules of haemoglobin 
prepared by our method, and washed so as to remove 
free molecules, still have bound to them phosphate, sugar 
and base. The most likely bases are adenine and guanine, 
though the possibility of others cannot be excluded. The 
preponderance of either adenine or guanine derivatives 
‘after longer dialysis, coupled with the swinging of the 

“absorption peaks before this, suggests that there is an 

<order of release. The presence of excess phosphate in all 

the dialysates indicates that the phosphate is not involved 
in the attachment of the nucleotide to the protein. 
~ The differences in the base freed, the order of their 
release, and minor fluctuations in the absorptions due to 
amino-acids may well be related to intra-species indi- 

oviduality. This latter suggestion was made to us by Dr. 

A.D. Dewar, of Edinburgh, when the release of amino- 
acids alone was known. 

L. J. HASTEWELL 
R. N. PRIESTLAND 

¿Department of Physiology, 

“University of Manchester. 
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Fate of Bacterial Deoxyribonucleic Acid in 
Lycopersicon esculentum 


Ir has been shown that exogenous tritiated DNA can 
be taken up by germinating barley seeds and be trans- 
ferred from the endosperm to the growing roots without 
‘much degradation, while in the shoots it is apparently 
“destroyed’*, 
We have studied the role of exogenous DNA in various 
development. stages of older plants. The exogenous DNA 
(2 x 10° d.p.m./ug) was extracted? from a thymine-free 
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strain of Escherichia coli (CR 34), cultured on a medi 
containing *H-thymine. We chose the tomato (Lyco per 
sicon esculentum, var. “Tuckwood’) and investigated. the 
cotyledon plantlets (10-15 days after germination) 
and flowering adult plants. Stems of plants were dipped 
into tritiated Æ. coli DNA for 6h. They were then trans- 
ferred to a solution of cold DNA for 48 h. The part 
dipping into the DNA was removed, and the remaining 
tissue was analysed by various techniques. 

A kinetic study of the phenomenon, made by auto- 
radiography‘, revealed that labelling first appears in the. 
eanals of the xylem and subsequently migrates maint : 
to the nuclei of the cambium cells and of the apie 
meristem; 48 h after the 6 h period of incubation with. 
labelled material, at least 90 per cent of the labelling | 
reached the nuclei and very little radioactivity appears 
remain in the canals of the xylem (Fig. 1). The proportion 
of nuclei labelled is from 50 per cent to 70 per cent, | 
depending on the stage of development, whereas thè 
proportion is only 3 per cent to 5 per cent if the plants 
are fed with tritiated thymidine of the same specific 
activity. ; 

We tried to estimate the degree of polymerization afo 
the labelled molecules present in the tomato by comparing 
the chromatographic profiles’ obtained with this material 
with those obtained with similar plants incubated for 6h 
with tritiated thymidine or with tritiated DNA hydro- 
lysed in vitro with pancreatic DNase I. Results show |. 
that profiles are markedly and reproducibly ‘different _ 
(Fig. 2). This might indicate either that the tritiated 
DNA is taken up as such, or that the character of ‘the. 
newly synthesized molecules depends on whether: large 
labelled molecules or small precursors are supplied. Sur- 
prisingly enough, the profiles obtained with plants in-)~ 
cubated with different tritiated DNA preparations (with — 
markedly different molecular weights) appeared to be very. 
similar, indicating a similar fate for all the absorbed DNA 
molecules. The qualitative differences between these 
profiles are accompanied by important quantitative 
differences in the total amount of radioactivity recovered. 
Tritiated DNA appears to be a much better ‘precursor’ 
than hydrolysed DNA, which in turn is utilized more 
than tritiated thymidine. 

It is noteworthy that the chromatographic profiles oe 
obtained after short incubation times of tritiated DNA. 
(when the labelling appears in the xylem) or longer times. 
(when the labelling is found on the nuclei of the cambium 




























Fig. 1. Autoradlosraph of tritiat 


tomato plant 48 h after incubation. . The label : ticiel appear 
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: ¥Fig..2. Chromatographic profiles of the tritiated DNA used and the 
‘tritiated DNA found in the plants. A-F, Black, tritiated DNA given to 
7 s pleats white, tritiated DNA found in the plant after incubation: 
‘H, black, hydrolysed tritiated DNA given to the plant: white, 
tritiated DNA found in the plant after incubation; I-J, tritiated DNA 
found in the plant after feeding with tritiated thymidine. Stripes, acid 
nsdluble fractions. (Fraction 0, molecular weight 200-2,000; fraction 
8, molecular weight 50,000; fraction 4, molecular weight 500,000; 
fraction 7, molecular weight 1,000,000; fraction 12, molecular weight 
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_eells) are very similar. This might suggest that DNA is 
. depolymerized in the xylem and taken up by the nuclei 
without further modifications of the polymerization state 
(if not of the base composition). It also might indicate 
-o. that the chromatographic profiles are merely the reflexion 
Of the selective uptake of certain fractions—the low 
< polymerized ones being more easily absorbed. To verify 
“-this point, we added an excess of fraction 4 (mole- 
cular weight = 500,000), not radioactive, to highly 
c polymerized tritiated DNA. No dilution of the radio- 
activity can be found in the fraction 4 recovered from the 
tomato plant, so that it seems likely that its presence in 
the tissue is not due to a selective uptake but rather to a 
rtial depolymerization. A kinetic study performed 
_ viro with plant sap added to polymerized tritiated 
hows that, after incubation for 1 h, the radio- 
vity is found mainly in fraction 4, whatever the 
ecular weight of the tritiated DNA. We studied this 
menon for up to 96 h, and found that this profile 
ains constant, showing that a depolymerization 
poems to occur but does not proceed further to the produc- 
tion of lower molecular weight material. 
Our results show that the quantity and degree of poly- 
merization of the labelled molecules which appear and 
‘emain in the tomato cells depend on the type of precursor 
d. While the real identity of the labelled molecules is 
still unknown, these results suggest that exogenous DNA 
molecules could migrate in the xylem of tomato plant and, 
‘after some depolymerization, be taken up by the meri- 
stematic cells. 
Preliminary results from ultracentrifugation in a caesium 
chloride gradient seem to show that part of the radioactivity 
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supplied by molecules which sediment in the same posit 

as an E. coli DNA, or in an intermediate position. : 
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Analysis in Protein lodination Systems 


ANALYTICAL determinations in protein iodination systems ` 
are likely to produce erroneous and anomalous results 
unless the chemical complexity of the mixture and the 
lability of some of the reactants are taken into account. 

Recently a number of methods for the separation of | 
protein-bound iodine from iodide have been compared?. 
Acceptable results were obtained in all cases except when 
trichloroacetic acid was used to precipitate protein in the 
presence of carrier iodate; in this case the proportion of 
iodine bound to protein was high. The authors rightly 
point out that such procedures may give results which 
are at variance with other procedures. 

It is to be expected that exposure of a protein to iodide- 
1J and iodate in strongly acid conditions will result in 
chemical binding of the iodine-131 to protein®. If such a- 
system is used to separate protein-bound iodine from. 
iodide, erroneous results will be obtained because the- 
proportion of these two substances will be altered con- | 
siderably by the conditions used in the separation. We 
have demonstrated that this would occur under the 
conditions quoted by Baker and Owen by separating the 
precipitated protein from the supernatant liquid arising. 
from such a mixture and by showing with paper electro- | 
phoresis (after re-solution of the precipitate) that the major 
portion of the iodine-131 in the latter was iodinated protein. 
In addition, in place of trichloroacetic acid in the mixture 
we have substituted sufficient dilute hydrochloric acid 
to produce a solution of the same pH ; the expected iodina- 
tion again occurred but without precipitation. 

Because commercial supplies of iodine isotopes for 
protein iodination are distributed without added reducing 
agent, oxidizing radicals produced by radiolysis of water © 
are liable to convert iodine-'"I to iodate-'I. The rate 
of this conversion depends on a number of factors but can |: 
certainly amount to 1 per cent per day. At the specific 
activities normally used 1 me. of iodine-131 of which 
10 per cent had been converted to iodato would contain 
only 5-10 mug of iodine as iodate. Attempts in thess 
laboratories to utilize this iodate in reaction with iodide 
at acid pH have been unsuccessful; it is unlikely that 
anomalous analytical results similar to those reported 
will arise from this cause. 
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Investigations of Some Physio-biochemical 


Properties of Ceruloplasmin in Schizophrenics 
and in Normal Subjects 


Many authors have reported the existence of different 
forms of ceruloplasmin and its derivatives, both normal 
and pathological (taraxein), in the blood of schizophrenics 
and normal subjecta*:*, 

It was also reported that there was increased cerulo- 
plasmin activity in the blood of schizophrenics*.*; how- 
ever, there are conflicting views on this point’. 

This communication reports the results of our investiga- 
tions of the activity of ceruloplasmin at different pHs, 
from 4-8 to 6-4, and at pH 7-4. We also examined the 
influence of various quantities of serum from a patient 
suffering from Wilson’s disease on the activity of cerulo- 
plasmin in normal subjects and in schizophrenics. 


100 


90 


Activity of ceruloplasmin (per cent) 





48 52 56 6-0 84 
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Fig. 1. Relationship between pH and ceruloplasmin activity. @, Schizo- 
p phrenios; x, normal aubjeots. 


Ceruloplasmin activity was determined by the method 
developed by Ravin’. The samples which we examined 
consisted of 0-1 ml. of blood serum, I ml. of 0-5 per cent 
p-phenylene-diamine (PPD), 8 ml. acetate buffer (pre- 

with 0-4 M acetic acid and 0-4 M sodium acetate 
solutions). The samples were adjusted to the following 
pHs: 4:8, 5-0, 5-2, 5-5, 5-6, 5-8, 6-0, 6-2, 6-4. A reagent 
blank was prepared using the same substances and con- 
taining 1 ml. of 0-5 per cent sodium azide. The optical 
density was determined in 1 cm test-tubes in a Zeiss 
‘Speco! spectrophotometer at a wavelength of 530 mp. 

The activity of ceruloplasmins at pH 7:4 was also 
determined by the method of Ravin except that on this 
occasion the buffer used was trts(2-amino-2(hydroxy- 
methyl)-propan-1,3-diol). 

The same method was used to determine the influence 
of serum from a patient suffering from Wilson’s disease on 
the activity of ceruloplasmins (0-4 M acetate buffer of 
pH 5:5 was used). The samples were made up as follows: 
(a) 0-1 ml. blood serum from the person under investiga- 
tion; (b) 0-1 ml. of investigated serum + 0-1 ml. serum 
from a patient suffering from Wilson’s disease; (c) 0-1 ml. 
serum of examined person + 0-2 ml. Wuson’s disease 
serum; (d) 0-1 ml. examined serum + 0-3 ml. serum of 
a patient suffering from Wilson’s disease. Blank teste 
contained the same quantities of identical substances 
and also sodium azide. 

We obtained maximum activity of ceruloplasmins in 
fifteen normal persons at pH 5-5-5-6. At values of pH 
4-8-52 and 6:8-6-4 the activity progressively decreased 
until it reached 60 per cent of its normal value. 

With twenty-three schizophrenics, however, the maxi- 
mum activity of ceruloplasmin was found at pH values of 
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5-0-52, and the median activity curve differed from 

that obtained with normal subjects. In acid solution 

(pH 5-0) it is 85 per cent of the maximum activity, but at 

ae rather less acid solution (pH 5-6) the curve rapidly 
ps. 

At pH values of 5-0-5-2, the activity of ceruloplasmin 
in schizophrenics exceeded that in normal subjects. 
The serum from schizophrenics with a low level of cerulo- 
plasmin activity exhibits optimum activity at pH values 
of 6-5-5-6. The translocation of maximum activity at 
lower pHs can thus be explained as a result of a greater 
content of the more highly active ceruloplasmin. The 
results obtained with four patients suffering from an 
organic disease of the central nervous system were 
analogous to those from schizophrenic patients. 

We were also able to determine the activity of the 
ceruloplasmins at physiological pH; this was possible 
provided we used the tris buffer and not the Sorensen 
buffer as the activity of the ceruloplasmins disappears 
in the latter. 

The activity of ceruloplasmin in schizophrenics at a pH 
of 7-4 is only 48 per cent of its activity at pH 5-6 (that is 
0-149 + 0-045) and in normal subjects only 44 per cent 
of its activity at this pH (that is 0-116 + 0-030). Thus 
the difference between the activity of ceruloplasmin in 
normal and schizophrenic subjects is statistically mgnifi- 
cant. 
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Fig 2. Relationship between ratio of combination of sera and cerulo- 
plasmin activity. ©, phrenics; x, normal subjects. 


We also found that the serum from @ patient suffering 
from Whlson’s disease increased the activity of cerulo- 
plasmin from both normal and schizophrenic subjects. 
On the other hand, it was found that the effect of this 
serum on the activity of ceruloplasmins differed in schizo- 
phrenics from normal subjects. In schizophrenics, 
combination of both sera ın the proportions 1:1, 1:2, 
and 1:3 led to a progressive increase in the activity of 
ceruloplasmin. 

In normal subjects the addition of 0:1 ml. of serum 
from a patient with Wulson’s disease caused an increase 
in the activity of ceruloplasmin which began to fall on 
addition of a further 0-2 ml. of this serum. Activity was 
found to rise again as more of the serum was added. 

Thus this investigation indicates that oxidation of 
p-phenylene-diamine in the blood serum of normal 
subjects differs from that in schizophrenic subjects. 
Assuming that in normal subjects a number of factors are 
involved in this oxidation, it is possible that in addition 
to normal ceruloplasmin schizophrenics possess a number 
of enzymatically active derivatives of this compound 
(isoenzymes) which are responsible for the increased 
activity of the ceruloplasmins and for the different reaction 
on adding the blood serum of patients suffering from 
Wilson’s disease. It is possible that these differences are 
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caused by the presence of activators or inhibitors in the 
serum of one of the groups we investigated. 
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Acoustical Phonon Spectra of Biological 
Polymers 


ALTHOUGH much has been done in an attempt to under- 
stand the kinetics of biological processes in terms of their 
molecular motions!—, it appears that until now no one 
has attempted to calculate or measure the proper (normal) 
modes of motion of helical biological polymers. We think 
it might help understanding of the mechanism of biological 
processes (such as the enzyme action of certain proteins 
or the replication of nucleic acids) if it were possible 
both to measure and to calculate the proper modes of 
motion of the polymers themselves since these motions 
may play an important pars in biological processes. This 
communication presents a very simple calculation of 
the phonon dispersion of the acoustical modes of the 
Pauling a-helix in the harmonic approximation. The 
excitation of the higher (anharmonic) levels of this mode 
almost certainly leads to the well known helix = coil 
transition. 

Damping due to viscosity has been neglected in our 
preliminary treatment in order to show more clearly 
the unusual dispersion relation. Its effect as in any other 
resonant system would limit the lifetime of the modes. 
The Q of acoustic modes at hypersonic frequencies 
in normal liquids is typically about 10, and we can 
tentatively attribute much the same value to polymers 
in dilute solution. 

The mechanical model we take for the «-helix is very 
closely related to the structural model proposed by Pauling 
and Corey’. The peptide group is considered as a rigid 
particle constrained to move on the surface of the helix. 
If the peptide groups are numbered 1 to N along a chain 
of N monomer units, then the group number n is connected 
to groups (n—1) and (n+1) by methylene groups (in 
the case of glycine) and to groups (n—3) and (n+3) by 
—CO :-- HN— hydrogen bonds. For polymers we assume 
that the restoring forces between atoms held together by 
valence or hydrogen bonds is so much larger than the van 
der Waals forces between non-bonded neighbours that the 
latter forces can be neglected in the first approximation. 
Although it is a simple matter to melude refinements 
such as transverse waves and optical phonon branches, 
for the purposes of this preliminary communication 
we shall consider only the sunplest case—a single branch 
of the longitudinal acoustic phonons down the axis of 
the helix (the z-axis) group. When a peptide group is 
displaced along this axis it will be acted on by restoring 
forces due to the stretching of the O -- - H hydrogen bond 
with force constant ys and the disturbing of the hindered 
rotational potential of the adjacent methylene groups 
with force constant yz. In order to suppress the optical 
phonon branch, we ignore the fact that the peptide group 
is asymmetric (CH,—CONH—CH,) so that the hindered 
rotational potential between the peptide group and the 
adjacent methylene groups will be different in the forward 
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and reverse directions. Finally, we shall assume the helix 
to be very long, so that end effects can be neglected and 
cyclical boundary conditions can be used. Thus, we can 
speak of one peptide group per unit cell and a Brillouin 
zone for the helix. It can be shown that the results 
obtained with cyclical boundary conditions become 
equivalent to those obtained with exact boundary con- 
ditions as the length of the chain goes to infinity. 

If these assumptions are accepted, the Hamiltonian 
is given by 


H = 1/2 X [(pa2/m) + mor Zug. —Zn)* + 
n maos?’(Za+s—Za)°] (1) 


where px and Zn are the momentum and the displacement 
of the nth peptide group, m is the effective mass and œs 
and wp aro the stretching and rotational frequencies of 
the individual units and are given by œ? = y/m. Trans- 
forming to the normal co-ordinates by the usual methods 
and using cyclical boundary conditions ek:r¥ = 1, 
we obtain the set of N proper frequencies, w(k), which 
are given by 


a(k) = 2 [wst sin?(8k - r/2) + wr? sin%(k > r/2)}? (2) 


where k+ r = 2np/N, and p = 0, + 1,4 2,...+4 N/2. 

The group velocity, dw/dk, of the acoustical wave 
may have two zero values. These are given by sin k: r = 
$+/(3/4 + oxt/l2ms%). For or < ws the zero group 
velocities correspond to a maxima and a minima in the 
dispersion curve of w against k. These ocour at approxi- 
mately 7/3 and 27/3 radians respectively. However, when 
(@z/as)? > 3 a maxima and a minima no longer occur 
but an inflexion point is obtained instead. 

We obtain ws and we from similar model compounds 
and correct these frequencies for the change in mass, 
assuming no change in the force constant. Although there 
are no infra-red data on the vibration frequencies of pep- 
tide dimers, the circular frequency of the symmetric in- 
plane vibration of the acetic acid dimer’ is 3-1 x 10 rad 
seo. Since this dimer is connected by two hydrogen 
bonds, however, we must divide by 4/(2) to obtain 2-2 x 
101? sec! for ws since the mass of the peptide group and the 
methylene group is approximately that of acetic acid. 
If the mass of the methylene group is omitted, a slightly 
higher frequency 2-5 x 10% rad sec- is obtained. 

The rotational frequency, wr, of the torsional oscilla- 
tion of the C= O end of the peptide group can be estimated 

(6) 


from a knowledge of the l cs, rotational potential and 
oscillation frequency in acetone’®, Assuming the two 
frequencies to be about the same we obtain wr = 2 x 
10% rad sec". 

Fig. 1 shows the dispersion of longitudinal acoustic 
phonons of the Pauling «-helix of a homopolymer based on 
our simplified model. It is interesting to note that we 
obtain a dip similar to that in the phonon spectrum in 
liquid helium™1*, Even though we are working in the 
simple harmonic approximation, this dip in the polymer 
spectrum arises for an analogous reason. As pointed out 
by Feynman’’, the helium dip occurs at vectors k corre- 
sponding to interatomic spacing because density fluctua- 
tions of the order of a few troms are easier to arrange 
(require less energy) than longer wavelength fluctuations 
where opposing forces are always operating. In the 
polymer phonon spectrum the dip corresponds to fluctua- 
tions in which the hydrogen bonds are not being stretched. 
or compressed at all and we are working against the 
hindered rotation and it occurs for k vectors corresponding 
to spacing of peptide units connected by hydrogen bonds. 

Measurement of the acoustical phonon dispersion of 
polymers appears to be possible by a number of methods. 
For sound waves several thousand Angstroms in length 
(k—0) measurement of either the frequency shift? or 
frequency broadening’ of scattered laser light appears 
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promising. For shorter wavelengths, however, thermal 
diffuse scattering of X-rays'* or neutron scattermg'* 
must be used. 
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Formation of Pyrrolic Compounds b 
Ultra-violet Irradiation of 3-Aminolevulinic 
Acid 
Sropy of the abiogenic formation of biologically impor- 
tant compounds under primitive Earth conditions has 
led us to suggest the probable path of synthesis of por- 
phine-like substances's-¢, This hypothesis proposes that 
porphines and porphine-like substances were formed 
spontaneously by condensation of pyrroles and aldehydes. 
A similar scheme has also been suggested by Krasnovskii*. 
The aldehyde, one of the required starting materials for 
this spontaneous synthesis, has been found as a product 
of the exposure of Urey’s atmosphere to electrical dis- 
charges**+, The other primitive reactant, pyrrole, was 
assumed to be present, since acetylene and ammonia 
under primitive Earth conditions would form pyrroles 

by the action of electrical discharges‘. 

Other suggestions have also been made for the abiogenic 
formation of porphines. For some time Gaffron‘«4 
maintained that porphyrins and chlorophylls could arise 
spontaneously from the components of Miller’s mixture*s, 
Gaffron’s proposal was similar to Shemin’s for the bio- 
synthesis of porphyrins from acetate and glycine through 
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$-aminolevulinic acid’. Since the conversion of $-amino- 
levulinic acid to porphobilinogen requires at least one 
enzyme, §-amimolevulinic acid dehydrase’, it is not 
ey applicable to abiogenic conditions. Enzymes are 

also required to effect the condensation of porphobilino- 
gens to porphyrins’. 

I wish to report some preliminary data on non-enzym- 
atic conversion of 8-aminolevulinic acid by the mfluence 
of ultra-violet radiation under possible primeval Earth 
conditions. Recent work by Choughuley® on the exposure 
of Urey’s atmosphere to accelerated electrons indicates 
the presence of 5-aminolevulinic acid ın the irradiated 
mixture. He assumed that this compound was present 
in sufficient concentrations in the organic milieu under 
primitive Earth conditions. Using this compound as 
starting material, I was able to carry out the condensations 
necessary to form pyrrole compounds. In a typical 
experiment, 3 ml. of -aminolevulinis acid solution, m the 
concentration range 3 x 10 to 10 x 10-' moles per litre, 
were placed in a silica cell, covered with a glass cover and 
placed 8-7 cm from the source of ultra-violet radiation. 
The source was a General Electric 4H-6 lamp, water cooled 
and provided with a quartz water jacket. The samples 
were cooled by a stream of air from a blower. The tem- 
perature of the irradiated solution varied from 40° to 50° C 
in all cases. The radiation was unfiltered, and no attempt 
was made either to determine the effectiveness of different 
wavelengths or to obtain the quantum yields. 

The quantitative determination of pyrrolic compounds 
was based on the reaction of a-unsubstituted pyrroles 
with p-dimethylaminobenzaldehyde in acid solution to 
form a red compound, as suggested by Mauzerall and 
Granick’*. The concentration of §-aminolevulinic acid 
was determined by first reacting the 3-aminolevulinic acid 
with ethylacetoacetone in alkaline solution to form an 
a-unsubstituted pyrrole and then with p-dimethylamino- 
benzaldehyde in acid solution to form the red complex?>-4, 
All spectrophotometric data were obtained on a Cary 
model 1] recording spectrophotometer using silica cells 
with light paths of 1 em. 

Fig. 1 represents a plot of the fraction of $-amino- 
levulinic acid converted to pyrrole compound (curve B) 
and the fraction of 3-aminolevulinic acid remaining in 
the solution (curve A) agamst the duration of irradiation. 
The amount of pyrrole compound formed reaches a 
maximum after approximately 2 h of irradiation. Further 
irradiation does not increase “the yield of pyrrolic com- 
pound, and a slight decrease is observed. This decrease 





Fig. 1. Plot of fraction of é-aminolevulinic acid remain Be solution 

{curve A) or converted to lic substance (curve B) nst time of 

frradistion in hours. Inf concentration: 10 «moles per sample; pH 
10, adjusted with ammonium hydroxide. 
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might be due to the photolytic decomposition of pyrrolic 
compound. A continuous decrease of the 8-amino- 
levulinic acid content is also observed. The values of the 
sums of the fractions of $-aminolevulinic acid in the 
solution and the fraction converted to pyrrolic compound 
remain near unity for about 1 h of irradiation. After 1h 
the total fraction accounted for decreases quite rapidly, 
probably because of the photolysis of the pyrrolic com- 
pound and other reactions taking place in the solution, 
such as the formation of pyrazme derivatives from 
8-aminolevulime acid ın alkaline solution'*, No attempt 
has yet been made to estimate these reactions quantita- 
tively. No pyrrolic compound was detected in solutions 
which were not irradiated but which were otherwise 
identically treated. 

The effect of the initial concentration of §-aminolevu- 
{inic acid on the yield of pyrrolic compound was examined. 
‘There is an increase in the yield with increases in the 
initial concentration of $-aminolevulinic acid, but the 
yield finally reaches a constant value (Fig. 2, curve A). 
If the fraction of $-aminolevulinic acid converted to 
pyrrole is plotted agamst the mitial concentration of 
8-aminolevulinic acid in the solution (Fig. 2, curve B) a 
curve that continuously decreases and apparently 
approaches a limiting value is obtained. Further work 1s 
in progress in order to find a possible mechanism and 
explanation of this behaviour. 
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Wg. 2. Plot of yleld of pyrrolico compound (curve A, left ordinate) and 

fraction of é-aminolevulinic acid converted to pyrrolic compound (curve 

B, right ordinate) againnt the initial concentration of é-amimolevulinic 

acid in eolution, Duration of irradiation: 2h; pH 10, adjusted with 
ammonium hydroxide. 


It was found that there is no production of pyrrolic 
«compound from 8-aminolevulinic acid under the action of 
ultra-violet radiation in acidic solutions. At pH 7:5 the 
yield of pyrrolic compound is small and reaches its maxi- 
mum at pH 10 or greater. This pH dependency of the 
yyneld of pyrrolic compound can be explained if it ıs 
assumed that the NH, groups rather than NH,* of 
8-aminolevulinic acid are necessary for the reaction. 
‘The pK values of the è amino ketones are expected to be 
in the range 8-9, and this is reflected in the yield of 
-pyrrolic compound. 

The identity of the pyrrolic compound has not yet been 
definitely established. The fast reaction with p-dimethyl- 
-arnmnobenzaldehyde at room temperature suggests that 
-the pyrrolic compound has at least one unsubstituted 
a position. Its chromatographic behaviour on paper was 
compared with the behaviour of 2-methyl-3-acetyl-4-(3- 
-propionic acid) pyrrole (compound No. 1), 2-methyl-3- 
.carbethoxy-4-(3-propionie acid) pyrrole (compound No. 2) 
and 2,4-diumethyl-3-ethylpyrrole (compound No. 3) in a 
-mixed solvent system consisting of 100 ml. benzene, 
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25 ml. methyl alcohol and 10 ml. glacial acetic acid. The 
Ry values were 


Compound 8 1:0 

Compound 1 0-93 
Compound 2 0-87 
Unknown pyrrole 0:60 


This indicates the presence of more than one strong 
polar constituent in the unknown pyrrole, which will 
cause the strong adherence to the paper. It ıs possible 
that either another carboxylic acid group or ammomethyl 
group or both are present in the unknown pyrrole. The 
model compounds are being synthesized at the present 
time, and will be examined for their chromatographic 
behaviour. 
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Solvents for Thin Layer Chromatography 
of Blood Serum Lipids 


Mxuxrorzs in several proportions of petroleum ether 
(boiling point 30°-60° C), diethyl ether and acetic acid 
have been widely used as solvents for the separation by 
thin layer chromatography on silica gel plates of lipid 
extracts of tissue and blood serum. The following solvent 
proportions have been used: 90:10:1 (by volume) and 
70: 30:2 (ref. 1); 80: 20:1 (ref. 2); 85:15:1 (ref. 3). 
This last mixture seems to be extensively used at the 
present moment‘, With this mixture phospholipids and 
diglycerides remain at the bottom of the plates. Chol- 
esterol esters, triglycerides, fatty acids, free cholesterol 
and diglycerides migrate (cholesterol esters most and 
diglycerides least); however, with the exception of chol- 
estero! esters, all these compounds remain in the lower half 
of the plate. The separation on the plate of the fatty acids, 
free cholesterol and triglycerides is very small, making 
isolation by scraping difficult. The same is true of 
diglycerides and phospholipids or cholesterol. We ob- 
served experimentally that it is possible to obtain better 
separations by increasing the proportion of acetic acid in 
the solvent mixture. The object of this work was to 
systematize these observations by applying the method 
to the separation of blood serum lpids. 

Samples of total blood serum lpids were extracted by 
the method of Sperry and Florence’ and spotted at the 
lower edge of plates coated with a 0-25 mm layer of 
silica gel G. Ascending elutions were carried out with 


No. 5060 OCTOBER 22, 1966 


Table 1. Ry x 100 VALUES OF BLOOD SERUM LIPIDS DEVBLOPED IN THREE 
SOLVENT BYSTEMS 


PE, DE and PAN PE, DE and AA PE, DBand AA 


Substance 85.16.1 by 90.10:75by 85:15.75 by 
volume volume volume 

(+ S.E.)t (+ S.E.) (+ S.E.) 
Cholesterol esters 98-3 + 017 98 - 99 - 
Triglycorndes 688 + 042 66-4 + 0-6 67-7 + 0-79 
Fatty acids 18 2 + 046 877 t0% 889 + 1-2 
Free cholesterol 98+ 02 24:8 + 0-22 288 + 098 
‘Phospholipids 0 - 0 ~- - 


* PE, Petroloum ether; DE, diethyl ether; AA, acetic sold. All the fronts 
travelled 100 mm. 

+ Results presented represent mean of ten determinations + the standard 
error. 


several mixtures of petroleum ether, diethyl ether and 
acetic acid. After drying the plates at room temperature, 
lipids were detected by exposing the chromatography 
plates to iodine vapours or by charring, after spraying 
with sulphuric acid. Values of Re were evaluated for 
every spot. Since thin layer chromatography does not 
give Ry values as constant as other chromatographic 
techniques, we carried out several experiments with 
samples of known lipid mixtures and blood serum lipids, 
in order to obtain mean values of Rr. 

The complete analysis of the results obtained will be 
discussed elsewhere, and also their relation with the 
properties of the solvents as eluates. Some of the mixtures 
were very useful in obtaining a good separation of a 
determined lipid fraction, grouping the rest of the lipids 
near the origin or the front of the solvent on the plates. 
To obtain a regular separation of the main blood serum 
lipid fractions with less streaking or tailing, the best 
results were attained using mixtures in the proportions 
85:15:76 and 90:10:78 by volume (Table 1 and 
Fig. 1). 
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. 1. Separation of lipids from blood serum. Left, solvent mixture 

pe loum ether (boiar polot 80°-80° ©), diethyl ether and acetic acid, 

.15 1 by volume. Middle. same solvents ın proportion 85 15°75. 

Riaht, same solvents in proportion 80 10 7-6 P, F do a 

FO, free cholesterol; FA, fatty acids, T, tnglycerides; CH, cholesterol 
esters. Spots were redrawn. 
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Relative Quantum Yields for Anaerobic 
Photoassimilation of Glucose 


Two sets of photochemical reactions are assumed to 
originate in the two chlorophyll systems IT and I which 
together promote photosynthesis. The main point m 
recent discussions of the recognized partial reactions 18 
the attribution to either of these sets or to both. Evolution 
of oxygen occurs only when light is absorbed by system 
II, and the co-operation of system I ıs indispensable 
whenever the evolution of oxygen is coupled to the 
reduction of carbon dioxide. To find whether excitation 
of system I alone can produce useful metabolites in the 
intact cell, experiments are required m which long wave 
red light, A > 690 mu, elicits measurable responses. In 
this dark red region the chlorophyll I complex absorbs far 
more strongly than the chlorophyll II complex. Two 
metabolic processes of green algae have been found which 
respond particularly well to selective Wlumination in the 
region between 4690 and 730 mu; the anaerobic reactions 
of algae adaptable to hydrogen and the aerobic assimilation 
of acetate in Chlamydobotrys**. A third reaction of 
this kind is the incorporation of glucose by Chlorella in- 
duced by light under anaerobic conditions‘. This reaction 
proceeds better in the near infra-red than in orange light 
at 4620 mp. The common feature of these three metabolic 
reactions is that theoretically they can proceed with an 
adequate supply of ATP. This agrees with Tagawa’s 
observation®:* that chloroplast preparations in dark red 
light carry out cyclic photophosphorylation faster than 
a Eull reaction with evolution of oxygen. 

Just as photoreduction with hydrogen’ and aerobic 
assimilation of acetate®® are insensitive to poisoning with 
DCMU, uptake of glucose induced by lght in the near 
infra-red might also be expected to be unaffected by 
this poison. This is, however, not the case. DCMU in 
concentrations which stop oxygen evolution also depresses 
anaerobic glucose assimilation regardless of the wave- 
length of the light absorbed. We therefore investigated 
this reaction further. 

Chlorella pyrenoidosa was grown eautotrophically’ for 
l or 2 days, then kept in the dark for another day or 
two, and finally washed and transferred into 0-025 molar 
phosphate buffer, pH 6-0. The cells were aerated with air 
free of carbon dioxide for at least 1 h in darkness. 
Suspensions of algae of 15 ml. each were transferred into a 
rectangular vessel and stirred magnetically in the dark 
for 10 min while purified nitrogen was bubbled through 
the suspension (1 ml./sec). Umformly labelled radio- 
active glucose (final concentration 67 y/ml.; spcoific 
activity, 56 x 10-* e./mg glucose; Volk Radiochemicals, 
Chicago) was added at the beginning of a 10 min period 
of illumination. After this time, the algae were transferred 
into centrifuge tubes at 0°C, centrifuged, washed twice 
with phosphate buffer at 0° C in the dark and finally sus- 
pended in 0-5 ml. water. 0-2 ml. of this suspension was 
plated on copper planchets, dried and the radioactivity 
determined. The DCMU was dissolved in ethanol (final 
concentration 0-2 ml. ethanol/15 ml. of algal suspension) 
and added to the algae 10 min before adding the glucose. 
The controls contained the same concentration of ethanol. 
The light source (Sylvania quartz—iodine lamp, 118 V, 
625 W, type DWY) was calibrated against a standard 
carbon filament lamp and measured with a large surface 
bolometer. Narrow spectral regions were isolated with 
interference filters. The light absorption of the algae was 
determined using an integrating sphere. All the experi- 
ments were performed at 30° C. 

Glucose incorporation at different wavelengths. Table 1 
gives relative yields for glucose assimilation under nitrogen 
induced by hght at different wavelengths from 620 to 
716 m. The experimental figures are the average of 24 
measurements corrected for dark incorporation. The yields 
were measured at low intensities of light, at approx- 

* DCMU: 8-(8,4-dichloropheny!)-1,1-dimethylurea, 
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Table 1. RELATIVA YIELDS FOR ANAHROBIO PHOTOASSIMILATION OF GLUCOSE 
Carbon-14 
Wavelength Absorbed light in ted. Relative 
(my. intensity into material yield 
(10~ einstein /sec) (c.p.m.) 
620 2°32 2,140 92 
850 1-76 1,800 10-2 
705 1:48 2,000 135 
716 1-06 1,690 15-9 


imately 25 per cent saturation. The yields are given as 
relative figures only, because the incorporation of glucose 
was determined merely as c.p.m. for each aliquot of 
algae. This gives comparable values, but not the exact 
number of moles of glucose assimilated per einstein of 
absorbed radiation. The relative yields for the photo- 
assimilation of glucose at wavelengths beyond 1690 mp 
(A706 and 716 my) are slightly higher than at 4620 and 
650 mp. This confirms the results obtained with 
Ohlamydobotrys on the aerobio photoassimilation of 
acetate’. 

If photophosphorylation is the process requiring light 
common for glucose assimilation, these results indicate 
that photophosphoryletion in Chlorella pyrencidosa as 
well as in Ohlamydobotrys proceeds with greatest efficiency 
in the near infra-red, at wavelengths where the yield of 
normal photosynthesis decreases. Whether this is true in 
all cases remains to be seen. Simonis and Mechler’ 
reported that the action spectrum of the light dependent 
incorporation of phosphorus-32 into the organic phosphate 
fraction soluble in tnchloracetic acid resembles not only 
the absorption spectrum of living Anktstrodesmus cells 
but also the action spectrum of photosynthesis in 
Chlorella as reported by Myers and French!*. 

Inhibition of anaerobic photoassimilation of glucose by 
the herbicide DOMU. Photoprocesses which depend on 
photophosphorylation within chlorophyll system I alone 
are supposed to be insensitive to DCMU concentrations 
which inhibit photosynthesis and non-cyclic photo- 
phosphorylation! *.*.15, If this were also the case under 
anaerobic conditions, no inhibition of glucose assimi- 
lation should be expected at wavelengths where the 
glucose assimilation depends only on a cyclic photo- 
phosphorylation insensitive to DCMU (A > 690 my); 
however, at wavelengths where both types of photo- 
phosphorylation (cyclic and non-cyelic) proceed and 
facilitate this process, that is, below 1690 mp, glucose 
assimilation should be inhibited. This hypothesis was 
checked. The figures for the inhibitory effect of DCMU 
on glucose assimilation at different wavelengths are given 
in Table 2. Here the experiments were done at light 
intensities above saturation. Contrary to expectations, 
the anaerobic photoassimulation of glucose was inhibited 
by 5 x 10-° molar DCMU at all wavelengths tested, 
including those beyond 1690 mp. This means that even 
at wavelengths where system I mainly absorbs photo- 
phosphorylation in vivo can occur through a site sensitive 
to DCMU. Thus the data on poisoning with DCMU give 
no indication of the extent to which cyclic and non-cyclic 
photophosphorylation is involved in the anaerobic light 
induced assimilation of glucose. 

I thank Prof. H. Gaffron for support and many helpful 
discussions during this investigation. These studies were 
assisted by a contract between the Office of Naval 
Research and Florida State University and by a grant 
from the U.S. National Science Foundation. 

Note added in proof. While this communication has 
been in the press, the following papers were published 


Tablo 2. AcCrion_OF DCMU ON THR INJORPORATION OF CARBON-14° FROM 
UNIFORMLY LABHLLBD GLUCOSW UNDER ANABROBIO CONDITIONS 


Inadent Carbon- a. docs DCMU 

Wavolength light intensity inhibition 

(mys) (10-7 cal/eec) control a x 10-* DCMU {per cent) 

620 1-78 10,200 5,700 44 

650 8-60 9,000 4,870 46 

871 8-37 11,000 6,250 48 

705 8-00 10,500 7,250 81 

716 9-50 9,400 6,200 84 

The are corrected for arene dark incorporation average 1,900 

p.m. ration time 10 mın 
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Prediction and Demonstration of Iron 
Chelating Ability of Sugars 


Fruotose is capable of forming a highly stable chelate 
complex with iron, in contrast to some other hexose 
sugars and disaccharides which have little or no such 
ability!. Recently, attention has been focused on the 
iron—fructose complex because of ite ability to move across 
biological membranes* and to enhance gastrointestinal 
iron absorption in man?. The structure which has been 
proposed for this compound is one in which iron, incorpor- 
ated into a five-membered ring, is bound through the 
hydroxy! and carbonyl oxygen atoms to carbon atoms 
one and two of the fructose molecule! t, 

In an endeavour to explain why this iron-complexing 
ability is not shared by all sugars, we attempted to determ- 
ine the exact molecular configuration in fructose respons- 
ible for this ability and to formulate a general rule which 
would allow prediction of the iron chelating potential of 
sugars and polyols. 

Simple sugars and polyols possess between them only 
three functional groups—hydroxyl, aldehyde and ketone. 
A consideration of the saturated compounds of one, two 
or three carbon atoms containing only these functional 
groups shows that twenty-four such compounds can 
theoretically exist. We have examined as many of these 
compounds as we have been able to obtain and have 
assessed their ability to form a complex with ferrio iron 
which was sufficiently stable to remain in solution at 
pH 8-0. 

Chelating ability was assessed by a solubility test using 
radioactively labelled iron. This measures the percentage 
of iron which remains in solution when a mixture of equal 
volumes of a 0:1 M solution of the substance under test 
and a 0-001 M ferric chloride solution is raised to pH 8-0 
to precipitate any uncomplexed iron as the insoluble 
hydroxide. Positive results indicative of chelation 
obtained by this simple test have always been confirmed 
independently by other techniques such as alteration of 
the ultra-violet absorption spectrum. A detailed descrip- 
tion of the solubility test will be published elsewhere. 
Results are given in Table 1, and it can be seen that of the 
compounds tested only three show any significant chelating 
ability as measured by this technique. 

The two compounds 1-3,dihydroxy propane and glycerol 
which show moderate chelating ability, and dihydroxy 
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Table 1. IRON CHELATING ABILITY OF 1, 2 AND 8 CARBON ATOM COMPOUNDS 
WITH HYDROXYL, ALDHHYDE AND KETONE FUNOTIONAL GROUPE 


Iron 


Tron 
Compound chelating Compound chelating 
as ability* abilty 
etenal <i ne dialdehyde { 
<1 Acetone < 
Hthelone col <1 Glycolic aldehyde 
Propano <1 8- gropenal 
Is0-pro. <1 dehy, e 
Propylano imo glycol <1 Glyceric aldehyde 
Fropene-hs 17:5 2-Hydroxy propan-1,8-dial 
12 1-Hydroxy acetone <1 
Pe Tiehydo <1 Dihydroxy acetono 100 
Acetaldehyde <1 Mothyl glyoxal <i 
Glyoxal t 2-Keto propan-1,8-dial t 
Proplonaldehyde < 8-Hydroxy-2 keto propanal 
* Tron chelating abil per cent ferric ion held in solution at pH 8 0 
when equal volumes of RA solution of the substance under teat and 10° M 
ferric de are mixed and the pH raised 


8-0. 
+ Compound not available or too unstable for testing by this procedure. 


Table 2, IRON CHELATING ABILITY OF 80MH KETO Hexosus, ALDO HEXOSHS 
AND DIBACOHARIDES 


Tron chelating 
Type Compound abulty 
Keto hexose Fruotose 100 
Sorbose 100 
Tagatose 100 
Aldo hexose Glucose <1 
Galactose <1 
Mannose <1 
Disaccharide Suarose <1 
Lactoes <1 
Maltoes <1 


* Measured as for Table 1. 


acetone which shows strong chelating ability, all share the 
common structural features of hydroxyl groups on carbon 
atoms one and three, and are the only compounds among 
the twenty-four possibilities which do so. The dihydroxy 
acetone structure is found in the open chain fructose 
molecule, but is not present in any aldohexoses or disac- 
charides. On the basis of this evidence it seems reasonable 
to propose that the ability of fructose to chelate iron is 
related to the dihydroxy acetone structure found in the 
open chain fructose molecule. The superiority of dihy- 
droxy acetone over 1-3,dihydroxy propane and glycerol 
is presumably caused by the electron withdrawing effect 
of the carbonyl group, which enables the hydroxyl groups 
to dissociate exposing oxygen atoms which can chelate 
iron and form a stable six-membered ring structure. 
If this hypothesis is correct, only sugars possessing the 
dihydroxy acetone structure will chelate iron as power- 
fully as fructose does. On this basis we predicted that the 
other keto hexoses sorbose and tagatose would demon- 
strate iron chelating ability and that no aldo hexoses or 
disaccharides would chelate iron to the same extent. 
Table 2 shows the results of testa carried out on the keto 
hexoses sorbose and tagatose and on a number of aldo 
hexoses and disaccharides. Of all the sugars tested, only 
sorbose and tagatose chelate iron as powerfully as does 
fructose. 
We conclude that the interesting biological phenomenon 
of iron chelation by sugars and polyols is exhibited most 
strongly by those compounds which contain the dihydroxy 
acetone structure in their molecule; that this property is 
one which distinguishes keto from aldo sugars; and that 
the structure of the iron—fructose chelate proposed by Salt- 
man’s group’ should be modified to one in which the 
iron atom is incorporated into a six-membered ring, 
bound through the hydroxyl oxygen atoms to carbon 
atoms one and three of the fructose molecule. 
This work was supported by the Australian Research 
Grants Committee. 
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Cholinesterase Inhibitory Property of 
Dimethyl! Sulphoxide 


Duwereyi sulphoxide (DMSO) has long been known for 
its solvent properties and its ability to prevent freezing 
damage to living cellst. More recently, it has been found 
to cross intact cellular membranes and the skin very 
readily and to effect rapid penetration through these 
tissues of some substances dissolved in it*%. Despite 
these remarkable abilities, very few undesirable effects 
in either expermental animals‘ or in man have been re- 
ported. As a result, DMSO is coming into rather wide- 
spread use as therapy for a number of human diseases’. 

During the course of toxicity investigations on the 
isolated innervated guinea-pig atrium, it was observed 
that a 0-4 M bath concentration of DMSO in the Krebs— 
Henseleit bicarbonate buffer? depressed the vagal threshold 
to electrical stimulation by about 50 per cent, an effect 
also produced by 3:3 x 10M neostigmine. It was further 
observed that a concentration of 0-4 M DMSO in the bath 
of the isolated guinea-pig diaphragm preparation caused 
spontaneous fascioulations. These fasciculations were 
also readily demonstrated with 6-7 x 10-* M neostigmine 
in the bath. Skeletal muscle fasciculations have been 
reported to occur in neostigmine poisoning in 
humans’. 

DMSO at concentrations of 0-01, 0-1, 0°56 and 1-0 
molejl. was incubated for 30 min at 23° C with bovine 
erythrocyte cholinesterase (Sigma, type I) in buffer of 
the following composition: 0-1 mole sodium monohydrogen 
phosphate/l., adjusted to pH 7-4, 0-1 mole sodium chloride/ 
L, 0-008 mole magnesium chloride/l. and 0-1 per cent 
gelatine. Neostigmine methyl sulphate, 8:5 x 107 
mole/l., was similarly incubated with the enzyme. 

After the 30 min period, acetylcholine chloride (Sigma) 
was added to a final concentration of 0-004 mole/l. and 
the incubation was contmued for a second 30 min 
period. 

Unhydrolysed acetylcholine was assayed by the method 
of Hestrin*: To 1 ml. of the incubation mixtures and 
to a standard solution of 0-004 molar acetylcholine was 
added 1 ml. of 20 mole hydroxylamine and 1 ml. of 
3-5 N sodium hydroxide. After 1:5 min the solution 
was brought to a pH of 1:2 + 0-2 with 1 ml. 4 N hydro- 
chloric acid. One ml. of 0-37 molar ferric chloride was 
then added and the resulting colour immediately read at 
540 mu in a spectrophotometer. 

A 90 per cent inhibition was found for neostigmine and a 
3, 16, 44 and 85 per cent inhibition, respectively, for the 
0-01, 0-1, 0-6 and 1:0 molar DMSO. 

Thus it seems that DMSO, in relatively large con- 
centration, is able to inhibit cholinesterase in vitro— 
this inhibitory property might account for the lowering 
of the vagal threshold induced by DMSO in the isolated 
innervated guinea-pig atrium, and for the fasciculations 
observed in the isolated guinea-pig diaphragm. 
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Protein and Ribonucleic Acid Synthesis after 
Exposure to Warmth 


VARIOUS investigators? have demonstrated changes in 
metabolic and enzyme activity, and Hochachka? has 
demonstrated changes in isoenzymes ın goldfish as a 
result of exposure to warmth. Precht discussed the 
possibility that the warm adjustment may be caused by 
changes in enzyme activity‘. Since numerous other 
physiological changes also occur durmg this process, we 
decided to investigate whether or not new protein syn- 
thesis 18 a prerequisite for it, and to examine the nature 
of the regulation of protein synthesis if this is a causative 
factor. 

MeDonald et al.” showed that the velocity of nerve 
conduction in Rana pipiens increases with warm adjust- 
ment and decreases with cold adjustment when measured 
at 26° C. Conduction velocity was therefore used through- 
out this study as a convenient criterion for measuring the 
extent of adjustment to temperature. 

The experiments consisted of taking small groups of 
frogs adjusted to 4° C, treating them with either actino- 
mycin D (Merck, Sharp and Dohme Research Laboratory) 
or puromycin at various time intervals before and during 
a 6 h adjustment period at 26° C to inhibit RNA or 
protein synthesis. The average weight of the animals‘ 
was 66-1 g. The 6 h warm adjusted animals were killed 
and the sciatic nerves removed and placed in frog Ringer’s 
solution. The nerves were then transferred to a grid of 
platinum electrodes 1 om apart and immersed in a bath 
of mineral oil at 26° C. The nerves were stimulated with 
repetitive supramaximal impulses at a rate of 10/sec. 
The monophasic compound action potential detected at 
two adjacent electrodes was displayed on a double beam 
oscilloscope. The time required for the action potential 
to traverse the distance between two electrodes (1 cm) 
was recorded and from this the velocity in m/sec was 
calculated. The drug dosage and the time sequence of 
administration are shown in Fig. 1. Comparable control 
animals were injected with Ringer solution instead of 
the antibiotic in each experiment. In some experiments 
the animals were treated with the drugs, but the tempera- 
ture was kept constant in order to verify that the observed 
effects were on processes related to adaptation to changes 
of temperature, and not simply to effects of the drugs on 
the steady state metabolism. 

The results of the experiments using actinomycin D 
showed that the drug had little or no significant effect on 
the normal increase (Fig. 14) mn conduction velocity brought 
about by adaptation to warmth when ıt was administered 
Just before and during adaptation to a temperature of 
26° C (Fig. LB, C and D). However, when the drug was 
administered 14 h before and during adaptation at 26° C, 
the increase in the velocity of conduction resulting from 
adaptation to warmth was wnhibited (Fig. 1#). The mean 
conduction velocity of the nerves of frogs adapted to 
cold before adaptation to warmth was found to be 28-4 
m/sec (Fig. 1A). Fig. 1 shows that actinomycin D had 
no significant effect on the nerve conduction velocity of 
animals adapted to cold not undergoing adaptation to 
warmth. 

The experments using puromycin indicate that this 
drug inhibits the response to exposure to warmth when 
given 1 h before the beginnmg of exposure at 26° C 
(Fig. 1G). The drug appeared to have no effect 
on the conduction velocity of frogs not exposed to warmth 
and on animals previously exposed to warmth (Fig. lI). 

The experiments using puromycin seem to show that 
protem synthesis is required for adaptation to warmth (as 
measured by an increase in conduction velocity at 26° C). 
The experiments using actinomycin D suggest that new 
messenger RNA is not necessary for adjustment to 
warmth, but treatment with this drug 14 h beforehand 
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Fig. 1. A, Controls adjusted to 4° O, based on twenty-one anunals gi 

a mean of 28 4 +4-7. B, Twenty-four control animals adjusted to warm 
for 8 h having a mean of 888+1-5 The shaded area represents the in- 
crease brought about by warm acclimation. O, Animals adjusted to 
warmth for 6 h treated with 12 AA of actinomyoam D at the beginning of 
warm acclimation. Four anu a mean of 36 6+7 7, which did not 
differ significantly from the warm acclimated control (B) (P > 0-8). 
D, Annals treated with 600 of actinomycin D. 150 ug were given 
1 h before adjustment to warmth, 300 ug at the beginning and 160 ug 
8 h after the beginning of adjustment to warmth, The mean based on 
four animals ıs 86-5+4 6, which does not differ cantly from the 
mean for control animals adjusted to warmth (B) #, Ten animals 
treated with 450 ug of actinomycin D. 3800 ue were given 14 h before the 
beginning of ure to warmth and 150 ps al the beginning of exposure. 
The mean, 81 641-4, differs significantly from the control mean {B} 
(P<001). F, Five animals adjusted to cold treated with two 300 ug 
doses of actinomycin D, 14h and 0 5 h before death. The antmals were 
not osed to warmth. The mean, 29-7 +4 1, did not differ significantly 
from the untreated controls exposed to cold lA) (P >01). @ Animals 
exposed to warmth for 6h Desde 12 mg of puromycin 1 h before ex- 
posure and three 0-6 doses at 0, 1, and 3 h after the initiation of 
exposure to warmth. e mean of 3244+338 is based on ten animals 
and differs significantly from the control (B) (P<0-1), H, Frve control 
animals exposed at 26° O for 48 h recerving only Banger solution. The 
mean 1s 30-9+5°0. I, Animals fully adjusted to warmth receiving a total 
of 12 mg of puromycin ın three equal doses 7, 5, and 3 h before killing. 
The mean based on five animals 18 41 4+ 4:4 and does not differ gale 

cantly from 1ts control (H) (P > 0 6). 


Mean conduction velocity (m/sec) 


probably depletes the pool of messenger RNA and con- 
sequently ınterferes with protein synthesis. 

It would appear that the regulation is above the leve: 
of the gene and RNA synthesis, where actinomycin D 1s 
supposed to act*®. It is hkely that the site of regulation is 
at the ribosomes, where puromycin appears to exert ite 
influence’. Since adaptation to temperature is a complex 
phenomenon, it is not known whether or not protein 
synthesis is required for other aspects of this adjustment. 
Our findings parallel those of Axelrod et al.8 on another 
adaptive process, namely, changes in o-methyltransferase 
in the pmeal gland on exposure to light. These investi- 
gators found that puromycin hibits the increase of this 
enzyme, while actinomycm D appears to have no effect, 
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diving Bradycardia in the Trained Dolphin 


has been known for nearly a century that bradycardia 
a common feature of the circulatory response to the 
asphyxia of diving. Heart slowing has been observed in 
a wide variety of both aquatic and terrestrial animals 
during submersion'-*. Several lines of evidence indicate 
_ that this bradycardia is associated with a decreased 
eardiac output and widespread arterial vasoconstriction 
with vastly diminished blood flow in viscera and skeletal 
muscle?+5, Flow in the cerebral and coronary circulations 
appears to be sustained. 
Circulatory features of the diving response in cetaceans 
are not well understood. Electrocardiograms of spon- 
taneous diving in porpoises (Tursiops truncatus) were 
obtained by Irving, Scholander and Grinnell* showing 
“bradycardia of approximately 50 per cent coming on 
gradually in contrast to the immediate and profound 
bradycardia of the diving seal. These workers noted that 
the porpoise responds poorly to forced submersion, which 
ean be performed without incident in seals. The restrained 
porpoise, in fact, was easily asphyxiated by what appeared 
‘to be trivial diving durations. 

< Training techniques have been used in this laboratory 
‘with harbour seals and sea lions to obtain physiological 
information during unrestrained dives®:78. It was antici- 
pated that captive dolphins could easily be trained to 
_ perform dives on command to the bottom of a pool and 
that these might be made to simulate purposeful deep 
sounding in the free swimming animal in nature. 

Two adult dolphins (Tursiops gilli) were used in the 
study. They were maintained in a circular 55,000 gal. 
_ filtered sea water tank 35 ft. in diameter with a water 

. depth of 8 ft. They were trained by the conventional 
reward method using a bridging stimulus of a whistle 
sound immediately on the successful completion of a 
<- required task. The target was a rubber ball 6 in. in 
-= diameter attached to an 8 ft. pole. The animals were 

trained to remain under water with the tip of the nose 
just touching this target. Dive duration and depth were 
gradually increased during the training period of 4 months 
until maximum dive times of 4 min 15 sec and 4 min 42 
sec, respectively, were obtained in the two animals (Fig. 
1). They were also trained to wear a rubber belt containing 
electrocardiograph electrodes. Attached to these were 
shielded wires leading to a Sanborn ‘Visette’ electro- 
eardiograph at the pool side. During experiments in 
which electrocardiograms were obtained, the animal dived 
to the target in 6-7 ft. of water on command. 





























Fig. 1. 


Typical trained diving manoeuvre. 
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Fig. 3. Heart rate during a trained dive. 


Control clectrocardiograms were obtained during spon- 
taneous swimming and shallow submersions. A typical 
response is shown in Fig. 2 indicating a respiratory rate 
of 1-2 breaths per minute. It can be seen that the heart 
rate during submergence was normally about 50 per cent 
of the surface value. In contrast to this response is the 
plot shown in Fig. 3 of a 4 min 42 see trained dive. In 
this instance the heart rate fell promptly when the 
animal was presented with a target even: 
before the target was actually touched. 
The rate remained at a low value with a 
gradual increase throughout the period 
of the dive, but never rose to a rate 
corresponding to that seen in spontaneous: 
brief dives at the surface. Following such: 

a prolonged submersion the respiratory 
rate increased, and the bradycardia between 
breaths was not as profound as during |’ 
quiet surface dives. Electrocardiograms 
were obtained during some twenty trained 
dives in one animal and ten in the other, 
always showing a prompt and profound 
bradycardia. It was occasionally noted in 
animals breathing quietly at the surface 
that bradycardia between breaths was 
either slight or entirely absent. 

In an earlier experiment in this labora- 
tory, harbour seals and sea lions were found 
to experience slower diving heart rates 
when restrained than when trained to: 
immerse in water on command’. . The | 
traumatic effects of restraint in delph 
appear to rule out the possibility of 
forming diving experiments with 




















subject to control depending on the anticipated duration 
of the dive, a purposeful sounding apparently producing 
the most profound response. 
We thank the Sea World Oceanarium, San Diego, for 
assistance and support. 
iis investigation was supported in part by a U.S. 
c Health Service research grant from the National 
Institute. 










ROBERT ELSNER 
Davin W. KENNEY 
Kent BureEss 





Scripps Institution of Oceanography, 
niversity of California, 
in. Diego, and 
Mission Bay Research Foundation, 
San Diego, California. 
7 Beri idee aa aad la Physiologie Comparée de la Respiration (Paris, 
-». * Scholander, P. F., Hvalradets Skrifter (Oslo), 22 (1940). 
à 2 Trying, L., Physiol. Rev., 19, 112 (1939). 
coot irving, L., Amer. J. Physiol., 122, 207 (1938). 
-+ Elsner, R. W., Hornbein, T. F., and Wright, J., Fed. Proe.,28, 111 (19684). 


oe S Irving, L., Scholander, P. F., and Grinnell, S. W., J. Cell. Comp. Physiol., 
oo 1G, 146 (1941). 


A a Benes f W., Franklin, D. L., and Van Citters, R. L., Nature, 202, 809 
a Elsner, E. W., Hvalradets Skrifter (Oslo) (in the press). 











_. Diving Bradycardia in the Unrestrained 
] Hippopotamus 
‘Tue slowing of heart rate in animals and birds responding 
to the asphyxia of diving has been noted many times 
since the early observations of Bert in 1870 (ref. 1). 
More recently, the diving bradycardia has been shown to 
be associated with major circulatory changes in which the 
-blood flow in viscera and skeletal muscle is reduced 
without change in the arterial blood pressure. Additional 
_ evidence suggests that coronary and cerebral circulation 
is maintained?-*, 

» Physiological studies on diving animals have not in- 
cluded the hippopotamus. Although clearly an aquatic 
animal, the diving times of the hippopotamus averages 

= about 1 min or less*. An opportunity to measure heart 
-rateo during diving in a hippopotamus was made available 
_ at the San Diego Zoo. A 6 month old male hippopotamus 
weighing an estimated 200 lb. was fed daily by hand and 
_ sufficiently handled to become accustomed to the presence 
_ of the research workers. After 10 days it became tame 
enough to tolerate considerable handling. 
_ Electrocardiograph electrodes (1 in. square) were 
embedded in 8 in. rubber disks and cemented to the 
dorsal surface of the animal. 100 ft. of shielded cable 
ing to a Sanborn ‘Visette’ electrocardiograph appar- 
was. attached to the electrodes. The gate to the 
ippopotamus pool was opened, and the animal walked 
ywly into the pool and dived and surfaced repeatedly in 
n undisturbed manner. The electrodes remained attached 
or 6 min, and during this period six dives occurred. The 
_. resulting electrocardiograms were suitable for determining 
the heart rate. Typical rates obtained during two short 
— dives are shown in Fig. 1. 

The profound bradycardia observed matches that seen 
in other aquatic animals such as harbour seals, and sug- 
gests that major circulatory adjustments to diving also 
take place in this species. 

I thank Dr. Charles R. Schroeder, director of the San 
Diego Zoo, for making available the experimental animal 
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Fig. 1. Heart rate of the hippopotamus during two spontaneous dives 
(indicated by arrows). 


and the facilities of the Zoo and for his enthusiastic sup- 
port. Mr. Ephraim Galvez, hippopotamus keeper, gave 
competent assistance throughout the training period and. 
during the experiment. 
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Public Health Service research grant from the National. 
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Effects of Human Chorionic Gonadotrophin 
on Capacitation of Rabbit Spermatozoa 


SPERM capacitation is the acquisition in the female genital 
tract of the ability to penetrate the zona pellucidat?. 
In the rabbit the process is said to require a minimum of | 
6 h in the uterus? and in the oviduct as well’, In experi- 
mental studies on capacitation, capacitated sperm can be 
obtained by two different methods: either spermatozoa 
from the ejaculate or from the epididymis are deposited 
surgically in the female tract (uterus or oviduct), or sperm 
are deposited in the vagina by normal mating or artificial 
insemination. Capacitated sperm can be recovered from: 
the uterus 6 h or more later. When capacitation is eval- 
uated in terms of yield of fertilized ova from suitable: 
recipient does, it appears that surgical deposition results 
in lower efficiency of capacitation than does deposition 
by normal mating. Adams and Chang** compared the two 
methods of preparing capacitated sperm and found that 
the yield of fertilized ova was 16 per cent with surgical 
deposition but 60 per cent with normal mating. Similar 
results were found in our laboratory’? and, although 
a different experimental procedure was used, average 
yields of 15-4 per cent and 69:3 per cent fertilized ova. 
were observed, respectively, for the two types of capas 
citation methods®%. The obvious difference between 
the two methods is the presence of coital stimulus in one 
and its absence in the other. Coital stimulus in the rabbit 
causes the release of pituitary LH (luteinizing hormone) : 
which in turn induces ovulation. Experimentally, ovula- 
tion is induced by intravenous injection of LH‘ (30 1.0.) or 
of HCG (human chorionic gonadotrophin) (25 1.v.), but ; 
the amount of LH actually released following normal 
mating is not at present known. We therefore investigated 
the effectiveness of capacitation after surgical deposition 
of sperm in the uterus of oestrous does. 

The does are divided into three sets and receive, before — 
operation, doses of HCG in multiples of the minimum | 
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25 15 which induces ‘ovulation. without failure. 
ie first set, the capacitation system, three oestrous 
are injected with 0, 25, 50, 75, 100, 200 or 400 Lv. 
G. Spermatozoa from the distal cauda epididymis are 
surgically deposited in the uterine lumen. After 10 h, a 
ilateral hysterectomy is performed on each animal 
aftor ligation of the uterus above the cervix and at the 
‘utero-tubal junction. The clamped horns are removed 
and flushed with saline, the sperm concentrated, counted 
and their motility evaluated. These sperm, capacitated 
“under various conditions, are then surgically deposited 
<in the oviducts in a second set of animals, the capacitation 
test system, which consists of six oestrous does injected 
intravenously 12-13 h previously with a standard dose 
“of 25 1.0. HCG. With this timing of tubal insemination, 
Gapacitation cannot be achieved in the recipient animals 
before loss of viability of ova and mucin deposition occur 
hat will prevent fertilization®. Between 25 and 26 h after 
injection of HCG, ova are recovered from the oviducts 
of capacitation test females as well as from those of 
_. hysterectomized capacitating does, and the percentage of 
- fertilized ova is determined. For each dose of HCG 
“duplicate experiments are carried out, involving each one 
-male donor, three capacitating and six capacitation-test 
females. In some instances, namely when capacitation 
_ is not expected to have occurred in the capacitation 
system, use is made of a third set of animals, the survival 
test system. In this system, three oestrous does are tubally 
inseminated 1-5-2 h after the injection of 25 1.0. HCG, 
_ with the same sperm suspension used for the capacitation 
test. If capacitation has not been achieved in the capacita- 
_ tion system, as evidenced by the recovery of unfertilized 
ova from capacitation test females, the recovery of ferti- 
«lized ova from survival test females clearly indicates 
hat capacitation was inhibited as a result of the treatment 
administered to capacitating does and also that survival 
and fertilizing ability of the non-capacitated sperm were 
-maintained in some significant degree’. 
~= From these experiments the following facts were 
: established: (1) Ova recovered from hysterectomized 
_ -eapacitating does are fertilized at a rate varying from 65 
_. to 100 per cent, the general mean for all doses of HCG 
tested being 89-6 per cent. This seems to indicate that the 
various amounts of HCG injected into capacitating does 
_ -aro without influence on the effectiveness of capacitation. 
(2) In striking contrast to these results, when ova are 
- recovered from capacitation-test animals, it is found 
_. that the yield of fertilized ova is closely correlated to 
the dose of HCG administered. As shown in Fig. 1, 
for 0, 25, 50, 75, 100, 200 and 400 1.0. HCG administered 
to capacitating does and after 9-10 h incubation in the 
uteri of such females, the degree of capacitation achieved 
y. sperm results in the following average fertilization 
ates: 15-4, 27-9, 43-6, 74-5, 14-1, 5-75 and 1-16 per cent 
„respectively. (3) In one of the duplicate experiments, in 
which capacitating does were given 400 1.u. HCG and in 
which the capacitation test yielded no fertilized ova, the 
urvival test resulted in the fertilization of 41-2 per cent 
f the recovered ova. This indicates that the non-capaci- 
tated sperm retain their viability and fertilizing ability, 
imd become capacitated when allowed to remain for 
an appropriate period of time in a suitable environ- 
- ment. 
These results show that (1) intravenous administration 
- of 75 1.0. HCG mimics the conditions of capacitation that 
| follow normal mating, although ovulation is readily 
"obtained by injection of 25 1.0. HCG only; (2) increased 
= doses of HCG up to 75 1.0. stimulate the effectiveness 
of the environment needed for capacitation; (3) doses in 
slight excess over 75 1.0. HCG result in a sharp and very 
_ Strong inhibition of the capacitation process and that total 
_. inhibition can be achieved using doses of 400 1.0. or more, 
without impairing significantly the viability and fertilizing 
_ ability of sperm. The apparent ineffectiveness of increas- 
ing doses of HCG on the rate of fertilization in the capacita- 
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tion aysen is interpreted as a resulling from ‘the 
disappearance of HCG from the blood stream because 
the rabbit, for example, the half-life of LH has been show 
to be about 90 min’. When an inhibiting dose of 2 o 
Lu. HCG was sustained by repeated administration 
every 3 h for 15 h, it was found that the fertilization rate 
of nearly 100 per cent observed in the capacitation system 
after a single dose of 200 1.0. HCG was reduced to 2 
per cent. No fertilized ova were recovered in the corr 
sponding capacitation test but the fertilizing ability of th 
sperm incubated in such conditions was not altered sin 
fertilized ova were recovered in the corresponding survive 
test. : 
A possible explanation of these phenomena is that d 
of HCG ranging from 25 to 75 1.v. result at first in | 
induction of ovulation in an all or none effect, and then 
an increased oestrogenic dominance that improves : 
effectiveness of the environment needed for capacitatior 
the optimum of which is obtained with about 75 1. 
HCG. At doses of more than 751.0. HCG, another mechan- : 
ism seems to be triggered, possibly the acute release in 
large amounts of a progestational agent by interstitial ie 
cells of the ovary so as for a time actively to counteract 
the effectiveness of the environment needed for capaci- 
tation. For the time being, this explanation seems — 
logical as it is known that sperm will not capacitate in a 
progestational uterus’. 
This communication shows that sperm capacitatio: 
in the rabbit can be controlled experimentally by ad- 
ministration of HCG and that, in this respect, HCG is 
characterized by a rather narrow “therapeutic margin’ 
It is anticipated that, in physiological circumstances. 
the same stimulating effect is a property of LH released 
by the pituitary following coital stimulus. So far as the 
inhibitory effect of high doses of HCG is concerned, — - 
these phenomena might also be of significance for human 
beings, as pregnancy failed* to follow ovulation induced 
in women by the administration of repeated doses of HCG — 
which, in the light of my observations, can be suspected 
to have had an inhibitory effect on sperm capacitation——_ 
provided such a phenomenon exists in human beings. = 
This work was supported in part by grants from the 
National Institutes of Health and the U.S. National ooo 
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; Generalized Skeletal Response to Local Injuries— 
a Part of Wide Mesenchymal Reaction 


Ly previous investigations'~, it was found that a systemic 
metabolic skeletal response was elicited by local injury 
~ caused by mechanical force, heat, cold, an electric current, 
ultrasound and ionizing radiations. This reaction is 
thought to be a part of a mechanism to signalize the 
occurrence of damage, inducing a reparative response 
which tends to normalize relations in the damaged area, 
„and which radiates into the skeleton as a whole. Our 


a hypothesis was that this reaction takes place primarily 


th the organic matter of bone, and because of this 
the metabolic aberrations are reflected not only in 


“the organic, but also in the mineral, part of bone 


/ tissue. 

—ooIn order to investigate further the nature of this 
generalized bone reaction to local injury, it was then sug- 

gested that this response might be part of a mesenchymal 

<= Reaction which might perhaps also be found in various 
` tissues besides bone. To provide evidence for this assump- 

- tion, we undertook a series of experiments on white male 


_ Wistar rats weighing about 120 g, at the age when they 


are most sensitive to radiation’. The animals were divided 
into three groups: a control group; an experimental 
group, the members of which had their right hind legs 
irradiated; and a second experimental group which had 
the radix of their tails irradiated. The irradiations were 
performed at 50 kVp, 20 m.amp, F 1 mm Al, at a target. 
distance of 8 cm, with a single dose of 2,000 rads. At 
intervals of 3, 8, 15, 22, 29, 36 and 43 days after irradia- 
tion, ten animals from each of the three groups were each 
given a single dose of 100 uc. Na, S0, dissolved in 1 ml. 
of saline (pH adjusted to about 7-0). The injection was 
given intraperitoneally and the rats were then killed with 
an overdose of ether exactly 48 h later. Uptake of 
sulphur-35 by both tibial bones of irradiated animals and 
by one tibial bone of healthy controls was determined as 
‘described previously!-*. In addition, the tendons of the 


tails were dissected out of all the animals and immediately 


. weighed individually in the fresh state. A carrier con- 
taining 1 mg of sodium sulphate was added and each 
_ sample was then burnt in a mixture of perchloric and 
nitric acids. After any excess perchloric acid had been 
evaporated in 2 N hydrochloric acid, the radioactive 
sodium sulphate was precipitated by boiling with excess 
of a 2-5 per cent solution of barium chloride. The 
barium sulphate was then filtered, and the filter papers 
with the precipitate were dried and stretched on measuring 













. : disks. The radioactivity in individual precipitates was 
_. then measured with a Geiger-Muller counter with a thin 


mica end-window (1 mg/em*) and a F riesecke—~Hoepfner 
sealer. A standard was established for each series; this 
Was a measurement of the radioactivity in one animal of 
the series which had been given a solution of known 
activity. The samples were measured in such a way that 
a minimum of 1,000 e.p.m. was reached. After correction 
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for background radioactivity, for changing efficiency 


the counting tube and for radioactive decay, the activit 
was expressed as parts per thousand of the dose 
labelled sodium sulphate retained by 1 mg of drie 
bones, or as 10- parts per thousand of the dose retaine 


by 1 mg of fresh tendon. The results were expressed £ 
averages calculated from individual values obtained fror 
the separately investigated groups of samples. Thes 


were expressed in graphical form and tested for statis 
tical significance by the t test. 
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Fig. 1. Uptake of sulphur-35 in the tibial bones of healthy controls 
HIN in the irradiated | | and in the opposite = bones in animals 
irradiated over the knee joint and in animals irradiated over the radix"of 
the tail Wi. At the top of the columns the mean aberrations and at 


the bottom the number of samples investigated are given. Ordinate: 
parts per thousands of sulphur-35 retained in 1 mg of dried bone. 
Abscissa: number of days after irradiation. 


The uptake of sulphur-35 by the bones is given ix 
Fig. 1. There are distinct differences between the uptake 
of the isotope by irradiated bones and by those of healthy 
controls on days 8, 15, 22, 29 and 43 (P > 0-001), anc 
also between the uptake by the opposite tibial bones oi 
animals which had been irradiated over the right knee 
area, on days 8, 15 and 22 and the corresponding bones 
of controls (P > 0-05). Furthermore, uptake was sig- 
nificantly different on days 15, 22 and 29 after irradiation 
by the tibial bones of animals with the irradiated radix 
of the tail as compared with the uptake by the corre- 
sponding bones of controls (P > 0-01). When compared 
with the uptake by the tibial bones of animals which had 
been irradiated over the tail, there was a significant 
difference in uptake by the tibial bones of animals which 
had had the right back leg irradiated. This was evident 
on days 3 (P > 0-05), 22 and 29 (P > 0-01) and on day 
43 (P > 0-001). 
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Fig. 2. The48h uptake of sulphur-35 in the fresh tendons of rat tails. 

For explanation of symbols see Fig. 1. Ordinate: 10* parts per 

thousand of sulphur-35 retained in 1 mg of fresh tendon, Abscissa: 
number of days after irradiation. 


The uptake of sulphur-35 by the tendons of the tail is 
given in Fig. 2. Compared with the controls, there are 
significant differences in uptake by this tissue in the 
members of the group irradiated over the right knee on 
days 3 (P > 0-001) and 15 (P > 0-05). Differences in 
uptake by the tail tendons of the animals with irradiated 
tails are significant compared with the uptake by tendons 
of controls on days 3, 15 and 29 (P > 0-05). When com- 
pared with the uptake of the isotope by the tail tendons 
of animals which had been irradiated over the knee joint, 
the uptake by this tissue in animals with irradiated tails 










„5060 OCTOBER 22, 1966 


significantly different on days 15, 29 and 36 (P > 
5): 
; Te it would seem that we have here distinct signs of 
generalized reaction occurring in all the mesenchymal 
tissues of bones and tendons of animals damaged locally 
by X-rays irrespective of the part of the body which had 
been damaged. This generalized metabolic response which 
manifests itself in the mesenchymal components of diverse 
~ tissues (bones and tendons) demonstrates that the mesen- 
chyme of the mammalian organism reacts as an entity 
even in the event of “localized” damage. 
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PHARMACOLOGY 


Antagonism by Aspirin and Fenamates of 
Bronchoconstriction and Nociception induced 
by Adenosine-5'-triphosphate 


ADENOSINE triphosphate (ATP) and related adenosine 
|-.-phosphates cause bronchoconstriction in guinea-pig 
< išolated lungs, and, in relatively high doses, increase air 
overflow volume in the Konzett-Rössler preparation of 
| guinea-pig lungs in vivo’. ATP elicits pain in man when 
i applied to an exposed blister base*, as do several other 
- endogenous substances that induce bronchoconstriction 
| -in the guinea-pig. We have confirmed that ATP increases 

air overflow volume in the Konzett-Rössler preparation 
|of the guinea-pig and we have found that, in keeping 
with its algogenic action in man, ATP induced a nociceptive 

response in mice. Both the bronchoconstrictor and the 
nociceptive responses were antagonized by salts of aspirin 
and of three aryl anthranilic acids (flufenamic*, mefe- 
namict and meclofenamic®), which we shall collectively 
“gall “fenamates’. 
ld < To assess bronchoconstriction, guinea-pigs were anaes- 
_-thetized with urethane (1-:25-3-0 g/kg intraperitoneally) 
and artificially ventilated through an intratracheal 
--¢annula with a Starling pump. The volume of air over- 
flowing through a water valve connected with the side-arm 
of the cannula was recorded®?. To reduce the effects of 
| sympathetic nerve stimulation or catecholamine release’, 
` guinea-pigs wero pretreated with pronethalol (10 mg/kg 

‘intraperitoneally and 5 mg/kg intravenously). Nociception 

in mice (T/O strain) was observed as the abdominal con- 
“ostriction (writhing) response to intraperitoneal injection 

of noxious agents™ 10, 

Intravenous ATP inereased air overflow volume in the 

= guinea-pig; adenosine-5’-tetraphosphate, adenosine-5’- 
diphosphate and cyclic adenosine-3’,5’-monophosphate 
were also effective; but at comparable doses adenosine-5’- 
monophosphate and sodium pyrophosphate were ineffec- 
tive. In this preparation, ATP had roughly one-thousandth 
the potency of bradykinin and histamine as a broncho- 
constrictor agent and it was slightly less active than 
partially purified slow-reacting substance in anaphylaxis 
 (SBRS-A)". Atropine (1 mg/kg intravenously), 2,4-dinitro- 

-phenol (12 mg/kg intravenously), hexamethonium (5 mg/kg 

intravenously), mepyramine (2 mg/kg intravenously) or 

. methysorgide (0-1 mg/kg intravenously) failed to antagonize 
the. response to ATP, Aspirin (Fig. 1) and fenamates, 
however, effectively antagonized ATP-induced broncho- 
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constriction—their action was surmountable by a higher 
dose of agonist. For example, an intravenous dose of — 
0-4 mg/kg of meclofenamate or of 4 mg/kg of aspirin, 
of flufenamate or of mefenamate, raised by between ten `. 
and a hundred times the dose of ATP needed to elicit 





“inhibits the effect of bradykinin on the guinea-pig — 





lungs in vivo by an effect on the central nervous system”. — 





BH S ATPEATP B S H Cal 
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Fig. 1. Konzett-Réssler preparation of guinea-pig lungs in vive. Antago- 


nism by aspirin of ATP-induced bronchoconstriction. The guinea-pig, 
350 g, was pretreated with pronethalol, 10 mg/kg intraperitoneally + 
5 mg/kg intravenously; and the brain and spinal cord were destroyed. 
B, 1 ug of bradykinin; H, 0-25 pg of histamine; S$, 02 mg of SRS-A; 
TP, 6-6 mg; Asp, 4 mg/kg of sodium acetylsalicylate; all given intra- 
venously. Cal, maximum air overfiow volume; time, 30 sec. 


Because the aforementioned antagonists did not dis- 
tinguish the actions of bradykinin, SRS-A™ and ATP, 
cross-tachyphylaxis was investigated as a means of 
distinguishing them. Guinea-pigs in which tachyphylaxis 
had been induced to either bradykinin (five out of five’ 
animals) or to SRS-A (six out of six animals) remained 
responsive to ATP (Fig. 2). Of six animals in which: 
tachyphylaxis had been induced to ATP, all became un- 
responsive to SRS-A, but remained responsive to brady- 
kinin or to acetylcholine. pi 

Within 2 min of intraperitoneal injection of acetyl- — 
choline (3-2 mg/kg) or of bradykinin (0-4 mg/kg), 70-95 < __ 
per cent of mice exhibit at least one abdominal ‘co 
striction response”. Within 2 min of injecting ATP. 


(4:1 mg/kg intraperitoneally) or tryptamine (20 mg/ke 
intraperitoneally), the proportion of mice responding 


fell within the same range, although the rate of onset, of 
response to ATP or tryptamine was slightly slower than 
that to acetylcholine or bradykinin. Although phenyl- 
benzoquinone is highly effective in inducing abdominal 
constrictions’, their rate of onset is much slower, not 
more than 10 per cent of mice responding within 2 min™. 
Sodium chloride (0-9 per cent w/v in water intraperitonoally ) 
induces a response in < 10 per cent of mice within 2 min. 
Aspirin and fenamates antagonized abdominal con- 
strictions induced by ATP, acetylcholine, bradykinin or 
tryptamine. Aspirin antagonized ATP or acetylcholine 
more readily than it antagonized bradykinin or tryptamine, 
the values for the 50 per cent: effective doses (with 95 per 
cent fiducial limits) in mg/kg subcutaneously ‘bem 
against ATP, 75 (47-113); against acetylcholine, 
(25-37); against bradykinin, 268 (135-531); aga 
tryptamine, 484 (351-666). Meclofenamate was fr 
three to eighteen times as active as. aspirin agains 
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four agonists. Mefenamate and flufenamate were inter- 
mediate in activity between aspirin and meclofenamate. 
The possibility has been mooted that ATP may be 
released in anaphylaxis'*-, although no change in the 
ATP content of guinea-pig lungs occurs during this 
reaction’, If ATP is liberated outside the lungs in 
anaphylaxis, our experiments show that, compared with 
histamine or bradykinin, a very large amount of ATP 
would be needed for this substance to contribute sub- 
stantially to anaphylactic bronchoconstriction. None the 
jess, because aspirin and fenamates antagonize broncho- 
‘constriction induced by ATP, a possible contribution of 
ATP should be taken into account in any analysis of the 
mediators of anaphylactic bronchoconstriction in which 
aspirin or a fenamate is used as a selective antagonist!®"”, 
|. That aspirin uncouples oxidative phosphorylation and 
activates adenosine triphosphatase is established?%.9, 
` Because dinitrophenol is also active in both these respects, 
but does not antagonize ATP-induced bronchoconstriction 
> in the guinea-pig, a close relationship between these 
“actions on enzymes and the antagonism of broncho- 
constriction by aspirin and fenamates seems unlikely. 
. Aspirin and like-acting drugs antagonize broncho- 
constriction induced by bradykinin? *, SRS-A™ and ATP, 
but not that induced by acetylcholine, angiotensin, 
histamine, 5-hydroxytryptamine, prostaglandin F2a or 
“substance P77, Tho same drugs antagonize abdominal 
constrictions induced by acetylcholine or ATP more 
_Yeadily than those induced by potassium! or by trypta- 
“mine. This antagonism is therefore neither clearly specific 
=o nor clearly non-specific and may perhaps best be termed 
“selective”, This selectiveness suggests that these 
< antagonists act at or near the tissue responding to the 
endogenous agonists used. The variation of the pattern 
OF selectivencss, according to the biological preparation, 
` oo Suggests that fenamates, aspirin and like-acting drugs 
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Big. 2. Konzett-Rössler preparation of guinea-pig lungs in vivo, Upper 

panel, failure of tachyphylaxis to bradykinin to reduce responsiveness to 

TP. Guinea-pig, 400 g. Lower panel, failure of tachyphylaxis to 

BRS-A to reduce responsiveness to ATP. Guinea-pig, 330 g. Animals 

were pretreated with pronethalol, 10 mg/kg intraperitoneally + 5 mg/kg 

intravenously, and with mepyramine, 2 mg/kg intravenously, A, 5 ag 

of. acetylcholine; ATP, 0-4 mg; B, 0-2 ug of bradykinin; 5, 0-4 mg of 

BRS-A; all given iniravenonsiy. Cal maximum air overflow volume; 
ime, 30 sec. 
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block a route leading to or a the specific receptors 
for the agonists, rather than blocking those receptors 
themselves. Because. small, well-tolerated doses. of- 
antagonists are effective in blocking some actions of some. 
of the endogenous substances tested, and because the 
agonists blocked may participate in pathological reactions, 
such a blocking effect offers an explanation of how aspirin 
and other drugs which act in a similar fashion may exert. 
therapeutic action. ; 

We the~k Miss S. Bate, Mrs. ©. M. Davies, Miss C. A. 
Johnson, Miss L. D. Reid, Miss S. B. Russell and Miss” 
P. M. Sylvester for technical and Mr. L. ©. Dinneen for 
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PATHOLOGY 


Persistent Latent Infection of Human 
Embryonic Cells with Reovirus Type 3 


ALTHOUGH latent infections with members of most of the- 
virus groups occur regularly in man and animals, per- 
sistent latent infections of tissue cultures are less frequent. 
Electron microscopy has demonstrated such infections in 
cultures of baby hamster kidney! and Burkitt’s lymphoma 
cells. Persistent latent infections of tissue cultures with 
adenoviruses‘, mumps“, parainfluenza‘, rabies? and poly- 
oma®? viruses have been produced artificially. The con- 
ditions necessary for prolonged culture are different for 
different viruses. Mitosis has been demonstrated in cells 
infected with Rous sarcoma", influenza, Newcastle 
disease!!, measles’? and reoviruses®. With FEL cells 
infected with reoviruses, viral antigen is localized in the 
areas occupied by the spindles and centrioles. 

Reovirus type 3 has been isolated from seven cases of 
Burkitt’s lymphoma and attempts are being made to 
transform animal cells in vitro. This communication 
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es the production of persistent latent infections in 

uman embryo fibroblasts with two of these isolates. A 

week foetus was received on ice from London, and 

whole foetus was minced, and the fragments washed 

in Hanks medium to remove blood and amniotic fluid. 
The tissue was digested using 0-25 per cent trypsin (“Difco’ 
1:250) in Hanks medium at 37°C in a conical flask 
with stirring. The first batch of trypsin was discarded 
after 10 min, and the three subsequent batches were col- 
lected at 30 to 40 min intervals. The cell deposit obtained 
by centrifuging for 10 min at 1,500 r.p.m. was resuspended 
in Eagle’s M.E.M. containing 10 per cent calf serum 
(Microbiological Associates, Inc.)—medium F. Ten centi- 
metro plastic ‘Petri’ dishes were seeded generously with 
this suspension and incubated at 37° C in a humidified incu- 
‘bator with 3-5 per cent carbon dioxide in the air phase. 
_ After 7 days, confluent sheets of fibroblasts were 
obtained in all the plates, and these were then divided 
using 4 ml. of a mixture containing 0-02 per cent versene 
and 0-2 per cent trypsin. The cells from each plate were 
used to seed one new one and to reseed the original. All 
subsequent divisions of the cultures, whether infected or 
controls, were carried out in this way every 3 or 4 
days. , 

“Four Petri dishes of third passage fibroblasts were 
infected with approximately 10,000 TC Ds, of the CAN 246 
strain of reovirus type 3. The cultures were maintained 
im medium F and were divided every 3 or 4 days for six 
to eight passages, when the rate of mitosis began to 
‘decrease. The time of formation of a confluent cell sheet 
was about 7 days and the cells finally died out between 
the ninth and twelfth passages after infection. At no time 
was the cytopathic effect (C.P.E.) of reovirus observed in 
any of these cultures, which behaved identically with 
“parallel control cultures. By the fifteenth passage all the 

control cultures had also died out. A second strain of 
-wirus, CAN 287, was used to infect tenth passage fibro- 
- blasts with the same results. 
=c To determine whether this line of fibroblasts is sus- 
ceptible to reovirus type 3, tube cultures were prepared 
“at the sixth passage level. A confluent monolayer was 
obtained 2 days after seeding, and CAN 246 virus was 
titrated in serial tenfold steps. The tubes were main- 
tained in a serum free medium (L) and incubated at 
37° C in a roller drum. The suspension titred 10-** com- 
pored with 10-5 per ml. in vervet monkey kidney 
cells. 
py. Tube cultures were also prepared from the infected cells 
‘at the third post infection passage, and compared with 
-the normal cells in the roller drum. Half were maintained 
in-medium F and half in medium L. The C.P.E. typical 
of reovirus was observed in all the tubes, irrespective of 
medium, at the same time as the control tubes infected 
“with neat virus became positive. The C.P.E. in the 
_—eultures in medium F progressed more slowly than in 
those in medium L, but there was always complete 
‘destruction of the cell sheet. The pH of the medium in 
“the control tubes was higher than that of the infec- 
“ted cells when in medium L, but the same as those in 
medium F. 

At the fourth passage after infection four horizontal 
~# oz. medical flat bottles containing medium were set 
aside to determine the effects of prolonged incubation 

without passage. Five days after seeding, the medium 
from each bottle was gathered independently, and stored 
at —60° C, The 10 ml. of medium F in two bottles was 
replaced by 10 ml. of medium EL and incubation was 
“eontinued at 37° C. The medium was changed every 
~ 2 days and a portion from each bottle was stored. A 
good monolayer was maintained until day 13 when the 
first signs of C.P.E. appeared. Three days later the 
C.P.E. was almost complete and the final fluid change 
was carried out. Bottle 2 was lost at day 13 due to fungal 
contamination. At day 19 the cell sheets from two bottles 
(1 and 3) were removed with the versene/trypsin mixture 
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and reseeded into the same bottles with fresh medium F. 
Confluent monolayers grew out in 5 days and therea’ 
were successfully divided for a further four to six pas 
The stored supernatant fluids were titrated for vit 
content in vervet monkey kidney cells. Se 
These results (Table 1) show that reovirus type 3 ear 
produce persistent latent infections in human embry 
fibroblasts which, under other conditions, are as. sus 
ceptible to the cytopathogenic effect of the virus as vervet 
monkey kidney cells. In order to preserve the equilib 
between the cell culture and the virus the cells. must 
actively dividing. Virus is constantly liberated into tł 
medium, but there is a C.P.E. only when the cells | 
to divide because of overcrowding. The amount of vi 
liberated increases to a maximum before the C.P.E 
evident. S 


Table 1. TITRE OF VIRUS PRODUCED BY INFECTED CULTURES. 


Days Titres of supernatant fluids Pe ie 
after last Medium F Medium L CPB ees 
passage 1 2 4 acter: 

5 3-5 4-0 40 3-5 = 
7 45 5-0 40 4-5 oy 
9 5-0 5-0 5-0 40 = 

11 +5 50 50 4+5 ms 

13 50 n.d.* 5-0 50 toi 

16 5-0 n.d,* 50 n.d.* +4 


Titres are expressed as the negative log of the TC Dye. 
*n.d., Not done, 


Further work is necessary to determine the mechanism 
of this persistent latent infection, but it seems that non- 
specific inhibitors play little or no part. It is not possible 
to say whether the virus is passed from an infected cell to 
the daughter cells. The appearance of the C.P.E. in rolled 
tubes, at the same time as it occurs in control tubes 
infected with a multiplicity of unity, suggests that this 
may be so. en 

The stimulation of glycolysis in virus infected- cells, 
with the consequent lowering of the pH of the mediam, _ 
has been recorded for several groups of viruses. This _ 
would also appear to occur with reovirus infected cells, 
although only to a small degree, the increase in acidity 
being adequately buffered by the 10 per cent serum in < 
medium F. a 

The intimate relationship of viral antigen and mitotic 
apparatus’? makes it scarcely surprising that reovirus = 
gives a persistent latent infection in actively dividing —. 
cells. The problem is what relationship, if any, these. _ 
cultures have with Burkitt’s lymphoma. Reovirus type 3 
has been isolated from biopsy specimens of seven cases of 
this rapidly growing tumour™. It is possible that this is 
a non-specific latent infection, but it may be one factor 
in the aetiology of the disease and two hypotheses can. 
be put forward. Las 

These persistently infected cells may be in a precurso 
state, susceptible to the action of a co-carcinogen which 
effects the integration of virus and cell into a transforme 
tumour cell. This co-carcinogen could be another virus, 
or a factor directly related to the environmental co 
ditions. The intimate relationship between reoviru 
replication and host cell division appears to lend weight = 
to this hypothesis. The alternative is that the host iso 
reacting in a bizarre fashion to the effects of a persistent: 
latent infection with reovirus, either alone or in conjune- 
tion with other viruses or environmental factors. One: 
possible co-carcinogen is a herpes virus, which has also 
been demonstrated in Burkitt’s lymphoma. t 

Burkitt eż al.15 have commented on the remarkable 
response obtained using relatively small doses of cytotoxic 
drugs. It is possible that chemotherapy destroys the 
equilibrium of a persistent reovirus infection and results 
in the cytopathogenic effect, with consequent pum 
regression. They may fail with large tumours because 
virus loses its cytopathogenicity in much the same. 
as described for mumps virus carried. in human 
junctiva cells‘. : 
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Occurrence of a Specific Foetal Protein in a 
Primary Liver Carcinoma 


A PARTICULAR protein component has been demonstrated 
inthe blood serum of human foetuses and has been 
localized between albumin and alpha,-giobulin by paper 
eleetrophoresis':?, Using immunoelectrophoresis, with a 
specific rabbit serum immune against human foetal serum 
proteins, de Muralt and Roulet? and one of us (J. M.) 
“found a specific precipitation line in the immunoelectro- 
phoresis pattern of human foetal serum corresponding to 
an alpha,-globulin. According to de Muralt and Roulet*, 
this specific foetal alpha,-globulin disappears from the 
. serum of foetuses after the twentieth week of intra- 
uterine life. But it has been possible to demonstrate the 
presence of this protein in the serum of older foetuses, 
and in the cord blood serum as well as in that of new- 
borns in the first week after birth’. These findings prob- 
ably confirnt the existence of a protein which is char- 
acteristic of the foetal period in man and which is called 
“foetoprotein’’*.4, This protein has not yet been found in 
the serum of normal individuals later than the first two 
weeks of postnatal life. 
In two cases of primary carcinoma of liver, Tatarinov®? 
found a protein which he detected algo in blood serum of 
` human foetuses and which he called ‘“embryo-specific 
‘alpha-globulin”’. 
¿i Immunceleetrophoresis was carried out with the blood 
serum of our patient, a 14 year old boy, with primary 
carcinoma of the liver (as confirmed by laparotomy and 


= biopsy) using the specific rabbit serum immune against 
_. human foetal serum proteins which had been absorbed 
_ with pooled sera of normal children 10-15 years of age. 

A precipitation line corresponding to an alpha,-globulin 

-o component was present in the immunoeleetrophoresis 

| pattern of the serum of the patient and the protein was 





found to be immunologically identical with that of foeto- 
protein (Fig. 1). The concentration of this component 
was found by means of quantitative linear immuno- 
diffusion to increase with the progress of the illness, 
from approximately 20 mg of foetoprotein per 100 ml. of 
serum in May to 90 mg per 100 ml. in September. The 
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Fig. 1. Immunoelectrophoretic pattern of the serum of the patient (H) 
compared with that of a normal adult (A) and a human foetus (F). 
On the longitudinal baseline a rabbit serum immune against human foetal 
serum proteins (RAHuF) and the same immune serum absorbed with 
a normal human serum (RAHuF absb.). The precipitation line in the 
serum of the patient (fourth sample) demonstrates its antigenic identity 
with the precipitation line of the foetoprotein in the human foetal serum 
(third sample). 


foetoprotein was also found to be present in the ascitic 
fluid of the patient, in extracts of the stool and in the 
urine which had been concentrated 500 times. 
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Pulmonary Tumours in Rats induced by 
Oral Hydrazine Sulphate 


Rats provide good material for the study of pulmonary 
carcinogens since spontaneous pulmonary tumours arè 
very rare. They have never been observed in colonies 
maintained by Orr and Bielschowsky! or by Mori*, and 
when Wilson et al. killed about 1,500 rats and carried 
out histological examinations on all the organs suspected 
of neoplasia, they did not observe pulmonary tumours. 

Biancifiori and Ribacchit and Biancifiori et al.* showed 
that hydrazine, the principal metabolite of isoniazid, 
induces pulmonary tumours in susceptible and resistant 
mice. In this experiment, hydrazine sulphate was 
administered to CBRI/Se rats to investigate whether 
this chemical was carcinogenic. Eighty-two rats of both 
sexes were used, 50 controls and 32 rats treated from the 
age of 8 weeks with hydrazine sulphate in aqueous 
solution through a stomach tube for about 68 weeks. A 
different daily dose was given to males and females, 
because the average weight of these animals, at about 12 
weeks of age, was about 250 and 350 g, respectively. 

The treatment was interrupted by rest periods, and a 
total of 215 doses was given. The chemical was pure and 
supplied by Farmitalia, Milan. The incidence of pul- 
monary tumours is shown in Table 1. Of the 32 rats 
which received hydrazine sulphate, 8 (25 per cent}, 
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Table 1, INCIDENCE OF PULMONARY TUMOURS IN CBRI/Se RATS AFTER ADMINISTRATION OF LARGE DOSES OF HYDRAZINE SULPHATE — ; : 
Treatment Dai Total No. Tumour bearing rats dying at stated weeks Average No. 
: = "Duration Pally den of Sex : following start of treatment Total Percentage of tumours 
Chemical weeks (mg) (mg) rats 40-49 50-59 60-69 70-79 80-89 90-99 100-109 per rat 
drazine ies 18 8,870 14 M 0/1 O/L 0/0 3/5 0/1 0/6 - 3/14 21-4 86 
12 2,580 18 F 0/0 0/1 0/1 4/7 1/8 0/1 - 5/18 277 25 
- - 28 M 0/2 0/5 0/1 0/0 0/1 0/0 0/19* 0/28 - - 
~ - - 22 F 0/0 0/1 0/0 0/2 0/3 0/2 0/14* 0/22 - - 
* Killed, 
_ of average age 77 weeks, developed pulmonary tumours. HAEMATOLOGY 


_ A rat which died at 76 weeks had a large tumour which 
had replaced the whole of the left lung and protruded 
_ from the corresponding thoracic cavity, displacing the 
ribs and the mediastinum. In the 50 untreated rats of 
both sexes seventeen died spontaneously and the other 
thirty-three were killed, at the average ages of 67 and 
103-6 weeks, respectively. No pulmonary tumours were 
observed, and none has been observed so far in our colony 
started in 1954. 
_ The induced tumours were multiple, averaging 27 per 
rat, so that the total number of tumours was 22, of which 
il (average number per rat 3-6) were in males and 11 
(average number per rat 2-5) in females. Most of these 
tumours were diagnosed microscopically, being located 
< within the pulmonary parenchyma. Of the 22 tumours, 
_ 15 were in the left lung and 7 in the right. 











Table 2. INCIDENCE OF DIFFERENT TYPES OF PULMONARY TUMOURS 
Morphology of the tumours 


Adenoma Carcinoma 
Total Tubnlo- 
of papillary Anaplastic Combined* 
tumours Per Per Per Per 
No, cent No. cent No. cent No. cent 
22 10 454 7 318 83 13-6 2 9-0 


* Squamous tubulo-papillary; anaplastic tubulo-papillary. 





_ Table 2 shows the morphology of the tumours. Ten 
tumours have an adenomatous pattern, papillary or solid, 
without malignant characteristics; the other 12 are 
_ Characterized by marked cellular atypia associated with 
local invasion of the alveoli and the bronchial and 
_ vasal walls, and were classified as carcinomas. Of the 
Il tumours observed in females, 4 are adenomas and 
= T-carcinomas; and of the 11 observed in males, 6 are 
- adenomas and 5 carcinomas. Two of the latter meta- 
_ stasized in the paratracheal lymph nodes and 2 showed 
invasion of the intrapulmonary vessels, extending 
-far from the primary tumour. Of the 12 carcinomas, 
seven are tubulo-papillary adenocarcinomas similar to 
hose described by Orr and Bielschowsky? and Mori?, two 
ombined cancers are adenocarcinomas, squamous and 
anaplastic tubulo-papillary. The three remaining cancers 
are anaplastic carcinomas. In 8 tumours the epithelium 
shows evidence of mucous secretion. 
Uydrazine sulphate therefore induces pulmonary 
tumours in rats, although the incidence is less than that 
observed by Biancifiori and Ribacchi* and Biancifiori et 
; als in susceptible and resistant mice. In mice, however, 
the majority (about 90 per cent) of the induced pul- 
-monary tumours were adenomas, while in rats, in this 
_ investigation, the percentage of adenomas (45-4 per cent) 
_ is near to that of the carcinomas (54-5 per cent). 
_ This research was supported in part by a grant from 
: the Anna Fuller Fund, New Haven, Connecticut. 
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influence of Catecholamines on Nucleotide- 
induced Platelet Aggregation na 
Because platelet aggregation is probably important in 
the pathogenesis of thrombosis, interest in this pheno- 
menon is increasing. Hellem! noted that an acidic, |. 
dialysable and heat-stable extract of red cells was able to 
produce marked platelet aggregation in citrated or 
oxalated plasma. This red-cell factor was afterwards 
identified as adenosine diphosphate (ADP) by Gaarder ef: 
al.*, who found it to be the most potent of twenty-two 
nucleotides tested. Other compounds have since been _ 
shown to induce platelet aggregation, and these include 
adenosine triphosphate (ATP), and certain cato: 
cholamines, namely adrenaline®:* and noradrenaline’, ’ 
In this communication the effects of the three cate: ; 
cholarnines, adrenaline, noradrenaline and dopamin, ọn << 
platelet aggregation induced in vitro by nucleotides are 
described and discussed. ER 

Venous blood (80 ml.) was obtained on thirty-nine 
oceasions from eighteen healthy male and female subjects, 
whose ages ranged from 22 to 53 years, Siliconized glass 
syringes were used. The blood was transferred to sili, 
conized glass centrifuge tubes containing one-ninth —_ 
volume of 3-8 per cent trisodium citrate. After gentle — 
mixing by inversion, platelet-rich plasma (PRP) was. 
prepared by centrifuging at 350g for 20 min. noe 

Platelet aggregation was assessed using a slight modi- 
fication of the turbidimetric method described by Born __ 
in 1962 (ref. 8). Three millilitre samples of the citrated. ae 
PRP were added to siliconized glass cuvettes with a — 
10 mm light path. Optical density was read in a ‘Unicam | 
SP400’ spectrophotometer with the light source set at a 
wavelength of 600 my. Between readings and during the 
addition of the test compounds, the PRP was stirred 
electromagnetically. All experiments were carried out at 
a temperature maintained between 22° and 25°C. The- 
compounds investigated were dissolved in 0-9 per cent. 
saline, and in each experiment 0-1 ml. was added to 3ml. 
of citrated PRP to give an appropriate final concentration 
of the substance within the cuvette. ` ii 

We found that adrenaline, noradrenaline and dopamine 
enhance the platelet-clumping activity of ADP or ATP 
(Sigma) when either of the latter is added to citrated 
plasma rich in platelets 5 or 10-5 min after the cate. o o 
cholamine. An example of the potentiation by adrenaline 
of platelet clumping induced by ATP is shown in Fig. 1. 
This potentiation was greatest with adrenaline and least 
with dopamine when equimolar concentrations of both 
the catecholamine and nucleotide were used. Potentiation. | 
of ADP or ATP clumping activity was noted with low 
final nucleotide concentrations which alone were unable 
to produce platelet clumping. 

The lowest final concentration of dopamine found to 
potentiate platelet aggregation induced either by ADP or 
ATP was 2-5 x 10-§ molar. The lowest final concentration 
of adrenaline found to potentiate ATP clumping activity. 
was 2-5 x 10- molar, while higher concentrations showed 
more consistent effects. Noradrenaline was found to 
potentiate ATP and ADP clumping activity at conce 













trations of 2-5 x 10-6 molar and more. 

For a given concentration of nucleotide, inere 
concentrations of adrenaline were associated wi 
increasing potentiation, up to an optimal adr 





















concentration, at whic zint further increases in adren- 
_ aline concentration had no further effect (Fig. 1). Poten- 
tiation was. not observed with those nucleotides which 
alone show no clumping activity, namely adenosine 
< monophosphate (AMP), adenosine, inosine triphosphate, 
| and inosine monophosphate (Calbiochem). 
_. ©. Both adenosine and AMP have previously been shown 
~= to abolish or reduce the platelet clumping activity of 
ADP or ATP*, An example of this phenomenon is shown 
in Fig. 2, where the inhibition of ADP clumping activity 
adenosine can be seen. When the saline of the control 
riment was substituted by adrenaline, not only was 
inhibitory effect of a subsequent addition of adenosine 
lished, but also the platelet aggregation induced by 
DP was markedly enhanced. Fig. 3 shows a similar effect 
; ith noradrenaline, in which the inhibitory effect of 
-. AMP has been prevented and subsequent ATP activity 
has been potentiated. Dopamine also showed this ability 
_ to prevent the inhibition exerted by AMP and adenosine 
op the clumping activity of both ATP and ADP. 
ooi The- observation that adrenaline, noradrenaline, and 
_ dopamine can each enhance the platelet aggregation 
induced by ATP or ADP in vitro is of particular interest. 
Any explanation for this striking phenomenon must 
remain largely speculative until the mechanisms actually 
involved in the process of platelet aggregation are more 
fully understood. This potentiation might reflect an 
increased sensitivity of the platelet to added ADP or 
ATP, possibly through an alteration in the properties of 
the platelet membrane. Perhaps this sensitization is 
mediated through the stimulation of platelet adenyl 
 -eyclase by adrenaline and noradrenaline resulting in the 
formation and concentration of ADP at the platelet 
Surface. In heart and liver preparations, adrenaline and 
noradrenaline have been shown to stimulate this enzyme”®, 
which, in the presence of ATP, results in the formation 
of adenosine 3',5’-phosphate. The latter increases the 
activity of an enzyme, phosphorylase kinase, resulting in 
the conversion of ATP to ADP“. If this enzyme 
sequence occurs within platelets which are known to 
_eontain copious ATP!, it could provide an explanation 
for the phenomenon of catecholamine potentiation, and 
might even account for the platelet clumping activity of 
adrenaline and noradrenaline. 
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SER a Tie . Adrenaline potentiation of platelet aggregation induced by ATP. 
oo Adrenaline was added at zero min to lence containing 290,000 platelets 
per mm? to give the following final concentrations: 2-5 x 10-? molar 
(@-—-@); 2-5 10-7 molar (A— A), and 25x 10-* molar (A—A). ATP 
{2-5* 10-* molar) was added at 10-5 min. In the control experiment 
(O-—-©) saline was added at zero min followed by ATP (2:5 x 10-* 
molar). Adrenaline potentiation is evident. For a given concentration 
of ATP, thia potentiation increased with increasing concentrations of 
adrenaline up to a concentration of 2-5x10-* molar. An adrenaline 
eoncentration of 2-510 molar (not shown) produced no further fall 
in optical density. 
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Fig. 2. Adenosine inhibition of ADP clumping activity with prevention of 
this inhibition, and subsequent potentiation by the prior addition of 
adrenaline. To plasma containing 880,000 platelets per mm? saline was. 
added at zero min, adenosine (2-5 10-* molar) at 5 min and ADP 
(25x 10-* molar) at 10-5 min (A—A). When adrenaline (2-5 x 10-* 
molar) replaced saline at zero min and adenosine was again added at 
5 min, the effect of ADP (2-5 x 10-* molar) added at 10-5 min (@-—~@) 


was grossly enhanced, and the inhibitory effect. of adenosine was lost. 


In the control experiment (O— O) saline was added at zero and & min 
followed by ADP (2-5 x 10+ molar) at 10-5 min. 


OD, 
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Fig. 3. AMP inhibition of ATP platelet clumping activity with preven- 
tion of this inhibition and subsequent potentiation by the prior addition 


of noradrenaline. To plasma containing 290,000 platelets per mm* 


saline was added at zero min, AMP (2-5 x 10~* molar) at. 5 min and ATP 

(2-5 x 10-* molar) at 10-5 min (A—-A). When noradrenaline (2-5 x 10% 

molar) replaced saline at zero min and AMP was again added at 5 min 

the effect of ATP eš x10- molar) added at 105 min (@—@) was 

enhanced, and the inhibitory effect of AMP was lost, In the control 

experiment ( O— O) saline was added at zero and 5 min followed by 
ATP (2:5 x 10-* molar) at 10-5 min. 


Not only do the catecholamines, adrenaline, nor- 
adrenaline and dopamine, enhance the platelet aggregation, 
induced by ATP or ADP, but they abolish the inhibition, 
exerted by adenosine or AMP on ATP or ADP activity. 
Born and Cross® suggested that adenosine and AMP 
compete for specific aggregation sites on the platelet 
surface. Our findings clearly show that this inhibition 
can be abolished by catecholamines. As one explanation 
it is tempting to suggest that this too might be the result 
of the formation and concentration of ADP at the platelet 
surface, which is afterwards modified so that adenosine 
and AMP binding is ineffective. 

The ultimate significance of the catecholamine effect on. 
nucleotide-induced platelet aggregation in vitro remains 
uncertain. Because the potentiation of nucleotide 
activity can occur with very low concentrations of cate- 
cholamine, it is distinctly possible that the phenomenon 
is also of significance in vivo. As intravascular platelet 
aggregation is probably important in the early stages of 
thrombosis, the role of catecholamines in the initiation 
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bsequent development of thrombi deserves further 
tigation. ; : £ 
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_Hypo or Hyper Coagulability of Blood with 
High Levels of Clotting Factors ? 


‘ORAL contraceptive drugs have recently been reported to 
produce an increase in blood factors VII and VIIL and 
fibrinogen®. Vascular thrombosis has been suspected 
‘during the administration of these drugs, and this raises 
for consideration the effect of high levels of clotting 
factors on the coagulability of blood. Experiments were 
carried out before and after the blood was in contact with 
owettable surfaces. 

-The results are summarized in Table 1, and the following 
‘points emerge. 








Table 1 















Be Final Blood Prothrombin Factor IX Clot 
“Reagent concentration clotting consumption inserum retraction 
ae ml. blood time 
“Fibrinogen 
haman 10 mg N N N 
10 mg N N N N 
50 mg N N N N 
50 mg N N N N 
20." N N N reduced 
8 uF N N N reduced 
6u.* N N N reduced 
940 x 10° prolonged abnormal greatly 
i reduced N 
-Inosithin 
phospholipid 5 mg N N N N 
Brain 
phospholipid 2 mg prolonged abnormal N N 
Dextran 30 mg N N N increased 
eomacrodex 60 mg N N N N 


N, No appreciable effect when compared with appropriate controls, 
«Factor VIII unit = activity in 4 ml. pooled fresh citrated normal human 


asma, 
c: ot Effect apparent only when high levels are attained before the blood was 
: in contact with wettable surfaces, 









(1) High levels of platelets hinder blood coagulation. 
ines. this occurs in intact blood, however, we cannot 
ismiss. completely the possibility that a similar effect is 
produced by other clotting factors which are, at present, 
- available only from blood which has been in contact with 
glass. It is therefore concluded that high levels of certain 
clotting factors are liable to retard rather than accelerate 
blood. coagulation. 














































(2) The results of high platelet counts differ fror 
of high concentrations of phospholipids, which are \ 
used as platelet substitutes. This indicates either tl 
the inhibitory action of excess platelets is due to a fact 
other than platelet. factor 3 or that the thromboplastin 
component of platelets is different from phospholipids 
this would be in conformity with previous work®, which 
showed differences between blood and tissue clotting 
factors. CEs 

(3) A high level of factor VIII reduces the speed an 
extent of clot retraction, a condition which could well 
aggravate the consequences of a coincidental thrombos' 
This is a possible explanation of the thrombosis seen 
women taking oral contraceptive drugs*. a 
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IMMUNOLOGY 


Demonstration of Antibodies to Thyroxine 
and Monoiodothyronine by Mixed Haem- 
adsorption a 


A TECHNICAL procedure for the application of the mix: 
haemadsorption technique! to soluble antigens has recently 
been deseribed?. This technique, which is essentially a 
mixed antiglobulin reaction, is being investigated because 
it is potentially a means of titrating antibodies to thyro- 
globulin in the sera of patients suffering from thyroiditis 
and other thyroid diseases. In the course of this work, 
it became of interest to find out whether the reaction 
with thyroglobulin may depend to some extent on the 
thyroxine determinants present on the thyroglobuli 
molecules. Pure thyroxine coated over a glass: slid 
should have its antigenic determinants exposed much | 
the same way as when thyroglobulin is similarly exposed 
Glass slides were therefore coated with a layer of thyroxint 
applied either as a suspension of microcrystals in ph 
phate buffered saline (PBS), pH 7-4, containing 1 per cer 
of normal rabbit serum (NRS) or as a solution in etha: 
Monoiodothyronine was applied as a solution in P 
pH 7-4, containing 1 per cent of NRS. Human thyro- 
globulin was applied as a solution in PBS, pH 7-4. The 
various antigen films were dried at room temperature and 
all slides except those coated with thyroxine in ethanol 
were fixed for 5 min in acetone. The antigen films were 
covered with layers of agar and ‘Perspex’ disks provided | 
with holes, which served as serum reservoirs. Two-fold > 
serial dilutions of the sera containing antibody were added 
to the holes and the antibodies were allowed to diffuse 
through the agar layer. The antibody zones produced 
when the diffusing antibody attached itself to the antigen. 
film on the slide were marked out by red cells provided 
with an exterior coating of antiglobulin so that they were 
able to adsorb specifically on to antibodies from “the 
animal species concerned?’, i 

Sera from fifteen cases of thyroid disease and from 
healthy 20 year old male blood donors were tested a 
thyroglobulin, thyroxine and monoiodothyronine 
the technique described. Reactions obtain 
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Tablet 


Antibody titres 
{reciprocals of serum dilutions) against: 

Thyroxine Monoiodo- 

Thyroglo- appliedin appliedin thyronine 

Test sera bulin PBS + ethanol applied in 

1 per cent solution PBS + 
NRS 1 per cent 
NRS 

Anti-thyroid serum 1 12,800 1,600 400 400 
i 2 12,800 400 200 400 
; 6,400 800 400 800 
i 4 <100 100 200 100 
Blood donor serum 1 <100 100 50 100 
2 <100 200 100 100 
3 <100 100 50 50 
4 <100 100 50 50 
5 < 100 100 50 50 


_ sera from the blood donors were regarded as non-specific 
and the highest titre (1/200) observed with any of the five 
“normal sera in any experiment was taken to be the lower 
-limit for a positive reaction. According to this interpreta- 
tion, three of the anti-thyroid sera tested reacted with 
thyroxine and monoiodothyronine (Table 1). The reactions 
with thyroxine and monoiodothyronine were in agreement. 
The result of a test against thyroxine with two of the 
reacting anti-thyroid sera and two sera from blood donors 
is shown in Fig. 1. There is an obvious difference between 
the reacting (or zone forming) sera tested in two-fold 
serial dilutions from left to right (1st and 3rd row) and the 
non-reacting blood donor sera (2nd and 4th row). 





Fig. 1. 


The specificity of the reactions was further ascertained 
‘by inhibition tests adding 0-1 mg of antigen per ml. to 
the dilutions of test serum before the onset of diffusion. 
The results were expressed as the number of zones inhibited 
> by each antigen (Table 2). The reactions with thyro- 
globulin were then found to be inhibited by thyroglobulin 
but.not by thyroxine. The reactions with thyroxine, on 
¿o the other hand, were inhibited by both thyroxine and 
thyroglobulin. 
The available results suggest that the mixed haem- 
adsorption technique may be a useful tool for in vitro 


Table 2 


Mixed haemadsorption 
reaction with 
thyroglobulin 
inhibition by 


Mixed haemadsorption 
reaction with 
thyroxine 


Anti-thyroid serum inhibition by 


Thyroglo- Thyroglo- 

bulin/ml. Thyroxine bulinjml. Thyroxine 

01 mg/ml. Olmg/ml. O-lmg/ml. 0-1 mg/ml. 
5 0 2 2 


ne 


3 0 .3 4 
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‘studies of haptenic’ substances, and especially of those 


which are not easily soluble in aqueous media. The 
results also suggest that autologous thyroxine, probably 
acting as an antigenic determinant on thyroglobulin or 
some other body protein, may give rise to antibodies in 
thyroid auto-immunity. The antigenic character is 
probably due to the thyronine strueture rather than to 
the iodine groups and the determinant is probably one of 
the less important of those present on the thyroglobulin 
molecule. 
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Fluorescent Complement Fixation Technique 


GUINEA-PIG serum was found to have complement 
activity after conjugation with fluorescein. Labelled 
serum was used for fluorescein microscopy, as in the 
fluorescent antibody technique in the way described here. 

Fluorescein isothiocyanate (FITC) and guinea-pig 
serum protein were mixed in ratios of 1:50, 1: 100, 
1:200 by weight. Labelling was as usual for FITC 
conjugation with antibody. After separation of free 
FITC using ‘Sephadex G25’, each fraction of fluorescent 
guinea-pig serum was titrated for complement activity 
with sensitized sheep red cells and gave positive results. 
There was much less activity in sera with an FITC~protein 
ratio of 1:50, and the other sera were less strongly 
affected if FITC labelling was carried out at 4° C. 

Experiments were carried out to determine whether 
the complement components labelled with FITC and, if 
so, Whether they could then fix to an antigen-antibody 
complex. The system of Treponema pallidum (Nichols 
strain) and syphilitic serum is described as an example. 
T. pallidum was smeared on slides and fixed according 
to the FTA technique. 0-03 ml. of the syphilitic serum 
(1: 200) and 0-03 ml. of the diluted labelled guinea-pig 
serum (1, 2, 4 full haemolytic units) were added to the 
T. pallidum and incubated at room temperature for 30 
min with rotation to ensure mixing. They were washed 
three times with saline and once with distilled water, and 
the results read microscopically by fluorescence illumina- 
tion as in the FTA technique. 

Experiments with the 1: 50 labelled sera 2 and 4 units 
complement controls gave 2+ and 4+ reactions. The one 
unit complement control gave no reaction, and syphilitic 
sera showed 1 to 2+ reactions. 1: 200 labelled sera gave 
only weak reactions although complement controls had 
no false positive reactions. Results from the 1: 100 
labelled sera were better. The complement controls and 
non-syphilitic sera did not give false positive reactions 
but syphilitic sera gave 2+ to 4+ reactions. FTA and 
treponemal fluorescent complement fixation (TPFCF) 
were compared using two full haemolytic units of the 
1: 100 labelled complement. Results were as follows: 


STS* FTA t TPFCE No. tested Remarks 
Reactive 2to 4+ 2to4+ 12 Syphilis 
Reactive 4+ Non-reactive 1 Syphilis 
Reactive Non-reactive Non-reactive 1 BFP} 
Non-reactive + tọ 1+ Non-reactive Non-syphilis 
Non-reactive Non-reactive Non-reactive 10 Non-syphilis 


* STS, Serological tests for syphilis, 

+ FTA, Fluorescent treponema} antibody technique. 

+ BEP, Biological false positive reaction. 

Both FTA and TPFCF showed good coincidence. One 
ease of syphilis reacted with FTA but not with TPFCF. The 
antibody concerned in this case may be of the type which 
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not bind complement: Two cases in the non-syphili- 
roup gave very weak positive reactions in FTA but 
in TPFCF. 
These experiments suggest that this technique can be 
used for many antigen-antibody systems where comple- 
-ment binding is involved. There may be an antigen for 
which a corresponding antibody exists naturally in the 
“guinea-pig sera. This may give false positive FCF reaction, 
and so the labelled serum must then be previously absorbed. 
with the antigen. 
T. Matunast 
i Mirsuxo Usur 
‘Department of Serology, 
Faculty of Medicine, 
University of Tokyo, 
- Hongo, Tokyo. 


Immunological Cross-reactivities of 
Cephalothin and its Related Compounds 
with Benzylpenicillin (Penicillin G) 
 CEPHALOTHIN, a newly developed semi-synthetic anti- 
- biotic, has a 6-lactam dihydrothiazine ring system as a 
- molecular nucleus. The similarity of its structural formula 
to that of penicillin G (PC-G@) suggests that cephalothin 
(CET) may obtain antigenicity through irreversible 
covalent bonding to proteins, as occurs with PC-G. 
"This communication reports investigations of the immu- 
nological cross-reactivities of CET and its related com- 
| pounds with rabbit anti-PC-G antibody by means of 
“passive cutaneous anaphylaxis, quantitative precipitin 
and hapten inhibition. Two kinds of pooled rabbit anti- 
- PC-G antisera were used. One was antiserum produced 
in rabbits by immunization with a pre-incubated mixture 
£ PC-G and rabbit serum albumin (RSA) at pH 8-5. The 
_ antibody combining site of this antibody was shown to be 
- specifically adapted to the whole benzylpenicilloyl 
~ (BPO) molecule (anti-BPO antibody). The other anti- 
© serum was produced by immunization with a PC-G-RSA 
conjugate prepared in a weak acidic solution of sodium 
chloride. The site at which antibody became attached 
was assumed to be mainly adapted to the acy! side chain 
‘portion of the PC-G molecule, phenylacetylglycine 
-{anti-PAG antibody)!. The protein conjugates of PC-G, 
< CET and its related compounds used in this experiment 
as test antigen were prepared as follows: 50 mg of bovine 
ämma globulin (BGG) was dissolved in 5 ml. of physio- 
-logical saline solution and 1 m.mole of PC-G or CET was 
- added with mixing. The pH of the reaction mixture was 
- adjusted to 8-5 with 1 N sodium hydroxide several times 
< inthe course of incubation at 37°C for 24 h. Then the 
clear solution was sufficiently dialysed, and analysed for 
protein by the Biuret method, for bound penicilloyl 
_ groups by the penamaldate method and for e-NH, groups 
blocked per mole of protein by formol titration. The 
< number of BPO groups introduced into PC-G~protein 
“conjugate was in good agreement with the number of 
“e-NH, groups blocked. The preparation of protein 
» conjugates of CET and its related compounds, 7-(phenyl- 
: acetamide)-cephalosporanic acid (PA-7-ACA) and cepha- 
_ loridine (CER), was a slightly yellowish clear solution 
“and contained between 20 and 35 fewer c-NH, groups 
¿oper mole than the native proteins. Therefore, at least 
as many CET, PA-7-ACA and CER molecules were 
“assumed to be bound covalently to the lysine side chains 
of the protein. CET and its related compounds have a 
-eharacteristic ultra-violet absorption peak at 237 my 
"oand a shoulder near 260 my which could apparently 
be attributed to the —-O=C-—-N-—-C=C— chromophore 
of the 6-lactam-dihydrothiazine ring®. Differential ultra- 
violet’ spectrophotometrie analyses revealed, however, 
that. CET and its related compounds coupled to carrier 
proteins no longer had this shoulder near 260 my, but had 
only a characteristic absorption peak at 237 my. This 
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Table 1, PASSIVE CUTANEOUS ANAPHYLAXIS IN GUINMA-PIGS AND QUAN- 
TITATIVE PRECIPITIN ANALYSIS)WITH POOLED RABBIT ANTI-BPO ANTISERUM 











Antigen PCA | Precipitin resction* 
Bovine gamma Size of blueing percentage of oo: 
globulin mm . antibody oe on 
conjugate of (antiserum dilution) protein precipitated. ; 
Benzylpenicillin 90/25 (1 : 10) 100-0 
7-(Phenylacetamide)- 
cephalosporanic acid 70/25 g :10) 70:2 
Cephalothin 65/16 (1: 5) 73-4 
Cephaloridine 746 
Phenoxymethylpenicillin 86:3 
Phenoxyethy!penicillin 17-4 
2,6-Dimethoxyphenyl- ` 
penicillin 16-2 
Methylphenylisoxazolyl- 12 
penicillin 1 
Aminobenzylpenicillin 618 


* Percentage of maximum antibody protein precipitated from anti-BP 
antiserum. 





phenomenon seems to suggest that the $-lactam ring of: 
these compounds becomes opened. f , Eas 

Passive cutaneous anaphylaxis (PCA) in guinea-pigs 
by means of Ovary’s methods? and quantitative preciprtin 
reactions by methods developed by Heiderberger were 
used to test antigenicities and cross-reactivities of CET, > 
CER and PA-7-ACA with PC-G. As shown in Table 1, 
BGG conjugates of PC-G, CET and PA-7-ACA were capable Eee 
of provoking positive PCA reactions in all guinea-pigs 
sensitized with rabbit anti-BPO antisera diluted five 
and/or ten times. Quantitatively, BGG conjugates of Fea 
CET, PA-7-ACA and CER precipitated 73-4, 70:2 and 
74-6 per cent of anti-BPO antibody precipitable bya — 
homologous BPO-BGG conjugate, respectively. These 
experimental results seemed to show that CET and i 
related compounds would be potent antigens undi 
physiological conditions through irreversible bonding to o 
proteins. They also showed that these compounds had E 
strong cross-reactivities with BPO-antibody in almost the 
same range. For purposes of comparison, the results of 
quantitative precipitin analyses of this anti-BPO anti- - 
serum by BGG conjugates of five kinds of synthetic 
penicillins are also listed in Table 1. As can be seen, 
phenoxymethyl-penicillin (PC-V) and aminobenzyl- 
penicillin (AB-PC) precipitated 86-3 and 61:8 per cent, 
respectively, of anti-BPO antibody which could be pre- 
cipitated by a BPO-BGG conjugate. Accordingly, CET 
and its related compounds were thought to be as strongly 
cross-reactive with PC-G as these two synthetic penicillins. 

In order to investigate the specificities of cross-reactions 
of CET and its related compounds with PC-G, inhibition —__ 
analyses of precipitin reaction in BPO and PAG systems _ : 
were performed; the methods developed by Pauling, 
Pressman and Grossberg were used*. Chemical structures 
and their concentrations required for 50 per cent inhibitio : 
are listed in Table 2. In both systems, PC-G hapten was 
the most effective inhibitor. CET and PA-7-ACA were 
almost in the same range in their inhibitory abilities. 
Precipitation of anti-BPO globulin fractions by BPO-BGG 
conjugates was inhibited by PC-G about ten times 8s _ 
effectively as by CET or PA-7-ACA. In contrast, pres o < 
cipitation of anti-PAG globulin fractions by PC-G-BGG oe 
conjugates which were prepared in a weak acidic 
solution of sodium chloride as previously described’ was 
inhibited by CET or PA-7-ACA as effectively as PC-G. 
In other words, CET and PA-7-ACA were more effective 
inhibitors in the PAG system than in the BPO system. As 
was shown earlier!, PC-G-BGG conjugates prepared in an 
acidic condition contained predominantly antigenie 
determinants specific for phenylacetylglycine, the acyl 
side chain portion of the PC-G molecule. Therefore, it 
seems likely that the acyl side chain of the CET and 
PA-7-ACA molecules may play an important part in their 
cross-reactivities with PC-G. When the acyl side chain 
portion of CET is compared with that of PA-7-ACA, 
only difference observed is that the former has thioph 
where there is benzene in the latter. The fact tha 
rabbit anti-PC-G antibody cannot d 
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7-(Phenylacetamide)-cephalosporanic acid 


eee | 
O a 
oe m—co—-nn eno CH, 
: PPN oge CHa COOH, 
coon 3:00 0-86 
Cephalothin 


< * Hapten inhibition of precipitation of pooled rabbit anti-BPO globulin 
fractions by BPO-BGG conjugates at equivalence. 

=o t Hapten inhibition of precipitation of pooled rabbit anti-PAG globulin 
|o fractions by PAG-BGG conjugates at equivalence. 














_ frora benzene in the hapten molecule is of considerable 
Interest. This may be related to the chemical resemblance 
of the two compounds which are both aromatic. 


K. SHIBATA 
T. ATSUMI 
Y. Horrccut 
K. Massimo 
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©- — Immunological Priming without Production 

of Circulating Bacterial Antibodies con- 

ditioned by Endotoxin and its Lipoid A 
Component 


AN unusual type of immuno-suppression was detected 
= recently! as a result of the following investigations. In 
- 1962, Kunin et al.? discovered an antigen common to 
numerous enteric bacteria, employing Escherichia coli 014 
_anti-serum and the haemagglutination test. Although this 
antigen is present in many species of Gram-negative 
acteria, including Escherichia, Aerobacter, Salmonella, 
nigella and Proteus, only very few serogroups, notably 
coli 014, engender antibodies on intravenous injection 
rabbits. This difference in immunogenicity between 
ú O14 and the others is not due to differences in the 
mount of common antigen (CA) used for immunization, 
as revealed by haemagglutination inhibition tests’, 
Suzuki et al.4 observed that CA can be separated from 
Q antigèn by means of 85 per cent ethanol, the former being 
‘soluble and the latter insoluble. In contrast to the cultures 
--or their supernatants, the ethanol soluble fraction was 
found to be highly immunogenic in the rabbit‘. Moreover, 
the ethanol insoluble fraction, containing the O antigen, 
as well as highly purified lipopolysaccharides (endotoxins), 
when administered with ethanol soluble CA, suppresses 
the CA immune response'. Additional observations 


































Hapten con- similar effect’. 


centration 
; Ae Marhay required for 
£ EEES 50 per cent 
id rr nae a oi 
oe ug/ml. 
SEE BPO PAG 
HEA sy8- sys- 
E Se) 5 tem* temt 
'H,—CO-—-NH—CH—C. CCHa) 
SER (e; CH—COOH 0-47 0-45 
Benzylpenicillin 
` 
T EA EE A CH, 
0 k b_cH,—o—co—cu, 
NZ 
C—COOH 480 0:33 


VoL, 212°. 







id A component of endotoxins has a 
This immuno-suppression .occurs when 
antigen and inhibitor are injected as mixtures, but not 
when they are administered separately and simultane: 
ously’5, This was interpreted as indicating that the 
suppression of the immune response was the result of the 
alteration of the antigen rather than the effects of endo- 
toxin or its lipoid A component on the host. In ‘the 
present experiments the injection of mixtures of CA and 
inhibitor resulted in specific immunological priming of the 
rabbit without the formation of circulating antibodies in 
significant titres. The state of priming was detected by 
the marked response to minimal amounts of CA, resulting 
in the rapid production of circulating antibodies in high 
titre. 

Immunological priming to CA conditioned by lipopoly: 
saccharide is evident from the data obtained in the follow- 
ing experiment. Groups of five rabbits were each immun: 
ized as follows. Mixtures of an ethanol soluble fraction 
of S. typhimurium and lipopolysaccharide of S. miami, 
prepared in ethanol as described previously’, were injected 
intravenously for a total of seven daily injections (groups 
A and B). The mixture contained CA in a dilution of 
1:5 and lipopolysaccharide in a concentration of 125 
ug/ml. Of this mixture, 1 ml. was injected daily in dilu- 
tions of 1:50 and 1:25 (two injections each), 1:10, 
1:5and1:2. Group A received a secondary intravenous 
challenge injection one week after the primary immuniza- 
tion (1 ml. of undiluted ethanol soluble CA). Groups 
B, C and D served as controls. Group B received seven 
injections of the mixture (as did group A) without a 
booster injection; group C was given seven injections of 
CA without lipopolysaccharide; and group D received 
a single injection of @A, identical to the booster of group 
A. Blood specimens were obtained before immunization, 
one week after the primary immunization, and 2, 4, 7 
and 14 days after challenge. Antibody titres against CA 
were determined by the haemagglutination test with Æ. 
coli O14 as test antigen, as described previously**. The 
results are shown in Table 1. The priming injection 
(group A), in accord with previous findings', failed to 
elicit circulating antibodies against CA, but a marked and 
rapid increase in the titre of these antibodies followed the 
booster. In contrast, primary immunization, not followed 
by a booster injection, resulted in a negligible CA antibody 
response (group B). The results for group C show that 
CA used for primary immunization in the absence of 
lipopolysaccharide engendered CA antibodies in high 
titre. A single injection of CA stimulated the formation 
of CA antibodies in moderate titre only (group D). Similar 
results were given by additional series of rabbits. Tt is 
evident that injection of the mixture of CA and lipo- 
polysaccharide primed the animals to a secondary injec- 
tion of CA and yet did not engender circulating CA 
antibodies in high titre. Identical results were given both 
by animals primed with a mixture of CA and lipoid A, a 
component of lipopolysaccharides, and by rabbits with 
CA-lipopolysaccharide mixtures with complete Freund’s 
adjuvant injected into the footpads. i 
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Table'l, IMMUNOLOGICAL PRIMING WITHOUI PRODUCTION o¥' CIRCULATING 
BACTERIAL ANTIBODIES CONDITIONED BY S. miami LIPOPOLYSACCHARIDE 


Groups of rabbits 
A B Cc 


Immunization 
Days of blood speci- Primary immuniza-CA+Ip* CA+ Ip CA — 
mens tion (7 injections) 


Secondary immuniza~ CA _ — CA 
tion (1 injection) 
CA (E. coli 014) hacmaggiatinin titres (reciprocal) 
< 


Before immunization <10 <10 <10 


After primary im- <10 <10 330 weii 
munization 
After secondary im- 
munization 
2 days 22 <10 — 18 
4 days 1,480 14 — WZ 
7 days 3,200 14 3,700 78o 
14 days 875 <10 333 47 


*CA, Common antigen (ethanol soluble fraction of S. 


typhimurium), 
Lp, Lipopolysaccharide of S. miami. gS 
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> suppression of the formation of circulating anti- 
against CA by lipopolysaccharide and its lipoid A 
ponent- is the basis for the hypothesis of the described 
“of immunogenicity of enteric bacteria other than 
. coli O14 (ref. 1). If this hypothesis is correct, then 
immunization with bacteria other than Æ. coli 014 should 
result in priming to CA. To investigate this the following 
experiment was performed. Groups of four rabbits were 
each injected intraperitoneally in two weekly instalments 
with a suspension of agar-grown S. typhimurium. Group A 
received ethanol soluble CA (1 ml.) intravenously one 
week after the last priming injection; group B was not 
challenged and served as control; group C was injected 
with CA only. Blood specimens were obtained from 
all animals before immunization, one week after com- 
pletion of primary immunization, and 3, 7 and 13 days 
after secondary challenge. The titre of antibodies against 
CA was determined by the haemagglutination test using 
E.coli 014 antigen as indicator; the titre of O antibodies 
was measured by means of the conventional bacterial 
agglutination procedure, using S. typhimurium as antigen. 
‘The results are shown in Table 2. S. typhimurium primed 
the rabbits to CA; the booster injection resulted in an 
increase in the antibody titre from 1: 15 to 1: 600 within 
3 days, and a further ten-fold increase occurred 4 days 
later. In contrast, neither S. typhimurium alone nor CA 
alone engendered CA antibodies in significant titres. 
CA also failed to affect the titre of O antibodies, indicating 
‘that the booster injection is specific for CA. Identical 
results were obtained using supernatants of agar-grown 
cultures of S. typhimurium and E. coli 0111 as priming 
antigens. The specificity of the booster effect is supported 
by the observation that CA does not enhance the titre of 
‘typhoid H antibodies in rabbits immunized with formalin- 
ized. S. typhosa, Nor did injection of staphylococcal 
antigen followed by that of CA result in the formation of 
| antibodies in high titre. Administration of both S. 
‘yuphimurium and CA on the same day, rather than at 





intervals of several days, failed to engender CA antibodies. 


These experiments have clarified the apparent lack of 
immunogenicity of enteric bacteria other than E. coli 014 


‘in the rabbit, for they show that, although circulating 


antibodies against CA are not engendered, these micro- 
organisms effectively prime the animal to this particular 


widely distributed antigen. 


Table 2. IMMUNOLOGICAL PRIMING BY S. typhimurium WITHOUT PRODUCTION 


OF CIRCULATING ANTIBODIES AGAINST COMMON ANTIGEN 


Groups of rabbits 
Immunization A B 
He Primary . tm,* 8. tm. — 
Secondary CAT — C. 
“Days of blood speci- Mean haemagglutinin antibody titres 
mens (reciprocal) 
We CA 0 CA O CA 8] 
: Before immuniza-~ <10 10 <10 <10 <10 <10 
oon 
After primary im- 15 950 16 880 — — 
1i o munization 
After secondary 
i immunization 
days 600 770 17 740 <10 <10 
7 days 6,200 770 14 550 84 <10 
13 days 4,300 740 13 440 38 <10 


* 9, tm. Bacterial suspension of S, typhimurium. 
+ CA, Common antigen (ethanol soluble fraction of S. typhimurium). 


. The present investigation and previous studiest:ë have 


: identified an unusual type of immuno-suppression condi- 
tioned by lipopolysaccharides (endotoxins) and their 


Fes 


-lpoid A component. 
_ suppression is unknown; endotoxins and lipoid A do not 


The mechanism of this immuno- 


‘appear to act on the immune apparatus of the host, for 


. separate injection of CA and inhibitor results in undim- 


- inished antibody response!. Nor is it likely that the failure 


‘to produce circulating antibodies is due to endotoxin- 


: induced tolerance or immune paralysis, since the injection 


of competition of antigens, for lipoid A is not antigenic. 


of minimal amounts of CA to primed animals is followed 
promptly by the appearance of circulating antibodies in 
high titre. The findings cannot be explained on the basis 
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Possibly both C4 and lipopolysaccharide enter the iden 
cal immunologically competent cells and the secretion 
antibody is prevented on the cellular level by the presence 
of the endotoxin or its breakdown products. Whether 
lipopolysaccharides and their lipoid A component, under 
the conditions of the above experiments, function as anon- © 
specific determinant of the immune response (tolerance, 
priming, formation of circulating antibodies) as postu 
lated by Talmage’ must be elucidated later. Whatev 
may be the mechanism of the immuno-suppressi 
reported here, the present observations provide a useful 
tool for the study of certain basic aspects of the immune 
response. For example, it will be of interest to investiga 
histologically the changes associated with immunolo; 
priming in the absence of the formation of circulatin: 
antibodies, either in regional lymph nodes and/or in the 
spleen. Injection of mixtures of CA and lipopolysacch 
ide into the footpad may be particularly advantageous 
giving the opportunity to use contralateral lymph nodes a 
for control purposes. Also, it will be useful to learn _ 
whether immunologically primed cells can be induced to — 
form extracellular antibodies in vitro on addition of th 
common. antigen. ae 
This investigation was supported in part by a grant 
from the National Institute of Allergy and Infectious 
Diseases, U.S. Public Health Service. 
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Increased Tumour Formation by Polyoma ss 
Virus in the Presence of Non-oncogenic —sy 
Viruses ae 


ATTENTION has recently been given to the interactio: 
between DNA viruses in vitro. Rabson et al.1 showed t 
the growth of adenovirus in monkey kidney cells 
enhanced by simultaneous infection with SV40 virus, a 
much work has been done on S V40-adenovirus “‘hybri 
(refs. 2, 3). We have examined the effect of several D 
viruses on oncogenesis by polyoma virus in mice. oe 
Viruses were administered to newborn mice eith 
simultaneously or successively. Inbred Swiss mice 1 da; 
old were inoculated subcutaneously with 0-1 ml. contain 
105 TCD; of a polyoma virus variant C-H* which is 
highly oncogenic‘. In some experiments, 0-1 ml. of a low 
oncogenic variant C+H° containing 10%° TCD,» was 
injected at the same time. The methods of growth'and ` 
titration of polyoma viruses used have already been 
described’, Fig. 1 shows the cumulative percentage of. 
tumours developing in mice in one experiment over a 
period of 4-6 months. Mice inoculated with both strains 
of polyoma together show more tumours than those _ 
inoculated with either variant alone. Similar results were 
found in three other experiments. Enhancement. of 
oncogenicity of C-H+ polyoma by C+H® virus was obs 
in all cases, although the magnitude of this effect. var 
The two strains of polyoma virus were assayed 
kidneys of infected mice. Suspensions of kii 
(20 per cent by volume in normal saline) from gr 

































-infection with either 





“Were Inoculated with either strain alone (Fig. 2). 
To extend these experiments to other DNA viruses, 
CBA mice were inoculated when 1 day old with the 
| O-H* polyoma virus variant and one of two non-oncogenic 
_ adenoviruses grown in a human kidney cell line (HuK ) in 
medium 199 and 5 per cent calf serum. Fig. 3 shows the 
results of a typical experiment in which the C-H* variant 
polyoma virus was inoculated alone or together with 
lenovirus type 1 or type 5 on the first day after birth. 
‘he inoculum contained 0-05 ml, of polyoma virus with 
10% POD; to this was added 0-05 ml. of culture 
medium or 0-05 ml. of adenovirus (with 1077 TCOD,9). 
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Fig. 3. @, C-H* (23 mice); O, C-H++adeno 1 (13 mice}; x, CoHt 
+adeno 5 (24 mice). 


The oneogenicity of the polyoma virus was potentiated in 
this case as well. The results in Fig. 3 show that this was 
true of both types of adenovirus. Control experiments 
showed no tumours when adenovirus was administered 
alone. Similar effects were observed in preliminary experi- 
ments in Swiss mice. There are several possible explana- 
tions of this type of potentiation. For example, adeno- 
virus or the non-oncogenic variant of polyoma virus may 
alter the pattern of replication of the oncogenic variant 
of polyoma virus, as SV40 does for certain adenoviruses 
in monkey cells’. Alternatively, the immunological 
response of the host to virus-specific antigens in emerging 
tumour cells may be altered by the simultaneous infection 
with other viruses. Further experiments on thé nature 
of such interactions in vivo and in vitro are in progress. 
Part of this work (T. G.-S. and $. K.) was undertaken 

at the Virus Laboratory, Ministry of Health, and the 
University of Tel-Aviv, Tel-Aviv-Jaffa, and part was 
supported by a grant from the National Fund for Research 
into Poliomyelitis and Other Crippling Diseases. 
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Mitotic Response induced in Sensitive 
Guinea-pigs by Tuberculin 


NuMEROUsS investigations in the past have been directed 
towards the detection of an in vitro parameter of systemic 
delayed hypersensitivity. Pearmain, Lycette and. 
Fitzgerald? and others? found in vitro a mitotic respon- 
siveness to tuberculin of peripheral lymphocytes from 
tuberculin positive human beings, but there is still much: 
to learn about the immunological specificity and 
dynamics of this phenomenon. Similar in vitro mitotic 
responsiveness in the appropriately sensitized laboratory 
animal would have obvious advantages in the study of 
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une responses. Lycette and Pearmain' claimed to 
e shown such mitotic activity in lymphocytes from 
nsitized guinea-pigs, but Marshall and Roberts? and 
pegren and Rorsman® were unable to obtain such 
sults. The mitotie response of peripheral lymphocytes 
from guinea-pigs has been studied in our laboratory. 
Using the technique described here, we have found an 
excellent correlation between tuberculin skin reactivity 
and in vitro response. 

Unmated albino guinea-pigs (500-700 g) were main-. 
- tained on a standard diet (‘Purina’ guinea-pig chow) 
enriched with ascorbic acid. 

The guinea-pigs were sensitized by injecting an emulsion 
of complete Freund’s adjuvant H37RA containing 1 mg 
mycobacteria per ml. (Difco). This was emulsified with 
0-2 ml. of physiological saline. Each animal received 
0-1 ml. of this emulsion in each footpad and 0-1 ml. sub- 
ütaneously behind each ear for a total dose of 0-6 ml. 
A control group of animals were maintained on the regular 
diet without sensitization. 

All skin tests were carried out using first strength 
(1 v.0./0-l ml.) purified protein derivative (PPD) (Merck, 
Sharp and Dohme) injected intradermally. The animals 
were tested 2-5-3 weeks after sensitization with complete 
_. Freund’s adjuvant. Skin tests were read at 24 and 48 h, 
_ and the diameter (in mm) of the indurated area was used 
< as the index of reactivity. 
“O After the 48 h skin test reading, 20 ml. of blood was 
= Obtained by cardiac puncture under ether anaesthesia. 
~The culture technique used was modified from that 
-outlined by Moorhead and Nowell. Blood was collected 
in a sterile syringe rinsed with heparin (‘Panhep’ 1,000 
=--6./mlL.). The blood was mixed gently with an equal 
-Volume of 3 per cent dextran in physiological saline which 
_ had been kept at 30° C and then allowed to settle at room 
|) temperature for 30 min. The supernatant fluid was 
-removed and found to contain 80-90 per cent lymphocytes 
at this point. This was centrifuged at room temperature 
- | at 1,000 r.p.m. (150g) for 5 min and the supernatant fluid 
: discarded.» The cell pellet was then washed twice at room 
== temperature with 5 ml. of a solution consisting of one 
|= part foetal calf serum (Flow Laboratories) and three parts 
< Hanks’s solution (Wistar Institute). The cells were then 
gently suspended in a fresh volume of this solution in a 
“concentration of 1 x 107 cells/ml. 

1 x 107 lymphocytes from an animal were added to 
each of ten vials containing the basic culture medium. 
«This medium consisted of 2 ml. of foetal calf serum, 5 ml. 
of TC-199 (Difco), 100 v./ml. of penicillin G, 100 mg/ml. 
. of streptomycin, and one drop of heparin, 1,000 v./ml. 
¿ooo In addition, two vials contained 0-1 ml. phytohaemag- 
- glutinin-M (Difco) each; six vials each contained 0-12 ml. 
of Koch’s old tuberculin (OT, 1 mg/ml., Wyeth Labora- 
tories); the remaining two vials (controls) contained no 
additive. The cultures were incubated at 37° C in 5-dram 
disposable vials with snap tops (Owens-Illinois Co.) for 
= 90 h and were arrested in metaphase by the addition of 
_ 2 drops of colchicine, 20 mg/ml. to each vial. 

After incubation, the cells were re-suspended and 
<- eentrifuged at room temperature for 5 min at 1,000 r.p.m. 
. (150g). The cells were washed with 5 ml. of Earle’s solu- 
” tion (Difco). 0-5 ml. of bovine serum (Difco) and 2-5 ml. 
of distilled water were added to each pellet. The cells 
were gently dispersed and then incubated for 15 min 
at 37° C in a water bath. After centrifugation for 5 min 

at 800 r.p.m. (125g) and removal of the supernatant, 
the cell pellet was covered with 2-0 ml. of fixative. The 
fixative, freshly prepared cach time, consisted of three 
parts methanol to one part glacial acetic acid. The cell 
“button was loosened from the bottom of the tube but was 
‘left intact. After 30 min, 1-5 ml. of the fixative was 
- drawn off and a suspension of single cells was made by 
repeated vigorous pipetting of the pellet. After centrifuga- 
tion at room temperature at 1,000 r.p.m. (150g) for 5 min, 
the cells were resuspended in 0-25 ml. of fresh fixative 
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and allowed to stand at 4° C for 24 h. Slides were then 
prepared and stained with aceto-orcein according to the 
method of Moorhead and Nowell. Mitotie indices. were 
recorded as the number of mitoses seen per 1,000 lympho- 
cytes counted. All slides were read by at least two 
independent observers. i 

The animals sensitized with complete Freund’s adjuvant 
showed strongly positive skin tests averaging more than 
9 mm in diameter. Many of the indurations showed 
central necrosis. By contrast, the unsensitized animals — > 
showed little or no reactivity to the PPD on repeated | 
testing. ; 

Table 1 shows that incubation of lymphocytes fi 
non-sensitized guinea-pigs with old tuberculin led to 
higher mitotic index than the controls, though additio; 
phytohaemagglutinin resulted in a highly signifie 
(P < 0-001) increase in mitotic index. By contrast, as. 
is shown in Table 2, there was a highly significant increase _ 
(P < 0-001) in the number of mitotic figures seen both in 
the cultures incubated with old tuberculin and in those. 
incubated with phytohaemagglutinin as compared with - 
controls. ee 

















Table 1. MrrosEs PER 1,000 CELLS—UNSENSITIZED ANIMALS 


Animal No. PHA* OTt Control 
1 39 d 0 15 
2 22 0 05 
3 11 0-25 0 
4 37 0-167 OS 
5 20 (i 0 
6 33 0 0 
* Phytohaemagglutinin. 
{ Old tuberculin. 
Table 2. Mrroses PER 1,000 CELLS—SENSITIZED ANIMAIS Ne 
Animal No. PHA* OTT Contro iisi 
7 60 15 a 
& 29 8 
9 87 0-167 0 
10 124 1 
il 57 4 3 
12 40 10 Q5 
13 48 5 0-5 
14 10 5 05 
15 36 8 1 
18 20 5 0 
17 22 li 05 
* Phytohaemagglutinin. 
+ Old tuberculin. 


These findings confirm the observation of Lycette and’ 
Pearmain that peripheral lymphocytes of guinea-pigs 
sensitized to tuberculin show in vitro mitotic responsives 
ness to tuberculin in cell culture. In the system used 
in this investigation, all but one of the animals exhibited _ 
this phenomenon. The lack of success of other investiga- 
tors in eliciting this response may result from differences ._ 
in cell culture technique. It is still open to question 
whether the mitotic responsiveness seen here is a specific — 
correlate of the delayed hypersensitivity response of a 
concomitant circulating antibody response or both. 

We are at present attempting further to characterize 
the nature and dynamics of the correlation between 
mitotic responsiveness in cell culture and varied immune = > 
responses. SE 

These investigations were supported by the Ship w °. 
Shore Fund and the Hospital of the University of Pennsyl- - 
vania Medical Fund. : 
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Method for the Preparation of 
-Autoradiographs with Coverslip Cultures 
. AUTORADIOGRAPHIC procedures are being increasingly 
used in all branches of cell biology. The routine methods 
are extremely useful with sections and air dried cell 
suspensions'-‘, but the extension of these methods to 
< coverslip cultures has often been unsatisfactory. The 
usual procedure for coverslip preparations involves 
cementing the coverslip cell side up on a slide in a drop 
f mounting medium (usually ‘Permount’) before covering 
th liquid emulsion or AR 10 stripping film’. This 
method often causes opaque emulsion patches in the 
space between coverslip and slide and the coverslip quite 
; - frequently floats off during rehydration. This communi- 
~-eation describes a method which eliminates some of the 
problems encountered in autoradiography on coverslip 
cultures. 

- Monolayer cultures of rat embryo muscle, cattle kidney 
and mink testes cells, grown on Leighton tube coverslips, 
were used in this investigation. The cultures were exposed 
to thymidine, labelled with tritium, uridine and arginine for 
varying periods, fixed in formalin or acetic alcohol, air 

dried*:?, and processed as follows. 


1. Warm paraffin (Fischer Scientific Co.) in a beaker at 52° C. 


2. Dip a prefiamed slide in the melted paraffin and place it flat on a 
Alter paper. 
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-Place the coverslip, cell side up, on the slide and let it cool for 30 se 

before immersing in a coplin Jar contataing distilled water. ` j 

4. Follow routine autoradiographic procedure using either liquid emulsio1 
or stripping film. 


5. Stain the autoradiographs and dehydrate in graded series of alcohol. 


6. After a rinse in absolute alcohol make a clean tear with a sharp bladi 
slong Pe edges of the coverslip and apply a mild flame to the ack of 
e e. 
7. Place the slide quickly in a Petri dish containing xylol to detach 
coverslip, 


8. Leave the coverslip in xylol till the paraffin dissolves. 


9. Rinse the coverslip in fresh xylol and mount on a clean slide in a drop 
of ‘Permount’, 


The autoradiographs prepared according to this 
schedule are shown in Figs. 1-4. Only Giemsa 
stain has been used in this investigation but the staining 
procedures may be varied to suit particular purposes. 
The application of flame to detach the coverslip does 
not seem to affect adversely the quality of autoradio- 
graphs. If undeveloped emulsion is trapped between 
coverslip and slide it can easily be removed with wet 
filter paper before making permanent mounts. This 
method provides autoradiographs of quality comparable to 
that of those made by routine procedures while guaranteeing 
the adherence of coverslip to the slide. A further advan. 
tage is that Leighton tube coverslip cultures requiring 
relatively small amounts of isotope can be used for 
autoradiography. 

This work was supported in part by grants from the 
Ontario Cancer Foundation and the National Cancer 





Fig. 2. 


Fig. 3. 





Fig. 1. Mink testes cells exposed to tritiated uridine for 6 h, Giemsa. (x 300.) 


Rat embryo cells exposed to tritiated arginine for 4 h. Unstained. (x ¢.65.) 
Bovine kidney chromosomes exposed to tritiated thymidine for 6h. Giemsa, (x ¢.1735.) 
Fig. 4. Ray embryo cells exposed to tritiated thymidine for 4h. Giemsa. (x 300.) 
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Fluorescence Microscopy of Lysosomes and 
Related Structures in Living Cells 


Liysosomes are usually investigated in subcellular frac- 
tions and in preparations of fixed cells. The detection of 
these structures in living cells is an important task of 
modern cytology. This communication deals with the 
possibilities of detecting such structures that can be 
-achieved by fluorescence microscopic methods. 

As has been known for nearly 20 years, a great number 
of granules with bright red fluorescence appear in the 
eytoplasm of a living cell treated with acridine orange 
(2,8 bis-dimethylaminoacridine) (refs. 1-4; for reviews see 
refs. 5 and 6). A sharp controversy about the nature of 
these granules arose in the literature, some authors 
assuming the granules to be complexes between the dye 
‘and cytoplasmic RNA”? and others arguing against this 
hypothesis*?°, 

“This controversy now seems to have ended. The red 
cytoplasmic granules (RCG) have been shown to be lyso- 
somes or lysosome-like structures. This finding was based on 
two groups of observations. On one hand, in our experi- 
ments with liver homogenates of mice injected in vttro 
-with acridine orange in large doses we separated a sub- 
cellular fraction rich in the granules. Electron-micro- 
“scopic investigation of separated granules showed that 
they had an ultrastructure (Fig. 1) typical of lysosomes 
and related particles'*. On the other hand, Robbins, 
Marcus and Gonatas'® in experiments with tissue culture 
cells treated with acridine orange identified the granules 

_ with acid phosphatase positive multivesicular bodies. 
"These findings provide an obvious opportunity for the 
‘investigation of lysosomes in living cells. Before recom- 








Fig. 1. Electron micrographs of red cytoplasmic granules separated in vitro. (ref. AQ). 
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mending fluorescence microscopy for this purpose, how 
ever, we wish to discuss the exact scope of the motho 

Can all lysosomes (or lysosome-like. structures) be de 
tected by the acridine orange technique ? It seems possibl 
to give a positive answer to this question: recently al 
red cytoplasmic granules were shown to have acid phos- > 
phatase activity, and all cytoplasmic granules with such 
activity were shown to correspond with the red .cyto- 
plasmic granules. ae 

To find the answer to the next question—whethe 
normal or abnormal lysosomes are detected by fluo 
escence microscopy—we undertook a series of experimen 
using a combination of fluorescence and phase con 
microscopy. For this purpose we designed a cha 
which made it possible to change the culture medium 
the course of the observations. 





investigated by phase contrast optics and the cult 
medium was then changed for 


2 and 3). These experiments showed that ' : 
seen with the fluorescence microscope in cells treated with _ 
acridine orange can also be seen with the phase contrast 
microscope in both stained and unstained cella. At. 
the same time it was found that not all the granules 
seen in the phase contrast microscope correspond to red 
cytoplasmic granules. The red cytoplasmic granules are — 
rather small (up to 1-3y in diameter) with medium contrast 
and mainly perinuclear localization. The larger granules 
(3-5u and more in diameter) with very high contrast and 
mainly peripheral localization do not accumulate the dye, — 
and obviously do not have lysosome structures. They aro 
apparently of lipid nature. ue 
Short-term treatment of cells with acridine orange 
produces some changes in the appearance of the lysosomes 
under phase contrast: the lysosomes appear slightly more 
dense and a little more obvious under the microscope, but 
no important changes in the lysosomes could be seen. 
Investigation under the fluorescence microscope of living © 
cells treated with acridine orange at low concentrations 
(1-3 pg/ml.) therefore allows the detection of lysosomes in 
normal or almost normal condition. It should be empha- 
sized, however, that lysosomes can only be detected by 
this method in cells with normal energy metabolism. 1t- 
has been shown™ that a sufficient supply of energy is 
necessary for the segregation of the dye into cytoplasmic 
granules. ; 
A different situation arises when cells are treated wi 
acridine orange for long periods of time. In our expe 
ments with cultured amnion cells stained by acridi 
orange (0-5-2-0 ug/ml.) over a period of 24-48 h, we foun 
that under these conditions lysosomes become enlarged. 















426 


very dense and localized only around the nucleus. Further 
treatment of the cells with acridine orange did not result 
in any other changes in the structure, number or localiza- 
tion of lysosomes. We therefore suppose that “‘fluoro- 
chroming” of the cells in low concentrations of acridine 
orange (0-5~2-0 g/ml.) for long periods can be used to show 
the maximal capacity for segregation of the lysosome 
apparatus of the cell, 

The final question concerns the interrelation between 
fluorescence microscopy and other possible methods of 
investigating lysosomes in living cells. As has already 
‘been mentioned, such investigations have not yet been 
undertaken, but some data!®15 suggest that so-called vital 
dyes, neutral red in particular, can also be used to investi- 
‘gate lysosomes in living cells. There is no doubt that the 
high sensitivity of fluorescence microscopy gives it some 
advantages compared with light microscopy; fluorescence 
microscopy allows the detection of all cell lysosomes 
including very small ones, and the cells investigated by 
this method are treated with very low concentrations of 





A B 


Fig. 2, 





A B 
Fig. 3. 


Figs. 2 and 3. A, Fluorescence-micrograph of lysosomal structures of 
cells treated in vive with acridine orange. B, The same cells photographed 
using a phase contrast microscope. 
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dye, so that the lysosomes are observed under condition: 
very close to normal. 

It is also of interest to discuss the possibility of using 
phase contrast microscopy for detecting living lysosomes 
An attempt to use the method for this purpose was re 
ported recently#*, Our experiments show that lysosome: 
can sometimes be found rather easily using the phase 
contrast microscope. Unfortunately, not all the granules 
seen by this method are lysosomes, and many lipid 
granules are also present in such preparations. In celk 
rich in lipid the detection of lysosomes by phase contrasi 
microscopy becomes especially difficult. We found similar 
difficulties in our investigations of cultured amnion celli 
over 5-6 days of growth. Detection of lysosomes by phase 
contrast was easy only on the first two days of investiga- 
tion. Cell ageing did not, however, produce any difficulties 
in the detection of lysosomes using fluorescenco micro- 
scopy. 

In conclusion, we recommend fluorescence microscopy 
investigation for the detection of lysosomes in living cells. 
Great care, however, is necessary in interpreting the 
results obtained using this method. 


A. V. ZELENIN 
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BIOLOGY 


Effect of Temperature on the Metabolism 
of Poikilotherms 


Most terrestrial and intertidal poikilotherms are subjected 
to wide and relatively rapid fluctuations in environmental 
temperature. It has often been supposed that during such 
short term fluctuations, the metabolism of the poikilo- 
therm must also fluctuate because acclimation is essen- 
tially a long term physiological adjustment. Such an 
assumption has been based primarily on studies of the 
activity and oxygen consumption of poikilotherms in 
relation to rapid temperature change. But measurements 
of the oxygen consumption of invertebrates have com- 
monly been made by methods which sample the respired 
medium at infrequent intervals only, and this may have 
led to false conclusions concerning the effect of tem- 
perature on poikilotherm metabolism. 

Fig. 1 shows measurements of oxygen uptake in the 
cockle Cardium edule at four different temperatures in 
which oxygen measurements were made at hourly inter- 
vals by means of the micro-Winkler method of Fox and 
Wingfield’. The mean of such values (broken line in 
Fig. 1) has commonly been used by previous workers to 
assess the rate of oxygen consumption of aquatic inverte- 
brates. If rapid recordings are also made by means of an 
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“These results indicate that the metabo 
processes of intertidal invertebrates may 
relatively independent of short term temper 
ature fluctuations over the normal environ- 
mental temperature range. Permanently. 
immersed forms such as Branchiostoma 
lanceolatum do not show such a temperature | 
independent resting metabolism when studied 
by similar methods’. Presumably, such an 
organism would have no need to resist shor 
term temperature. fluctuation. z 

In order to establish whether such temper- 
ature relationships are shown at. t 
mitochondrial level, I have recently isol 
mitochondria from the following po 
therms by the method: of Hodgebc 
Schneider and Palade*: the skate, Raia s 
representing a permanently immersed for 
the anemone Actinia equina and the musse 
Mytilus edulis representing intertidal forms, 
the snail Helix aspersa representing a shade 
dwelling terrestrial poikilotherm, and. the 
locust Schistocerca. gregaria representing a 
terrestrial poikilotherm with a high thermal _ 
tolerance. The mitochondria were suspended 
in 0-88 M sucrose and their rate of oxidation 
of succinate and pyruvate in phosphate 





variety of temperatures in a Warburg _ 
apparatus. The- final concentration of 
reagents in 1-5 ml. Warburg. fluid was as 

































buffer at pH 7-4 was measured at a wide p 












Fig. 1. Graph showing the total oxygen consumed by a specimen of Cardium 

edule at four different temperatures. Dots indicate micro-Winkler determina- 

tions (mean of three estimations). The broken line indieates the mean of such 

determinations and the continuous line the oxygen consumption as indicated 
by an oxygen electrode. A, Active phase; Q, quiescent phase. 






follows: 0-023 M potassium chloride; 0-002 
M magnesium sulphate; 0-00025 M adenosine 
triphosphate; 0-5 x 10-5 M cytochrome ¢ 
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Fig.. 2. Graph relating oxygen consumption per hour to temperature 
“ina specimen of Cardium edule. Dots and soli line indicate values for 
(othe active animal; dots and broken line indicate the quiescent phase. 
The Qis between 10° C and 20° C is indicated. Note the relative tem- 
“perature independence of the resting rate of oxygen consumption, 









xygen electrode, it is seen that instead of a gradual 
„increase in oxygen consumed with time, there is an 
rregular alternation between rapid oxygen consumption 
when the animal is actively pumping and a slower rate 
‘corresponding to quiescence. This result has been obtained 
‘atia wide variety of temperatures between 5° C and 30° C. 
“Inspection of Fig. 1 shows that the rapid rate (= acti- 
_vity) varies with temperature in much the same way as 
has been reported for direct observations on activity**. 
The oxygen consumption of the resting animals, however, 
does not vary greatly with temperature over the range 
7-5° C-20° C. Newell and Northeroft* have found a 
milar result in the following other intertidal animals: 
he anemone Actinia equina, the polychaete Nephthys 
hombergi; the winkle Littorina littorea and in the barnacle 
` Balanus balanoides*. Thus a graph relating respiration to 
temperature in these intertidal forms shows two lines, 
one representing activity which varies with temperature 
and one representing metabolism at rest which is relatively 
independent of temperature (Fig. 2). 











0-006 M succinate or 0-006 M pyruvate. — 


The results for succinate oxidation (which | - S 


were identical with those for. pyruvate oxidation) are. 
shown in Fig. 3. That is, there is a temperature range in- 
which the metabolism has a Qj) between 10° and 20° C of 
not more than 1-3, and this is followed by a region in whieh. 
the metabolism varies greatly with temperature. Further- 
more, the upper limit of the shallow slope appears to be- 
related to the maximum environmental temperature which - 
the animal is likely to encounter. In the skate, for example, 

10° C is probably the maximum temperature likely to: 
be met, whereas intertidal forms such as the anemone 

Actinia equina would encounter a temperature of about. 
17° C, while the mussel Mytilus edulis might be expected | 
to experience temperatures of about 20° C. Helix is rarely — 
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Fig. 3. Graphs relating the rate of oxidation of 0-006 M succinate by. 
mitochondria from various poikilotherms as a function of temper: 
Points indicate the mean of three Warburg vessels, Arrows. 
upper limit of the shallow slope. A, Raia; B, Ac O, 
Helix; E, Si 
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Big. 4. Graph relating the upper limit of the shallow gradient shown in 

Big. 3 (arrows) to estimated maximum environmental temperature to 

which each species is subject, (Data for mammal taken from Newell and 
Walkey, following communication.) 


exposed to direct sunlight but nevertheless must experi- 

ence temperatures of about 27°-30° C. Finally, the locust 

Schistocerca has an optimum environmental temperature 

< of 35° C, and this again coincides with the upper limit of 

-the shallow slope. Recent results (following communica- 

| tion) show that the rate of oxidation of succinate, pyruvate 

_. » and malate by mammalian mitochondria is also relatively 

=- Independent of temperature between 5° © and the 

= normal body temperature, the Qs between 10° C and 

20° C being less than 1-11. A graph may therefore be 

=- drawn relating the upper limit of the shallow slope with 

' the maximum environmental temperature to which the 
| tissues are normally subjected (Fig. 4). 

-= -Itis concluded that the oxygen uptake of invertebrates 

-ab rest reflects mitochondrial oxygen requirements and 

_ can be detected by the use of sufficiently rapid recording 

_ —  Inethods. Contrary to common belief, the metabolism of 

_ poikilotherms is largely independent of rapid fluctuations 

dn temperature (Qie of about 1-2-1-3) and the range in 

| which such independence occurs is related to the environ- 

~ Mental temperatures to which the poikilotherm is sub- 

-~ jected. Whether this relationship restricts the animals to 

_- particular environmental temperature ranges or whether 

it is imposed by the environmental temperature is at 

-present being investigated. 
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Oxidative Activity of Mammalian Liver 
_ Mitochondria as a Function of Temperature 


Exsewnere Newell and Northcroft! have reported 
hat short term changes in environmental temperature 
ad little effect on the rate of oxygen consumption at rest 
by a variety of marine invertebrates. 
_ Tt was not known whether this temperature independ- 
-ence occurred in other animals, nor was it known whether 
`: such an effect was dependent on the integrity of the 
organism. We have therefore studied the effect of tem- 
perature on the rate of oxidation of malate, succinate and 
pyruvate by isolated mammalian mitochondria to de- 
termine whether metabolism independent of temperature 
occurs in mammals and whether such independence 
ean be demonstrated in sub-cellular homogenates. 















_ rabbit by the method 
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ated from the liver of cow anc 
of Hodgeboom, Schneider and 
Palade? and were suspended in 0-88 M sucrose. A portion 
of the mitochondrial pellet was retained for the preparation 
of electron micrographs. 0-75 ml. of cold mitochondrial 
suspension was then pipetted into a Warburg flask 
together with 0-75 ml. of a mixture of potassium chloride, 
magnesium sulphate, adenosine triphosphate, cytochrome 
c, and phosphate buffer plus succinate, pyruvate or 
malate. (The final concentrations in 1-5 ml. Warburg 
fluid were: 0-023 M potassium chloride; 0-0025 M mag- 
nesium sulphate; 0-00025 M adenosine triphosphate; 
0-5 x 10-5 M cytochrome c; 0-006 M succinate or 0-006 M 
pyruvate or 0-0005 M malate; the pH being 7-4.) 

Measurements of the rate of oxidation of the substrates 
were made at a wide variety of temperatures between 
5° C and 45°C for periods up to 1 h. As shown in Fig. 
1, the rate of oxidation of succinate, pyruvate and 
malate by cow liver mitochondria varied only slightly 
with temperature in the range 5° C-35°C, the Qiu 
between 10° C and 20° C for succinate oxidation being 
1-06, for pyruvate 1-02 and for malate 1-11. Above 35° C, 
however, the rate of oxidation increased very rapidly. 

A similar result was obtained with mitochondria 
isolated from rabbit liver. Again, measurements were 
made over the range 5° C-45° C. The results are expressed 
in Fig. 2. As will be seen, in the range 5°-40° C the 
Qio between 10° C and 20° C for succinate oxidation was 
1-07, for pyruvate 1-08 and for malate 1:05. Above 40° C 
the rate increased sharply. Presumably, this rapid increase 
preceded thermal damage to the system, and in the case 
of succinate there was a sharp decline in oxidative activity 
at 45° C. 

The results reported here show that the rate of meta- 
bolism of mammalian mitochondria is relatively inde- 
pendent of temperature change in the range 5°C to 
about 35° C. This suggests that despite large reductions 
in body temperature, as, for example, would occur in a 
hibernating mammal, the reaction velocities of the meta- 
bolic processes would be relatively unaffected and still 
proceed in an integrated manner. 

It will be noted from Figs. 1 and 2, however, that the 
upper limit of the shallow slope is probably only marginally 
above the normal body temperature of the mammal 
(indicated by an arrow in Figs. 1 and 2). For a cow, the 
body temperature is 36-7° C-41-0° C, and for a rabbit it is 
38-8° C (ref. 3). Thus even a small rise in the body tem- 
perature will cause a rapid rise in metabolic rate with 
probable disruption of the co-ordinated sequence of 
metabolic processes. 

The mechanism by which mitochondrial activity is 
maintained at a relatively constant rate despite tem- 
perature fluctuation is at present unknown. The low Qio 
of the slope between 10° C and 20° © (1-02-1-11) suggests 
that the rate of metabolism may be determined by a 
physical phenomenon such as the rate of supply of sub- 
strate rather than a chemical phenomenon. Physical 
processes are less influenced by temperature change than 
are chemical processes‘ which would have a Q, of 2 or 
more. That the rate of supply of some essential component 
from outside the mitochondria to the enzyme system 
located on the mitochondrial membrane is limiting the 
rate of reaction is supported by the data of Van den Bergh 
and Slater’. They found that sonic disruption of the outer 
membrane of mitochondria from flight muscle of the 
housefly led to an increased oxidation of a number of 
Krebs cycle intermediates. This suggests that the essential 
component, the access of which to the inside of the intact, 
mitochondrion was determined by a physical phenomenon; 
has in the disrupted mitochondrion, free access to the 
inner mitochondrial membrane so that the rate of reaction 
would approach its chemical equilibrium value. We are 
at present investigating the effect of temperature on the 
rate of oxidation of substrate by such mitochondrial 
fragments to determine whether, indeed, the curve is 
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Fig. 2. Rate of oxidation of: A, pyruvate (Qis = 





_ similar to that expected for a chemical process, namely, 
-witha Qi of 2 or more. : 
o R. C NEWELL 
M. WALKEY 
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Queen Mary College, 
- University of London. 
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‘Relative Influence of Three Gastro-intestinal 

‘Nematodes of Cattle on the Concentrations 

of Haemoglobin and Serum Protein in the 
Host 


_ Pure infections of three species of gastro-intestinal 
> nematodes have recently been established in this labora- 
‘tory in worm-free calves, which were fed chaffed lucerne 
hay and infected when 3-4 months old. Seven calves 
each received a single oral dose of 50,000 infective larvae of 
 Haemonchus placei, ten calves each an oral dose of 7,500 
‘larvae of Oesophagostomum radiatum, and seven were each 
exposed to percutaneous infection by 10,000 larvae of 
` Bumostomum phlebotomum. A. further seven worm-free 
_ galves were each subjected to daily phlebotomy for periods 
. of eight to fourteen weeks to induce a state of chronic 
anaemia due to haemorrhage. A volume of blood varying 
mS ma 200 +0 500 ml. was removed each day from the jugular 
n ‘The concentrations of blood haemoglobin and total 
rin protein were determined weekly in all calves 
S throughout the treatments. 

















-Repetitive phlebotomy and each of the experimental. 


; helrpinthonos invariably decreased the concentrations of 


20 
Temperature (°C) : 
Fig. 1. Rate of oxidation of: A, pyruvate (Qi. = 1:02); B, succinate (Qi. = 1:06); C, malate (Qi = 1:11) by cow liver mitochondria, 


Temperature (°C) 
1-08); B, succinate (Qi = 1-07); C, malate (Qu = 1- 05) by rabbit liver mitochondria, 
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these blood components. Results of each treatment: were | o 
pooled. and haemoglobin concentrations were plotted - 
against the corresponding total serum protein concentra- 
tions: A nearly linear relationship was evident for each _ 


- treatment (Fig. 1). The line of best fit was always derived __ 
by the method of least squares. In each ease calculation of 


correlation coefficients showed a significant correlation 


between haemoglobin concentrations and total serum 


protein concentrations. The regression equations and ` 
correlation coefficients are given in Table 1. 


The regression lines indicate that for a given fall a S - 


haemoglobin concentration, the relative severity of the 


decline in serum protein concentration followed the: : 












order, O: radiatum infection > B. phlebotomuminfection > 
H. placet infection > jugular ‘phlebotomy. The caus of 
hypoproteinaemia occurring in parasitic gastro-enteritis 
of cattle is thought to be partly gastro-intostinal loss 
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Fig. 1. Plot of concentrations of haemoglobin and total: serum | "protei 

recorded weekly from seven calves following experimental. infec 

the hookworm B. re an he regression ne fitted to the 
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‘Table 1. RELATIONSHIPS BETWEEN THE CONCENTRATIONS OF HAEMOGLOBIN | 


AND. TOTAL SERUM PROTEIN IN ‘PARASITIZED AND BLED CALVES 








No. of No. of Regression Correlation 
; Treatment calves samples equation coefficient 
Daily phlebotomy 7 108 y=3-824+6-222* ORI 
< place? infection 7 112 u=3-54 + 0-262 075 
B: phlebotomum infection 7 98 ¥= 2-33 + 0-39x 0-86 
0. radiatum infection 10 140 v= 1-63 + 0-452 O77 


* Where z = haemoglobin 2/100 ml. and y = total serum protein g/100 ml. 


























of plasma through the diseased mucosa’. The volume 
per cent of red cells in blood from the mucosal capillaries 
is considerably less than that in jugular blood‘, and simple 
haemorrhage from gut wall capillaries could cause much 
greater plasma loss per unit of blood volume than would 
follow jugular phlebotomy. This could explain the 
differences between the slopes of the regression lines for 
the calves infected with blood-sucking worms and those 
bled from the jugular vein. Similarly, the differences in 
slope between helminth species could be due to different 
amounts of plasma relative to erythrocytes being lost 
through gut lesions. The differential effects on serum 
protein and haemoglobin concentrations found in this 
study could also reflect species differences with respect to 
site of parasitism, feeding mechanism of the helminth, 
nature of lesions induced, and systemic response of the 
host. 

K. C. BREMNER 


Division of Animal Health, 
 CBLR.O. Veterinary Parasitology Laboratory, 
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Mechanism by which Cells estimate 
their Location within the Body 


<: The question of how cells estimate their location within 
_the body is closely related to that of why cells of a develop- 
‘ing organism become differentiated. All cells within an 
organism have the same genetic equipment. Therefore, 
those which (according to their location) have to form a 
particular organ need some special information which 
others do not get. We are now investigating the mechanism 
Anvolved, using distinct cuticular structures in the 
abdominal segments of the pupa of Galleria mellonella. 

A previous investigation showed that the scale patterns 
in Galleria’ and the ripple patterns in Rhodnius? are 
oriented by a concentration gradient of an unknown 

. > diffusible substance?. The substance seems to be produced 
at one margin of the segment and destroyed at the other*. 
. The- substance probably diffuses through the epidermal 
: cells along a concentration gradient. 
“The last four abdominal segments of the pupa of 
Galleria are divided axially into three parts with different 
uticular structures while the segments of the larva are 
not subdivided. This feature could be used to determine 
hether the postulated concentration gradient is the mean 
by which the partition is determined. The structure most 
favourable for this investigation is a narrow transverse 
ib of thicker cuticle (Fig. 1). If its location is determined 
_ by one concentration only, all cells with the correspond- 
_ ing concentration should form this rib even if they are 
_ located in some part of the segment which normally never 
forms one. 

To move the concentration, corresponding to a rib, 
to some other part of the segment, pieces of skin were 
rotated in the larvae by 180°. We calculated approxim- 
ately the site of the concentration corresponding to the 
rib. In the undisturbed segment the lines of equal 
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Fig. 1. Fifth abdominal segment of the pupa. The vertical dark 
structure is the dorsal midline, The narrow horizontal line is the rib 
in question; top, anterior, 
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Fig. 2. Fig. 3. 
Fig. 2. Construction of the isomixes after rotation of a piece of skin by 
180°. Unbroken line (No. 9): the isomixe which corresponds to the rib, 
(a) located in the middie of the cut piece, (b) located in the posterior part 
of the cut piece (before rotation). 
Fig. 3. Rib formation after rotation by 180°. 


concentration (isomixes) are supposed to be parallel to the 
segment margins. After rotation of a piece of skin they 
form the pattern shown in Fig. 2 (ref. 3). The shape of the 
isomixe corresponding to a rib now depends on its original 
location in relation to the rotated piece. If it was located 
in the middle of the cut piece it takes the shape of the 
unbroken line in Fig. 2a. If it was located in the original 
posterior part of the piece (that is, if the piece has been 
cut more anteriorly) it resembles the unbroken line in 
Fig. 2b. If it was located in the original anterior part its 
pattern is the opposite of Fig. 2b, with a posterior circle 
and an anterior bent line. 

Our experiments were carried out on last instar larvae. 
Pieces of skin from the region of the presumptive rib 
(marked by a bristle in larvae and pupae) were cut out 
and rotated in the three ways mentioned. Fig. 3 shows two 
examples of the results obtained. The example shown in 
Fig. 3a had the presumptive rib in the middle of thé 
rotated piece. The rib could be expected to resemble the 
unbroken line in Fig. 2a, In the transplant region, three 
ribs can be seen as predicted: one bent rib anterior to the 
normal rib region, another bent rib posterior to it and a 
third rib (which is not quite as straight as expected) in 
the normal rib region. In Fig. 3b the presumptive rib was 
in the original posterior part of the cut piece. Thus, the rib 
pattern is expected to resemble the unbroken line in Fig. 
2b. Apart from the derangement on the left side of the 
pattern, the anterior circular rib and the posterior bent 
rib can easily be recognized. Of sixty larvae operated on, 
forty-nine survived but in twenty-eight the transplant 
turned black and could not be used to study the rib 
pattern. One case showed one large circular rib instead 
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a cirdalar rib and a bent rib. All the other cases yielded 
© expected results except that one rib pattern resembled 
© pattern in Fig. 26 rather than that of Fig. 2a though 
the presumptive rib had been in the middle of the rotated 
piece. 

r The control experiments in which a skin picce was cut 
-but allowed to heal in its normal position show that the 
“yegeneration processes induced by the wound margins 
can have some influence on the shape and location of the 
= rib. Some of them result in ribs with somewhat irregular 
deviations from-the normal straight line. Fig. 4 shows the 
most irregular which we found. Thus, after rotation, 
the pattern realized can be expected to deviate from the 
= predicted pattern to the same degree. Nevertheless, the 
| essential correspondence between the shape of the rib 
and the construction of the corresponding isomixe can 
-tlearly be seen. 





Fig. 4. Control experiment in which a piece of skin was cut but not 
rotated, 


It can thus be coneluded that a specifie concentra- 

tion of the gradient substance is responsible for the cell 
< forming a rib. The concentration gradient, the existence 
_ sof which is confirmed by these results, obviously has two 
=- functions: (1) to orient the scales by its direction, (2) to 
| supply the cells by its absolute values (or ranges of concen- 
-o tration) with the necessary information “about their 
_- distance from the segment margins and to induce the 
< corresponding cuticular structures. 
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Role of Light Energy in the Initiation and 
Development of Tetrasporangia on Cultured 
Specimens of a Red Algal Species 


i ‘Tre tetrasporophyte is the only known phase in the life- 
chistory of many species of red algae, and no information 
‘is available about the nature of the phase to which the 
tetraspores give rise on germination. Until this informa- 
tion is obtained, and until there are detailed descriptions 
.0f the development and characteristics of the mature 
_ earposporophyte, the classification of the Rhodophyta 
oo must remain unsatisfactory. It is therefore necessary to 
follow the development of the spores from their release 
until maturity. 

_ The lack of information at present available reflects 
the difficulty of attempts to follow the course of spore 

germination under natural conditions on the shore. It is 
~ preferable to study the behaviour of the algae in uni-algal 
~eulture. Normally, however, investigations of this nature 
are hampered by the periodicity of sporulation of natural 
© populations, and the difficulty of obtaining material in a 

- suitable physiological condition. In order to overcome 
=- these difficulties, I have attempted to induce the pro- 

“duction of sporangia by specimens of Riodochorton 

‘purpureum (Lightf.) Rosenvinge which, at collection, had 

no tetrasporangia or tetrasporangial primordia. 
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Portions of the golleeted. specimens were placed in 
culture flasks containing natural aged sea water which 


had been filter sterilized before use and supplemented _ Le 
with a medium described as HS medium by Provasolit. 


The flasks were then arranged in a refrigerated cabinet, 


at a constant temperature of 5°C in such a manner as). 


to receive a light energy intensity in the range 1-100 = 
ergs/sec/mm? and in the waveband 380-720 my. The ae 
period of illumination was 8 h in twenty-four. os 
The specimens exposed to light energy intensity from 
1-5 ergs/sec/mm? subsequently produced sporangia f 
the type typical of the species. A cytological examination 
of these sporangia revealed that meiotic division oce 
during the formation of the tetraspores so that they, 
the spores of Rhodochorton floridulum?, are haploid 
relation to the tetrasporophyte. The haploid number 
chromosomes is approximately ten. In cultures receiving 
light energy intensity in the region of 40 ergs/sec/mm?, 





sporangia were not produced, and if fruiting specimens a 
were transferred from areas receiving energies of 


1-5 ergs/sec/mm? and exposed to higher energies, de- — 
generation of the sporangia and spores followed rapidly. . 
On the other hand, vegetative growth (cells/filament/day) 
was much more vigorous at higher than at lower inten- 
sities, although there was evidence of light saturation at. > 
energy intensities greater than 50 ergs/sec/mm?; in cul- 
tures receiving 100 ergs/sec/mm? there was considerable: 
apical damage and yellowing of the chromatophores. 
These preliminary results suggest that very low light 


energy intensities, amounting to only a fraction of those. - 
on the shore, are sufficient for the initiation and develop- 


ment of the tetrasporangia of R. purpureum, but that — 
comparatively high light energy intensities are required _ 
for vigorous vegetative growth. It is not yet clear to — 
what extent the specimens are conditioned, and the ~ 
subsequent behaviour of the cultures influenced, by their _ 
previous biological history. More detailed experiments. 


are in progress to elucidate this and other problems. _ 


and to determine with greater accuracy the absolute: 
limits of energy intensity above and below which sporula- n 
tion will not oceur. 


These results are of interest not only because this 


appears to be the first successful attempt to induce 


sporangial formation in a cultured red algae, but also — 


because sporulation was induced during the summer when 
sporangia are scarce or totally absent in natural popula- a 
tions. : 


F. W. Kwaces o | 
Department of Botany, 
University of Nottingham. 
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Arbovirus Antibodies in Avian Sera — 
SeveraL arboviruses are known to infect wild and 


domestic birds and the possibility that migratory birds 


may act as disseminators of arboviruses has been investi- 
gated in America and Asia!?, During the spring of 1965; 
samples of blood were collected by members of the West 
Sahara Ornithological Expedition from birds netted at: 
the Defilia Oasis, near Figuig, Morocco. They were 
transported to London in wet ice and examined for neutral- 
izing antibodies against. African arboviruses by plaque ` 
inhibition (bead) tests performed in monolayer cultures of 
chick embryo cells*. The results of these tests are given 
in Table 1. Ninety-one sera were tested against Sindbi 
and Chikungunya virus; decreasing numbers, due to th 
extinction of some samples, were tested against Buny: 
wera, Middelburg and O’nyong-nyong viruses. Sora 
four swallows Hirundo rustica were positive when 
against Sindbis virus, and seven. sera, from fiv 
and two spartomi Pazor Tepes a anc 
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ticus, gave positive results against ‘Chikungunya virus. 
One female H. rustica had antibodies against both these 
viruses. One sample of serum gave a positive result and 
one a. doubtfully positive result against Bunyamwera 
virus; both these specimens came from female swallows. 
Middelburg and O’nyong-nyong antibody tests gave only 
negative results. 


Table 1. RESULTS or PLAQUE INHIBITION TESTS ON AVIAN SERA 


Total Results* 
Species Sex in 
group Sind. Chik. Bun. Midd. O’n.n 
< Passer hispaniolensis M 28 0/28 1/28 0/22 O/17 0/11 
ga ” F 15 0/15 0/15 0/10 0/6 0/4 
i F 13 0/13 0/13 o/11 0/6 0/3 
Or domesticus 
Passer domesticus M 1 0/1 1/1 -= — = 
: : Hirundo rustica M 7 2/7 1/7 0/6 0/6 0/3 
Ro p H F 25 2/25 4/25 2/19} 0/13 0/6 
< Lanius senator M 1 oi 0/1 — — — 
EELE a F 1 oji oi aw — — 
: Totals 91 4/91 7/91 2/68} 0/48 0/27 


cae * Number of sera giving ponitive plaque inhibition test/number of sera 
. tested. Sind., Sindbis; Chik., Chikungunya; Bun., Bunyamwera; Midd., 


; Middelburg; O'n.n., O'nyong-nyong viruses, 


-o f Includes one doubtfully positive result. 


Swallows are migrant birds which spend the northern 
` winter in southern Africa. Sparrows move locally in 
:::Moroeco but do not cross the Sahara. Both Sindbis and 
- Chikungunya viruses have been isolated in South and East 
Africa, and the swallows with antibodies to these viruses 
-may have acquired their infections before starting their 
migration. Once neutralizing antibodies have appeared, 
the possibility that a bird may act as a source of infection 
‘appears to be remote unless some mechanism which 
disturbs the normal relationship between virus and anti- 
body in the host comes into operation. It is possible that 
migration imposes physiological stresses which could 
reactivate a latent virus infection!. Long-term persistence 
_of virus infection in experimentally infected wild birds 
has been demonstrated‘ and, more recently, cortisone has 
been shown to prolong and increase the level of viraemia in 
domestice chickens infected with arboviruses in the labora- 


— tory®. The isolation of virus from chickens already possess- 


_ ing neutralizing antibodies has been achieved by cultivat- 
-ing organs from experimentally infected birds’. The 
isolation of these African viruses from a naturally infected 
wild migrant bird has yet to be demonstrated. 
This work was supported by a grant from the World 
Health Organization. 
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Esterase Changes during the Activation 
of Pupal Brains of the Saturniid Moth, 
ee Hyalophora cecropia 

_ Tex traditional method of determining whether an endo- 


_-erine gland in an insect is active or inactive is to see 


whether it produces a hormonal effect when it is trans- 
planted into a suitable test insect. An alternative is to 
inject the insect with some labelled compound in order to 
detect differences between the metabolism of the active 
and inactive glands'. The work described in the present 
communication uses a third method: comparing zymo- 
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grams of active and inactive endocrine glands. The 
endocrine organ used was the brain of the cecropia silk- 
worm. Insect brains secrete an agent called “brain 
hormone” which activates the prothoracic glands and 
causes the insect to moult. In the cecropia silkworm the 
brain ceases to secrete this prothoracotrophic hormone 
immediately after pupation, and the pupa enters diapause. 
The brain can be re-activated by exposing the pupa to 
temperatures between 5°C and 10°C for two or more 
months. Within a few days after they are returned to 
room temperature the brains of such previously chilled 
pupae start to secrete brain hormone; the prothoracic 
glands become activated; and diapause is terminated by 
the initiation of adult development®. This communication 
describes esterase differences between the zymograms of 
inactive and active brains. 

Brains were extirpated from unchilled diapausing 
pupae, previously chilled pupae, developing adults and 
adults of Hyalophora cecropia. The brains, each of which 
weighed about 2 mg wet weight, were frozen at —10° C 
on 1 cm squares of Whatman No. 1 filter paper. The 
brains were thawed and refrozen twice, and were later 
squashed on to the filter paper with a glass rod. The 
proteins in the squashed brains were separated by electro- 
phoresis. Gels were prepared from hydrolysed starch. 
(Connaught Medical Research Laboratories) and exposed 
to 5 V/em for 2-5 hours?. The gels were then sliced in 
two: one half was stained for esterases with fast blue 
ER using «-naphthyl acetate as substrate, and the other 
half was stained for protein with buffalo blue black‘. 
The procedure was sensitive enough to detect the esterase 
bands discussed here in half a brain. 

Zymograms of more than seventy individual brains 
were examined. The protein pattern of all the brains 
tested appeared identical; however, the esterase 
pattern showed differences. Table 1 summarizes the 


ESTERASE CHANGES DURING THE ACTIVATION OF PUPAL BRAINS 
OF H. cecropia 


Table 1. 


Number of animals with specific 


Stage of development esterase patterns 











One Two Three 
band bands bands 
+ + 
CTT (UIR 
IAH, UH 
TN 
Origin- Origin 
Unchilled diapausing pupae 13 1 0 
Pupae, just removed from cold 14 4 0 
Pupae, one day out of cold 0 3 0 
Pupae, two days out of cold 0 3 0 
1st day of adult development 0 8 0 
2nd day of adult development 1 9 0 
8rd day of adult development 0 4 0 
4th day of adult development 0 3 0 
6th day of adult development 0 3 0 
8th day of adult development 0 3 0 
Adults, one day after emergence 0 0 3 


Brains were frozen, squashed on filter paper squares, inserted in starch gels, 
and exposed to 5 V/em for 2-5 h. Gels were then stained for esterases. 


results. Brains of unchilled diapausing pupae which are 
endocrinologically inactive had a single distinct esterase 
band migrating positively. The same single esterase band 
was found in brains of chilled pupae immediately after 
their removal from 6° C. Although such previously chilled 
brains have been “activated” by exposure to low tem- _ 
peratures, they do not generally secrete brain hormone 
until they have been returned to 25° C for a period of 
time. On the other hand, brains from chilled pupae which 
were at 25° C for one day or longer, and are therefore 
endocrinologically active, and brains from a few pupae 
shortly after removal from 6° C had a slow positively 
migrating esterase band in addition to the fast band 
















19,5060 OCTOBER 22, 1966 


aracteristic of brains of diapausing pupae. The esterase 
vity of both these bands was inhibited by 10-* molar 
erine but not by 10-° molar eserine. Thus, brains which 
are known to be active as endocrine organs have an 
esterase pattern which is different from that of inactive 
_ brains from diapausing pupae. Brains from previously 
chilled pupae just after their removal from the cold are 
“in a state of transition, and may show either esterase 
pattern. 
The brains of adults had three esterase bands, two of 
which migrated to the same extent as the two bands 
found in active pupal brains. The third adult esterase 
~ band was slower than the other two. 

© The esterase changes which we observed in the brain 

avere not due to contamination by the haemolymph, as 
_ the haemolymph had a different esterase pattern. Exam- 
: ination. of zymograms of suboesophageal and abdominal 
- ganglia indicated that the particular esterase changes 
-which occurred in the brain were not characteristic of the 
_ entire nervous system. We found no differences between 
_ the esterase patterns of brains of males and females, or 
- between wounded and unwounded animals’. 

It is not known whether the esterase pattern of active 
“pupal brains is the result of a change in the neurosecretory 
cells or in some other cells. No attempt was made to 

localize the site of this enzymatic change in the brain, 
or to assess its physiological significance. (For example, 
_ we do not know whether the esterase which occurs only 
“in active brains is the cholinesterase which Van der Kloot? 
found associated with the reappearance of electrical 
activity in cecropia brains when diapause was terminated.) 
We think that the enzyme change found on starch gel 
electrophoresis is simply a marker which enables us to 
distinguish an endocrinologically active brain from an 
“inactive brain without conducting a biological assay. 
The method may prove useful as an adjunct to the 
‘traditional method of endocrine transplantation, and 
“<ghould be applicable to other endocrine organs. 
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MICROBIOLOGY 


Shigella flexneri F6S Strains with Acquired 
Sensitivities to the T Phages after Infection 
by Lisbonne Phages 


Paaces from the lysogenic bacillus of Lisbonne (referred 
to as a whole as L phages) H-F6S, H-Sh, PIKevir, H+ 
and V lyse Shigella flexneri F6S (refs. 1-3). H-F6S, 
t H-Sh and PlKevir are closely related’. Among the T 
hages, only T2 and T6 lyse F6S; T4 sometimes forms 
a small number of plaques on F69 (1 in 10° or fewer). 

- Five hour stationary cultures of F6S in LB incubated 
‘at 37° C were infected in the same medium with H-F6S, 
H-Sh or PI Kevir at multiplicities of about fifty infecting 
particles per cell, plated after appropriate dilutions on LA 
agar and incubated overnight at 37° C (ref. 4). Only 1 
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out of 10? to 10° of the infected cells was able to form 
a colony. Mottled colonies were discarded. 
colonies with regular edges were taken, and these were 


isolated several times to exclude the infecting phage, then ` 


tested for identity by slide agglutination and carbo- 
hydrate fermentations. These F6S strains were examined 
for sensitivity to the L and T phages either by cross 
streaking or by spot tests on LA agar. The tests were 
always performed with stationary LB cultures incubated 
overnight at 37° C. Those strains were seldom resistant — 
to the infecting phage alone; they showed various patterns 
of resistance and sensitivity to the L phages and many o! 
them had acquired new sensitivities to T phages, while 
those to T2 and T6 were never lost. These results are- 
summarized in Table 1. ere 

No modification of sensitivity to T phages was observed _ 
when infection of the 5 h cultures took place in a non=- 


nutrient medium of convenient ionic strength, before = ae 
plating on LA agar®-*. Infection of a 1 h culture under 


the same conditions gave some incompletely modified 
strains. Lowering the multiplicity of infection, even when 
infection took place in nutrient medium, decreased the 
number and importance of the modifications: Tl and. 
T5 formed only a few plaques on some strains isolated 
from cultures infected with one phage per cell. 
After ultra-violet irradiation (survival 10-*-10-) some 
colonies were isolated which were sensitive to T1 or T 
or to both. Those strains grew very poorly, while those 
isolated after phage infection grew normally. The rare. 
modifications induced by ultra-violet were rather un~ 
stable; after some subcultures they were frequently lost. 
An overnight F6S culture in LB incubated at 37° C: 
and tested at 45° C for H-Sh, H-F6S, PIKevir nå T. 
phages was lysed by the three L phages, T2, T6 and T5, 
while T1 only gave an incomplete lysis or an inhibition. 
When F6S was incubated at 45° C before testing for 
phage sensitivity at the same temperature, the results 
were the same for T1 and T5 and, in addition, the culture. 
was lysed by T'4. Subculturing at 37° C restored to F6S 
its original resistance to T1 T5 and T4. A very old 
culture of F6S (incubated for 1 month at 37° C) was 
lysed by T4 and T5 at 37° C and by T1 T5, T4 at 45° ©. 
F6R, a spontaneous R mutant of F’6S, was lysed by the 
L phages and by T1 T5, T2 T6, and TT. Phage T3 formed 
only a few plaques on that strain and T4 none®. : 
An F6S mutant, isolated after infection of F6S by 
H-Sh, which had retained its sensitivity to H-Sh and 
acquired sensitivity to T1 and T5, was reinfected with 


H-Sh. Sixty colonies isolated before infection as controls > 
had the sensitivity pattern of the parent strain, while one 
colony among forty isolated after H-Sh reinfection was 
This finding needs — 


sensitive to the seven T phages. 

statistical confirmation, but it nevertheless suggests that 

complete modification could be a stepwise process. he 
Shigella sonnei phase II sensitive to H-Sh, T2 16,73 


T4 T7, was infected with H-Sh; among the isolated — Pe 


colonies, fourteen were resistant to H-Sh, five to H-Sh, 


T3 T4 T7, and ten, which had low sensitivity to H-Sh, 


were resistant to T'7 (ref. 7). 
As T1 15, T3 T4 T7 do not adsorb on to Shigella 
flexneri F6S, it was shown that the receptors for those 
phages could not be extracted from the 6S cells. This 
shows that the acquisition of new sensitivities to T phages 
is dependent on the synthesis de novo of the corresponding 
receptors and is not a matter of their demasking, resulting 
from the loss of one or more antigens. Receptors for T5 
T3 T4 T7 were extracted from strain F39, while that of 
H-Sh was not; this strain, isolated after H-F6S infection, 
is sensitive to the seven T phages and resistant to H-Sh 
(ref. 8). E 
From these observations it appears that the F6S mutant: 
isolated after H-F6S, H-Sh or PI Kevir infection fi 
quently remain sensitive to the infecting phage. This e 
be explained by the inhibition of lysis as a resul 
high multiplicities of infection which were generally u 
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The absence of — or + means that various and non-systematized patterns of resistances and sensitivities were observed, 


There is no apparent linkage between the pattern of 
resistances to the L phages and that of acquired sensi- 
_ tivities to the T phages, but there appears to be a corre- 
__ lation between infection with L phages and the acquisition 
_ of new sensitivities to T phages. These seem to be acquired 
= Yn_a. definite order, as indicated by the experience of 
reinfection and by the fact that sensitivities to T3 T4 T7 
nover appear in strains which are not sensitive to T1 T5. 
Shigella sonnei phase II, which is sensitive to T3 T4 TT, 
- does not acquire sensitivity to T1 T5 after H-Sh infection, 
= which also tends to confirm this hypothesis. It is not 
= ¢lear why this strain becomes resistant to T3 T4 T7 
. after H-Sh infection. Nevertheless, it confirms that 
| HoSh may induce, in cells which are able to overcome 
_ infection, deep modifications in their capacity to syn- 
thesize receptors for T' phages. An active participation 
of phages H-F6S, H-Sh or PI Kewir to the acquisition of 
- flew. sensitivities to T phages is probable, since lowering the 
multiplicity of infection reduces the number and import- 
ance of the modifications; and the nature of the infecting 
_ phage influences the pattern of sensitivities and resistances 
< to the T and L phages (see Table 1). Spontaneous and 
© ultra-violet mutants are rare and incompletely modified. 
» Changes in environmental conditions (incubation at 45° C 
_ instead of 37° C or ageing of the tested culture) enable 
_ £68 cells to produce some T phage receptors but not all. 
Complete acquisition of T receptors is obtained after 
< H-F6S, H-Sh or PI Kevir infection. Mukai has shown 
_ that strains derived from Escherichia coli strain 15 became 
sensitive to every T phage at the same time as they 
_ beeame resistant to colicin, while the parental strains 
sensitive to colicin were lysed only by T2 (ref. 10). Such 
i linkage between colicin sensitivity and the new syn- 
thesis of T phage receptors has still to be shown for the 
ase of the acquisition of new sensitivities by F6S. The 
imination of an unknown prophage, resulting in the 
pening of the metabolic pathways necessary for the 
thesis of T phage receptors, should also be taken into 
naideration. 
hat no modified. F6S could be obtained when the cells 
not metabolize or metabolized only poorly at the 
of infection, suggests that modifications cannot 
establish themselves when some early steps of phage 
reproduction are delayed. It is not unlikely that many 
factors, including phage infection. and the physiological 
conditions of the cells at the time of infection, must 
= co-operate for the acquisition by Shigella flexneri F6S of 
‘the capacity to synthesize all T phage receptors. The 
grouping of the acquisitions is in agreement with what is 
known of the chemical nature of the T phage receptors, 
those of T3 T4 T7 being lipopolysaccharides, while that 
of T5 is a lipoprotein coating a lipopolysaccharidic core, 






































and those of T2 and T6 (which are not affected) are 
lipoproteins?:*.11, i 
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An Unusual Amino Sugar Derivative from the 
Cell Wall of Penicillium notatum 


During the course of an investigation into the chemistry 
of the cell wall of Penicillium notatum an unusual amino 
sugar was detected in acid hydrolysates of the walls. It 
was present in only small amounts, but was easily visible 
by paper chromatography. The material was isolated 
from a 4 normal hydrochloric acid hydrolysate (carried, 
out at 100° C for 24 h) and was purified by elution from 
Whatman 3 MM paper using solvent system B. It gave 
a positive reaction with the silver nitrate’, aniline phos- 
phate’, ninhydrin and Elson—Morgan® sprays, suggesting: 
that the compound is probably a 2-deoxy, 2-amino sugar. | 

Details of chromatographic mobilities of the compound 
are given in Table 1. Electrophoresis of the unknown. 
amino sugar together with samples of authentic muramic 
acid and glucosamine at a series of pH values from %0 to 
8-6 showed that the unknown compound had a similar 
mobility to that of glucosamine at all pH values, indicating 
that the compound has only a single ionizable amino 
group. 

Amino sugars can also be distinguished by their: 
behaviour in the Elson-Morgan reaction’, The amino 
sugar from Penicillium notatum gave a positive Elson— 
Morgan reaction with a spectral absorption curve exactly 
like that given by glucosamine under the same con- 
ditions. The peak was at 540 my, while that of muramic 
acid was at 505 mu, indicating that the compound is not a 
3-substituted, 2-deoxy, 2-amino sugar‘. 
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‘able 1, CHROMATOGRAPHIC DATA oy THE AMINO SVGAR FROM Penicillium 
ee notatum 


Solvent Solvent Solvent Solvent 
B C D* 
O7 0-7 10 - 
0-7 0-7 10 0.85 
_ N-Acety] glucosamine 1-85 17 - - 
| N-Acetyl galactosamine 12 1:35 - - 
Muramic acid 7 1-4 1:9 0-95 
Amino sugar from Penicillium 
notatum 14 1-65 1:8 - 
N-acetylation product 1:95 32 - - 
Acid hydrolysis product 
(2 normal hydrochloric acid, 
100° C, 2 h) 07 07 - 1-0 


Solvent 4, n-butanol : pyridine : water—6: 4: 3. Solvent B, n-butanol : 
< acetic acid : water—4:1:5, Solvent C, t-amyl alcohol : formic acid: water-— 
4:1:2, Solvent Ð, ethyl acetate : pyridine : water—12 : 5:4. 
“Values given for solvents A, B and C are R glucose values, 
* Values given for solvent D are R glucosamine values. 
Ratios quoted for solvents are volume to volume ratios. 


<$ Ninhydrin oxidation of the compound gave a positive 
_ spot with silver nitrate in solvent system # with a much 
higher R glucose value than any of the four pentoses. 
N-Acetylation of the amino sugar with acetic anhydride 
“and sodium bicarbonate gave a product which was positive 
to all the previous chromatography sprays with the 
exception of ninhydrin. The free amino sugar can be 
hydrolysed with 2 normal HCl at 100°C for 3 h to a 
product which is chromatographically identical with 
glucosamine in all of the solvent systems. N-Acetylation 
of the hydrolysis product yields N-acetylglucosamine 
-sehromatographically identical with authentic N-acetyl- 
glucosamine. The amino sugar isolated from the cell wall 
of Penicillium notatum therefore appears to be a derivative 
of glucosamine which is capable of being hydrolysed by 
seid. 


<: Table 2. CHROMATOGRAPHIC DATA ON NINHYDRIN OXIDATION PRODUCTS 


Unchanged Ninhydrin 
material oxidized 

Glucosamine 0-55 1-9 
Galactosamine 0-50 15 
Amino sugar from 

P. notatum 17 5-6 
Arabinose 15 =- 
Lyxose 19 - 


Solvent, n-butanol : ethanol : water—4 : 1 : 1 (volume/volume}, 
Values quoted are R glucose values. 


The acid lability of the compound is responsible for the 
observation that it only appears in noticeable amounts on 
a paper chromatogram during a period from about 20-24 h 
< of a 4 normal hydrochloric acid hydrolysis of cell walls. 
- The N-acetylation product of the amino sugar isolated 
from cell walls is apparently quite stable to 0-1 normal 
< sodium hydroxide at 55° C for 1 h, as the product of such 
alkali treatment appears to have an unchanged Ry value 
in solvent systems A and B, indicating that the substituent 
on the glucosamine molecule is relatively stable to alkali. 
_ By analogy with the structure of cell walls of Staphylococ- 
= cus aureus? an O-acetylated derivative of glucosamine 
= might be expected to occur in fungi possessing chitinous 
| walls. It is unlikely that the present compound is an 
` O-acetate of glucosamine because of its stability to alkali 
and also because it does not give the hydroxylamine—ferric 
chloride reaction’ given by typical sugar acetates treated 
similarly. 
The properties of the amino sugar isolated from the 
eoll wall of Penicillium notatum are being presented here 
because its paper chromatographic mobilities and pro- 
porties may be confused with at least two other amino 
sugars isolated from microbial sources, namely, muramic 
~< geid and the 2,4-di-amino-2,4,6-tri-deoxy hexose isolated 
from Bacillus subtilis by Sharon and Jeanloz*. The di- 
amino sugar isolated by Sharon and Jeanloz was isolated 
-as the mono-N -acetyl derivative and the properties of this 
| compound are very easily confused with those of the 
~ glucosamine derivative isolated from Penicillium notatum. 
- As micro-organisms are now classified partially as a result 
of chemical analyses of their cell walls, the appearance of 
an as yet. unknown derivative of an amino sugar which 
could be confused with other known compounds should 
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be of interest to workers in this field. 
on the structure of this compound. ws 
I thank the Medical Research Council of Canada for the 
award of a term grant, and Miss Grace Bozoian for her 
very competent technical assistance. PE ES 
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GENETICS 


Segregation and Replication of Chromosomes | 
in Turkey Parthenogenesis Se 


A STRAIN of Beltsville small white (BSW) turkeys deyel > 
oped at this station regularly produce eggs with a marked = 
predisposition to develop parthenogenetically. More 
than 40 per cent of incubated unfertilized eggs laid by 
birds of this strain can reasonably be expected to undergo — 
development at least to the degree where sheets of un- 
organized cells can be detected macroscopically when the 
eggs are broken!?, ee 
Parthenogenetically developing cells of unorganized _ 
membranes*, embryos‘ and mature individuals’ have been _ 
shown to contain the diploid number of chromosomes: 
The point of development at which diploidy is restored - 
or the mechanism by which it is restored has not definitely 
been determined. l 
Beatty? lists four major cytological routes by which 
diploidy might be restored. These are: (1) suppression.or 
re-entry of the first polar:-body followed by a reduction 
division at meiosis II; (2) suppression or re-entry of a». 
second polar body; (3) a nuclear division in the absence 
of a eytoplasmie division; and (4) a fusion of two haploid 
cells some time after mitosis I. This latter route to. | 
diploidy is followed by the phasmid Clitumnus extradenta-- © © 
tus (stick insect), which develops parthenogenetically?, | 
The fact that only parthenogenetic males are produced? 
makes it questionable whether chromosomal doubling 
brought about by the retention or re-entry of the fir 
polar body. In such a situation, it would be reasonable to 
expect some female parthenogens since at least some ¢ 
the unfertilized eggs would carry both the X and O 
chromosomes. In birds, unlike mammals, the femal 
the heterogametic sex. On the other hand, suppressi: 
of an early cleavage division or a fusion of two haploid 
cells would result in the production of a completely — 
homozygous parthenogen®, es 
Diploidy brought about by the retention or re-entry ofa 
second polar body would appear a more plausible hypo- 
thesis. In such a situation, we must assume that those 
eggs acquiring the two XX sex chromosomes are the only 
ones with a chance of survival. In Drosophila developing 
parthenogenetically it has been shown that the YY 
constitution is lethal’. It is reasonable to assume that the 
OO condition would similarly be lethal in birds. i 
The fact that the haploid complement of female chrom 
somes doubles to restore the diploid condition and th 
they segregate normally can be demonstrated: 
suitable plumage colour markers. Beltsville small 
turkey hens were mated to homozygous bronze to 
produce heterozygous bronze females. Unt 
from these heterozygous bronze females we: 
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A total of thirty-three parthenogenetic poults and 
advanced embryos (16 days and older) were encountered, 
sixteen of which were white and seventeen bronze. Thus, 
in. some instances, the paternal autosomal chromosome 
bearing the gene for colour was the one replicated, while 
«in other instances it was the maternal ones concerned with 
absence of colour. 

If the haploid set of chromosomes doubled, as is sug- 
gested, to restore diploidy, then it could reasonably be 
. expected that most parthenogenetic males from eggs of 

“heterozygous bronze hens would be homozygous either 
for the dominant factor for bronze colour or for the reces- 
sive factor concerned with the absence of colour. The 
exception would be in instances where a crossover had 
- occurred at the locus concerned with colour. Four 
< parthenogenetic males of such origin (Nos. 10573, 2719, 
2424 and 2447) have been produced. The accuracy of 
pedigree records in each instance has been confirmed by 
skin. grafting following procedures outlined by Healey 
¿< etal, The four grafts from parthenogens to their dams 
_ have survived permanently in all four exchanges. 

=o At maturity the four parthenogenetic males were mated 
_ to BSW females. The white parthenogen produced a 
= total of sixty-six poults and advanced embryos all of 
which were white. Two bronze parthenogens have sired 
so far a total of 233 poults and advanced embryos, 
each of which was bronze. Both bronze and white poults 
and embryos in approximately equal numbers would 
< have been expected had these two bronze parthenogens 
‘been heterozygous for the colour factor. The third 
bronze parthenogen was mated to the twelve BSW females 
listed in Table 1. A total of 187 poults and advanced 


Table 1. NUMBER OF BRONZE AND WHITE POULTS AND ADVANCED EMBRYOS 
SIRED BY BRONZE PARTHENOGEN (2447) WHEN MaTED TO BSW HENS 


Hen No. Bronze White 
57 8 0 
584 8 z 
875 0 1 

1,236 4 4 
1,312 9 3 
1,321 14 il 
1,323 12 4 
1,324 5 9 
1,400 1 1 
1,461 13 6 
1,402 4 12 
1,512 0 1 

78 59 


embryos were obtained from these matings of which 78 

were bronze and 59 white. Heterozygosity in this parthen- 

ogen was probably acquired at meiosis I either as the result 

of a crossover or possibly of a translocation involving a 

small segment of chromosome. 

These results confirm, for a single locus, earlier experi- 
mental results showing that some parthenogens can be 
» heterozygous for one or more segregating histocompati- 
bility alleles!!)1?. 

A I thank Mr. H. K. Poole for making skin graft ex- 
-= echanges between parthenogens and their dams and Dr. 
"Richard M. Fraps for his advice. 
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“Variation in Chromosome Number within 
the Genus Ctenomys and Description of 
the Male Karyotype of Ctenomys talarum 

talarum Thomas 
Ctenomys is a highly diversified polytypic genus of South 
American Caviomorph rodents, of the family Octodontidae. 
With their burrowing habits, the species of this genus, 
commonly named tuco-tucos, are the South American 
equivalent of the subterranean North American pocket 
gophers (family Geomyidae). 

The tuco-tucos are of evolutionary interest. The fossil 
record reveals that the genus appeared during the Pleisto- 
cene, most probably by Ensenadean (that is, Middle 
Pleistocene) times. Since its appearance, it has split 
into about sixty species, covering the regions from 
Southern Peru to Tierra del Fuego, without major changes 
in its basic adaptative type. Possibly the subterranean 
way of life has been one of the main reasons for the success 
of the genus, but the rapid and extensive cladogenesis 
within the limitations of a basically unaltered way of life 
remains unexplained. 

Concerning this problem, we are investigating variations 
of the morphological phenotype within the population’? 
and of the karyotype of the different species of the genus. 
A preliminary report on the chromosomes of four species of 
tuco-tucos, including Ctenomys talarum, has been published3, 
and we have described the male diploid complement of 
Ctenomys magellanicus fueguinus'. The chromosome 
morphology of no other species of Ctenomys has been 
adequately described, but data obtained so far indicate 
that the number and structure of chromosomes vary 
among the different species, while constancy is main- 
tained at the intraspecific level. 

Seven species have given adequate information of 
chromosome number. One of them, Ctenomys opimus 
luteolus from Abra Pampa, Jujuy Province, has a diploid 
complement of 2n = 26, composed mainly of metacentric 
and submetacentric, long and medium sized chromosomes. 
Ctenomys tucumanus from Marcos Paz, Tucumán Province, 
has 2n = 28. Ctenomys magellanicus fueguinus from Rio 
Grande, Tierra del Fuego, has a model number of 2n = 36, 
with a long subtelocentric and a medium sized submeta- 
centric, a medium sized and a small metacentric and two 
pairs of acrocentrics. Ctenomys talarum from Magdalena, 
Buenos Aires Province, and Ctenomys porteousi from 
Bonifacio, Buenos Aires Province, both have 2n = 48 
and considerable differences are shown in chromosome 
structure. Ctenomys minutus, from different localities of 
Entre Rios Province and from Rio Grande do Sul, has 
2n = 50, mostly medium sized and short, submetacentric 
and acrocentrie chromosomes. The largest’ chromosome 
number is shown in Entrerrian and Uruguayan popula- 
tions of Ctenomys torquatus, which reach 2n = 68, mainly 
acrocentrics and subtelocentrics. These data have been 
obtained using tissue culture techniques and squashes of 
testis material. 

For description and comparison of the different karyo- 
types, the chromosomes of Ctenomys may be placed in 
seven groups, apart from the heterochromosome pair as 
follows. (a) Large, metacentric chromosomes (we name 
“large” all those chromosomes which are longer than 
three-fifths the length of the largest autosome of the 
complement); (b) large, submetacentric chromosomes 
with a long arm/short arm ratio of more than 1-0 but not 
greater than 1-9, and subtelocentric chromosomes with a 
value of 2-0 or greater for the same ratio®; (c) medium- 
sized, submetacentric and subtelocentric chromosomes 
(we name “medium sized” all those chromosomes between 
a quarter and three-fifths the length of the larger autosome 
of the complement); (d) medium-sized, metacentric 
chromosomes; (e) short submetacentric and subtelo- 
centric chromosomes (we name “short” those chromo- 
somes with a total length of a quarter or less than the 
larger autosome); (f) short, metacentric chromosomes; 












No. 5080 : OCTOBER 22, 1966 NATURE 


large, medium sized and short acrocentric chromo- 
mes. Within each. of these groups the chromosomes are 
jumbered according to their decreasing size. 
‘Ctenomys talarum was first described by Thomas* for 
specimens coming from Los Talas, a locality close to 
_ Ensenada, in the neighbourhood of the city of La Plata. 
< The species is widely distributed in the Buenos Aires 
. Province, with populations spreading in the sandy coastal 
belt from Magdalena to Santa Clara del Mar (near Mar 
del Plata) and from Quequén Salado River to Bahia 
Blanca, and other isolated populations are scattered in 
the central and north-eastern area of this part of Argen- 
tinat??, Two subspecies could be recognized within 
Ctenomys talarum, a Northern C. t. talarum Thomas, and 
a Southern C. t. recessus Thomas’*. 
The specimens used for karyotype reconstruction belong 
to the first subspecies. They have been taken from a 
population in an area 24 km south-east of Magdalena, 
| which is nearest to the original topotypical locality 
_ “Los Talas”, where the tuco-tucos are completely extinct. 
_ Five adult males have been used in the construction of the 
_ karyotype and in chromosome counts. They were caught 
in August 1964, and after removing the testes and pieces 
of tissue for cytological work, they were incorporated in 
“the Collection of Mammals at the University of Buenos 
Aires. 

The metaphase plates for chromosome observation were 
obtained from fibroblasts in cultures of connective 
tissue from the parietal peritoneum, and from squashes 

of seminiferous tubules. The cultures were obtained 
in ‘Leighton’ tubes with Hanks, chicken embryonic 
extract and pooled human serum. After pretreatment, i 
the cells were fixed in acetic alcohol and stained m ith Fig. 1. Metaphase mitotic chromosomes of Ctenomys talarum talarum 
-= Unna blue. In no case were the animals submitted from a fibroblast tissue culture cell stained with Unna blue. 
to pretreatment with colchicine or any of its derivatives. 
‘Testes for squashing were previously pretreated in a 
- hypotonic solution, fixed in acetie alcohol, and stained with ) 











“acetic orcein. Sixty-nine mitotic metaphases and twenty- 
seven diakineses have been counted for chromosome 
number, a total of ninety-six cells. The chromosome 
counts are summarized in Table 1. The somatic or diploid 
number of the chromosomes of Ctenomys talarum talarum 
can be considered 2n = 48. This is the modal number, 1 
shared by 82-2 per cent of the studied cells. 


| 
Table 1. CHROMOSOME COUNTS IN Ctenomys talarum talarum ii i i 


Diploid number 46 47 48 49 50 i 2 3 4 5 Group ¢ 
co Specimen 1, frequency — 2 12 — 1 
co Specimen 2, frequency 2 1 34 == 2 s 
= Specimen 3, frequency 5 1 25 2 — 8 
Specimen 4, frequency — — 5 1 — 4 
Specimen 5, frequency — —- 3 — — a 
co Frequency, all specimens 7 4 79 3 3 10 
Per cent 73 41 822 31 31 6 7 8 9 1! 


i Twelve karotypes have been reconstructed from selected 7 
cultured cells, and Fig. 1 shows the photograph of one of ij 
the cells used. Each cell was drawn in situ at 1,250 times 
magnification and microphotographed. Each karyotype 
was reconstructed as a 5,000 times magnification micro- 
photograph. Metaphases in a uniform state of contraction d d 
were selected for measurements, but only seven cells 1 
were suitable. 
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Fig. 2 shows the karyotype of the male Ctenomys aa 
talarum talarum, reconstructed in the same way as the Fig. 2. Karyotype reconstruction of Ctenomys talarum talarum from the 
cell in Fig. 1. The chromosomes are arranged in pairs cell shown in Fig. L 


according to the groups described above. Groups (a), (d) 
and (f) are not represented, as no metacentric chromosome centric autosomes. The 61 pair is the longest and most 
_ is present in the complement of this species. Of the subtelocentric (ratio 11-5), and b2 to b6 are very alike and 
T twenty-three pairs of autosomes, sixteen pairs are highly less markedly subtelocentric (ratio between 5-0 and 7:0)... 
- - gubtelocentric, with a long arm/short arm ratio ranging Ten pairs can be assigned to group (c); cl to ¢8 being 
from 44 to 11-5. Even those chromosomes with a higher subtelocentric autosomes similar in general pattern 
ratio are not acrocentrie because the short arm can be The c9 pair is submetacentric (ratio 1-4) and has a secon 
measured in all of them. ary constriction in the long arm. ¢10 is also 
There are no large submetacentric chromosomes, as centric (ratio 1-4) and is the shortest of the grou) 
group (b) is represented by six pairs of highly subtelo- pairs of homologues are referable to group (e); 









































Z as the cl, and is subtelocentric, 
nearly submetacentric (ratio 2-2). The Y chromosome is 
a short. acrocentric, as long as the e2. 

_ Insufficient measurements have been taken for an 
accurate diagram to be drawn. The study of the similari- 
Among the chromosome complements of different 
ies of Ctenomys will continue, and when enough 
ormation is available, evolution of the karyotype 
ranging from 2n = 26 to 2n = 68 within a genus could 


“| be investigated. 
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PSYCHOLOGY 


-Error Correction Time without External 
Error Signals 


| Human subjects carrying out continuous performance 
choice response tasks are often required to correct any 
¿error by immediately making the response which they 
should have made. Two recent studies? have shown that 
such “error correcting responses” are faster than other. 
equivalent, correct responses. In both these investigations 


Le _ the occurrence of any error was signalled to subjects by the 


equipment on which they were tested. Either the display 
failed to change! or the same signal was repeated after a 
_ brief interval*. In the latter case? the times taken to 
_ Yespond and correct the error were even shorter than the 
tesponse times when the same signal was repeated immedi- 
ately after a correct response. Nevertheless, the fact the 
responses to error signals were faster than responses to 
any other signals from the display does not lead logically 
to the conclusion that they are not responses to external 

ignals. We have investigated the time taken to correct 
errors when no indication was given by the equipment 
‘when errors were made, so that subjects were dependent 
or this information on their ability to monitor their own 
responses. 
. Twelve naval ratings aged 18-5-26-2 (mean 21-4) were 
_. tested on a two-choice, self paced, continuous performance 

_ task. The apparatus automatically presented digits 1-8 
in random order, one at a time on a ‘Digitron’ GR 10G 
numerical display tube. Subjects responded to the 
appearance of any digit 1, 2, 3 or 4 by pressing to close a 
micro-switch with the left fore-finger, and similarly re- 
sponded to any digit 5, 6, 7 or 8 by closing another micro- 
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l inger. Whether a respor 
display changed to the samo or to. 
some other digit within 50 msec of the switch being closed. 
The subject had then to release the switch before respond- 
ing to the new digit as fast as possible. 

The equipment timed the intervals between successive 
responses to within 0-01 sec and recorded this information 
on punched paper tape together with codes identifying 
the stimulus presented and the response made to it. 

Ten experimental sequences of 300 signals were pro- 
grammed directly from lists of random decimal digits by 
ignoring the digits 0 and 9. Subjects were given these. 
sequences in turn, and were taken through two sequences 
on each of five successive mornings. They were instructed 
to run through the sequences as quickly and accurately 
as possible. It was emphasized that the display would 
change after every response, even if an error occurred, 
and that subjects were nevertheless to ignore the display 
and to “correct” any error by making the response which 
they should have made. After this response they were 
required to wait for 5-9 sec before continuing the sequence, 
thus signalling their detection of an error by recording a 
time interval longer than could oecur naturally during 
the course ofa run. This was done to discriminate between 
cases in which a correction response had been intended, 
and cases when the error was not noticed, but the next 
signal in the sequence required the same response as that 
which would have been appropriate to correct the error. 
Data from the final run with each subject on the fifth 
day were printed out and errors were located by eye. 
The number of errors committed varied from zero (one 
subject) to fifteen (one subject) with a mean of 7-2,” 
standard deviation 4-4. Of the eleven subjects who made. 
errors, eight corrected all their errors and three corrected _ 
all but one of their errors. No correction responses not 
preceded by errors (that is, false positives) were made. 
The mean times taken to respond and correct. errors are 
given in Table 1, with the means for the repetitions of 
correct responses and for alternations between keys. 


Table 1 
Latencies for response alternations 
Latencies for repeat of response only 
Latencies for repeat of stimulus and response 865 msec (o 33) 
Latencies for error correction 327 msec (a 54) 

An analysis of variance compared the latencies of error 
correction when the correction response would also have 
been required by the next digit signalled, with latencies 
when it was not. There was no significant difference. 
In other words, there is no reason to suppose that latencies 
for correction of errors were affected by the state of the 
display. Two further analyses of variance showed that 
the mean latencies for correction of errors were signific- 
antly shorter than the latencies for alternations between 
the switches (P < 0-001) or for repetitions of responses ` 
{P < 0:01). In a fourth analysis repeats were found to be 
faster than alternations (as usual’). 

It follows that in this task subjects could detect and 
correct errors very efficiently without being given any 
external signal that. an error had occurred. Their internal 
monitoring of their own responses allowed them to correct 
errors more quickly than they responded to any external... 
signal from the display. We conclude that external crror 
signals are not pre-requisite for fast correction times. 
The relationship, during learning, between the error 
detection/correction latencies, the incidence of errors and 
the probability of error-correction will be reported else- 
where. 


ght fore-finger. 


454 msec (o 48) 
382 msec (o 39) 


P. M. A. Rasstrr. 
Medical Research Council, 
Applied Psychology Research Unit, 
15 Chaucer Road, 
Cambridge. 
1 Babbitt, P. M. A., J. Exp. Psychol., 71, 264 (1966). 


* Burns, J., dissert., Univ. Michigan (1965). 
* Bertelson, P., J. Exp, Psychol., 68, 478 (1968). 
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i th a ; i Universtry OF LONDON (at Bedford College, Regent's Park, London, 
(Meetings marked with an asterisk are open to the public) N.W.D), at 5.15 p.m— Prof, J. 8. Grifith: “The Neutral Basis of Conscious 
ecision’”’. ee 
Monday, October 24 INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), : 
INSTITUTE OF ACTUARIES (in Staple Inn Hall, High Holborn, London, at 5.30 p.m.—Dr. A. Chynoweth: “The Mechanisms of Microwave Genera- 
W.C.1), at 5 p.m.—Dr. B. Benjamin: Presidential Address. tion in Gunn Oscillators and Avalanche Diodes”. pane 
ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
Cat 5 p.m.—Prof, F. Fri cp ical F in the Berlin London, W.C.1), at 5.30 p.m.—Dr. I. MacIntyre: “Calcitonin”. (Third of 
at 5 pan: of, F. Frienensburg Geographical Factors in the Ber — lectures ie “The Scientific Basis of Medicine” organized by the British ` 
UNIVERSITY OF LONDON, INSTITUTE OF EDUCATION (at St. Gabriel's ostgraduate Medical Federation.) 


College, Cormont Road, London, S.E.5), at 5 p.m.—Prof. Owen Chadwick: INSTITUTION oF ELECTRICAL ENGINEERS, LONDON GRADUATE AN 
The Uniformity of Nature” (second of three lectures on “The Origins of STUDENT SECTION (at Hendon College of Technology, The Burroughs, London 
he Uniformity of Nabire” ee JPorurop om -72S s Re Sron pa Mr. A. V. Lord: “Colour Television Systems”, 








BRITISH SOCIETY FOR THE HISTORY OF SCIENCE (in the Council Room of SOCIETY FOR ANALYTICAL CHEMISTRY, BIOLOGICAL METHODS GROUP 
he Science Museum, Exhibition Road, London, 8.W.7), at 5.30 p.m.—Dr. the Pharmaceutical Society, 17 Bloomsbury Square, London, W.0.1), 
dS, B. Ravetz: “The Origins of the Copernican Revolution”. 7 p.m.—Mr. L. D. Fleming: “Use of Enzymes in Biochemical Analysis’. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Television 2 
` Society and the Institution of Electronic and Radio Engineers, at Savoy Friday, October 28 


Placo, ondon Trier” at 5.30 p.m.—Mr. P. Rainger: “A Slow-Motion INSTITUTE oF FOOD SCIENCE AND TECHNOLOGY (at Grimsby College of. 
3 s Technology, Nuns Corner, Grimsby), at 9.30 a.m.—Symposium on “Trans 
Socrery or CHEMICAL INDUSTRY, OILS AND Fats GROUP (in the Physics port of Frozen Food”. : 


rebar hae tog Colo of Senor ami Haga. onion "oun Hamacnioe Gaour (at the Society of Choma ndustry, 4 


 Mtoma in Nature” (Second International Lecture). Belgrave Square, London, 8.W.1), at 9.80 a.m.—Inaugural Meeting. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 pm : 
Prof. C, E. H. Bawn, F.R.S.: “Fibre Composite Materials”. eel Sis 












Tuesday, October 25 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES GROUP (joint meeting with Saturday, October 29 ; 
the Agriculture and Microbiology Groups, at 14 Belgrave Square, London, ® R a er 
8.W.1), at 10 a.m.—Symposium on “The Persistence of Herbi-ides”. NUTRITION Society (at the Institute of Biochemistry, The University, _ 


UNIVERSITY OF LONDON (in the Anatomy Theatre, University College, Glasgow), at L-16 eee on “Nutrition Balance Techniques and 
Gower Street, London, W.C.1), at 1.20 p.m.—Dr. G., A. Wells: “Goethe and ji 5 Been apres 
< Bvolution”.* INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, — 





London Road, Forest Hill, London, 8.E.23), at 3.30 p.m-—Mr. John Chear: 
ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 8.W.7), Pr sal Nafi iet, * i 
tö p.m.—Dr. J. Hallett: “Bubbles, Drops and Thunderstorms” (Sixth- Ieeland in June—Its Natural History and People”.* i 
‘orm Lecture. To be repeated on October 26 and 27.) a 
PARLIAMENTARY AND SCIENTIFIC COMMITTEE, GENERAL COMMITTEE (in Monday, October 31 fs 


Committee Room 11, House of Commons, London, 8.W.1), at 5.30 p.m.— ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street. London, 
Discussion on “Road Safety Research” opened by Mr. D. J. Lyons, Mr. W.1), at 5.30 p.m.—Dr. A. = ey oe A hae Medals”. jü : Pr 5 
NIVERSITY OF LONDON (in t , University College, 
RESEARCH DEFENCE Society (in the Physiology Lecture Theatre, Uni- Hove Street, Pes von ee tany NW Univeral t seed 
sity College London, Gower Street, London, W.C.1), at 5.30 p.m.—Sir and Wildlite”’ (further lecture on November 2).* See 
f ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, SW., at 
: p.m.—"The Vanishing Coast” (colour film introduced by Prof. Je A; 
-= UNIVERSITY or Lonpoy (at the Institute of Child Health, Guilford Street, a eee 
London, W.C.D, at 5.30 p.m.—Dr. H. E. Huxley: “The Fine Structure of PLASTIOS INSTITUTE, LONDON SECTION REINFORCED PLasTics Bus- 
| Striated Muscle and Its Functional Significance”, (Second of fifteen lectures GROUP (at the Eccleston Hotel, London, S.W.1), at 7.30 p.m —Mr. PH 
on “The Scientific Basis of Medicine” organized by the British Postgraduate Lynch, Mr. J. Short, Mr. W. V. Adams and Mr. G. F. Brown: “A Survey of. 
Medical Federation.)* Processing Techniques”. : 
INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Eccles- 
ee Hotel, Victoria, London, S.W.1), at 7 p.m.—-Mr. A. V. Midgley: “Extrus- 
on Machines”, 


Tuesday, October 25—Wednesday, October 26 APPOINTMENTS VACANT 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Institu- 





tion of Mechanical Engineers, at the Institution of Eiectrical Engineers, APPLICATIONS are invited for the following appointments on or before. the 
-C Bavoy Place, London, W.C.2)—Conference on “Euston Main-Line Electri- dates mentioned: F 
“ol fleation”. LECTURER/ASSISTANT LECTURER (graduate with teaching and/or research 
experlonice a micrometeorology, environmental, physio, pu physice ive ay 
cogna e in AGRICULTURAL Paysics—The Registrar, The University; 
Wednesday, October 26 Nottingham (October 31). Nee 
UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, EXPERIMENTAL OFFICER IN THE DEPARTMENT OF Puystcs, to be. tech: _ 
‘Du Cane Road, London, W.12), at 2 p.am-—Dr, H. Lehmann: “The Haemo- nically responsible for the low temperature and magnetic laboratory in the 







globin Molecule”.* Department—The Registrar, The University, Hull (November 4). : 
|” Puasvics Inerrru7e (at the Institution of the Rubber Industry, 4 Kensing- following fields: eforably with a higher degres and Calis cr erfat 
on Palace Gardens, London, W.8), at 2.30 p.m.—Mr. J. M. Cann: “Stress jy Puysics—The Secretary, Sir John Cass College, Jewry Street, Lo 
Rupture”. E.C.3 (November 4). i : ae 
INSTITUTE OF NAVIGATION (at the Royal Geographical Society, 1 Kensing- SENIOR LECTURER IN VIROLOGY IN ASSOCIATION WITH THE DEPARTMENT | 
ton Gore, London, §.W.7), at 4.30 p.m.—Annual General Meeting. Rear BACTERIOLOGY of Glasgow Royal Infirmary—The Secretary to the Universit 
Admiral G., 8. Ritchie, D.S8.C.: “Great Britain’s Contribution to Hydro- Court, The University, Glasgow (November 4). HATA ie 
graphy During the Nineteenth Century” (Eva G. R. Taylor Lecture). SENIOR SCIENTIFIC OFFICER/SCIENTIFIC OFFICER (with an honours degreain: 
MEDICAL RESMARCH OoUNCri: (at the National Institute for Medical Re- “SOCn Cra, boba Se i woed & degres in agrioniort preferably Wib 
soateh; Mi Ri London, Ww yen p-m.—Prof, Henry Harris: “Regu- IVISION, MINISTRY OF AGRICULTURE (successful candidate may be required. 
ation o netic Activity in Hybrid Animal Cells”, to undertake teaching duties in the Faculty of Agriculture, Queen’s Uni- 
INSTITUTE OF PETROLEUM, INPORMATION AND DISCUSSION GROUP (at 61 versity, Belfast)—The Secretary, Civil Service Commission, Stormont, 
New Cavendish Street, London, W.1), at 5.30 p.m.—Mr. C. H. W. Roles: Belfast, 4, Northern Ireland (November 4). oe 
“Compiling and Editing a Technical Catalogue”. BIOLOGIST, ASSISTANT EXPERIMENTAL OFFICER (graduate) to assist in. 
work on the behaviour of bees—The Secretary, Rothamsted Experimental 














INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London W.C.2) Station, H ; ¢ X 
. A AA Piha padd , Harpenden, Herts, quoting Ref. 1052/93 (November 7). > 
at 5,30 p.m.—Mr. E. 8. Booth: “Power Supply for 1970” (Power Division LECTURER IN PHARMACOLOGY—The Registrar, The University, Sheffield 
Chairman's Address). (November 7). 
UNIVERSITY OF LONDON (at King’s College, Strand, London, W.C.2), at CHAIR OF CHEMISTRY AT QUEEN ELIZABETH COLLEGE-—The Academic 


5.30 p.m.-—Sir John Eccles (Australian National University): ‘“The Neuronal Registrar, University of London, Senate House, London, W.C.1 (November 


`» Circuits of the Cerebellar Cortex” (Halliburton Lecture).* ra ð D 
CHALLENGER SOCIETY (at the Linnean Society, Buriington House, Picca- F EN BCIENTE, ae We ia APAN Th SE nal yas Tie 
aly, bondon, Bae rd tho pm- -226th Be Moeng. Prof. D. G. Registrar, The University, Manchester, 13, quoting Ref. 218/66 (November 9). 
ucxer: mar in Fisheries—a Porwar k” (Buckland Lecture). LECTURER Or ASSISTANT LECTURER (with a good theoretical understanding 
© BOCIETY OF CHEMICAL INDUSTRY, FOOD GROUP—NUTRITION PANEL (at of public health engineering and hydrology) IN THE DEPARTMENT OF CIVIL 
14 Belgrave Square, London, §.W.1), at 6.15 p.m.—Dr. I. Macdonald: “Diet, ENGINEERING—The Registrar, The University, Leeds, 2 (November 9)... 
Atheroma and Heart Disease”. AYWARD RESEARCH FELLOW (medically or scientifically qua. } 
Ath d Heart Di 5 H RESI F. (medicali: ientificali lified} to 
on 


Thursday, October 27 of Ophthalmology (University of London), 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9.45 a.m, 
Bir Lawrence Bragg, O.B.E., F.R.S.: “Waves” (Civil Service Lecture). 

` UNIVERSITY OF LONDON (at Goldsmiths’ College, London, S.E.14), at SENIOR ASSISTANT LIBRARIAN (with a good ho 

6 p.m.—Mr. A. A. A. Fullick: “The Decline of the Mechanistic Universe” a recognized professional qualification and experience of work in: 
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rogressive public library) at Fourah Bay College, The Universit 
ien Leonea The tein Gone incil, 83 z 


CHAIR OF ZOOLOGY at the University of Hong Kong—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Hong Kong and London, November 15). 

SENIOR LECTURER or LECTURER (with extensive experience with digital 
computers and particular interests in one or more of the following fields: 
compilers and programming languages, computer 
systems programming, and the design of systems for information program- 
ming which are based on computers) IN TRE COMPUTER CENTRE, Monash 
University—-The Academic Registrar, Monash University, Wellington Road, 
Clayton, Victoria, Australia, or The Association of Commonwealth Uni- 
versities alae Office), Marlborough House, Pall Mall, London, 8.W.1 


AIR OF BOTANY—-The Registrar, University College of Swansea, Single- 
ton Park, Swansea, South Wales (November 17). 

RESEARCH ASSOCIATE or SENIOR RESEARCH ASSOCIATE IN THE DEPART- 
MENT OF INORGANIC CHEMISTRY, to work on the chemistry of boron in col- 
laboration with Prof. N. N. Greenwood—Prof, Greenwood, Department of 
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CHANGE FOR BEST DEFENCE 


THERE will be the widest welcome for the news, 
reported on page 443, that the Committee of Vice- 
Chancellors is hoping to become a more effective 
instrument for defining and defending the common 
interests of British universities. It is now clear that 
the years immediately ahead will be critical for the 
universities and for British higher education as a whole. 
Already the pressure on funds is acute. There are also 
signs that external agencies, and particularly the 
Government, are anxious to press more vigorously 
than in the past their legitimate interests in the way 
the system functions. The implicit demand that the 
universities should somehow increase their direct 
contribution to the health of British industry is only 
one example of the challenges which lie ahead. If the 
universities are not equipped to make policy in concert, 
there is a real danger that damage will be done. One 
of the more obvious hazards is that in the period of 
rapid change which lies ahead, the universities will be 
pushed in ill-chosen directions by arbitrary combina- 
tions of external events. Another is that, in isolation, 
universities will be tempted to believe that the only 
response to pressure from outside is obdurate resistance. 
That would be a great misfortune, for though the 
universities are much in need of a collective defence, 
the preservation of the existing scheme of things serves 
nobody’s interest. 

The proposals which the Vice-Chancellors’ Committee 
has now put to the universities are commendable 
because they are a framework within which it will be 
possible to regain the initiative for change. It is 
particularly sensible that first attention should be 
given to creating machinery for a continuing analysis 
of university problems. The weakness of the universi- 
ties in recent years has been their dependence on the 
outside world for guidance and direction. It took a 
royal commission to make a clear statement of how 
the demand for places at the universities is linked with 
the increasing population of senior pupils in secondary 
schools. There is no reason why the universities col- 
lectively should not have hit on this truth for them- 
selves, and why they should not have been the first to 
bring it to public attention. Indeed, if the universities 
had been properly organized, they would have been 
able to design a better scheme for increasing the 
university population than the Robbins Commission 
made publio, if only because they would have been 
better placed to make perceptive judgments about the 
existing state of affairs. Much the same is true of the 
kinds of statements about university policy now being 
made by the Council for Scientific Policy and by the 
research councils. 

This kind of task should be high on the list of things 
to be done if the Committee of Vice-Chancellors gets 
its stronger administrative machinery. But there is 
also a host of more mundane but no less important 


problems to be tackled. Applying cost-benefit yard- 
sticks to various parts of the university system will 
save money, improve facilities and also convince the 
outside world that the system is being run profession- 
ally. The Brynmor Jones report on teaching methods, 
sponsored by the University Grants Committee, has 
served principally to show that British universities 
have hardly begun to think of the ways in which new 
techniques can help in teaching. Questions of. the 
grouping of universities into larger units are bound to 
crop up, if only because of the need to make the best 
use of specialists. And what about objective testing, 
qualifications for entry, relations with other institu- 
tions of higher education, and joint appointments with 
industry and the Civil Service ? There is no end to the 
list of questions which should be tackled urgently. 
The sooner the new secretariat gets to work, the better. 

To recite a list of problems to be solved is not, of 
course, a guarantee that solutions will be forthcoming, 
and it would be wrong to minimize the difficulties that 
lie ahead. The most immediately daunting problem 
is that of finding the people to do the work. On the 
face of things, the problem looks like that-of duplicating 
the growing machinery of the University Grants 
Committee, but reality may be simpler than that. The 
universities, after all, are well stocked with talent, 
not all of it over-employed. It would be entirely 
sensible if the Committee of Vice-Chancellors were to 
rely on secondment from the universities for the 
nucleus of the staff it needs, and that would have the 
advantage of bringing the universities more intimately 
up against their own responsibility not merely for the 
conduct but for the objectives of their affairs. Relations 
with the University Grants Committee are potentially 
a difficulty, although the U.G.C. would probably be 
relieved not to have to combine its defence of this 
public purse and its vestigial role as the defender of 
university freedom. The biggest stumbling block is 
probably the need that individual universities and 
university departments should sink some of their 
autonomy in the machinery for collective decision 
making. This is a small sacrifice to make in a good 
cause. Indeed, there is a case for saying that it would 
be no sacrifice at all, but a real gain, if decisions within 
and about universities were to be made more openly 
and more collectively. A great many of the marks of 
individuality which universities hold dear often seem 
to the outside world like wayward eccentricity. 


EUROPEAN SCIENCE 


Tux Secretary of State for Education and Science did 
well to affirm to a European gathering at Manchester 
on October 19 that the British Government is in 


442 


favour of European collaboration m higher education 
and science. Such a dedicated and even impetuous 
common marketeer could hardly have let the oppor- 
tunity slip, but that is not to suggest that Mr. Crosland 
exaggerated the potential benefits of collaboration. The 
United States is an example of the advantages of scale, 
while the several needless inadequacies of the contacts 
between individual European scientists and academics 
are almost tangible proofs that there is plenty of 
improvement to be brought about. The practical 
difficulty, however, is to decide precisely what should 
be done. 

To avoid duplication is an obvious goal much 
cherished by the purse-masters, but probably also an 
illusion. It is hard to stifle a man’s interest in his 
chosen subject by pointing out that somebody else- 
where is also working on towards the same objectives. 
Indeed, the most likely benefits of welding the Euro- 
pean nations into a tighter intellectual community 
would be a greater stimulation of separate research 
groups towards common objectives. This would often 
mean a greater concentration of people in potentially 
rewarding fields of research. Collaboration is not a way 
of saving money but a way of making faster progress. 
Moreover, it does not require the creation of institu- 
tions, successful though places such as CERN have 
been, but the provision of means whereby people can 
be exchanged more easily between one place and 
another. If science profits, so also will the travel 
agente. 


COAL-TIPS 


Tx pile of waste that slid into a Welsh valley a week 
ago and which buried two hundred people, most of 
them children; was a man-made phenomenon. If the 
need to dig coal had been less pressing, or if those who 
dug it-had known more about soil mechanics, there 
might have been no catastrophe. It is natural, now, 
that.-péople should resolve that this kind of accident 
should-not happen again. ~The National Coal Board 
will no doubt be careful to see that its remaining coal- 
tips are well founded. But the safety of coal-tips is not 
the only cause at stake. It will be easy to slam that 
stable door for good. Next time it will be a dam that 
bursts, as that at Fréjus did seven years ago, or a 
passenger ship that sinks at sea. The lesson to be 
learned is not that the villages must be made safe from 
coal-tips, but that technical operations of all kinds must 
as far as possible be proof against catastrophe. One 
way is to ensure such a surfeit of technical competence 
that dangerous jobs are done by people able to see the 
dangers in advance. But it is also necessary to take 
what steps there are to minimize the risk of man-made 
catastrophe. To ask whether coal-tips are really 
necessary would be a way to begin. And certainly 
there is a case for asking why, in Wales, the coal-tips 
should be sited on the proud slopes of noble moun- 
tains, and why the people should inhabit the ditches 
that run between. 
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NEWS AND VIEWS 


Plan for Food 


Soma details of the forward planning of the Food and 
Agriculture Organization of the United Nations have 
now become available. A draft of the “indicative 
plan” covering the two decades immediately ahead is 
to be disoussed at a meeting in Rome on October 31, 
1966. The underlying objective is to assemble a 
collection of extrapolations of the predictable tendencies 
likely to influence the balance between food and the 
population in the years ahead. One of the most ilumin- 
ating features of the work so far accomplished is a 
preliminary calculation of how rising incomes in 
advanced countries, and the improvements of diet 
which tend to follow prosperity, may increase the 
difficulty of ensuring an adequate supply of food for 
everybody. 

The indicative plan assumes that the population will 
continue to increase in the years immediately ahead. 
much as it has done in the recent past, which means 
that the population of the world will increase from 
about 3,500 million at present to 5,000 million in 1985. 
If the extrapolation is valid, most of this extra popula- 
tion will appear in countries which are under-developed. 
by present standards. These simple calculations, now 
familiar, entail the assumption that the simpler 
methods of birth-control now being introduced in 
several countries will make no appreciable dent on 
the population. At this stage, greater optimism would. 
probably be imprudent. 

The potential influence of prosperity is based on 
the forward economic p of various countries, 
industrialized and otherwise. With fairly cheerful 
assumptions about the rate of economic growth, the 
average income of under-developed countries will 
increase from $133 a year at present to $255 in 1985, 
but in the same period the rate of economic growth in 
industrial countries will carry the average income from 
$1,300 to $3,000 a year. Because it now seems fairly 
well established that the under-developed countries 
will not be able to meet the whole of their extra 
requirements of food out of their own increased pro- 
duction, imports on an increasing scale will be neces- 
sary. But imports have to be paid for. Thus it is not 
surprising that the planners have singled out the 
importance of finding ways in which under-developed 
countries can pay for imports out of their own resources. 
More trade is one classical solution. It will not there- 
fore be surprising if one of the first results of the 
forward plan is a re-examination of the machinery for 
trade with and among under-developed countries. 


For and Against Cow Green 


In a flurry of allegation and counter allegation, the 
Bill promoted by the Tees Valley and Cleveland Water 
Board to build a reservoir at Upper Teesdale received. 
its third reading in the House of Commons last week. 
The M.P. who cried “Object” at the first attempt to 
read the Bill refrained on the second occasion, and the 
Bill had an unopposed third reading. It appears that 
the opponents of the Bill are saving themselves for the 
debate in the House of Lords which will follow. Per- 
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haps they are hoping that the precedent set by the 
House of Lords in the debate on Ullswater may be 
followed; on that occasion the advocacy of Lord 
Birkett turned back the Bill that would have enabled 
Manchester to use Ullswater as a reservoir. 

In this case the arguments will have to be different; 
the threat to Ullswater concerned the general public, 
but that to Upper Teesdale is a matter for botanists and 
ecologists, who claim that the valley contains a unique 
series of plant communities which have survived 
virtually unchanged since the last Ice Age. Flowers 
which grow there include the spring gentian, the 
_ birds-eye primrose, the Teesdale violet and—rarest 
of all—the spring sandwort (Minuatia stricta) which is 
found nowhere else in Britain. These flowers grow in 
Upper Teesdale because of a combination of geological 
and soil factors which has produced on a small scale a 
habitat in which they can survive—a habitat which 
the opponents of the Bill believe to be so fragile that 
any change will destroy it. At a meeting organized 
by the Teesdale Defence Committee in London last 
` week, Dr. Max Walters, curator of the Herbarium 
at Cambridge University, said that “In terms of pure 
botanical science alone, Upper Teesdale has revealed 
its secrets in an impressive way, especially during 
the last decade as a result of the use of new techniques 
and new avenues of approach. To destroy this open-air 
laboratory for short-term economic gains should 
be as unthinkable to the nation as would be a similar 
sacrifice of Westminster Abbey or Ely Cathedral’. 

Meanwhile, the Tees Valley and Cleveland Water 
Board, prompted and encouraged by I.C.I., Ltd., must 
find a site for a new reservoir if the needs of industry 
on Tees-side are to be met. So much is i 
Seventeen sites in the area were examined, and finally 
the site at Cow Green was selected. This is not the 
area of greatest botanical interest, which is on Widdy- 
bank and Cronkley Fells, but the Water Board admits 
that 17 acres which the botanists wish to preserve 
would be submerged. Ecologists are divided about the 
effect this would have on the plant habitats, but it is 
possible that the ecology would be affected over an 
area much greater than the 17 acres submerged. 

There is at least one consolation for the Defence 
Committee. If they win their battle in the House of 
Lords, the decision is likely to be final. It is improb- 
able that the Minister would make an order allowing 
modified plans to go forward, as with Ullswater. 


Stronger Vice-Chancellors ? 


Tua Committee of Vice-Chancellors, the only organiza- 
tion which represents the interests of all British 
universities, is taking steps to strengthen its organiza- 
tion. It is understood that the committee has now 
circulated to the universities a notice of its intention 
to reorganize and develop its activities so as to become 
more effective in presenting the views and interest 
of the universities. In its dealings with the universi- 
ties, the Vice-Chancellors’ Committee has made it 
plain that it does not wish to transform itself without 
approval. Given the agreement of the universities, 
however, it seems to be acknowledged that there will 
have to be a larger professional staff to support the 
work of the voluntary committees responsible for 
making decisions. 

The reasons the committee has given for its wish to 
create a more effective organization are the problems 
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arising from the growth of the system of higher educa- 
tion, which require that universities should be able to 
make quick and central decisions on matters of common 
interest. The committee has also said that it would be 
an advantage if universities were more able to make 
their common views known to the Government and the 
ublic. 

ý The main object of the new machinery would be to 
sustain a continuing review of all university matters, 
and to carry out the ad hoc studies which are increas- 
ingly necessary for the efficient management of the 
system of higher education. The committee has 
recently begun some projects of tbis kind, but obviously 
there is a lot more to be done. What seems now to 
be in prospect is that the Committee of Vice-Chancellors 
will grow into a kind of central intelligence unit for the 
university system as a whole. This, the argument 
goes, is the best means of defence against pressures from 
outside. 


Defence of Agriculture 
Tua increasingly stringent tests being applied by British 
Government departments to proposals for spending 
money on research have prompted the Agricultural 
Research Council, in its annual report for 1965-66 
(H.M.8.0., 78. 6d.), to list some of the benefits which 
British agriculture now enjoys from its expenditure 
on research. Taking as its text the sentence in the 
recent report of the Advisory Council for Scientific 
Policy which said that the chances of obtaining funds 
will be improved “‘if the nation as a whole has a full 
understanding of the kinds of pay-off which are to be 
expected”, the council points to the way in which 
British agricultural production has increased by no 
less than 44 per cent in the past decade, or by the 
equivalent of £274 millions a year. Without seek- 
ing to claim credit for the whole of this improve- 
ment, the council does consider that its work has 
helped in several ways, and particularly by the breeding 
of animals and plants with improved performance, 
improvements of husbandry, the introduction of better 
feeding practices and means of controlling diseases and 
pests, and improvements of harvesting techniques. 
The council has tried to put a figure to the value of 
some of its achievements. Thus the 24 per cent increase 
in the yield of barley in the past decade, worth £30 
millions a year in cash, is attributed to the use of weed 
killers and better strains of plants, particularly the 
variety called Proctor. Even allowing for the cost of 
extra fertilizers, the net value of the improvement 
worked out at £17 millions a year. The report goes 
on to record that £4 millions a year would be saved if 
only the manuring practices worked out at Rotham- 
sted were properly applied to the treatment of cereals, 
and that another £200,000 is being saved by the control 
of milk fever in dairy cattle. Fuller use of crossbred 
breeding sows could increase the production of piglets 
in Britain by 400,000 a year, which would be worth 
£1‘5 millions. The Agricultural Research Council’s 
recitation of these and other good works is modest 
enough, and indeed the council “‘claims no monopoly” 
in agricultural research. It does, however, reaffirm its 
view that agricultural research must be a closely inte- 
grated service, for then the significance of research 
“is more quickly perceived and exploited, without any 
detriment to the extent or value of the contributions 
that are made to science as a whole”. 
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Chemistry on Tape 


Tam British and American Chemical Societies have 
been holding joint meetings in London and Nottingham 
to provide British chemists—and a good many people 
from other specialisms as well—with first band exper- 
ience of the advantages and the difficulties of using 
information stored on magnetic tape. As at the best 
sales conventions, description of what is available 
was accompanied by practical demonstrations in 
which inquisitive chemists did their best to pose 
questions the machines would find it difficult to answer. 
At one point in the London meeting it looked as if 
a man concerned with the metabolism of tryptophan 
derivatives was hoping that the machine would not 
merely say what had been done already, but would 
also suggest what to do next and how to do it. 

In practice, the demonstrations were at once a 
hint of the useful things that may one day be possible, 
and a proof that it will be a long time before they 
are all realities. The officials of the American Chemical 
Society were most of all concerned to show in operation 
two of the new services available from the Chemical 
Abstracts Service—a list of titles culled from 690 
chemical journals and sold as Chemical Titles, and 
a similar compilation of titles and summaries from 550 
journals which is called Chemical—Btological Activities. 
The notion is that the lists can be scanned by a com- 
puter for the occurrence of words or parts of words 
specified by the user. Chemical compounds can be 
described by molecular formulae or even by the code 
numbers being introduced by the American Chemical 
Society as unambiguous means of referring to chemicals. 
At the practical demonstrations, most of the time was 
spent on the subtleties of how to ask meaningful 
questions of the literature. 

As things are, a would-be user has to anticipate 
the ways in which machines are wooden headed. 
Mr. Philip K. Reily of Chemical Abstracts explained 
at the London demonstration how a man looking for 
recently published articles on air pollution would 
have to remember that the word “contamination” 
frequently crops up instead of “pollution”. Eventually, 
no doubt, computer programmes will choose alter- 
native words for themselves, but for the time being 
people must construct their own equivalents as they 
go along. (Chemical Abstracts is hoping to be of some 
help by publishing lists of related words based on the 
usages of the chemical literature.) As things are, it is 
even necessary to keep in mind that there is more than 
one way of spelling the word “sulphur”. But the real 
difficulty in asking an intelligent question is to be clear 
what it would be good to know, and then to ask 
for @ list of titles or summaries by specifying a subject 
which is neither so specific that it is unlikely that the 
file will have anything to say nor so general that the 
computer will respond by printing most of what is 
on the tape. 

These niceties suggest that organizations using the 
tapes will interpose an information specialist between 
a scientist and the computer. The time spent on search- 
ing—when the computer reads through the whole 
of its file—implies that it will be most economical 
to deal with requests for information in batches. This 
in turn suggests a centralized and somewhat formal 
process, with routine searches of the lists of titles as 
they are issued every two weeks, but it is agreed 
that things will be different if, in due course, multiple 
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access computers come into their own. For the time 
being, however, the use made of the American system 
in British conditions is to be studied closely at the 
University of Nottingham as part of a joint project 
between the Chemical Society and the Office of Scientific 
and Technical Information. Dr. A. K. Kent, who 
will be in charge of the operation, was available at the 
public demonstrations to explain how he will be 
studying not merely the use made of the new system 
but the effect of this on traditional patterns of library 


usage. 


Money for the R.I. 


Tux prospect of the Royal Institution appealing for 
money comes as something of a shock—but it will be 
necessary if the ambitious plans put forward by the 
new resident professor, Dr. George Porter, are to 
realized. The splendid Vulliami facade in Albomi 
Street presents an image of wealth and influence which 
reached its peak in the middle of the nineteenth’ cen- 
tury, but if the Institution is to d as Professor 
Porter wishes, its own resources will be quite inade- 
quate. No doubt the Institution could maintain its 
present activities without any financial embarrassment 
—the research into photo-chemistry by Professor 
Porter and into metal physics by Professor R. King isin 
no danger—but, like the British Association for the 
Advancement of Science, it is the educational facilities 
which need an injection of new capital if they are to 
survive and expand. Professor Porter hopes that far 
more children will be able to visit the Institution for 
lectures, and also that lecturers should visit the schools 
so as to take the evangelizing part of the Institution’s 
work into the classrooms. Television and films will 
have a part to play in this development, and it is 
hoped that the ing and recording of scientists who 
visit the Institution to give lectures will supply archival 
material which has never before been available. The 
most exciting prospect, however, is the hope of restor- 
ing to its original condition the laboratory where 
Faraday carried out his work. Faraday’s apparatus 
and notebooks, together with those of Davy, Tyndall, 
Dewar and Bragg, are preserved at the Royal Institu- 
tion, and this seems an ideal opportunity to display 
them to the general, public. This project represents 
only a small fraction of the total investment needed, 
but it may well serve as a peg on which to hang the 
rest of the appeal. 


Scientific Promotions 


“Special merit” promotions have been awarded to 
twenty-nine Government research scientists as a result 
of the recommendations of the special committee which 
annually reviews the work of scientists in Government 
and other public service establishments. These 
promotions to a higher grade do not carry the additional 
administrative burden normally associated with the 
new grade, and so enable the scientists to continue 
their research work. The promotions—to grades 
broadly comparable with the rank of university pro- 
fessor or reader—have this year for the first time 
included scientists not in the Scientific Officer class, 
but who are doing comparable work. The full list of 
those promoted follows: 

Dr. J. S. Hey (Royal Radar Establishment, Malvern), 
Mr. G. F. Clarke (Royal Aircraft Establishment, 
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Farnborough), Mr. D. Firth (National Engineering 
Laboratory, Glasgow), Mr. H. A. Gebbie (National 
Physical Laboratory), Dr. K. W. Mangler (Royal 
Aircraft Establishment, Farnborough), Dr. D. McLean 
(National Physical Laboratory), Dr. F. Pasquill 
(Meteorological Office), Mr. P. M. Woodward (Royal 
Radar Establishment, Malvern), Dr. N. Hogben 
(National Physical Laboratory), Miss E. A. Killick 
(Admiralty Surface Weapons Establishment), Mr. 
G. F. Miller (National Physical Laboratory), Dr. 
T. H. Simpson (Torry Research Station, Aberdeen), 
Dr. W. T. Stearn (Department of Botany at the British 
Museum (Natural History)), Dr. T. A. Stuart (Fresh- 
water Fisheries Laboratory, Pitlochry), Mr. W. T. 
Duerdoth (Post Office Research Station, Dollis Hill), 
Mr. D. L. Richards (Post Office Research Station, 
Dollis Hill), Mr. L. Islip (National Gas Turbine Estab- 
lishment, Pyestock), Dr. T. E. Gibson (Central Veterin- 
ary Laboratory, Weybridge), Dr. R. Bullough (Atomic 
Energy Research Establishment, Harwell), Mr. M. F. A. 
Harrison (Culham Laboratory), Dr. M. J. Makin 
(Atomic Energy Research Establishment, Harwell), Dr. 
A. Robertson (Unit of Animal Genetics, University of 
Edinburgh), Dr. J. R. Bendall (Meat Research Institute, 
Cambridge), Dr. P. M. Biggs (Houghton Poultry 
Research Station, Huntingdonshire), Dr. L. C. Luckwill 
(Agricultural and Horticultural Research Station, 
Bristol), Mr. J. A. Nelder (National Vegetable Research 
Station, Warwick), Dr. E. C. Reeve (Unit of Animal 
Genetics, University of Edinburgh), Dr. A. S. Laughton 
(National Institute of Oceanography), Dr. V. ©. 
Reddish (Royal Observatory, Edinburgh). 


Glass International 


Tax British Glass Industry Research Association is 
planning to become international, providing that 
British industry does not suffer, according to the 
Association’s Eleventh Annual Report. The organiza- 
tion, which is now composed of 100 member companies, 
has decided to allow foreign companies to “enjoy the 
advantages of membership of the Association”’. 

The advantages include the results of research 
carried out by the scientific staff of the Association. 
Last year much progress was made in furnace design 
by a comparison of existing plant. There is also work 
on regenerators, automation of the batch-house, 
mathematical studies of heat transfer during glass 
forming, new techniques for chemical analyses and the 
analysis of costs. The association also provides an 
information service which issues a Digest of Informa- 
tion and Patent Review once a month; last year it 
was expanded to include a collection of statistical data 
related to technical aspects of glass manufacture. 
The Association last year also did a great deal of con- 
sultative work for its members, acted as test authority 
for four British Standards—land transport, cooker 
doors, gauge glasses for pressure vessels, and ships’ 
windows—and assisted members in statistical analyses 
of their data; they employ two statisticians and have 
acquired an Elliott 903 computer to help members 
in the use of such modern management techniques as 
critical path procedures. With an income last year of 
more than £137,000, a balance of £16,000 and more 
income if overseas firms decide to join, the Associa- 
tion is in a very good position for the expansion it 
seems to foresee. 
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Parliament in Britain if 
Tue joint parliamentary secretary to the Treasury, 
Mr. P. Shore, said in the House of Commons on October 
18 that useful progress was being made in the three 
year programme on desalination which the Atomic 
Energy Authority was carrying out in association 
with industry on a planned expenditure of £1-5 million. 
The economies of desalted water varied from place to 
place. Desalted water was already available on a 
commercial scale from plants built overseas by British 
industry and Mr. Shore agreed that there was very 
considerable export potential for such plant, particu- 
larly in the arid lands of the Middle East and, to some 
extent, in Latin America. In Britain, although re- 
search would continue for some years to come, we must 
look to conventional supplies because they were much 
cheaper. The possibility of erecting a pilot desalination 
plant in conjunction with a seal nuclear power 
station would be kept in mind. About 50 per cent of 
all installed desalination plant had been exported from 
Britain. 


Tax Minister of Overseas Development, Mr. A. Bottom- 
ley, stated in a written answer in the House of Com- 
mons on October 18 that the £2-13 million in the Civil 
Estimates 1966-67 to be spent on the promotion of 
science and technology for the benefit of developing 
countries includes grants to governments, universities 
or research organizations either in Britain or overseas. 
Of the total, £724,000 was for agriculture, £154,000 
for veterinary science, £100,000 for fisheries, £110,000 
for pesticides, £385,000 for medical purposes, £125,000 
for trypanosomiasis, £125,000 for social and economic 
science, £243,000 for roads and £65,000 for building. 
£22,000 was for floras, £13,000 for forestry, £10,000 
for coconut centres and £2,000 for nature conservancy. 

Of this total, 29 per cent was spent in Britain. The 
largest single allocations were as follows: East Africa 
Natural Resources Research Council, £224,000; East 
Africa Medical Research Council, £127,000; East 
Africa. Industrial Research Council, £19,000; Agri- 
cultural Research Council of Central Africa, £94,000; 
Regional Research Council of the West Indies, £142,000; 
Tropical Fish Culture Research Institute, Malacca, 
£53,000; Tropical Section of Road Research Laboratory, 
£243,000; and Overseas Division of Building Research 
Station, £65,000. 


In a written reply in the House of Commons on 
October 19, the Minister of State, Department of Educa- 
tion and Science, Mr. C. Roberts, stated that research 
on foot and mouth disease was concentrated at the 
Animal Virus Research Institute, Pirbright, comprising 
about three-quarters of the work of that Institute 
at an expenditure estimated at £582,000 in 1966-67. 
Most of the work was concerned with long-term studies 
of the disease and the various strains of virus which 
cause it. 


In a written answer on October 19, Mr. Roberts stated. 
that 12 of the 32 Natural Nature Reserves in Scotland 
contained lochs varying in size from 1 to over 3,000 
acres. Research was at present being undertaken on 
Loch Loven, Loch Druidibeg, Morton Lochs, and part 
of Loch Lomond, but this was not primarily concerned 
with the discovery of new species of flora and fauna; 
none had in fact recently been found. 
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University News: Bradford 


Mz. D, C. Jounson, who has been worlong on design and 
development as a director of the Almondbury Develop- 
ment Company, has been appointed visiting professor 
in fibres and materials engineering for three years as 
from October 1. 


City University 


Dr, C. F. CULLIS has been appointed professor of physical 
chemistry as from January 1. 


Essex 


Mx. R. A. BROOKER, at present at the Department of 
Computer Science in the University of Manchester, has 
been appointed to the chair of computing science, and 
Prof. M. Gordon, at present professor of physical chem- 
istry in the University of Strathclyde, has been appointed 
to the chair of chemistry. 


Keele 


A NEw building to contain the work of the Communication 
Department was opened by Lord Adrian on October 26. 
The laboratory will house twelve senior people working 
principally on various aspects of brain research. The 
head of the department, Prof. D. M. McKay, is engaged 
on the computer analysis of brain potentials evoked by 
visual stimuli and of human speech. Other work at this 
department inchides the study of visual, aural and tactile 
acuity. 


Leeds 


Mz. P. J. LAWRENSON, at present a reader in the Depart- 
ment of Electrical i g, has been awarded a 
personal professorship in that department. 


St. Andrews 
Mn. I. 8. Saur, lecturer in orthopaedics in Queen’s 
College, has been appointed to the newly created chair of 
orthopaedics in Queen’s College, Dundee. 


Swansea 


Pror. Q. A. Dæao, professor of mathematics in the 
University of Aarhus, Denmark, has been appointed to 
the newly established second chair of pure mathematics 
as from December 1. 


Appointments 


Mr. H. G. LLEWELLYN has been appointed to serve on 
the University Grants Committee as a second deputy 
chairman. Mr. 8. L. Bragg, chief ecientist, Aero Engine 
Division, Rolls-Royce, Ltd., and Prof. C. C. Butler, pro- 
fessor of physics in the Imperial College of Science and 
Technology, have also been appointed to membership of 
the Committee in order to fill existing vacancies. 


Prof. W. J. M. Mackenzie, Dr. N. Kurti, Mr, J. Leicester 
and Mr. D. J. Foskett have been appointed to the Advisory 
Committee for Scientific and Technical Information, in 
succession to Prof. J. D. Bernal and Dr. N. F. Astbury, 
who have completed their terms of office, and Mr. B, C. 
Vickery, who has resigned on becoming head of the 
Research Department at Aslib. 


Announcements 


Tas European Molecular Biology Organization has made 
the following awards of long-term fellowships for research 
work to be carried out by the recipients in the institutions 
named: Dr. J. I. Boukema, Delft (King’s College, London); 
Dr. N. Glansdorff, Brussels (Glasgow University); Dr. U. 
Muscatello, Modena (Institute of Animal Physiology, 
Cambridge); Dr. E. Pojnar, Krakow (Nottingham 
University); Dr. M. Sajgo, Budapest (Laboratory of 
Molecular Biology, Cambridge); Dr. J. Witz, Strasbourg 
(Laboratory of Moleoular Biology, Cambridge). The 
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Organization has also made awards to Miss 8. A. 
Bonanou, Keddey Fletcher-Warr student at the National 
Institute for Medical Research, London; Dr. E. Lee 
(London), to visit the Department of Biochemistry, 
Weshington University; Dr. C. Vesco (Naples), to visit 
the Massachusetts Institute of Technology. The Organ- 
ization has also awarded short-term travel fellowships 
for collaborative work in molecular biology covering 
visits between twenty-four laboratories in ten countries. 
Financial support for E.M.B.O. has been provided by a 
large grant from the Stiftung Volkswagenwerk, and by 
Seog grants from Interpharma and the Government of 
ael. 


Ta International Laboratory of Genetics and Biophysics 
in Naples is awarding ten fellowships to provide the 
opportunity for young scientists to carry out postgraduate 
research and to receive further training at the Laboratory. 
The fellowships are available to applicants who are not 
older than 26 years and who have received a university 
degree during the past 2 years ın one of the following 
fields: mathematics, physics, chemistry, biology, medi- 
cine. The fellowship will be awarded for 2 years and 
may be extended for a third, and will start during 
February 1967. Any further information can be obtained 
from Laboratorio Internazionale de Genetica e Biofisica, 
Casella Postale 104, Napoli, Italy. 


Tua U.S. Government’s Committee on Scientific and 
Technical Information (COSATI) is embarking on two 
studies of what it describes as “‘vital communications links 
in the national research and development pro ” In 
the first place it has awarded a contract of $50,000 to the 
American Institutes of Research at Silver Sprung, Mary- 
land, to study the use made of informal communications by 
practising scientists. This study is thought to be the first 
step in a more extensive pro o. The second project, 
for which a contract worth $286,000 has been awarded to 
Science Communication, Inc., of Washington, D.C., is an 
attempt to survey present practice in the “‘collection, 
reduction, analysis and dissemination” of date. This work 
will be confined to industry, but the object is eventually to 
collect basic information upon which to construct a better 
understanding of how the scientific literature is actually 
used. 


Pror. G. Wap, professor of biology in Harvard 
University, has been awarded the 1966 Frederic Ives 
Medal by the Optical Society of America. 


Sm Rosset Rosson is to give a discourse at the Royal 
Institution on “The Origins of Petroleum” on November 
ll, at 9 p.m. The discourse originally announced for 
this date by Lord Brain on “The Brain and the Atom” 
will be given at a later date. 


AN international conference on ‘“Spectroscopy’’, spon- 
sored by the Department of Atomic Energy, India, 
LAU and IUPAC, will be held in Bombay, during January 
9-18. The conference is intended to cover radiofrequency 
and microwave spectroscopy, infra-red and Raman 
spectroscopy and optical spectroscopy of atoms and 
molecules. Further information can be obtained from 
the Secretary, Organizing Committee, International 
Conference on Spectroscopy, Spectroscope Division, 
Atomic Energy Establishment, Trombay, 414A Cadell 
Road, Bombay 8. 


CORRIGENDUM. In an article entitled ‘Optical Filtering 
of Electron Micrographs: Reconstruction vf One-sided 
Images”, by Dr. A. Klug and Dr. D. J. De Rosier, which 
appeared on p. 29 of the October 1, 1966, issue of Nature, 
line 6 of the legend to Fig. 6 should read “The two approx- 
imate lattices formed by the sets of principal spots arising 
from the. . .”, and not “The two approximate spots 
arising from the .. .”. 
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MATHEMATICAL APPROACH TO THE SPREAD OF SCIENTIFIC 
IDEAS—THE HISTORY OF MAST CELL 
RESEARCH oF 


By WILLIAM GOFFMAN 


Center for Documentation and Communication Research, Western Reserve Unlversity, 
Cleveland, Ohio 


Onm of the most intriguing problems of modern science 
18 the obscure nature of its own growth. Indeed, there 
are few notable scientists who have not, at one time or 
another, given serious thought to the questions of how 
their particular science has reached its present state and 
what will be the course of its future development. These 
questions seem to be of such importance to scientists 
that they have emerged as fundamental scientific prob- 
lems in their own right?. 

Goffman and Newill have pointed out that the process 
by which ideas spread within a population of scientists 
possesses epidemiological properties and can therefore 
be investigated as an epidemic process. Consequently, 
a new set of mathematical tools can be applied to the 
problem of explaining the nature of scientific develop- 
ment. In particular, this approach makes it possible to 
establish the relative importance of past lines of inquiry 
within a given area of scientific research, and to predict 
the future behaviour of existing hnes of investigation 
as well as the emergence of important new ones within 
the given area. 

The purpose of this communication is to demonstrate 
this method by applying it to the development of know- 
ledge about mast cells. In his recent comprehensive 
survey* of this subject, Prof. Hans Selye has assembled 
a “full bibhography” in which “every aspect of the mast 
cell is dealt with’’*. This bibliography constitutes ideal 
data for the application of epidemic theory to the spread 
of scientific ideas, since it~provides us with all the con- 
tributions to the subject area, from Ehrlich’s discovery 
of the mast cell in 1877 until 1963. 


The Mathematical Model 


I shall treat the communication of knowledge about 
mast cells as an epidemic process. An epidemic process 
is a time dependent phenomenon. In general, it can be 
characterized in terms of a set N (a population) and 
a set of states H (susceptible, mfective and removed) 
‘ among which the population N is distributed at any given 
time. A transition from the susceptible to the infective 
state 1s caused by exposure to some phenomenon (in- 
fectious material) which is transmitted by an mfective to 
a susceptible. A transition to the removed state results 
from the removal of an individual from circulation for 
any one of a number of reasons, for example, death. The 
process itself may be in one of two states at a given point 
in time: (1) stable: the change in the rate at which the 
number of infectives increases with respect to time is 
equal to zero; (2) unstable: the change in the rate at 
which the number of infectives increases with respect to 
time is not equal to zero. If the change in this rate is 


positive, then the process is said to be in an epidemio 
state. 4 

For a population N consisting of S susceptibles, I 
infectives and R removals, the general epidemic proces 
can be mathematically represented by the following system 


of differential equations: 


as 

a = T BST - 85 + p 

g =P- y +y (1) 
Œ _ 39 + I 


where 8, I and ÈE are continuous functions of the real 
variable t, 8 is the rate of infection, 8(y) is the rate at which 
susceptibles (infectives) are removed and u(y) is the rate 
at which a new supply ef susceptibles (infectives) enters 
the population. The population N is therefore increasing 
with time and the number of new infections occurring in 
a given time interval is proportional to the number of 
susceptibles and infectives in the population. 

A necessary condition for the process to enter an epi- 
demic state is that 


a > 0. 


Hence 
y— vf 
a ae 
represents a threshold density of susceptibles, that is, 


no epidemic can develop from time čt, unless So, the num- 
ber of susceptibles at that time, exceeds the threshold 





S> 


y — vja 
P= 6 


where a ig the number of infectives at tẹ Further- 
more, the epidemic state cannot be maintained over a 
time interval ¢ — ¢,) unless the number of susceptibles 
18 greater than pọ throughout that period of time. Ciearly 
as I increases, v/I converges rapidly to zero, and pọ there- 
fore converges rapidly to y/8. The size of the epidemic 
is the total number of infections occurring m the course 
of its development, and its intensity 18 the ratio of its 
size to the total population in which it has developed. 


450 


The epidemic curve which traces the development of the 
process in. time is given by the differential equation, 


dt 
“ute 
The process reaches a peak and thus stabilizes itself when 


atl 
di 


= 


Tf this is the case, then 
dR 


dq 7 


that is, the rate of change of removal is constant mn a region 
of stability’. 

The solution of the system of differential equations (1) 
which oharacterize the epidemic process is necessary for 
analysing and predicting its course. Unfortunately, the 
exact solution of such systems of equations is not always 
possible. An adequate approximation ‘is, however, 
obtainable by use of the following recursive expression 
which is stated in veotor form®: 


i 


BS Bea t [t — tee l Q) 


The Mast Cell Study 


In investigating the spread of knowledge relating to 

mast cells, I shall consider three classes of individuals. 
At any given point in time, I shall deal with those in- 
dividuals who (1) are contributing to some specific aspect 
of mast cell research, (2) have contributed in the past to 
the specified area and (3) may contribute to it in the future. 
In epidemiological terms these mutually exclusive classes 
of individuals represent respectively the (1) infestives, 
(2) removals and (3) susceptibles of the population at 
that partioular pomt in time. 
- The basic population with which we are concerned in 
the mast cell investigation is the total number of authors 
who appear in the Selye collection. This represents the 
total number of contributors to the-subject and consists 
of 2,195 unique members. 


140 


100 


20 





— 20 
Fig. 1. Bate of change in number of mast cell contributors. 
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The following general definitions will be used: 


(1) An individual is said to have become a contributor 
(infective) to a specific aspect of mast cell research in the 
year of publication of his firat paper in the Selye collection 
which deals with that aspect. 


(2) An individual is said to be removed as a contributor 
(removal) to a specific aspect of mast cell research one 
year after the date of publication of his last paper in the 
Selye collection which deals with that aspect. 


The total population of mast cell contributors represents 
the infective population. The instigator of this epidemic 
process is, of course, Ehrlich. The distribution of the 
change in the number of contributors (infectives) with 
respect to time, AI/At, is given in Fig. 1. Intervals of 5 
years were selected because of the radical fluctuation 
of the distribution within smaller time intervals. Fig. 1, 
therefore, represents the epidemic curve for the total 
world population of mast cell workers from 1878-1963. 

It can be seen that mast cell research did not enter an 
epidemic state untal the period immediately after World 
War II. This situation is also reflected in the literature 
on this subject. The total world literature from Ehrlich’s 
first paper in 1877 until 1963 consists of 2,282 publications. 
The distribution of publications m five year intervals is 
given in Fig. 2. This shows that for about sixty years 
the state of mast cell research as shown by the number of 
workers and the number of publications in the field 
remained fairly stable. 
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Fig. 2. Rate of change of mast cell literature. 


It was shown that stability of an epidemic process 
described by the system of differential equations (1) 
imphes that the rate of change of removal is constant. 
If this system of equations is a suitable mathematical 
representation of the growth of mast cell research, then 
the rate of change of removal, AR/At, of mast cell con- 
tributors (Fig. 3) should rapidly converge to a constant 
in the time interval 1878-1943. 

It would appear from Fig. 3 that the mathematical 
representation chosen is suitable for characterizing the 
growth of mast cell research. 
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The future behaviour of the epidemic, as indicated by 
the broken line in Fig. 1, was obtamed as follows: the 
solution of the system of equations (1) is not possible, 
but it is known that I = f(t) is an exponential function. 
Hence, the approximate values of I can be obtained from 
the expansion of the exponential function into a power 
series of the form: 


I = O, + Ot + Og? +...4 Cnt? +... (8) 


and the approximate values for AI/At were then obtained. 
Consequently, we can predict that mast cell research will 
reach a peak in 1978, approximately thirty years after 
the post-war outbreak. 

As can be seen from Fig. 1, little progress was made in 
mast cell research for some sixty years after the initial 
discovery. This situation changed ın 1937 when Scandi- 
navian workers found that’ heparin was synthesized and 
stored in mast cells of higher vertebrates. Fifteen years 
later in Scotland, it was shown that the mast cell is as 
rich in histamine as it is m heparm. American workers 
then demonstrated serotonin in the mast cells of the 
mouse and rat. These discoveries stimulated mtensive 
interest in mast cella and played an important part in 
the post-war outbreak of mast cell research. 
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Fig. 8. Rate of change of removal of mast cell contributors. 
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The relative importance of these discoveries can be 
estimated quantitatively by treating each of these aspects 
of mast cell research as an epidemic process. In accordance 
with the general definitions (1) and (2), the distributions 
of the change in the number of contributions to heparin- 
related, histamine-related and serotonin-related research 
on mast cells can be easily obtained. These distributions 
are given in Fig. 4. The future behaviour of each process 
was predicted in the same manner as for the total 
population. 


Table 1. SZH AND IwreNerry OF HAPARIN, HISTAMINE AND SEROTONIN 
EPIDEMIOS 


Ho Histamine Serotonin 
1937-1963 1958-1963 1058-1968 
Bize of population 397 448 196 
Total population 1,702 1,892 9038 
Intenmty 0-28 0-82 0-22 


All three lines of investigation have reached their peak 
points, and are now declining. It is interesting to note that 
the heparin curve reached its peak and started its descent 
at the time when the histamine curve was increasing at 
its greatest rate, and that the serotonin curve is com- 
pletely embedded in the histamine curve. 
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Fig. 4. Eate of change of the hepann, histamine and serotonin contri- 
utore. 


This suggests a shift of activity from heparin to hista- 
mine in the 1953-1958 period, and that serotonin workers 
tend also to be histamine workers. The relationship of 
the three areas of research activity is further indicated 
in Tables 1 and 2. ` 


Table 2. 
Hist- Heparin + 
Heparin + Heparin + amine+ histamine + 
e serotomm serotonin serotonin 
Size of population 187 107 161 100 


From Table 1, it is clear that, despite the longer duration 
of the heparin line, the histamine “epidemic” is greatest 
in both size and tensity. Table 2 shows that 47 per cent 
of the heparin-involved investigators and 82 per cent of 
the serotonin-involved workers were also involved with 
histamine, while only 42 per cent and 36 per cent of the 
histamine workers were involved with heparin and 
serotonin respectively. Although 64 per cent of the 
serotonin investigators were involved with heparin, 93 
per cent of these were also involved with histamine. It 
would therefore seem that, of the three, the discovery 
that the mast cell is rich in histamine was of the greatest 
importance. 


Table 8 OBSERVATIONS OF ELEOTRON Microscopy ACTIVITY Dy MAST 
CELL RESRAROH 


I 8 Ar AS ARI 
1958 2 168 
1958 5 278 8 105 10 
1963 19 871 14 98 14 


Since 1953, the electron microscope has been used by an 
increasing number of workers in mast cell research. The 
slightly increasing increments (3 and 14 respectively in 
the five year spans from 1953-1963) suggest that a major 
outbreak in this area may be in the making. The epidemic 
theory can be applied, in order to predict the future 
importance of this tool in mast cell research. 

(a) Assume that the susceptible population at any given 
point in time during the course of the epidemic process 
consists of all mast cell workers who are not at that 
moment using electron microscopy. (b) Assume that the 
initial point, te of the process is 1953, at which time the 
population N consists of I = 2 infectives and S = 168 
susceptibles. (c) The infective and removal populations 
are established in accordance with general definitions 
(1) and (2). 

Substituting the observed values (Table 3) for AZ/At, 
AR1/At = yI, I and S into equation (1), we obtain the 
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simultaneous equations 
3 = 2-1688 — 10 + v 
14 = 5-3728 — l4 + vy 
the solution to which is 8 = 0-014 and y = 9. The solution 
for y from the two observed values of AR,/At gives values 
of 5 and 2'8 respectively. Estimating the value of J in 
1968 by means of expression (3), and solving for y, we 
obtain a value of y = 4:4, which falls between the two 
observed values. We shall, therefore, take 4:4 as the 
estimated value for y. Extrapolating the values for AI/At 
by means of expression (2) we obtain the predicted be- 
haviour (Fig. 5) of the epidemic curve: (It should be 
noted that the threshold of p = y/8 = 314 is exceeded 
by every value of S throughout the epidemic except at 
the peak pomt where S = 260.) Thus, it is predicted that 
the use of the electron microscope will become “epidemic” 
in mast cell research and that this epidemic will reach 
its peak in 1978, which is precisely when miast cell research 
as a whole will attain a maximum. . 


(4) 
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Fig. 5. Rate of change of electron microscope contributors. 


Conclusion 


I have attempted to demonstrate the application of the 
mathematical theory of epidemics to the investigation of 
the spread of scientific ideas. In particular, I have shown 
how this mathematical method can be used to establish 
the relative importance of existing lines of inquiry to 
the development of a given scientific topic, predict their 
future behaviour and predict the emergence of new 
important lines of investigation. For this purpose, the 
entire population of mast cell workers, as listed in Prof. 
Selye’s recent monograph on the subject, was selected. 
This selection was made because the whole collection 
exists as a unit in Prof. Selye’s own library in Montreal, 
and was made available for this investigation. 

The results presented here do not exhaust the in- 
formation which can be obtamed from these data, since 
tho total population can be dissected and investigated in a 
variety of ways, for example, by the discipline or geo- 
graphical location of its members. These results, however, 
are sufficient to demonstrate the predictive value of the 
approach. 

Clearly, the method is completely general and can be 
applied to any scientific area or sub-area. All that is 
needed is a well-defined subject field and a means of repre- 
senting the total population of workers in that area. In 
fact, investigations similar to the one presented here are 
being carried out for symbolic logic and lasers, and will 
be reported in the near future. 


1 Price, D. J., Afedical Opinion and Review (July 1966). 

t Goffman, W., and Newill, V. A., Nature, 204, 225 (1964). 

3 Selyo, H., The Mast Oels (Butterworth, 1965). 

‘Riley, J. F., Nature, 209, 118 (1966). 

t Goffman, W., Natura, 810, 786 (1966). 

* ne W., Lectures on Ordinary Differential Equations (M. I. T. Press, 
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MOLECULAR ORBITAL COEFFICIENTS 


HMO—Hickel Molecular Orbitals 
By E. Heilbronner and P. A. Straub. Pp. 816. 
and New York: Springer Verlag, 1966.) 72 D.M. 


In 1961, when Streitwieser wrote Molecular Orbital 
Theory for Organic Chemists, he drew attention to the very 
rapid recent growth of interest in this fleld—seventy 
papers in the forties, 600 in the fifties, and a correspond- 
ing increase in the sixties. These x-electron molecular 
orbitals are usually represented as linear combinations of 
atomic orbitals (LCAQO) with certain other approxima- 
tions as introduced by Hiickel. The enormous use of 
these Hiickel MOs has now led to no less than three full- 
scale publications of tables of the relevant coefficients. 
The present volume, prepared by Prof. Heilbronner and 
Dr. Straub, is the latest attempt to provide the coefficients 
in the MOs and certain other dependent quantities in 
such a form as to be helpful to chemists who have no 
desire to make these calculations for themselves. 

There is information about more than 200 molesules, 
including some cations and anions. About half are straight 
and branched chains; the other half consists of poly- 
nuclear hydrocarbons and polyphenyls. This information 
comprises (1) the MO energy values and LCAO coeffici- 
ents, (2) the associated bond orders in the ground state, 
(3) the atom-atom, bond—atom and bond—bond polariz- 
abilities, also in the ground state. The tables in (3) are 
complete in the sense that bond orders are listed both 
between close neighbours and those at farther distance. 
Needless to say, all the tables are calculated by an elec- 
tronic computer (the computer programme is given in the 
Introduction) and photographed directly from the com- 
puter output. In this way no errors are likely to be 
reproduced. It must, however, be admitted that because 
the material is arranged in columns the size of printing is 
rather small, and the type not too easy to read. 

Three questions have to be answered: (a) is the mater- 
ial likely to be useful? (b) how does it compare with its 
two rival sets of tables ? (c) what about the price ? 

The answer to (a) is that much of the material will 
be very useful, even though, for example, the occasions 
on which bond polarizabilities will be needed for a polyene 
chain of seventeen atoms will not be numerous. It seems 
to me that about half the huge amount of material could 
be dispensed with without great loss, but the other half 
could prove very helpful, especially since these polariza- 
bilities enable us to see what changes occur when one or 
more heteroatoms replace carbon atoms. 

The answer to (b) can only be given by direct de- 
scription. Heilbronner and Straub (H.8.), deal only in 
hydrocarbons; so do Streitwieser and Brauman (8.B.); 
Coulson end Streitwieser (C.8.) also include some simple 
heterosystems. Further, H.S. give all bond orders, ete., 
whereas S.B. and also C.8. give only bond orders between 
nearest neighbours. C.8. (and also sometimes 8.B.) give 
some localization energies, which are not given at all in 
H.S. The larger tables of H.S. require smaller type than 
the other two. S.B. and also C.S. give free valences, but 
H.S. do not. The choice of molecules is smallest in C.S. 
(about 150 molecules), followed by H.8. (210 molecules) 
and S.B. (an additional 200 or thereabouts). 

The answer to (c) is that, as so often “You pays your 
money and you takes your choice”. The cheapest and 
easiest to handle is C.S.; by comparison the present 
volume by H.S. is about twice the physical size, and 
about 1:25 times the price: the enormous collection of 
8.B. is about twice as large again, and several times more 
expensive. Each has its use. A lbrary which already 
possessed S.B. would not also need H.S. But if they 
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Finally, some papers discuss possible ways of synthesiz- 
ing “systems that are optimal, both from the viewpoint 
of performance and the viewpoint of sensitivity. This 
can be considered as one of the future and more ambitious 
objectives of sensitivity theory which may depart from 
the now classical methods of parametric mbedding and 
rely on some new concepts such as game theory”. 

The book by Fel’dbaum is superficially quite different 
from the Dubrovnik volume. Instead of a loose collection 
of papers, 1t presents a highly systematic account of opti- 
mal control processes. However, it issues ultimately into 
a different approach to the same problem: the variation 
of mathematical models. Chapters 5 and 6 are entitled 
“Optimal Systems with Independent (Passive) Storage 
and Information about the Object” and ‘Optimal 
Systems with Active Information Storage” respectively. 
They are concerned with optimal control sequences for 
systems about which information is gathered in the process 
of control itself, so that the model is progressively better 
identified. 

By means of Bayesian prior distributions of the fixed, 
but unknown, parameters, Fel’dbaum describes what he 
calls “dual control”. In computing an optimal control 
strategy, the consequences of the values of the control 
variables include the possible effects on future values 
of information gained. Although this concept was devel- 
oped some years ago, it appears to have been little krown 
outside Russia. Its lack of impact on control theory 
generally is no doubt related to the extreme difficulty of 
actually solving analytically any of the problems so 
formulated. 

Sworder’s book is devoted mainly to an exposition of 
Fel’dbaum’s theory of dual control. It discusses several 
examples in detail and considers alternative policies to the 
optimal one, which may be more readily computed. 

In my opinion, the limes opened up in these books 
are not only important for engineering control problems. 
Because they attempt to take account of the inherent 
limitations of mathematical models they make it possible 
to consider decision-making for processes whose definitions 
are imprecise. In the long run, socio-economic systems 
may well form a major field of application for the more 
sophisticated developments of control theory. 

OYRI: SMITH 


NEOŽLASSICAL IONS 


Nonclassical lons 
Reprints and Commentary. By Paul D. Bartlett. Pp. 
xiv+859. (New York and Amsterdam: W. A. Benjamin, 
Inc., 1965.) $12. 


Tris collection of reprints (it has no pretensions—it is 
not a book) is produced in order to familiarize students 
with a current research problem in organie chemistry. 
Thus it saves them from searching the hterature. There 
is a danger in such a procedure if the selection of papers 
is biased. I have every confidence that here such bias has 
been avoided. Apart from the collection of papers, there 
are inserted a few pages of comment by Prof. Bartlett. 
He treats his subject and arranges his chosen reprints so 
as to give the history of an idea starting back in 1939 and 
finishing in 1964. Thus there is bound to be a gap of two 
years research work between this set of reprints and the 
present day student—an unavoidable disadvantage of 
such hard-backed publications compared with a rapid 
photo-copying of research papers. (It is to be weighed 
against only one clear advantage—financial profit to 
publishers.) A reviewer faced with this mixture of old 
major papers and new minor comment is forced to discuss 
not a book as such, but the general state of research on 
“nonclassical ions” seen in historical perspective. More- 
over, he must do this from the viewpoint of a semi- 
literate student, because the collection sets itself an 
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educational purpose. As I am interested in the subject 
matter, but am not by any means an expert, I have taken 
the hberty of acting as a “trial” student. 

The first fifty to sixty papers make the following point 
with many examples. A classical carbon cation is a single 
positive charge centred on one carbon atom. A non- 
classical cation is a notional cation in which the charge 
distributes itself over neighbouring carbon atoms, for 
example, in a group CH, = CH—CH,—CH Ł. It is notional 
because its existence is based largely on enhanced kinetic 
effects, and its lifetime is associated with the lifetime of 
an intermediate, making it difficult to study. (Discussion 
is largely limited to delocalization in o-bond systems, 
and analogies are drawn with the boron hydrides. There 
are clearly other systems of this kind involving metal 
cations, hydrogen and carbon compounds, but these are 
not discussed.) It is postulated that there is a resonance 
stabilization of the non-classical electron-deficient cation 
which gives rise to the enhanced substitution rates and 
certain abnormalities in the type of product. Most of the 
papers set out to prove this point by circuitous chemical 
methods in different systems. (Many pages are wasted 
on trivial and repeated experimental procedures—who 
wants to pay for this?) All in all, from 1939 to 1962 the 
whole concept is something of an inspired guess. The 
real teat comes at the end (1963) when the cations were 
studied by physical methods at low temperature in 
special solvents. I was not told that for 524 pages—and 
it looks as if non-classical ions do not exist. (What special 
interaction do they contain ?) Worse is to follow, for on 
page 531 there are 25 extra references, 1963-65, and I 
also found a short review in Chemistry in Britain (199, 
1966) which denies the whole concept. I do not advise 
my fellow students to use this book unless they want a 
non-classical outlook on neo-classical ions. 

R. J. P. WLUAMS 


MAKE MORE COMPOUNDS 


Preparative Inorganic Reactions 

Vol. 2. Edited by William L. Jolly. Pp. ix+378. (New 
York and London: Interscience Publishers, a Division 
of John Wiley and Sons, 1865.) 110s. 


THE principal aim of the series of which this book is part 
is to describe the rationale and theory behind the prepara- 
tion of various important classes of inorganic compounds. 
A secondary sim is to provide a critical evaluation and 
comparison of methods. These aims are particularly 
difficult to fulfil completely ın inorganic chemistry, where 
excessive generalizations are notoriously unreliable. 
Each of the authors has in some measure, however, 
attempted this, and a number of outstanding contribu- 
tions have resulted which, coming as they do at a time of 
great interest m exploring the preparative possibilities of 
inorganic chemistry, will stimulate and help workers in 
many fields. 

The subjects covered include phosphazenes (R. A. 
Shaw, R. Keat and C. Hewlett), silicon-nitrogen com- 
pounds (B. J. Aylett), orthophosphoric acids and ortho- 
phosphates (C. Y. Shen and Č. F. Callis), metal alkoxides 
(D. C. Bradley), cyclopentadienyl and arene metal car- 
bonyls (R. L. Pruett), sulphur and phosphorus-bridged 
complexes of transition metals (R. G. Hayter), binary 
fluorides (E. L. Muetterties and C. W. Tullock), fluorme 
compounds of the platinum metals (N. Bartlett) and 
compounds of xenon (E. H. Appelman and J. G. 
Malm). 

The long article on phosphazenes is particularly 
thorough and includes a number of detailed preparations 
with complete experimental details, which will be of great 
value to all interested in these compounds. The authors 
of this article are cautious to state that their subject is 
not yet in a state where extrapolation can be taken too 
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far, a timely reminder of how much more work there is to 
be done in the general field of inorganic preparative 
chemistry. The articles on fluorides are of great signifi- 
cance; that on binary fluorides deals at length with the 
general features of fluorinating agents, with a well informed 
critical discussion of the reagents currently employed 
in this type of work, while that on the fluorine compounds 
of the platinum metals brings together a large number of 
previously unconnected preparative methods in a particu- 
larly difficult part of chemistry. 

This book is a worthwhile addition to the chemical 
literature. An adequate subject and author mdex is 
included, together with a cumulative index for Volumes 
l and 2. D. 8. PAYNE 


PROTOZOOLOGY PATCHED UP 


Protozoolo 
By Richard R. Kudo. Fifth edition. Pp. xi+ 1174. 
(Springfield, IN.: Charles C. Thomas, 1966.) $15.75. 


Tue fifth edition of Kudo’s Protozoology closely follows 
the fourth in general arrangement and content. Thore are 
now almost 300 pages of general biology, followed by 
more than 750 pages of taxonomy. The increase is due 
mainly to a larger print, although there has been an 
injection of new material here and there. The book is 
well produced and convenient to use. 

It remains exceedingly useful to have such a large 
selection of the genera of the Protozoa described systemati- 
cally, with many good line drawings, and this section of the 
book is acceptable and valuable. The ‘“‘Opalinida’’, 
formerly ‘“‘Protociliata’’, are officially dismissed from the 
ciliates, but find themselves uncomfortably included at 
the end of the chapter on peritrichs; and the Suctoria 
surprisingly retain the status of a class. 

The section on general biology is largely out of date and 
needs rewriting rather than the patching which it has 
received. Notwithstanding the immense contribution 
which medical protozoology has made to human welfare, 
Protozoa are now also playing an important part in the 
study of cell biology, and the study of parasitic Protozoa 
can only benefit from a recognition of the cell-biological 
aspect of protozoology. The first chapter contains a 
history of protozoology in which electron microscopy is 
not mentioned. 

The revolution in protozoology produced by the electron 
microscope has indeed made little impression on this book. 
The structure of cilia and flagella, of parabasal bodies, of 
the cell surface, of the cortex of ciliates, of fibrillar systems 
and myonemes, and of the surface of the nucleus, is treated 
in a manner which is out of date. Old drawings should be 
replaced by diagrams based on modern electron micro- 
scopy. 

The physiology of Protozoa suffers from being treated 
in a separate chapter, divorced from morphology; I think 
that it is more fruitful to deal with functional systems as 
such. As it is, interesting mod rn developments and 
problems are neglected in the discussion of various forms 
of protoplasmic movements. Mitochondria also fare badly, 
with a brief reference to the view that they may have 
something to do with the cell respiration. Morphogenesis 
1g passed over, and regeneration (in the chapter on repro- 
duction) is treated exceedingly briefly, with poor selection 
of material and virtually no discussion of all that is inter- 


esting and exciting in the regeneration of Stentor and: 


Euplotes. 

A chapter on ecology describes the range of conditions 
which Protozoa can survive, but gives little improssion of 
the real scope of this subject. In the chapter on variation 
and heredity, the account of the genetics of Chlamydo- 
monas has appropriately been curtailed and that of Para- 
mecium somewhat expanded. Important observations on 
nuclear grafting are not described. 
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There is a real need for this book. Nevertheless, I 
suggest that those who will make good use of the taxonomic 
‘section deserve the support of a new and modern introduc- 
tion. J. A. Kiron ine 


SOME RUSSIAN FRESHWATER FISHES 


Freshwater Fishes of the U.S.S.R. and Adjacent Coun- 
tries 

Vol. 3. By L. 8. Berg. Translated from the Russian. 

Fourth edition. Pp. 510. (Jerusalem: Israel Program 

for Scientific Translations; London: Oldbourne Press, 

1965.) 1088. 


Leo SemenovircH Bere (1876-1950) is remembered as a 
distinguished Russian ichthyologist and geographer of 
both pre-Revolutionary and Soviet eras. His treatise on 
the freshwater fishes of Russia and neighbouring countries 
first appeared in 1916, with revisions in 1923, 1932-33, 
and finally in 1948-49. This last edition has now appeared 
in English translation. The work is designed as a sys- 
tematic guide to the fishes in the river basins of eastern 
Europe and northern Asia, so that ita scope includes 
almost the entire Palaearctic region, including the Caspian 
Sea and Lake Baikal. This continental ichthyofauna has 
far fewer species than that of the corresponding Nearctic 
areas of North America, but receives an infusion of 
more exotic Sino-Indian forms in the Manchurian (or 
Amur) transitional region, included in this survey. An 
assemblage of 375 species, spread over the three volumes 
of the fourth edition, is brought to order under Berg’s 
own classification of fishes, which, for better or worse, 
has come to be widely used throughout the world. The 
presentation of individual species follows a sequence now 
traditional in Russian ichthyological works of a faunistic 
nature. Brief descriptions and keys, with almost every 
species illustrated, are accompanied by data on life-history, 
diet, and distribution. 

The first two volumes of Berg’s trilogy deal in this 
fashion largely with the many salmonoid and cyprinoid 
fishes of the U.S.S.R. The present volume embraces a 
much more varied assortment of higher teleosts (122 
species) belonging to many orders from the Anguilliformes 
to the Tetrodontiformes. The systematic part is dominated 
by members of the Baikalian and Ponto-Caspian faunal 
complexes—of more or less remote marine origin—which 
paradoxically form characteristic components of the 
Russian freshwater fish fauna. Now threatened by 
industrial pollution, Lake Baikal, the deepest and oldest 
freshwater basin in the world, and one famous for a high 
degree of endemicity among invertebrate groups, also 
contains two families of cottid fish (Cottocomephoridae 
and Comephoridae) peculiar to its waters. In the first of 
these groups, Berg recognizes no fewer than eight genera 
and sixteen species. The second family contains but a 
single genus, Comephorus, with two species, which are 
aberrant viviparous forms inhabiting depths to more than 
1,000 m; appropriately, O. dybowsktt is depicted against 
a background of abyssal darkness. Ponto-Caspian fishes, 
originating from the brackish Sarmatic Sea of mid- 
Miocene times, are represented here chiefly by the 
Gobiidae. All the endemic gobies of the Caspian Sea are 
considered as well as more lacustrine species of Black Bea 
and Caspian drainage area. The eleven genera presented 
range from the generalized Neogobius to Benthophtilus, 
comprising the grotesque and spinulose “tadpole-gobies”’. 
Even faced with such bizarre animals, however, more 
familiar freshwater fishes, such as the eel, turbot, perches 
and bullheads, recvive considerable attention, along with 
glacial relict populations of Myoxocephalus quadricornis, 
and the various sticklebacks. Another feature of the 
present volume is that many euryhaline fishes of typical 
marine groups sre incorporated by virtue of penetration 
into the lower reaches of rivers. In this context, grey- 
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mullets and flounders are expected, but the plaice (Pleuro- 
nectes platessa) is something of a surprise. 

Together with the final part of the systematic account, 
Volume 3 also contains an extensive zoogeographical 
discussion of the Palaearctic and Amur freshwater fish- 
faunas as a whole. Usefully illustrated with a coloured 
fold-out map at the end of the book, this begins with 
& twenty page table of distribution listing every 
species and sub-species and their occurrence in any of 
thirty-six basins. Excluding those fishes which do not 
spawn in fresh water, there follows a detailed considera- 
tion of the many faunistice sub-regions, provinces and 
districts, with enumerations of their typical or autoch- 
thonous elements, and, in some cases, descriptions of 
geological changes and their influence on the present day 
fauna. Topics of general interest cover interchange of 
fishes between the major rivers of Russia, the age of the 
Baikal fauna and its spread outside this basin, and 
similarities between the Amur region of the Far East 
and the Mediterranean sub-region. 

The Israel Program for Scientific Translations hes 
produced an English text which reads well without 
presuming to be more than a translation. A few minor 
defects in the third volume include wrong numbering of 
certain orders, families and genera, the transposition of 
pages 174 and 175, and two unsightly corrections to the 
map legend. The practice of italicizing scientific names 
in the text and synonymies has been replaced by letter- 
spacing, a technique perhaps inappropriate for an English 
translation but no doubt more convenient in operation. 
The value of this volume is greatly enhanced by the 
transliteration and translation of a bibliography of more 
than a thousand references (serving all three volumes) 
which provide an amazing record of Russian ichthyo- 
logical activity. The original index has been reproduced 
from the last Russian edition, and further indices include 
Russian vernacular names and their translated forms. 
An index to the biological information buried in the text 
would have been a most useful (if laborious) addition to 
the translation. 

Although now almost twenty years old, Berg’s work 
provides in its entirety an unsurpassed survey of a vast 
fish fauna, and is of general limnological significance as 
well as being of enormous practical importance to the 
ichthyologist. To specialista in particular groups of fishes, 
some of the detailed subject matter may be patently 
unacceptable or antiquated. For example, in the lengthy 
treatment of the Gobioidei, there are many inaccuracies 
and deficiencies, ranging from misallocation of synonyms 
and errors of description to the usually poor diagrams of 
cephalic sensory papillae, where accuracy is particularly 
essential. But taxonomic shortcomings are inevitable 
when a subject as large and multifarious as this is 
attempted by a single person, however knowledgeable in 
general matters. The essential value of Berg’s monograph 
lies in its collective and synthetic approach to a vast 
concourse of scientific findings and records, mostly little 
known outside Russia. Western students will be grateful 
for the translation of this outstanding work, the useful- 
ness and circulation of which through the scientific world 
have thus been so greatly extended. Its contents will 
widen their horizons of thought, as well as their knowledge 
of Russian ichthyology, a subject which continues to 
proliferate. P. J. MOLER 


La Lune a l'Ere Spatlale 

(Publications du Centre National d'Études Spatiales.) 
Pp. xi+185. (Paris: Presses Universitaires de France, 
1966.) 20 francs. 

EARLY in 1964, J. Coulomb of the French National Centre 
of Space Research organized a symposium to deal with 
current and future problems in lunar research. Ten of the 
lectures have been combined in book form by Dr. J. 
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Rösch. Texts of other lectures are missing; and one 
wonders if this stems from a reluctance on the part of 
some authors to publish conference material outside 
scientific journals. 

J. Roach writes briefly about the motion, size, brightness 
and atmosphere of the Moon and, in another chapter, 
on lunar topography; Th. Weimer discusses the hbration 
and figure of the Moon; A. Dollfus provides a compre- 
hensive account of the physical methods used to elucidate 
the nature of the Moon’s surface, the section on polari- 
metry being particularly interesting; J. Kovalevaky 
describes methods of determining the Moon's distance and, 
in another chapter with an appendix by B. Morando, he 
shows how a lunar orbiting satellite can be used to yield 
information on the lunar gravitational field; G. Jobert 
writes on the terior of the Moon; J. Levy deals with the 
consequences of tidal action on the evolution of the 
Earth—Moon system; P. Swings provides an interesting, 
if inconclusive, discussion of lunar glows; and J. Hop- 
mann gives a critical analysis of the errors in both relative 
and absolute lunar altitudes, in the latter case by com- 
paring results drawn from the U.8. Army Map Service, 
R. B. Baldwin, G. Schrutke-Rechtenstamm and H. 
Ritter. 

The papers that have been collected here do not form 
a coherent whole, but it is thought that the book will pro- 
vide a stimulus for student readers of the French scientific 
literature. Several of the papers have been published 
elsewhere; but Hopmann’s contribution, given here in 
French, was previously available only in German. 

GQ. FELDER 


Mathematics and Statistics for Students of Chemistry, 
Chemical Engineering, Chemical Technology and 
Allied Subjects 

By C. J. Brookes, I. G. Betteley and 8. M. Loxston. 

Pp. vii+418. (London and New York: John Wiley 

and Sons, Ltd., 1966.) 650s. i 


In the two sections of this book, of about equal length, 
selected topics in mathematics and statistics are expounded 
lucidly and economically. After an introductory chapter 
on the exponential, logarithmic and hyperbolic functions, 
the emphasis in the mathematical section is placed on 
elementary differential and integral calculus, and on the 
integration of ordinary differential equations. There are 
chapters also on multiple integrals and Fourier series. 
In the section on statistics there are treatments of various 
types of frequency distributions, then of quality control, 
testa of significance, analysis of variance, regression 
analysis, and design of experiments. 

The text has merit in its concise and unfussy style, 
well adapted to those concerned in applying mathematical 
and statistical methods and not with the mathematical 
formalism. A greater emphasis on statistics is much to be 
desired in course work, where too often the subject is 
dismissed in a few perfunctory sessions on the analysis 
of experimental results. This book will be valuable for 
reference in this t. But neither the title nor the 
claim in the preface that “the book covers the mathematics 
and statistics required in most undergraduate courses at 
colleges and universities” is justified by the contents 
which, in the mathematical part, are not well judged for 
university undergraduate chemists. On the one hand 
there is much that a student will know from his school 
mathematics, and on the other no mention of topics that 
many will consider essential to a modern chemistry degree 
course. There is no mechanics and no algebra, and 
opportunities to bias the discussion of differential equations 
towards those leading to the special functions that are 
central to atomic and molecular problems, such as the 
Legendre and Hermite polynomials, have not been taken. 
Readers whose interests lie in the topics that have been 
chosen for exposition, however, will find the book well 
written, clear and explicit, with numerous fully worked 
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illustrative problems. The printing and production are of 
a high standard. D. P. Ceara 


Nuclear Reactor Kinetics 

By M. Ash. (Series in Nuclear Engineering.) Pp. xiv +415. 
(New York, London and Sydney: McGraw-Hill Book 
Company, 1965.) 156s. 


Ts book is written for the graduate student or the 
control systems specialist with a good mathematical 
background. It discusses the application of a wide range 
of mathematical techniques to the solution of problems 
in reactor kinetics. The standard material on the develop- 
ment of the basic equations and on the application of 
Laplace transform techniques to linearized perturbation 
problems occupies about a third of the text. The middle 
section of the book presents more advanced topics such 
as the application of non-linear techniques, dynamic 
programming and spatial effects. Finally, many of the 
classic problems which have arisen in reactor design are 
briefly discussed, such as stability problems-in boiling- 
water reactors and Bethe-Tait type explosions in fast 
reactors and pulsed reactors. A notable omission is any 
discussion of the application of variational methods; this 
could, with advantage, have replaced the discussion of 
Monte Carlo techniques, the relevance of which is doubtful. 
The treatment is inevitably condensed, but it is not 
superficial and successfully demonstrates the rich variety 
of the subject. Extensive references are provided and each 
chapter is provided with a list of illustrative problems. 
The book is valuable as an introduction to the field, 
particularly to those working on dynamic and control 
problems in other engineering disciplines who wish to 
obtain an appreciation of the relevance of these topics in 
the design of nuclear reactors. Those interested in 
particular reactor projects should note that the illustrative 
material presented is not always up to date and that it is 
advisable to supplement the information given in this 
volume from more récent references dealmg with specific 
problems of reactor design. J. FELL 


Methoden der Organischen Chemie 
Von Houben-Weyl. Vierte, vollig neu Gestaltete 
Auflage. Herausgegeben von Eugen Miller. Unter 
besonderer Mitwirkung von O. Bayer, H. Meerwein und 
K. Ziegler. Band VI, Teil 3: Sauerstoffverbindungen 
1/3. Bearbeitet von G. Dittus, H. Kroper und H. Meer- 
wom. Pp. xlviii+832. (Stuttgart: Georg Thieme 
Verlag, 1965.) 212 D.M. 
Tas volume, in spite of its size, deals only with certain 
classes of organic oxygen compounds, and the remainder are 
discussed in the other volumes which will together make 
up Volumes 6-8, all devoted to organic oxygen derivatives. 
The present volume contains four chapters by Professor 
H. Meerwoin on ethers, acetals, orthocarbonic acid esters 
and oxonium salts respectively: two chapters by Dr. G. 
Dittus on three-membered and four-membered cyclic 
ethers, that is, the 1,2-epoxides and the oxetanes: and 
finally two chapters by Dr. H. Kréper on five-membered 
cyclic ethers and on a-hydroxydihydro- and -tetrahydro- 


As in earlier volumes in this fourth edition, the main 
emphasis (as the title implies) is on the methods of 
synthesis of the members, both simple and substituted, 
of each class. The reactions of these members, such as 
methods for opening the ring systems, are also discussed 
in very considerable detail. |The treatment is virtually 
exhaustive, for it is difficult to believe that more than a 
very occasional reference has evaded the authors. 

The price of the book is necessarily high, but it should 
be remembered that each of the eight chapters could well 
have been published independently, each as a very solid 
monograph. Furthermore, the contents (as in earlier 
volumes) are remarkably clearly and attractively printed, 
and the book is excellently bound. F. G. Mann 
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MEETINGS 


GAS CHROMATOGRAPHY 


A SYMPOSIUM organized by the Gas Chromatography 
Discussion Group of the Institute of Petroleum was held 
in April this year in London with Dr. C. G. Scott as 
charman. 

Mr. K. Jones (Petrocarbon Developments Limited) read 
@ paper by himself, Mr. A. O. McDougall (Manchester 
University Institute of Science and Technology) and Mr. 
R. C. Marshall (G. Kent and Sons, Ltd.) on the problem 
of converting signals into digital form with the help of 
computers. He explained his own need to process the 
information arising from the gas chromatography of the 
oxidation of n-hex-l-ene in propionic acid. Mr. Jones 
described four ways of presenting to the computer a 
digital equivalent of the chromatograph record. By 
means of a mechanical shaft linked with the potentio- 
metric recorder and presentation on punched paper tape, 
continuous attenuation of 1,000:1 18 possible using a 
manual attenuator; a ratio of 5 x 10° is possible with an 
automatic attenuator. Digital records can also be 
obtained by a technique of successive approximations or 
by converting voltage variations to frequency variations. 
This system with a dynamic of 2,000 : 1 is suitable 
for use with a katharometer but lacks the attenuation 
necessary for the more sensitive detectors although the 
range ean again be extended by manual or automatic 
attenuators. Mr. Jones also explained how this system 
can be extended by recording the analogue frequency 
signal on 0-26 in. magnetic tape followed by translation 
to a central unit and presentation on 1 in. computer tape. 
A variant of this method, and the fourth of those used 
by Mr. Jones, is the use of an on-line link to a computer. 

The first system is simple, but its dynamic range 
and sampling rate are limited. The second method is 
faster, and experience has shown that, with a solartron 
converter and 5-hole code, fast punches permit sampling 
at a rate from 4 to 10 samples a second. On-line links with 
computers will accept a dozen or more independent signals 
with virtually no limitation of sampling rate or dynamic 
range. Mr. Jones has worked with the ICT Atlas com- 
puter at tho University of Manchester; he is developing 
methods of avoiding repetitive functions, of reducing 
demands on the computer store, and the compensation 
for base line drift. , 

Dr. 8. G. Perry (Esso Research Limited, Abingdon) 
described experiments which he has carried out, with 
three commercially available chromatographs, to find what 
factors influence the accuracy and reproducibility of 
retention measurements. The effect of column temperature 
on retention time is described by the Kovats Index, and 
the inaccuracy of temperature measurement in com- 
mercial ovens will obviously affect the retention time. 
Such inaccuracies have been found to be most marked on 
systems with large heats of solution as, for example, with 
markedly polar materials. 

Dr. Perry also said that the nature of the support has 
a marked influence on retention, particularly in the system 
of benzene and polyethylene glycol. In measurements 
with both toluene and benzene using polyethylene glycol 
400 on different supports, ıt appeared that benzene is 
most strongly retained on the column usually regarded as 
the most inert—‘Chromasorb’ G—and that the opposite 
is true with the support considered to be the most active— 
‘Bilocel’ 0-22. The interaction between the support and 
the solvent is also demonstrated by the relative heate of 
adsorption of polyethylene glycol 400 on a number of 
adsorbents, where measurement showed conclusively that 
the interaction is most pronounced with ‘Suilocel’. Dr. 
Perry showed, on the basis of atudies of the separation of 
benzene and 3-methylhexane on squalane, that with 
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polarizable materials the effect of the support is significant 
only when the stationary liquid is highly selective. 

Dr. Perry also described the effects of instruments on 
retention. He found a difference in the retention times 
of toluene and benzene on two nominally identical columns 
tested in conjunction with three commercial chromato- 
graphs (Perkin Elmer 461, F. & M. 500 and F. & M. 1609). 
The difference was equivalent to a spread of 20 units and 
thus equivalent to a temperature variation of about 25° C. 
The reproducibility of the retention index of benzene on 
several nominally identical columns packed with poly- 
ethylene glycol on ‘Neutraport’ S was poor. 

Dr. A. 8. Curry (Home Office Forensic Laboratory, 
Nottingham) described the developments in his laboratory 
of a gas chromatography method for routine analysis of 
blood and urme alcohol. The apparatus must clearly be 
rugged and must not require extensive calibration from 
day to day. It must also be unaffected by the usual fluctua- 
tions which occur with the changing of cylinders, tempera- 
tures, syringes, columns or pressures. Attemptsto determine 
the alcohol in the blood directly by injecting one microlitre 
of blood on to a column have been unsuccessful because the 
syringe is frequently blocked by precipitated protein. The 
injection of a vapour from above the blood sample suffers 
from certain disadvantages and the concentration of 
alcohol 1s in any case too small to be measured accurately 
by gas chromatography. A method which has proved 
satisfactory is based on the use of an internal standard. 
The blood sample is diluted ten-fold with water to avoid 
blockage of the syringe and normal propanol added as 
internal standard. Dr. Curry pointed out that normal 
propanol has certain practical and theoretical advantages 
compared. with other standards. Its retention time in the 
conditions of these analyses was 3-25 minutes, compared 
with 2 mmutes for ethanol, and there is no overlap 
even at high concentrations. In addition, because of the 
similarity and chemical relationship between the standard 
and ethanol, minor fluctuations in detector response are 
likely to affect both compounds in a similar fashion, thus 
preserving linearity of response. Dr. Curry said the 
greatest potential weakness was the possible error involved 
in the dilution of 0-1 ml. of sample with 1-0 ml. of 25 mg 
of aqueous normal propanol, but automatic diluting 
machines could deal with even smaller amounts. The 
insertion of the Kent ‘Chromalog’ integrator avoided 
uncertainties arising from the measurement of peak 
height. 

Dr. Curry showed that the method is virtually in- 
dependent of the major variables of the chromatograph 
and that large variations of the carrier gas pressure and 
temperature of column produce less than 1 per cent 
variation in the results. The agreement of results from a 
single day’s operation is even better. He pointed out that 
the only compounds likely to be confused with ethanol are 
isopropanol and chloroform. The former elutes close to 
ethanol but should be resolved; an amount of chloroform 
sufficient to produce anaesthesia is equivalent only to 
one-fortieth of the proposed permissible legal limit of 
80 milligrams per cent ethanol. Wash-off from the column 
is apparently no problem, and about 1,000 samples are run 
on the column before replacing the few inches at the top. 

An. interesting application of gas chromatography in 
lipid investigations was described by Mr. R. Watts 
(Department of Medical Biochemistry and Pharmacology, 
University of Birmingham) in a joint paper with Dr. R. 
Dils. He said that the separation by gas chromatography 
of intact glycerides (as opposed to the separation of the 
constituent fatty acids as methyl esters) has become pos- 
sible only by the development of stationary phases stable 
at high temperatures, and emphasized the importance 
of the technique for the analysis of biological materials. 
At Birmingham he uses a Pye 204 dual column chromato- 
graph fitted with flame ionization detectors for the 
separation and analysis of mono-, di- and tri-glycerides. 
With a 5-5 ft. steel column of 3 per cent QFI on ‘Celite’, 
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and argon as carrier gas, he found a linear relationship 
between the logarithm of the retention time and the carbon 
number of the constituent fatty acids. It was interesting 
to note that the slopes were inversely proportional to the 
temperature in these isothermal analyses. He then 
described separations which had been achieved with a 
range of mono-, di- and tri-glycerides and glycerol. The 
polar compounds were converted to their trimethylsilyl 
derivatives and temperature programming from 120° to 
330° C at the rate of 6° per minute was used. A smooth 
curve was obtained when the retention time was plotted 
against the total carbon number, and exact superimposi- 
tion of the retention times was observed for glycerides 
possessing the same total carbon number. 

The authors have separated the trmethylsilyl deriva- 
tives of Cy 5 to Cys o diglycerides on QFI columns with 
conditions the same as those quoted earlier for tn- 
glycerides. Similarly, they have extended earlier work with 
monoglycerides to include the trimethylsilyl derivatives of 
certain monoglycerides. The composition of rabbit milk 
triglycerides has also been studied at Birmingham. Mr. 
Watts mentioned that with triglycerides containing one 
double bond per molecule, the only difference noted in 
the chromatograms was the broadening of the bands. The 
triglycerides are eluted in the order of the total carbon 
number and the usual relationship holds between carbon 
number and logarithm of retention time. Elutions were 
found to be virtually quantitative for glycerides up to 
carbon number 46 and the response of the flame ionization 
detector was found to be linear for loadings of triglycerides 
up to about 30 ug. Mr. Watts pointed out that in bio- 
chemistry this technique has great potential in the 
detection of types of glycerides synthesized by tissue from 
radioactive precursors, for example, radioactive milk 
triglycerides. 

Dr. L. J. Morris (Unilever Research Laboratories, Sharn - 
brook) stressed the complementary roles of the rules of 
gas-liquid and thin-layer chromatography in the character- 
ization of new lipids and fatty acids. These techniques 
have been used in a study of estolide structures of ergot. 
oils, an important constituent of which is a derivative 
form of the hydroxyacid ricinoleic acid. The separation of 
the estolide-triglyceride classes was effected in the first 
instance by thin-layer chromatography using multiple 
development techniques. Ergot oils containing between 
6 per cent and 35 per cent of ricinoleic acid contain four 
triglyceride classes which were separated by preparative 
thin-layer chromatography. 

Comparison of these compounds with synthetic stan- 
dards permitted identification, but proof was furnished by 
determining ratios of component acids by gas chromato- 
graphy. In this way the presence of mono-, di- and tri- 
estolide triglycerides was established and proof was also 
obtained that polyestolide residues are absent. 

Dr. Morris has studied a great variety of hydroxy and 
epoxy acids for which gas chromatography and thin-layer 
chromatography make the elucidation of structures 
possible, and particularly the separation of the positional 
isomers of substituted compounds. Thus in gas chromato- 
graphy on ethylene glycol adipate or silicone elastomer 
stationary phases, the retention times of the isomeric 
hydroxy or acetoxy stesrates increase progressively as the 
position of substitution is varied from the 2 to the 18 
position. On thin layers the mobilities of these positional 
isomers also vary according to the position of substitution, 
although on a sinusoidal curve. Although not all isomeric 
substituted fatty acid derivatives can be positively identi- 
fied by these techniques, Dr. Morris pointed out that all 
the known natural hydroxy stearate derivatives can be 
distinguished simply by comparison with known standards 
on gas chromatography and thin-layer chromatography. 
Thin-layer chromatography on adsorbents impregnated 
with silver nitrate can also complement gas chromato- 
graphy in the detection of unsaturation in natural sub- 
stituted acids. B. K. Howz 
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OBITUARIES 


Dr. Richard Shope 


Dr. Riowarp Epwiy Suore died in New York on October 
2, aged 64. He was outstanding both as a man and asa 
scientist. Never one to follow a fashionable trend, he was 
essentially a naturalist deriving his inspiration and ideas 
from observations in the field. Though he was medically 
qualified, his important contributions were rather in the 
field of veterinary medicine. 

Dick Shope was born on Christmas Day, 1901, at Des 
Moines, Iowa. His father was a doctor. but there was a 
family farm on which he raised pigs for the market. In 
1924 Shope qualified as a doctor ın the University of Iowa 
and taught pharmacology there for a while, but was soon 
invited to join Paul Lewis in work at the Princeton branch 
of the Rockefeller Institute (now the Rockefeller Univer- 
sity). His first big discovery, in 1931, concerned the cause 
of swine influenza. With Lewis he isolated a Haemophilus 
and then he went on to recover a virus as well, and to show 
that only in the presence of both virus and bacterium was 
the full disease reproduced in pigs. This work was the 
forerunner of the demonstration in Britain of the virus 
of human influenza, to which the swine virus proved to 
be related. Later, Shope and P. P. Laidlaw independently 
suggested that the swine virus was derived from that of 
the 1918-19 human pandemic. Some time later Shope 
put forward a view concerning the epidemiology of 
swine influenza, suggesting that it could gain access to 
lung-worms, thence to earth-worms in which it would 
remain “marked” until, having been injected by pigs, it 
was reactivated by some stress. His findings with worms 
have been confirmed by some workers, while others have 
failed to do so. 

Boon came other discoveries, equally productive of 
new ideas. In 1932 he discovered a fibroma of Cottontail 
rabbits and this was found to be related to that of myxo- 
matosis. In the following year he described a papilloma, 
also in cottontails, and this, in the hands of Peyton Rous 
and his colleagues, was found to develop malignant 
properties and to yield a rich harvest of results concerning 
the relationships of viruses and tumours. The epidemio- 
logy of mad itch (pseudorabies) was elucidated in papers 
published in 1931 and 1935 with special reference to the 
role of pigs and rats. 

During the War, Shope headed a team of investigators 
on Grosse Isle in W. Lawrence. There were fears that 
enemy action might introduce rinderpest into America, 
and work on Grosse Isle resulted ın the production of a 
protective vaccine. Later in the War, Shope roved in the 
Far East and there, from the back of a photograph of his 
wife, Helen, he isolated a mould which yielded a product 
Helenine having some antiviral activity. He returned 
to study this in his later years, showing that it stimulated 
the production of interferon. 

He was much distressed when the Princeton branch of 
the Rockefeller Institute was closed, for he hated town 
life. These feelings led him to accept a position as assistant 
scientific director of the Merck Institute in 1949 and there 
he continued until 1952. But the atmosphere of a com- 
mercial organization did not suit him, and 1952 found 
him back at the Rockefeller Institute, in New York. 
Here he was appointed a Member and later Professor. 
In 1957 he reported evidence that in the epidemiology 
of swine fever, as in swine influenza, parasitic worms may 
play a part. 
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Shope’s scientific integrity, energy and initial judgment 
led to his being in great demand on scientific committees. 
His unspoilt natural manner and his sense of hrmour 
made him universally loved and respected by his fellow 
scientists. He received many prizes and honours including 
membership of the National Academy of Science and the 
American Philosophical Socioty, and honorary degrees 
from the universities of Utrecht, Giessen, Pennsylvania, 
Rutgers, Chicago and Yale. He leaves a wife, three sons, 
all doctors, a married daughter and not a few grand- 
children. A lone worker in the laboratory, he was happy 
there but even more so on his farm in New Jersey or when 
fishing on a favourite lake in Minnesota. 
C. H. ANDREWES 


Yu. A. Orlov 


Yuru ALEKSANDROVICH ORLOV, director of the Palaeon- 
tological Institute of the Academy of Sciences of the 
U.8.8.R., died in Moscow at the beginning of October. 
He was 73. 

Born in 1893, Orlov was the elder son of a forestry 
official and passed his childhood in the great pinewoods 
of Northern Russia. His father. a very erudite man who 
was opposed to the conventional middle school education 
of the time, taught his sons at home. Orlov continued his 
education at the University of St. Petersburg, primarily 
as a zoologist; he then spent the first ten years of his 
adult career as a lecturer in histology and embryology, 
writing several papers on the structure of the nervous 
systems of invertebrates. 

In 1925, however, his boyhood interest in geology and 
palaeontology overcame all other considerations; he left 
Leningrad and began the first of a series of expeditions to 
Western Siberia. These led to the discovery of a rich 
fauna of Tertiary mammals—mainly ungulates and 
carnivores, the latter including pinnipeds as well as 
fissipeds—on which he published a number of papers. 
He later extended his interests, delving much further 
back into the past to work on the mammal-like reptiles 
(especially theriodonts and dinocephalians) of the Permian 
of the Soviet Union. 

Within a comparatively short time Orlov achieved 
recognition as one of the outstanding Soviet palaconto- 
logists of his day. He was a professor at Leningrad 
University from 1933 to 1941 and at Moscow from 1943 
until his death, becoming director of the Palaeontological 
Institute of the Academy of Sciences of the U.S.8.R. in 
1946. He was elected a Corresponding Member of the 
Academy in 1953 and a full member in 1961. He was 
also an Honoured Science Worker of the R.S.F.8.R. and 
a holder of the Order of Lenin. 

Towards the end of his career Orlov, as the doyen of 
Russian palaeontologists, became more involved in 
editorial duties. In particular, he was the chief editor of 
Osnovy Paleontologit (Fundamentals of Palaeontology). 
This, a comprehensive treatise in fifteen volumes on the 
fossils of the world, was produced by the collaboration of a 
great number of Russian specialists; the first volume was 
published in 1958 and the last in 1964. Another recent 
work (1961) which merits attention is In the World of 
Ancient Animals; this is not a text-book but a most 
engagingly written account of Orlov’s own career, devoting 
& chapter to each of his special interests. 

Orlov spoke English well and visited England more 
than once. He was a prominent member of the party of 
Soviet zoologists attending the fifteenth International Con- 
gress of Zoology in London in July 1958, and in 1964 the 
Geological Society of London paid him the honour of 
electing him a Foreign Member. Those of us who knew 
him and corresponded with him found him a most likable 
person, willing and helpful as a colleague, warmly affec- 
tionate as a friend. ALAN J. CHARIG 
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SPECTRUM OF 30273 


By C HAZARD, S. GULKIS and A. D. BRAY 
Arecibo lonospheric Observatory, Arecibo, Puerto Rico 


ALTHOUGH the double radio source 3C273 is one of the 
moat intensively studied of the small angular size sources, 
there is as yet no generally accopted theory of the origin 
of the radio emissions. The main interest so far has been 
concentrated on component B, which is associated with a 
thirteenth magnitude stellar ‘object, and a number of 
models have been proposed which attempt to reconcile 
the rapid increase in flux observed by Dent at 8,000 Mc/s 
(implying an angular size of about 0:001”) with the 
absence of a cut-off in the spectrum down to at least 
410 Mc/s, which suggests an angular size of > 0-1", if it 
is assumed that the radiation results from synchrotron 
emission’, The majority of the models imply a core—halo 
type structure with different spectral indices for the core 
and halo and a consequent variation of angular size with 
frequency. In order to help decide between these models, 
a detailed knowledge of the structures and spectra of the 
source components is required. Ño far, almost all the 
structural and spectral information has been derived from 
occultation observations at frequencies above 400 Mo/s, 
where the spectra of the two components are now reason- 
ably well established. Over this range the flux from 
component B increases with increasing frequency with a 
spectral index of about +0-3, while the corresponding 
flux of A decreases rapidly over the same interval with 
an index of about —0-7. Only three flux measuroments 
have been reported below 400 Ma/s, one by the Cambridge 
group’ at 85 Mo/s and the others by the Jodrell] Bank 
group? and by von Hoerner‘ at Green Bank at about 
240 Mc/s; a figure for the flux at B at 136 Mo/s which 
has been quoted? from some early Parkes observations 
does not represent a measurement but a rough estimate 

on an extrapolation of the fluxos observed at 
1,420 and 410 Mc/s. These lower frequency observations 
are in considerable disagreement, for von Hoerner’s 
measurements indicate a low frequency cut-off in the 
spectrum of B between 240 and 408 Mc/s while the Cam- 
bridge observations and possibly the Jodrell Bank 
obsurvations indicate that the flux remains constant or 
even lcreases towards the lower frequencies. This article 
describes the results of two recent occultation observa- 
tions which were made using the 1,000 ft. steerable radio 
telescope at Arecibo, Puerto Rico, and which not only 
clarify the spectral measurements around 240 Mc/s but 
extund them to a frequency of 41-7 Mejs. 

The first ocoultation (on September 7, 1964) was 
observed at frequencies of 41-7, 195 and 430 Mc/s and 
waa visible only at immersion as the emersion occurred 
outside the restricted field of view of the telescope 
(421°). Tho records are not of high quality as the im- 
mersion occurred near the peak of a tropical storm and 
within 20° of the Bun, so that the occultation curves 
aro disturbed both by lightning discharges and by 
scintillations due to irregularities in the solar corona. 
Fortunately, however, this occultation was particularly 
suitable for spectral work, for the two source components 
passed behind the Moon with an apparent separation of 
about 15 sec of arc, and as a result when the occultation 
curves were restored using Scheuer’s convolution pro- 
cedure’ were clearly visible using even coarse resolutions 
of several seconds of arc. The restored one dimensional 
strip brightness distributions across the source at the 
three frequencies are shown in Fig. 1. These curves show 
that at 430 Mc/s the flux from A is about twice that 
from B, in agreement with earlier observations, while at 


195 Mc/s B has decreased still further relative to A as 
expected from an extrapolation of the known spectra of 
the two components above 400 Mc/s. The low resolution 
scan at 41-7 Mo/s shows a strong source clearly associated 
with 30273 and a second weaker source which 18 possibly 
spurious and due to the coronal scintillation. As the 
resolution ıs increased the source associated with 30273 
is apparently resolved into two sources whicl: are dis- 
placed from the positions observed at the higher fre- 
quencies by about 5”; however, within the limita of 
experimental error the apparent separation is equal to 
the component separation seen at the higher frequencies 
and there would seem to be little doubt that the two 
sources correspond to the A and B components of 30273. 
An explanation for the observed displacement would be 
that it resulted from refraction either in a “lunar iono- 
sphere” or in the solar corona—the circumstances of the 
occultation being such that both types of refraction, result 
in an earlier occultation time in agreement with the sense 
of the observed displacement. The present upper lımit 
to the excess electron density near the Moon is 100 cm~? 
(ref. 5), which corresponds to a refraction of < 3” at 
41-7 Mc/s. Lunar refraction, therefore, cannot be dis- 
counted and is responsible for at least part of the observed 
displacement. As the occultation considered here occurred 
only 20 degrees from the Sun, however, it seems more 
probable that the refraction ocours in the solar corona. 

This type of refraction has been discussed by Bucking- 
ham? and his estimates show that an electron density 





Flg. 1. Brichtnees distribution across 3C273 at 41-7, 195 and 480 Me/s 
deduced from the occultation observations of September 7, 1964. 
represents the effective half-power width of the restoring beam. Horie 


sontal scale: 1 division represents 10”. Time increases towards the left, 
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at the Earth as low as 10 om~ would produce a shift in 
the pomtion of about 2", which is comparable with that 
observed. If this interpretation 1s accepted, it follows 
that at 41-7 Mc/s, 30273B instead of being undetectable, 
as would have been expected from an extrapolation of the 
higher frequency observations, is ın fact the dommant 
feature of the records with a flux about twice that of A. 
This conclusion can be avoided only if itis assumed that 
the main. peak in the brightness distribution at 41-7 Mo/s 
corresponds not to 8C273B but to 302734. Not only 
does this re a source displacement of about 10° 
instead of 5”, but also that the source is displaced so as 
to correspond to a later occultation tıme that 1s in a 
sense opposite to that to be expected from refraction 
effects in the solar corona and in a “lunar ionosphere”. 
Thus, whereas a displacement of B correspondmg to an 
earlier occultation tıme can be readily explamed as a 
refraction effect, there appears to be no obvious mech- 
anism to explain a displacement of A in the opposite 
direction. It can be concluded that unless some mech- 
anism can be proposed to explain a displacement of 
302734 corresponding to a later occultation time, the 
dominant feature of the 41-7 Mo/s brightness distribution 
must be associated with 30273B and that the weaker 
component separated by about 15” must be associated 
with 302734. We shall show later, however, that this 
does not preclude that the B component at 41-7 Mc/s is 
not displaced from that observed at the higher frequencies. 
This explanation would stil imply a component of B with 
a highly unusual spectrum, and if the majority of the 
displacement were not a result of refraction it would also 
imply an unusual spectrum for A. The significance of the 
apparent refraction effects will be discussed in detail in 
a later paper. 

It had been hoped to check these observations at the 
tıme of the second occultation in June 7, 1965, when 
observations were made at 41-7, 213 and 430 Mc/s. Un- 
fortunately, at this time the 41-7 Mc/s observations were 
rendered almost useless by heavy mterference as a result 
of a fault in a nearby power line. Excellent records were 
obtained at 213 and 430 Mc/s, however, which have 
permitted not only a detailed investigation of the source 
structure but also a study of the spectral indices of 
fine structure within the two main components. A study 
of the fine structure, howover, requires a detailed dis- 
cussion of the evidence concerning this structure and in 
this article we shall confine our attention to a discussion 
of the two mam components. This is comparatively 
simple, for it has been shown elsewhere‘ that not only is 
there a reasonably clear demarcation between the two 
components but the majority of the emission is essentially 
confined to a narrow line joining these components. 
Thus, by choosing the restoring beamwidths so that the 
effective resolution along the axis of the source is the 
same for all frequencies and for all occultations, it 18 
possible to ensure that the same regions of 30273 are 
included in the measurement of A and B in all cases. 
The ratios of the fluxes of A and B measured in this 
way for all the occultations observed at both Parkes and 
Arecibo are given in Table 1. Over the frequency range 
136 Mc/s—-1,420 Mo/s the fluxes of each component were 
estimated from these ratios and from the values given by 
Conway, Kellerman and Long of the totel flux of 30273 
over the range 85 to 3,000 Mc/s. As no measurements 
were available below 85 Mc/s the total flux at 41-7 Mc/s 
wes measured at Arecibo using 30274 as a calibrating 
source. The estimated fluxes of each component together 
with those obtained by other observers are plotted in 
Fig. 2. 

The results presented in Fig. 2 show a striking difference 
in the spectra of the two components. The measurements 
of the flux of A by all observers are in good agreement 
and its trum is comparatively simple. Over the range 
1,420 Mo/s—-136 Mo/s the average spectral index is — 0-66, 
which agrees with the values of — 0-65 and — 0-68 given 
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Table 1. RATIOS OF FLUX OF A TO FLUX OF B BSTIMATED FROM THH PARKES 
AND ARECIBO OOGULTATION OBSHRVATIONS 


Flux of A Flux of B 

Fr cy Date of Ratio A/B ao w aon w 

jB) observations m~ (o/s)-*) m™ (0/8)-*) 
1,420 Oct. 26, 1962 072 1 16 28 
430 Sept. 7, 1964 26.1 88 14 
430 June 7, 1965 2521 37 15 
410 Aug. 5, 1962 28:1 89 14 
410 Oct. 26, 1962 80:1 40 18 
218 June 7, 1965 45:1 56 12 
195 Sept. 7, 1964 62:1 60 11 
186 Aug 5, 1962 185:1 75 6 
41-7 Sept. 7, 1965 05:1 84 168 


by Conway et al.* and by von Hoerner‘. Below 136 Mo/s 
both the Cambridge observations and the present 41-7 
Mc/s observations show that the slope decreases and 
suggest a cut-off in the spectrum at a frequency of about 
60 Mc/s. If it is assumed that this cut-off results from 
synchrotron self-absorption, then it would imply the 
presence of structure of the order of a few tenths of a 
second of aro; this is consistent with the June 7 occulta- 
tion observations which show structure < 0-3”. 

The spectrum of component B is much more complex, 
the most remarkable feature being the sharp change from 
a positive to a negative spectral index between 100 and 
200 Mc/s. Above 400 Mc/s the results of all observers are 
in good agreement and show that over the frequency 
range 400-1,420 Mc/s the flux increases with increasing 
frequency with a mean spectral index of + 0-37, which 18 
close to the value of 1/3 expected for an electron radiating 
by the synchrotron mechanism in the frequency range 
below the critical frequency; there is some evidence of a 
flattening of the spectrum above 1,420 Mc/s. However, 
the present observations show no evidence of a cut-off 
between 200 and 400 Mc/s but on the contrary suggest a 
flattening of the spectrum over this range with a slope of 
about +01. Below 100 Mc/s the 41-7 Mo/s and the 
Cambridge observations agree ın showing that in this 
frequency range the flux increases with decreasing fre- 
quency. The rate of increase 1s remarkable and between 
85 and 41-7 Mc/s corresponds to spectral index of — 2-9. 

It should be noted here that the increase in the flux of 
B below 100 Mo/s and the apparent cut-off in the spectrum 
of A do not depend on an accurate knowledge of the ratio 
of A to B. The mere fact that B is visible at 41-7 Mc/s is 
sufficient to show that its spectrum in this region cannot 
be represented by a simple extrapolation of the high 
frequency observations, while if the spectrum were to 
remain unchanged down to 41:7 Me/s the ratio of 4:B 
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Frequency (Mojs) 
Fig. 2. Spectra of 30273 and ita two main components A and B. The 
upper curve represents the tram of the total emission; the flux at 
a7 Mc/s was measured ng the Arecibo radio telescope while the 
rematning values are taken from Conway, Kellerman and Long. The 
measurements of the Cambridge and Jodrell groups and of von 
‘Hoerner are represented by O, J and H, respectively. B, and B, corre- 
spond to the fluxes of corresponding peaks indicated in Fig. 8. 
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Fig. ð. Brigntnesas distribution across 3C278 at 138 and 410 Mo/s 
uced from the occultation of August 5, 1962. B, represents the 
flux of the 186 Mc/s component corresponding to the B component seen 
at 410 Mo/s. B, Tice npurlous or represent the 186 Mo/s flux of the 
s. 


source seen at 41-7 orizontal scale 1 division represents 6 In. 
would be 2: 1 compared with the observed ratio of 0:5: 1. 
That the spectrum of 30273 is unusual below 100 Mc/s 
is indeed obvious from a comparison of the spectrum of 
the integrated flux (4 + B) with the spectrum of A, 
which is well established, to be almost linear from 1,420 
to 85 Mo/s with an index of about — 0-68. Thus, if the 
integrated flux at 41-7 Mejs is greater than 170 F.v. (and 
1b 18 estimated to be 252 + 25 ¥.U.), either the slope of the 
spectrum of 4 becomes steeper below 85 Mc/s or the flux 
from B must show a sudden increase. 

The change in the spectrum of B between 100 and 
200 Mc/s suggests that this component is complex, either 
consisting of a core and halo or of two separated com- 
ponents with one component dominating the spectrum at 
the higher frequencies and the second determining the 
shape below 100 Mc/s. As the two sources would have 
approximately equal fluxes between 100 and 200 Me/s, it 
should be possible to check this assumption by a detailed 
study of the brightness distribution and spectrum between 
these frequencies. There is only one observation available 
in this frequency range’, that of August 5, 1962, at 
136 Mc/s. The brightness distributions across the source 
as derived from the records of August 5 at both 136 and 
410 Mc/s are shown in Fig. 3. The 136 Mc/s distribution 
exhibits a double peak, whereas only a single peak is 
visible at 410 Mc/s. The close agreement between the 
position of the left hand peak at 136 Mc/s (B,) and the 
position of B at 410 Mc/s shows that it is this peak which 
should be identified with the source seen above 200 Mo/s; 
its flux is represented by the open cirole in Fig. 2 and 
shows a clearly defined cut-off m the spectrum below 
200 Mc/s. It is therefore tempting to assume that the 
source really consists of two separated components and 
that the right hand peak (B,) corresponds to the com- 
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ponent visible below 100 Mo/s. This suggestion is 
supported by the fact that its flax would be presented by 
the solid circle and he on a straight line drawn through 
the fluxes measured at 41-7 and 85 Mc/s. If B, is indeed 
a second component of B, then it cannot lie on the line 
joining 30273A and 30273B or there would be a marked 
difference in the separation of the two components at 
41-7 and 430 Mc/s in Fig. 1, but it must rather lie more 
nearly perpendicular to this line. B,, however, is so weak 
relative to the noise that without independent evidence 
it cannot be considered a genuine source. It may be 
noted that von Hoerner* has also suggested that 30273B 
is double on the basis of his 240 Me/s results. His sug- 
gestion, however, cannot be taken to confirm the apparent 
double structure seen at 136 Mc/s because: (a) according 
to von Hoerner the two components lie on either side of 
B, whereas the 136 Mc/s results show a source clearly 
coincident with B; and (b) if the spectrum reported here 
does represent two sources, the low frequency component 
would not be detectable at 240 Mojs. It can be concluded 
that although it appears probable that component B is 
complex and that the component observed at the higher 
frequencies has a sharp cut-off in its spectrum below 
200 Mc/s, there is no conclusive evidence that the com- 
ponents are physically separated rather than forming a 
core-halo structure. The slope of the cut-off at 200 Mo/s 
is +2-0, which is consistent with the idea that it results 
from synchrotron self-absorption and suggests an angular 
size of about 0-2” (assuming H = 10— gauss), which may 
be compared with the upper limit of < 0-15” reported 
elsewhere. 

The results presented here show that although the 
spectrum of the total flux from 30273 is apparently quite 
simple, it is, in fact, composed of the superposition of a 
number of complex spectra arising in fine structure within 
the source. As the majority of the radio sources resemble 
30273 in being double (or even more complex), and as 
many also show a similar marked difference in the spectral 
indices of the individual components, it is clear that 
deductions concerning the source structures and emission 
mechanisms based on the spectra of the total fluxes must 
be treated with reserve. It follows that observations of 
occultations should be carried out over as wide a frequency 
range as possible in order to investigate in detail the 
spectra of the individual source components. 

The Arecibo Ionospheric Observatory is operated by 
Cornell University with the support of the Advanced 
Research Projects Agency under a research contract with 
the Air Force Office of Scientific Research. 
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LOSS OF DENDRITE SPINES AS AN INDEX OF PRE-SYNAPTIC 
TERMINAL PATTERNS 


By Dr. ALBERT GLOBUS and Dr. ARNOLD B. SCHEIBEL 


Department of Anatomy and Brain Research Institute, Center for the Health Sciences, 
University of California, Los Angeles 


THE increasing rigour of neurophysiological technique 
makes it possible to identify the propertica of spoorfic 
areas of post-synaptic membrane in the soma-dendrite 
complex!. The location and characteristics of the sub- 


synaptic mosaic have a significant influence on the effect 
of pre-synaptic volleys, and a precise knowledge of pre- 
synaptic geometry and terminal locations is desirable. 
Such anatomical data have been derived from degenera- 
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tion methods such as the Marchi, Nauta, Glees—Bielschow- 
aky, and the Rasmussen modification? which fail to provide 
an adequate picture of the dendritic system. Although 
detailed study of Golgi impregnations is useful, this 
method auffers because it 18 difficult to identify the terminal 
elements that happen to be imprognated. 

This article describes a method by which Golgi impreg- 
nations on young brain tissue after experimental surgery 
allow a precise delineation of the post-synaptic terminals 
of the fibre system which has been interrupted. Dis- 
appearance of dendritic spines is shown to follow pre- 
synuptic interruption. The ability of the chrome-silver 
mothod to show post-synaptic structures, including critical 
details of the dendrites and therr spines, makes the method 
practical and effective. 

This article describes the technique used. Recent 
studies of the projection of specific, commissural and 
associational afferents on the striate, parastriate and 
parietal cortices are cited as examples. 

Losions were made along the afferent projections to the 
visual cortex in newborn rabbits. Bites studied included 
unilateral enucleations induced by cautery and electro- 
lytic lesions of lateral geniculate body. A section of the 
corpus callosum provided degeneration in an unrelated 
system. Thirty days after surgery, blocks of cortical 
tissue’ were removed and immersed in rapid Golgi fixative 
(osrnic acid 1-0 g, potassium dichromate 8-0 g, and 300 c.o. 
water). After 4-7 days they were transferred to 0-75 
per cent silver nitrate for 24 h, shelled by immersion in 
paraffin, and sectioned at 100p. Sections wero processed 
in absolute alcohol, methyl salicylate, and xylene, and 
mounted on slides under neutral synthetic resin. 

Serial sections from two hundred rabbits were studied, 
made up of fifty enucleations, fifty thalamic lesions, and 
ten sections of the corpus callosum, while ninety served 
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as controle. Fixation and inipfegiation timed “were 
adjusted to produce uniform staining of dendrites. The 
age of the animals was critical, because after 30 days, 
increasing maturation of myelinization makes the impreg- 
nations too dark for quantitative estimation. The 
oricntation of the tissue block and the plane of the section 
were arranged to ensure that each section was cut parallel 
to the apical dendrites of the cortical pyramids. 

Fifty per cont of our materia! could be used for qualita- 
tive and 10 per cent for quantitative analysis. This 
fraction can be increased by using improved techniques. 

The pyramids illustrated in Fig. 1 show typical results 
for the striate cortex of rabbits 30 days old. The middle 
pyramid is from a control specimen. The numbor of 
spines along the apical shaft (0-40-0-53 spines per micron) 
is compared with those along its oblique branches (0-24- 
0:35). These numbers show the number of spines which 
can be resolved at x 400 magnification rather than ostim- 
ates of total spine numbers. The pyramid on the loft 
shows the effect of a lesion of the ipsilateral geniculate. 
There are obviously fewer spines along the apical dendrite, 
but no change can be seen in the number of spines along 
its oblique branches. The pyramid on the right illustrates 
the effect of contralateral enucleation. The spine count 
along the apical shaft has fallen (0:26-0:38) while the 
number of spines along its oblique branches remained 
unchanged (0-25—0-33). 

In the analysis of parietal cortex in rabbits previously 
subjected to separation of the corpus callosum, a reduction 
in the number of spines along the oblique branches of the 
apical dendrites is observed. The number of spines 
along the apical and basilar dendrites is unchanged. 

The data emphasize that primary visual afferents 
specifically select the vertically oriented cortical dendrite 
systems, that is the apical dendrite shafts, while not 
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Fig. 1. Typical results for rabbits 80 days old. 
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affecting obliquely oriented dendrite branches. On the 
other hand, afforonts crossing the corpus callosum seem to 
terminate exclusively on the obliquely oriented dendritic 
branches of the apical dendrite. Furthermore, in the case 
of spocific afferents, spines along only a portion of the 
apical dendrites are affected, thereby indicating that some 
gites along dendnte systems of neocortex are preferred. 
to others. Snumilar conclusions have been reached by 
Blackstad in hippocampus‘ and Sprague in spinal cord 
using different techniques. 

A number of methods exist which enable terminal or 
pre-turminal segmonte of axon systems to be seen. In 
the Nauta methods’, degenerating pre-terminals can be 
identified by the suppression of staining m the normal 
fibre populations. The terminals themselves are not 
always sven in full. The Glees—Bielschowsky method® 
shows the terminal pre-synaptic structures themselves, but 
stains all axonal elements equally. Recognition of 
“degenerating boutons” and beading of the pre-terminal 
axons becomes all-important. Such elements must be 
observed under oil, and the possibility of error exists’. 
The Rasmussen technique stains all synaptic termini on a 
nourone, but is of questionable value for identifying 
systems with lesions’®44. None of these methods can 
show dendritic (post-synaptic) elements except as negative 
images very near the soma. As the dendrite systems may 
make up 80 per cent of the total post-synaptic surface’, 
such lumitations severely limit any analysis of the organ- 
ization of axo-dendritic systems. The electron mucro- 
graph reveals the pre- and post-synaptic architecture of 
the culls=-1* and details of degenerative processes in 
both elements!?. Identification of the area seen, howevor, 
remains a major difficulty. This can be overcome only 
by serial reconstruction using thousands of adjacent 
sections, which is enormously diMoult. 

Smce the dendritic spine appears to serve as a sensitive 
index of pre-synaptic terminal loss, it follows that a 
method capable of revealing the total dendritic apparatus, 
including spmes, and enabling the field of view to be 
recognized would be a powerful addition to hodological 
techiuque. The present combination of surgical procedures 
followed by Golgi impregnations seems to fulfil such 
conditions. 

The chrome-silver method of Golgi appears to be the 
only method applicable to optical microscopy because it 
shows spines, as well as the complete array of pre- and 
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post-synaptic neuronal morphology. After a normal 
pattern and density of spines is established for an area, a 
significant deviation can be detected at relatively low 
magnification, and the results can be estimated quantita- 
tively under the high dry objective (400 x ). If lesions are 
placed in sequence in a group of fibre systems afferent 
to an area, the positions of maximum loss of spines along 
dendritic elements should define the topology peculiar 
to each pre-synaptic system. 

There are several problems in this approach. The 
difficulties involved in obtaining rapid Golgi impregnation 
in mature (fully myelinated) brain necessitate the use of 
newborn animals for lesion placement. Many of the 
animals die at operation, and stereotaxic atlases are not 
available for young brains. The unreliability of Golgi 
staining also adds some uncertainty to the final result, 
so that only a few of the animals initially lesioned are 
available for quantitative study. In addition, variation 
from individual to individual, even among litter mates, 
suggests that it is desirable to use contralateral systems 
for the purposes of control when possible. 

Within these limitations, observation and estimation of 
dendrite spine loss with the Golgi method, following 
selective experimental lesions, appear to provide a power- 
ful new tool in locating the precise position and density 
of the pre-synaptic array. 

This work was supported by a grant from the U.S. 
Public Health Service. More detailed results will be 
published elsewhere. 
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MOLYBDENUM-THIOL COMPLEXES AS MODELS FOR MOLYBDENUM 
BOUND IN ENZYMES 


By Dr. L. S. MERIWETHER, Dr. W. F. MARZLUFF and W. G. HODGSON 
Central Research Division, American Cyanamid Company, Stamford, Connecticut 


THE importance of molybdenum in the activity of a 
number of oxidation-reduction enzymes has been estab- 
lished for some time. Molybdenum has been shown to be 
an essential component of the following enzyme systems: 
milk xanthine oxidase!, liver xanthine oxidase’, nitro- 
gonaso’, nitrate reductase‘, aldehyde oxidase’, and xan- 
thine dehydrogenase’. Because of its stability and ease 
of preparation, xanthine oxidase has been investigated 
extensively! and a role for the molybdenum atoms in the 
enzyme reaction is strongly implicated’-*. Electron spin 
resonanco experiments have shown certain points of 
similarity in the behaviour of the molybdenum atoms in 
many molybdoflavoprotum enzymes. On treatment with 
substrate the reduced enzyme systems usually give 
electron spin resonance signals near g = 1:97 which have 


been attributed*.?-" to the d! system of paramagnotic 
Mo(V). In view of the strong possibility that molybdenum 
is involved directly with the substrates in these enzymes, 
we have begun an investigation directed toward developing 
chemical models for the bound molybdenum in enzymes 
which give rise to these unusual electron spin resonance 
spectra. 

Little is known of the structure of Mo(V) and Mo(VI) 
complexes present m aqueous solution, especially in the 
physiological pH region; this 1s because of their tendency 
to polymerize and the fact that spectrophotometric 
methods are not very helpful in identifying or descmbing 
structural or electronic features in these systems. Using 
electron spin resonance spectroscopy in & search for stable 
paramagnetic Mo(V) complexes in aqueous solution at 


466 
200 
=> g=1 978 
ae | 
180 
3 100 
Be 
y 
ag 50 £=200% 
iE o0 
g 
20 40 80 160 200 240 280 320 360 
Tıme (min) 
Fig. 1. Electron spin resonance intenaties versus time for Mo(V)}-TG 
complexes. {(Mo) = 0-02 M, (TG) = 0 04 AL, pH 50 phosphate buffer, 
100 intensity units = 7 x 10 M Mo(V), air axcluded.} 


intermediate pH, we have examined many systems with 
hgands having oxygen and nitrogen donor atoms without 
success; however, certain thiol complexes of Mo(V), 
suitably prepared, show electron spm resonance behaviour 
qualitatively simuar to that of molybdoflavoprotem 
enzymes. These results have led us to some important 
conclusions concerning the local environment of molyb- 
denum in these enzymes. 

Anaerobic reduction of aqueous solutions of sodium 
molybdate containmg a two- to four-fold excess of thio- 
glycollic acid (TG) with sodium dithionite in acetate or 
phosphate buffers (pH 3-7) results in the rapid conversion 
of up to 10 per cent of the molybdenum present into a 
paramagnetic Mo(V) species with gay = 1-978. Over a 
period of several minutes to several hours at 25° C this 
signal gives way first to a species at g = 2-006 (see Fig. 1), 
and finally after about 20 h to a third form at g = 1-987. 
Oxygen also has a marked influence on the relationship 
between tume and intensity for these signals. These ob- 
servations have an analogy ın the results of Bray et al.* on 
xanthine omdase. Bray found at least two kinetically 
related paramagnetic Mo(V) species. Thiolactio acid 
produces simular results. Other aliphatic monothiols, 
especially thiol acids, appear to form Mo(V) complexes 
under similar conditions having new absorption bands mm 
the 300-500 my region, but either no electron spin re- 
sonance signal or weak, poorly defined signals have been 
detected in these systems. Neither cysteine nor gluta- 
thione produces an electron spin resonance signal in 
solution with Mo(V). 

Aliphatic 1,2- and 1,3-dithiols have been found to 
reduce molybdate to Mo(V) spontaneously in many 
solvents (water, acetone, dimethylsulphoxide, ethanol). 
In each case electron spin resonance measurements show 
a single paramagnetic species. In non-hydroxylic solvents 
the Mo(V) electron spin resonance signal intensity cor- 
responds to the totel molybdenum concentration. In 
hydroxylic solvents other Mo(V) species unobservable 
by electron spin resonance are produced. In water- 
ethanol solution at pH 6-7 a reversible temperature 
dependence of the electron spin resonance signal at 
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g = 2-002 from the complex of Mo(V) and 2,3-dimercapto- 
1-propanol (BAL) 1s observed as shown below: 


TC) Signal size (arbitrary units) 
9 0:44 
25 1-18 
50 3-02 
64 6 46 


This indicates the presence of a labile equilibrium between 
a dimer or higher polymer and a paramagnetic monomer 
of the Mo(V)-BAL complex. Such equilibria have pre- 
viously been observed in Mo(V) systems!*-}*, 

Spectrophotometric investigations of reaction stoichio- 
metry have shown a ligand to metal ratio of 2: 1 in oom- 
plexes of Mo(V) with alphatic 1,2- and 1,3-dithiols, 
suggesting the formation of bts-chelates having a sulphur : 
molybdenum ratio of 4:1. Aromatic 1,2- and 1,3-dithiols 
also give evidence of 2:1 and sometimes 3:1 ligand to 
metal ratios in their Mo(V) complexes. 

Experiments at room temperature and 77° K with 
natural and isotopically enriched molybdenum (97 per 
cent molybdenum-95) have led to the compilation of the 
relevant electron spin resonance parameters for a large 
number of thiol complexes of Mo(V). A few examples are 
shown in Table 1 together with data on other Mo(V) com- 
plexes and the enzyme xanthine oxidase. The most 
striking effect of thiol ligands 1s to raise the g value and 
lower the hyperfine coupling constant. In an octahedral 
Mo(V) complex no non-sulphur ligand produces & gay 
greater than 1:95 or hyperfine couplng constant lower 
than 47 gauss. A plot of the room temperature g values 
(Gav) against the isotropic coupling constants (a) shows that 
all points fall near a straight line the slope of which indi- 
catea an inverse linear relationship between gay anda. The 
only exceptions to this rule are complexes the structure 
of which has been shown to be different from octahedral 
(Mo(CN)*=, for example), which suggests that all Mo(V) 
complexes on this lme, including thiols, are octahedral. 
We interpret these results by delocalization of the 
unpaired electron from the metal orbitals into the 
orbitals of the sulphur ligands giving rise simul- 
taneously to a reduction of the molybdenum hyperfine 
coupling constant and approach of gay to the g value for 
the free electron (2:0023). 

The highest g component is particularly sensitive to 
sulphur bonding, and displays values of at least 1-990 
and in most cases greater than the free electron value. 
The occurrence of g values in excess of 2:0023 cannot be 
interpreted on simple theory. But any mterpretation 
must involve a high degree of electron delocalization in 
these systems. It would appear that both the number of 
sulphur donor atoms and the spatial orientation of the 
molybdenum-—sulphur bonds play significant parts in the 
electronic structure. Many of the dithiol complexes 
display axial symmetry which may be due to sym- 
metrical g -planar arrangement of the four sulphur- 
atoms about the molybdenum-atom. 

A comparison of the electron spin resonance para- 
meters of xanthine oxidase with those found for the thiol 


Table 1. ELBOTRON SPIN RESOXANOH PARAMETERS OF Mo(V) THIOL OOAPLEXHS 


a 
Ligand Solvent gay (gauss) te 
HOCHCO,H 1.1 EtOH-H,O 1-921 56 - 
a om, 10 normal HOl 1:949 47 1-975 
HSCH,CO,H H,0 1-978 38 2005 
(TG) 1-987 41 2-083 
2-006 34 2-028 
HS(CH,),SH 1:1 EtOH-H,O 1-993 35 2-029 
H&(CH,y)8H 1:1 EtOH-H,O 2-002 30 2:050 
Xanthine H,0 1-977 34 2-025 
oxidase, y, ð 
Xanthine _ 1-977 41 1-990 
a, 


A, Ay A, 
fa a (gauss) (gauss) (gauss) Ref, 
- - - - - a 
1-942 1-942 79 44 44 a,b 
1-980 1941 ~b2 - ~ a 
2 008 1-058 - = = a 
1-997 1-987 = = b a 
1-974 1-974 57 26 26 a 
1-978 1-978 55 21 21 a 
1-056 1-951 41 24 37 e 
1-971 1971 67 28 28 


a, This work. b, Bef. 14. o, Bray, R. O., and Meriwether, L. B., following communication. 
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complexes reveals some striking similarities not apparent 
for previously reported Mo(V) complexes. The high g 
values and low hyperfine coupling constant which charac- 
terize the enzyme are unique features of the thiol com- 
plexes. Furthermore, the two xanthine oxidase species 
fall on the linear correlation between g values and hyper- 
fine coupling constant for Mo(V)-thiols and other octa- 
hedral Mo(V) complexes. In particular the highest g 
component of the y, enzyme signal shares with many 
of the thiol complexes the anomaly of being well above 
the free eloctron value. It 1s likewise interesting that the 
dithiol complexes display the effective axial symmetry 
also seen ın the a, B enzyme species, while the signals 
from some of the species derived from TG show rhombic 
distortions also found in the y, § system. 

These results suggest important structural features in 
the reduced enzyme; namely, that we are dealing with 
octahedral complexes mvolving molybdenum-sulphur 
bonding. Similar considerations may also apply to other 
molybdoflavoprotein enzymes for some of which electron 
spin resonance investigations have already revealed an 
unusually high g value?1!. A complete identity of the 
enzyme spectrum with a model consisting of an aqueous 
thiol complex cannot be expected as the molybdenum 
environment ın the enzyme must be highly constramed. 
The thiol hgands undoubtedly arise from cysteine residues 
in the apoenzyme. Although we did not find an electron 
spin resonance signal with Mo(V) and glutathione, further 
work with cysteine-containing polypeptides might produce 
more accurate models. The number of molybdenum— 
sulphur bonds in the enzyme is uncertain. The data of 
Bray and Watts on the iodoacetamide mactivation of 
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xanthine oxidase suggest that a single labile thiol is 
present at the active site; however, this thiol does not 
appear to be mvolved in molybdenum bonding since the 
electron spin resonance spectrum of reduced iodoacet- 
amide inactivated enzyme” still retams the characteristics 
of a Mo(V)-thiol complex. Hither nitrogen or oxygen 
ligands could occupy the remaining co-ordination positions 
on the metal; hyperfine coupling to nitrogen nuclei could 
be concealed within the line-widths of the molybdenum 


signals. 


1 Bray, R. O., in The Enzymes, Boyer, P. D., Lardy, H., and Myrback, K. 

(eds.), 7 (Academic Press, New York, 1968). anes 

t Reichert, D. A., and Westerfeld, W. W , J. Biol. Chem., 208, 915 ; 
Kielloy, E. K., J. Biol. Cham., 818, 405 (1985) Brumby, P. B., Miller, 
R. W., and Massey, V., J. Biol. Ohem., 240, 2222 (1965). 

3 Nicholas, D. J. D., Biol. Rev., 38, 580 (1968). ie 

‘Nason, A., in The Enzymes, Boyer, P. D., Lardy, H., and Myrbick, 
(eds.), 7, 587 (Academic Breas, New York, 1963), 

ee ae K. V., Fridovich, I., and Handler, P., J. Biol. Chem., 287, 
$28 (1962), 


s i J. C., and Westerfield, 
PEW, PA B Okem 217, 208 (1066); Baa dahaw, W. H., and Barker, 

H. A, J. Biol, Chem., 235, 8620 (1060). 

1 Palmer, G., Bray, B. O., and Beimert, H., J. Biol. Chem., 289, 2657 (1064). 

* Bray, R. O., Palmer, G., and Bomert, H., J. Biol. Chem., 288, 2687 (1984). 

* Bray, B. C., Pettersson, B., and Hhronberg, A., Biochem. J., 81, 178 (1961). 

1¢ Nicholas, D. J D., and Stevens, A. M., in Tnorganie Nitrogen Aletabolism, 
McElroy, W. D., and Glass, B. (eds.), 178 (Johns Hopkins Umveraty 
Press, tımore, 1958). 

i Rimecks M. W., Wilson, P. W., and Nicholas, D. J. D., Nature, 200, 709 

1 le 

11 Sacconi, L., and Cini, R., J. Amer. Chem. Sos., 76, 4289 (1954). 

13 Hare, O. R., Bernal, L, and Gray, H. B., Inorg. Chem., 1, 881 (1962). 

14 Kon, H., and Sharpless, N. E., J. Phys. Chem., 70, 105 (1988). 

3 Bray, R. C., and Watts, D. C., Biockem. J., 98, 142 (1966). 

1$ Bray, R. O., and Chisholm, A. (unpublished results). 


ELECTRON SPIN RESONANCE OF XANTHINE OXIDASE SUBSTITUTED 
WITH MOLYBDENUM-95 


By Dr. R. C. BRAY and Dr. L. S. MERIWETHER* 


Chester Beatty Research Institute, Institute of Cancer Research, Royal Cancer Hospital, Fulham Road, London 


ELECTRON spin resonance has provided much information 
on the function of molybdenum in the enzyme reactions 
of milk xanthme oxidase!. Two kinetically distinct types 
of Mo(V) electron spin resonance signals from the reduced 
enzyme have been distinguished‘. The first, called Mo-y, 8, 
1s obtained in the very early stages ot the reduction of the 
enzyme by xanthine, particularly at elevated pH values‘. 
The second, called Mo-a,®, is obtained at low pH with 
xanthine‘, with hypoxanthine‘, or with salicylaldehyde’. 
Hyperfine structure has been seen with the Mo-y, 8 signal 
and a tentative interpretation of the signals put forward‘. 
Electron spin resonance investigations of the xanthine 
oxidase system provide a unique opportunity for studying 
changes in the environment of a redox-active metal durmg 
the catalytic cycle of an oxidative enzyme. This com- 
munication describes electron spin resonance studies on 
xanthine oxidase containing an enhanced proportion of the 
isotope molybdenum-95. These have provided new inform- 
ation relating to the bonding of the metal in the enzyme. 

Naturally occurring molybdenum is a mixture of 75 per 
cent of isotopes having no nuclear spin (I = 0: molyb- 
denum-94, -96 and -98), giving rise to single line electron 
spin resonance spectra, and 25 per cent of isotopes with 
nuclear spin (I = 5/2: molybdenum-95 and -97) giving 
six line spectra. Increasing the proportion of molyb- 
denum-95 should simplify interpretation of the signals by 
decreasing the intensity of all main lines and at the same 
time increasing the intensity of hyperfine lines. 

Attempta to incorporate isotopically labelled molyb- 
denum into the active site of xanthine oxidase by chem- 


* Permanent address: Central Research Division, American Cyanamid 
Co., 1987 West Main Street, Stamford, Connecticut. 


ical exchange failed. In addition to experiments sumilar 
to those reported by Totter®, in which the oxidized 
enzyme was incubated with labelled molybdate, we also 
tried a number of experiments in which enzyme reduced 
by substrate was incubated anaerobically with complexes 
of labelled Mo(V). It was hoped that in the substrate 
reduced enzyme the molybdenum might more readily be 
available to chemical attack, as, for example, is the copper 
in cytochrome oxidase’. In no case was molybdenum 
exchange clearly detected. A biological synthesis of the 
labelled enzyme was then undertaken. 

Molybdenum-95 was incorporated into xanthine oxidase 
by injecting a cow with the isotope and isolating the 
enzyme from the milk (see ref. 8). In order to determine 
the extent of incorporation the stable isotope was used as 
carrier for tracer quantities of the radioactive molyb- 
denum-99, added to the injection solution. A 546 kg 
Friesian cow was given a single intravenous jection of 
184 mg of molybdenum-95, as sodium molybdate (isotopic 
purity 97 per cent, from Oak Ridge National Laboratory, 
Oak Ridge, Tennessee), with the addition of 310 po. of 
molybdenum-99 (from the Radiochemical Centre, Amer- 
sham). Milkings obtained during the 72 h after the 
injection were pooled and xanthine oxidase was isolated as 
described previously‘, using one calcium phosphate 
purification step only. Xanthine oxidase activity assays 
and molybdenum determinations indicated that the 
enzyme sample was highly active (see ref. 7). Molyb- 
denum-99 was determined by liquid scintillation counting 
of aliquots from the molybdenum-dithiol solutions in 
amyl acetate, obtained during molybdenum analysis*®. 
Counts indicated 68 per cent incorporation of radio- 
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Fig. 1 The molybdenum-y, ô electron spin resonance signal from xanthine 
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activity, corresponding to 74 per cent of molybdenum 
isotopes with nuclear spin, in the enzyme sample. 

Electron spin resonance measurements on frozen 
samples obtained by rapid freezing or by manual mixmg 
were made as described previously*. Electron spin 
resonance measurements were also made on samples 
mixed and maintained at room temperature in the flat 
aqueous cell. A ‘Varian’ model V-4502 X-band spectro- 
meter with a 12 in. magnet and ‘Fieldial’ and associated 
variable temperature and dual cavity accessories was used 
for all measurements. A sample of 0-1 per cent manganese 
oxide ın magnesium oxide calibrated against a proton 
resonance probe was used as a standard for assigning g 
values. 

Molybdenum-y, 8 signal. This signal, which is found 
only with xanthme at high pH and very short reaction 
times*?+2, was examined at — 160° C after rapid mixing 
at 20° C and pH 10 and freezing, to give 10 msec reaction 
time. Fig. 1 shows the molybdenum-95 enzyme signal 
together with that from the naturally occurring enzyme. 
A well resolved spectrum of the molybdenum-y, 8 form 
is obtained containing only traces of flavin radical at 
g = 2-006 and of the molybdenum-ca, 8 signal. Analysis 
of the hyperfine structure in the molybdenum-96 spec- 
trum provides the following data: gz = 1-951; gy = 
1956; g: = 2-025; Ar= 37 gauss; Ay = 24 gauss; 
A, = 41 gauss. The isotropic values calculated from 
these results are gay = 1-977, A = 34 gauss. The values 
for gr, Jy, gs and A, are in good agreement with earlier 
results‘. 

This spectrum could result from an octahedral complex 
of Mo(V) in which additional slight rhombio distortion 
has been introduced to cause a small splitting of the g, 
component along the x and y axes. The g values are very 
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close to those found in complexes formed between Mo(V) 
and various thiols'*. This indicates that one or more of 
the ligand atoms is sulphur, presumably arising from 
cysteine residues in the protein. Since this signal is 
unique for xanthine as a substrate!!, there ıs the further 
possibility that xanthine or a single eluctron oxidation 
product of xanthine is also a ligand. Failure to obsorve 
hyperfine coupling with nitrogen nuclei (I = 1) does not 
rule out the presence of nitrogen donor atoms. It would 
seem most probable that the remaining co-ordination sites 
on the molybdenum are occupied by oxygen or nitrogen 
atoms either from the protein or water. 

Molybdenum «, B signal. This signal, which appears 
with a variety of substrates at longer times", can be 
observed at room temperatures or in the frozen matrix 
and is stable anaerobically for long periods at 20° C. No 
change in the signal from either the molybdenum-95 
enzyme or the normal enzyme occurs on lowering the 
temperaturo from 20° to — 160°. Hence the reduced 
molybdenum complex is not free to tumble in the liquid 
enzyme system but 1s constrained within the protein (see 
ref. 13). Fig. 2 shows the molybdenum-c«. B signals ob- 
tained at — 150° C after incubating the molybdenum-956 
and normal enzyme with formaldehyde for 1 mm at 20° C 
and pH 10, and then freozing. Very similar but not quite 
identical spectra are obtained using xanthine at low pH 
values and also with a variety of other substrates". 

The molybdenum-«, $ signal is markedly different from 
the molybdenum-y, 8 signal discussed earlier. Four prin- 
cipal puaks appear in the natural e spectrum at 
g = 1:966, 1-977, 1-987 and 1:994. In the molybdenum- 
95 enzyme spectrum each of these four peaks is split 
into a sct of molybdenum hyperfine lines, the low field 
peaks being associated with a pair of splitting patterns 
with identical A (molybdenum-95) = 67 gauss and the 











Fig 2. The molyhdenum-a, 8 electron spin resonance signal from xan- 
thine ovidase bottom trace normal enzyme. centre trace: molvhdenum- 
95 envyme; upp 
and modulation (centre of trace omitted). The enzyme at pH 10 waa 
reduced with formaldehyde for 1 min. The simnals were recorded at 


T traces molvbdenwm-05 enzyme run at higher win 


— 150° C; the magnetic field increases from left to right. 
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igh eld pair of poaka associated with a second pair of 
ting patterns with A (molybdenum- 95) = 28 gauss. 
This unusual spectrum ‘could arise from several different 
causes, but the most probable explanation would appear 
to be that a single axially symmetric octahedral Mo(V) 
omplex is present the principal g components of which 
are split by hyperfine anisotropy due to coupling of the 
free spin with both molybdenum (J = 5/2) and proton 
(I = 1/2) nuclei. The following parameters are then 
obtained: g,,= 1-990, A, (molybdenum-95) = 67 gauss, 
Ay (hydrogen) = 13 gauss; g, = 1-971, A, (molyb- 
denum-95) = 28 gauss, A, (hydrogen) = 16 gauss; Jay = 
1:977, a (molybdenum-95) = 41 gauss, a (hydrogen) = 15 
gauss. 
This interpretation of the molybdenum-a, 8 signal 
_ appears reasonable as it is only necessary to assume a 
| metal complex species which contains one or more tightly 
| bound protons in the first co-ordination sphere, perhaps 
as hydroxyl or thiol groups (Mo-OH; Mo-SH) or direct 
hydrogen bonds to the metal (Mo...H-O-; Mo. 
=- H-S-; ete.) “Also the possibility ‘of metal hydride 
ME bonding (Mo~H) cannot be excluded. Further support 
->for the role of protons in the molybdenum-«, 8 complex 
eomes from the fact that with xanthine the molyb- 
denum a, B signal appears at low pH values, whereas the 
--molybdenum-y, ò signal appears only at high pH. One 
_.-of the principal structural differences between these two 
< Mo(V) complexes might be the presence of several addi- 
tional protons in the molybdenum-«, B form. Very 
“recently confirmation that protons are involved in the 
spectrum has come from experiments in deuterium oxide". 
The effective axial symmetry of the molybdenum-z, B 
complex is puzzling in view of the general tendency of 
metals bound in enzymes to have a highly distorted 
structure. Nevertheluss, the presence of at least one and 
~ probably more sulphur donor atoms in this complex 
seems obligatory because of the position of the reson- 
ance’, The construction of models is still rather pre- 
-i mature, however, since the effeet of sulphur ligands on 
the electron spin resonance spectra of Mo(V) complexes is 
not yet well understood. 

Experiments are under way to obtain more information 
on the molybdenum-a,® signal. The effect of using 
= deuterium oxide as solvent will be investigated further 
- along with the effect of running the spectrum at K- or 
-> Q-band frequencies. Methods to locate the relative 



















DISTINCTION OF BROWN FROM WHITE ADIPOSE TISSUE 
By Dr. D. HULL and Dr. M. M. SEGALL 


Nuffield Institute for Medical Research, University of Oxford 


Warrs and brown adipose tissues are both adipose in the 
sense that their cells contain a large quantity of fat 
present as vacuoles in the cytoplasm. In their typical 

“forms, the distinction between the two tissues is clear and 

- well established. The fat in white adipose tissue is present 

“dn each cell as a single large vacuole, whereas the cells of 
-> brown adipose tissue contain fat in the form of many 
- small vacuoles. Whether the tissues are distinct entities, 

«however, or different forms of a single tissue has been the 
<i subject of much controversy in the past and the problem 
is still not settled!-*. White adipose tissue normally has 
-<e higher concentration of fat (80-90 per cent) than brown 
__ adipose tissue (40-50 per cent). But when the fat content 
- of white adipose tissue is low, for example during its 
development or after starvation, the cells may be multi- 

_vacuolar** and so resemble brown adipose tissue cells. 

«On the other hand, under conditions which increase the 
fat content of brown adipose tissue, for example after high 
fat feeding’, denervation’, or in tissue culture®, the 
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positions of the molybdenum | atoms in | the enz; 
also be studied. 

This investigation of the electron spin resonant 
trum of xanthine oxidase labelled with molybdenum 
is, we believe, the first example of the use of this isotope 
in enzyme electron spin resonance studies. The p ~ 
demonstrate the power of this technique in probing the 
chemical environment of enzyme bound molybdenum, a 
and although a complete understanding of this systen 
still eludes us, the relative simplicity of the enz 
spectra and their great similarity to those of mode 
plexes suggest that the solution to this problem. 
at hand. 

We thank Dr. W. G. Hodgson, Dr. J. R. Trott 
L. I. Hart, Dr. P. Knowles and Dr. J. F. Gibso 
helpful discussions, and Dr. R. F. Glascock and Mi 
Chapman for carrying out the biological work. We al 
thank Prof. G. Wilkinson for providing space ar 
facilities, Prof. F. Bergel for his interest in the work, 
the American Cyanamid Company for leave of ab 
under a senior award (to L. §. M.) The work was 
ported by grants to the Chester Beatty Research Ins 
(Institute of Cancer Research : Royal Cancer Hos 
from the Medical Research Council and the Bri 
Empire Cancer Campaign for Research, and by a grant 
from the National Cancer Institute, U.S. Public Health 
Service. 
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vacuoles of brown adipose tissue cells increase in size an 
may coalesce to form a single vacuole, so that these | 
come to resemble white adipose tissue cells. It is therefo 
clear that either these tissues are not distinct enti 
or that the number of fat vacuoles in the cell is not 
reliable criterion’ for differentiating them. This. ar 
presents evidence that brown and white adipose. tissue : 
are always distinct morphologically in the fat depleted 
state and that they have distinct functional roles. It 
follows that the tissues have a basically separate identity. a 
Morphological distinction. When replete with fat, 
brown and white adipose tissues are both yellow in colour 
and in this state they may be indistinguishable with tha 
naked eye. After fat depletion, however, their appearances 
are strikingly different. Whereas white adipose tisi 
shrinks to a few strands of tissue, brown adipose 
retains a substantial bulk and then it has its charact 
red-brown colour’. The histological appearal 
tissues in the fat depleted state is also very differe 
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Fig. 1. Brown adipose tissue trom the neck of a 2 day old rabbit weighing 

72 g, which had been fed but exposed to a cool environmental temperature 

(30° C) from birth. The tissue contains few vacuoles of fat. The closely 

packed cells contain granular cytoplasm and rounded nuclei (haema- 
toxylin and eosin, x e, 340). 
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pointed out that these organs developed into brown 
adipose tissue and that this process was different from the 
acquisition of fat by what he regarded as ordinary primi- 
tive connective tissue in the development of “ordinary” 
adipose tissue. Shortly after, the distinction was again 
blurred by Bell (1909)*, who used the ox calf, which has 
comparatively little brown adipose tissue, and main- 
tained that Hammar’s distinction was unwarranted and 
that all adipose tissue developed from the same fibrillary, 
pre-adipose connective tissue. Bell did, however, admit 
that the tissue he investigated was different from that 
described by Toldt. Inglis (1927)'* again emphasized the 
difference between the two types of adipose tissue which 
occurred at different sites in the body, and he stressed 
their different histological appearances during develop- 
ment. The emphasis of the debate on histogenesis then 
shifted to the problem as to whether white adipose tissue 
did in fact develop as a modification of connective tissue 
or by direct differentiation from separate mesenchymal 
cells, as Mallory (1914) originally suggested. This idea 
was supported by Maximow (1927)? and developed by 
Wasserman’, who stated that all adipose tissue developed 
from special perivascular, primitive organs consisting of 
networks of capillaries and mesenchymal cells which were 





Fig. 2. White adipose tissue from the groin of a 3 day old rabbit weighing 

50 g, which had been fasted from birth but kept in a strietly thermo- 

neutral environment (36-38° C). Lobules of depleted white adipose 

tissue are seen separated by connective tissue (haematoxylin and 
eosin, x e. 125). 


Brown adipose tissue consists of large, compact lobules 
of polygonal cells with granular cytoplasm and rounded 
nuclei (Fig. 1). Depleted white adipose tissue appears in 
lobules which may be separated by relatively abundant 
connective tissue (Fig. 2) and the cytoplasm is less abun- 
dant and granular (Fig. 3). Examination with the electron 
microscopo reveals further differences'?-4, For example, 
the mitochondria of brown adipose tissue cells are larger 
and more elaborate in form and internal structure, and 
the cytoplasm is almost devoid of membranous components 
in contrast with the prominent membranes of white 
adipose tissue cells. 

Histogenetic distinction. Some of the dispute over the 
past hundred years on the histogenesis of adipose tissue 
appears to have resulted from failure to distinguish be- 
tween the two types of tissue. In 1871 Flemming!, who 
supported the view of Virchow that adipose tissue is a 
modified form of fibrillary connective tissue, was apparently 
referring to the development of white adipose tissue. 
Toldt (1870)*8, on the other hand, maintained that adipose 
tissue is a specialized tissue and that it is all derived from 
special primitive fat organs which arose in definite parts of 
the body. These fat organs consisted of vascular lobules of 
polyhedral cells rich in granular cytoplasm which after- 
wards acquired many vacuoles of fat. Hammar (1895)!? 


Fig. 3. A high power view of a lobule of depleted white adipose tissue 

shown in Fig. 2. The cytoplasm is less abundant and granular than in 

brown adipose tissue, The tissue is quite distinct from the surrounding 
connective tissue (haematoxylin and eosin, x e. 346), 





Fig. 4. Adjacent brown and white adipose tissue from the neck of the 

rabbit described in the legend to Fig. 1. The brown adipose tissue is 

almost completely depleted of fat. By contrast, the white adipose 

tissue contains ample fat, mostly in the form of single large vacuoles 

flattening the nuclei to one side. Several multivacuolar developing or 

depleting white adipose tissue cells are also seen (haematoxylin and 
eosin, x e. 125), 
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Fig. 5. Adjacent brown and white adipose tissue from the interscapular 
pad of a 3 day old rabbit weighing 50 g, which had been fasted from 
birth but kept in a strictly thermo-neutral environment (36-38° ©). 

‘The white adipose tissue is completely depleted of fat. The brown adipose 

tissue is replete with fat in the form of many small vacuoles. Islands 

of replete brown adipose tissue cells are seen interspersed among the 
depleted white adipose tissue (haematoxylin and eosin, x e. 125). 





Fig. 6. The liver of the rabbit described in the legend to Fig. 2. Many 
vacuoles of fat are present (haematoxylin and eosin, x e. 340). 


derived from the mesenchyme of the blood vessel adven- 
titia. Those primitive fat lobules were present before fat 
impletion began, and he emphasized their relationship 
to the reticulo-endothelial system. The difficulty in 
resolving this particular dispute appears to be a result of 
the histological likeness of pre-adipose and early con- 
“nective tissue cells}:141, Whatever the ultimate histo- 
|. genesis of adipose tissue, it is clear that the stages in the 
development of white adipose tissue are different from 
those of brown adipose tissue*!*-!*, Further evidence of 
the specificity of brown adipose tissue has been obtained 
from tissue culture experiments, in which brown adipose 
tissue was found to develop from the mesenchyme of the 
yet undifferentiated anlage’. 

Unlike white adipose tissue, brown adipose tissue occurs 
only at certain sites in the body and new areas are said 
not to develop in postnatal life?®. With advancing age, 
the multivacuolar cells of brown adipose tissue become 
replaced by univacuolar cells and this has led to the view 
that brown adipose tissue is no more than an immature 
form of white adipose tissue***. But when overfed 
animals are placed on a restricted diet, univacuolar 
brown adipose tissue cells revert to and then keep their 
multivacuolar form, whereas the true white adipose 
tissue cells rapidly lose their fat altogether’. 
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Functional distinction. Brown adipose tissue differs 
from white adipose tissue in having a lower fat content, 
a higher nitrogen, water and phospholipid content, and ‘a 
greater rate of oxygen consumption in vitro, but these 
and other biochemical and histochemical differences 
are not in general qualitative, and it has been suggested 
that the metabolic activities of the tissues differ only 
quantitatively", Yet the relative immunity of brown 
adipose tissue fat to the effects of dietary restriction or 
overfeeding, which greatly influence the fat content of 
white adipose tissue, has been known for some time’and 
has formed the basis for the view that a functional dif- 
ference exists!°1117.28, The role of white adipose tissue. 
as a fat store and the mobilization of its lipid under con- 
ditions of food deprivation are well known. More recently, : 
the function of brown adipose tissue as an important 
heat-producing tissue has been elucidated in hibernating — 
animals during arousal??-** and in newborn rabbits 
during exposure to cold**-*!, Whether each tissue possesses 
the function of the other has not, however, been estab- 
lished, and for this purpose the appearance of brown and 
white adipose tissue has been observed in newborn rabbits 
which were subjected either to cold exposure or starvation, 

In newborn rabbits exposed for 2 days to a cool en- 
vironmental temperature (30° C) but kept well fed from 
the suckling doe, the brown adipose tissue was red-brown 
in colour and histological sections showed that the cells 
contained few vacuoles of fat (Fig. 1). The white adipose 
tissue, on the other hand, was in general yellow and its 
appearance was strikingly different from the depleted 
brown adipose tissue. Histological examination confirmed 
the presence of ample fat in the white adipose tissue, in 
sharp contrast to the depleted brown adipose tissue (Fig. 
4); however, in newborn rabbits fasted for 2-3 days but 
kept in a strictly thermo-neutral environment (36-38° ©), 
the appearances of the two tissues were reversed. In these 
rabbits the brown adipose tissue was yellow, whereas the 
white adipose tissue appeared shrunken and depleted of 
fat. Histological examination again confirmed the gross 
appearances. The brown adipose tissue was replete with 
fat, in contrast with the depleted white adipose tissue 
(Fig. 5). From these observations it is concluded that 
whereas fat in brown adipose tissue is utilized for the 
production of heat, it is not significantly available for 
metabolism at other sites in the body as is required during 
starvation; and though white adipose tissue fat is mobi- 
lized during starvation, it is not appreciably utilized for 
heat production. These findings might indeed have been 
anticipated from the knowledge that lipolysis in white 





Fig. 7. The liver of a 2 day old rabbit weighing 62 g, which had been fed. 

but exposed to a cool environmental temperature (30° C) from birth. 

Only scanty small vacuoles are present (haematoxylin and. -#05 
xe R : 










liver in the two groups of 
s, the liver showed many 
acuoles of fat (Fig. 6), presumably reflecting its mobi- 
_ lization from white adipose tissue. In the rabbits exposed 
_ to cold, however, the liver was devoid of fat vacuoles 
(Fig. 7). 
We therefore conclude that: (1) The gross and histo- 
logical appearances of brown and white adipose tissues 
free of fat are constant and distinct. When. the tissues 
ontain fat, the form of their cytoplasmic vacuoles, 
though normally different, may be similar and this 
featuro is not therefore a satisfactory criterion for desig- 
nating the tissues. 
(2) A review of the embryological evidence suggests 
| that brown and white adipose tissues are distinct histo- 
>. genetic. entities. 
- (3) The functions of the two tissues appear to be distinct. 
Brown adipose tissue is primarily a heat producing tissue; 
white adipose tissue is primarily a store of fat. Neither 
E Ze appears appreciably to perform the function of the 
Other: i 
_ We thank Dr. M. M. L. Prichard, who kindly took the 
photomicrographs, and Miss C. Hazeler and Mrs. J. 
Storms for preparing the histological sections. One of us 
(M. M. 5.) was in receipt of a grant from the Nuffield 
undation during this work. 





































_ Happow et al.1* have reported that the injection of 
Xanthopterin, or certain other compounds, into rats, 
_ | Mice, rabbits or guinea-pigs causes a temporary increase 
: in kidney size associated with increased mitotic activity 
in the renal tubules. No detailed investigations of this 
effect have been reported and it is the purpose of the 
“present communication to describe investigations into 
the nature of this chemically induced hypertrophy and 
to compare it with the compensatory hypertrophy which 
follows unilateral nephrectomy. Although Haddow 
_ originally worked with xanthopterin, folic acid (pteroyl- 
_ Monoglutamic acid) has been used in the present investiga- 
_ tion, as it was found to be equally effective. 
The. animals used were male rats of the highly inbred 
August” strain which weighed 100 to 150 g at tho start 
of each experiment. The rats were maintained on M.R.C. 
Diet No. 41 B, and both food and water were offered 
ad libitum. Except for the animals used to investigate the 
bse-response relationship, each animal received a single 
travenous injection of 25 mg of folic acid in 0-5 ml. of a 
cent solution of sodium bicarbonate. The animals 
illed, usually in groups of five, at intervals ranging 
n G h to 101 days after injection. Both kidneys were 
oved, their fresh weights were determined and the 
weight of the left kidney was also measured. The 
[A and DNA contents of the right kidneys were deter- 
ed by ultra-violet spectrophotometry after extraction 
by the method of Schmidt and Thannhauser’. The results 
e expressed either as mg per kidney normalized to a 
- standard body weight of 100 g, or as the percentage by 
which the parameter measured exceeds that of kidneys 
_, from untreated rats of the same age and weight analysed 
--at the same time. 
The effects of a single intravenous injection of folate on 
the rat kidney at time intervals ranging from 6 h to 11 
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STIMULATION OF RENAL GROWTH IN THE RAT BY FOLIC ACID 
By Dr. D. M. TAYLOR, Dr. G. THRELFALL and A. T. BUCK 


Department of Biophysics, Institute of Cancer Research (Surrey Branch), Sutton, Surrey 


days are shown in Fig. 1 and at 73 and 101 days in Table 1; 
There is a fairly rapid increase in the fresh weight of the ` 
kidneys, reaching a maximum value, a little less than twice 
the normal size, between 2 and 4 days after folate ad- 
ministration. The dry weight of the kidney also increases — 
to reach a maximum at this time, but the magnitude of 
this increase is less than that in fresh weight, indicating 
that much of the initial increase in fresh weight is due to 
water retention in the kidney. From 4 days onwards. 
both the fresh and dry weights of the kidneys decrease to | 
a final level about 10-15 per cent greater than the weight. 
of the kidneys of untreated rats of the same age (Table 1). 
As shown in Fig. 1 there is a rapid increase in RNA 
content in the kidneys of the treated animals, and a 
significant increase (P <0-001) in the RNA content of 
the kidney is seen as early as 6 h after injection of folate. 
The change in RNA content closely follows the change in“ 
fresh weight, reaching a maximum of about twice the 
control level between 2 and 4 days after treatment, and - 
then decreasing. A 
The initial increase in the DNA content of the kidney is 
less than that of RNA. No significant increase in DNA 
content is observed until 2 days after folate and the 
maximum is spread over a rather longer period. The finat- 


Table 1. LONG-TERM EFFECT oF FOLIC ACID oN KIDNEY GROWTH 
RNA DNA 


Time after No.of Fresh tissue Dry tissue (mg/kidney/ (mg/kidney/ 
folic acid rats (mg/l00g) (mg/100 g) 100 g) 100 g) 
73 days 5 374 + 36 9l 8 2:44 + O17 255 + O21 
(10) 10) 5) 
101 days 4 380 + 30 93 + 6 258 + 0-12 2-62 + 0-29 
(8) (8) (4) (4) 
No treatment 
(73 or 101 9 326 + 19 8245 2-21 + O13 2-21 + 0-06 
days) (18) (18) (9) (9) 


Figures in parentheses indicate the number of kidneys analysed. 
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> Fig. 1. Effect of s single intravenous dose of 25 mg folic acid on the 
wet and dry weight, RNA and DNA contents of rat kidneys. The data 
are expressed as percentage increases compared with Kidneys from 
untreated animals of the same age and weight analysed at the same time 
: as each experimental group. 





















DNA content is about 15 per cent greater than that of 
ontrol kidneys. The similarity between the size of the 
final increments in fresh and dry weight and of DNA 
sontent suggests that the permanent increase in kidney 
mass is due to hyperplasia. 

The changes in the rates of RNA and DNA synthesis 
ollowing folate injection were investigated in animals 
which were given 100 uc. of sodium monohydrogenortho- 
phosphate labelled. with phosphorus-32 (Na,H®*PO,) 
y intraperitoneal injection 2 h before killing at time 
intervals ranging from 6 h to 11 days after the intravenous 
ection of 25 mg folic acid. The changes in the specific 
tivity of the ‘‘total RNA” and DNA fractions obtained 
as described previously are illustrated in Fig. 2, which 
‘shows that the rate of RNA synthesis increases rapidly 
and is at a maximum only 6 h after folate administration. 
The RNA specific activity then declines slowly, returning 
to control levels by 4 days. In contrast the rate of DNA 
mthesis increases more slowly, reaching a maximum 
8 h.after folate injection, falling rapidly between 2 and 
days and returning to normal levels by 11 days. Auto- 
radiographic investigations using tritiated thymidine 
show. a maximum number of labelled cells 2 days after 
ate administration. 
The mechanisms involved in the initiation of this 
hemically induced renal hypertrophy are not at present 
nderstood. It occurs only following parenteral adminis- 
ration. of relatively large quantities of folate, and no 
increase in kidney mass is observed at 4 days with a dose 
_ of less than 15 mg, though significant increases in RNA and 






















































Gable 2. Dose-Rusvonse Conve—Foi 
oe days after Intravenous Injection. 
(mg/kidney/ 100 g body weight) 


No. of Fresh Dry 

Dose animals weight weight BNA 

0 10 432 + 40 Bt 7 BB+ 0-08 
5 mg 5 429 + 25 95t 3 3254 019 
15 mg 5 474 + 53. 101 + T S41 t O46 
20 mg 5 585 + 24, 107 + 4, ~ n 
25 mg 5 697 + 116. 122 + LEA 510 + 087 
35 mg 5 704 + 48. 126 + 5, = 
50 mg 5 810+ 33 1384 4 =- 


* Significant differences from control values (0-05 >P < 0-001). 


DNA content are seen at this time with a dose of o 
5 mg (Table 2). Goresky, Watanabe and Jobns* ha 
shown that after infusion of low concentrations of fols 
in the dog, a large fraction is stored in the tubular cell 
however, the significance of this finding in relation to the: 
hypertrophy is not yet known and no information has 
been reported regarding. the renal handling of lar 
amounts of folate. The effect of folate appears to 
specific for the kidney. In our experiments no incre 
growth or change in uptake of phosphorus-32 in 
nucleic acids has been observed in the liver, spleen 
lung of rats treated with folate. 

The response of the kidney to folate administrati 
shows a number of differences from the response to. 1 
lateral nephrectomy. After unilateral nephrectomy th 
remaining kidney ineregses in size much more s 
reaching a maximum about 21 days after operation) 
It has been shown by Mandel, Mandel and Jacob* anc 
Threlfall, Cairnie, Taylor and Buck that the final incres 
in the DNA content of the remaining kidney after u 
lateral nephrectomy is only about a quarter to a thir 
of the increase in the fresh weight, dry weight and RNA 
content. This has been interpreted to indicate that th 
increase in. kidney mass is due partly to cellular hyper 
trophy and partly to hyperplasia. 

Few direct investigations of DNA synthesis in com 
pensatory renal hypertrophy have been reported. Miyada 
and Kurnick’ found, by autoradiography using tritiated 
thymidine, that the uptake of the DNA precursor. 
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- maximal at the sixth day, returning to normal by sixteen 


_ days after operation, This is in general agreement with the 
-work of Noltenius, Kempermann and Oehlert®, who, also 
using tritiated thymidine and autoradiography, observed 

cah increase in labelling index and mitotic index between 


3 and 6 days with a return to normal by the tenth day. 


> Less:information is available concerning RNA synthesis 
< after unilateral nephrectomy. Halliburton and Thomson?’ 


have reported that there is a net increase in the RNA 


content of the remaining kidney 12 h after operation, and 
a Mandel et al 3° found a maximum uptake of phosphorus-32 
Into kidney RNA at 24 h after unilateral nephrectomy. 


ai . © Thus the evidence available so far indicates that in 





‘both compensatory and chemically induced renal hyper- 
“trophy the rate of RNA synthesis increases within the 

‘first 12 h. The increase in the rate of DNA synthesis 
appears to be slower following unilateral nephrectomy 
but is: maintained for a longer period than after folate 


7 injection. This latter difference might arise from the fact 
that in the case of folate the stimulus is given in one single 
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dose whereas following unilateral “nephrectomy the 


processes leading to the initiation of DNA synthesis may 
take some time to become éffective but may then ‘persist 
for a longer period. 

Further more detailed investigations of the initial 
biochemical changes occurring after folate administration 
are in progress. : 

We thank Prof. L. F. Lamerton for his continued» 
interest and active encouragement of these investigations, — 
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EFFECT OF AGE ON SOME ASPECTS OF THE SYNTHESIS 
OF RIBONUCLEIC ACID 


By Dr. ANIMA DEVI, PAUL LINDSAY, P. L. RAINA and N. K. SARKAR* 


Departments of Biochemistry, Faculty of Medicine, Laval University, Quebec, Canada, and Postgraduate Institute for Medical 
Research, Chandigarh, Punjab, India 


Since the first successful attempt to synthesize ribo- 
mucleic acid (RNA) from four n-icleoside triphosphates 
and rat liver nuclei which served as the source of RNA 

= polymerase!, many investigators have studied the nature 
-.. of the deoxyribonucleic acid (DNA) primer (two-stranded 
of- single-stranded DNA) in RNA synthesis?-*. During 


- the course of our investigations on the effect of age on the 


variations in DNA and RNA content and nuclease activity 
in rat liver it has been noted that they all undergo changes 
with age®-*, The variations in DNA and RNA content (or 
concentration) in the livers of animals have also been 
studied by other investigators’-*. We have recently 
. investigated the effect of age on the incorporation of 
“earbon-14 labelled thymidine into primer DNA and 
noticed that the incorporation of carbon-14 depends on 
“the nature of primer DNA as well as on the age of the 
animal]?®, 
Because the activities of many enzymes are known to 

change with age" and in view of the participation of RNA 
“in the transcription and translation of the genetic code 
of DNA, the importance of investigating the variations in 
DNA dependent RNA synthesis with age was realized 
and a systematic study along this line was undertaken. 
Nuclei were prepared from a 20 per cent rat liver 
homogenate prepared in 0-25 M sucrose and 0-001 M 
nagnesium chloride by centrifuging it at 600g for 5 min, 
and washing three times with 0-25 M sucrose. The assay 
rocedure involved the incorporation of phosphorus-32 
abelled. uridine monophosphate (#2P-UMP) into acid 
insoluble material. The methods of preparation and assay 
were those previously described by Weiss' and Huang 
and Bonner”, respectively. The calf thymus DNA was 
repared according to the method of Kay et al.. 
. The results given in Table 1 show that maximum 
incorporation of UMP into acid insoluble material is 
obtained in the presence of two-stranded DNA and young 
rat liver nuclei. In the absence of any added DNA, only 
a 25 per cent incorporation is achieved; if old (2-5 years) 
rat liver nuclei are used, much less (only 10 per cent) 
incorporation is observed. It is interesting to note 


* Present address: Animal Research Institute, Canada Department of 
Agriculture, Ottawa, Canada. 


that the incorporation of UMP into acid insoluble material 
is not significantly changed by the addition of soluble 
extract prepared from the livers of old rats to the reaction 
mixture containing the nuclei of young rat liver, or vice 
versa. 

The incorporation of *P-UMP into acid insoluble 
material in the system involving the use of nuclei prepared. 
from the livers of rats of different ages, ranging from $- 
weeks to 2-5 years, is shown in Fig. 1. The incorporation: 


of UMP is quite high if nuclei prepared from young rat 


liver are used as the source of DNA dependent RNA 


Table 1. INCORPORATION OF **P-UMP INTO ACID INSOLUBLE MATERIAD 
CATALYSED BY NUCLEI PREPARED FROM YOUNG AND OLD- RAT LIVER IN THE 
PRESENCE AND ABSENCE OF THEIR SOLUBLE EXTRACTS E 


UMP incorporated UMP incorporated 


Additions (mymole) young rat (mmole) old rat 
liver nuclei enzyme liver nuclei enzyme 
No DNA (added) 0-54 6-23 
DNA 216 0-36 
DNA + soluble extract of 
old rat liver 2-19 - 
DNA + soluble extract of gaa 


young rat liver 

The reaction mixture contained in a total volume of 0-5 mi. 0-5 umole 
each of ATP, GTP, CTP and a-**P-UTP containing 2-4 x 10° c.p.m./umole, 
5 «moles of magnesium chloride, 2 «moles of manganese chloride, 2 moles 
mercaptoethanol, 50 zmoles of tris (pH 8-0), 100 xg of DNA and 2 ug of en» 
zyme protein. Incubation time was 30 min at 37° ©. The reaction waa 
stopped by adding an equal volume of 10 per cent perchloric acid. The 
residue was washed three times with cold 5 per cent perchlorie acid, twice 
with aleohol-ether mixture (3 : 1), once with the same mixture at 50° C and). 
twice with ether. The acid-insoluble material was dissolved in 2 M ammonium. 
hydroxide and the non-dialysable material was precipitated with 5 per cent. 
TCA, washed as before and dissolved in ammonium hydroxide, plated and 
counted. Each value in the table is the average of four such determinations. 
obtained with animals of nearly the same age and maintained with the same 
diet. 


Table 2. INCORPORATION OF *P-UMP INTO ACID INSOLUBLE MATERIAL 
CATALYSED BY RAT LIVER NUCLEI OBTAINED AFTER HEPATECTOMY AT DIFFER- 
ENT TIMES IN THE PRESENCE OF TWO-STRANDED AND HEAT-DENATURED DNA 


UMP incorporated UMP incorporated 


Time after partial (mymole) in presence (mymole) in presence 


hepatectomy of two-stranded DNA = of heat-denatured DNA. 
0 (normal) 0-82 1:22 
24 hours 1-46 0-06 
48 hours 1:68 0-84 
96 hours 1-84 0-78 
8 days 1-62 O84 
28 days 0-79 1-26 


The conditions of experiment are similar to that described in Table 1. 
Each value in the table is the average of four such determinations. 
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5 10 15 
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<i Fig. 1. The conditions of experiment are similar to those described in 
-~ Table 1. The average values in Fig. 1 are marked by closed and open 
circles and the number in brackets below the average is the number of 
animals used to determine the average. The vertical bars indicate the 
standard deviations, The, closed circles (@) and open circles (O) 
indicate the changes in the incorporation of ®P-UMP into acid insoluble 
material, when two-stranded DNA and heat-denatured DNA act as a 

primer in the DNA dependent RNA synthesizing system. 


20 25 30 





polymerase and two-stranded DNA acts as a primer. If 
heat-denatured DNA is used as a primer, UMP is incor- 
porated only to the extent of 33 per cent of that observed 

- with two-stranded DNA. The incorporation of #?P-UMP 

“decreases with age when two-stranded DNA acts as a 
primer, but increases if heat-denatured DNA is used as a 
primer. Maximum incorporation is obtained with nuclei 

| prepared from 2-5 year old rats. This amounts to only 

- 1 per cent. It is; however, four times higher than that 

-which has been noted with two-stranded DNA in the 
“same system. During the period between 6 and 14 months 
of its life span, no significant changes in the incorporation 
of the UMP is noticed. 
The results recorded in Table 2 indicate that the 
incorporation of **P-UMP, as catalysed by hepatectomized 

_ rat liver nuclei, increases when two-stranded DNA acts 

“ag a primer and declines if heat-denatured DNA is used 
as a primer. This continues up to 96 h after hepatectomy. 
Very little change is noted for the next 5-6 days and 

-o-then it increases with time when heat-denatured DNA 

_. is used as a primer and decreases if native two-stranded 

_ DNA acts as a primer, which continues up to 26-28 days 
ooo when the original (initial) values are attained. 

_ — Hf the effect of age on the incorporation of UMP into acid 
insoluble material catalysed by rat liver nuclei is com- 
-pared with the effect of age on incorporation of “C-thymi- 
line into DNA in the system involving the use of soluble 
extract of rat liver, when two-stranded or heat-denatured 
‘DNA acts as a primer’, a close similarity in the patterns 













RADIOBIOLOGISTS nowadays tend to consider radiation 

| protection to arise from the action of ‘‘radio-protectors”’. 
All such theories tend to be highly speculative, however, 
and lack convincing experimental evidence. 
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of their changes with age is evident. Similar conclusions 
can also be drawn from the results obtained ‘with hep 
tectomized rat liver nuclei and soluble extract. This- 
result suggests that the incorporation of **P-UMP into acid ©. 
insoluble material (RNA synthesis), like the incorporation 
of “C-thymidine into DNA, depends on the nature of ~ 
DNA (two-stranded or single-stranded) used as a primer’ 
and the age of the animal used for nuclei preparation. It |. 
does not appear to be the RNA polymerase activity 
which is affected with age so much as the unwinc 
of the two strands of the DNA double helix, a pr 
known to oceur concurrently with DNA synt 
because single-stranded DNA can well act as a prim 
RNA synthesis at old age. we 
It is interesting to note that DNA present i 
nucleus can act to a limited extent (25 per cent) 
primer in RNA synthesis if young rat liver nuclei are. 
used as the source of RNA polymerase, suggesting. 
that two-stranded DNA partially set free from DNA- 
histone complex by the action of proteases present in the 
nuclei’ can act as a primer. Huang and Bonner™ also 
found RNA synthesis by pea embryo chromatin in the 
absence of added DNA. Nor, in his initial studies on RNA 
synthesis by rat liver nuclei’, did Weiss use any externally — 
added DNA as a primer. Because the addition of © 
soluble extract of old rat liver does not affect the RNA | 
synthesizing ability of young rat liver nuclei, it is at | 
least evident that soluble extract of old rat liver does | 
not contain any inhibitor of RNA synthesis contrary to. 
the observation reported of the effect of age on DNA 
synthesis?}. ee 
Because cell division depends on cell growth, a steady — 
decline with age in RNA synthesis which is dependent 
on DNA would be expected to limit the synthesis. of | - 
many essential enzymes (proteins) which are involved - 
either directly or indirectly in DNA or RNA synthesis — 
and eell growth, preventing the cells from undergoing | — 
mitosis. It is important to know the factor or factors that 
control and limit their (DNA and RNA) synthesis as this ~ 
knowledge will help us.in the understanding of the cause © 
of ageing. 
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Great similarities in the type of protective: 
despite differences in the chemical structure.of prot 
their physiological action on the organism and 
and in their effective doses, suggest that it i 















ce g system which produce radiation protection: 
: Soveral date indicate that the radiosensitivity of a bio- 
¿logical object may depend on its content of sulphydryl 
- Compounds. Various protectors and anoxia were shown 
_ to reduce redox potentials'~*. It has been shown that an 
- increase in the concentration of sulphydry] groups occurs 
the tissues of a living organism in anoxic conditions! 
and with various chemical radio- -protectors*-’. 
An attempt has been made to renounce existing concepts 
lating radiation protection to the favourable effect of 
the agent itself and to assign radiation protection to an 
increase in the concentration of endogenous sulphydry] 
groups under the action of radio-protectors. If this 
- theory were correct, radio-protectors would be acting by 
- elevating the level of sulphydryl compounds in protected 
` systems. 
The theory was tested by determining the effect of 
= yadio-protectors on the concentration of sulphydryl 
=- e€ompounds in mouse tissues, and in the cells of Ehrlich 
_ ascites carcinoma. In the first series, the sulphydryl 
-Content was determined in spleen homogenates taken 
either from a living animal injected with radio-protector 
=o 15 min before the determination (3 mg cysteamine, 
< 5 mg cystamine, 9 mg 2-$-aminoethylisothiourea, and 
(2-1 mg serotonin per animal) or from a dead animal 5 min 
fier it had been killed by anoxia. The spleen was dis- 
_—  sected out, and ground in a glass homogenizer in 0-001 
- molar mercuric chloride solution (0-1 ml. mercuric chloride 
— for each 10 mg tissue). The determination of sulphydryl 
groups in this homogenate was carried out by ampero- 
: metric titration with a solution of mercuric chloride at 
: tho above concentration. 
-— In-erder to prevent oxidation of sulphydry! groups, all 
he procedures mentioned were performed in a chamber 
= Miled- with purified argon with an oxygen content of less 
- than 0-003 per cent; argon was bubbled through all the 
- liquids used. 
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-O Table 1. EFFECT OF ANOXIA AND RADIO-PROTECTORS ON THE CONCENTRATION 
OE SULPHYDRYL GROUPS IN MICE SPLEEN HOMOGENATES (DETERMINED IN 





ARGON) 
ee Protector mi. of 0-001 M mercuric chloride/25 mg of tissue 
_ Normal conditions 0-34 + 0-008 
< Anoxia 0-43 + 0-016 
= Cystamine 0-46 + 0-022 
oo Qysteamine 0-38 + 0-008 
o = Serotonin O4 + 0-004 


-o The results obtained are presented in Table 1. The data 
show that all the protectors tested cause a distinct 
_ inerease in the concentration of the sulphydryl groups 
of between 10 and 35 per cent. 

It was established earlier that the protective action of 
ystamino decreases when animals are kept in an atmo- 
phere of pure oxygen. If oxygen is replaced by air during 
adiation, the radio-protective activity of cystamine is 
red. We found corresponding changes in the con- 
centration- of sulphydryl groups in the spleen: the effect 
rgen- is to lower the concentration of the sulphydryl 
pounds; however, this increases again when oxygen 
placed by air®. 


















Table 2, CHANGES IN THE CONCENTRATION OF SULPHYDRYL GROUPS IN THE 
-OP EHRLICH ASCITES CARCINOMA AT ANOXIA AND UNDER THE IN- 
FLUENCE OF CYSTAMINE 


No. of sulphydryl groups (per cent of the 
normal content) 


117-2 + 1-67 
vivo 112-4 + 135 
n vitro 99-8 + 0-9 


`- The second series of experiments was performed on the 
cells of Ehrlich ascites carcinoma. The content of sulphy- 
dryl groups was again determined by amperometric 
titration with mercuric chloride in the absence of oxygen. 
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Tabie 3. Eseect OF HOMOGENATE: PREPARED FROM Non: AND Asoxo : 
SPLEENS, AND OF CYSTAMINE, ON THE OCCURRENCE OF (CBROMOSOME 
ABERRATIONS: INDUCED BY 700° r. X-RAYS IN THE CELLS OF EHRLICH © 

Ascires CARCINOMA (700 r} > : 


Variant Percentage of cells with aberrations 

Unirradiated control 140 + 0-94 
Irradiated control 77-0 + 0-80 
Irradiated spleen homogenate from a 

living mouse 79-2 + 1-36 
Irradiated spleen homogenate from a 

dead mouse Wid + 1-33 
Irradiated cystamine (5 mg per mouse) 66-0 + 1:92 


The results obtained are presented in Table 2. They show: 
that the concentration of sulphydryl groups in the cells 

from the abdominal cavity of animals killed by anoxia, 

and from living mice treated with 5 mg of cystamine 

15 min before the determination, was considerably higher 
(by 17 and 12 per cent, respectively) than in tumour cells 
from untreated mice. The increase in the concentration 
of sulphydryl groups caused by cystamine was observed 

only when the protector was injected in vivo. Addition 

of the protector to the cells in vitro did not result in any 

marked changes in the concentration of sulphydryl 

groups. Correspondingly, the radio-protective effect of 
cysteamine was observed in vivo but not when the cells 

were treated in vitro® 9, 

Sulphydryl groups formed in the cells by the action 
of protectors supply radio-protection. Contact of ascites 
tumour cells with homogenate derived from anoxic 
spleens for 15 min before irradiation distinetly diminishes 
the radiation damage induced in tumour cells, and de- 
creases the proportion of cells with chromosome aberra- 
tions. Homogenates prepared from the spleens of intact 
animals, however, are without this ability*! (Table 2). 

The increase in the concentration of sulphydryl groups 
eannot be attributed to the presence of such groups in 
the protector injected. The concentration of sulphydryl 
groups determined, for example, in the spleen of an animal 
protected by aminothiol, is between thirty and forty 
times that of the protector present in the cells. The 
appearance of sulphydryl compounds in such concentra- 
tions is not the resu!: of a simple chemical interaction of 
the protector with the intracellular proteins; it seems tor: 
result from a catalytic process. The high lability of. 
sulphydryl groups appearing in the protected tissues 
suggests that they do not belong to glutathione or to any 
of the other amino-acids of the organism known to contain 
sulphur. They can be regarded as compounds of low 
molecular weight. This view is supported by our pre- 
liminary experiments on the electrophoresis of spleen 
homogenates. These experiments show an additional, 
non-protein thiol fraction of low molecular weight in the 
electrophoresis of spleen homogenates from an anoxic 
animal, 

This evidence supports our theory of the mechanism 
by which such agents as anoxia, chemical compounds 
which decrease the concentration of oxygen in tissues, 
and aminothiols provide radio-protection. Their pro- 
tective effect is associated with an increase in the con- 
centration of highly reactive sulphydry] substances of 
endogenous origin in the cells. An increase in the amount. 
of sulphydryl groups under the conditions of anoxia may 


be explained by oxidation of thiol groups that continuously 


appear as a result of spontaneous reduction of -S—S— bonds. 
Aminothiols have the same effect, partly because they 
seem to be able to reduce directly -S-S— bonds but mainly 
because they act as catalysts in the process. 

The mechanisms by which highly labile sulphydryl 
compounds attenuate radiation damage in biological 
objects seem most likely to be the inactivation of radio- 
lysis products of biomacromolecules important for the 
viability of the cell, and the return of these products to 
their native state. The hypotheses associating the radio- 
protective action of sulphydryl substances with the forma- 
tion of metastable bonds of mixed disulphide type’ are 
not acceptable because of the reducing character of the 
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medium. This reducing character is shown by the ap- 
arance of a large number of endogenous sulphydry] 
eompounds in the system. 
The inactivity of aminothiols at low temperatures!3-13 
supports the contention that it is not the aminothiols 
themselves which protect against radiation but endo- 
“genous sulphydryl compounds caused by the presence of 
aminothiols. The low temperature does not affect the 
interaction of aminothiols with the radicals produced by 
radiation, but it inhibits the catalytic process underlying 
the appearance of endogenous sulphydryl groups. 

The level of endogenous sulphydryl compounds may 
‘determine not only the artificially modified radiosensi- 
tivity of tissues and organisms, but also any natural 
differences in radiosensitivity. The relation between the 
concentration of sulphydryl compounds in tissues and 
‘organisms and their radiosensitivity supports this point 
of view!s~19, 


os Cater, D, B., Phillips, A. F., and Silver, G. A., Proc. Roy. Soc., B, 146, 
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THe fate of nuclear material and cellular structures in 
keratinizing cells is uncertain’. Deoxyribonucleic acid 
(DNA) disappears during keratinization, but it is not 
known whether the degradation products are retained by 
the keratinized cells, resorbed into the animal, or lost as 
< epidermal detritus such as hair contaminants. Nucleic 
acid metabolites can be extracted from hairs and other 
: keratinized tissues?, but there is no information 
ecas to the proportion of the metabolites thus lost. 
Autoradiographic studies have shown that most or all 
of the label of tritiated thymidine disappears from the 
nuclei during keratinization’-*. The tritium initially 
present in the nucleus may simply spread throughout the 
>, cell or, as suggested by Bernstein’, the DNA may be 

' sufficiently degraded to be removed from the cornified 
ells during the autoradiographic procedures. Skjaeg- 
gestad? and Baden? have both used liquid scintillation 
counting techniques to study the fate of "H methyl 
labelled thymidine in the epidermis of hairless mice. 
. Skjaeggestad concluded that the "H incorporated into the 
_ differentiating cells probably passed through the horny 

layer, and Baden concluded that the thymine formed by 
hydrolysis of DNA during keratinization is resorbed and 
not further metabolized in the epidermis. 

Labelled thymidine does not appear to have been used 
to study the fate of the nuclear material or the kinetics of 
cell turnover in wool follicles. We have used the auto- 
radiographic method of Cattaneo et al.® to study the 
proliferative cycle of cells in the bulb of the wool follicle, 
and liquid scintillation counting’? to study the fate 
-of [6 *H] and [2 uC] thymidine during the biosynthesis of 
“wool, The doses of about 2 pe. [7H] thymidine per g body 

“weight, previously used in studies of cellular kinetics in 
~. small laboratory mammals, are too expensive for regular 
_ administration to sheep, but we have obtained satisfactory 

results with a sheep given an intravenous dose of [6 *H] 
«thymidine at about a fourteenth of the above dose rate, 
‘and have explored the possibility of using intradermal 
oses. 

Wool was closely clipped from an area (15 x 30 em) 
_on.the back of an adult Merino ewe (Sheep 1) with a body 
weight of 26 kg. Two months later, when the wool 
©. reached an average length of about 20 mm, [6 °H] thymid- 
ine (37 me., 30 ug) was administered intravenously. At 
-intervals after injection, samples of wool, 10-20 small 
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staples plucked at random, were collected from 
previously clipped area and numerous skin biopsies we 
taken"! from four rows along the right side of the sheep 
Usually more than half the available root ma 
was plucked with the fibres!?, Each sample of wool was 
divided into two; one part was washed with petroleum 
ether, and the other with 8 molar urea, water, ethanol and 
petroleum ether. The second extraction procedure leaves __ 
the uppermost portion of the unkeratinized mate : 
attached to the fibres, but produces a negligible change — 
in the total mass of the sample!*. Each sample was dried - 
overnight at 110° C, weighed, burnt by the oxygen flask ` 
technique” and assayed by liquid scintillation counting. | 
The skin samples were fixed in an acetic acid-formalin= 
ethanol fixative’ for 6 h. Sections (6p) were cut parallel 
to the longitudinal axes of the follicles and autoradio- 
graphed (Kodak AR10 film; exposure 9 weeks). T) 
specimens were stained with Ehrlich’s haematoxylin and 
picric acid. In the follicle bulbs examined, approximately 
300 mitoses (late prophase'to early telophase) per samy 
were scored for presence or absence of tritium; four or 
silver grains overlying a nucleus were taken as pos 
The specific activity of the plucked wool extrac 
with petroleum ether rose to a maximum about 3 ¢ 
after injection and fell to about one-third of the maxi 
by the eighth day (Fig. 1). The increase was presti 
due to. the migration of labelled cells from the bul 


towards the keratogenous zone, enabling a higher propo 
tion of label to be removed by plucking. The subseque: 
fall in specific activity cannot be due to additional w 
growth during the experiment, for this comprised 
negligible proportion of the total mass. Most of the 
tritium must have been lost from the cells during keratin- 
ization. The specific activity of the plucked ‘wool. 
extracted with 8 molar urea rose to a smaller maximum. | 
3-4 days after the injection and then fell to about the < 
same value as the samples extracted with petroleum ether. 
only. Extraction with 8 molar urea leaves only the upper: Es 
most portion of the unkeratinized fibre, and so the occur- 
rence of a maximum specific activity at 3-4 days follow! 
by a fall shows that some of the label must have hee: 
at a comparatively late stage in keratinization. «Sc 
the tritium was incorporated into the keratinized 
confirmed by assaying both plucked and ) 
taken ‘from the sheep 32 days af 
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-Specific activity of plucked wool (e.p.m./mg) ~ 
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‘ig. 1. Specific activity of wool plucked from an adult Merino ewe at 

atious times after the intravenous administration of {6 *H] thymidine 
< (S7 me; 30 ug). The “total” curve shows the results for dry samples 

after extraction with petroleum ether only. The other curve shows the 

ioo -Yesulte-for dry samples which had been extracted with 8 molar urea, 
eT water, ethanol, and petroleum ether. 


- specific “activity of the clipped wool (0-50 ¢.p.m./mg) 
- was the same as that of the plucked wool (0-49 e.p.m./ 
Mg) 
_ — The percentage of labelled mitoses in the biopsy samples 
is shown in Fig. 2. Analysis of these results by the 
methods of Quastler and Sherman™ showed that the mean 
generation time of the follicle matrix cells was about 21 h. 
‘This is within the range of values obtained using different 
techniques and nutritional levels for three breeds of 
sheep'*!®, The mean duration of the DNA synthesis (S) 
phase was 9-5 (+ 2-7) h, and that of the postsynthetic inter- 
phase (G,)+ early prophase was 1-6 h. The corresponding 
luës obtained by Cattaneo et al. for growing hair follicles 
the mouse were about 7 + 0-9 h and 1-5 h, while cell 
ration time was 12h. If we assume that the total 
required for metaphase and anaphase was about 
16 (about 0-5 h) in the two species, the results show 
at the overall duration of S, G, and mitosis was similar 
the two species (sheep 11-6 h; mouse 9 h), while the 
uration of the presynthetic interphase (G,) differed widely 
(sheep 94h; mouse 3 h). 
- Preliminary results have shown that intradermal doses 
of [6 8H] and [2 “C] thymidine label cell nuclei in the 
target area (Fig. 3), and the maximum specific activity 
(per uc. injected) of wool of constant average length 
plucked from the centre of each target area is constant 
when doses range from 0-01 to 2 ug thymidine in 0-25 ml. 
saline. 

Serial doses of [2 1C] thymidine (0-05 pe.; 0-42 pg in 
0-25°ml. saline) were injected intradermally into sites 
along the side of the trunk of an adult Merino ewe (Sheep 2) 
and it was then killed. Skin and wool samples were 




























: immediatel 








i i taken. Circles of skin (diameter 4 em), 
including the target areas, were taken from ‘sites dosed 
1, 5 and 17 h previously. A 1 cm annulus was dissected 
from the adjacent skin surrounding each of these sites, 
The specific activity of each skin sample was measured, 
after combustion by the oxygen flask technique”, Wool 
from the centre of some of the other sites was plucked, 
washed with petroleum ether, dried, weighed and assayed 
by direct liquid scintillation counting’. Skin biopsies 
were taken from both plucked and unplucked sites and 
Kish fixed, sectioned and autoradiographed as described 
above. 

Skin from the target areas retained about 10 per cent of. 
the dose 1 h after the injection and almost as much after a 
17 h (Table 1). The specific activity of the surrounding » 
skin was no more than 6 per cent of that of the target skin; 
autoradiograms showed that most of the +C was present 
in the cells of the follicle bulbs during this time. About 
90 per cent of each dose disappeared from the injection 
site within the first hour, when about 10 per cent was 
incorporated, presumably into newly synthesized DNA 
in the germinative regions of the bulbs. 


Table 1. YC CONTENT OF SKIN LABELLED BY INTRADERMAL INJECTION OF 
[2 50] THYMIDINE 


Specific activity 


Time after of surrounding 
injection Percentage of dose skin as a percentage 
(h) in target skin of that of target skin 
i 12-0 aa 
a 9-2 4-4 
5 8-4 3-2 
5 10-4 0-8 
17 73 5-4 
i7 &1 2-5 


The specific activities of the wool samples from Sheep 2 
are shown in Fig. 4, and are typical of results obtained 
with intradermal doses of either [*H] or [1C] thymidine. 
Results with intradermal doses were very variable, but 
the overall pattern is similar to that obtained after the 
intravenous dose of [6 *H] thymidine (Fig. 1). 
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Fig. 2, Percentage of labelled mitoses in the germinative region of the 


wool follicle bulbs at various times after the intravenous administration 
of [6 °H} thymidine. Same experiment as Fig. 1. 
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The fall in specific activity following the maximum at 
days (Figs. 1 and 4) was investigated to determine 
hether it was due to removal of labelled material during 
_the cleaning of the wool or to resorption by the surrounding 
tissue. A Merino sheep (Sheep 3) was given intradermal 
doses of [2 1C] thymidine and wool samples were plucked 
at intervals from the injected sites. The samples were 
first assayed by dropping them directly without previous 
cleaning into vials containing the liquid scintillation 
solution, They were then cleaned in petroleum ether, 
dried, weighed and assayed again. These results are shown 
in Fig. 4. Checks revealed no quenching due to the wax 
extracted by the scintillation solution and a negligible 
amount of “C in the sludge which fell away from the 
uncleaned wool. Thus the fall in specific activity is un- 
likely to have been caused by the passage of DNA 
‘metabolites from the cells of the presumptive fibre to the 
other epithelial detritus which, as Bolliger and Gross!’ 
have pointed out, usually adheres to the fibres. 










Fig. 8, Autoradiogram showing distribution of the labelin a wool follicle 

bulb 3 h after an intradermal injection of [6 °H] thymidine (0-64 xe; 

0-01 wg in 0-25 ml. saline), Kodak 4410 film was used, with an exposure 

time of 16 days, and the specimen was subsequently stained with 
Ehrlich’s haematoxylin and picric acid. 


The autoradiograms showed that adjustment of dose 
rates and exposure times facilitates the identification of 
labelled mitoses when intradermal doses of [*H] thymidine 
are used. The variable specific activities are not a disadvan- 
tage since only the proportion of labelled mitoses is needed. 

-< Experiments are now in progress to determine whether 

follicle activity is affected by intradermal injections of 

labelled material. The autoradiograms also revealed 

the movement of labelled cells in the wool follicle, which 

' will be reported elsewhere. No radioactivity was detected 

rin the keratinized fibre, although the results of liquid 

scintillation counting show that some of the label was 
retained. 
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Fig. 4. Specific activity of wool plucked at various times from regions- 
of skin on Sheep 2 (A) labelled by the intradermal injection-of {2 40] 
thymidine (0-05 wc. ; 0-42 zg in 0-25 ml. saline). In all cases the clean dry. 
weight of the sample was used in calculating the specific activity, Each- 
point on these curves is the mean of four resulta, The large range of 
values, indicated for two of the points by the vertical lines, may be due 
to the difficulty of injecting intradermal doses in a reproducible manner, 
Also shown are the values for samples from Sheep 3 which were first 
assayed by dropping them directly, without prior cleaning, into vials 
containing liquid scintillating solution (@). They were then cleaned. 
in petroleum ether, dried, weighed and again assayed (OX 


These results have shown that most of the labelled 
material incorporated into the cell nuclei during the- 
biosynthesis of wool is removed from the cells about. 3 
days later during keratinization and is probably resorbed, 
and that it is feasible to use intradermal doses of labelled 
thymidine to study the proliferative cycle of the cells in 
wool follicles. ee 

We thank Prof. Herman B. Chase for his encouragement 
and advice in this work. E S 
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TRANSFERRIN BEHAVIOUR IN HAEMOCHROMATOSIS 
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“recent years many authors have studied iron meta- 
lism in haemochromatosis. According to various 
uthorities'~* the intestinal iron absorption rate is greater 
diopathie haemochromatosis which is characterized 
y an Increase in serum iron and by a high degree of 
‘Saturation of the serum transferrin. Iron turnover in the 
| organism is delayed and there is little incorporation into 
- the erythrocytes and bone marrow. It is deposited in 
: certain organs and in most tissues, which results in a 
general siderosis. Haemochromatosis is distinguished from 
_ haemosiderosis by the occurrence of demonstrable tissue 
damage. 
To elucidate the mechanism of iron transport and 
sosition in the tissues, we earlier investigated® the con- 
_eontration of transferrin by an immunochemical method. 
Determinations were carried out on the serum of normal 
jects, and of patients suffering from cirrhosis of the 
2x and from idiopathic haemochromatosis. The results 
idicate a statistical decrease in the transferrin concentra- 
on in the sera of patients suffering from haemochromato- 
gis and a lesser decrease in the sera of patients suffering 
from infectious hepatitis and cirrhosis. This may explain 
K e high saturation of transferrin and the diffusion of the 
-- free iron into the tissues. : 
_ = The decrease of the concentration of serum transferrin 
adh 







































ating haemochromatosis could-be explained in terms of 
three different mechanisms: (a) a genetically determined 
deficiency in transferrin production such as congenital 
1ypotransferrinaemia; (b) a liver insufficiency may be 
esponsible for the dysproteinaemia usually observed in 
iver diseases; (c) a combination of these two factors. 
‘his investigation was carried out to find which mechan- 
ism is responsible. 
©- We checked, on a much larger scale, our earlier observa- 
_ tions‘... Moreover, in three cases, we measured transferrin 
-. concentration in a patient suffering from haemochromato- 
sis, and in members of his family who were normal with 
| the exception of a slight anomaly in their iron metabolism. 
-o {t bas been shown that in such families, certain members, 
-although clinically normal, may well show a slight increase 
< in the serum iron and a higher saturation of the transferrin. 
"Transferrin concentration was not determined by the 
indirect method whereby the fixation of iron on protein 
ig measured, but instead by a quantitative immuno- 
= ehemical method. Blood serum samples were taken 
-carefully so as to avoid any contaminations with foreign 
iron. Three types of examination were carried out simul- 
taneously on serum samples from each source. 
or the immunochemical determination of serum 
ransferrin, the semiquantitative Ouchterlony technique 
previously® was refined by the inclusion of the 
itative method in antibody agar plates proposed by 
ahoy and McKelvey’. The plates were either prepared 
mixing at 45° C equal volumes of 3 per cent buffered 
alino agar with rabbit anti-human transferrin serum, or 
btained as antitransferrin immunoplates from Hyland 
‘Laboratories. Two microlitres of serum were placed in 
_ _ l mm troughs, and after 30 h the diameter of the antibody— 
antigen precipitate rings measured by a combined optical 
and mechanical micrometer. Comparison of these ring 
“diameters with those of appropriate standard solutions 
“of. pure transferrin makes it possible to calculate the 
concentration of serum transferrin. 
Determinations of serum iron were made according to 
the micromethod of Landers and Zak®, and checked by the 
macromethod using bathophenanthrolin aceording to 
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Kingsley and Getchell® and Rosenthal et al... The serum 
iron binding capacity was measured by the indirect 
method of Schade et al... 

In all we investigated five cases of haemochromatosis, 
three cases of liver cirrhosis with haemosiderosis of the 
liver, thirty-one cases of liver cirrhosis and eighteen 
cases of infectious hepatitis. Table 1 shows the normal 
range of values and the statistical means of serum iron 
concentrations, serum iron binding capacities and serum 
transferrin concentrations obtained for the various groups 
of patients. It can be seen that the group of patients with: 
haemochromatosis deviates most from the normal range. 
Although the mean concentration of serum iron is normal 
in the three cases of cirrhosis with haemosiderosis, the 
capacity to bind iron and the concentration of transferrin 
are lower than with the other diseases. In the cirrhotic 
patients, the mean values obtained are very similar to 
those of our earlier report® and thus confirm our previous 
findings. In the case of hepatitis the deviation is not: 
so great as that found in 1963. The explanation could 
be that our recent determinations were often made in 
the early stages of hepatitis. Thus, in a patient on 
whom two successive determinations were made, the 
concentration of transferrin was as high as 240 mg/100 ml. 
at the time of the first analysis but 180 mg/100 ml. 1 month © 
later. By omitting this case in the last line of Table 1, 
the mean value for transferrin in hepatitis decreases from 
173 + 26 mg/100 ml. to 169 + 27 mg/100 ml. 


Table 1. SERUM IRON, IRON BINDING Capacity AND CONCENTRATIONS OF 
TRANSFERRIN IN HAEMOCHROMATOSIS AND IN DISEASES WITH Liver 
DAMAGE 

. No.of Serumiron S.I.B.C.* Transferrin 
Diagnosis No. of obser- (22/100 {#g/100 {mg/100 
cases vations ml.) ral.) tal) 
Normal range aoa — 80-140 180-260 200-300 
Haemochromatosis 5 15 219434 40464 100 + 22 
Cirrhosis with 3 3 114+58 73426 93 + 34 
haemosiderosis 
Cirrhosis t+ 31 56 1374+18 95 + 22 170414 
11i+8 92 + 18 70419 
Hepatitis t 18 25 193 +42 117 + 36 173 +26 
(minus 1 case) (17) (23) (195 £46) (124 +388) ae + 2) 
7+ 


* 8.1.B.C., serum iron binding capacity. 
+ Values in italics are taken from ref. 6. 


Table 2 presents our observations on the five haemo- 
chromatosis cases. Apart from case “War.”, all the 
values or mean values are high for serum iron, and 
extremely low for serum iron binding capacity and trans- 
ferrin concentrations. 


Table 2, HAEMOCHROMATOSIS: INDIVIDUAL OBSERVATIONS 


No. Serum iron S.LB.C. Transferrin 
Subject observations (#g/100 ml.) (ug/100 mi) (mg/100 ml.) 
War. 5 160 + 38 111 +58 108 + 41 
Del, 4 275+ 76 12+10 120 4 22 
Jor. 3 230 + 68 0 120 + 70 
Gia. 2 275 +105 0 90 + 60 
Gra, 1 176 0 60 


Table 3 presents the results of our determinations on a 
patient suffering from haemochromatosis and on four of 
his brothers. The concentration of transferrin in the 
patient is very low; in three of his brothers, who were 
apparently clinically normal, neither the transferrin 
level nor the value for serum iron binding capacity is 
in the normal range, although the serum iron in two of 
them (G. T. and G. G.) is slightly increased. This was 
not so in two other families where one member was 
suffering from haemochromatosis. 
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. BERUM IRON, SERUM TRO i 
"TIONS OF TRANSFERRIN OF MEMBERS OF FAMILY G. 


On Serum iron’ °°. 8.1-B.C. Transferrin 
Subject  (#g/100 ml.) (ug/100 ml.) (mg/100 ml.) 
G.R. 275 +105 0 90 + 60 
G.T. 205 55 180 
G.G. 151 99 180 
G. A. 81 282 240 
G.S. 114 4 150 


The behaviour of different members of the family in 
which a typical case of haemochromatosis was found is of 
particular interest. It demonstrates that the low con- 

`- centration of transferrin in haemochromatosis is not only 
<: the expression of liver damage, but also of a congenital, 
genetically determined anomaly. In the family studied 
“this anomaly produces somotypes with normal liver 
> function but with low concentrations of transferrin. 
“This observation agrees with that of Heilmeyer et al.', 
who described a congenital atransferrinaemia in a child 
suffering from severe anaemia and extremely high siderosis 
of the liver tissue. In this case, immuno-electrophoresis 
of the serum shows an absence of transferrin. It seems 
that as well as those with atransferrinaemia there are 
individuals with a genetical defect and a familial hypo- 
transferrinaemia, and on that basis, an idiopathic haemo- 
-ehromatosis could appear. 
The results in Table 1 confirm the decrease of transferrin 
‘in liver cirrhosis and infectious hepatitis. It is clear that 
the combination of the genetically determined haemo- 
: chromatosis with liver damage produces a more severe 
“diminution of the concentration of transferrin in the 
~ plasma of these patients. 

The relation between liver damage caused by siderosis 
and the transferrin concentration in the blood serum is 
illustrated by the following observation. A 56 year old 
patient was suffering from a severe liver cirrhosis with 
intense haemosiderosis and oesophageal haemorrhages; 

--his blood composition was as follows: 9-6 g haemo- 
globin/100 ml. blood; 2-9 million erythrocytes/mm* of 
“blood. After a series of transfusions, the blood com- 
- position was: 12-2 g haemoglobin/100 ml. of blood; 3-72 
million erythrocytes/mm*, 90 pg serum iron/100 ml.; a 
serum iron binding capacity of 95 ug/100 ml.; and 120 mg 
transferrin/100 ml. The patient was treated for a month 















~ IMMUNOLOGICAL AND POLYIONIC INTERACTION IN POLYACRYLAMIDE G 
By Dr. H. F. MENGOLI and ALVIN L. WATNE 7 


Charleston Foundation Cancer Research Laboratory, West Virginia University Medical Center, Morgantown, West Virgin 


_- Srxce the introduction of polyacrylamide gel as a support 
medium for gel electrophoresis by Raymond'-*, poly- 
acrylamide has been widely used in electrophoresis** 
and chromatography®’. Recently, the suitability of 
polyacrylamide gel as an immunodiffusion medium** has 
been studied. 

Compared with agar or agarose, polyacrylamide gels 
have several distinct advantages as diffusion media for 
the study of immunological or polyionic interactions, 
among the most important of which are chemical inertness 
and complete transparency with suitable concentrations 

‘of the cross-linking monomer methylene-bis acrylamide. 
Denaturation of proteins by heat is avoided because 
gelation is brought about at room temperatures by 
chemical catalysis or photocatalysis. Superior separation 
of mixtures of proteins or multiple antigen-antibody 
ystems can be achieved by using different monomer 
atios to produce selective molecular sieves. On the other 
and, polyacrylamide gels adhere tenaciously to wettable 
surfaces and are virtually impossible to cut or puncture. 

The chief disadvantage is that chemical or photochemical 
¿o polymerization is inhibited by oxygen. In order to pro- 
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ERUM Frox BINDING CAPACITY AND CONCENTRA- with desferrioxamine (‘Desferral’; Ciba, Basle, § 


Ca ABI 







land) and the loss of iron in urine increased. This t1 
produced a slight increase in serum iron to 116 ug /10 
a pronounced increase of the serum iron binding cap 
to 200 ug/100 ml., and an increase of the immi 
chemically determined concentration of transferrin to 
240 mg/100 ml. At that time the patient underwent a - 
portocaval anastomosis. After the cessation of bleeding, 
the blood count increased (14-4 g haemoglobin/100 ml. of _ 
blood; 438 million erythrocytes/mm*), but the conc 
tration of transferrin dropped to 120 mg/100 ml. \ 
the iron binding capacity dropped to 128 pug/10 
Further treatment with desferrioxamine for 10 
resulted in an increase in the serum iron binding ca 
although the transferrin remained at a concentraty 
120 mg/100 ml. This observation indicates that th 
binding capacity of serum transferrin can be re 
modified by treatment with iron chelates. The | 
function can be improved and therefore the transferrin 
level slightly increased. The production of transferrin ` 
seems to be relative to the integrity of the liver function. — 
Thus, in summary, disorders of iron metabolism in _ 
haemochromatosis are related to the low concentration of __ 
serum transferrin. We believe that this low concentration 
results from the joint effect of a genetic deficiency in the 
production of transferrin and a liver insufficiency secondary. 
to damage by iron deposition. Treatment with desferriox- 
amine seems to result in a small increase in the concentra- _ 
tion of serum transferrin. E 
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duce gels by chemical polymerization with concentratio 
of catalyst at which the proteins are not denatured, t 
construction of chambers must be such that only a sme 
surface of polymer solution is exposed to the atmosphere. 
Similarly, polyacrylamide can only be photopolymerized 
in chambers designed for studies of immunodiffusion i 
the presence of carbon dioxide. oe 
We have investigated the potentiality of photopo 
merized polyacrylamide for the study of immunological 
and polyionic interactions. Catalyst mixtures have bee ; 
developed which allow photopolymerization to proceed in 
the presence of oxygen and eliminate the necessity for 
specialized gassing chambers. Several ratios of monomers 
have been investigated and several types of gel casting _ 
apparatus constructed. Immunological and polyionie = 
interactions were studied using the Ouchterlony and > 
Quidin immunodiffusion techniques. Details of these. 
techniques will be published in detail elsewhere. |. 
Briefly, the method used to obtain the results presen 
here is as follows. ae 
Recrystallization of monomers, Acrylamide y 
solved in. methanol, filtered t move: 
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Fig. 1. Arrows indicate precipitin band. 

- polymers and twice recrystallized from methanol. Methyl- 

-one bis-acrylamide was dissolved in acetone, filtered to 

remove. contaminant polymers and twice recrystallized 

from, acetone. 

. Monomer ratio. The Jongkind! monomer ratio of 1 

part methylene bis-acrylamide to 150 parts acrylamide 

was used and the total polymer concentration was 7-5 

per cent. 

Composition of polymer mixture. The catalytic mixture 
consisted of the following reagents in glycine-saline 
buffer (1 molar glycine in 0-9 per cent saline adjusted to 

| pH 7-3): 2 ml. of polymer solution (acrylamide, 44-70 
8/100 ml; methylene bis-acrylamide, 0-30 2/100 ml.)}; 

“2 tol. of sodium bisulphite solution (0-0284 2/100 ml.); 
2 mil, of riboflavin-5-phosphate (0-00350 g/100 ml.); 2 ml. 

of allyl thiourea (0-060 g/100 ml.), and 4 ml. of glycine- 
saline buffer or appropriate antigen or polyion solution. 

Preparation of Ouidin tubes. For immunological studies 
the polymer solution containing the appropriate antigen 
was placed in the bottom of the tube (6 mm diameter) 
to a height of 20 mm, overlayered with distilled water, 
and. photopolymerized. After polymerization the dis- 
tilled water was aspirated and a middle layer of polymer 

“solution was added, overlayered with distilled water and 
photopolymerized. After polymerization the distilled 
water was aspirated and the appropriate antiserum was 
added. 

For polyionic studies, the polymer solution containing 

< the appropriate polyion was placed on the bottom of the 
tube, overlayered with distilled water and photopoly- 
merized. After polymerization the distilled water was 
aspirated and a middle layer of polymer solution was 
added, overlayered with distilled water and photopoly- 

 merized. After polymerization, the distilled water was 

_ aspirated and the polymer solution containing the appro- 
“priate polyion solution was added, overlayered with dis- 
tilled water and photopolymerized. The distilled water 
was, aspirated. 

oO Photocatalysation. The tubes containing the polymer 

Solutions were placed in a ‘Lucite’ rack which was 

“approximately 1-5 ft. from two horizontal 500 W flood- 
lamps.: The tubes were exposed to light for 20 min. 
Polymerization was found to be complete at the end of 
this time period. 

Immunological interaction in polyacrylamide gel was 
investigated using four antigen-antibody systems (Fig. 1). 
These wore: (A) calf thymus histone against rabbit anti-ealf 
thymus histone serum; (B) haman gamma-globulin against 
rabbit anti-human gamma-globulin serum; (C) human 
serum albumin against rabbit anti-human serum albumin 
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serum; (2) normal human serum against 
goat anti-normal human serum (Hyland 
Laboratories, Los Angeles, California), We 
do not yet know whether the multiple bands 
shown in the human serum albumin system 
(C) are the result of secondary precipitation 
or molecular sieving: molecular hetero- 
geneity! has been demonstrated in poly- 
acrylamide gel for serum albumins of other 
species. The normal human serum system 
(D) demonstrates the remarkable separation 
of multiple antigen-antibody systems that 
can be achieved in polyacrylamide gel. The 
calf thymus histone system (A) shows 
specific immunological interaction between 
calf thymus histone and rabbit antibody. It 
has been established in other experiments 
that calf thymus histone reacts non-specific- 
aly with agar, agarose and rabbit alpha- 
jand beta-globulins, but not with non- 





immune rabbit gamma-globulin or with 
polyacrylamide. 

Polyionie interaction in polyacrylamide 
iwas investigated using the following sys- 


i 


tems: Fig. 24, calf thymus histone against 
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arin; Fig. 2B, calf thymus histone. against. poly- 
amice acid; Fige 20, calf thymus ‘histone against 
lf thymus DNA; Fig. 34, heparin against protamine; 
g: 3B, heparin against polylysine; and polylysine 
ainst polyaspartic acid (Fig. 3C). In all systems each 
polycation reacted with the polyanion to form dense 
precipitates which migrated downward in the gel. Later, 
in diffusion, the dense precipitates in several of these 
systems separated into bands of precipitation which 
-also migrated downward in the gel. The histone-heparin 
system (Fig. 24) formed a maximum of fifteen bands, 
“representing the interaction of molecular species of 
histone and heparin. The histone-polyglutamic acid 
system (Fig. 2B) formed four bands. 
system (Fig. 2C) initially formed four distinct bands 
which finally fused to give the form shown in Fig. 20. 
The heparin—protamine system (Fig. 34) and the heparin- 
polylysine system (Fig. 3B) initially formed thin denso 
_ precipitates which later expanded to the forms shown in 
g. 34 and B. Under the microscope, these bands were 
seen. to be composed of several fine bands with a striated 
“appearance. Ouchterlony diffusion studies of some of 
these systems were also carried out. The dense pre- 
cipitates migrated toward the peripheral wells and 
showed confluence of bands. 
|. These and other results indicate that photopolymerized 
polyacrylamide gel is an ideal support medium for the 
_ study of immunological and polyionic interactions. The 
_  §nertness of polyacrylamide made it possible to demon- 
-strate the antigenicity of calf thymus histones. Poly- 
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acrylamide would probably ie be useful in deterring F 
the immunogenicity of other polyions. The diffusion 
phenomena of polyions are similar to those observed in 
the immunological systems and suggest that polyionie a: 
interaction may be a useful model for the study of 
immunodiffusion phenomena. The band separation | 
observed in several of the polyionie interaction systems ©, 
suggests that polyacrylamide will be useful in determi- 
ining not only the molecular heterogeneity of polyions i 
but- also the complementarity of molecular species ofo 
DNA and histones. i 

Further investigations of immunological and polyion 
interactions in polyacrylamide are in progress. 
include the investigation of the effect of various mon 
ratios on band separation and densitometric analys 
band formation. 

These investigations were supported by a grant fro 
the American Cancer Society. 
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VISUAL PIGMENTS AND THE KEILIN—HARTREE EFFECT 
By Dr. TORU YOSHIZAWA and Pror. GEORGE WALD 


Biological Laboratories, Harvard University, Cambridge, Massachusetts 


Ow exposure to light, rhodopsin is bleached through a 
series of transient intermediates to a final mixture of 
-= all-trans retinaldehyde and opsin. The photoproduct that 
_ starts this series, pre-lumirhodopsin, is stable below about 
140° C. Its existence was demonstrated qualitatively 
-by cooling rhodopsin solutions to liquid nitrogen tem- 
-= perature (— 195° C), and its properties were later in- 
< vestigated by detailed spectrophotometry at this tem- 
perature’. It was shown in this way that the first, 
“reversible, action of light on rhodopsin is to isomerize 
-its chromophore, retinaldehyde, from the 1l-cis to the 
all-trans configuration, with no immediate change in the 
<> apo-protein opsin. All the subsequent changes on warming 
are “dark” reactions, and represent the gradual opening 
up of the structure of opsin‘*, in the course of which new 
< groups are exposed (two SH*; one H+ binding group with 
< pK about 66y. 
-oo The attempt to extend such measurements to the cone 
pigment iodopsin encountered a technical problem. 
Glycerol-water mixtures cooled rapidly to — 195° C form 
a rigid, amorphous glass, clear but with numerous cracks. 
~The crazing makes it preferable to work with pigment 
= extracts so concentrated that their absorbances can be 
A “measured accurately in very thin layers. Such conditions 
< are easily achieved with rhodopsins, but it is difficult to 
obtain sufficiently concentrated iodopsin to work in this 
way. 
-For this reason we adopted a procedure described some 
oe years ago by Keilin and Hartree’, which by inducing the 
_ formation of micro-crystals in glycerol—water solutions at 
“low temperatures greatly increases the absorption of 
_ light. by dissolved pigments. We call this the Keilin- 
Hartree effect. The effect is purely optical, and is caused 
by multiple reflexions from the micro-crystals which 











greatly increase the length of light path through the _ 
pigment solution. Keilin and Hartree showed that the © 
same effect is produced at room temperature by suspending. 
fine particles of kieselguhr, tale, or kaolin in pigment... 
solutions. These authors applied the procedure to the 
investigation of a variety of haemoproteins, and Esta- 
brook? later specified some of the conditions more closely 
in a spectrophotometrie investigation of cytochrome e, < 
Before applying this procedure to the investigation of = 
iodopsin at low temperatures, we have examined rhodopsin | 
under these conditions. Cattle and squid rhodopsins in’ 
2 per cent aqueous digitonin were mixed with equal 
volumes of glycerol. The absorption spectra were measure 
with a Cary 11 recording spectrophotometer, in a speci: 
absorption vessel already described’, This held a | 
layer of pigment solution about 0-8 mm thick between 
a front quartz plate and a back opal glass plate. A similar. 
plate of opal glass was placed in the comparison beam. 
The temperature of the sample was measured continuously ee 
with an iron-constantan thermocouple. i 
Cooling in liquid nitrogen causes rhodopsin in 45-55. 
per cent glycerol to freeze to a transparent, highly crazed .. 
glass. On gradual warming, the cracks disappear at about. 
—110° C. At just over — 80° C the sample shows the first 
opalescence, marking the beginning of crystallization; 
and as the temperature rises further, its turbidity in- 
creases to a peak at about —55° C. On re-cooling to `. 
— 195° C the micro-erystals and turbidity remain as the.: 
free solvent re-vitrifies. i 
Fig. 1 shows a typical example of the effect of thes 
procedures on the spectrum of cattle rhodopsin: in. 
per cent glycerol. It is important to note that b 
recording each of these spectra, the apparent absor 
was adjusted to zero at 700 mu, where the a 



























to warm gradually, 
being continuously 
_. recorded. When this reached its highest level, at —57°C 
_ to— 55°C, the condition of greatest turbidity, the spectrum 
_ Was re-measured (curve 3). The maximum absorbance 
had now increased to about 9-7 times the value at room 
mperature, and Amax had moved down to 499 my. 
mmediately after recording this spectrum, the sample 
as cooled again to — 195° C and the spectrum measured 
ee © 4). The maximum absorbance had risen to about 
11:9 times its original value and Xmax lay at 501 my. 
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“Fig. 1. Intensification of the absorption spectrum of cattle rhodopsin 
< 0n-cooling and by the formation of micro-crystals in the medium. Cattle 
rhodopsin in 50 per cent aqueous glycerol containing 0-1 M NHOH and 
; 0-03 M tris buffer, pH 7-5. 





Three factors are involved in the first. intensification of 
jpectrum on cooling (curves 1—2): (1) contraction of the 
alvent, which we have estimated to be about 6-5 per cent?; 
2) eracking of the vitreous solvent, which by multiple 
reflexion increases the absorption by an unknown amount; 
(8) some degree of heightening and narrowing of the 
_ absorption band owing to the cooling itself. The leap in 
_ absorbance on warming to —55° C (curves 2-3) is the 
Keilin-Hartree effect, the result of the formation of 
micro-crystals in the medium. The final rise on re- 
ooling to ~ 195° C (curves 3-4) involves the same three 
factors as the initial cooling. 
Fig..2 follows the changes that accompany warming 
such. a rhodopsin solution from —195°C to room 
emperature, in terms of the difference between the 
aximum absorbance and that at 700 my. (A max~Aqo9)- 
‘he gradual decrease in absorbance between — 195° 
about — 120° C appears to be caused mainly by the 
8 of warming on the shape of the absorption band. 
Apid fall of absorbance from about —120° C to 
‘Cis caused mainly by the disappearance of cracks 
the medium. At about — 83° C the first opalescence 
ears, signalling the beginning of micro-erystal forma: 
. At this stage, the absorbance begins to rise rapidly, 
ching a peak at about — 55° ©. On further warming, 
jo -micro-crystals melt, the absorbance falls again very 
pidly until at about —40° C it reaches a level that 
changes very little on further warming to room 
temperature. 
_. Table 1 shows average results of three experiments on 
cattle rhodopsin and three on squid rhodopsin. In Table 1 
we take as the measure of rhodopsin the difference in 
absorbance at the maximum near 500 mp and at the 
minimum near 400 my (A max-A min) in order to minimize 
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Fig. 2. Change of maximal absorbance of cattle rhodopsin on warming 
from liquid nitrogen temperature ( — 195° C) to room tem perature. Solu- 
tion of cattle rhodopsin in 55 per cent glycerol containing 0-1 M NH,OH 
and 0-03 M tris buffer, pH 7-5. o py rhodopsin; @, warmed from 


— 200 ~ 50 0 


the effects of light scattering, which tend to raise the 
baseline at short wavelengths. This difference of absorb- 
ance is given the arbitrary value of 1-0 at room tempera- 
ture, so that all other absorbance differences represent 
directly the intensification of spectrum. The differences in 
intensification between the cattle and squid preparations 
are eaused by inevitable variations that go with this 
type of procedure rather than by intrinsic differences in 
the behaviour of these rhodopsins. The combination of 
the Keilin-Hartree effect and re-cooling to —195° C 
yielded with both rhodopsins an intensification of ab- 
sorbance of 8-4-9-4 times. The general effect of cooling 
rhodopsin solutions is to increase Amax. As shown in 
Table 1, however, the final re-cooling to — 195° C in the 
turbid medium decreases Amax by 3-4 mu. 


Table 1. INTENSIFICATION IN ABSORBANCE OF CATTLE AND SQUID RHODOPSINS 


Cooled to Warmed to Re-cooled 
25° € -195°C about -57°C te ~195° C 
Cattle (A max-Amin) 1-0 2-2 PL 4 
Amax (mp) 498 605 499 501 
Squid (A max-A min) 1-0 3-7 57 84 
Amax (mu) 487 497 490 494 


Averages of measurements on three preparations each of cattle and squid 
rhodopsin in 50 per cent aqueous glycerol. The difference in absorbance. 
between the maximum near 500 mz and the minimum near 400 mu (A masm 
Amin) is taken as the measure of rhodopsin absorbance. This is set arbit« 
rarily at 1-0 at 25° ©, so that (4dmex-dmin) at all other temperatures: 
ropreaenta directly the intensification of absorbance caused by the procedures 
indicated. : 


In this way it is possible to obtain a considerable in- 
tensification of the spectrum with remarkably little 
displacement or distortion. This procedure greatly 
aided our experiments on the photochemistry of iodopsin 
at low temperatures’, shortly to be described in detail, 

One wonders whether the Keilin-Hartree effect operates 
on occasion to intensify the absorption of light by visual. 
pigments in living eyes. At least two situations exist in 
which this effect might play a part, both associated 
specifically with conditions for vision in dim light, where 
the absorbance of light by the visual pigment is a limiting 
factor. A number of vertebrates—certain freshwater 
fishes, crocodilians, an opossum and others—possess a 
so-called retinal tapetum; the processes of the pigment 
epithelium that surround the receptor organelles are 
crammed with micro-crystals, usually of guanine, some- 
times of other reflecting substances"! It seems possible 
that in some circumstances this arrangement might 
result in multiple reflexions back and forth through the 
outer segments of the rods. Similarly in the compound 
eyes of many arthropods colourless miero crystals are 


deposited in large amounts in the inter-retinular cells and, 
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e dark-adapted condition may completely surround 
| photosensitive rhabdome!. These arrangements 
tht, through multiple reflexion, increase the absorption 
light by visual pigments and hence the visual sensi- 
vity. 

‘This investigation was supported in part with funds 
from the National Science Foundation and the Office of 
Naval Research. The experiments were performed while 
<- JY. occupied a research fellowship at Harvard University. 
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-We have investigated the effect of vigilance on the 
_. diameter of the pupil by comparing sessions in which the 
subject was instructed either to report or not to report 
whether a threshold-level light was seen. Since the pupil 
< has a high “noise” level, we had to measure the average 
response in order to detect extremely small changes in 
= pupillary diameter (0-005-0-01 mm). The diameter of 
< the pupil was measured using an automatic infra-red 
-> scanning device (Smith Kline Precision) and recorded in 
“pulse frequency code on seven channel magnetic tape. 
_ Papillary responses were sorted and averaged separately 
_ after the experiment according to the subject’s report. 
_ All response curves were measured at the same points in 
_ time and were summed across responses. Averages 
“were obtained by passing the summed output through 
a passive network the resistance of which could be varied 
as a function of the number of trials?. 
>o After dark adaptation for 20 min, the subject's head was 
- placed in position with the aid of a biteboard and headrest. 
_ A fixation light viewed with the right eye was provided at 
optical infinity to keep the direction of gaze and the 
"accommodation constant. The left eye was stimulated 
with a Ganzfeld light diffused through a half table tennis 
ball. The pupillary response of the right eye was measured. 
_. The light stimuli were brief square wave pulses with rapid 
tise and decay, produced by a Sylvania glow modulator 
< tube (R1131C). The duration of the stimulus rather than 
_ © intensity was manipulated to vary the energy, and there- 
_ fore the visibility, of the light flashed. (We have previ- 
ously shown? that there is complete reciprocity between 
intensity and duration for the pupillary response over the 
range of durations used.) 
The subject initiated a trial by pressing a microswitch 
_ and the light was presented 2 sec later. A verbal report, 
_ when it was required, was made by the subject at the end 
of the trial. Fig. 1 gives data for one subject showing the 
average response curves for two levels of threshold 
report obtained at two different flash durations (0-026 
and 0-021 sec). The averaging procedure began when the 
subject pressed the button to initiate the trial. Several 
aspects of these curves may be noted. There is an initial 
dilation in response to pressing the microswitch. This 
dilation is identical in the “report”? and “no report” 
urves. Following this initial dilation, the events observed 
depend on whether or not a report is required. In the 
“report”? condition the dilation continues up to and 
“beyond the occurrence of the light stimulus; in the “no 
* report” condition the dilation levels off. This difference 
in dilation may reflect the different levels of vigilance 
> required in the “report” and “no report” conditions. 
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This finding was replicated in all of twenty-five experi 
ments with eight subjects. At the higher energy lev 
(0-026 sec), a contraction appears which follows the light 
stimulus at a latency of about 0-4 sec in both the “report 
and “no report” conditions. In the.“‘report’’ conditi 
the contraction appears to be riding on the dilation curv: 

In another experiment the responses in the ‘report 
trials were separated into two average curves on the bas 
of whether or not the subject reported the light flash 
seen. In this experiment & variable interval of 2-4 s 
was interposed between the start of the trial and th 
presentation of the light stimulus. The averaging be; 
when the stimulus was presented and not when the but 
was pressed. Three seconds after the light flash a sou 
signalled the subject to press a second button if the light 
was seen. l o 
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Fig. 1. Average curves of relative pupillary diameter for “report” and 
“no report” conditions when the eye is stimulated at two differe) 
energy levels (0-026 sec and 0-621 see at 6x10 mL). The curves are 
arbitrarily superimposed at the onset of the trial to facilitate comparison. 
Both “seen” and “not seen” trials are included in the average curves, 5 





The results are shown in Fig. 2. There is a clear con- = 
traction in the average curve of trials in which the stimulus 
pulse was reported as “‘seen”, but not in the average curve 
of those trials in which the stimulus pulse was reported as. 
“not seen”. These results were replicated in twenty ou 
of twenty-one experiments with eight subjects. It wo 
seem that whatever determines the report also determi 
the pupillary response. Eo 

Different and somewhat startling results are ob 
if the same kind of experiment is performed 
light energy insufficient to produce a pupilla: 
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‘Big. 2. Average curves of relative pupillary diameter as a function of 

Whether or not the light stimulus was reported as seen. The curves are 
arbitrarily superimposed at light onset. (The energy level was 0-021 sec 
sf and 0-019 sec at 6x 10 mL.) 


as but which is reported as “seen” 50 per cent of the time. 
_ Vo provide a control for the possible effect on the pupil of 
“muscular preparation to press the button, the following 


< procedure was used: in half the trials in the first session. 


the subject was asked to press the button only when the 


© stimulus was seen; in the other half, the subject was asked 
~ © bo press the button only when the stimulus was not seen. 
` In the second session the same stimulus was presented, 


but in half the trials the subject was instructed to press 


regardless of whether or not he saw the light, in the other 
-half not to press regardless of whether or not he saw the 


light. In both sessions, therefore, the effect of pressing 
the button was eliminated by counterbalancing, but in 
-thefirst discrimination was required while in the second 
discrimination was not required. Blank trials, in which 
the stimulus energy was one-tenth that of the threshold 
light, were interspersed at random throughout the first 
session. At this level of intensity, the light was probably 
-nover seen by the subject. The results are shown in Fig. 3. 





| None of the curves shows a contraction response, but there 





is a definite dilation in the average curve obtained from 
the “seen” trials. The “not seen” trials and the “‘no 
= discrimination” trials are at the same stimulus energy 
-but produce average response curves which are not 
substantially different from the blank trials. 
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Fig. 3. Average curves of relative pupillary diameter arbitrarily super- 
“Imposed at the onset of stimulation, The curves labelled “seen”, “not 
“seen”, and “no discrimination” were all obtained with identical stimulus 

energy (0-010 sec at 6x10 mL). The “no discrimination” curve was 

obtained by the instruction to the subject either to press on all trials or 

oo nob to press on all trials regardless of whether the light was seen. ‘The 
- -gurve labelled “blanks” was obtained with a stimulus energy which was 
one-tenth the value (0-001 sec at 6x 10+) used for the other curves. 

‘Although discrimination was required, this stimulus was almost never 

reported as seen. 


It therefore appears that the dilation response occurs 
only when two conditions are fulfilled: (1) the near 
threshold light has to be seen by the subject and (2) the 
detection of the light must have significance. This con- 
clusion is based on the fact that no dilation occurs when 
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discrimination is not required; nor does it occur when the 
visual stimulus isso weak that it can be regarded as 
ineffective (blank trials) even though the subject is re- 
quested to attempt a discrimination; and finally it does © 
not occur in the “not seen” trials even though the stimulus 
occurs in a context of discrimination and is at an energy 
level at which it is reported as seen 50 per cent of the time. 
The dilation occurs only when the light pulse is seen and 
the subject has to make a discrimination. 

The findings of these experiments can be interpreted 
in the following way: the overall level of vigilance is 
influenced by the instructions. An increase in vigilance 
produces a dilation not linked to the stimulus. It seems. . 
that the mechanism which controls the response of the. 
pupil to light stimuli is related to the mechanism which 
controls the threshold for seeing. If the intensity of the 
light is adequate and it is reported as seen, there is pupil- 
lary response. If the same light is reported as not seen, 
there is no pupillary response. The data also indicate 
that the mechanisms which control pupillary contraction 
are less sensitive, and therefore require more energy, than 
the mechanisms which control pupillary dilation. At... 
lower energy levels a dilation is obtained when the light.” 
is seen, This may be related to the fact that the light is 
acting as `a signal. This interpretation is supported by the 
fact that dilation is the response of the pupil to all other 
sensory stimuli®, At somewhat higher energy levels.the _ 
contraction system as a response to light comes into — 
play, and when the light is seen the contraction may be 
found riding on the dilation response. At still higher 
energy levels the contraction is larger and swamps the 
dilation response. 

The present state of knowledge of the neural centres 
which participate in the innervation of the iris muscles, 
which in turn determine the pupillary diameter, allows 
us to relate the present findings to recent work in neuro- ~ 
physiology. Hodes and Magoun‘ have shown that direct 
stimulation of the reticular formation in cats leads to a 
dilation of the pupil. More recently Naquet et al.’ have 
reported that pupillary diameter increases with cortical 
desynchronization and decreases with cortical synchron» 
ization. This relationship held whether the cortical 
desynchronization was spontaneous or took place through 
direct or indirect stimulation of the reticular formation. 

Haider et al.* have reported on human evoked potentials 
to visual stimuli close to the threshold. They found responses 
of larger amplitude for trials in which the stimulus was 
seen than for trials in which the stimulus was not. seen. 
Davis’ found an increase in the amplitude of the auditory 
evoked potential when the subject had to make a difficult 
sensory discrimination. In our own laboratory it has 
recently been shown that the amplitude of the evoked 
potential to a sensory stimulus is greater when the 
occurrence of the stimulus dispels uncertainty as to its 
identity, than when the identity of the stimulus which 
occurs is known in advance’. 

This work was supported by grants from the National 
Institute of Mental Health, U.S. Public Health Service. 
We thank Dr. Joseph Zubin and the late Dr. Otto Lowen- 
stein for their helpful suggestions, Mr. Robert Laupheimer 
and Mr. Ray Simon for their assistance with instrumenta- 
tion, Dr. R. Quaddelbaum, Miss Marjorie Goldman and 
Miss Hansook Ahn for their assistance with other aspects 
of the work and Dr. Nathan Beckenstein, director of 
Brooklyn State Hospital, for providing the facilities to 
carry out this research. 
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Merxops for concentrating and purifying virus particles 
from large fluid volumes are required for the preparation 
of large quantities of virus for use in vaccines or analytical 
studies. 

High performance continuous flow rotors have been 
described which allow viruses as small as polio to be 
isolated from large volumes of fluid'?7. As a further 
refinement of these continuous flow rotors, the stream of 
sample through the rotor has been arranged to flow 
across the surface of a liquid density gradient which is 
imprisoned in the rotor during operation’. Particles in 
the flowing stream are sedimented into the gradient and 
‘are banded at or near their isopycnic density. Rotors of 
_ this type, called B-VIIT and B-IX, have been used to 

isolate adenovirus’, Echo 28 virus, the respiratory syn- 

eytial virust, and influenza virus*. The operation of such a 
rotor is shown diagrammatically in Fig. 1. The upper 
feed line in the rotor core allows (a) fluid to flow to the 
rotor edge during loading and unloading of the gradient, 

. or (b) the stream depleted of virus to flow out during 
= high speed operation. The performance of this type of rotor 
has been approximately as expected, except that the reso- 
lution of recovered bands with some viruses has been low. 
When the continuous flow phase of an experiment has 
been completed, the rotor is decelerated to approximately 
5,000 r.p.m. and the gradient recovered by displacement 
with a dense fluid pumped to the rotor edge through the 
upper edge line. During recent experiments, dyes have 
been added to the displacing fluid to determine how much 
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IMPROVED CONTINUOUS FLOW CENTRIFUGATION WITH BANDING 
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of this fluid mixes with the recovered gradient. The 
amount of mixing has been found to be considerable, the 
dye being distributed throughout much of the gradient, 
The exact reasons for this mixing are unknown; however, 
one possibility could be a Bernoulli effect which might 
occur at the “T” between two lines in the top of the rotor _ 


core. This effect would draw part of the lighter portion _ 
of the gradient continuously into the displacement stream 


which flows to the edge of the rotor core. The core of the 
rotor has therefore been redesigned to eliminate the mixing © 
problem. A simple valve which uses an “O” ring as the- 
moving member is used to bypass the “T” during unload- 
ing of the gradient. The valve opens at a rotor speed 
between approximately 9,000 r.p.m. and 18,000 rpm: ` 
and is closed at the unloading speed of 5,000 r.p.m. 
When the valve is open, the virus solution flows over 
the surface of the gradient and out the usual effluent 
holes. When the valve is closed at the low speed of 
rotation, the displacing solution flows over the top of the 
core to the edge of the rotor and cannot flow to or mix 
with the fluid at the surface of the gradient. This modified 
B-IX rotor is called B-XVI (see Figs. la and 1b). 

Since the 750 ml. gradient is only 1-1 em deep. in this 
rotor, it was not originally expected that several. different 
particle zones would be completely resolved in this rotor, 
and we accepted the poorer resolution obtained with.. 
cores B-VIII and B-IX. The resolution obtained in’ 
practice with B-XVI, however, quite exceeds our expecta- 
tions. 
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; Fig. 2, Isolation of adenovirus 77 in a caesium chloride gradient in the 
: B-XVI rotor system. 

















ig: 8, Pblectron micrograph of adenovirus 77 isolated in the B-XVI 
bie rotor system, 


The adenovirus T7 and T3 phage used in this study were 
_chosen’ as model particles since their sedimentation 
eteristics and the banding densities in caesium 
hloride were known, The adenovirus was grown in 
onkey kidney cells. The T3 phage was grown on 
Escherichia coli B cells in a tryptone broth medium. The 
phage lysate was first processed in a refrigerated ‘Spinco 
lodel A’ continuous flow centrifuge to remove most of 
he unlysed cells and large debris. The partially clarified 
ate was then used. for this study. 
Fig. 2 shows the absorbance at 260 my and density 
alues of the recovered caesium chloride density gradient 
ractions from the B-XVI continuous flow rotor after 
oeessing 2 L of adenovirus 7'7. The virus suspension 
was pumped through the rotor at 2-85 l per hour and 
allowed to band for 1 h at 36,000 r.p.m. before being 
unloaded from the rotor. The rotor was unloaded at 
-5,000 r.p.m. using caesium chloride density 1-51 to dis- 
„place the gradient. The large absorbance curve to the 
left in the profile is due primarily to the diffusion. of 
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- phenol red from the virus suspension) into the gradient. : 


The small zone centred at density 1-3 in fraction 16 was 
found to be cell debris. The large zone centred in density 
1-336 in fraction 19 is highly concentrated adenovirus as. 
shown in Fig. 3. Note the complete absence of contamin- 
ating cell debris. f 

The second test particle used in the B-XVI rotor was 
T3 bacteriophage. Eight litres of harvest fluid were passed 
through the rotor at a flow rate of 4 1. per hour at a rotor 
speed of 35,000 r.p.m, The collected virus was centrifuged 
at this rotor speed for 1 h after completing the flow to 
permit the last virus particles trapped to sediment to- 
approach their isopyenic density. Fig. 4 shows the 
absorbance profile of this experiment. The large zone ` 
to the left in the profile is due primarily to colour from the 
tryptone broth solution. A zone of cell debris is partially 
obscured by the broth but is centred in fraction 13. The 
virus zone is centred in density 1-50 caesium chloride 
in fraction 29 and represents (theoretically) better than 
99 per cent of the T3 phage from 8 1. of solution. Electron 
microscopy verified the presence of phage in this zone. 
The material in a second zone at density 1-53 is unidenti- 
fied; however, electron microscopy indicates the presence . 
of many damaged phage particles. 
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Fig. 4. Isolation of 73 phage from 81. of fluid by use of the B-XV1 
rotor system, 
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Separation of a mixture of adenovirus T7 and T3 phage In a 
2-L. sample by use of the B-XVI rotor. 


Fig. 5. 
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Fig. 6. Fractionation of a concentrated 73 Escherichia coli lysate by use 
of the B-XVI rotor system, 





Fig. 5 is an absorbance profile of a mixture of the 
. adenovirus and 73 phage particles isolated in the above 
experiments. Samples of each type of virus were mixed 
with 21. of tris buffer, pH 7-5, and passed through the 
B-XVI rotor at an average flow rate of 3 l. per hour. 
‘The profile shows that both species. of virus were trapped 
by the rotor and were sedimented into density zones 
-characteristic of the viruses. Cross contamination of the 
virus zones could not be discovered by electron microscopy. 
Fig. 6 shows the results of an experiment in which a 
previously concentrated T3 phage lysate was diluted to a 
volume of 2 1. with tris buffer and pumped through the 
'B-XVI rotor at 2-5 I. per hour. The T3 sample was a 
hundred-fold concentrate prepared in the B-V zonal 
--totor?, The five zones of material obtained were (from 
left to right): (a) phage ghosts and bacterial membranes, 
- (0) bacterial cells, (c) bacterial cells and other debris, 
- {d) pure T3 phage and (e) damaged T3 phage. 

Except where a sufficient concentration of light or heavy 

< ¢ontaminating particulate material is present to clog the 
rotor lines or the seal system, the B-XVI core can be used 
with batches of virus up to 100 l. in volume. When 
rapidly diffusing solutes such as caesium chloride are 
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used for the adios a amall amount of saturated ! 
solution can be introduced to the rotor wall at int 
to replace solute which has been washed out by the flo 
stream. ; 
These studies with adenovirus T7 and T3 phage sho 
that the B-XVI continuous flow zonal rotor offers a rapid 
and efficient method for separating, concentrating and = 
purifying viruses from multilitre quantities of solution. The. 
resolution possible with this technique approaches that > 
obtained with swinging bucket rotors and other zonal 
rotors which utilize a small volume of concentrated star 
ing sample, or in previous orienting studies with the BI 
rotor’. Virus isolation in the B-XVI continuous. fl 
rotor combines the technique of continuous flow ce 
trifugation with high resolution isopycnic banding 
single step. This capability makes the rotor system 
when large volumes are used, such as for the purific 
of viruses for biochemical study and for the preparati 
of vaccines. a 
The advantages of using highly purified antigens f 
the preparation of vaccines for human use have alread 
been emphasized*. The B-XVI rotor core inereases the 
resolution of the initial concentration step, and removes & 
large portion of particles which have buoyant densities 
different from that of the virus desired. 
While virus isolation has been stressed here, the same 
rotor system and operating procedures are useful for the 
isolation of any particles which can be readily banded 
isopycnically, including bacterial cell wall or membrane 
fractions (for vaccine and other purposes), subcellular’ 
particles (using cascaded centrifuges operating at increas: 
speeds), and viruses and other particulate matter fi 
natural waters’. 
We thank Mr. Jerry Brantley and Mr. Jim Shinpau 
for technical assistance, Miss Frances Ball for electro 
microscopy, Dr. M. Rosenbaum of Parke, Davis and Co 
for the adenovirus preparations, and Dr. Charles Reim 
of Eli Lilly and Co. for help in preparing the manuserip 
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| “Tue use of naturally occurring radiocarbon as a means of 
investigating ground water movement has recently been 
< developed’~*. When water enters the ground it inevitably 
-o carries a certain amount of carbon dioxide. The concen- 
` tration greatly increases in the first few metres of soil due 

_ fo removal of water by plant roots, additional carbon 
dioxide being added from air in the soil and varying 

’ amounts of limestone dissolving by reaction with the 
=<. ¢arbon dioxide to form bicarbonate. This attack of 
limestone, by far the predominant reaction producing 








bicarbonate, is the chief problem in the use of naturally — 
occurring radiocarbon to determine the age of ground 
water. Limestone, which contains virtually no carbon-14,. 
dilutes the isotope in dissolved carbonate and so produces. 
apparent radiocarbon ages for ground water which are 
greater than the real ages. i 
The method preferred in this laboratory for the cor 
rection of radiocarbon ages has already been disceu 
and consists of the assumption that the amount o 
stone dissolved is equivalent to one half of the bi 













Present and that the carbon from plants and the atmo 
sphere is the equivalent of one half the bicarbonate 
- plus all the dissolved carbon dioxide. Knowing the 
_ concentrations of these two carbonate species, an estimate 
of the amount of limestone dissolved is possible, 
The work reported here concerns a study of the aquifers 
of Coro and the Peninsula of Paraguaná in western 
Venezuela. The area has an arid climate supporting a 
. Sparse xerophytice vegetation!*, The average temperature 
in Coro is 28-4° C, rainfall is 442 mm/year, and potential 
<- evaporation rate greater than 2,000 mm/year. The con- 
_ ditions are considerably worse in Paraguaná, but some- 
what better in the hills of San Luis, 12 km south-east of 
ro. The entire region, located in an earthquake zone, 
“is covered with faults. 
_. The locations of the aquifers and the wells sampled are 
shown in Fig. 1. The water deposits are all in unconfined 
Sand except for the group of wells and springs in the 
south-east (Meachiche, Siburka and San Antonio) which 
are in a limestone formation having an outcrop in the 
hills of San Luis. The method? for extracting the carbonate 
Species, the material to be dated, has proved reliable for 
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the large number of samples to which it has been applied. 
The radiocarbon dating laboratory of the Instituto 
Venezolano de Investigaciones Cientificas determines ages 
using synthesized benzene in a liquid scintillation 
counter!!, j 

Some chemical characteristics and the carbon-14 and 
carbon-13 concentrations of the ground waters are listed 
in Tables 1 and 2. The four wells of Paraguaná give 
expected results. The situation is that of a near desert, 
with the potential evaporation rate five times that of the | 
rainfall. The wells of Pueblo Nuevo. and Buena Vista: 
show ages indicating that they were recharged by the 
pluvial after the last glaciation. The considerably greater 
rainfall at that time!* was sufficient to permit the infil- 
tration of some water into the unconfined sand aquifer. 
despite loss by evaporation and transpiration. The. 
situation is similar to that for the ground water deposit, «: 
of Maracaibo®. The water of the town of Guacurebo is sò 
old and contains such large quantities of salts that it must 
be juvenile. The age of the ground water at La Vaca is 
at first surprising since it seems to indicate that this part 
of the aquifer is being recharged. A , consideration of 





BRAZIL | 





Caribbean Sea 


Granja tina ~~ 
dn 


3 
A s 
Rio Corof NN cAntónini l 
t GAERIO Coro 1 goriguo 
g^rreta 


S. Antonio 1 
99 Bs Antone Spring 
G2 Meachiche 
Meachiche Spring 


Fig. 1. Map of the region of Coro and the Peninsula of ashe apy Yonegmali, showing the location of the ground water wells and 
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Location [HOO0;) [C-total] [Cr] {807} 
Bee (mequiv./1.) (mequiv./i.) (mg/l) (mg/l) 
ella’of the peninsula of Paraguaná 
IVIC-231 Pueblo Nuevo 11° 55’ N, 69° 53’ W 3-90 7-1 680 260 
IVIC-225 Buena Vista 11° 58’ N, 69° 57° W 8-00 53 410 88 
IVIC-232 Guacurebo 11° 51’ N, 69° 57 W 405 B44 950 800 
IVIC-265 La Vaca 11° 47° N, 69° 54° W 4-60 69 600 95 
Wells east of Coro 
IVIC-259 Barigua 11° 25° N, 69° 30 W 3°15 5-6 1,000 330. 
IVIC-261 Arreta 11° 24’ N, 69° 36’ W 2-10 3-8 4,850 1,050 
IVIC-254 Antonini 11° 26’ N, 69° 38’ W 3-00 545 79 200 
IVIC-256 Granja del Estado 11° 25-5’ N, 69° 38-5’ W 3-15 T4 690 490 
IVIC-230 Rio Coro 1 11° 26’ N, 69° 38’ W 3-00 3-9 250 350 
IVIC-221 Rio Coro 5 11° 26’ N, 69° 38° W 2:55 53 72 165 
IVIC-253 Rio Coro 7 11° 25’ N, 69° 38’ W 2-70 46 58 160 
TVIC-222 Rio Coro 8 11° 25’ N, 69° 38’ W 2-55 6-55 69 225 
IVIC~264 Rio Coro 9 11° 25’ N, 69° 88° W 2-70 45 44 100 
IVIC~223 Rio Coro 10 11° 25’ N, 69° 38° W 2-40 41 25 g6 
IVIC-224 Los Perozos 11° 24° N, 69° 38’ W 2-25 41 24 115 
TVIC-251 El Buco 11° 23’ N, 69° 39° W 2-55 4-9 40 102 : 
TVIC-258 Trapichito 11° 23° N, 69° 39° W 3-15 61 32 94 502 
TVIC-257 Manaure 11° 23° N, 69° 89-5’ W 3-45 58 20 80 ; 
Wels weat of Coro i i 
o IVIC-255 El Patillal 11° 21’ N, 69° 49° W 2-40 52 140 300 891 
IVIC-271 El Recreo 11° 21’ N, 69° 49° W 3-00 53 85 230 sob. 
IVIC-275 San Rafael 11° 23’ N, 69° 46’ W 2-40 50 220 550 4r 
IVIC-272 Las Delicias 11° 23’ N, 69° 45° W 2-30 4:25 500 900 2420. 
IVTC--252 Fuguet 11° 28' N, 69° 45° W 2:40 3-9 615 820 2,415 
IVIC-274 El Jebe 11° 23’ N, 69° 45° W 3-00 48 825 1,500 3,786 
TVIC~263 Granja I.A.N. 11° 23’ N, 69° 44° W 2-00 2-8 195 400 4,183 
IVIC-262 Roosevelt 11° 23’ N, 69° 42” W 2-20 3-8 540 4,225 2,828: 
= IVIC-273 Conejal 11° 25° N, 69° 43’ W 2-40 52 565 1,250 2,947 
Wells and springs of the San Luis limestone 
Bee IVIC-229 San Antonio Spring 11° 20’ N, 69° 37 W 1-80 33 28 39 
‘ TVIC-228 San Antonio 1 11° 20’ N, 69° 32’ W 1:65 2-6 17 35 
IVIC-~220 Meachiche Spring 11° 19’ N, 69° 34° W 1-13 1-93 10 l4 
TVIC-219 Meachiche 2 11° 20° N, 29°33’ W 2-70 40 33 20 
IVIC-218 Meachiche 1 11° 20’ N, 69° 34° W 2-80 4-0 28 16 
TVIC-227 Siburda 9 11° 19° N, 69° 85° W 1-35 22 t4 23 
IVIC-226 Siburúa 2 11° 19% N, 69° 35 W 165 22 15 38 








Table 2, CARBON-18 CONCENTRATIONS AND CARBON-14 AGES FOR WELLS AND SPRINGS OF CORO AND THE PENINSULA OF PARAGUANA 


8¥Canat ) 
ee SCinitial 
i: Wells of the peninsula of Paraguaná 
IVIC~-231 Pueblo Nuevo 0-388 + 0-004 
IVIC-225 Buena Vista 0-299 + 0-004 
TVIC~232 Guacurebo 0-049 + 0-003 
TVIC-265 La Vaca 0-927 + 0-006 
“We lis east of Coro 
TVIC-259 Barigua 0-419 + 0-004 
IVIC~261 Arreta 0-150 + 6-003 
IVIC-254 Antonini 0-788 + 0-005 
IVIC~-256 Granja del Estado 0-605 + 0-004 
TVIC-230 Rio Coro 1 0-383 + 0-004 
IVIV-221 Rio Coro 5 0-571 4+. 0-005 
IVIC-253 Rio Coro 7 0-614 + 0-004 
IVIC-222 Rio Coro 8 0-573 + 0-005 
IVIC~264 Rio Coro 9 0-587 + 0-006 
IVIC-223 Rio Coro 10 0-595 + 0-004 
IVIC--224 Los Perozos 0-709 + 0-0044 
IVIC-251 El Buco 0-826 + 0-004 
TVIC~258 Trapichito 0-525 + 0-004 
A IVIC-257 Manaure 0-840 + 0-005 
“Wells west of Coro 
; IVIC-255 Hl Patillal 0-363 + 0-004 
IVIC-271 El Recreo 0-262 + 0-004 
IVIC-275 San Rafael 0-372 + 0-004 
TVIC-272 Las Delicias 0-608 + 0-006 
TVIC-252 Fuguet 0-177 + 0-003 
IVIC-274 El Jebe 0-366 + 0-004 
TVIC-263 Granja LAN. 0-504 + 0-005 
TVIC-262 Roosevelt 0-093 + 0-003 
IVIC-273 Conejal 0-139 + 0-003 


$ Wells and springs of the San Luis limestone 
TVIC-229 San Antonio Spring 0-480 + 0-004 


IVIC-228 San Antonio 1 0-541 + 0-004 
TVIC-220 Meachiche Spring 1-094 + 0-0074 
IVIC-219 Meachiche 2 0-254 + 0-004 
TVIC~218 Meachiche 1 0-263 + 0-004 
TVIC-227 Siburtia 9 0-819 + 0-005 
ITVIC~-226 Siburúa 2 0-516 + 0-004 


SB-P. signifies years before A.D. 1950 and the radiocarbon reference is taken as 95 per cent of the activity of the National Bureau of Standards oxalic ad 
standard, ‘The age corrections were made with equation (A) in the cases of corrected ages less : 
ro modern. Calculations were made with a radiocarbon half-life of 5,568 years. The carbon- 


alculated using equation (0) and are based on the Craig PDB limestone standard è ual 


mass spectrometer. The initial carbon-13 values were c: 


uC age 
(uncorrected) 


6990+ 80 B.P. 
15240 + 160 B.P. 
1910 + 50 B.P, 
4040 +50 B.P. 
7710 +80 B.P. 
4500+70 B.P. 
3920+ 50 B.P. 
4480 + 70 B.P. 
4280 + 80 B.P. 
4170+ 60 B.P. 
2760 + 50 B.P. 
1530 + 40 B.P. 
5170 + 60 B.P, 
1400 + 50 B.P. 


8140+ 90 B.P. 
10760 +120 B.P. 
7950 +90 B.P. 
4000 +80 B.P. 
13920 + 140 B.P. 
8080 + 90 B.P. 
550+ 80 B.P. 
19080 + 260 B.P. 
15860 + 170 B.P. 


5900 + 60 B.P. 
4930 + 60 B.P. 

1094 +074% modern 
11010 + 120 B.P. 
10730 + 120 B.P. 

1610 +50 B.P. 

5320 + 80 B.P. 


per 


HC age (corrected) 


5670 + 650 B.P. 

7710 + 670 B.P. 
21400 + 1070 B.P. 

188-3 +6-9% modern 


4940 + 690 B.P. 
18300 + 670 B.P. 
1094455% modern 
2590 + 490 B.P. 
4790 + 980 B.P. 
2870 + 550 BP. 
1830 + 700 B.P. 
3180 + 440 B.P. 
2110 + 730 B.P. 
2120 + 680 B.P. 
820 + 650 B.P. 
111-6 +5-7% modern 
3360 + 610 B.P. 
1194459% modern 


6570 + 530 B.P. 
8770 + 670 B.P. 
6300 + 560 B.P. 
2100 + 640 B.P. 
11690 + 760 B.P. 
5850 + 750 B.P. 
2790 + 910 B.P. 
17010 + 740 B.P, 
14290 + 560 B.P. 


4000 + 630 B.P. 
2580 + 790 B.P. 
154077% modern 
8510 + 840 B.P. 
8140 + 870 B.P. 
1181 +60% modern 
2490 + 940 B.P. 





88Cpnal 
(measured) 


-140402 
-1893+01 
-229401 
-1732+01 
-105401 
~120 +01 
~IV5 +01 
~ID5+01 
11-6404 


~110£01 
—13-1401 
~13-0+01 
~19-4+0-1 
-131401 
~212+ 01 
-112401 


than modern, and equation (B) was used for those grea 
13 measurements were carried out by Isotopes, Inc. 





S*Cinitial 


(calculated) : 


19064105 
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-267416 | 
-200416 





-23413 
-26415 
-203416 


~182412. 
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- with the air and soil air, so that its original ancient 
carbonate species is exchanged for modern carbon dioxide. 
This situation is also found in several wells near the 

< gity of Coro. 
| The wells, located east of Coro are arranged in the 
< tables-in order of their nearness to the city. In this group 
> of samples are three that show definite present-day 
` -yecharge (Antonini, El Buco and Manaure) and one that 
< may also be modern (Los Perozos). All these wells are 
_ located near the city in heavily irrigated areas. The 

‘situation is the same as at La Vaca in Paraguaná and 
gust represent an artificial recharge. The group of wells 
“bordering the Coro River is younger than would be ex- 

-pected if they were recharged by the last pluvial. These 
ages probably represent a limited amount of infiltration 
© from the river. The fact that none of the samples is 
modern, however, requires that the actual infiltration 
- Maust be small and only very occasional. The ages of the 
wells at Barigua and Arreta are consistent with recharge 
by the last pluvial, and Arreta may also represent an 
dmixture with juvenile water as indicated by its high 
content. 
wells west of Coro were studied in order to test the 
alidity of the popular assumption that this water flowed 
derground from the Mitare River to Coro, which would 
mean that the radiocarbon ages of the samples should 
ecrease regularly with distance from Coro. This is seen 
(Table 2) not to be the case. Furthermore, if the ground 
= water was flowing eastward, the chloride and other ion 
< contents of the well waters should increase as Coro is 
approached. The data of Table 1 show no tendency of 
this sort. The only possible conclusion for this group 
of wells is that their recharge took place to a large extent 
during the last pluvial and that the waters of the deposits 
are not being renewed at present. 
_ The wells and springs of the San Luis limestone forma- 
ion represent a different situation from the others at 
- Coro and Paraguaná. The aquifer here is confined and 
: & considerably greater amount of precipitation falls on 
the outcrop, while there is less evaporation because of the 
lower temperatures prevailing in the hills of San Luis. 
‘This deposit is being charged at the present time from 
rainfall on the outcrop. The question is not whether the 
system is being recharged but, rather, whether the ground 
_ water is moving down to the sea or, alternatively, held 
in a stagnant pocket within the limestone. The well 
- Siburria 9 and the Meachiche Spring are located on the 
‘northern limit of the outcrop. The other wells and springs 
; ‘of this series are only one or two kilometres from the 
oo @uterop. 
The. radiocarbon ages, as given in Table 2, clearly 
define the situation. The excess rainwater is discharged 
through the Meachiche Spring. Siburta 9 is also being 
_ vecharged rapidly as would be expected from its position 
on the outcrop. The radiocarbon content of the Meachiche 
pring is very high, but still below the value of 171 per 
t of the modern for growing tree leaves collected in 
enezucla in May 1965 (ref. 13). (Values greater than 
per cent are due to atmospheric contamination by 
_ nuclear weapons tests.) The 154 per cent modern would 
indicate an age of 3 + 1 years. The antiquities of the 
waters of the Meachiche wells, only 2 kilometres from the 
outcrop, indicate extremely slow movement, if any, 
towards the sea. The other wells and the San Antonio 
Spring are younger because they are closer to the outcrop. 
_ The water of the San Luis limestone is of high quality 
(Table 1) and it appears that this would be the most 
favourable site for the municipal supply. 

The concentrations of the stable isotope carbon-13 in 
carbonate samples from the ground water are listed in 
Table 2. It is possible to deduce the original carbon-13 
concentrations of the dissolved carbon dioxide before the 
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with limestone has begun’. 8™C pun values for the 
of Maracaibo, Coro and Paraguaná are plotted 
in Fig. 2 together with a series of carbon-13 measure- 
ments of plant materials. It is seen that the peak of 
ground water carbonate is at a high value of carbon-13, 
and this is interpreted to mean that part of the originally 
dissolved carbon dioxide in the water comes from the 
atmosphere where the carbon-13 concentration is 
approximately —8 J). The initial carbon-13 values 
range from —11 J/g, to —31 °/o9. The distribution is too 
wide ranging to permit the use of carbon-13 for a quanti- 
tative correction of ground water carbonates for limestone 
dilution. 
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Fig. 2. Comparison of the calculated initial carbon-13 contents of the 

50 ground water carbonate samples from Maracaibo, Coro, and the 

Peninsula of Paraguaná with measurements on plant materials (from 

Table 8 of Craig (ref. 14). The solid dots with horizontal lines represent 

the plant materials and the rectangles are from the ground water 

carbonates, The gap from Pou ae ~29 Joo in the latier values is 
ortuitons. 


This investigation illustrates the usefulness of radio- 
earbon measurements of ground waters for the evaluation 
of the extent of recharge of aquifers and water movements. 
For Coro, the previously held concept of the extensive 
recharge of the Rio Coro series of wells by the Coro River 
is shown to be false. Tho river contributes, at best, 
only a small amount of water to the underground deposit. 
On the other hand, the hypothesis! that the San Luis 
formation is essentially sealed off from the sea and that 
the water is moving in the upper layers near the outcrop 
has been verified. The radiocarbon content of several 
wells near Coro, as well as La Vaca in Paraguaná, clearly 
reflects contamination from nuclear weapons tests and 
proves the re-entry of some of the water extracted for 
irrigation purposes. 
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ASTRONOMY 


X-ray Emission from Old Novae 


THe strong X-ray source in Scorpius has been identified 
with a very blue stellar object which has many of the 
characteristics of an old nova!*. The object varies ir- 
regularly by up to half an astronomical magnitude from 
-day to day, but the average brightness appears to have 
-C been essentially the same for the past 70 years’. Super- 


imposed on these variations is a fast flicker with a timo 


‘scale of the order of a minute or so. The X-ray spectrum 
is rather complex; if the X-rays are assumed to result 
© from thin-source bremsstrahlung, then the 1-10 A X-rays 
correspond to a temperature of about 5 x 10° °K (refs. 
3-6), but the range from 44 to 60 A contains additional 
radiation which must come from a region of lower tem- 
perature’. The visible radiation probably comes pro- 
dominantly from the same thin-source bremsstrahlung, 
although hydrogen emission lines and helium, carbon, 
nitrogen, and oxygen absorption lines appear superposed 
on the continuum’, Three orders of magnitude more 
energy is emitted as X-radiation than as visible light. 
In previous communications, I have suggested that the 
thin source bremsstrahlung in X-ray sources like Scorpius 
may arise from the vibrations of a neutron star™*. It is 
the purpose of the present report to point out that similar 
hot coronas can arise from the vibrations of old novae. 
A stellar corona is a region of the outer atmosphere in 
which the temperature is much higher than it is at the 
stellar photosphere. This situation can arise only if there 
is an outward flux of energy which is not significantly 
absorbed in the photosphere, but which is deposited in 
the coronal region. The only known forms of such energy 
transport are various kinds of wave motion which must be 
excited by fluid motions below the photosphere. 
The coronal temperature of the Sun is about 2 x 10°°K; 
this appears to be excited by acoustic, gravity, or hydro- 
magnetic waves generated by the turbulent motion of the 
outer solar convection zone®!°, The turbulent velocities 
are at most about 0-1 or 0-2 of the local sound speed, 
and thus the efficiency for the conversion of turbulent 
energy into wave energy is very small. Consequently, 
the energy flux through the photosphere as a result of the 
wave motion is very small compared with the flux which 
is radiated from the photosphere. 
. There are two considerations which indicate that the 
> Scorpius source is likely to have a relatively small radius. 

© First is the general consideration that a nova is a star of 
roughly solar mass in an advanced stage of evolution. 
Such stars will have a large part of their mass in the form 
of an electron degenerate core, and surrounding the core 
there is likely to be a relatively thin envelope. Second, 
the temperature deduced from the X-radiation enables an 
estimate to be made of the radius. The coronal temperature 
of the Sun cannot significantly exceed 2 x 10° °K without 
the onset of an explosive expansion of the corona. An 
equivalent and more general statement is that the kinetic 


¿> energy for each particle at the base of the corona cannot 
be too large a fraction of the gravitational binding energy 


per particle. Similar considerations should apply to the 
i corona of an old nova. The gravitational binding energy 
of a particle at the base of a corons of a star of solar mass 
is inversely proportional to the radius, and as a result 
| we can estimate that the Scorpius source has a radius 
smaller than that of the Sun by a factor of about 25, or 
about 3 x 10° em. 
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The presence of the helium, carbon, nitrogen and oxy, 
absorption lines (as a result of ionized states of 
elements) indicates that the surface temperature | 
Scorpius source is rather high. Thus the surfaco 
likely to be too hot to allow the existence of 
convection zone which is dependent on a hydrogen 
tion layer. For this reason the presence of a corona 
depend on the same type of processes which occu 
Sun. 

Let us therefore consider radial vibrations of the Scorpiu 
source. The vibrational period is roughly inversely 
proportional to the square root of the mean stellar density? 
and thus, for a radius R = 3 x 10° cm, the period should 
be of the order of 1 min or a little less. We may attrib 
the rapid flicker of the Scorpius source to these vibra- 
tions. SEER as 
If the motion at the stellar radius is supersonic with _ 
respect to the photosphere, it will act as a supersonic _ 
piston which drives into the photospheric region. “This — 
will generate progressive waves which will steepen into — 
shocks. The photospheric region is very thin, and because 
of this most of the shock deposition can lie well beyond the | 
photosphere, creating a very hot corona. In this way - 
it is possible, in principle, for the energy deposition in the - 
corona to exceed the radiative flux to the surface b; 
large factor. Additional energy deposition in the coro 
can result from vibrationally induced bydromagne 
waves. m 

For ionized matter of solar composition the speed: of 
sound is approximately 1-4 x 104 7} cm/sec. The mean _ 
piston velocity is ~ 2aR/+, where ais therelativeamplitude 
of the vibration and + is the period. Thus if T = 2.x 10) . 
°K, sound speed is 2 x 10° cm/sec. If t = 30sec, the mean _ 
piston velocity will be equal to the sound speed for a = _ 
0-01. This implies that the vibrational energy storage 
must be at least of the order of 10* ergs, and it may be- 
much more. wee 

It remains to be seen how such a large energy storage in 
radial vibrations can be obtained. There are many theories - 
for the nova phenomenon, and more than one of them may 
be correct in different circumstances. Some of the more _ 
promising theories make use of the fact that old 
are usually observed to be members of binary sys 
In such theories some form of mass transfer betwee 
binary members is an essential feature, and the 
explosion involves phenomena relatively close to- 
surface. Such a process is unlikely to induce a lar 
vibrational energy storage in an old nova. It was recen l 
pointed out by Schwarzschild and Harm", however, that 
thermal “run-aways” are possible in helium-burning ` 
shells. It is conceivable that such an event could cause a 
fairly deep-seated explosion in a star in an advanced 
stage of evolution. Such an explosion would be capable _ 
of raising briefly a significant fraction of the stellar mass, _ 
thus initiating the required vibrations. B 

If these considerations are correct, then not all old ~ 
novae should be strong X-ray sources, and those old | 
novae which are strong sources need not necessarily be. 
members of binary systems. LARE 

None of these considerations changes the logical 
necessity that the products of supernova explosions: : 
should be either indefinitely imploded remnants or new 
stars!®*15, Thus vibrating neutron stars should. sti 
considered as potential energy sources for X-ray emi 
from supernova remnants, producing either thi 
bremsstrahlung from hot coronas. or synchrotro: 
from accelerated electrons’*. ee 
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PLANETARY SCIENCE 


Reduction of Tropospheric Noise Fluctuations 
at Centimetre Wavelengths 


Some time ago, Conway? suggested the use of a special 
technique for radio astronomical observations at centi- 
-metro wavelengths. It should eliminate the influence of 
< radiation fluctuations from the troposphere on the sen- 
-sitivity of the radio telescope. This communication 
_ Teports the success of tests at wavelengths of 9-5 mm and 
2 and 6 cm on a 140 fē. telescope. The radiometer is 
switched between two feed horns, both located close to 
the focal point of the paraboloid, and the difference in 
power is recorded. Two similar beams are projected on the 
sky separated by some angle. Close to the antenna (in 
the Fresnel region) the cylindrical beams overlap partially. 
By keeping the source in one of the beams only, we can 
measure its flux density and simultaneously cancel the 
‘atmospheric noise, because it enters the two overlapping 
beams. The method is restricted to observations of sources 
with angular extent less than the beam separation. 
I have made an analysis of the Fresnel field of a para- 
boloid with offset feed and have calculated the beam over- 
lap as a function of the distance from the antenna for 
: several beam separations. The beam overlap is defined as 
the percentage of power flowing through the common area 
of the two beams at a certain distance. Fig. 1 shows the 
results. The distance scale is in units of the Rayleigh 
distance R, (R,=D?/2), where D is the diameter of the 
antenna and 4 the wavelength). The top scale indicates 
al distances pertaining to cases encountered during the 
measurements. Close to the antenna a large beam overlap 
is achieved for separations of up to three beamwidths (to 
halfpower). Given the dimensions of the horn, the 
imum angular distance between the beams is two 
beamwidths. ` 
The actual decrease in atmospheric noise fluctuations 
_ also depends on the structure of the turbulence field in 


the atmosphere. The bulk of the fluctuations is caused by 


varying amounts of water vapour in the beam of the 
antenna. The variations in the atmosphere are cor- 
related over a certain distance, called the “scale” of the 
“turbulon” (region of turbulence). The turbulons exhibit 
a large range of scale lengths. Those with dimensions 
much smaller than the aperture width will be cancelled to 
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Fig. 1. Ratio of the power in the common area Pe to the total power P; 
in the beam as a function of the distance from the antenna expressed in 


fractions of the Rayleigh distance ERr. The beam separation is the 
parameter, 
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a degree indicated by Fig. 1. Additional cancellation will 
occur for turbulons with a scale equal to the antenna 
diameter or larger. Very large turbulons give correlated 
signals in the beams even if they are not overlapping and 
will consequently be cancelled. 

In the experiments we used an angular beam separation 
of three beamwidths. With the antenna pointing towards 
the zenith, the receiver output fluctuations were recorded 
for 20 min with an integration time of 5 sec, first in single 
beam (SB) and then in dual beam (DB) mode. Meteoro- 
logical parameters, such as temperature, humidity, sky 
cover and wind velocity, were recorded concurrently. 
The root mean square noise level of the 9-5 mm receiver 
was about 1:5° K; the 2 and 6 em tunnel diode receivers 
had a noise level of about 0-05° K. Fluctuations in excess 
of 15° K were recorded in the SB mode at 9-5 mm and 2 em 
during rain; the DB mode in the same weather gave a 
noise level only slightly higher than the receiver noise for 
9-5 mm and less than 0-3° K at 2 cm. Under conditions of 
cold, dry weather with a clear sky the SB observations 
can be very good, although with the low-noise amplifiers 
at 2 and 6 cm an improvement with the DB mode over 
SB mode is apparent. This shows that radiometer tech- 
nology has reached the point where the final sensitivity of a 
radio telescope at centimetre wavelengths is limited by 
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Fig. 2. Example of atmospheric noise fluctuations at several wave- 
lengths under different weather conditions. The vertical scale is in an- 
tenna temperature. SB, single beam; DB, dual beam mode. 







under various conditions with the two methods. 
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atmospheric fluctuations. Using the DB method we some- 
times found a noise level as expected from the system noise 
mperature only. 

Fig. 2 shows a number of comparative recordings made 
The 


_ temperature scale is in equivalent antenna temperature. 


Rejection factors close to 50 have been obtained at 
2 em during bad weather for the atmospheric noise. In 
fairly good observing conditions a factor of five is still 
quite normal. At 6 cm the SB fluctuations are considerably 
less, although certainly significant when a low noise 
receiver is used (Fig. 2). At 9-5 mm the atmospheric 
fluctuations are big; the suppression factors are some- 
what smaller because of the higher noise level of our 
present receiver. 

In the millimetre wavelength range, where the atmo- 


¿spheric effects are particularly serious, the DB method is 


expected to give a large increase in usable observing time. 


It may well be the only way of making reliable observa- 


tions when more sensitive receivers for this frequency 


region become available. The dual beam method has been 
- used with satisfactory results by Epstein? with a 3-3 mm 


-c receiver on a 15 ft. antenna. 
- These experiments should be capable of providing 


meteorological data. An analysis of the noise fluctuations 
yields an average scale length for the turbulons of about 
three times the antenna diameter, that is 150 m. 

The experiments have shown that it is entirely feasible 
to observe in the DB mode under most weather conditions, 
as long as atmospheric attenuation is not prohibitive, at 
times when clouds and rain make SB observations impos- 
sible. The influence of different beam separation will be 
the subject of further investigation. A more extensive 
account of the measurements and further analysis of the 
data are planned for a subsequent paper. 


J. W. M. Baars* 
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A Micro-fauna from the Bagshot Beds, 
Eocene, of the London Basin 


THE highest Eocene deposits in the London Basin were 
originally described by Prestwich! as the Bagshot Sands. 


.. He subdivided these sands into lower, middle and upper 


divisions. Today, these are recognized as the Bagshot, 
Bracklesham and Barton Beds respectively on correlation 


“with exposures in the Hampshire Basin®*. Research into 


the petrography and environment of deposition of the 
lowest of these divisions, the Bagshot Beds sensu strictu, 
has included an extensive search for a fauna in deposits 


i. ‘which many authors describe as being almost unfossili- 


. spread localities in the Bagshot Beds. 


ferous*®, 

A very restricted macro-fauna has been recorded from 
the Bagshot Beds, although very little of this material now 
appears to be available for examination. _Whittaker* 
referred to “a piece of the cast of a whorled univalve 
(Turritella 1) that had been found in a ferruginous con- 
cretion at Hampstead’. Monckton and Herries’ also 
reported “finding some casts of shells in sand at Mill Green, 


“north of Frierning, in Essex”. Their specimens, which were 
. ferruginous and fragile, were assigned to the following 
“genera: Natica sp., Turritella sp., and Voluta sp. Casts of 


undescribed lamellibranchs are mentioned in a paper by 
Salter? from the Langdon Hills, Essex; and Hawkins?’ 
records the presence of Venericardia planicosta suessonensis 
d’Archiac from borehole material in the Enbourne Valley, 
Berkshire. I have found extensive plant debris from wide- 
The fish teeth 
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described by Coomarswarmy™® from Surrey were un- | 


doubtedly collected from higher Bracklesham and Barton _ 


Beds. eens 
Techniques for separating hollow micro-fossils described ~ 
by Cushman!! have been modified in the Bagshot Bed 
investigations described here. After an extensive search, 
a small but diverse micro-fauna has been revealed from 
certain restricted horizons in the succession. Siliceous _ 


sterrasters of the sponge Geodia sp.!* have been identified 


from twenty of the many Bagshot Bed samples examined. _ 
These, because of the large numbers in which they are _ 
found, are regarded as indigenous to the deposits, 
favour the view that the Beds were, at least in 
deposited in a marine environment. Thirteen of 
samples bearing spicules have also yielded well prese 
foraminifera. In contrast, these are derived forms from the 


Cretaceous (Senonian) as proved by forms such as Bolivi- 


dinoides sp. and Globotruncana sp. and are consequently of 
importance in determining the provenance of the deposits. - 
The foraminifera are rarely replaced but often infilled.and 
for this reason are difficult to place systematically. Species < 
of the eight genera, Bolividinoides sp., Cibicides sp., 
Epistominella sp., Globeriginella sp., Globotruncana .sp., 
Gumbelina sp., Gyroidina sp., and Lenticulina sp., have s80 
far been recorded. 
The restricted vertical distribution of the Bagshot Bed 
samples bearing micro-fossils, through Surrey and the 
Rayleigh and Hadleigh outliers in Essex, has enabled 
correlation within the deposits to be made with greatly 
increased accuracy. 
I thank Dr. J. F. Potter for his supervision in the course 
of this research. : 
M. D. LAVENDER 
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THE SOLID STATE 


Hyper-velocity Crater Size and Target Strength | 
Tr has been shown!’ that at ambient temperature the — 
hyper-velocity force per unit area of crater surface can be 
related to the engineering ultimate tensile strength of a 
material by the expression d? = mv*/4nS where d is the 
depth (or radius) of a hemispherical crater, m and v are 


the mass and velocity of the projectile, and S is the meas- 


ured ultimate tensile strength of the target. Aluminium 
alloys were divided! into two groups on the basis of their 
ultimate tensile strength at room temperature; those 
having a strength of 4 x 10° dynes/cm?® or larger were 
not corrected for relaxation while those with strengths 
of 3 x 10° dynes/em?* and less were increased by 25 per- 
cent to obtain agreement between the target strength and. 
impact force per unit area. The relaxation correction is 
an all-embracing term which includes the correction for 
relaxation of the target material after release of the 
impact pressure and other effects such as the error in 
the determination of the strength of very ductile materi 
caused by necking during loading. me 
The strength of an alloy can be controlled. by i 
ing or decreasing the temperature. The proposed 
of cratering can therefore be examined by testing | 

































Mable 1. IMpAor CRATER Data B 





Impact. ~ y 
velocity Aluminium : 

(km/sec) target Ingot No. Depth 

522 1100-F A 2-36 

6-87 1100-F A 1-86 

8-63 1100-F A 1-58 

9-05 1100-F A 1-04 
5:70 1100-0 B 0:428 
616 1100-0 B 0-437 
6-60 1100-0 B 0-399 
579 1100-0 B 0-348 
6-23 1100-0 B 0-343 
6-74 1100-0 B 0-376 
6-858 7075-0 Cc 1:542 
6-07 7075-0 D 0-352 
6-16 7075-0 D 0-373 
6-40 7075-0 D 0:375 
6-63 7075-0 D 0-339 
3 7-19 7075-0 D 0-345 

* This work. 









Calculated for. ae Target UTS 


Radius hemisphere {dynes/em*) 
2:22 2-256 1:008 x 10° Room 3,7 
1-686 1811 1-008 x 1 Room 3,7 
1-38 1-577 1:008 x 1 Room 3,7 
0-91 1-086 1-008 x 10° Room 8,7 
0-404 0-420 0-869 x 1 +75 T.W.” 
0-409 0-347 0-869 x 10° +75 E.W. 
0-363 0-433 1-05 x 10° -112 T.W. 
0:348 0335 177 x 10° — 820 T.W. 
0-354 0351 177 x 10° ~ 320 T.W. 
0-356 0-368 177 x 10° ~ 320 T.W. 
1-403 1:358 2-372 x 10° m 3,5 
0-366 0-309 234 x 10° +75 T.W. 
0-330 0318 2-34 x 10° +75 T.W. 
0-334 0-326 234 x 10° +75 T.W. 
0-370 0-328 247 x 10° —112 T.W. 
0-361 0314 332 x 10° — 320 T.W. 


Table 2. IMPACT CRATER DATA BASED ON THE ULTIMATE TENSILE STRENGTH (UTS) AT ROOM TEMPERATURE WITH NO RECOVERY 


Projectile Impact Material Crater dimensions (cm) Target 
oo mags velocity Aluminium Calculated for Target UTS temp. 

$ (km/sec) target Ingot No. Depth Radius hemisphere {dynes/cm?) (°F) Ref. 
6:629 7075-T6 E 1:158 - 1-357 5-323 x 10° Room 3.5 
7-803 7075-T6 E 1-501 1355 1531 5-074 x 10? Room 3,5 
616 7075-7% G 0-308 0-301 0-318 5-55 x 10° +75 T.W. 
6-16 7075-716 G 0-291 0:290 0-323 555 x 10° +75 TW 
TAT 2014-76 H 1-09 1-07 1-221 4-385 x 10° Room 3,7 
6-28 2014-76 H 1-20 1:35 1393 4:385 x 10° Room 3,7 
6 370 2017-74 I 1-22 1-29 1-398 4-447 x 10° Room 3,5 
6-343 2017-74 I 1-35 1-35 1-466 4-447 x 10° Room 8,5 
5-624 2017-T4 J 1:27 - 1-300 4-309 x 10° Room 3,5 
6-340 2017-T4 J 1:27 - 1-415 4:309 x 10° Room 3. 


ey 


SESE Crater dimensions (cm) 
$ aoe Impact Material Observed Calculated Test Target 
iocs Projectile velocity Aluminium for temp. UTS 
Coos massig) km/sec target Ingot No. Depth Radius hemisphere CF) (dynes/em*) Ref. 
-37 6-584 2017-T4 I 1-412 1-342 1244 393 2-844 x 10° 5 
; 5-624 2017-TA J 1-351 — 1-414 357 3-344 x 10° 5 
k 5 395 7075-T6 K 1-234 _ 1112 500 2-475 5 
i 8-370 7075-T6 K 1-478 — 1-242 500 2-675 5 
"37 5-182 7075-T6 BY 1-138 4-104 1-054 350 2-896 5 
376 6-645 7075-T6 E 1-385 1-309 1-244 350 2-896 5 
6-376" 7-010 7075-76 E 1-565 1-449 1-584 500 1-241 5 











= o <This was a different ingot of 7075-76, which accounts for the difference in the ultimate tensile strength at 500° F. These data clearly show the 
- importance of establishing data experimentally for each material used as a target. 


Table 4. SUMMARY or IMPACT Data ON THE ULTIMATE TENSILE STRENGTH (UTS) AT VARIOUS TEMPERATURES 














ae Impact 
<o Projectile velocity Crater dimensions (em) 
noo mass {g) (km/sec) Depth + lip Cale, with eq, 1 
616 0-572 0-569 
6-60 0-5386 0-577 
BT 0-458 0-446 
O74 0-505 0-491 
6-07 0441 0-412 
6-63 0-422 0-437 
O05 7-19 0-429 0-418 
0-0062 6-16 0-295 0-323 


that is in one group at one temperature and in the other 
group at a different temperature. 
- Spherical aluminium projectiles about 0-1588 em in 
diameter were accelerated in vacuum with a light gas gun 
to velocities in the range 5:70-6:40 km/sec. Tensile 
specimens were prepared from the target block blanks in 
both the longitudinal and transverse directions, and 
he ultimate tensile strength was measured at +75° F, 
112° F and —320° F. The work hardening coefficient, 
fore and at maximum load, was varied from 0-054 to 
68 and from 0-118 to 0-328, respectively, and the 
ontage of reduction in area was varied from 62-5 to 
r cent. 

» calculated crater dimensions for aluminium 1100-0 
075-0 were based on the tensile strength of the 
ials, and a 25 per cent relaxation that was based on 
erimental work with alloy 1100-0. The data for the 
argets at temperatures of +75°, —112°, and —320° F 
summarized in Table 1. It should be recognized that 
‘mechanical properties of the alloys were altered by 
decreasing the temperature without changing the physical 
properties. The calculated crater dimensions of higher 
strength alloys, types 2014-76 and 7075-76, were 
based on the tensile strength values with no correction 
for relaxation of the target blank. The data summarized 
in Table 2 are for those targets tested by impact with the 
projectiles at + 75° F. 

















arget : Target UTS 
Material Temp. (°F) Ingot No. (dynes/em?*) 
1100-0 +75 B ORES x 10° 
1100-0 ~112 B 3-05 x 19° 
1160-0 — 320 B 77) x 10° 
1100-0 — 320 B 177 x 10° 
7075-0 +75 D 234 x 10 
7075-0 -112 D 247 x 10° 
7075-0 — 320 D 332 x 10 
7075-T6 +75 G 555 x 10 


The high strength aluminium alloys, types 2017-74 
and 7075-76, were tested by impact at temperatures of 
393° F and 500° F, respectively. The ultimate tensile 
strength of each alloy was measured’ at the same tempera- 
ture, and observed to be 2-844 and 2-675 x 10° dynes/ 
em, respectively. The recovery expected should therefore 
be 25 per cent (see Table 2). The impact data for elevated 
temperatures are summarized in Table 3 and show 
excellent agreement between experimental and calculated 
values. 

Tho ultimate tensile strength of the 2017-74 alloy at 
357° F was experimentally established as 3-344 x 10° 
dynes/em*. The target was struck by a 0-376 g projectile 
at a velocity of 5-624 km/sec, which formed a crater with 
a depth of 1-351 cm. The ultimate tensile strength exceeds 
3-0 x 10° dynes/em*, so the relaxation correction should 
be zero. On this basis, the depth was calculated to be 
1-415 cm, which is in excellent agreement with the experi- 
mental value. 

The impact behaviour of the aluminium alloys can 
apparently be separated into two arbitrary groups: 
group I, alloys which have an ultimate tensile strength 
from about 1-0 to 3-0 x 10° dynes/em? with a 25 per cent 
relaxation correction, and group 2, alloys which have an 
ultimate tensile strength from about 4:3 to 50 x 10° 
dynes/em? with no relaxation correction. These arbitrary 
groups were established as a result of a comparison 
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etween the strengths of the aluminium alloys used in this 
udy, in which relaxation was not established and alumin- 
um alloys used in previous studies where relaxation had 
been established’. Intermediate values may be possible, 
but have not been experimentally established. The data 
‘of Piacesi® can be used to test these groupings. 
-> The observed crater dimensions reported in Tables 1-3 
“were measured from the bottom of the crater to the 
original surface of the target. This method may introduce 
errors, since the spherical projectile literally turns itself 
inside out as the projectile and target make contact and 
remain in contact until the final stages of crater formation. 
The data reported earlier? showed that between 3-4 and 
10-3 per cent of the projectile remained in the crater and 
“gupport our theory of projectile-target interaction. The 
-erater lip is, therefore, part of the crater, and contributes 
to the process of crater formation. In Table 4 we present 
_ the observed measurement of the crater depths including 
` the crater lip and the value calculated from the expression 
Cod? = mvt/4nS, using the ultimate tensile strength over 
the temperature range +75° to — 320° F. No correction 
for relaxation was necessary, which implies that the lip 
may be part of the surface area under the applied pressure. 
Rosert F. ROLSTEN 
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* Piacesi, R. (personal communication). 
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PHYSICS 
Breaking Energy of Rubbers 


Recent investigations of failure of rubbers and plastics 
have indicated that hysteresial losses in a polymer are an 
important factor in fracture'-*. This communication 
¿reports experimental evidence that the energy density at 
break of a polymer is simply related to the hysteresis loss 
in the polymer. 

- A previously unstrained sample is stressed at a constant 
| extension rate to rupture and the mean value of the 
rupture load is determined from a number of these 
measurements. A fresh rubber test piece is then extended 
under the same conditions until just before rupture, and 
then retracted at the same rate as was usod for extending 
the rubber. The energy at or near break is determined by 
measuring the area under the load extension curve, and 
the hysteresis loss determined from the area between the 

extension and the retraction curves. 
Fig. 1 shows a plot of the logarithm of the energy to 
break against the logarithm of the energy loss at break 
for several rubbers, both “not-filled’’ and “filed” with 
various types of carbon black, tested at temperatures 
‘between — 50° and 160°C. Results obtained with rubbers 
swollen in a suitable solvent and some natural rubber and 
-styrene butadiene rubber aged for various periods of time 
at 100°C are included. The data fall on a single curve 

which can be described by the equation 


E= 41H (1) 
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Natural and styrene butadiene = 
rubbers swollen to various degrees with solvent (©). The gum and filled). 
rubbers were tested between — 50° and + 160° C, ee 


where E is the energy density or work done at break in > 
joules/c.c., and H is the hysteresis loss at break in joules] 
ce. Equation (1) can be re-written as — 
E = 69R* yo 
where R is the hysteresis loss ratio at break, defined as th 
energy loss divided by the energy density at break. The. 
simple empirical equations (1) and (2) provide an adequate 
description of the dependence of # on H or R over about. 
three decades of energy input. a 
The importance of hysteresis loss in determining the. 
ultimate energy at break of a rubber is now clearly 
established for various rubbers compounded with a wide 
range of technological variables such as grade and level — 
of carbon black, and for swollen rubbers; it should also ~ 
hold for different straining rates by inference from the 
work of T. L. Smith. Although the two empirical equa- 
tions (1) and (2) simplify a description of the ultimate. - 
properties of a rubber, an explanation of how hysteresis 
modifies the conditions around a flaw from which failure 
originates, and its subsequent propagation into the bulk. 
of the rubber, still requires elucidation. ee 
K. GROSCH 
J. A. C. Harwoop. 
A. R. PAYNE 
Natural Rubber Producers’ Research Association, 
Welwyn Garden City, Hertfordshire. meet 
1 Smith, T. L., and Frederick, J. E., J. App. Phys., 36, 2396 (EEEL 
* Halpin, J. C., J. App. Phys., 36, 2975 (1965), EEE 
* Landel, R. F., in Fracture Processes in Polymeric Solids, edit. by Rosen, B. 
chap. 3 (John Wiley, New York, 1964). a 
i Grosch, K. A., and Mullins, L., Rev. Gen. Caouteh., $9, 1781 (1962). 00. 
* Berry, J. P., in Fracture Processes in Polymeric Solids, edit. by Rosen, Be 
chap. 2 (Interscience, New York, 1965). ea 
t Mullins, L., Trans. Inst. Rubber Indust., 35, 213 (1959). 
? Mullins, L., Trans. Inst. Rubber Indust., 32, 281 (1956). 
® Andrews, E. H., J. Mech, Phys. Solids, 11, 231 (1963). 




















BIOPHYSICS 


Optical Birefringence and Crystallinity of 
Wool Fibres in Formic Acid 


Recent infra-red and X-ray measurements by Bendit? 

show that the crystalline structure in «-keratin is only 
partially destroyed by the exposure of the structure to 
98 per cent formic acid vapour. The optical birefrin 
measurements reported here also indicate that consi 
crystallinity is retained when wool fibres are ple 
98 per cent formic acid. Measurements were 



















ooo atructural proteins. 
_ observations on the nature of these fibrous proteins in the 
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snippets of wool fibre in water and in 98 per cent formic 
acid. 

The birefringence, which is the difference in the re- 
fractive index perpendicular and parallel to the fibre axis, 
has a mean value for the snippets tested of 0-0083 in 
water and 0-0033 in formic acid. The swelling of the 
diameter of the snippets is 30 per cent when the snippets 
are taken from water and placed in formic acid, and there 
is no measurable change in length. Thus the ratio of 
the birefringence in formic acid to that in water when 
correction is made for swelling is given by 


pa 


0-0083 


Tt follows that about two-thirds of the units giving 
rise to the birefringence of wool fibres in water are still 
present in formic acid; however, this figure does not 
necessarily indicate that two-thirds of the crystalline 
units (presumably «-helical structures) are retained in 
formic acid. 

Haly and Swanepoel? have indicated that “form” 
birefringence accounts for only a small fraction of the 
birefringence of a wool fibre. However, part of the intrin- 
sic birefringence may derive from non-crystalline poly- 
peptide chains aligned more or less parallel to the fibre 
axis; Fraser? has shown that the birefringence of keratin 
fibres can be adequately explained by considering the 
bond polarizabilities of the peptide chains alone. From 
birefringence measurements of a wool fibre fully super- 
contracted in concentrated lithium bromide solution it 
is possible to estimate the effect on birefringence of the 
alignment of non-crystalline polypeptide chains. When 
such a fibre is re-extended to its native length its birefrin- 
gence when corrected for swelling is 23 per cent of that 
‘of a normal fibre‘, although the X-ray diagram indicates 
` the absence of crystallinity. It is thus likely that 40-50 
per cent rather than two-thirds of the original crystalline 
structures giving rise to the birefringence are retained 
in formic acid. 


x (1-3)? x 100 | = 67 per cent 


M. FEUGHELMAN 


Division of Textile Physics, 

~C.S.1.R.0. Wool Research Laboratories, 
Ryde, Sydney. 
* Bendit, E. G. (unpublished observations), 
* Fraser, R, D, B., Nature, 172, 675 (1953). 

+ Haly, A. R., and Swanepoel, O., Text. Res. J., 31, 966 (1961). 
* Haly, A. R. (personal communication). 


Fibrous Proteins of Snake Scale 


Hasrovoeicat' and electron microscope’ investigations 
of snake scale indicate that there are three morpho- 
logically distinct keratinized layers on the outer scale 
surface (Fig. 1). Rudall? showed that two different 
X-ray diffraction patterns can be obtained in the large 
ventral scales. Because keratinized layers arise from the 
Same germinative cell population it seems that the cells 
of snake epidermis alternately produce at least two 
This report confirms previous 


_ dorsal scales of a different species and adds new informa- 

-o tion on their orientation. 

_. Two keratinized layers were mechanically separated 

_ from the outer scale surface of ventral and dorsal scales 
from a freshly shed skin of a boa constrictor (Constrictor 
constrictor). The pecog layer is very thin and fragile and 
pieces of it were present with both the outer and inner 
keratin layers*. The keratinized portion from the under 
scale surface and hinge region was discarded. Some 
specimens were stretched, submerged in water at 25° C 
for 48 h and then dried under tension for 24 h in air 
before being examined. X-ray diffractograms were 
obtained using nickel-filtered copper Kz-radiation 
(A = 1:54 A) at 40 kV ata specimen to film distance of 
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Fig. i. Electron micrograph showing the three keratinized layers of the 
outer scale surface of snakeskin. The outermost layer (8) has a sculptured 
surface, the oberhautchen (Q), and contains melanin granules (M). The 
central peaos layer (x) shows numerous artefactual splits, with portions 
attached to the outer (£) layer and inner (a) layer. Horizontal bar 
represents Ly. 


1:50 cm or 5-74 em with the beam parallel to the surface 
unless otherwise specified. All the specimens were exam- 
ined by light microscopy. 

The two separated keratinized layers of the scale give 
distinct but different diffraction patterns. The most 
superficial layer is of the feather type (Fig. 2) with the 
strongest reflexions at 9-7 A and 4-7 A on the equator. 
The other reflexions observed are listed in Table 1. The 
deeper layer gives a diffraction pattern of an « fibrous 
protein with an equatorial reflexion at 9-8 A and a 
meridional one at 5-2 A (Fig. 3). There is an outer 
meridional are which probably results from lipid and is 
decreased in intensity by treatment of the tissue with 
organic solvents. 

Stretching the tissue produced only a 10-15 per cent 
increase in length, but resulted in a pattern with much 
better orientation. Specimens examined with the beam 
perpendicular or parallel to the axis of stretching showed 
equally well oriented patterns. No orientation was 
observed with the beam perpendicular to the surface. 


MERIDIONAL AND EQUATORIAL SPACINGS OF FRATHER-TYPE 
KERATIN 


Table 1. 


Meridional (A) Equatorial (A) 


253 +06 18-44+0-2 
14-2402 9-68 + 0-08 
9-4 + 0-12" 4-744 0-02 
6-45 + 0-04 
5-67 + 0-04 
5-144 0-04* 
4-56 + 0-02* 
418 +002 


* Obscured by halo. 
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Fig. 2. X-ray diffraction pattern of the outer layer. 





Fig. 3. X-ray diffraction pattern of the inner ayer. 


These observations indicate that the effect of stretching 
is to orientate the fibres parallel to the surface, but not 
in the direction of stretching. Rudall stated that stretehing 
had no effect on the quality of the diffraction patterns, 
but his specimens were extracted with organic solvents 
and this may have altered the tissue. 

These results confirm the previous work which indicated 
that the snake scale contains at least two different fibrous 
proteins, one of the feather type and the other an «-keratin. 
As suggested by Rudall, the paucity of reflexions in the 
outer layer may arise from poor orientation of the fibrous 
protein. It was not possible to separate and to obtain a 
diffraction pattern of the uecoç layer. 

This project was supported by grants from the U.S. 
Public Health Service. 

H. P. BADEN 
8. I. ROTH 
L. C. BONAR 


Departments of Dermatology, Pathology, and 


“Orthopedic Research of the Harvard Medical 


School and the Massachusetts General Hospital, 

Boston, Massachusetts. 

1 Maderson, P. F. A., in Biology of Skin and Hair Growth, edit. by Lyne, A. G., 
and Short, B. F. (Angus and Robertson, Ltd., Sydney, 1965). 

‘Roth, S. I., and Jones, W. A. (unpublished data). 

3 Rudall, K. M., Biochim. Biophys. Acta, 1, 549 (1947). 


NATURE 


499 


CHEMISTRY 


Direct Measurement of a Biphotonic 
Photo-ionization in Liquid Solution 


THE history of low energy photo-ionization in organic 
solutions began with the work of G. N. Lewis et al.. 
Certain rigid organic solutions at 77° K were found to be 
photo-ionized by light quanta the energies of which were 
as little as half those required for gas phase ionization. 
More recently it has been demonstrated? that very similar 
systems also undergo low energy photo-ionization in: 
their fluid state at room temperature. oe 
the energy requirements are met, several workers*-* have. - 
suggested that the mechanism of photo-ionization ma: 


involve two photons with a triplet state as a possible 








intermediate. The involvement of two photons in the- 


photo-ionization of several benzene derivatives has’ ` 
now been clearly demonstrated in a rigid saturated 

hydrocarbon at 77° K by means of an analysis of the 

initial rise in the photoconductivity®. The results of 

these studies do not, however, suggest a triplet state as 

the intermediate state. For the molecule N,N,N’,N’- 

tetramethyl-p-phenylenediamine (TMPD) in 3-methyl- 

pentane (3-MP), an additional spectrophotometric study 

at 77° K revealed that the cation product, Wurster’s blue, 

was also produced by a reaction involving two photons, 

and a triplet was identified as the intermediate state’. 

We have now completed a flash photoconductivity study 

of the same system in liquid solution at room temperature - 
and find that the mechanism once again involves two. 
photons. The nature of the intermediate state (or states). 
has not yet been established. In fact, energy considera- 
tions make it clear that inert solvents with low dielectric 
constant cannot radically alter the energy required for 

complete charge separation over that for the gaseous state. 
Thus low energy photo-ionizations which are well below 
(2-3 eV) the gaseous threshold must be expected to be no 
less than biphotonic whatever the details of the mechan- 
ism. The present extension of the earlier observations to 
a liquid would seem to confirm this point. 

The apparatus (Fig. 1) is novel in design in that both the 
photoconductivity detection circuit (excepting the pre- 
amplifier) and the flash discharge circuit (including: the 
capacitor bank and flash lamp) are co-axial so as to mini- 
mize electromagnetic interference’. Solutions of TMPD 
in 3-MP (0-001 M) were introduced into the cell with elec- 
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Fig. 1. Schematic diagram of the apparatus. 
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ig. 2. A typical meagurement. The lower trace (10 #secjdiv,) indicates 
he shape of the light pulse while the upper trace (20 msec/div.) shows the 

oto-current produced by the drift of charge carriers in the cell. For 
convenience the latter signal has been displayed as being negative. The 
maximum. photo-current is 8 x 10- amp, 
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c Fig. 8) Lhe biphotonic nature of the photo-ionization. A log-log plot 
of the peak photo-current amplitude against integrated intensity for a 
degassed solution of 6-001 M TMPD in 3-MP at 22° C. The electrode 
apacing was 0-005 in. and the exciting light was filtered with Corning 
¢~54 and 0-54 filters plus the appropriate neutral density Alters. A com- 

ntet- programmed, unweighted least squares fit gave a slope of 2-09 with 
oe a standard deviation of 0-034, 


trode separations varying from 0-005 to 0-016 in., giving 
field strengths of 7-7-2-4 x 10° V/em respectively. The 
Intensity of the xenon flash lamp, which was operated at 
inputs up to 500 joules, was varied by inserting neutral 
nsity filters (semi-transparent metal films vacuum de- 
posited on quartz plates) between the flash source and the 
beam splitter, and was monitored with a photomultiplier. 
| A typical oscillograph (Fig. 2) shows that the photo- 
current decay is much longer than the RC circuit 
constant (1 msec). On this time scale one can therefore 
assume. that recombination processes are relatively 
unimportant during the first few milliseconds; thus the 
“peak value of the photo-current should be proportional 
to the total number of charge carriers produced. A 
detailed kinetic analysis? shows that if the rate equations 
of the ionization process involve two photons, then the 





peak photo-curren: will be proportional eit! 


4 sr reag 






or to 
{T T2(t)dt 


depending on whether the first photon intermediate state 
(or states) has a long or a short lifetime compared with thè 
flash duration T. Neither of these intensity relations can be 
explained in terms of a direct one photon photo-ionization. 

In this work the characteristics of the flash do not 
permit a distinction between the two relations. A log-log 
plot of the peak photo-current amplitude against 


[71 (e)ae 


is shown in Fig. 3 for a degassed sample. An unweighted 
least squares fit gave a slope of 2:09 with a standard devia- 
tion of 0-034. Similar results were obtained for solutions 
which had not been degassed, except that the photo- 
current was reduced by a factor of ~10. At the same 
time 

fT Iit 

a 


has been calculated for several flash intensities, and a 
log-log plot of peak photo-current against this parameter 
gave a straight line with a slope of one, within experi- 
mental error. The biphotonic mechanism is, therefore, 
confirmed. At this stage, however, definite conclusions 
about the nature of the intermediate state cannot be 
reached. 

This investigation was supported by a grant from the 
National Institute of General’ Medical Sciences, and 
by a Public Health Service fellowship from the same 
Institute to one of us (H. S. P.). 
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Kinetics of the Photochromic Decay 
Reaction of Solutions of 2,2’,4,4',5,5’-Hexa- 
phenyl bi-imidazolyl 
THE photochromism, in solution and in the solid state, 
of the compound formed by the oxidation of 2,4,5-tri- 
phenylimidazole (lophine) using potassium ferricyanide... 
was discovered by Hayashi et al.1. Thermochromism was 
also observed in solution and the reddish-purple colour of- 
the solution so formed was attributed to the formation 
of the radical, 2,4,5-triphenylimidazolyl (L.). After allowing 
for thermochromism, Hayashi found that the photo- 
chromic decay reaction obeyed first order kinetics with 
an activation energy of 14 keal/mole, and Ueda? studied 
the hyperfine splittings of the radical, and confirmed the 
first order kinetics. Further work? by Hayashi indicated 
that the kinetics of the reaction were second order, sug- 
gesting that the reaction was a simple bimolecular radical 
recombination. This communication reports a more 
detailed examination of the kinetics which shows that 
the kinetic order is 3/2, falling to first order, which sug- 

gests a complex mechanism. 
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2,2’,4,4’,5,5’-hexaphenyl bi-imadazolyl was prepared 
by the method of Hayashi‘ at 0° C, as recommended by 
Kori and Narisawa'. The material was recrystallized 
from ethanol and melted at 199°-201° C. Solvents were 
purified as recommended by Weissberger*. A spectro- 
photometer was used and the decrease in absorption with 
time after ilummation was normally followed at 391 mu. 
The cell block was thermostatically controlled to within 
+ 1°, and the temperature was measured before measure- 
ments were taken using a thermometer in the blank cell. 
The solutions were irradiated in a cell with two optically 
flat faces, immersed in a thermostat bath with an optically 
flat window, through which the light from an Ediswan 
‘Pointolite’ was directed. Portions of solutions were 
removed by suction and transferred to an empty cell in 
the spectrophotometer. The reaction was also followed 
by the decrease in free spin concentration with time, using 
an, electron spin resonance spectrometer. The electron 
spin resonance spectrometer was calibrated for spin 
counting by comparing areas under absorption curves of 
powdered carbon, diluted diamagnetically with sodium 
chloride with standard fresh solutions of diphenyl-picryl- 
hydrazyl using a numerical method to obtain the first 
moment of the derivative curve about the centre. Experi- 
ments were carried out on solutions which had been open 
to the air, solutions which had been flushed with nitrogen, 
and solutions which had been degassed; these latter were 
used only for measurements of electron spin resonance 
and these all gave identical results. 

The measurements of optical density against time were 
corrected for thermochromism by the subtraction of the 
optical density at a supposed infinity time; normally 
readings were taken for 30 min and an infinity reading at 
about 90 min corresponding to the passing of at least 
seven half-life periods. These optical density and time 
observations were plotted as if the reaction followed 
second order kinetics, but did not give a good straight 
line. A plot, however, of logarithm of half life against 
logarithm of initial concentration showed that the order 
of the reaction was one and a half. The readings were 
thus plotted as a 3/2 order rate plot and at low tempera- 
tures and times less than 1,000 sec a good straight line 
was observed. With increasing temperature, systematic 
deviations from the line were noted at increasingly shorter 
times. The rate of the 3/2 order reaction remained 
constant with change in initial dimer concentration by a 
factor of about ten, and it was therefore concluded that 
the dimer concentration does not enter into the rate 
equation. Similar results were obtained using the electron 
spin resonance spectrometer and by taking measurements 
on the absorption peak at 554 my. Because Beer’s law 
has been shown to be obeyed at 554 my (ref. 7), we assume 
that it is obeyed at 391 mp. A series of plots are shown 
at various temperatures (Fig. 1). A kinetic scheme is 
thus needed which will explain 3/2 order at short times 
and the variation from this order at longer times. The 
following general scheme is suggested : 


Ł ly 

LX >L +X L+LĽLX >+ ELX- 
ka kı 

LX--+L + X- 25 > La 


where L" signifies 2,4,5-triphenylimidazolyl, L, the photo- 
chromic dimer and X some other species in solution. 
(Z-X is assumed to be the absorbing species in ultra- 
violet and electron spin resonance spectra.) A steady 
state analysis taking 
a(t) _  d(L-X-) 
dt dt 





=0 
gives 

aE PAN 

-ALX L h(E X) + k o (ex) 0) 


This would predict both 3/2 order and first order 
behaviour; first order plots show straight lines beyond 
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Fig. 1. 8/2 order plot of decay of photochromism in benzene solutions. 
A; is the absorbance at time ¢, and de 1s the absorbance at equilthrium, 
Ourve A is for the reaction at 27-3° O, B at 36-0° C and C at 47-0? ©. 


the deviation of the 3/2 order plot from linearity. A 
more convincing demonstration of this comes from inte- 


grating equation (1), giving 
(LX)? 


kı + ue) (LX) 


It is possible to plot the right hand side of this equation 
as a function of time if the extinction coefficient, the first 
order rate constant, k,, and the 3/2 order rate constant 


i t 
tG) are known. The rate constants were determined 
4 


from the appropriate order plots. The extinction co- 
efficient was determined by comparing the absolute value 
for the 3/2 order rate constant as determined by quanti- 
tative electron spin resonance experiments (Ka) with the 
gradient of the 3/2 kinetic order plot G) from the ultra- 
violet spectra K4 = 2c!G, where e is the extinction coeffi- 
cient for the absorbing species L'X. The extinction co- 
efficient was calculated as 1-2 x 10‘ for benzene solutions. 


(L-X)t 

— nr 
Let logro 6 i (2) 
i 


2 
t + constant = — 7 loge 
1 


(LXi | = 108 4 


Then — (log Z; — log Z:m,) was plotted against time and 
the values obtained for k, from the gradient of this graph 
gave reasonable agreement with those obtained from first 
order plots (see Fig. 2). 
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Time (sec) 
Fig. 2. Plot of nm rate equation using the data from Fig. 1. ~A is 
at 27-3° O, B at 86-0" C and O at 47-0° C. 
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The likely nature of the species X is either a solvent 
molecule or a photochromic dimer molecule (L). With 
the solvents used (toluene, benzene, methylene chloride) 
the existence of a solvent ion 1s unlikely and so we 
postulate the absorbing species in the ultra-violet and 
electron spin resonance spectra as the radical—dimer 
complex I-D,. 

Organic radicals are known to form complexes with 
diamagnetic molecules*. Furthermore, the existence of 
positive and negative ions in the system is energetically 
possible as a result of the low ionization potentials and 
high electron affinities to be expected in such radicals. In 
fact, both the positive and negative ions have been pre- 
pared. The observed change in activation energy (see 
Table 1) over the limited range of solvents studied is in 
accord with the solvent dependence which is to be expected 
from a kinetic scheme involving ionic species. Further 
experiments are in progress to test the proposed mech- 
anism. 

Table 1. KSETIO Data 
Benzene Methylene chloride 
3/2 order rate constant (81:7° O) 8-8 x 107+ (27-0° O) 8-9 x 107 
mole+, seo~* molet, sec? 
lat order rate constant (81-7° C) 8-2x10~ seo (27-0° O) 2 5x 10+ sect 
Activation energy 448 kcal/mole 112 keal/mole 


The activation energy was also determined in toluene 
and found to be 8 + 1 kcal/mole. 


M. A.J. WOKS 
M. R. Wus 
Department of Chemistry, 
University of Nottingham. 
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1568 (1960). 
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‘ Hayashi, T., and Maeda, K., Bull. Chem. Soo. Japan, 33, 565 (1960). 
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7 Baumgfrtel, H., and Zimmermann, H., Z. Naiurforechg, 18b, 406 (1963). 
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Set-retarding Effects of Sugars in Portland 
Cement Pastes 


Durma an investigation of the retardation of setting in 
Portland cement pastes by a series of sugars, the disac- 
charide «a-trehaloso was found to possess only weak 
retarding properties, while all the other sugars studied 
were powerful set-retarding agents. The reason for the 
distinctive behaviour of aa-trehalose may help to explain 
the mechanisms by which organic materials retard the 
setting reactions in the Portland cement—water 

Cement pastes with water/cement ratios of 0-35 by 
weight were made by mixing the cement with 90 per cent 
of the mixing water for 4 min, using a propeller mixer 
rotating at 1,000 r.p.m. Then the remaining 10 per 
cent of the mixing water, containing the dissolved sugar, 
was added and the pastes were mixed for a further 2 min. 
This mixing procedure was shown! to produce the 
maximum re ing effect for a given concentration of 
an agent. The initial and final setting times of the cement 
pastes were measured at 20+1°O with a ‘Vicat’ needle 
according to method 0191 of the American Society for 
Testing Materials. Pastes were made from three different 
Portland cements, the calculated compound compositions 
of which are shown in Table 1. 

Table 2 contains examples of the effects of various 
sugars on the setting times of cement pastes. The mono- 
saccharides dl-glyceric aldehyde, arabinose, xylose, man- 
nose, galactose, glucose and fructose, the disaccharides 
maltose, cellobiose, lactose and turanose and the poly- 
saccharide starch were all effective retarding agents and, 
at equal concentrations, possessed similar set-retarding 
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Tablo 1. CALCULATHD COMPOUND COMPOSITIONS OF CEMENTS (PER ORNT) 
nt 

Mineral No.1 No. 2 No. 3 
Tricaloium silicate 56:3 58 4 858 
Dicaloium silicate 191 13-5 BS 
Tricalcium aluminate 78 97 45 
Tetracaloium aluminoferrite 9-9 10 3 16:3 

Total alkali* 1-08 0-60 0:55 


* Sodium oxide pius 0-658 potassium oxide. 


Table 2. SETTING TUNS O¥ PORTLAND ONMBNT PASTES CONTAINING 
VARIOUS SUGARS 
Concentra- 


tion (per cent Cement No. 1 Cement No. 2 Cement No. 8 

Sugar by wt)of IS9.* F.8.* Ls. F.8. L8. F.S. 
cement (min) (min) (mm) (min) (min) (min) 
None — 220 410 280 320 270 400 
Glucose 010 720 990 570 910 940 1,240 
0 20 1,920 2,800 1,700 2,400 2,000 >7,000 
Maltose 010 660 900 480 800 570 800 
0-20 2,060 2,600 1,530 2,000 1,500 2,000 
Sucrose 0-10 1,020 1,700 1,000 1,400 — 2,000 
0 20 8,000 >15,000 5,000 >8,000 — > 8,000 
aa-Tre- 010 220 420 880 430 820 500 
haloge 0-20 240 420 820 480 860 500 
0-50 360 540 400 550 300 450 

Starch 0-10 500 800 480 820 me p 

0-20 1,200 1,600 1,150 1,650 Gau — 


* I.8. equals initial setting time. 


power. The trisaccharide, raffinose, retarded setting more 
strongly than any of the sugars mentioned above, while 
sucrose was the most powerful agent in this series of 
sugars. In contrast with the behaviour of these sugars, 
aa-trehalose showed only weak retarding properties even 
when used at concentrations as great as 0-5 per cent by 
weight of cement. Strength tests made shortly after the 
final setting proved that the pastes containing aq- 
trehalose had set normally and that their resistance to 
penetration of a ‘Vicat’ needle was not caused by a form 
of stiffening which sometimes occurs in cement pastes 
containing sugars. 

Hansen? pointed out that organic set-retarding agents 
contain H—-C—OH groups in their molecules. Later he 
suggested* that these agents are adsorbed on cemetn 
surfaces so that they retard the rate of adsorption of 
H,O+ ions on the cement mineral surfaces, and slow 
down the setting reactions. Steinour‘ considered that 
these organic agents are adsorbed by hydrogen bonding 
through their hydroxyl groups. These mechanisms do not 
explain why ac-trehalose retards setting so weakly, as 
molecular models constructed for various sugars fail to 
suggest any reason why the hydroxyl groups in a- 
trehalose should show different adsorption behaviour from 
those in any other sugar. , 

Taplin® studied a wide range of set-retarding agents 
of different types, and found that nearly all contain 
the HO—C—C-—O group. If this is the active adsorbing 
group, it explains why the monosaccharides and certain 
disaccharides such as maltose, cellobiose, lactose and 
turanose, which all reduce Febling’s solution, retard the 
setting of cement. All these reducing sugars either 
contain the HO—-C—-C=O group or are readily converted‘ 
by dilute alkali into saccharinic acids which contain this 

up. 
P eon aa-trehalose, raffinose and starch do not reduce 
Fehling’s solution under the normal conditions of the 
test, and are said to be stable in the presence of alkalis. 
It appeared possible, however, that these non-reducing 
sugars end starch may be partially converted to mono- 
saccharides and saccharinio acids by the highly alkaline 
conditions which exist in cement pastes. This pos- 
sibility was investigated by boiling sucrose, a«-trehalose, 
raffinose and starch separately with Fehling’s solution 
containing more sodium hydroxide than is normally used. 
Under these conditions, sucrose, raffinose and starch all 
produced significant amounts of cuprous oxide in Fehling’s 
solution. At all alkali concentrations, ««-trehalose failed 
to produce any trace of cuprous oxide in Fehling’s solu- 
tion. These results suggest that, in cement pastes, sucrose, 
raffinose and starch could hydrolyse significantly to 
produce reducing sugars which in turn could be con- 
verted to saccharinic acids containing the HO--C—C=0O 
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group. Since aa-trehalose is very resistant to any alkaline 
conversions, however, it is unlikely to form any com- 
pounds containing the HO—C—C=0 group in cement 
pastes. The great stability of aa-trehalose in alkaline 
solution could explain why it is such a weak set-retarding 
agent compared with other sugars. 

This explanation supports Taplin’s’ theory that the 
HO—C—C=O group is the active adsorbing group in 
set-retarding agents. 


G. M. BRUERE 
Division of Applied Mineralogy, 
0.8.I.R.O. Chemical Research Laboratories, 
Melbourne. 
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Electron Spin Resonance Hyperfine Splittin 
from Zinc and Cadmium in Flavin Radical 
Chelates 


FLAVIN has an appreciable affmty for metal ions at 
physiological pH values only in its radical (semiquinoid) 
state. Thus in the presence of some valence stable divalent 
metal ions (Zn*+, Cd?+) in partially reduced flavin solu- 
tions, radical metal ion chelates which have characteristic 
light and electron spin resonance (ESR) absorptions'— are 
formed. We have therefore studied these chelates in some 
detail by means of ESR spectroscopy. 

Various flavin (isoalloxazine) derivatives have been 
investigated systematically. Deuterium and nitrogen-15 
have been introduced into the flavin at suitable positions. 
In aqueous veronal buffer (pH 7-5) sufficient solubility 
was obtained with CH,COOH substituted at N(3). The 
substituent does not alter the ESR spectra of the flavin 
radicals to any great extent. Improved resolution and 
increased signal intensity were obtained with dimethyl- 
formamide-chloroform solvent mixtures with triethyl- 
amine added as a base. In this case the substituent was 
CH,COOC,H,, and the metal salts were added in the form 
of acetonitrile solutions. One volume of flavin solution 
was reduced with hydrogen adsorbed in palladium, and 
mixed anaerobically with one volume of oxidized flavin 
containing the metal salt solution. Measurements were 
made at room temperature in quartz capillaries of 1 mm 
internal diameter. Isotopically enriched zinc oxide and 
cadmium oxide prepared by Oak Ridge National Labor- 
atory, U.S.A., were used after conversion to soluble salts. 
A Varian X-band spectrometer (model V-4500) with a 
field modulation at 100 ke/s was used. 

The ESR absorptions of the zinc and cadmium 
chelates are centred close to g = 2-008. The spacings 
between the lnes of hyperfine structure are about 3-5 
cue that is, close to the value found for the anion 


All the variations of chemical or isotopic substitutions 
which were used affected the chelate spectra in the same 
way as the anion radical spectrum‘. This shows that the 
apin density distributions in the anion radical and in the 
flavin hgand of the chelates are nearly identical. At first 
glance the zinc and cadmium chelates (natural isotopic 
composition) appear to exhibit identical ESR spectra. 
Small but definite differences were observed, however, in 
the wings of the spectra, especially for 9-methyliso- 
alloxazine and 6,7-dichloro-9-mothylsoalloxazine. The 
spectra of the cadmium chelates show more lines in the 
wings than do those of the zinc chelates. These outer lines 
in the cadmium chelates were most readily observed in 
non-aqueous solution. 
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The isotopes with magnetic moment which occur 
naturally are zinc-67 (nuclear spin I 5/2; magnetic 
moment u in multiples of nuclear magnetons 0:8735; 
natural abundance 4:1 per cent): cadmium-111 (1/2; 
—0-5922; 12-9 per cent) and cadmium-113 (1/2; — 0:6195; 
12-3 per cent). The observed metal hyperfine structure 
in the cadmium chelates indicates that there is a contact 
interaction between the unpaired electron of the flavin 
ligand and the metal nucleus. This has been confirmed 
by using enriched magnetic zinc-67 (93-4 per cent) and 
cadmium-113 (96:3 per cent) and non-magnetic zinc-64 
(99-9 per cent) and cadmium-114 (99-1 per cent). Bearing 
in mind the experimental accuracy, but neglecting the 
difference between cadmium-111 and cadmium-113, the 
intensities of the wings of the cadmium spectra are pro- 
portional to the isotopic enrichment (Fig. 1). The total 
width is somewhat less for natural cadmium than for 
cadmium-113, indicating that the influence of cadmium- 
111 is not completely negligible. With cadmium-114 no 
satellites could be detected, and the spectra were practic- 
ally identical to those for the chelates of both zinc-64 
and natural zinc, in which the small amount of zinc-67 
could not be detected. The difference in the total width 
of the spectra for magnetic and for non-magnetic isotopes 
is related to the metal ion hyperfine splitting. We estimate 
the coupling constants to be 2-6 gauss for a(zinc-67) and 
17 gauss for a(cadmium-113) using dimethylformamide- 
chloroform as a solvent at room temperature. If the 
spectra are normalized so that they represent the same 
concentration of radicals in each case (Fig. 1), the intensity 
ratio for the outermost lines of cadmium-113 and cad- 
mium-114 agrees reasonably well with the predictions 
(measured 1: 2-4, predicted 1:2). The results for zinc 
are less satisfactory. This is because the intensity of the 
outermost satellites in the case of zinc-67 is low and 
because these preliminary experiments were not designed 
for accurate quantitative measurements. 

The most likely co-ordination site of the flavin radical 
is at N(10) where also the highest spin density 18 located. 
Our results show that the interaction between the flavin 
radical and the metal ion must transfer some spin density 
to a metal ion s orbital. According to the Fermi contact 
interaction, @ = const (u/I) ex, where py = ~*(0) is 
the spin density at the nucleus. From the measured 
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Fig. 1. Electron spin resonance recordings of cadmium flavin radical 
chelates. The spectra are normalized to the same radical concentration. 
i mM flavin (R=CH,0CO0O,H,; R’=R"=O1; Pai 8 mM 
Ca(NO,)s3 8 triethylamine. Solvent system: dimethylformamide 
{1 mL), chloroform (1 mL), acetonitrile (0-4 ml.) and triethylsmine (0-1 
ml), Reduction to about 50 per cent with hydrogen in palladium, 
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coupling constants we calculate that pzn/pca = 0-5. The 
reason for this difference in spin density is not yet under- 
stood, but a number of factors are involved, for example, 
different s orbitals and the state of solvation, or hydro- 
lysis of the metal 10ns might be significant. 

The transfer of spin density from the flavin radical to 
the metal ion may be of importance in the action of metal- 
loflavoproteins. A detailed report will be published 
elsewhere’. The work has been supported by a research 
grant from the National Institute of Arthritis and Meta- 
bolic Diseases, U.8. Public Health Service, and by grants 
from the Swedish Natural Science Research Council and 
the Swedish Medical Research Council. 
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lons of Low Mass Number in Hydrocarbon 
Flames 


Cooper, Littlewood and Wilson! refer to the similarity of 
their apparatus and one due to one of us, and proceed to 
report the observation of ions not previously seen from 
flames. In fact, we use a similar apparatus, but we should 
like to emphasize one difference, and to show how this 
may lead to the result observed. 

The main difficulty of the experiment is how to take a 
sample of 10ns from the fame at atmospheric pressure and 
perform mass anelysis without distortion of the spectrum. 
It is not possible to deduce from the note by Cooper, 
Littlewood and Wilson the mean gas pressure in the first 
low pressure chamber, but they mdicate a path length of 
some 10 cm, with potential differences of 1,000-2,000 V 
applied in this region. In our experiments, path lengths 
about 5 om and pressures of 10~ torr are used, and poten- 
tial differences do not exceed 100 V. Over the range 
10-100 V, only the efficiency of ion collection is affected 
by voltage change. 

We should like to make the following points: 

(1) We have recently performed some experiments on a 
similar apparatus* in which the acceleration of positive 
ions ın the first chamber was incroased from 80 V to 
values as high as 1,000 V. We find that numerous sig- 
nifioant changes occur in spectra of ions from the reaction 
zone of a flame, particularly in the range 200-500 V, 
compared with our normal operating conditions. There is 
a striking increase in all ion currents, and new ion peaks 
are found at mass/charge ratios of 2,(H,+); 3,(H,*); 
12,(C+); 13,(CH+); and 14,(CH,*); 15 was the lowest 
mass/charge ratio observed under normal conditions. 
A ratio of H;+/H,0+ of up to 10-* was reached. The rela- 
tive abundances of many other peaks at higher mass/ 
chargo ratio were very significantly altered. We feel that 
the ion spectrum observed under these conditions does not 
represent the true ion population in the flame. 

(2) The proton affinity of water is reasonably well estab- 
lished? at 169 kcal/mole, which leads, through a statistical 
mechanical estimate of the equilibrium constant of the 
relation H+ + H,O = H,O+ to a ratio of about 2 x 10-™ 
for H+/H,O+ at equilibrium in a flame at 2,000° K. Simi- 
larly, a value? of 70 keal/mole for the proton affinity of 
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H, leads to an estimated ratio for H,+/H+ of 10 for an 
equilibrium at flame temperature. 

(3) The ions Ht, H,+ and H,* have often been seen in 
conditions of electrical discharges in a hydrogenous 
atmosphere (for example, ref. 4). 

(4) The production of doubly charged ions, as ten- 
tatively suggested in ref. 1, requires energies far beyond 
those of combustion reactions. 

If the authors of the note? have good reasons and 
evidence for ignoring the possibility that erroneous 10n 
currents are bemg produced by Townsend-type discharges 
inside the first chamber, and that high energy reactions 
between ions and molecules of the type H,O+ + M— 
H+ + H,O + M are entirely absent, the publication of 
these might allay our suspicions that the results presented 
are largely irrelevant to the investigation of ions m flames. 

P. F. KNEW8STUBB 
Department of Physical Chemistry, 
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Doebner’s Reaction with 6-Methyl-2-amino 
Pyridine 

DoEBNER’S reaction has been known since 1887 (ref. 1); 
it consists of the synthesis of quinoline-4-carboxylic acids, 
the starting materials being an aromatic amine, an alde- 
hyde and pyruvic acid. It was thought that the reaction 
with 2-amino pyridine would lead to the formation of 
1,8-naphthyridine-4-carboxylic acids’, but this was later 
found to be incorrect. The work of Allen et al. has estab- 
lished that 2-amino pyridine, benzaldehyde and pyruvic 
acid form a condensation product without cyclization to 
1,8-naphthyridine-4-carboxylic acid’. The product was 
identified as y-pyridyl-amino-y-pheny]-a-oxo-butyric acid. 
The result of the present investigation of Doebner’s 
reaction using 6-methyl-2-amino pyridine agrees with that 
of Allen ef al. It was found that 8-methyl-2-amino 
pyridine reacts with an aldehyde and pyruvic acids 
according to the scheme proposed by Allen et al.?. In one 
representative experiment, 5-4 g (0-05 mole) of 6-methyl- 
2-amino pyridine was dissolved in 76 ml. of ethyl alcohol 
in a round bottom flask with three necks equipped with a 
condenser, a mechanical stirrer and a separatory funnel. 
The mixture was warmed until all the pyridine went into 
solution. 7:6 g (0-05 mole) of vanillin was then added 
and heating was continued. The solution became yellow 
immediately. At the same time, 4'4 g (0:05 mole) of 
freshly distilled pyruvic acid was added dropwise through 
the separatory funnel over a period of 15 min. The 
mixture was further refluxed for 10 min. 

The difficulty of the synthesis lies in the isolation of 
the product. Allen’s method of separation calls for 
pouring the reaction mixture into a large amount of water 
with vigorous shaking, but it failed to give the product. 
The best way to obtain the product was by transferring 
the reaction mixture into a beaker and allowing it to stand 
at room temperature until all the alcohol evaporated and 
a tarry product remained. The latter was left for about 
3 weeks until it hardened. A minimum amount of alcohol 
was added to dissolve all the hardened residue and the 
solution frozen for crystallization. 

After complete crystallization, the yellow solid, y-(6- 
methyl - 2 - pyridyl - amino ) -y - (3 - methoxy - 4 - hydroxy - 
phenyl)-«-oxo-butyric acid, was filtered off, washed with 
alcohol and crystallized from hot water. The yellow 
crystals melt at 152-154° C (des.). 
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The resulta of the analysis for y-(6-methyl-2-pyridyl- 
amino) -y-(3-methoxy -4-hydroxy -phenyl)- «-oxo- butyric 
acid are as follows. The assigned molecular formula is 
C,;H,,N,O, and the molecular weight 330. On this basis 
the theoretical content of the elements by weight is: 
carbon, 61:81 per cont; hydrogen, 5-45 per cent; nitrogen, 
8:48 per cent. The composition found was: carbon, 
61-61 per cent; hydrogen, 5-61 per cent; nitrogen, 8-36 
per cent. 

The ultra-violet absorption in distilled water was: 
Xmax 350 my (e = 3,857); 290 mp (e= 6,911); 230 my 
(e = 10,840). 

The reaction can be represented as 


o 
ba 
a 00 
7 Va 
ae | + ] | + om4 don as 
H, NG NH,  0H,O7\ 


H 
2 
Z 
E | oo 
H, Ni xu-on on llon + H,0 
v4 


Va 


CH, MS 
bu 


The properties of the compound agree with the pro- 
posed structure. It is soluble in acids and bases, showing 
the presence of both —NH and —COOH groups. The 
product is insoluble in ordinary solvents such aa ether, 
chloroform, alcoho! and acetone. 

I thank Dr. Zimmerman, of the University of Mel- 
bourne, Australia, for carrying out the analyses. 

Ovazt NITIDANDHAPRABHAS * 
Department of Chemistry, 
Kasetsart University, 
Bangkok, Thailand. 


* bra addreas: Bank-Noto Printing Works, Bank of Thailand, Bangkok, 
Thailand. 
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Spontaneous Decomposition of a Sample 
of Pure Endrin 


Ir is well known that both isodrin and endrin produce 
compounds containing a rearranged carbon skeleton when 
treated with acids, heat or ultra-violet light?-*. Both 
thermal and acid-catalysed decompositions of endrin yield 
mainly a ketone which has the same elementary formula 
as endrin but contains an additional fivo-membered ring 
and has lost the olefinic double-bond. This communica- 
tion reports an instance in which a pure, recrystallized 
sample of ondrin stored in the dark for several years 
under normal ambient temperature conditions underwent 
this rearrangement. 

The sample, weighing about 40 g, was prepared as 
colourless crystals in 1961 by column chromatography 
and recrystallization from methanol/benzene. It was 
derived from technical grade material supplied by Shell 
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Research, Ltd. The crystals were readily soluble in sol- 
vents such as acetone and benzene; a solution in ethanol 
absorbed light in the ultra-violet region with a maximum 
at 222-3 nm and the infra-red spectrum of a solid disk 
had characteristics which agreed with those of published 
spectra of endrin. The strong absorption bands arising 
from C=C.Cl stretching at 6-25p and the oxirane ring at 
11-7p, were especially noticeable. 

In 1965 the crystals, although stored in a clean, dry, 
glass bottle at normal temperature in the dark, had 
become slightly discoloured and the material was there- 
fore recrystallized from methanol/benzene. Although this 
was accomplished, much more solvent was needed than 
had been used for the original crystalliza- 
tion, and it was clear that the solubility 
properties of the sample had changed. In 
addition, it was found that the absorption 
in the ultra-violet region at 222-3 nm, which 
had previously been used for analytical 
purposes, was now very low and indicated 
an endrin content of not more than 5 per 
cent. 

The new substance was purified by extrac- 
tion with an amount of hot 4:1 mixture of 
methanol and acetone which would have dis- 
solved a similar weight of endrin. The 
extraction was repeated and the insoluble 
residue, which amounted to 72 per cent by 
weight, recrystallized from toluene. Its 
melting point was in the range 280°-285° C, 
with decomposition, and it was thus almost 
certainly the aforementioned ketone, com- 
pound XVII of Soloway e al.?. The identity 
was confirmed by infra-red spectroscopy, 
which showed that the band at 6-264 had 
disappeared while a new absorption band at 
5-7p. (C=O stretching) was now present. 

All the strong and medium absorption 
bands were identical, both qualitatively and 
quantitatively, with those appearing in the 
spectrum of the ketone given by Phillips, Pollard and 
Soloway*. The substance did not depress the melting 
point of another sample of the ketone made by treatment 
of endrin with hydrochloric acid and both compounds 
behaved identically whon examined by thin-layer and 
gas-liquid chromatography. Further confirmation of the 
ketonic nature was also provided by the preparation of 
a 2,4-dinitrophenylhydrazone. 

It was interestmg to note that the original technical 
grade of endrin, stored under the same conditions for the 
same time, had not suffered any appreciable decomposition 
and provided a new supply of pure endrin in high yield. 
The decomposition is therefore either inhibited by im- 
purities in the technical grade or is erratic at room tem- 
perature—occurrimg in some samples and not in others. 

This tendency to undergo rearrangement is a property 
of the isodrin series of Diels-Alder compounds which have 
an endo-endo configuration. It has been a complicating 
factor in gas-liquid chromatographic analysis and in the 
formulation of insecticides like endrin. The present 
experience shows that almost complete decomposition of 
pure endrin can occur even when it is stored in the dark 
under normal laboratory temperature conditions. The 
identity of samples of endrin and related compounds 
which are used as standards for chemical analysis and 
bioassay should therefore be checked at frequent intervals. 

I thank L. C. Thomas, of the Chemical Defence Experi- 
mental Establishment, Porton, for providing the infra- 
red spectra of endrin and the ketone. F. BanLow 
Tropical Pesticides Research Unit, 

Porton Down, Salisbury, Wiltshire. 
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BIOCHEMISTRY 


Haemoglobin Association and the Sigmoid 
Oxygen Equilibrium Curve 


RapuceD haemoglobin is generally considered to have the 
same molecular weight as oxyhaemoglobin. The osmotic 
pressure measurements of Adair! and the light scattering 
experiments of Rossi-Fanelli, Antonini and Caputo? agree 
with this concept, but our light scattering measurements 
have shown that reduced horse haemoglobin is in a state 
of close association when in 0-1 molar phosphate (pH 1-4). 

The following experiments were carried out. Thoroughly 
purified carbonylhaemoglobin was cleared of carbon 
monoxide by means of a vacuum and by rinsing with 
nitrogen. The solution of reduced haemoglobm thus 
obtamed was transferred under nitrogen to a tube con- 
taining a thick layer of paraffin oil. Light scattering 
measurements were made at 700 mp, and oxygen was 
admitted and the measurements repeated on the same 
solution under identical conditions. 

These measurements can be expressed in the following 
way for oxyhaemoglobin and reduced haemoglobin 
respectively: 





1 
-— = 1-556 x 10 (1+ 19-5 g-58-0 g?) 

M ox 
1 

—— = 0-689 x 10-5 (1442-7 g-305-4 g?) 

M'a 

M’ is the apparent molecular weight at any concentra- 
tion g. 


Theee formulae give molecular weights at infinite 
dilution of 64,300 for oxyhaemoglobin and of 145,000 for 
reduced haemoglobin. 

The extrapolation curve for reduced haemoglobin 
would be expected to slope upward at very low concentra- 
tions and to reach the same value as oxyhaemoglobin. At 
the lowest concentration used (4 mg/ml.) there is no such 
upward slope, which suggests strong binding of the 
molecules. The association increases with concentration, 
indicated by the high value of the coefficient of g* in the 
extrapolation formule. 

Our results provide an experimental basis for the 
interpretation of the oxygen equilibrium of haemoglobin. 
(We prefer the term “association” for the reversible 
joining of molecules rather than “aggregation’’, which is 
irreversible.) Oxyhaemoglobin does not associate. This 
may result from some change at the oxygen binding groups 
occurring durmg association of reduced haemoglobin, 
which prevents combination with oxygen. This suggestion 
for the origin of the sigmoid oxygen equilibrium curve was 
put forward by Hill? and by Douglas, Haldane and 
Haldane‘. More recently, association has been shown to 
occur in the haemoglobin of the lamprey by Briehl*, and 
Roughton’ considered some other cases. Our experiments 
show that it is the whole molecules (so-called ‘“‘tetramers’’) 
which become associated. 

The following equation has been derived: 


Gogh cs ‘ 

Kp ; x Z + (1 ) 1+ Kp) 
1+Kp 1 q ‘ 
Z x (1 ) (1+ Kp) 


E is the oxyhaemoglobin fraction and K is the intrinsic 
constant of the oxydissociation of a single haem group, 
which should be the same for all haemoglobins so long as 
binding to the globin is the same. We take K as 1-48 as 
with the myoglobins, and measure the oxygen tension, p, 
in millimetres of mercury. g/4n is the fraction of free 
haemgroups in a reduced haemoglobin association of n 
molecules and Z is the dissociation constant of the 
associated molecules. If g/4 is taken as 0-0252 and 1/Z as 
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2,111, a sigmoid curve 1s obtained which is in good agree- 
ment with the data of Otis and Roughton’. 

The relation between oxygen pressure and degree of 
association 1s now bemg studied. 

One of us (H. R.) thanks the Fonds National de la 
Recherche Scientifique for the award of a research 
fellowship. 

P. Purzsys 
H. REIJNAERS 
Laboratory of Biochemistry I, 
University of Louvan, Belgium. 
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Citrate Condensing Enzyme in Citrus Fruit 


CITRATE condensing enzyme has been demonstrated in a 
wide variety of living tissues: animal tissues!-*, molds‘, 
bacteriat-.*, and higher plants’®, It is somewhat sur- 
prising that there has been no direct demonstration of its 
occurrence in citrus fruits. There is no reason to doubt 
the existence of the enzyme because isolated mitochondria 
from many plant sources including citrus fruit® carried 
out the overall reactions of the Krebs cycle. None the less, 
we thought it worth while to demonstrate directly its 
presence in citrus fruit. 

Fresh fruit and leaves were brought to the laboratory 
within an hour of picking. The fruit was peeled and the 
rind, fruit and leaves homogenized separately in a blender 
equipped with a jacket filled with ice. The temperature 
was kept below 10° C during homogenization. Homo- 
genization proceeded for three 30 sec periods with 30 sec 
intervals between each homogenization period. The 
homogenates were centrifuged at 8,500g at 6° C for 
15 min and the supernatant fractions were assayed for 
activity. 

The assay system which measures the release of co- 
enzyme A (CoA) has been described previously. For 
routine assays oxaloacetate was the last addition to the 
cuvette, but all componente (enzyme, acetyl CoA and 
oxaloacetate) are necessary for the reaction. Some 
extracts showed the presence of an acetyl-CoA deacylase. 
We have also shown the presence of citrate condensing 
enzyme using the coupled spectrophotometric assay, 
which measures oxaloacetate utilization. 

In a recent review of acid metabolism in plants, Lioret 
and Moyse! state that the origin of citric and other fruit 
acids is not known and that it is assumed that they are 
principally synthesized in the leaves and transported to 
the fruit. They further conclude that a large number of 
fruita lack condensing enzyme activity although they cite 
avocado fruit as a possible exception. Our present results 
(Table 1) not only demonstrate that the leaves of citrus 


Table 1. DIIIREUTION OF AOrrvrry OF CITRATE CONDENSING BNEYME 
TOTAL UNIT8/G WET WHIGHT*) IN CITRUS FRUITS 
Expt 1 Expt. 2 
Lemon Leaves 0-28 0-05 
Rind 0-15 0-10 
Pul 0-10 0-04 
Bu O72 
Orange Leaves 0-38 
Rupe rind 0:078 
Green rind 28 
Bape pul 0-066 
p 079 


* one. anit of activity is 1 paoe of reaction product per min at 25° O 

In 1 the tissues were o ed shortly after tree started to bear 

fruit. t. 2 the fruit was obtained later in the season when the tres had 

no poen fru or buds. About 10 g of tissue were homogenized in 80-80 ml. 
tris-hydrochloric acid buffer (pH 8-2). 
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plants contain condensing enzyme as do the leaves of 
other higher plants! but also show that on a wet weight 
basis there is appreciable activity in both the fruit and 
rind of oranges and lemons. The results presented here 
give no information about the source of citric acid in the 
fruit. Although appreciable quantities of the enzyme can 
be extracted from fruit and rind, the cellular pH may be 
sufficiently low that it is largely inactive. It would seem 
to us, however, that there must be some protection of the 
enzyme from the low pH in the fruit, for in some extrac- 
tions where a smaller amount of buffer was used and the 
extract had a low pH, little or no activity could be 
detected. Apparently, such a low pH inactivates the 
enzyme; thus there is every reason to believe that the 
enzyme is operative tn stiu. 

This work was performed under the auspices of the 
U.S. Atomic Energy Commission. 

PAUL A. Sammn* 
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Livermore, California. 
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Feedback Inhibition of Purine Biosynthesis 
de novo in Mouse Tissues in vivo 


THE inhibition of purme biosynthesis de novo in tumour 
cells by purines and purine analogues has been demon- 
strated by several workers!-*. The localization of the 
inhibition at the firat reaction in this pathway, 5-phos- 
phoribosyl-1-pyrophosphate-amidotransferase, was sug- 
gested by investigations with partially purified prepara- 
tions of the enzyme from pigeon liver*-* and bacteria’ *, 
and was supported by the results of investigations using 
intact tumour cells’. Preliminary work using orude rat 
liver extract agrees with these conclusions‘. 

The present work demonstrates feedback inhibition of 
purine biosynthesis de novo, in several mouse tissues tn 
vivo, by 6-methylthioinosine (6-methylthiopurine ribo- 
nucleoside), a potent inhibitor of this pathway in other 
systems’-"!, The active form of this purine antimetabolite 
is considered to be its 5’-monophosphate derivative. 

Male Swiss mice were each injected intraperitoneally 
with 3-3, 1-65 or 0-88 umoles (50, 25 and 12:5 mg/kg) of 
6-methylthioinosine, or with saline. Later the muice 
received 0-16 umoles of glycme-“C (12 yo.) at various 
times and were decapitated after 1 h. Tissues were 
removed and the specific activity of acid soluble adenine 
determined after acid hydrolysis of adenine nucleotides!? 4, 
Each group of four treated mice killed during the 24 h 
of the investigation had its own control group to compen- 
sate for diurnal variation. 

Table 1 shows the inhibition of glycime-C incorporation 
into acid soluble adenine in five tissues by each dose of 
methylthioinosme at different times after administration 
of the drug. The data are expressed as percentages of the 
appropriate control values. Inhibition of incorporation 
was considerable in all five tissues, even at the lowest dose 
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Table 1. Eeyaor oF MSTHYI/THIOINOSINE ON GLYOLDVE-“O INCORPORATION 
INTO ACID SOLUBLE ADENINE z 
Per cent inhibition 
dose of methylthiomosine 
(umoles/mouse) 


Time after 


Tissue methyl- 
tiiolnoaine (h) 


Liver 
Spleen 
Kidney 


Gut 


Diaphragm 


Roan orm Ronn Rome Roar 


* Significant at the 1 per cent level. 
t Significant at the 5 per cent level. Other values significant at the 0-1 
per cent level. Calculated by Hogben’s method"*. 


of methylthioinosine. In most cases inhibition was 
greatest 4 h after drug administration, and in liver, 
spleen and kidney it was still considerable after 24 h 
at the highest dose of methylthioinosine. 

Although methylthioinosine has been shown to inhibit 
5-phosphoribosyl-1-pyrophosphate-amudotransferase in 
Ehrlich ascites carcinoma cells’, the aforementioned effects 
could have been caused by the conversion of inosinate to 
adenylate. To test this possibility, mice were injected 
with 0-734 moles of hypoxanthine-“C (0-367 yc.) 4 h 
after receiving saline or 3:3 ymoles of methylthioinosine, 
and the specific activity of acid soluble adenine of liver 
determined after 1h. This value was 7-9 c.p.m./ug in the 
controls and 34:5 o.p.m./ug in the treated mice, showing 
that incorporation was not inhibited. The apparent 
stimulation is believed to be the result of a decrease in 
the pool size of adenine nucleotides consequent on cessa- 
tion of their synthesis de novo during the 4 h of drug 
treatment. If this were so, the inhibitions calculated ın 
Table 1 could be too low. 

The consequences of feedback inhibition of purine bio- 
synthesis de novo by methyltbioinosine were examined by 
comparing the urmary excretion of allantoin by treated 
and untreated mice. Allantoin, the main end product of 
purine metabolism in these animals, was determined by 
the method of Conway and Conway". Mice were injected 
at 9 a.m. and 5 p.m. with 3-3 moles of methylthioinosine 
or with saline. Urine was collected during the time 
from the second injection until 9 a.m. the next morning. 
In two experiments the allantoin secretion of each mouse 
declined from an average of 8-6 mg to an average of 6-2 mg, 
a decrease of 28 per cent. Complete mwhibition of allan- 
toin excretion would not be expected even if there was 
complete cessation of purine biosynthesis de novo because 
1b is also formed in the breakdown of nucleic acids. 

These results could be of interest with respect to that 
form of gout associated with increased rates of purine 
biosynthesis de novo. Feedback inhibition of this process 
in man can be expected to lead to a decrease in uric acid 
synthesis. The glutamine analogues, azaserine’? and 
6-diazo-5-oxo-L-norleucine*, which inhibit this pathway 
in another way, lower uric acid excretion in cases of gout, 
although they have been too toxic for routine use. In 
addition, the increase in uric acid excretion in man as a 
result of stimulation of purine biosynthesis de novo by 
2-ethylamino-1,3,4-thiadiazole was found to be inhibited 
by 6-mercaptopurine!*, which may be a feedback inhibitor 
of this biosynthetic process?.*. 

Apparent feedback inhibition of purme biosynthesis de 
novo in man by 4-amino-5-imidazolecarboxylic acid has 
been reported by Seegmiller et al.?°, who also found that 
this effect was less obvious in gouty patients than in 
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control subjects*!. These findings have led some workers 
to suggest that increased ratos of purme synthesis de novo 
in gout may result from faulty feedback inhibition’ *. 
The results of the present investigation suggest that it 
may be possible to test this hypothesis usmg methyl- 
thioinosine. The results would be expected to be less 
ambiguous than those from 4-amino-5-imidazolecarboxylic 
acid or 6-mercaptopurine because of ite potency, specificity 
of effect, limited metabolism, prolonged effect, and becauso 
it does not utilize 5-phosphoribosyl-1-pyrophosphate. 

This investigation was supported by the National 
Cancer Institute of Canada. 


J. F. HENDERSON 
NNa J. H. MEROMR 


University of Alberta Cancer Research Unit 
(McEachern Laboratory), and 

Department of Biochemistry, 

University of Alberta, 

Edmonton, Alberta, Oanada. 


1 Henderson, J. F., Prog. Ezp. Tumour Res , 6, 85 (1985). 

* Bennett, jun., L. L., and Amithers, D., Brochem. Pharmacol.,18, 1881 (1864). 

* Brockman, R. W., and Chumley, 8., Biochim, Biophys. Acta, 95, 365 (1985)- 

7 Wyngaarden, J. B., and Ashton, D. B., J. Biol. Ohem., 284, 1492 (1059). 

MeCollester, R. J., Gilba un., i D. d gaarden, 
aa B., J. Biol. Ohm 239, 1880 C1960) Co De M ADE IA 

* Caskey, O. T., Ashton, D, M., J. B., J. Bi > 5 
es Toig D, M., and Wyngaarden, J. B., J. Biol Chem , 239, 

7 Rottman, F., and Guarino, A. J., Biochim. Biophys. Acta, 89, 465 (1964). 

* Nierlich, D. P., and Magasanik, B., J. Biol. Chem., 240, 358 (1965). 

* Henderson, J. F., and Khoo, M, K. Y., J. Biol. Chem., 240, 3104 (1965). 

1° Henderson, J. F., Biochem. Pharmacol.,12, 651 (1963). 

a Bennett, jun., L. L., Brockman, R. W., Bchnebli, H. P., Chumley, S, 
Dixon, G. J., Schabel, jun., F. ML, Dulmage, E A., Skipper, H. E , 
Montgomery, J. A., and Thomas, H. J., Nature, 805, 1276 (1965). 

** Coldwell, I. O., Henderson, J. F., and Paterson, A. R. P., Canad. J. 
Biochem., (in the press). 

n LePage, G A., Cancer Res., 13, 178 (1953) 

u Mercer, N. J. H., and Henderson, J. F., Anal. Biochem. (in the press). 

18 Hogben, C. A.M, J. Lab. Clin. Med., 64, 815 (1964). 

1s Conway, E. G., and Conway, 0. F., J. Biol. Chem., 142, 839 (1942). 

a ita R., Drel, W., and Levin, Bf. H., Arth. and Rhewnat., 2, 46 

“Grays A. J., Beegmuler, J. E., and Love, E., J. Clin. Invest., 89, 447 


af ET ey’ Bals, M. E., and Karnofsky, D. å., Ann. Intern. Mod., 54, 
“ Seogmuller, J. B., Laster, L., and Stetton, jun., D., J. Biol. Ohem.,216, 658 
REY jan., „2316, 
mS rT, J B., Laster, L., and Stetten, jun., O., Ninth Intern. Cong. 

E Diseases, 2, 207 (1957). ’ s 
Seegmuller, J. E., Laster, L., and Howell, R. P., N. Eng. J. Med., 268, 712, 
764, 821 (1963). 
3 Wyngaarden, J. B., in The Metabolic Basia of Inherited Disease, edit. by 
tanbury, J. B., Wyngaarden, J. B., and Frederickson, D. O., 679 
(McGraw-Hill, New York, 1960). 


cE 


Effect of Thrombin, Adenosine Diphosphate, 
Connective Tissue, and Endotoxin on Platelet 
Glycolysis 
THROMBIN, which aggregates platelets, also mduces an 
increase ın rate of platelet glycolysis!*. Other substances 
capable of aggregating platelets include adenosme diphos- 
phate (ADP), connective tissue‘, and (in rabbit platelet 
systems) endotoxin’. I have compared these other 
aggregating substances with thrombin ın therr ability to 
influence platelet glycolysis as measured by the production 

of lactate. 

Citrate plasma rich in platelets and suspensions of three 
times washed platelets in barbital buffer (pH 7:6) wero 
prepared from freshly obtained human blood by methods 
previously described*. Platelets were counted by phase 
microscopy. Connective tissue suspension was pre 
from human breast tissue by the method of Zucker and 
Borelli‘. In each experiment portions were used from a 
single pool of plasma rich ın platelets or suspension of 
washed platelets. For the evaluation of platelets in plasma, 
the test system consisted of silicone treated tubes con- 
taining 0-9 ml. of plasma rich in platelets, to which were 
added one of the following: 0-1 ml. isotonic saline, 0-1 ml. 
thrombin (20 N.I-H. units/ml.), l1 ml ADP (100 ug/ml.), 
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0-1 ml. endotoxin, Escherichia cols (1 mg/ml.), or 0-1 ml. 
connective tissue suspension. For the evaluation of 
washed platelets, 0-8 ml. of platelet suspension was mixed 
with 0-1 ml. glucose (65 pmoles/ml.), and then with 0-1 ml. 
isotonic saline, or 0-1 ml. thrombin (20 N.I.F. units/ml.) 
or 0-1 ml. thrombin-caleium solution (20 N.I.H. units/ml. 
0-015 M calcium chloride). 


Table 1 EFFECT OF PLATELET AGGREGATING SuBsTANOES ON LACTATE 
FORMATION IN PLATELET-RIOH PLASMA 

uMoles lactate/10" platelets t 

Addition Agg-egation* (range in three experiments) 
Isotonic saline 0 8 7-44 
Thrombin + 5-4-60 
ADP + 8 64:6 
Endotoxin 0 8-4-4-8 
Connective tasane suspension + 40-49 

* + Denotes a tion, 0 denotes no a tion. Platelets in throm- 


bin syatem narregated just before clot fo on. 
er Incubation for 45 mun at 37° O 
Only in this system was the production of lactate ie pepeertind different 
‘at 5 per cent level) from that of the saline control as evaluated by the g statistic 
‘or range, 


Table 2. 
AGGREGATION AND GLYCOLYSIS OF WASHED 
OONTAINING GLUCOSE 


uMoles lactate/10° platelets t 


EFFECT OF THROMBIN WITH AND WITHOUT OALOIUM ION ON 
PLATBLETS IN BUY¥FER 


Addition Aggregation* (range in five expermen 
Isotonic saline 0 1-4-8-3 
Thrombin 9 29-53 
Thrombin-calcium $ + 2-6-6-8 

* + Denotes a tion, 0 denotes no aggregation. 
After Incubation for 45 min at 87° 0. 


Lactate production ın these systems was significantly greater (at the 
5 per cent level) than in the saline control aa evaluated by the q statistic for 
range. 

All tubes were incubated for 45 min at 37° C in a water 
bath without shaking. Reactions were stopped by the 
addition of two volumes cold trichloroacetic acid (15 per 
cent w/v) and the mixtures analysed for lactate by the 
method of Barker’. Aggregation was evaluated by phase 
microscopy at 10 sec and at 5, 15 and 60 min in a duplicate 
set of tubes which were shaken for 5 min by hand, then 
incubated at 37° C. Although thrombin, connective tissue 
suspension and ADP caused platelet aggregation, only 
thrombin induced an increase in lactate concentration 
(Table 1). The effect of thrombin did not require the 
occurrence of platelet aggregation because increased 
lactate formation was noted in washed platelet suspensions 
which did not contain any extra calcium ions (Table 2). 

Contact with connective tissue or ADP, rather than 
with thrombin, may be responsible for some or all in- 
stances of platelet aggregation tn vivo. In fact, the 
ability of thrombin to aggregate platelets may in part be 
mediated through ADP, released from platelets after 
breakdown of adenosine triphosphate’. Aggregation alone, 
however, does not seem. to alter the rate of formation of 
lactate. Tho effect of thrombin on platelet glycolysis 
(which is believed to supply energy necessary for clot 
retraction!) can occur without previous aggregation and 
presumably involves another mechanism—perhaps the 
conversion of fibrinogen to fibrin on the platelet surface*. 

This work was supported by a grant from the U.S. 
Public Health Service. 
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Glycamino Substances in Human Brain 


Dusine the course of studies on the more comprehensive 
extraction of brain proteins with neutral aqueous buffers? 
it was noted that appreciable quantities of material soluble 
in organic solvents were extracted together at the samo 
time*. Some of this non-dialysable material was found to 
have the mobility on thin layer chromatography of per- 
fectly free, unattached and identifiable lipid compounds. 
On the other hand, several substances staining as lipids in 
this material were observed on thin layer chromatography. 
These were distinguished from any known brain hpids by 
their markédly lower mobilities. Seven of these previously 
unrecognized substances have now been isolated, and, 
because of their content of carbohydrate and amino 
groups, have been called glycamino substances pending 
complete structural identification. 

The glycamino substances present in neutral aqueous 
dialysed “extract A” (ref. 1) of human grey matter 
proteins were separated as follows: Extract A was 
lyophilized, the lyophilized material extracted three times 
with chloroform : methanol (2:1 by volume)? and the 
insoluble residue separated by centrifugation. The material 
soluble in the chloroform : methanol solution was com- 
bined and dried, a ‘Rinco’ evaporator, then trans- 
ferred into test-tubes and dried under nitrogen. This 
material 1s the “crude lipid extract”. Crude lipid extract 
was examined by thin layer chromatography by the 
method of Skipski‘ modified only in that the hning of 
filter paper in the chromatography chamber was omitted. 
In the absence of the lining, the mobility of lipid com- 
ponents increased threefold, and it thus became possible 
to identify previously unrecognized slow moving com- 
pounds (Fig. 1). The solvent system was chloroform : 
methanol: acetic acid : water (25:15:4:2 by volume). 
The developing time was 1 h 35 min. Thin layer chromato- 
graphy plates were dried in air at room temperature and 
stained (1) with rhodamine 8G (ref. 5), 8 per cent aqueous 
solution, then observed under ultra-violet light while still 
wet, and (2) with 0-2 per cent ninhydrin’. With rhodamine 
G there were some visible zones in the chromatographic 
position of neutral lipids, cerebrosides, phosphatidyl- 
choline, sphingomyelin and lysophosphatidylcholine. 
Seven zones between the starting line and sphingomyelin 
did not stain with rhodamine @ negative, however, but 
were stained by 0-2 per cent ninhydrin, by ammonium- 
molybdate-perchloric acid? under ultra-violet light alone, 
and by resorcinol’. 

Crude lipid extract was then chromatographed on an 
activated silicic acid column (Mallinckrodt, 100 mesh) 
according to Marinetti*. Fractions were obtained with 
chloroform, 5 per cent, 20 per cent, 40 per cent, and 60 per 
cent methanol in chloraform, and 100 per cent methanol. 
Recovery at this stage was 94 per cent. Fractions eluted 
with 40 per cent, 60 per cent and 100 per cent methanol 
combined (Fraction 40-100) contained 28 per cent of the 
total material soluble in lipid solvents, or 14 per cent of the 
total weight of original extract Æ. The results of experi- 
ments with the fractions eluted with chloroform, 5 per cent 
and 20 per cent methanol will be published elsewhere. 
Each fraction was dried with the evaporator and trans- 
ferred to test-tubes under nitrogen. 

Thin layer chromatography of Fraction 40-100 obtained 
from silicic acid columns was then carried out as described 
earlier for crude lipid extract, and attention was concen- 
trated on the slow moving compounds. Each chromato- 
graphy plate was covered with two glass plates, leaving 
only a central 0:5 cm strip of silicic acid to be sprayed 
with reagents. The glass plate covers were removed after 
the bands were revealed, and the identified zones to the 
right and left of the stained strip were taken up with a 
vacuum zone collector (Brinkman Instruments, Inc.). 

Each zone material thus obtained was further purified 
by rechromatography and elution with 80 per cent 
methanol in chloroform on silicic columns under very low 
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Fig. 1. Thin layer chromatography of glycamino substances, 


1-7, Glycamino substances, O, starting line. 


nitrogen pressure. The column was packed with a little 
glass wool, then packed with 3 cm of sea sand (which 
had been ‘washed with hydrochloric acid, water, chloro- 
form and methanol, and preheated at 120° C for 4h), and 
with 5 cm of washed and reactivated silicic acid. Before 
loading the separated zone material on to the column, the 
contents of the column were washed with methanol : 
chloroform (1:1) and 100 per cent methanol under high 
nitrogen pressure, to remove substances in the silicic acid 
soluble in methanol. 

The glycamino substances were then purified for the 
fourth time by thm layer chromatography as described. 
Thees substances, together with identified phospholipids, 
both of which retained mobilities similar to those they 
had had in the crude lipid extract, were recovered with 
the vacuum zone collector in the amounts shown in Table 1. 

The infra-red spectra (Perkin-Elmer, model 237, 
potassium bromide) of the four identified phospholipids in 
Table 1, and their performance on thin layer chromato- 
graphy, conformed with those of the standard substances 
(Sigma). The infra-red spectra of seven glycamino sub- 
stances conformed with none of the standards. Analysis? 
of the pumfied glycamino substances showed them to 
contain no phosphorus, or variable small amounts cf 
phosphorus (0-2 per cent) present presumably as con- 


Table 1, QUANTITATIVE THIN LAYER CHROMATOGRAPHY OF PURIFIED 
GLYOAMINO SUBSTANCES OF BRADY 
Weight of Forceniage of total 
Zone ma lipid zones Rr 
(mg) recovered 
Phosphatidylcholme 8-03 90 072 
Lysophosphatudylcholine 061 1-5 0-39 
Sphingomyelin Gis} 8°35 100 O65 
Sphingomyelin (C18 272 81 068 
Glycamino substances 
1 0-92 2-7 0-68 
2 4°90 146 0-45 
8 6-60 197 034 
4 5 21 15-5 O19 
5 3 20 0-5 0-12 
8 1-73 5-2 009 
7 140 42 0-08 
Total recovered 83 8 mg 
Per cent recovered 91-5 
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taminants. They were rich in nitrogen (5-4-12-5 per cent). 
The hexose content ranged from 1-0 to 8-1 per cent; the 
neuramunic acid from 1-2 to 3:1 per cent; and the higher 
concentrations of both carbohydrates occurred m the 
slowest moving substances. The glycamino substances 
have now been extracted from human grey matter with 
chloroform : methanol (2:1) and under these ccum- 
stances also show the same properties as those extracted 
with water, with the exception that the nitrogen content 
is lower. They have also been shown to be present in 
crude mitochondrial and microsomal subcellular fractions 
of grey matter. 

These substances are not phospholipids. This is clear 
from the absence or occasional presence of trace amounts 
of phosphorus and by their mfra-red spectra. They are 
not proteolipids since they are extracted by water, while 
proteolipids are not. They are neither gangliosides, nor 
cerebrosides, nor ammoglycolipids®, since they are extract- 
able by aqueous solvent, and do not have the composition 
of these glycolipids. Further studies on the structure and 
function of these newly isolated substances from brain 
are in progress. 

These studies were supported in part by grants from 
the National Science Foundation and the National 
Institutes of Health, U.S. Public Health Service. The 
technical assistance of Mr. Peter Belval is gratefully 
acknowledged. 
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Fluorescent Lipid from Brain 


A SUBSTANCE has been obtained from the brain of rabbits 
killed with disopropyl fluorophosphate that appears to 
have interesting properties and chemical structure. The 
substance can be obtained in amounts of 1-0-1-3 mg/g of 
brain by extraction with cold aqueous 6 per cent perchloric 
acid, followed by precipitation with phosphotungstic 
acid, and chromatography of the portion of the precipitate 
soluble in chloroform on silica with chloroform—methanol 
mixtures as eluant. The substance, obtained as a wax, 
gave a single fluorescent spot of Rr 0-95 by thin layer 
chromatography on alumina with a pyridine-amyl 
alcohol—water (3:3: 2) solvent system. The same areas 
also gave positive reactions with acidified permanganate, 
diazotized p-nitroaniline, Folin’s phenol reagent, Schiff’s 
fuchsin reagent, 2,4-dinitrophenylhydrazine, and with 
alkaline hydroxylamine followed by acidified ferric 
chloride solution. Elementary analysis showed some 
variation from lot to lot, with an average of 75-5 per cent 
carbon and 12:0 per cent hydrogen, and a range of +1 
per cent for carbon and +0-5 per cent for hydrogen. 
Reduction of the lipid with zine dust and glacial acetic 
acid, followed by alkaline hydrolysis, yielded a product 
which, after crystallization from cyclohexane and from 
methanol, formed white crystals that had a blue-white 
fluorescence under ultra-violet light and melted at 111° C. 
Analysis showed the presence of 70-01 per cent carbon and 
5-06 per cent hydrogen, corresponding with the formula 
C,,H,,O0,, for which formula the calculated composition is 
carbon, 69-22 per cent; hydrogen, 5-13 per cent. This pro- 
duct is apparently identical with a substance eee | by 
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Mameli!, namely 2,3-dimethyl-2,3-bis-3,4-methylenedi- 
oxyphenylethylene oxide, and results from a dimenzation 
during the reduction process**, A sample prepared by 
Mameli’s method melted at 111°C, contained 70-62 per cent 
carbon and 5-97 per cent hydrogen, and showed similar 
fluorescence. The natural and synthetic material had iden- 
tical Rp values of 0-89 on thin layer chromatography on 
silica using a benzene—dioxane-acetic acid (90: 25: 4) 
system. The presence of the methylenedioxy ring in the 
original lipid was confirmed by acid hydrolysis followed 
by steam distillation, and demonstration of the presence 
of formaldehyde in the distillate by the dimedon and 
chromotropic acid tests. It was therefore concluded that 
the structure of the substance included a 1-ethyl-3,4- 
methylenedioxyphenyl] skeleton. 

Hydrolysis of the lipid with 10 per cent phosphoric 
acid followed by steam distillation and extraction of the 
distillate with ether gave a product with the general 


appearance, melting point (24° C), and composition’ 


(71-33 per cent carbon, 12:14 per cent hydrogen) of a 
mixture of fatty acids. Methylation with diazomethane 
yielded methyl esters which were shown by gas chromato- 
graphy to consist of about 80 per cent methyl stearate and 
20 per cent methyl palmitate. 

Two kinds of product were obtained from the reaction 
of the lipid with 2,4-dinitrophenylhydrazine. The first 
of these, obtained in the cold, gave a high Ry with the 
thin leyer chromatographic system of Dhont and de 
Rooy‘, and a composition suggesting that it was an addi- 
tion product of the lipid and the reagent. Heating with 
acid yielded a product that gave an Rr of 0-77, identical 
with that of acetopiperone-2,4-dinitrophenylhydrazone, 
and contained carbon, 50-64 per cent; hydrogen, 4-95 per 
cent; and nitrogen, 16-97 per cent. The calculated values 
for the acetopiperone derivative are carbon, 52:35 per 
cent; hydrogen, 3-49 per cent; and nitrogen, 16-28 per 
cent. The melting points of both products showed broad 
ranges. 

The data suggest to us that the lipid is a fatty-acid 
ester of the enol form of acetopiperone, that is 


Le 


f, 
x 


where E represents the hydrocarbon portion of the fatty 
acid chain. This is consistent with its ability to react 
with reagents for carbonyl groups (2,4-dinitrophenyl- 
hydrazine and Schiff’s reagent) and ester groups (alkaline 
hydroxylamine and ferric chloride). Similar compounds 
are known to react with diazonium compounds’. The 
structure shown appears to be the only structure consistent 
with the principal derivatives obtained. 
The methylenedioxyphenyl group occurs naturally in a 
considerable number of alkaloids and of essential oils. 
So far as we know, it has not previously been found in a 
constituent of animal tissue. 
This work was supported by grants from the U.S. 
National Institute of Neurological Diseases and Blindness 
and the U.S. National Science Foundation. Elementary 
analyses were performed by Joseph F. Alicino, Metuchen, 
New Jersey. 
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Elevation of the Concentration of Plasma 20 
Oxalic Acid in Renal Failure 


SeveRaL workers have identified crystals of calcium 
oxalate in the kidneys and myocardium in patients dying 
with renal falure!-*. Macaluso and Berg? considered that 
the deposits are caused by local factors in the affected 
tissues, while others have suggested that they result 
from the retention of oxalic acid because of oliguria or to 
an increased endogenous production of oxalic acid or 
both**. 

The concentrations of plasma oxalic acid were not 
measured by these workers; however, there is indirect 
evidence to suggest that the concentration is raised in 
uraemia. Thus, Morgan, Morgan and Thomas’ reported 
that ultrafiltrates of uraemic sera inhibited the activity 
of rabbit muscle lactate dehydrogenase. This observation 
was confirmed by Emerson, Withycombe and Wilkinson’, 
who suggested that the inhibition might arise from urea 
or oxalic acid because both these compounds have been 
shown to inhibit the activity of lactate dehydrogenase’. 

Oxalic acid was determined by a spectrophotofluori- 0 100 200 300 400 
metric method developed in this laboratory’. The Plasma urea (mg per cent) 


identity of oxalic acid in uraemic plasma was established Fig 2. Relation between the concentrations Aas plasma ur urea eons oxallo 
by observing its complete disappearance following inds ate the trade or yale in healthy adults.” 


incubation with oxalic acid decarboxylase. An ultra- 
filtrate of uraemic plasma was prepared and a sample 


in h 
© ia 


Plasma oxalio acid (mg per cent) 


2 
a 





(1 ml.) was incubated at 37° C for 1 h with oxalic acid is t ġ t y 
decarboxylase under the conditions recommended by OXALIC ACID. 
Mayer, Markow and Karp**. The incubated sample and 
also a sample of untreated ultrafiltrate (1 ml.) were added 10 
to separate columns of ‘Sephadex G-25’ (1 am x 22 cm) 
equilibrated with citrate buffer (pH 4-0, I = 0-1). The 05 
columns were eluted with the same buffer and the oxalic 
acid contained in each 0-5 ml. fraction was determined. 0 
The untreated ultrafiltrate yielded a substantial “peak” 400 
of oxalic acid, but no oxalic acid was detected in the UREA. 
fractions obtained from the treated samples (Fig. 1). 800 - 
The concentrations of plasma oxalic acid were determ- 
ined in fifteen patients with renal failure. Concentrations 200 
exceeding the normal range (130-280 ug/100 ml.) were d 
observed in eleven out of the fifteen patients, the values eam 
oou directly with the concentration of plasma urea 5 0 
ig. 2) 
Haemodialysis was carried out on several of the patients u CREATININE. 
in this series, using a modified rotating Kolff kidney™?. 20 
This resulted in a reduction of the concentrations of plasma : 
oxalic acid and uric acid to values within the normal 10 
range. The concentrations of plasma urea and creatinine 
were also reduced, but to a less marked extent, the values o 
i rE i 
40 
10 
0 
0 5 10 15 20 
a30 Days 
g Patient B.D. 
q Fig. 3. Effect of haemodialysis on the concentrations of plasma oxalic 
4 acid, urea, creatinine and uric acid in a patient with P ironio renal 
k failure. The bath fiuld contafned sodium, potassium, calcium, mag- 
& neaium, chloride, bicarbonate, acetate and glucose ın tap water. Arrows 
3 20 denote times of dialysis. 
3 remaining above the normal range (Fig. 3). Urea and 
2 creatinine aro known to have volumes of distribution 
E = equal to that of the total body water** whereas uric acid is 


thought to have a distribution nearer to that of the extra- 
cellular fluid**. The similarity in the behaviour of the 
concentrations of plasma oxalic acid and urio acid after 
haemodialysis suggests that oxalic acid may also have a 
volume of distribution approximating to that of the 
extracellular fluid, but further investigations are required 
to confirm this. 

We found that the concentration of oxalic acid in adult 
. Fig.t. Biatlon of oxalio acid from ophege G-25’ with oltrate buffer. whole blood is normally higher than that in plasma, the 


A O, Ultrafiltrate of oraemic plasma; ultrafiltrate of urasmic plasma $ : : De ` 
previously incubated wi ase acid decarboxylase. si difference being highly significant (P < 0-001). This 





` ‘Bluate volume (ml.) 
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Table 1. ErrEotT OF HAEMODIALYSI8 ON THE CONCENTRATION OF OXALIO 
ACID IN PLABHA AND WHOLB BLOOD IN THEER PATIENTS WITH RENAL 
Faure 

Oxalic acid (4g/100 ml.) * 
lasma Whole Sood 

Mean D Mean S.D. 

Patient 8.D. (before dialyaıa) 860 — 780 — 
(after dialysis) 180 — 280 — 
Patient B.C. (before dialysis) 1,730 — 1,720 — 
(after dialysis) 290 -— 890 — 
Patient C, (before dialysis) 1,870 — 1,600 — 
(after dialysis) 850 — 360 — 
Normal adults (n= 16) 180 86 235 48 


* Anhydrous oxallo acid. 


difference was not observed in three patients with renal 
failure, but the normal relationship was restored immedi- 
ately after haemodialysis (Table 1). The explanation of 
this finding is not clear. 

The direct relationship observed between the concen- 
trations of plasma oxalic acid and urea (Fig. 2) suggests 
that the hyperoxalaemia primarily results from renal 
retention of oxalic acid. The possibility that the addi- 
tional oxalic acid in the plasma was exogenous in origin 
can be excluded since many of the patients, including 
patient S. D. (Fig. 3), were maintained on a liquid glucose 
diet during the whole or part of the period of observation. 
Further investigations are necessary to determine whethor 
there is an increased endogenous production of oxalic acid 
in renal failure. 
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Lysosome Stabilizing Agents for Hypo- 
thermic Kidney Preservation 


Tue recent enthusiasm for organ transplantation has 
stimulated increased investigation into the problems of 
organ storage. In particular, the kidney is being exten- 
sively studied because of the clnical need for and 
apparent success of renal transplants. A complex organ 
such as the kidney presents many difficulties in the 
determination of success of preservation, as failure in one 
system of organ function may compromise the physio- 
logical performance of the whole transplanted organ. It 
is, therefore, desirable to study function in as many 
component systems as are available. 

We have used two in vitro tests on renal cortical slices 
to assay function after hypothermio storage. The first, 
excretion of para-amino hippurate (PAH), accurately 
reflects tubular transport events. It evaluates the ability 
of the proximal tubular cell to perform an integrated cell 
function requiring an intact membrane and organized 
enzyme system. The second, oxygen consumption, 
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measures & basio cell function of an independent enzyme 
system. These tests, conducted simultaneously in vitro, 
allow the experimental conditions to be varied over a 
broader range than can be achieved in the intact trans- 
planted animals. 

With this in vitro system, we have investigated the 
effects of lysosomal stabilizing agents", chloroquine and 
hydrocortisone, on hypothermic storage at temperatures 
above freezing (I) and at temperatures below — 40° C (I). 

All experiments were performed in the conventional 
Warburg apparatus. The mam compartment of each 
vessel contained 2-7 ml. of a balanced salt solution and 
sodium-p-aminohippurate (PAH) 7-4 x 10 mmoles/l. 

In the first experiment with non-frozen stored kidneys 
(I), whole canine kidneys were perfused with 300 ml. of a 
solution containing an equal mixture of homologous 
serum and lactated Ringer’s solution. Tho lysosome 
stabilizing agents were added to this mixture in con- 
centrations of chloroquine to 0-005 molar or hydrocortisone 
to 0-001 molar. The kidneys were stored in a thermo- 
electric cooler’, where the whole organ was maintained 
at 2°-4°C for 2, 6, 12, 18, 24 or 30 h. After storage of 
the kidney, the cortex was sliced in a Stadie—Riggs micro- 
tome to 0-3-0-4 mm thickness. 

In the second experiment with frozen kidneys (IT), the 
kidneys were removed from the dog, sliced in the micro- 
tome, and allowed to incubate in the serum and lactated 
Ringer’s solution, to which was added dimethylsulphoxide 
(DMSO) to a 10 per cent solution (v/v) and hydrocortisone 
to 0-001 molar or chloroquine to 0-005 molar for 30 min 
at 2° C. The slices were then frozen in 20 ml. of solution 
in the thermoelectric cooler at a rate of 1°-3°/min to 
— 41° C. The electric current in the thermoelectric cooler 
was then reversed and the tissue slices were thawed in 
the same chamber within 2 min. The slices were then 
placed in a Warburg apparatus and the oxygen uptake 
recorded and expressed as Qo, (mm?! of oxygen/g wet 
weight/h). 

PAH is accumulated by renal cortical shees in vitro. 
The extent of the accumulation is estimated by measuring 
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Fig. 1. Excretion of PAH after storage at 2° C. 
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the amount of PAH m the slices and in the media and 
then establishing the slice/medium (S/M) ratio for 
PAH. 

The effect of the duration of the period in cold storage 
on the uptake of PAH by the kidney is illustrated in Fig. 1. 
If stored with 0:001 molar hydrocortisone or 0-005 molar 
chloroquine, there is a significant (P < 0-01) increase in the 
ability of the slices to concentrate PAH after 24 h and 
30 h of storage at 2°-4° C. The same effect is noted with 
oxygen. consumption. 

Fig. 2 shows that if the kidney has been frozen, its 
ability to concentrate PAH and metabolize oxygen is 
almost abolished. If 10 per cent DMSO is added to the 
incubation solution, then there is a highly significant 
(P<0-001) increase in the oxygen consumption, and a 
smaller but significant (P < 0-05) increase in the concentra- 
tion of PAH. Neither hydrocortisone nor chloroquine 
18 capable of preserving function by itself; but, if used 
in conjunction with DMSO, there is a greater increase 
in function with both hydrocortisone and chloroquine 
than with DMSO by itself. ; 

The results indicate that both hydrocortisone and 
chloroquine have beneficial effects on function after 
hypothermic organ storage. The results also indicate the 
excellent protection offered by DMSO on the frozen 
kidneys. The effect of hydrocortisone and chloroquine is 
more evident after storage at temperatures above freezing 
than at — 41° C. 

We can only speculate as to the direct mechanism of 


=s- protection offered by hydrocortisone and chloroquine; 


x 


however, the role of the subcellular particles, lysosomes, 
first described by deDuve in 1955 (ref. 5), may be a major 
factor in this phenomenon. It has been shown that these 
particles are cytoplasmic granules with delimited mem- 
branes which contain several acid hydrolases the primary 
function of which is to participate in the broad category 
of intracellular digestion. There is evidence that, when the 
lysosomal membrane is damaged or ruptured, there is a 
release of the acid hydrolases into the cell sap which 
resulta in autodigestion and cell damage or death. Weiss- 
man? has shown that vamous agents can facilitate or 
retard the release of the potentially injurious enzymes 
from their lipoprotein bounded sacs. Anoxia, vitamin A, 
endotoxin, and pyrogenic steroids have been shown to 
“labilize” the lysosome with subsequent release of acid 
hydrolases. However, hydrocortisone and chloroquine 
were shown to have a “stabilizing”’ effect on the lysosome, 
and are even capable of protecting the membrane from the 
deleterious effects of the labilizmg agents. 
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If the lysosomes are involved in cell damage during 
hypothermic organ storage, then we would expect a 
beneficial effect from these stabilizing agents. In fact, we 
have shown this beneficial effect with these agents and 
have presumptive evidence that lysosomes contribute to 
the success or failure of organ preservation. . 

It has not until recently been possible to preserve whole 
kidneys for longer than 6-8 h using simple hypothermic 
methods. The clinical use of kidney transplants has been 
severely hindered by the limited period available for 
successful preservation. The use of a lysosomal stabilizer 
permittmg longer storage, even for a few hours, would be 
an advantage. 

In summary, chloroquine and hydrocortisone have been 
shown to have beneficial effects on the storage of whole 
organs in vitro. A possible mechanism of action for these 
agents may be the stabilization of lysosomal membranes 
and the protection of the cell against autodigestion. 

I thank Glenn Rittenhouse and Jack Heaton, U.S. 
Navy, for their excellent assistance. 
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Assay of Neutralizing Antibody : Increased 
Sensitivity of Assay by Plating on Salt- 
deficient Agar 


In the course of assaying neutralizing antibody to T2 
phage, it was noted that the sensitivity of the assay could 
be improved by plating the phage on a medium which 
had a low concentration of sodium ions. 

The method used is modelled on that given in Adams’. 
The hard agar layer was prepared by dissolving 15 g 
of nutrient broth (Difco) and 15 g of ‘Bacto-Agar’ 
(Difco) in 1 1. of distilled water. The soft agar layer was 
made by dissolving 8 g of nutrient broth per litre of dis- 
tilled water and adding 7-5 g of ‘Bacto-Agar’. A 5-0 ml, 
suspension of Escherichia colt B was prepared, in a nutrient 
broth solution containmg 8 g of nutrient broth and 5 g of 
sodium chloride per litre, from an overnight agar slant. 
0-15 ml. of the H. cols suspension was 
added to 2-5 ml. of soft agar main- 
tained at 45°C. Dilutions of antisera 
and normal rabbit sera were made in 
the nutrient broth solution. 0-4 ml. 
of each serum dilution was assayed by 
adding 1,300-1,400 phage in 0-1 ml. of 
nutrient broth. After moubation for 
40 min, 0-1 ml. of the test solution 
was removed and added to 2-5 ml. of 
the soft agar containing F. colt B in 
early log phase. The soft agar layer 
prepared and plated in this manner 
contained 0:5 mg/ml. of sodium chlor- 
ide. Duplicate determinations were 
made on media containing 8 g of 
nutrient broth and 5 g of sodium 
chloride per litre plus the appropriate 
amount of agar for the layer being 
prepared. (These latter media will 
here be referred to as “standard” 
media.) 

Hershey ef al.? demonstrated that the 
efficiency of plating of phage T'2 was 
dependent on the concentration of elec- 
trolyte added to the agar medium m 
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Table 1. AVERAGHS OF DeTSRMINATIONS IN TRIPLIOATH WITH AN 8 PER CENT 
DISPERSION ABOUT THB MEAN 


T2 
Serum Plating Duution of serum phage 
tested medium 1/100 1/500 1/5,000 1/10,000 1/40,000 input 
Rabbit Standard 1 47 241 272 280 286 
antu-T2 
No.1 Balt 0 25 161 200 227 255 
ficient 
Rabbit Standard 801 286 821 821 x 286 
anti- Salt- 221 228 239 268 x 265 
R17 deficient 
Rabbit Standard 800 296 282 320 200 286 
normal Salt- 251 262 295 280 260 255 
deficient age 
T2 pl 
1/100 1/1,000 1/5,000 1/10,000 input 
Babbit Standard 0 47 Saro Ve 288 
ae Salt-deficiont 0 48 126 159 255 
0. 


The number of plaques seen on the salt-deficient agar is 10 5 per cent of that 
noted on the standard medium. 


which adsorption of the phage to the host cell occurred. 
The efficiency of plating was optimal when sodium ions 
were present at a concentration between 0-085 and 0-170 
moles/l. 

When T2 phage is plated on the salt-deficient medium 
the number of plaques appearing 18 10-5 per cent of the 
number noted if the same volume of T2 phage suspension 
is plated on ‘standard’ medium. The difference in 
efficiency of plating of phage T2 on these two types of 
media may hold only for this phage, because there was 
no difference in the efficiency of platmg of phage 7'7 on 
either medium. 

As shown in Table 1, inactivation of phage T2 by 
specific antibody is observed when the phages are plated 
on “standard” medium. The number of plaques in- 
activated is increased when plating is performed on salt- 
deficient agar. The reason for this phenomenon is not 
clear. It is possible that the interaction of antibody and 
phage T2 may be stabilized in an environment with a 
low concentration of sodium ions. Hershey et al.* observed 
that very dilute solutions of neutralizing antibody to 
phage T2 could increase the efficiency of plating on sealt- 
deficient media. At a serum dilution of 1/40,000, this 
phenomenon was not observed on the media used in these 
experiments. The method described in this communication 
may be of potential value in the assay of small amounts 
of neutralizing antibody to T2 phage. 

I thank Mrs. Hildegard Kuhl for able assistance. 
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Human Female Cycle of Urinary Oestrone 


THE patterns of urmary oestrone excretion during the 
human menstrual cycle which have been pubhshed! 
show two pronounced excretion peaks corresponding to 
ovulation and the luteal maximum which are between 
8 and 11 days apart with a mean of 9 days. Despite the 
imprecision of the assay methods, a very small rise of 
urinary oestrone excretion could often be observed 
during menstruation with a peak 8-10 days before the 
ovulation peak. The development of our specific, more 
sensitive and precise method for determining urinary 
oestrone‘ led us to the findmg of an 8—10 day cycle of this 
urinary oestrogen in the normal human male, and to the 
suggestion that the periods of the urinary oestrone cycles 
in males and females are similar’. We therefore inferred 
that the normal human menstrual cycle is made up of 
three distinct urinary oestrone cycles with peaks of ex- 
cretion between 8 and 11 days apart. The present com- 
munication gives the results of an investigation of the 
urinary oestrone excretion for the human menstrual cycle. 

Urme was collected from a normal menstruating female 
of 25 years, weight 140 Ib. and height 5 ft. 8 in., for 28 
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consecutive days—the length of this menstrual oycle. 
Activity and exercise during the period of urine collection 
were normal. Creatinine determinations were made by 
the method of Delory* and the oestrone determinations by 
the method of Exley and Corker‘. In order to detect the 
suspected small peak of urinary oestrone during the early 
days of the cycle most of the assays were carried out in 
tripheate or quadruplicate for the first 6 days. 

The urmary oestrone results, which have been corrected 
for creatinine excretion, are shown in Table 1. 


Table 1. URINARY ORSTRONE THROUGHOUT THM HUMAN MENSTRUAL CYCLE 


No. of Coefficlent* Mean 
Day of determna- Banpo of 
cycle tions (ug/24 h) variation (ug /24 h) 

1 2 1 88-1 52 5 25 1-45 

2 8 1-78-1-93 44 1-85 

8 3 2 10-2 26 3-3 218 
4f 4 8-18-B-42 8-8 8-80 

5 2 2:22-2:42 46 2-B2 

8 4 3 55-880 8-5 8-88 

7 1 5-10-5 28 +25 

8 1 9 90-10-10 09 10-00 
10 1 14-40-15 20 2-7 14:80 
12 1 16:56-17:80 28 18 95 
iát 1 17-08-17-40 10 17-20 
16 1 9-51-9°69 09 9-00 
18 1 T 27-7-5638 1:8 7:40 
20 1 -84-9 28 884 
22 1 10-15-10 25 O65 10:20 
24t 1 16-35-15-85 16 15:60 
26 1 5-66-~5-04 2-4 580 


* Coefficient of variation, range and mean results of single determinations 
calculated from at least 8 or usually 4 or 5 specific activities (ref. 4). 
+ Peaks of oestrone excretion. 


The results clearly indicate the high order of accuracy 
and precision of the assay method. Except for days 12 and 
14, none of the ranges of a particular result overlaps those 
of the others. The results show that there are three peake 
of urmary oestrone excretion with the peaks on days 4, 
14 and 24, and that this menstrual cycle if repeated could 
be subdivided into three phases of 8, 10 and 10 days’ 
duration. 

The results of this investigation of the human menstrual 
cycle therefore confirm our previous predictions’ and add 
strength to the view that the hormone cycles of males and 
females may be controlled by similar types of neural 
regulation of hormonal interplay. 

This work was supported m part by a grant from the 
U.S. National Institutes of Health (to M. C. L.). 
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Accumulation of Anthoxanthins and Imino- 
acids in Leaf Galls of Salix fragilis L. 


GALL formation in the Salicaceas is common, and sawflies 
are frequently responsible. Investigation of the chemical 
changes initiated by the insects was made on the leaf 
galls of Salix fragils L. produced by the sawfly Pontania 
proxima Lep. In preliminary studies, Challen' suggested 
that one phytochemical change initiated by P. proxima 
might be an accumulation of catechins, leucoantho- 
cyanidins and a ninhydrin positive substance. A red 
pigment, cyanidin-3-monoglucoside, was found in young 
leaves and galls by Blunden and Chalen’. In the present 
investigation a concentrated methanolic extract of fresh 
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galls was purified by band chromatography on Whatman 
No. 3MM paper, using distilled water as the solvent. 
The leucoanthocyamdin and catechin band, detected by 
spraying a marker strip of the chromatogram with 
vanillin (equal volumes of hydrochloric acid B.P., and a 
mixture of vanillin 2 per cent w/v + acetaldehyde 1 per 
cent v/v m 95 per cent ethanol), was cut out and eluted 
with 2 N hydrochlone acid. The leucoanthocyanidins were 
converted to their anthooyanidins by the method of 
Bate-Smuth? and purified by band chromatography. The 
eluted pigment was subjected to paper chromatography 
using methods recommended by Harborne‘. The antho- 
cyanidin had similar Rp values to a reference sample of 
cyanidin chloride in all three solvent systems used. 

The characteristics of the spectrum of the antho- 
cyanidin were determined by Harborne’s method’. The 
Amax Of the pure anthocyanidin, and the spectral shift 
obtained on the addition of aluminium chloride solution, 
was the same for both the unknown pigment and cyanidin 
chloride. From the spectral and chromatographic char- 
acteristics of the compound, the anthocyanidin formed 
from the leucoanthocyanidins was identified as cyanidin. 

The catechin substances were extracted and purified as 
described for leucoanthocyanidins, but elution was with 
95 per cent ethanol. The concentrated eluate was exam- 
ined by paper chromatography, using solvent systems 
given by Lederer and Lederer! and as locating reagents, 
0-1 per cent w/v ferric chloride solution, followed by 
exposure to ammonia fumes (Roberts and Wood’). The 

‘chromatograms produced, using three solvent systems, 
showed two spots, which, on the basis of their chromato- 
graphic behaviour and colour reactions, were identified as 
D-catechin and L-epicatechin. 

Ths distribution of the catechins and leucoantho- 
cyanidins in leaf and gall tissue was determined by 
examination of plant material at different stages of 
maturity. The following collections were made: (a) normal 
leaves which were young and tinged red, (b) normal 
leaves which were mature and dark green, (c) young 
galls which contained eggs, (d) older galls which were 
yellow and contained larvae, and (e) mature galls which were 
tinged red, with larvae still present. Transverse sections 
of these specimens were cut and mounted in vanillin 
reagent. All gall sections showed strong red staining with 
vanillin in the outer region, but only slight coloration in 
the inner region. Sections of both young and mature 
leaves stained only slightly red. 

The red colour with the vanillin reagent was caused by 
catechins and leucoanthocyanidins and showed that 
marked accumulation of these compounds occurs in the 
outer region of the gall, but not in the inner region. 
Traces of these substances are, however, found in the 
inner regions of the gall, the mesophyll of young leaves 
and of mature leaves unaffected by the insect. 

Extracts of the leaves, leaves freed from galls and of 
galls themselves were collected and analysed spectro- 
photometrically using the colour reaction with vanillin 
(as outlined by Swain and Hillis*) to give quantitative 
data on the catechins and leucoanthocyanidins. The data 
in Table 1 show that there is 2-8 times as much of these 
substances in gall tissues as in unaffected leaves and 
leaves freed from galls. There is also some evidence that 
the concentration of catechins and leucoanthocyanidins 
falls as the larvae develop. The results, calculated as the 
weight of catechins and leucoanthocyanidins ın each 
organ, indicate an increased accumulation as leaves and 
galls develop. 

Freshly collected galls, 1,250 g, were macerated in 1 1. 
of 70 per cent ethanol, and extracted three times with 
11. of boiling water. The combined extracts were filtered, 
the alcohol recovered under reduced pressure and the 
aqueous solution was passed through an ‘Amberlite T.R. 
120° column, as described by Virtanen and Kari’. This 
extract was compared with an extract of fresh leaves, 
prepared as already described, by two way thin layer 
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Table 1. AMOUNTS* OF CATROHINS AND LBUCOANTHOCYANIDINS PRESENT 
IN LEAVES, LEAVES FRHED FROM GALLS AND GALLS AT VARIOUS STAGES OF 


Cand L Average dry 


Material O and L (ug/mg welght per 

(vg/organ) dry weight) organ (mg) 
Mature leaves (normal) (b 108 20 100 
Leaves freed from young galls (0) 125 66 22 
Leaves freed from older ( 162 26 60 
Leaves freed from mature galls (a) 255 26 98 
Young galls (c) 142 129 11 
Older galls ( 2 206 20 6 10 
Mature galls (s) 242 121 20 


N.B., Sample (a) of young leaves (normal) too small for amay. 
* Rach figure Toprosenta mean of four de tions. 
C, Catechins; L, leucoanthocyanidins. 


chromatography, using layers of silica gel G, 250p thick, 
and a mixture of chloroform, methanol and 17 per cent 
ammonia (2: 2:1 v/v) as the solvent for the first direction 
and each of: (a) propanol—-water (64:36 w/w); (b) 
n-butenol-acetic acid—water (60:20:20 w/w); and 
(c) phenol-water (4:1 w/w) as the other solvents. The 
spots were detected with a 0-1 per cent w/v solution of 
ninhydrin in acetone and a 0-2 per cent solution of isatin 
in n-butanol containing 4 per cent acetic acid. The 
colours were developed by heating the plates at 100° C 
for 10 min. 

The amino-acid chromatograms obtained from the 
extracts of both the gall and the leaf showed very similar 
patterns of ninhydrin positive spots, with the exception 
of two spots, A and B, which were prominent in the gall, 
but which were scarcely detectable m the leaf. Both 
these spots gave strong blue colours with ninhydrin and a 
blue-green colour with 1satin. From colour reactions! and 
spot intensification with authentic reference substances, the 
amimo-acids present ın both the gall and leaf were identified 
as lysine, arginine, aspartic acid, glutamic acid, serine, 
asparagine, y-amino-butyric acid, ethanolamine, histidine, 
proline, a-alanine, threonine, valine, tyrosine, iso-leucine, 
leucine, tryptophan and phenyl alanine. Both the nin- 
hydrin positive compounds A and B were also detected 
in the bark and wood of the stems. 

Imino-acids were separated from the crude amino-acid 
extract of the galls by the method of Witkop and Foltz! 
and again purified by ion exchange chromatography. This 
purification isolated proline and the two compounds A 
and B; the spot size of A on thin layer chromatograms 
was considerably greater than that of B. Both A and B 
were shown to be imino compounds by their separation 
from the amino-acids through their N-nitroso derivatives, 
and compound B was concluded to be 5-hydroxy-pipecolic 
acid as a result of its identical colour and chromatographic 
behaviour with an authentic sample of the acid. Using 
the three two way chromatographic systems already 
described, all the 1mino-acids tested were easily separated 
and clearly identified. 

Compound A and the piperidine imino-acids gave 
similar colours, with ninhydrin and isatin, and they 
developed at the same time after spraying. Colour pro- 
duction for amino-acids was rapid, but was slow for the 
imino-acids, which had to be heated. The unknown 
imino-acid A separated from authentic samples of piper- 
idine 2-carboxylic, piperidine-3-carboxylic and piperidine-4 
carboxyhe acids, 4-hydroxy- and 5-hydroxy-pipecolic acids 
and gave a colour reaction with satin, which differentiated 
it from 3-hydroxy-pipecolic acid, which does not give a 
colour with this reagent}*. Isolation and purification of 
this unknown imino-acid proved difficult because of the 
small quantity of gall material available and the difficulty 
of separating the compound from yellow coloured im- 
purities in the later stages of isolation. 

Changes in the amino-acid composition of gall tissues 
as compared with normal tissue have been recorded by 
many workers, and an accumulation of imino-acids, 
including pipecolic acid'*-15, proline!*!* and hydroxy- 
proline! has been reported in gall and diseased tissues. 

From the results obtamed with S. fragilis, an accumu- 
lation of two imino-acids was found in the leaf galls: one 
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of these was identified as 5-hydroxy-pipecolic acid, but 
the second was unidentified, although the chromato- 
graphic evidence and colour reactions indicate that it is 
a piperidine compound not previously isolated from plants. 
The accumulation of these two imino-acids in gall tissue 
has not been reported earlier. 
We thank Prof. Virtanen for samples of 4-hydroxy- 
and 5-hydroxy-pipecolic acids, and Prof. Clark-Lewis for 
a sample of trans-4-hydroxy-t-pipecohe acid. 
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Disc Electrophoresis of Proteins from 
Juvenile and Aduit Specimens of Ivy 


Curran planta exhibit marked differences in leaf di- 
morphism and other characters at different stages of 
growth from the early seedling to the adult plant capable 
of flowering and fruiting. Few investigations have been 
made on the chemical differences which accompany these 
changes. Hess?, working with English ivy, Hedera helix 
Linn., found larger amounts of certain growth promoting 
or root forming materials, as identified by the mung 
bean test, in the juvenile shoots than in adult flowering 
and fruiting stems. He has been able to identify several 
of those substances as phenolic compounds. 

Juvenile English rvy shoots form vines, with flattened 
stems, and palmate leaves in a dorsiventral arrangement. 
Aerial roots and an abundance of anthocyanin pigments 
are common. On the other hand, the leaves in the adult 
form are entirely and spirally arranged. The stems are 
stiff and upright, rarely forming eerial roots. 

The following investigations were conducted in the 
laboratories of the Department of Agricultural Science, 
University of California, Los Angelos. The purpose was 
to determine if differences in natural proteins, especially 
basic protein, including histones, exist between the two 
stages of growth. Analyses were made on leaves of 
Algerian ivy, H. canariensis Willd., and also on tissue 
cultures which were established from juvenile and adult 
English 1vy stems according to the methods of Stoutemyer 
and Britt?. 

Proteins from these leaves or tissue cultures were ex- 
tracted with one of the following three procedures: (1) 
Extraction with phosphate buffer. After the removal of 
lipid substances by the treatment with cold acetone, 
the materials wore homogenized with 0-05 molar phosphate 
buffer, pH 7-0, containng 0-5 mg cysteine per 1 ml. 
After storing in the refrigerator for 24 h, the homogenate 
was centrifuged and further filtered. Crude proteins were 
precipitated with ammonium sulphate and then lyo- 
philized after dialysis against water. (2) Extraction with 
distilled water containing mercaptoethanol. Tissue cul- 
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Electrophoretic patterns of 0-01 M mercaptoethanol-soluble 


Fig. 1. 
j proteins from tissue cultures. A, Adult; J, juvenile. 


tures were homogenized gently with 0-01 molar morcapto- 
ethanol, pH 6-0, using a ‘Teflon’ bar. The homogenate was 
centrifuged, and the supernatant was filtered. They were 
lyophilized after dialysis against water. (3) Extraction 
with 0-25 normal hydrochloric acid, according to the 
procedure for histone extraction by Iwai?. Fresh tissues 
were lyophilized directly, and lipid substances were re- 
moved by acetone from the materials. The dried powder 
was mixed with 0-25 normal hydrochloric acid, kept in a 
refngerator for 90 min., with occasional stirring, and then 
centrifuged and further filtered; the extract solution 
was dialysed against water, pH 3-0 for 48 h. Precipitates 
produced during dialysis were gathered by centrifugation ; 
the precipitate was resuspended in water and then lyo- 
philized. 

Dise electrophoresis was carried out mm columns of 
polyacrylamide gels according to tho procedure of Ornstein 
and Davis‘. Standard gels and tray buffer were used for 
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Fig 2. Electrophoretic patterns of the basic proteins from tissue cultures, 
A, Adult; J, Juvenile. 
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the samples extracted with phosphate buffer and also 
with 0-01 molar mercaptoethanol. 11-5 per cent acrylamide 
was adopted in a small pore gel. 1 molar urea was added 
to both small pore and large pore gels. The pH value of 
stock solution B was 6-3 instead of 6-9. Gels with pH 4-3 
were used: for the sample extracted with 0-25 normal 
hydrochloric acid, according to Reisfeld et al. and also 
Neidle and Waelsch*. The small pore gel solution con- 
tained 0-5 part A, 1-5 parts C, 2 parts D, 1 part E, and 
-4 parts water. 3 molar urea was added to both small 
pore and large pore gels. Electric current was adjusted to 
3-5 mamp per tube for 60 min in the case of samples 
soluble in buffer and in 0-01 molar mercaptoethanol, 
and to 2 m.amp per tube for 60 min, with electrodes 
reversed, in the case of basic protein samples. The staining 
was done by 1 per cent amido black in 7 per cent acetic 
acid saturated with mercurous chloride. 

Crude protem samples extracted with buffer solution 
showed too many bands for exact identification of in- 
dividual bands. Therefore, these samples were further 
separated into two parts by precipitating first with 50 per 
cent ammonium sulphate, and later a saturated solution. 
The first precipitate (large molecule proteins) gave in- 
distinct bands, but the saturated solution precipitate 
(small molecule proteins) gave fairly distinct bands. 
In the latter fractions, some differences in the pattern of 
bands were recognized between adult and juvenile leaves. 
That is, band 1 (Rr = 0-72) and band 2 (Rr = 0-63) were 
very strong in adult samples, while in the juvenile band 1 
was very weak and the Rp of band 2 was 0:66. 

_  Protems extracted with 0-01 molar mercaptoethanol 

gave a good pattern of bands. When the adult and 
juvenile were compared, as seen in Fig. 1, some clear 
differences between bands were recognized. That is, 
band 1 (Rr = 0-74) and band 2 (Rr = 0-66) m the protein 
from adult cultures were a heavier colour than similar 
bands from the juvenile or from seedling cultures; how- 
ever, band 3 (Rr = 0-61) and band 4 (Rr = 0-56) were 
weaker than in juvenile and seedling materials. It is 
interesting that these Rr positions nearly correspond to 
similar bands in buffer-soluble proteins where differences 
between juvenile and adult were also observed. However, 
it 18 not clear that the differences between juvenile and 
adult ın the two types of samples were due to simular 
proteins. 

Basic proteins of H. helw tissue cultures showed several 
separate bands, including some bands near the Rp position 
of a commercial preparation of animal histone (calf 
thymus, Calbiochem Co.). As shown in Figs. 2 and 3, 
band 5 (peak 5) is much stronger in adult cultures than 
that in seedlings. Further, band 3 (peak 3) is clear in 
adult but indistinct m seedling cultures. Band 8 (peak 8) 
13 much stronger in seeding cultures than in adult 
cultures. Bands 3, 4, and 5 nearly correspond to the Rr 
. position of histone. Recent investigations by Bonner 
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et al.? and Huang and Bonner! have shown that 
nucleohistone has an important role in regula- 
ting the function of DNA, and Neidle and 
Waelsch* have demonstrated the different pat- 
tern of disc electrophoretic bands in histones 
between adult and newborn liver or brain. 
Although the basic protems in tho present 
expermment were extracted from whole cella, it 
is noteworthy that there are clear differences 
between adult and seedling samples in the Rr 
position which correspond to that of histone. 
Some exceptional results were obtained m 
the present experiments; the protein samples 
(0-01 molar mercapto-ethanol soluble) taken 
from slow growing tissues in seedlings showed 
Ongn almost the same pattern of bands as the 
+ adult. With the basic proteins some samples 
taken from slow growing juvenile tissue cul- 
ne, tures also showed almost the same pattern 
of bands as that in adult tissues. These 
results suggest that these similarities in proteins may 
depend on the growth conditions; that is slow growing 
tissues from juvenile stems or seedlings have been changed 
to resemble closely cultures taken from shoots in tho 
adult stage. When adult tissues and normally rapid grow- 
mg juvenile or seedling tissues have been compared, 
however, it has been shown that there are differences in 
the nature of their proteins. The results may help to 
resolve biochemically the problem of yuvenility in ivy. 
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Protein Synthesis in the Absence of Cell 
Division during the Development of Artemia 
salina Embryos 


Durme pre-emergence development of encysted embryos 
of Artemia salina, differentiation and morphogenesis 
occur in the absence of cell division?, without an increase 
im protein and total nitrogen* and without appreciable 
changes in the total amounts of DNA and RNA®. The 
present report demonstrates the occurrence of protein 
synthesis durmg this period of their development. 

The encysted embryos of Artemia enter a period of 
obligatory dormancy before or during the gastrula stage‘. 
(There ıs some controversy as to the exact stage at which 
the embryo enters dormancy; some claim it to be a 
blastulat, others a gastrula‘ or later stage’. My histo- 
logical studies favour gastrula, and this stage has been 
used here to describe encysted embryos that have not 
terminated dormancy.) Development resumes after the 
embryo has been desiccated and re-hydrated under the 
proper conditions of oxygen, temperature and osmotic 
pressure’, The embryo then differentiates into a pre- 
nauplius larva which emerges from the cyst. This period 
between hydration of the cyst and subsequent emergence 
of the pre-nauplius is referred to as ‘‘pre-emergence 
development”. Further development after emergence 
results in the formation of the nauplius. 

Dried encysted gastrulae were washed’, treated with 
antiformin! and then further sterilized with ‘Merthiolate’*. 
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Fig. 1. Incorporation of amino-acid into protem during development. 
— —', Percentage of emergence, —@—, *O-leucine incorporated; 
—O-—, C-protein hydrolysate incorporated 


For incubation, 150 mg wet weight of sterile encysted 
gastrulae were placed into small flasks containing 1-0 ml. 
of incubation medium—as. sterile solution of 0-2 M sodium 
chloride in 0:05 M sodium phosphate buffer (pH 6-4) 
contaming 700 units of penicillin G and 100 ug of strepto- 
mycin/ml.—and 0-5 po. of the radioactive amino-acid 
L-leucine-U-“C, 10-8 me.fmmole, or a protein hydro- 
lysate labelled with carbon-14 (8-5 mc./mmole). In the 
carbon-14 dioxide experiments, flasks with side arms 
containing a few drops of concentrated sulphuric acid were 
used. After sealing the flask, 1 e. of sodium carbonate 
labelled with carbon-14 was injected into the acid, 
releasing carbon-14 dioxide into the gas phase. After 
incubation at 30° C with gentle shaking, the embryos were 
collected by filtration and washed with incubation medium. 
The protein fraction was obtained’, dissolved with formic 
acid, and centrifuged at low speed to remove suspended 
chitin. Equal portions of the supernatant were placed 
on stainless steel planchets for the determination of 
radioactivity. Protein was estimated by the method of 
Lowry et a.t. 

Initial experiments involved the use of amino-acids 
labelled with carbon-14 to determine the time schedule of 
amino-acid incorporation into protein during development. 
Appreciable incorporation of the exogenous amino-acids 
was not observed until shortly after the pre-nauplii began 
to emerge from the cyste (Fig. 1). Later, incorporation of 
radioactivity into protein increased markedly with time 
and percentage of emergence. 

This lack of appreciable amino-acid incorporation during 
pre-emergence can be explained either by the absence of 
protein synthesis during this time, or by the impermeability 
of encysted embryos to exogenous amino-acids. To examine 
these alternatives, use was made of the fact that these 
embryos are permeable to gases, and also of studies by 
others"!:1* showing that carbon-14 dioxide can be used 
to study the synthesis of macromolecules. 

Encysted gastrulae were exposed to carbon-14 dioxide 
for three consecutive hours during their development. 
The embryos were then fractionated using a mod:fied 
Schmidt-Thannhauser procedure! and the fractions 
assayed for radioactivity (Table 1). A significant per- 
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centage of the total incorporated radioactivity appeared 
in the protein fraction during the first 3 h of pre-emergence 
development and this increased as development continued. 
Preliminary examination of acid hydrolysates of these 
protein fractions (6 N hydrochloric acid for 16 h at 105° C) 
has revealed that most of the radioactivity is in glutamic 
and aspartic acids. These results, together with the fact 
that some of the radioactivity in the fraction soluble 
in ethanol ıs thought to be meorporated into protein", 
strongly suggest that protein synthesis occurs throughout 
pre-emergence development. Consequently, the lack of 
exogenous amino-acid incorporation into protein before 
emergence (Fig. 1) is probably a result of the imper- 
meability of the embryo during this stage. 


Table 1. DISTRIBUTION OF RADIOACTIVITY IN VARIOUS FRACTIONS OF 
Artemia EMBRYOS AFTER INCUBATION WITH CARBON-14 DIOXIDE 


Percentage of the total recovered 


Time of exposure radioactivity* Percentage 
to “OO, during Cold TCA Ethanol Hot TCA of embryos 
development (h) solublet soluble soluble Insoluble emi t 

Oto 3 78-8 5-2 16 16-6 0 
8 to 6 68-8 67 29 20 5 0 
6to 9 66-0 78 37 21-7 4:3 
9 to 12 60-0 91 5-0 24-6 86-1 
12 to 15 56:7 107 5-1 257 66 2 


* Total mcorporation of carbon-14 dioxide varied from 10,902 to 12,353 
c.p.m /100 mg wet weight of embryos; recovery ranged from 91 to 108 per 
cent. The “hot ether-ethanol” fraction has not been mcluded; this contained 
0-9-2 5 per cent of the radioactrvity 

t In very general terms the cold trichloroacetic acid (TCA) soluble fraction 
sontaing smal! molecules and most of the non-clitin polysaccharides; the 
ethanol soluble fraction contains mostly oligopeptides and certain lipids; the 
hot TCA soluble fraction contains nucleic acid and some protem and poly- 
saccharide; the insoluble fraction consists mostly of protein 

t Emergence was measured after 8, 6, 9, 12 and 15 h of cubation. 


The distribution of radioactivity in the other fractions is 
not markedly different from results obtamed by others 
using frog embryos1#, with one significant exception. 
Very little radioactivity was incorporated into the nucleic 
acid fraction obtained from Artemia embryos during 
pre-emergence development (Table 1). This result does not 
seom to have arisen from any fractionation artefacts, 
because it has been shown by paper chomatography that 
deoxyribonucleic acid and mbonucleic acid are present. 
Because the differentiating embryo is undergoing active 
protein synthesis it was expected that a substantial amount 
of the incorporated radioactivity would be found in the 
nucleic acids. With frog embryos, for example, as much as 
50 per cent of the total incorporated radioactivity was 
found in the nucleic acid fraction when gastrulae or 
neurulae were incubated with “CO,, whereas Artemia 
embryos incorporated a maximum of only about 5 per 
cent. Because this ıs a crude fraction, the amount of 
radioactivity actually present in the nucleic acids may be 
even less than tho values given in Table 1. Further in- 
vestigations of this finding are bemg carried out. 

The observation that encysted embryos ın pre-emergence 
development are synthesizing proteins and undergoing 
differentiation at a time when cell division and net growth 
have not been detected merits further consideration m 
terms of current views of differentiation. It 1s generally 
agreed that the differential synthesis of specific proteins, 
usually enzymes, is related to the occurrence of cellular 
differentiation. Cellular differentiation in metazoan 
embryos, however, is also accompanied by cell division— 
at least in terms of the entire embryo. Consequently, 
investigations involving the incorporation of amino-acids 
into the total protein fraction of such embryos are fre- 
quently difficult to interpret quantitatively with regard to 
differentiation. The reason for this is that the concurrent 
process of cell division also requires protem synthesis, 
but is not necessarily related to the differentiation process 
itself, as for example in early cleavage. It is possible, 
therefore, that the Artemia embryo might provide a 
differentiating system in which the relationship between 
protein synthesis and cellular differentiation might be 
profitably examined without the complexities outlined 
here. 
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PHYSIOLOGY 


Systolic Blood Pressure in Eight Inbred 
Strains of Mice 


Ir has been demonstrated that genetic factors determine 
to some degree the blood pressure of rats! and micet. 
During the course of development of inbred strains, genes 
affecting blood pressure and all other traits are fixed 
within & strain and the strans may show differences 
because of the random fixation of these genes. Strains of 
mice with relatively low or high blood pressures are poten- 
tially useful in physiological mvestigations, as the genetic 
variability affecting the trait would be controlled within 
a strain. The present work was undertaken to characterize 
eight inbred strains of mice of diverse genetic ongin with 
respect to systolic blood pressure. 

The strains were highly inbred, and had been pro- 
pagated for 30-120 generations by brother—sister matings. 
Forty mature males from the breeding colonies of each 
strain were measured. They ranged in age from 6 to 10 
months; most of the animals were 8 or 9 months old. 
They were kept one to a cage for 1-3 weeks until their 
blood pressures were measured. 

Systolic blood pressure was determined by occluding 
the flow of blood in the tail and recording the pressure 
at which the pulse reappeared distal to the cuff as the cuff 
was deflated. The occluding cuff was 25 mm in length 
and was placed as near the base of the tail as possible. 
A pulse sensing bulb was attached immediately distal to 
the cuff and changes in the volume of the tail were ampli- 
fied by a pneumatic pulse transducer. The pressure in the 
euff and the pulse were superimposed on one recording 
on a physiograph (E and M Instrument Co.). The mouse 
was unanaesthetized but restrained in a plastio holder and 
warmed to 37-5° + 1°C by a heating element under the 
holder. The animal was handled as little as possible before 
introduction into the holder, and most animals quickly 
became accustomed to the holder and warmth. Approxi- 
mately 5 per cent of the mice could not be measured 
because movement by the mouse during the measurement 
caused fluctuations on the recordings which make the 
measurement unreadable. Blood pressure measurements 
were taken st 30 sec intervals and ten measurements 
were taken on each of 2 successive days. Age, weight, 
reading number, temperature in the restraining cage 
and the time of measurement were recorded for pe 
animal. 

The validity of the method. was established. by thirty- 
five simultaneous recordings of direct and indirect blood 
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Table 1. MULTIPLE REGRESSION CORFFICIENTS (bi) OF SYSTOLIO BLOOD 
PRESSURE ON FIVB VARIABLES 


Multiple regression coeffiaents 
Strain ba 
bı ba ba Reading b, Rt 
Age Weight Time No. T? 
SILI 1-692 —0 802 0 064 0 806 0 262 0-285* 
OBA{J 1 008 0-480 2-379 0-546 -0100 0-260" 
C&7BL/6J 0984 -0757 4001 0-101 0 1286 0 218* 
BALBjeJ 0105 —1 292 1:204 œ800 —0 116 0118 n.s. 
DBA[2J  —8728 0 826 0-821 0-498 0-081 0 09$ n s. 
129, —1:708 -1776 -3322 0660 ~0 028 0 108 ne. 
Af -0160 ~-0493 -1 0485 ~0-870 0041 n8 
RF[J —1-739 0:112 —4°761 0201 0-327 0 128 n.s. 
*P<005. 
2.8., Not significant. 


pressure determinations. Mioe were anaesthetized with 
pentobarbital sodium (1 part to 9 parts distilled water) 
injected intrapsritoneally (about 0:3 c.c. per mouse). 
A 27 gauge needle attached to 9 cm of ‘Tygon’ tubing was 
inserted into the exposed carotid artery and the pressure 
was recorded through a pressure transducer (E and M, 
linear core). Indirect blood pressure determinations were 
recorded in the usual manner from the tail while the direct 
measurements were obtained. The correlation between the 
two measures was 0:92 (P< 0-001). 

The effects of age, weight, reading number, temperature 
in the restraining cage, and time of measurement on blood 
pressure were assessed by multiple regression techniques 
(Table 1), In three strams, SJL/J, OBA/J, and O5TBL/86J, 
a significant proportion of the total variation was explained 
by the regression equation, and the coefficients underlined 
in the table designate the variables that were significantly 
related to blood pressure within a strain. The lack of 
consistency, both in the sign and in the magnitude of the 
coefficients, indicated that no meaningful adjustment of 
blood pressure values could be made to compensate for the 
differences in these measurable variables between strains. 
Fortunately, most of these variables were within a rather 
narrow range and reasonably comparable across strains. 

The effect of age on the blood pressure of mice has been 
investigated by others. Henry et al. could find no increase 
with age after maturation in the OBA strain of mice, but 
Wu and Visscher? demonstrated a tendency for blood 
pressure to rise with age (25 to 32 months) in a C3H 
strain of mice. 

The SJL/J mice were the oldest mice and showed a 
significant positive linear relationship between blood 
pressure and age. The OBA, which showed a significant 
negative relationship, were the youngest. No trends were 
discernible when the values were plotted because these are 
partial regression coefficients, that is, the regression of 
blood pressure on age was calculated for fixed values of 
the other variables. It appears, therefore, that the 
response of increasing blood pressure with mcreasing age 
may be quite different from strain to stram and, conse- 
quently, a genetic factor may be involved in the regulation 
of the response. The strain means for blood pressure and 
age did not appear to be related. The youngest and oldest 
mice in strains showing intermediate values of blood 
pressure were not significantly different from one another. 

The partial regression of blood pressure on body weight 
was not significant within any of the eight inbred strains 
of mice in this study. This is in agreement with the lack 
of association of body weight and blood pressure reported 
for cats, rabbits and rats. 

Chevillard eż al.? found that mice measured in the 
afternoon tended to have significantly higher blood 
pressures than, those measured in the morning. Four 
of our strains were measured in the morning and afternoon 
and two of these, CBA/J and 057B/6J, showed a rela- 
tionship between the time of day when they were measured 
and the blood pressure, when the other variables were 
held constant. When the morning and afternoon 
were separated and compared it was found that all four 
strains showed higher readings in the afternoon, and that 
the BALB/cJ and CBA|J strains had statistically signifi- 
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Table 2. MEANS AND STANDARD ERRORS OF MHANS FOR BLOOD PRESSURE 
AGE AND V EIGHT OF EIGHT INBRED STRAINS OF ALICE 
Forty mice measured In each strain 


Blood pressure Age Weight 
Strain (mm of mercury) (weeks) (i 

TH 8442 3438405 81-6406 
129/J 892 88 840-4 27-2408 
DBAJ2J 8042 29 240-2 804404 
O&7 BLOT 9342 841418 28-3 +11 
SILT 06+2 863404 29-8 + 0-4 
RP/J 96+2 24-74 0-4 84-2+0-3 
OBA/J 97+2 28 204 89-8407 
BALBIot 106 +2 85-9 + 0-4 29-9 + 0-4 


cantly higher blood pressures in the afternoon (6 and 
8 mm of mercury difference, respectively). 

Fregly® showed that when blood pressure is measured 
repeatedly in the rat, there tends to be a decrease in the 
blood pressure during the first 4 min and a relatively 
stable level is mamtained thereafter. By contrast, the 
blood pressure of the mouse gradually rose with repeated 
measurement, but the partial regression was not signifi- 
cant in any of the eight strains. 

Temperature has a known effect on blood pressure 
in rats*, but no consistent effect was evident in this 
experiment over the range of a few degrees centigrade. 

The means and standard errors for blood pressure, age 
and weight of each strain are given in Table 2. The blood 
pressure means are significantly different from one another 
when tested by the analysis of variance (F = 11-23; 
P<0-01). The difference between the blood pressure 
of the A/J and BALB/cJ strains exceeded 20 mm of 
mercury, which is greater than ten times the standard 
error of the means of either of these strains. 

An additional sample of seventeen male mice from each 
of the A/J and BALB/cJ strains were measured. These 
mice were 7~8 months old and 6 readings were obtained 
on each of four consecutive days. The mean systolic 
blood pressures were 86 + 1 for the A/J and 103 + 1 
for the BALB/cJ. This difference is also evident in 
younger mice, Five blood pressure readings were taken 
at 100 and 150 days for each of fifteen males in each of 
the two strains. The ten readings were averaged for each 
male and the mean for the strain was calculated from 
these averages. The 4/.J strain had a mean blood pressure 
of 79 + 1 compared with 98 + 2 for the BALB/cJ strain. 

It is concluded from this study that mice of the A/J 
and BALB/cJ strains can be used to great advantage in 
blood pressure research as their average systolic blood 
pressures consistently differ from one another by about 
20 mm of mercury. 

This work was supported in part by grants from the 
American Cancer Society and the U.8. Public Health 
Service. 
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Oscillographic Analysis of some Proprioceptors 
in the Scorpion Heterometrus fulvipes 


Exonpt for the investigations of Parry!, Pringle’, Walcott 
and Van Der Kloot? and Salpeter and Walcott‘ no detailed 
information is available about the structure and physiology 
of the several mechanoreceptors in arachnids. During 
extensive neurophysiological investigations of the arach- 
nids in this laboratory* we have discovered some interesting 
proprioceptors in the scorpion. A detailed investigation 
of the anatomical organization and the physiological 
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properties of these receptors has been made’, and what- 
follows is a brief report of the results. oe 

There are groups of sensory cells at the joints of the + 
podomeres in all the limbs of the scorpion. Of these | 
scolopophorous sense organs that at the joint of the } 
femur and patella is particularly accessible to electro- ' 
physiological analysis. The dorsal small leg nerve arises ' 
in part from the group of cells located at the anterodorsal { 
aide of the joint. The organ consists of several sensory ~ = 
cells grouped into a compact type of scolopophorous. 
organ. Recording from the dorsal leg nerve reveals con- 
siderable ‘‘spontaneous’” activity. Moving the patella ,, 
outward, so as to open or stretch the joint, results in $ 
increased activity in the nerve. 

Analysis of the electrical activity in the nerve has 
revealed the following facts. 

The sense organ responds to movement of the patella f 
by an increase or decrease of impulse discharge depending y 
on the direction and velocity of movement. Several types + 
of units could be distinguished. At least twenty different 
active units were recognizable and could be olassified 
into slowly adapting tonic, quickly adapting phasic and js 
phasic-tonic units. As the joint is opened slowly, more * 
and more large units arerecruited until the joint is fully open ; 
in these circumstances there is an increase in the activity 
of the large units which is proportional to the position 
of the joint in degrees. The response of the receptor 
can be analysed ir terms of the range of movement 
within the whole are of movement or, in other words, the 
receptor exhibits range fractionation as has previously x 
been described for the crayfish’. Forced and rapid move- 
ments to open the joint result in an “on” burst.in theg., 
larger units while similar movements to close the joint 
result in an “on” burst in smaller units. ; 

The direction of movement of the joint during slow 
opening and closure is distinguished by the differential 
response of the same units. The start of the movement is t j 
monitored by phasic units which show quick adaptation’ t 
with a peak response within the first second. Eri 

The velocity of movement is also monitored by this \ 
receptor. In some of the units, increased speed of move- .7 
ment enhances the initial frequency of firing and makes ~“, 
the peak earlier. The scolopophorous organ at the femur— 
patella joint is therefore equipped to detect and measure 
the onset, direction and velocity of movement. It is 
also able to determine the position of the patella within 
the movement arc. i 

Another set of scolopophorous organs has been dis- 
covered as two pairs in each of the segments of the meta- 
soma. On each side in the segment, two organs (say, A 
Organ I and Organ II) are mounted on a receptor fibre st 
bundle made up of spesial (modified) muscle fibres. The 
bundle is closely applied to one of the bundles of the 
lateral arthrodiosternal muscle. Organ I, which is anterior, 
consists of a small number of relatively large cells in ad- | 
dition to some small ones, while Organ II has a large 
number of smaller cells by themselves. The fibres arising 
from each of these organs form separate nerves which 
run into the segmental ganglion. 

The electrical activity in these nerves shows that the 
receptors are concerned with monitoring {he bending 
movements of the metasoma (“tail”) and the sting. In 
the anterior metasomatic segments responses could be: 
obtained from these two organs when the tail was pulled 
back and then released in the horizontal position. The 
rate of release of the stretch determined the frequency of 
the burst. Similarly, movement of the tail upward and 
forward resulted in a change in the pattern of activity 
of the large units. 

Organs I and IT in the last metasomatic segment 
are of particular importance since they monitor the 
movements of the sting. Organ I exhibited minimum 
activity when the sting is held vertically, or at 90° to 
the horizontal relative to the last metasomatic segment. 
Movement of the sting either backwards or forwards: 
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enhanced the frequency of activity of the several units. 
Five types of unit could be recognized on the basis of 
~ their pattern of response, and these exhibit some degree 

‘of range fractionation. One of these units is responsive 

k. only to backward movement of the sting. The majority 
of the units in Organ I are tomo in nature and adapt very 
slowly. But a few are relatively quick in adapting. 

Recordings from Organ IT of the last metasomatic 
segment showed a dominant unit during the forward 
movement of the sting, besides at least three other smaller 
units. Rapid forward and backward movement of the 
ating resulted in bursts of impulses from large phasio 
units during forward movement only. During slow 

. movement, activity consisted of predominantly small 

; units. 

. Thus Organ II appears to monitor primarily the 
forward movement of the sting while Organ I responds 
to movement in both directions but exhibits greater 
activity during backward movement. 
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Simultaneous Determination of Membrane 
Potential and Intracellular lon Concentrations 
in Single Nerve Axons 


Ona major obstacle to the understanding of the function 
of the nerve membrane has been the difficulty of obtaining 
reliable figures for intracellular ion concentrations. As a 
rule, only one ion concentration at a time has been 
determined and then only as an average from a whole 
nerve bundle. The best results have been obtained with 
the large squid axons, but even for these the intracellular 
concentration of chloride was not well known until a few 
years ago’. A method is described here which permits the 

- sunultaneous determination of membrane potential and 
intracellular concentrations of sodium, potassium and 
chloride in single axons. The technique also enables 
several samples to be taken from the same axon, which 
allows comparisons of the intracellular content at different 
times. 

One medial axon of the crayfish Pro- 
cambarus clarkii was cleared, of adjacent 
axons for a distance of 9-16 mm and 
mounted in a ‘Perspex’ chamber filled with 

. van Harreveld’s solution of the following 
composition (in mmoles/l.): sodium chlor- 
ido 205, potassium chloride 6-4, calcium 
chloride 13:5, magnesium chloride 2-6, 
sodium bicarbonate 2-3. A hole was cut 
in one end of the axon and æ miero- 
electrode, cemented with insulating lacquer 
to a solution sampling pipette, was inserted 
lengthwise into the axon to the middle 
of the cleared segment (Fig. 1). The 
glass mucro-electrode for potential record- 
ing was filled with 3 moles/l. ammonium 
nitrate + 10 mmoles/l. ammonium chlor- 
ide and connected through a silver—silver 

4 chloride electrode to a unity gain cathode 
D 
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follower. Resting potential was continuously recorded with 
a pen recorder and the action potential monitored on an 
oscilloscope. The sampling pipette was a glass capillary 
with a tip diameter of about 15u and was filled with white 
muneral oil (viscosity 238 centistokes, refractive index 
1-48, specific gravity 0-88). Samples of the intracellular 
fluid were easily taken by connecting the capillary through 
a polyvinyl chloride tube to an ordinary syringe. 

The sampling procedure was started by fhe injecting 
a drop of white mineral oil into the axon. After this the 
electrode was retracted from the oil drop and a sample of 
about 3 x 10-* 1. of the intracellular flud was sucked 
back mto the sample capillary. This sample was then 
sealed off in the capillary by moving the pipette tip 
forward into the oil drop again and sucking back some 
oil. The external medium was then changed, a new steady 
state established and another sample collected. If these 
operations were done carefully no change of resting or 
action potential occurred. 

Analysis of sodium and potassium was carried out 
simultaneously in an integrating flame photometer*. For 
each analysis about 0-7 x 10-1. of fluid was used and it 
was usually possible to make two analyses from each 
sample. To test the reproducibility of the fame photo- 
meter, thirty-eight samples of identical volume con- 
taining about 3 x 101° moles/l. sodium and 10-1! moles/I. 
potassium were analysed giving a variation of + 1-7 per 
cent for sodium and + 3:3 per cent for potassium. 
Chloride was determined by electrometric titration® with 
about the same accuracy. To check that no major shift 
in intracellular concentrations occurred when taking the 
first sample, five experiments were performed in which a 
second sample was collected from the same axon between 
2-80 min after the first and under identical external 
conditions. Analysis of the second sample gave values 
differing no more than 5 per cent from the first. 


Table 1. INORBASH OF EXTERNAL POTASSIUM 


Nas (mmoles/I. Kı (mmolea/l. Cl: (mamoles/1. 
+88.) +3.B.) +S.B.) 
K=54 mmoles/l. 17-9418 247 +78 181425 
Va= —88-9+06m 
Kym 40 mmoles, o 108+09 259+ 6-0 43-5205 
Pu= —426 v 
naĝ n= ned 


Explanation of symbols. Vm, membrane potential; K, outaide concen- 
tration of potassium; Na‘, Ki, and Cl, msde concentration of sodium, 
potassium and chloride respectively; n, number of experiments. 


Table 1 shows the resulte from six experiments where 
external potassium was initially at 5-4 mmoles/l. and was 
then increased to 40 mmoles/l. with potassium replacing 
sodium 1:1. The sample at 40 mmoles/l. potassium was 
taken when the membrane potential had stabilized at a 
new value, that is, 20-30 min after the change in 
concentration. It is evident that increasing external 
potassium concentration causes marked changes in the 
intracellular concentrations of sodium and chloride, 
whereas 1t is uncertain if there is a potassium change. 


RES 


Fig. 1. Apparatus. 
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With increased external potassium, internal sodium 
decreases by about 40 per cent. This may be partly 
caused by an increase of volume, but it nevertheless 
indicates that the sodium “pump” remains very efficient 
even at this low membrane potential. 

The large increase in internal chloride agrees well with 
the results of Strickholm and Wallin‘, who found that 
chloride activity, as measured with a silver-silver chloride 
electrode, increased when the external potassium concen- 
tration was increased. It is also clear that at normal 
external potassium concentration the equilibrium poten- 
tial for chloride, calculated from the figures given in 
Table 1, ıs — 67-4 mV, that is, much less than the resting 
potential. At an external potassium concentration of 
40 mmoles/l., however, the calculated chloride equilibrium 
potential is —43-3 mV while the measured membrane 
potential is —42:6 mV. Thus, if there ıs a chloride 
“pump” at normal resting potential, as suggested by 

. Keynes’, it seems to be activated or swamped by & 
chloride permeability increase in the potassium depolar- 
ized membrane. 

I thank the U.S. Public Health Service for partial 
support. 
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Dorsal Root Potentials evoked by Natural 
Stimulation of Cutaneous Afferents 


Presynarric inhibition of primary afferent fibres effec- 
tively controls the influx of information from the periphery 
into the spinal cord. In recent systematic investigations 
of this inhibition (for review, see Eccles) electric stimula- 
tion of cutaneous and muscle nerves of the hind limb was 
used. It was found that presynaptic mhibition depresses 
the excitatory synaptic actions of prmmary afferent fibres 
through a prolonged depolarization of their central endings 
causing a block or reduction of the amplitude of the 
presynaptic action potential and thus a diminished trans- 
mitter output. This depolarization of the central endings 
is specific to certain recipient afferent fibres. For instance, 
cutaneous afferents are predominantly depolarized by 
cutaneous volleys and to a lesser extent by high threshold 
muscle afferents. 

The central organization and the functional significance 
of the powerful presynaptic inhibition of cutaneous 
afferent fibres* cannot be examined in detail by using 
electrical stimulation of peripheral nerves, since neither 18 
there e correlation between the nerve fibre threshold and 
the various types of peripheral receptors and their location 
nor is it possible to mimic the asynchronous afferent 
volleys normally generated from these receptors. We 
therefore began to investigate the presynaptic mhibition 
of cutaneous fibres by using natural stimuli to the skan. 

The experiments were performed on cats anaesthetized 
with nembutal. The spinal cord was transected at the 
first lumbar segment, and a rootlet of L, dorsal root was 
cut 10 mm from its entry into the spinal cord and placed 
on a pair of platinum electrodes. The depolarization of 
primary afferent fibres was recorded as an electrotonic 
spread into the dorsal rootlet—the dorsal root potential 
(DRP). The dorsum of the foot was embedded, pad 
upwards, in paraffin wax. Mechanical stimuli were 
applied by appropriate electromechanical transducers; 
weak mechanical pulses were given to the pad by glass 
styli (0 2 mm in diameter) driven by Rochelle salt crystals, 
and heavier pulses were given by a ‘Perspex’ hammer (3 
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Fig. 1. A-D, DRPs recorded from an L, dorsal rootlet and evoked 

various types of mechanical stimuli to the skin. The stimulus ws indica 

in the lower trace. The upper trace ıs a single oscilloscope record and the 
middle trace represents the average of 50 (A) or 20 (B-D) succesarve 
trials, added in a computer and plotted with an XY recorder. In A 
a few hairs of the iparlatoral w were bent for 5 msec. In B a 570 mseo 
pressure pulse was given to the central pad. In O a vibration of 5 msec 
pulses at 40 per sec was superimposed on the pressure pulse, and in D 
ed, E, DRP interaction recorded from the 


only the vibration was a 
DEP was evoked by a 4 msec pressure pulse 


same rootlet as in A-D. 

applied to the central pad followed by an identical pulse. The ph 

shows the amplitude of the DRP (ordinate) as a function of the Interval 

between the conditioning and. testing stimuli (abegirsa). The uncon- 

ditioned DEP had an amplitude of 100 uV. Each point plotted 1s the 
average of 20 successive trials. 


mm in diameter) connected to a moving coil. (Slightly 
modified, the latter device has also been used for bending 
hairs.) A computer of average transients was used to in- 
crease the signal to noise ratio of the DRPs. 

Fig. 1 gives examples of dorsal root potentials evoked by 
various afferent stimuli. The upper trace of (A) shows 
the DRP following short bending of a few hairs of the 
paw (indicated in the lower trace). The average of 50 
successive tnals is shown in the middle trace. It can be 
seen that bending of a few hairs, or the stimulation of 
some hair folhcle receptors*, produces a small but definite 
primary afferent depolarization in the spinal cord (note 
the 10 pV calibration pulse preceding the DRP). In 
Fig. 1B the stimulus was a weak pressure pulse of 570 
msec duration which was applied to the central pad. This 
pressure pulse evoked a DRP both at the beginning and at 
the end of the pulse, but there was no depolarization in 
the course of the stimulus. This was not an artefact by 
amplifier low frequency cut-off; its time constant was 
16 sec. In Fig. 10, a vibration (5 msec pulses at 40 per 
sec) was superimposed on the pressure pulse shown in 
Fig. LB. In addition to the DRPs produced at the begin- 
ning and at the end of the pressure pulse, the vibration 
generated a “steady state” DRP which had approximately 
half the amplitude of the initial DRP. A simular series 
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DRPs was evoked. when the vibration. alone was 
pplied (Fig. 1D). These experiments indicate that a 
onic pressure pulse to the cat’s central pad does not evoke 
RPs. Therefore, the steady DRP which had been 
bserved when gently squeezing the cat’s foot by hand? is 
iost probably not evoked by the steady pressure applied 
to the foot but by the slight tremor superimposed on it. 
Figs. 1C and D indicate that a conditioning pressure 
< pulse reduces the amplitude of the DRP produced by a 
testing pressure pulse. Fig. 14 shows the full course of the 
depression of a DRP, which was evoked by the second of 
two identical 4 msec pressure pulses applied to the central 
“pad in turn. Since peripheral interaction of pairs of mech- 
anical pulses to the large pad does not exceed 10 msec®, the 
observed reduction of the DRP must be of central origin, 
and presumably it is due largely to presynaptic inhibition’. 
nhibitory curves of similar intensity and duration have 
-been obtained by a short conditioning pressure pulse on 
‘the time integral of the flexor reflex or the monosynaptic 
‘and polysynaptic discharges in the ipsilateral dorsolateral 
utaneous tract. A first topographical pattern of presynap- 
i¢ inhibition has been detected on stimulation with two 
Rochelle salt crystals at different sites on the large pad; 
n increase in the distance between the stimulating styli 
educed the effectiveness of presynaptic inhibition. There 
is also an interaction between the DRPs produced by 
stimulation of hairs of the paw and the DRPs evoked by 
“pressure pulses on the pad. 
The present experiments demonstrate that at least two 
‘types of peripheral receptors, namely hair follicle recep- 
‘tors’ and touch receptors of the pad®, produced presynap- 
tie inhibition of primary afferent fibres of the spinal cord. 
This inhibition is similar to that found after synchronous 
electrical stimulation of cutaneous nerves. Excitability 
testing of single primary afferent fibres in the spinal 
cord is now being attempted. to determine which types 
-cof afferent fibres are depolarized when stimulating these 
receptors. 
This work was supported by the Deutsche Forschungs- 
gemeinschaft. 
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Hyperoxia and the Intravascular Volumes 
of Tissues in the Growing Rat 


Tum period of rapid myelination in central nervous 
development is immediately preceded by a rapid increase 
in oxygen utilization by the brain'. This is accompanied 

“by a phase of rapid growth of capillaries and arterioles 
<c in the central nervous tissue’-4. By injecting dye Gyllen- 

sten? has recently shown that prolonged exposure to 
9u-100 per cent oxygen reduced the growth of new 
capillaries in the mouse brain during this stage of de- 
velopment. 

The present communication describes an investigation 
of blood volumes in lung, liver, kidney and brain in adult 
and immature normal rats and in 9 day old rats which 
had been reared from birth in an atmosphere containing 
90-100 per cent oxygen. The blood volumes of the organs 
were measured using red blood cells labelled with chro- 

mium-51 (refs. 5, 6) and thë jsults expressed as grams of 
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blood per gram of organ wet weight®. The animals were 
killed by light ether anaesthesia followed by immersion 
in liquid nitrogen. — 
Table 1 shows that there is a progressive increase in. 
blood volume per gram of lung, liver, kidney and. fore- 
brain of normal rats from 2 days after birth to adulthood, © 
but there are slightly higher volumes during the day of 
delivery compared with the second day of life. foi 
In the adult rat the blood volumes were similar to those 
found by other workers?*—with the exception of the 
kidney, which we found to have a lower blood volume 
than previously observed (Table 2). ae 
The blood volumes of lung, kidney and brain for 
day old animals reared in an atmosphere rich in oxyget 
for 8 days and then allowed to remain in air for 1 
are shown in Table 3. ii 


Table 1. RADIOACTIVE BLOOD EQUIVALENTS OF ORGANS AND Tissues o o o 
IN NEWBORN, IMMATURE AND ADULT RATS (BLOOD EQUIVALENTS EXPRESSED 
AS G TAIL BLOOD/G WET WEIGHT) fan 


Liver 
Lung Rightiobe Leftlobe Kidney 





Age in days n Brain 
1 6 0-423 0-192 0-194 0-071 0:012 
2 6 0-329 0-144 0-167 0-060 Opi 
4 8 0-447 - ~ ~ 0-011 
9 6 0-426 0-161 0-186 0:076 DOr 
16 4 0-431 ~ ~- ~ O016 
27 3 0-562 0-265 0-297 0-097 0-019 
Adult 4 0-494 0-324 0-270 0-127 0-03) 
Table 2. BLOOD VOLUMES OF ADULT RAT ORGANS ACCORDING TO THR : 
DIFFEREST GROUPS OF WORKERS i 
Lung Liver Kidney Brain 
Oeff et al. (ref. 
7) using phos- i 
phorus-32 0-43 0-25 0-37 0-024 
Nair et al. (ref, - Left Cortex Medulla Cerebral 
8) using Jobe cortex 
iodine-131 0-82 0-68 141 G08 : 
weight. 
Trappitt and Right Left Cerebral. g blood) : 
Specter using hemisphere g wel. 
chromium-51 049 032 0-27 0-13 0-022 weight. 
Table 3 os 
Organ Mean n S.E. of mean 
Lung 0-401 g blood/g wet weight 9 0029. 
Kidney 6-072 g blood/g wet weight 9 0-008. 
Forebrain 0-008 g blood/g wet weight 9 OOO! 


No significant differenee occurred between the blood 
volumes of liver and kidney at this age in normal and 
hyperoxic rats (using ¢ test, P = 0-3-0-4). The value for 
forebrain was reduced compared with that in controls; 
but the difference fell outside the accepted limits of — 
statistical significance (¢ = 1:97; P = 0-05-0-1). The 
observations of Gyllensten were made on the number and _ 
size of capillaries in the cerebral cortex while the method 
of blood equivalent used in this work measured: total 
blood volume. Thus, although there is evidence that - 
cerebral cortical capillary growth is markedly inhibited 
by chronic hyperoxia in growing animals, the present — 
experiments suggest that the development of the total - 
intravascular space in the entire forebrain is not greatly 
altered under these conditions. Similarly, no detectable _ 
difference in blood volume of lung and kidney tissues was...” 
observed. Nevertheless the hyperoxia was sufficiently 
severe to lower the haematocrit. In a group of control 
animals aged 6-7 days the mean haematocrit was 
41-3 (n = 14), while in test animals in the same range of 
ages the mean haematocrit was 33-0 (n = 5). 

ANNETTE TRAPPITT 
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ANATOMY | 
Binding of Noradrenaline to Smooth Muscle 
Cells in the Spleen 
NORAÐRENALINE infused close arterially into the cat 
spleen at a rate of 0-625 pg/min, equivalent to the physio- 
logical rate of release of this transmitter when stimulating 
© the splenic nerves at 10 impulses/sec, is mainly bound to 
“nerve endings within the spleen!®, 
We have now investigated the effects of increasing the 
infusion by various amounts up to fifty times this rate, 
¿in an attempt to exceed the uptake capacity of the nerves. 
This was done in the hope that the receptors on the smooth 
musele cells might take up sufficient noradrenaline for it 
to become evident there by the fluorescence technique 
of Falck”, The method of infusing noradrenaline close 
arterially through the spleen has been described previ- 
ously‘. In the present experiments the rates of infusion 
varied from 5 to 25 ug/min, usually being 12 yg/min. 
Control blocks before infusing noradrenaline were obtained 
. by tying one or two small branches of the splenic artery 
ab the spleen pedicle. These are end arteries, and a small 
portion ean be cut from the region of the spleen that they 
supply without bleeding. Successive pieces can be taken 
in this way during the course of a single experiment. 
__ To demonstrate the localization of noradrenaline in each 
` piece, the technique of Falck was used with only minor 
_. modifications?, We have, however, introduced a method of 
Measuring quantitatively the fluorescent brightness of 
individual structures within the spleen using a Leitz 
‘Orthomat’ camera attachment fitted to an ‘Ortholux’ 
Microscope as a photometer. A x 100 oil immersion lens 
enlarged even quite small structures such as the fluores- 
_ cent beads on the terminal adrenergic nerve fibres so as to 
‘fill 50 per cent or more of the small central target area 
in the microscope eye piece. With the photomultiplier 
set to receive light from this small central region only 
the detail setting on the camera), the exposures calculated 
by the ‘Orthomat’ were inversely related to the intensity 
of the emitted light. The reciprocals of these exposure 


times in seconds were used as a measure of relative bright- 
ness. 






































Fig. 1. 
confined to the terminal adrenergic nerve fibres. 
autofluorescence, 
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After infusing noradrenaline 20 ug/min for 20 min the 
smooth musele showed a bright green fluorescence similar 
to the colour of the terminal adrenergic nerve fibres. This 
fluorescence was specific in that the increase in fluorescence 
of the smooth muscle was much greater than the slight 
rise in fluorescence which occurred in the red and white 
pulp. The increase in fluorescence did not affect all 
smooth muscle cells equally. The walls of arteries and 
arterioles were particularly bright. The arteries were also 
constricted with a small lumen and a thick contracted 
muscle wall (Fig. 1). 

This contraction together with the bright green fluores- 
cence of the muscle layer made these structures unusually 
prominent. The fluorescence of the terminal adrenergic 
nerve fibres innervating the arteries and arterioles also 
increased, and so were still distinguishable at the outer 
border of the smooth muscle layer. They remained 
brighter than the smooth muscle. The internal elastic 
lamina, on the other hand, the autofluorescence of which 
in the normal artery marks the inner boundary of the 
muscle layer, became indistinguishable from the brightly 
fluorescent smooth muscle. 

An example of the measurement of the fluorescence of 
different structures in the spleen after infusing noradren- 
aline 6-25 ug/min for 20 min is shown in Fig. 2. 

In the control sections the fluorescence of the different 
smooth musele regions is not the same. Part of these 
differences may be due to variations in the proportion of 
autofluorescent elastic tissue in the different smooth. 
muscle regions. The capsule has many elastic fibres while 
the smooth muscle of the arteries has little. The fluores: 
cence of the terminal adrenergic nerve fibres is about 
seven times that of the smooth muscle. After infusing 
noradrenaline the fluorescence of the smooth muscle of the 
arteries and arterioles increased some three times. The 
fluorescence of vein and trabecular smooth muscle in- 
creased to a lesser extent, and the capsular smooth 
muscle increased least. Some experiments showed no. 
increase in capsular smooth musele fluorescence after” 
noradrenaline infusion. The terminal adrenergic nerve 
fibres also show an increase in brightness which is statistie:: 
ally significant (P < 0-001), 28 








The Falck technique applied to the cat spleen to demonstrate thel ocalization of noradrenaline. A, A normal artery showing fluorescence 
The smooth muscle layer is free from fluorescence, and the internal elastic lamina is showing 
The artery is enclosed in trabecular smooth muscle which is also innervated. 
B, After infusing noradrenaline 20 zg/min for 20 min the smooth muscle of the artery fluoresces brightly. 
increased in fluorescence, and the internal elastic lamina is now relatively less fluorescent than the neighbouring smooth muscle. 


A herve bundle (arrowed) fluoresces weakly. a 
The surrounding collagen is not 
Nerve bundles 


arrowed) fluoresce brightly. C, An artery from a cat given phenoxybenzamine 10 mg/kg 36 min before infusing noradrenaline 20 ug/min for 
g 


20 min. The smooth musele remains non-fluorescent. 


The terminal adrenergic nerve fibres, but not the nerve bundles (arrowed), have become 


brighter. 
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Fig. 2. A histogram of the relative brightness of the structures in the 

eat spleen before and after infusion of noradrenaline 6-25 ug/min for 20 

min. The figures are the averages of at least ten readings. The vertical 
bars represent +2 standard errors. 


All the adrenergic fibres in the spleen took part in this 
-increase in fluorescence and the brightness reached after 
“infusion was similar in all fibres, irrespective of any 

differences there were before infusion. 

We have tried to determine whether the fluorescence 

of the smooth muscle was confined to localized regions of 
< the smooth muscle membrane. The trabeculae are most 
suitable for this, as a considerable length of parallel muscle 
fibres is present. No discrete localization was seen, and 
“fluorescence was present along the entire length of the fibre. 

“> The increased fluorescence of both smooth muscle 
sand terminal adrenergic nerve fibres was found to be 
‘diminished 10 min after infusion stopped, and consider- 
“ably diminished, but not abolished, 20 min after infusion 
_ stopped. 
finally, we have examined the effect of giving phenoxy- 
. benzamine 10 mg/kg intravenously to the cat 30 min 
before infusing noradrenaline. This drug completely 
revented the development of fluorescence on the smooth 
< muscle. Phenoxybenzamine also reduced significantly 
the fluorescence of the terminal adrenergic nerve fibres. 
‘This fluorescence of smooth muscle after infusion of 
noradrenaline is specific in that other tissues show little 
or no inerease in fluorescence, and also because it is 
blocked by phenoxybenzamine.. It may therefore repre- 
“gent the binding of noradrenaline to the « receptors of 
the smooth muscle membrane. If so, the receptors are 
_ generalized over the entire surface membrane. After 
“infusion of noradrenaline, there is also evidence of in- 
-ereased fluorescence of terminal adrenergic nerve fibres. 
= This provides further evidence that noradrenaline is 
_ taken up at this site. 
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Induction of Cell Wall Dislocations (Slip Plan 
during the Preparation of Microscope _ 
Sections of Wood 


Ir is generally recognized that the first discernible stag: 
in the mechanical failure of timber under stress is thi 
appearance of minute dislocations (slip planes) in t 
structure of the cell wall'-*. Although they have bee 
recorded to a limited extent in tension and shear failures 
they are found in abundance in timber compressed paral 
to the grain, first appearing when the strain is abo 
half the failing load’. : 

The second stage in failure reflects the develo 
of slip planes in neighbouring cells such that dis 
rows of dislocations, known as microscopic compressio 
lines®, develop throughout the timber. Subsequent 
increase in loading results in severe crinkling of the cell 
wall which manifests itself on the surface of the timber, as 
a macroscopic compression failure. ; 

Slip planes have also been recorded as occurring: ; 
naturally in timber that has not been subjected to any 
stress in use. Their presence has been related to such © 
factors as growth stresses, wind forces, or damage to thè = 
tree during felling or extraction!:?}*. 

The presence of slip planes is determined from the a8 
examination of longitudinal sections usually cut on a 
sliding microtome and viewed with a polarization miro- 
scope. Robinson,.as early as 1920, considered that it 
might be possible to produce slip planes during sectioning. 
Unfortunately, the significance of his statement. appea 
to have been missed by most workers; only Kisser an 
his co-workers have endorsed Robinson's findings. They 
found that the frequency of slip planes induced was 
related to the keenness and the angle of the blade, thea 
bevel angle, and the cutting quality of the blade. To. ae 
minimize the development of slip planes in sectioning = 
they recommended that the grain of the wood be directed 
as near parallel as possible to the knife edge during cutting. _ 
In most laboratories, sections are normally cut at a draw > 
angle of 15°-20°, although Hartler“, aware of the: need: 
for care in sectioning, uses. an angle of 7°. a 

Before embarking on an investigation of the relatione ~~ 
ship of timber fracture to cell wall dislocations, it was c 
decided to examine the hypothesis that many slip pH oe ee 
are artefacts and, if the hypothesis was upheld, to 
determine the relative importance of the various ` 
sponsible factors. 

Small blocks of timber from Scots and Corsican pin 
Norway and Sitka spruce, were softened by boiling and 
sectioned while still hot on a Reichert microtome. The 
draw angle of the knife (the angle between the blade and 
the grain of the wood) was increased progressively: from 
1-5° to 90° by moving the knife through nine intermedia 
angles. In one block a second series was also cut reducing 
the angle progressively to determine if there was any 
effect. of progression. 

The slip planes present in two double walls in each of 
four fields of view were counted for each section using & 
polarization microscope at a magnification of x 1,400. 
At 90°, however, the cell wall was too crinkled to allow 
accurate counting of the very large numbers of slip planes... 
The increase in number of slip planes per unit length of _ 
cell wall for the four timbers with an increase in the draw 
angle of the knife is presented in Fig. 1 and illustrated 
for Scots pine in Fig. 2.. Inter-specific differences appear 
to be small. Since the curves appear to pass through the ©. 
origin, it may be deduced that the presence of slip planes 
in these samples is an artefact. Carefully prep 
macerations'? of these timbers indicated an absenc 
slip planes in the cell walls and confirmed that the pr 
of slip planes in these sections was due h to. the ac 
microtome knife. eee 
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200 Tabler 
ao 
Sum of . Degrees 
squares offreedom Mean square F 
Block 

Species S 860-44 1 860-4 ns 
= Boiling B 93-44 1 sa ns 
g ro Error(a) Sx B 529-00 1 529-0 
m Sub-block 
g Angle A 59,393-17 29,696-6 161-4" 
‘a AxB 83.39 2 41-7 nS 
a AXxS 767-39 2> 6 883-7 > 184-0 nes 
EA Error(b) Ax Bx S 258317 2 126-6 
a Sub-sub-block 
P Thickness T 2,850°50 2 1,1752 31:1* 
I x S$ 375 27 19 BS 
Kai TxB 5139 2 257 ns 
8 TxA 1,39733 4 849-3 na 
5 SxBxT 110-17 2> 22 55-1 105-4 nS 
a Ax Bx fT 420-78 4) 105-2 ns 
=i SxAxT 76-44 4 ail ns 
3 Error(e) Sx Bx Ax T 269-66 4 64-9 
kes Total 66,650-00 35 
$ * Significant at 0-1 per cent level, F(2,6) = 27-0, #(2,22) = 9-61. 

a 
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Draw angle of microtome knife (deg.) 
Fig. 1. The variation in number of slip planes per millimetre of cell wall 
“with increagingdraw angle of the microtome knife for each of four softwood 


‘species. ©, Corsican pine; @, Sitka spruce; x, Norway spruce; A, 
Scots pine, 


Tn order to determine the relative effects of a number of 


additional factors an experiment was designed on the 
basis of a split-split-plot in which sections of three thick- 
nesses (16, 20, and 30u) at each of three draw angles (5°, 
12°, and 20°) were cut from both cold water soaked and 


(Since interactions are non-significant, they “have been combined to give 
improved estimates of error(b) and error(e). ) 


boiled blocks of Norway spruce and Scots pine. The layout 
and results of the analysis are presented in Table 1. The 
draw angle was the most significant variable while the 
effect of section thickness was also significant, which is 
contrary to the views of Bienfait*. Pretreatment of the 
block and species differences were non-significant; hew- 
ever, because of the small number of degrees of freedorn for 
these variables in the analysis it cannot be taken as reliable 
evidence that these two variables have no effect whatso- 
ever. 

Using the blocks from all four species a number of 
sections were cut at the same draw angle but at different 





Fig. 2, The decrease in number of slip planes in Scots pine timber with reduction in draw angle of the microtome knife, 
45°% B at 15°; and C at 15°. 





A, Cut at 
(x c. 340.) 


| 
| 
i 
i 
| 
i 
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Fig. 3. Norway spruce scaffold board cut at draw angle of 15° in A and,1-5° in B. (x e. 210.) 
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ing angles (angle between knife and the horizontal 
e). An increase in the cutting angle from 10°-20° 
sulted in a significant (5 per cent) increase in the number 
of slip planes induced. 
In all these sections there was a tendency for more slip 
lanes to develop on one side of the double wall than on 
the other side (Fig. 2). This confirms previous observa- 
tions by Kisser and Steininger®, who consider this diag- 
-nostie of microtome induced slip planes. 

In the examination of a brash sample of spruce timber 
“eontaining microscopic compression lines, a reduction in 
the draw angle of the knife to 1-5° prevented the formation 
of slip planes, but the microscopic compression creases, 
‘originally present, remained (Fig. 3). It will be noted that 
‘these horizontally aligned series of slip planes tend to be 
equally developed on each side of the middle lamella, 
unlike those induced by sectioning. As previously re- 
corded? it is possible to have microscopic compression 
-lines develop in wood without first having slip planes, 

though, as already noted, if slip planes are present, they 
will generally develop into compression lines. 
Slip planes are normally associated with brittleheart 
“timber®8, A preliminary investigation of slip plane 
“development in this type of timber was made using 
“sections (draw angle 2°) of utile (Entandrophragma utile), 
idigbo (Terminalia ivoresis), ramin (Gonystylus bancanus), 
agba (Gossweilerodendron balsamiferum), danta (Neso- 
gordonia papaverifera), and three species of Shorea. 

Each timber displayed a considerable number of micro- 

copie compression lines, but isolated slip planes were 

_ generally absent or else, as in one of the Shorea species 
and also utile, a few were present in isolated areas. Further 
work is required to establish if these slip planes are 
induced or are of natural occurrence. 

In conclusion, it is possible to produce slip planes 
during section cutting, a view which is contrary to some 

previous resultst®. The present results confirm the 
conclusions of Robinson’ and Kisser et al.51° and will 
necessitate the re-examination of many previous results 
on slip planes. Their presence in many timbers appears 
to have been an artefact. To eliminate the possibility 
of inducing slip planes, sections should be as thin as 
possible (less than 10u), cut with a draw angle less than 
5° and at as low a cutting angle as possible. 





J. M. DINWOODIE 
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Resistance to Water Transport in Plants— 
a Misconception 


Iw 1948, van den Honert! directed attention to Grad- 
man’s idea of applying an analogue of Ohm’s law to 
water movement in plants, and others have made the 
same suggestion (see Ray? and Monteith*®). Using this 
analogy, Gradmann concluded that the major resistance 
‘to water flow in the plant is in the gaseous phase above 
‘the transpiring surface, since almost all the potential 
drop occurs there. Van den Honert reconsidered this 
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idea and concluded that the “permeability” ‘of a free 
water surface appears to be 20 to 500 times smaller thar 
protoplasmic permeability. He also concluded that 


regulators of water transport can be in the gaseous phase : 
only, and if, for example, resistance to the passage of 


water in the roots is increased, it will have little effect — 

on the overall rate of water transport. BE 
These conclusions were contrary to accepted concepts, © 

and Gradmann’s view received little attention in the: 


literature. “If correct,” van den Honert says, “his con- oe 


ception and some of its corollaries may be considered of 


importance in all cases where water transport as & whole > 





is concerned.” : 

Recently, manyt have accepted the concept of major 
resistance to flow in the gaseous phase above the trans 
piring surface, although Ray? has objected to the equation 


on theoretical grounds, and Monteith’s*® calculations con»: < a 


clude that the aerodynamic resistance to diffusion “of 
water vapour is not large compared with the internal 
resistance of the plant. Gradmann’s application of Ohm’s 
law to water flow in plants 
(orally) as “van den Honert’s law”. It is essential: to- 
examine the conclusions quantitatively. On the basis of 
the analogy, van den Honert expresses the rate of flow 
of water through a plant as 


PeP, PrP: 


dm _ PPa _ 
~ Re Ri 


dt Rr 


PeP, 
Eg 





where dm/dt is the rate of water transport in the steady ` 3 
state (stomata open); P is the potential (atms.); Rris. 


the resistance across the root; Re is the resistance across _ : 
the xylem; Rl is the resistance across the leaf; and Rgis =” 


the resistance across the gaseous phase. 
Since the largest osmotic potentials of leaf cells are 
normally below 50 atms., he concludes that the potential 
drop from the soil to the top of the plant cannot exceed = 
50 atms. From the evaporating surface of the leaf to the: 
outside air the drop may be 1,000 atms. (for example, at- 
a relative humidity of 50 per cent) based on a conversion 
of relative humidity to osmotic potential units. There- 
fore, PP, is about 20 x Py-Po and from Ohm’s law 


analogue, the resistance to flow at the evaporat- 
ing surface must also be 20 times that of the whole 
plant. 


The error in this argument is in assuming that the 
same kind of pressure is responsible for the flux of water 
in both the liquid and gaseous phases. The liquid is 
moving by bulk flow as a result of a gradient in hydro- 
statie pressure, whereas the gas is moving by diffusion, 
as a result of a gradient in vapour pressure. Consequently, 
when van den Honert states that the potential drop from 
the liquid water surface to the external atmosphere is 
1,000 atms., he means that the vapour pressure drop 
from the evaporating surface to the gaseous phase in air 
(at a relative humidity of 50 per cent) is the same as the 
vapour pressure drop from a solution with an osmotic 
potential of 50 atms. to one with an osmotic potential. of 
1,000 atms. At 30° C, this vapour pressure drop is about 
15 mm mercury or about 0-02 atm. This is only 1/2,500- 
of the drop in hydrostatic pressure that van den Honert 
concedes for the whole plant. Obviously, then, the major. 
resistance to flow through the plant is in the liquid and 
not in the gaseous phase. 
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Nitrite Toxicity to PI 
_ Tr is generally believed that nitrite 











‘an intermediate 


product in the conversion of ammonium to nitrate in the 


: ‘Boil where the conversion of nitrite to nitrate is important 
since relatively small quantities may have toxic effects 
: on plant growth. Nitrite is not a stable intermediate and 


oe fow ¿cases of nitrite accumulation in soils are reported. 
ee Greaves et al.' found that the maximum concentration of 
nitrite in an irrigated field in Utah did not exceed 17 Ib. 





; per acre; Feher and Vigi? found 0:27-1:14 mg nitrite per 
kg in Hungarian alkaline soils, and Janssen and Metzger? 
found 0-25 p.p.m. in Arizona rice fields. Sokloff and Klotz 
reported as much as 70 p.p.m. of nitrite accumulated on 
Romana clay loam in California after a large application 


0 vof organic matter and nitrogen in the form of nitrate. 


‘Nitrite only accumulated in neutral or alkaline soils, 


probably because its conversion to nitrate is inhibited 


< More than the conversion of ammonia to nitrite. Fraps 
_ and Sterges® found that nitrites accumulated in certain 
polls) when calcium or magnesium carbonate was 


_. A series of experiments was carried out in Nigeria to 
'_. find the most suitable nitrogen fertilizer for some nitrogen 
_deticient soils, and sodium nitrite was among the test 
‘compounds used. The soil was a sandy loam of pH 5-6. 


- _ Guinea grass was planted in plastic pots and sodium 
` nitrite applied, with or without lime, at a concentration of 


40, 80 and 120 p.p.m. per pot. The sodium nitrite was 
applied when the plants were about 12 cm high to avoid 
killing off the seedlings. There were 6 plants in each pot 


` and treatments were carried out in duplicate. After 5 
: weoks the plants were gathered, dried and nitrogen was 


determined. Table 1 gives the details of the results. 


= Table 1. YIELD AND PHOSPHORUS CONTENTS OF GUINEA GRASS 


Weight of Dry pH of soil 
calcium Height matter N-content after 
Treatment carbonate (cm) per plant per plant harvest 
; applied (g) (g) (mg) 
Control — 25 0-08 0-8 5-65 
Sodium nitrite 40 ppm, — 60 0-20 15-8 6-02 
z n 80, — 52 0-13 89 6-30 
Ps 120 ,„ — 44 0-10 8-2 6-40 
i 40 n 25 $1 0-07 2-9 6-40 
PA 80 p 2-5 All dead 6-60 
a 120 ,, 2-5 All dead 6-85 
40 ,, 1-25 27 0-02 28 6-05 
is so p 1-25 23 0-03 17 6-15 
Si 120 ,, 123 All dead 655 
20> Ammonium 
oo Baphate 40 ,, — 67 0-23 145 520 
CES ap 80 p — 69 0-30 21-8 4:25 
k DO — 74 0-38 22-3 4-20 


= The smallest quantity (40 p.p.m.) of sodium nitrite was 
as good as ammonium sulphate, in the absence of lime. 


_ |. regarding yield and nitrogen absorption. This is in agree- 


ment with the conclusions of Schutz* that plants absorb 
_ dilute nitrite more easily than nitrate. Perciabosco and 
Rosso’ also found that plants accumulated a higher 
reentage of nitrogen when supplied with nitrite. At 
concentration of 80 p.p.m. there was a marked decrease 
the height, yield and nitrogen content of the test plants. 
At the highest concentration three of the plants died, 
ich suggested nitrite toxicity, and the three surviving 
lants decreased in height, yield and nitrogen content 
as with the previous concentration of sodium nitrite. 
_Curtis* found that avocado leaves wilted at nitrite 
concentrations of 50 and 100 p.p.m. and finally 


= died: 


= — The lime required by the soil was determined by the 
standard calcium nitrophenol method and was found to be 
2:5 g per pot. Two concentrations of lime were therefore 
applied, 2-5 g per pot and 1-25 g per pot. The lower 
» concentration caused the plants treated with 40 and 80 
p-p.m. sodium nitrite to grow no better than the controls, 
although they contained more nitrogen in dry matter. 
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with 120 p.p.m. sodium | 


before the end of the experiment. The higher concentra- 


tion of lime gave the plants receiving 40 p.p.m. sodium 
nitrite no advantage over the controls, while those receiv- 
ing 80 and 120 p.p.m. sodium nitrite died. The explana- 
tion might be that the lime increased the soil pH and the 
higher the pH the slower the conversion of nitrite to nitrate 
so that the possible toxic effect of the nitrite is greater, 
In this experiment lime increased the soil pH from 6-02 
to 6:85 with the larger application of lime, and to 6-55 
with the smaller application. Sokloff and Klotz* have 
also reported severe injury to roots of citrus grown on 
slightly alkaline California soil containing 40 p.p.m. 
nitrite or less. The tolerance to nitrite will presumably 
vary for different plants and climatic conditions. 
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Spore of Voivariella volvacea 


Volvariella volvacea is a mushroom of the tropics 
and subtropics grown extensively as a source of fresh 
vegetables in some South East Asian countries. In 
Western countries, so far as we know, it is little cub 
tivated. 

Singer? noted, “The developmental, cytological, and- 
physiological characters of the padi straw mushroom are 
little known; nothing has been published on the genetics 
of this fungus, or on the phylogeny of the cultivated 
races”. Since 1961, we have been interested in the culti- 
vation and nutrient content of the mushroom, and a more: 
intensive study of the morphogenesis has been carried out 
in the past year. 

Fruiting bodies of the straw mushroom were collected 
from cultivated straw beds? during development from the 
complote covering of the pileus by the velum to the 
emergence of the pileus revealing the hymenium. During 
this time the gills changed colour from cream to light 
pink. These were fixed in 1:3 acetic alcohol for 30 min 
and stored in 70 per cent (v/v) alcohol at 4° C. To investi- 
gate sporogenesis in the basidium, squash preparations 
were made using freshly diluted acetic orcein after hydro- 
lysis of the tissue with hydrochloric acid. Fig. 1 shows 
the developmental stages of the basidium and _basidio- 
spores. Relative sizes and positions of nuclei and the 
density and movement of cytoplasm are evident. Fig. 2 
shows the basidiospores in the tetrad, prepared by Day's?) 
method. Due to the varying pressure in different planes. 
on each tetrad, the four spores may be arranged tightly 
or loosely. In some of the tetrads two spores only are 
seen in surface view. 

The basidiospores of this species are asymmetrical and 
tend to be egg shaped, but spherical or ellipsoidal ones 
are not uncommon. The outline of the spore depends on 
the direction of observation. The average length of egg 
shaped spores is 7-91; the widest part is 5-6 and the 
narrowest part 3-4» across. The spores have a smooth, 
thick covering, with a short, triangular spine at the 
narrow end. When viewed with a transmitted light 
microscope, the cell wall and cell content may be 
transparent, light yellow, pink or dark brown. The’ 
change of spore colour occurs during maturation. Under 
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After 
karyogamy 


Two nuclei in Four nuclei 
the centre ofa at the base of a 
basidivle basidium 





Two nuclei in 
a basidiole 





Fig. 1. 









Fig. 2. Photomicrograph of gill surface of el with the basi- 
: 665 


diospores in tetrads (x € 


_ favourable conditions, the spores germinate to form the 
primary mycelium. 
8. T. Cuane 
Department of Biology, 
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> Ma Liu Shui, N.T., 
< Hong Kong. 
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Temperature Dependence of the Oxidative 
Rates of Mitochondria in Danthonia inter- 
media, Penstemon davidsonii and Sitanion 

hystrix 


i Rais investigations have shown that many plants 
_ exhibit optimum photosynthetic and respiratory rates at 
: temperatures that are approximately equal to those of 
he growing season of their native habitat‘, From an 
ecological point of view, however, adaptation in terms of 
etabolic patterns is very poorly understood?. 
Respiration and, more specifically, mitochondrial 
“metabolism are dependent on temperature?. Conse- 
quently, an understanding of the temperature response 
of these organelles might help to throw some light on the 
“way in which respiration is dependent on temperature, 
and this in turn might offer a substantial basis for an 
Investigation on an ecological scale of phenomena depen- 
BS dent on temperature. 

IT undertook to determine mitochondrial oxidative 
| rates of several species. Living plants were collected in 
«isod blocks along the west slope of the Sierra Nevada 
_ Mountains of California in Yosemite National Park 
< during late September 1965; Danthonia intermedia and 
_ Penstemon davidsonii near Tioga Pass from an alpine 
“habitat (3,150 m); Sitanion hystriz near Tioga Pass from 
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A diagram of the stages in the development of basidium and basidiospores (x e. 1,335). 
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Formation 
of four 
basidiospores 


Shifting of 


cytoplasm basidium 


an alpine habitat (3,150 m), near Tuolumne Meadows 
from a Pinus murrayana habitat (2,650 m), near White 
Wolf from a Pinus murrayana habitat (2,300 m), and. 
near Crane Flat from an Abies concolor, Libocedrus decur- ie 
rens, Pinus lambertiana habitat (1,680 m). From late 
September they were grown in a growth chamber. under 
a photoperiod régime of approximately 13 h light at 24° Go 
and 11 h dark at 18° C. A light intensity of 2,000 ft. — 
candles was used and the plants were kept well watered. ; 
Mitochondria were isolated from the shoots according to eS: 
Verleur’s preparation II proceedure with the exception that 
200 g of tissue was homogenized in 400 ml. of medium, =; 
Oxidative activity of the mitochondria was estimated 
at 20°, 30° and 40° C according to the procedure develope 
by Verleurt with a few changes: ATP was not added, 
2:6 ml. of reaction medium was used, and a Yell 
Springs Instrument polarograph was used, Total nitrogen 
was determined by the miero-Kjeldahl method. 













Table 1. OXIDATIVE RATES ÓF SHOOT MITOCHONDRIA OF Sitanion hystrix, ; 
Danthonia intermedia AXD Penstemon davidsonii AT THREE TEMPERATURES 
{EXPRESSED AS sil. OXYGEN/h/mg NITROGEN). | 










Elevation pee eE) 


Species {m) 20 
S. hystriz 1,680 9847-5 
2,290 167418 
2.620 18111 
3,040 275433 : 
D. intermedia 3,040 341 +4-0 67144-5 984+ 7- 9 
P. davidsonti 3,040 354448 701t54 1002215 > 


nee represent averages of five extractions. Standard deviations are 
shown. 


The results strongly suggest that mitochondria e 
sharply different responses to temperature both between 
species and within species (Table 1). W ithin S. hystrix 


in terms of the temperature dependence of mitochondri 
oxidative rates. The ecotypic or ecoclinal response in 
S. hystrix is evident at 20° C: higher oxidative rates were 
apparent with increasing elevation with the exception of | | 
the plants from 2,290 m and 2,620 m. Plants from these 
elevations appeared to have overlapping rates, which — 
suggests a lack of strong ecotypic or ecoclinal segregation 
at these elevations. At 30° C the oxidative rates of the 
plants from the three lower elevations were similar. No 
pattern of ecotypic or ecoclinal segregation was apparent 
at 40° C. The strong tendency of the oxidative rates to 
approach a similar value at higher temperatures is puzzling © 
and will be explored in the future. These results support : 
the morphological evidence of ecotypic variation within 
this species’. 

Danthonia intermedia, P. davidsonii and representatives 
of S. hystrix from an alpine habitat had higher oxidative 
rates than those plants of S. hystrix from lower . 
elevations at 20° and 30° C. These results tend to sub-,_ 
stantiate the concept that plants of colder regions, arctic. 
or alpine, havo higher respiratory rates at a given tempera 
ture than those from more moderate regions*... Hi 
rates of respiration may partially offset the. effects í 
temperatures. The very. high .oxidative rat 
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intermedia and P. davidsonii, higher than those of the 
alpine plants of S. hystrix, probably reflect the fact that- 
these species are largely restricted to alpine habitats. 

: This work was supported by a National Science Founda- 
tion grant. 
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Mandibular Gland Pheromone of Worker 
Honeybees 


Tue mandibular gland secretion of the worker honeybee, 
| Apis mellifera L., contains 10-hydroxy- A?-decenoic acid! 
and, at least in older workers (foragers), 2-heptanone?. 
Maschwitz® reported that the secretion of this gland 
evoked an aggressive reaction from bees at the entrance 
= of their hive, and Shearer and Boch? obtained a similar 
< reaction with 2-heptanone. Simpson‘ found that the 
“Mandibular gland secretion, which has a strong but 
fugitive smell, repels foraging honeybees when added to a 
“dish of sucrose syrup. I have shown that 10-hydroxy- 
decenoic acid does not repel foraging honeybees but that 
 2-heptanone does. 
... Worker honeybees were trained to collect sucrose 
_ gytup from a dish on a glass topped table (60 em in dia- 
“-maeter) which could be rotated. With about a hundred 
- boes visiting the table, the dish was removed and the 
- glass top of the table was replaced with a clean one, and 
_ two glass dishes (each 7 cm in diameter and 1 em deep) 
“were placed opposite each other at about 18 em from the 
centre of the table. The repellent nature of the odour of 
` @ particular substance was tested by placing a sample in 


< one of the dishes with a sample of a control substance in 


_ the other dish. Both dishes were covered with aluminium 
< gauze. During the tests syrup was not given and the 
~ table was slowly and continuously rotated so that neither 
_ dish was in a constant position relative to the surroundings. 
A bee alighting on the gauze covering of a dish was im- 


Table 1. REPELLENCY OF VARIOUS MATERIALS 


; Dish A Dish B 

ji No. of No.of Significance 
“Test Contents bees Con enés bees o 

$ landing landing difference 


“ob. Crushed heads of 
ten foragers in 5 ml. 


paraffin 5 ml. paraffin only 60 P<0-001 
Crushed thoraces of 
ten foragers in 
oo omh parafin 38 5ml, paraffin only 35 Nil 
} Crashed heads of Crushed thoraces of 
ten foragers in ten foragers in 
bmi, parafin 7 5 ml. paraffin 57 P<0-001 
Crashed mandibular 
glands of ten 
foragers in 5 ml. 
paraffin 11 ml, parafin only 65 P<0-001 
5 80 ug 10-hydroxy- 
j decenoic acid* 40 Nil 46 Nil 
6 150 ug 2-heptanone t 
in 5 mi, paraffin 7 5ml paraffin only 52 P<0-001 
7 Crushed heads of 160 ug 
ten foragers ip 2-heptanonet in 
5 mil. paraffin 22 5 mi. paraffin 18 Nil 
Crushed mandibular 150 ug 
glands of ten 2-heptanone ft in 
foragers in 5 mi. paraffin 
5 ml. paraffin 12 g 13 Nil 


* Arbitrary quantity, 
+ Minimum amount in heads (ref. 2) of ten bees. 
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mediately driven off and the gauze was replaced by 
clean piece. The number of bees which landed on eac 
dish is shown in Table 1. The materials tested were tt 
crushed heads, thoraces and mandibular glands of forager 
10-hydroxy-A*-decenoie acid and 2-heptanone. ‘TH 
10-hydroxydecenoic acid was used in solid form, but tł 
others were mixed with medicinal paraffin to retar 
evaporation of scent. The control substance was parafi 
alone. Each test lasted 10-20 min. l 

Foragers were strongly repelled by the odours of crushe 
heads and crushed mandibular glands, which contai 
both 2-heptanone (15-23 ug in each bee)? and 10-hydroxy 
decenoic acid, but were unaffected by crushed thorace: 
The odour of 10-hydroxydecenoic acid neither attracte 
nor repelled foragers, but 150 yg of 2-heptanone repella 
them as strongly as either the crushed heads or th 
crushed mandibular glands of ten foragers. The abilit 
of the mandibular gland secretion of a forager to rept 
other foragers probably depends largely, or entirely, o 
its content of 2-heptanone. 

- It is unlikely that this pheromone is used by forager 
to warn others away from an exhausted food source 
but if, as has been reported?, it plays a part in colon 
defence, perhaps it is released by guard bees to dete 
potential robbers from the honey stores. 

I thank Dr. R. K. Callow for the samples of 2-heptanon 
and 10-hydroxydecenoie acid. 


C. G. BUTLER 


Rothamsted Experimental Station, 
Harpenden, Hertfordshire. 
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Onset of Echo-location Clicking in Collocalia 
Swiftlets 


As a result of work initiated at the Sarawak Museum, 
Medway described and analysed the echo-location system 
of the cave dwelling “edible-nest swiftlet’’, Coellocalia 
maxima, of Borneo. Other work on C. salangana, which 
makes a moss nest (in Borneo), is as yet unpublished? 
however, the taxonomy and nomenclature of all Collocalia 
are discussed by Medway’. The only other bird genus 
known to make use of echo-location is the central 
American oil-bird, Steatornis*. In both genera the basic 
element is a loud click of short duration, comprising 
mixed frequencies, all audible to man. 

During 1965, while engaged on an extension of some 
of this Museum’s Collocalia research at Niah Great Cave’, 
I kept numerous young swiftlets which had fallen from nests 
during the destructive harvesting of nests, mainly October— 
December*, in order to test their capacity for survival 
without food. In nestlings with wing feathers emerging 
from the sheath, the primaries continued to grow despite 
steady loss of body weight. For example, C. maxima, 
which fell with a wing span of 114 mm and weight of 
20 g, died after 271 h with a wing span of 124 mm and a 
weight of 9-5 g; and C. salangana, which fell with a wi 
span of 70 mm and a weight of 12 g, died after 295 h, with 
a wing span of 79 mm and a weight of 7 g. After these 
had reached the stage where feather sheaths persisted 
only on the bases of the three outermost primaries, the 
characteristic echo-location clicks were suddenly heard, 
in addition to the previous screeching and chirping. 
These juveniles were isolated from adults and the caves, 
in cages where echo-location could neither be learned 
nor be of any use. C. maxima made its first clicks when 
the wing reached 124 mm (outer three primaries still 
partly sheathed at base) compared with the adult wing of 
125-140 mm (measurements taken from the West Bornéo 
race C.m. lowi Sharpe, of which adults below 130 mm are 
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ual at Niah). C. salangana made its 
clicks when the wing was 113+ mm 
(adult wing 119-129 mm). The onset 
clicks occurred despite the loss in the 
ight and deprivation of food, and was 
parently “instantaneous”, without pre- 
iminary clicking “trials”. Clicking was 
only heard when the wings were fluttering, 
“either for exercise or in flight; this was 
confirmed for adults of both species. They 
o not click if the wings are pinioned, but 
o so readily if handled with wings free. 
licking can be turned on “at will” in 
adult flight and is used more widely than 
as been supposed—for example, in day- 
ight sweeping over water, in courtship and 
‘play’ flights, and when traffic is dense 
n the cave mouth at any time of day. 
_ Eyesight is more accurate than echo- 
location in the light. The third Niah cave 
_ swiftlet, C. esculenta, which keeps to the 
fully lit cave mouths and cannot echo- 
_ locate, is readily caught in mist nets by day. 
_ whereas during 4 months only two adult C. 
salangana and no C. maxima were netted 
“dn any cave in daylight. These two “‘echo- 
location species” start hitting the nets at dusk and 
--eontinue to do so until dawn. They are easily netted 
anywhere in the cave by night (940 were taken at selected 
spots during the period under review). It is interesting 
_ that of the only two albino Collocalia recorded at Niah 
in the period 1957-65, one was caught just outside the 
< West Mouth in a mist net during daytime. It was a C. 
salangana—presumably with defective vision. 

There is also a tendency to aim echo-loeation towards 
the roof of the cave. When there is a large, clear exit 
- showing the light, which is below an upper dark area, 
birds frequently fly up to explore the top sections. They 
may not find the visually “obvious” outlet for 0-5 h, 
sometimes 10 h, although they frequently pass a few feet 
over it. Experiments on Javanese C. fuciphaga gave 
similar results (personal communication from Medway). 

No general theory for the mechanism of echo-location 
-in these Collocalia has yet been offered’. I suggest that 
_ the clicks are related to wing movement, perhaps with a 
direct nerve and muscle linkage connecting both wings to 
_ the jaw, mouth, tongue and beak assemblage. The 
uniquely developed sublingual glands which supply 
saliva essential for all Collocalia which nest in caves may 
form part of the same complex®?, 





Ee Tom Harrisson 
. Sarawak Museum, 

_ Kuching, Sarawak, 

-Eastern Malaysia. 
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New Approach to the Study of Rumen 
Absorption 


‘Tae processes of production, transformation, dilution, 
absorption and transport proceed simultaneously in the 
‘rumen, and the concentration of substances in the fluid of 
the rumen is influenced by some or all of these processes. 
Only a limited amount of information about the course 
of these processes in vivo can be obtained from measure- 
ments of the fluid concentrations. Thus I have tried to 
-investigate absorption through the rumen wall after 
isolating the process in the following way. 
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2..4uron reinforcement ring 


Fig. 1. Rumen “sucker”; the dimensions are given in mm, 


A device which could be attached by suction inside the 
rumen was made from polyvinyl chloride. This “sucker” 
(Fig. 1) has a central cup which is firmly pressed against 
the epithelium of the rumen. Solutions. for absorption 


through the wall can be introduced and extracted through | A 


small bore plastic tubes attached to the cup. 


This method has the disadvantage that it can only be cee 


used when the cow possesses a large rumen fistula through | 


which the sucker can be introduced. The tubes attached ; ; 
to the cup and to a vacuum pump (in my experiment a - 


milking machine) pass through the fistula. It is important — 
to arrange the sucker on the rumen wall with one of the: — 
tubes at the lowest point of the cup. 15 ml. portions of > 
the solutions to be tested are introduced into the eup, ~ 

using a syringe. ; 


Table 1 ; 
No. of determ- Acetic Propionic Butyrie 
Time in inations ac! aci acid 
sucker : (g/l) (gil) (gfl.) 
Original solution. 4 1 i 
5 min 2 3-86 0-88 0-83 
10 min 2 3-52 0-81 0-73. 
15 min 3 315 0-63 O55 
30 min 3 235 O41 0-32 
Standard deviation 0-054 0-044 0-033 


The rapid absorption of volatile fatty acids determined 
by this method at low pH ean be seen from Table 1, which 
gives the results obtained using a solution of volatile fatty 


acids, with pH adjusted to 4-5 by dilution with sodium 


hydroxide. aN 
J. H. Aarses 

Laboratory of Animal Physiology, : 

Agricultural University, 

Wageningen, Holland. 


Ribonucleic Acid Degrading Activity of Rat Liver 
Microsomes following Partial Hepatectomy 


Tur mechanism of cellular proliferation following tissue 
injury is unclear. Cytochemical and biochemical investiga- 
tions have shown that the onset of mitotic activity in 
injured tissues is preceded by an early regressive phase 
when ribonucleoprotein and RNA are affected’. Clear 
structural changes in the ergastoplasm of rat liver have 
been .observed in the first hours after partial hepatec- 
tomy?, These changes are accompanied by a sharp 
decrease in the ability of RNA to bind basic dyes*.. There _ 
are also some data indicating that the injury ind 
changes in RNA may be due to an activation o 
RNA degrading enzymes, Ribosomes fro: 
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ee RNA autodegradation in microsomes 
= Time of Percentage of ; 
incubation n* degraded RNA 
: per mg protein 
Controls 78 
ooge min 8 
: Hepatectomized 16:2 
Controls 8-0 
60 min 12 
i Hepatectomized 18-4 
AES Controls 8 11-9 
» 60. min 
z Sham operated 8 12-1 


. * Number of animals, 


“sources are known to contain a latent RNase which can 
be activated under the influence of different agents*-?. 
Another RNA degrading enzyme, a phosphodiesterase, 
was also found in the microsomal fraction®. 
Different biological roles have been proposed for these 
_> ribosomal enzymes*!°, but no definite conclusion can be 
¿o drawn. Investigation of the microsomal enzymes after 
partial hepatectomy may help to elucidate this problem. 
_ Some. investigations! have shown no changes in the 
-o RNase activity following partial hepatectomy, but 
these have been concerned with later phases of liver 
> regeneration. 
«The aim of this study was to investigate whether 
ue there is any connexion between the early structural 
_ changes in the ergastoplasm of liver cells and the activa- 
tion of microsomal RNA degrading activity after partial 
- hepatectomy. 
©- Male albino rats weighing 150-180 g were partially 
_ hēpatectomized under ether anaesthesia according to 
-the method of Higgins and Anderson'*. The excised parts 
-= of the livers were used as controls. Three hours after the 
= “operation the remaining parts of the livers were removed 
| and homogenized in a cold glass ‘Teflon’ homogenizer 
‘using 0-25 molar sucrose, 0-03 molar tris-hydrochloric 
acid buffer (pH 7-3), 0-005 molar magnesium chloride and 
0-003. molar potassium chloride. The supernatant was 
= centrifuged at 105,000g in an ‘MSE Superspeed-40’ centri- 
-fuge for 90 min and the pellets were suspended in 0-14 
‘molar sodium chloride. Portions were taken for the 
-< determination of RNA/protein ratio, RNA autodegrada- 
tion and RNA degrading activity before freezing. This 
“was. repeated after seven freezing and thawing pro- 
_cedures'*, RNA was estimated spectrophotometrically'® 
by the difference E.,..-E.,, (the coefficient used was 7-5, 
-y calculated from the nucleotide composition of rat liver 
RNA). Protein was estimated according to Lowry". 
RNA autodegradation was determined after incubation 
_ of the microsomal suspension (2-6 mg/ml. protein and 0-35 
-o mg/ml. RNA) in 0-1 molar tris-hydrochlorie acid buffer 
© (pH T-8). After incubation for 30 and 60 min an equal 
= volume of 0-25 per cent uranyl acetate solution in 1 
normal perchloric acid was added and the degraded 
RNA in the supernatant was estimated. The degradation 
of exogenous RNA was determined in the same way, 
using 0-2 ml. microsomal suspension with the same amount 
f protein and RNA as for autodogradation, and 0-8 ml. 
15 per cent solution of ribosomal rat liver RNA in 0-1 
molar tris-hydrochloric acid buffer (pH 7-8). The values 
of RNA autodegradation were subtracted from the results 
tained. 
The RNA/protein ratio of the microsomal preparations 
was 0-14 (mean value from 20 experiments). There was 
10 essential change in this ratio or the RNA degrading 
activity when the microsomes were washed. Three hours 
after partial hepatectomy the autodegradation of RNA 
and the degradation of exogenous RNA in microsomes 
before freezing and thawing were about twice those of the 
control preparations; however, because of the low activity 
of microsomal preparations the absolute values were too 
low to be statistically significant. After freezing and 





















Table 1. 






"Degradation of exogenous RNA O 
RNA degraded 


pt n (in ge per 1 
mg protein) z 

10 

0-000 9 0-005 
9-5 
32 

0-000 8 0-003. 
121 


+ Student's test giving the probability of obtaining the same difference by chance. 








thawing there was a five-fold increase of the RNA degrad- 
ing activity of the microsomes. The results given in Table 
1 show that 3 h after partial hepatectomy there is a 
statistically significant increase in the RNA degrading. 
activity of the microsomes. After 30 min incubation, 
RNA autodegradation had increased two-fold and degrada» 
tion of exogenous RNA about ten times. No differences 
were found with sham operated animals. 

The time of increased RNA degrading activity in the 
microsomes observed in the present work coincides with 
the time of breakdown of the basophilic rods in the hepato- 
cytes and the decrease of the adsorption capacity of. 
RNA found in previous investigations*:*. The conclusion 
is that the partial hepatectomy causes some reversible: 
injury of the ergastoplasm. Probably as a result of some 
structural alterations of the ribosomes induced by injury, 
the enzyme bound to the ribonucleoprotein particles is 
activated, or the accessibility of both endogenous and- 
exogenous RNA to the enzyme is increased. Another 
kind of injury—carbon tetrachloride poisoning—was also 
found to damage the microsomal fraction, and data are 
available showing that the incorporation of amino-acids 
by such microsomes was inhibited due to lack of messenger 
RNA”. It is attractive to assume that the injury-induced 
activation of RNA degrading activity found in the present 
investigation may be related to the degradation of the old: 
messenger RNA during the regressive phase of regenera- 
tion. Several authors ascribed the RNA autodegradation | 
in the microsomes and ribosomes to the presence of- 
RNase!*-*1, but we have no reasons to assume that the 
same enzyme is activated after partial hepatectomy. 
The nature of this enzyme is now under investigation. 
Some preliminary experiments indicate that the activated 
enzyme may be RNase. 

B. G. Breircnev 
R. Tsanev 

Biochemical Research Laboratory, 
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Sofia, Bulgaria. 
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Uptake of pp-DDT and its Post-mortem 
Breakdown in the Avian Liver 

ALYSES of the organs of dead birds received by the 
ture Conservancy show that most contain residues of 
anochlorine insecticides; the most frequently observed 
compound is pp’-DDE, while pp’-DDT and pp’-TDE are 
also commonly found!. The physiological significance of 
these residues, however, is not known. To determine the 
“possible effect of the concentration of residues in various 
‘organs on the survival and reproduction of birds, toxi- 
ecological studies are being carried out by feeding pp’-DDT 
to Bengalese finches (Lonchura striata). A pilot experi- 
‘ment to determine the sub-lethal and lethal ranges of 
‘chronic dose rates has been completed. This experiment 
was also designed to examine the possibility of using the 
residue content of the liver as an indicator of the dose of 
secticide consumed. 

-pp’-DDT, purified by recrystallization, was mixed with 
“a cage bird rearing food in concentrations of 75, 150, 300, 
600 and 1,200 p.p.m. by weight. As the rearing food 
_ provided only 14 per cent of the total diet the approximate 
experimental dietary concentrations were 10, 21, 42, 84 
and 168 p.p.m. Ten male and ten female birds were given 
experimental feed or control diet as shown in Table 2. The 
two birds fed the 1,200 p.p.m. diet died after 17 and 
35 days and two of those on the 600 p.p.m. diet after 42 
and 46 days, the remainder being killed after 100 days and 
the bodies placed in a refrigerator at —11-5° C to —14-5° C 
for various periods to await dissection. There was little 
Corno loss in weight during this storage period. Birds stored 
-for the maximum period of 95-98 days included specimens 
which had died as well as those which had been killed. 
At dissection the livers were extracted with hexane and all 
extracts were cleaned by chromatography on an alumina 
column according to the method devised by de Faubert 
Maunder et al.. In some cases the extracts were also 
subjected to a dimethylformamide partition procedure 
described by the same authors to improve clean-up. 
Recovery tests for pp’-DDT, pp’-DDE and pp’-TDE 
(pp’-DDD) wore carried out with 0-5 g portions of pigeon 
liver, and recovery values exceeded 80 per cent in all cases. 
The quantitative determination of residue was carried out 
by gas-liquid chromatography using a Perkin-Elmer 452 
instrument fitted with an electron capture detector 
following established methods*:*. Residues found by gas- 

-liquid chromatography were confirmed where possible by 
a paper chromatographic procedure’. Results were ex- 
‘pressed in parts per million (p.p.m.) in terms of fresh liver 
weight at the time of dissection. 
_ The livers contained widely varying concentrations of 
` pp'-TDE proportional to pp’-DDT and pp’-DDE, and these 
were related to the period of storage in the refrigerator 
“(Table 1). pp’-TDE residues were negligible in the livers of 
two dosed birds extracted within 10 min of death, and 
| for this reason nearly all this compound was assumed to 
be of post-mortem origin. The presence of relatively large 
quantities of pp’-DDE confirmed that this is the principal 
_ metabolite of pp’-DDT to be found in the living avian 
liver. The reductive dechlorination of pp’-DDT to pp’- 
{DE has been demonstrated in rat liver’, yeast? and 
the bacteria Proteus vulgaris, Serratia marcescens and 
Escherichia coli®. Investigations with pp’-DDE in the first 
three. of these organisms have, however, produced no 
evidence of its reduction to pp’-TDE. 
.. Studies on incubation were undertaken to obtain further 
“information on pp’-TDE formation in avian liver. Six 
livers from woodpigeons (Columba palumbus) wero finely 
‘sliced, mixed and stored in the refrigerator. Organochlorine 
> yesidues were estimated in a representative sample of this 
material, to act as a control. 25 ml. portions of a buffer 
solution with pH 7-4 (7-8 g sodium dihydrogen phosphate 

41-6 g sodium hydroxide in 1 1. of solution) were pipetted 

«into conical flasks together with 200 ug of pp’-DDT in 
hexane. Hexane was removed with an air stream and 
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3 g portions of liver were transferred to the flasks an 
broken up with a glass rod before incubating at 37°C 
two different conditions: (@) aerobically, by directin 
air stream on to the liquid surface; (b) anaerobically, b 
incubating in the presence of an atmosphere of oxygen-free. 
nitrogen. oer 
After incubation, organochlorine compounds -were 
extracted from the aqueous system by shaking with 
hexane and the extracts were examined by gas-liquid. 
chromatography and paper chromatography. No con 
version was observed under aerobic conditions after 3 
incubation (three replicates), whereas in five anaerobi 
incubations lasting between 3 and 5 h, pp’-TDE was found 
in the range 5-6 yg to 14-4 yg in all cases. No detectabl 
conversion of pp’-DDE to pp’-TDE occurred in anaero 
incubation studies with pigeon liver (two replicates). — 








Table 1, THE EFFECT oF STORAGE ON THE RELATIONSHIP BETWEEN 


py-TDE AND pp’-DDT AT ANALYSIS 
The table includes test birds not represented in Table 2 
Period of storage at Mean of ratios 


~115° C to ~ 145° C No. in pp’ -TDE (ppm) 
(days) sample pP -DDT (ppm) 
0 2 0-01 ' a 
1-3 3 0-07 
4-10 & 0-13 
11-15 4 0-15 
65-67 3 101 
95-98 3 1-35 


Table 2, THE MEAN LIVER CONTENT OF pp'-DDE AND pp'-DDT AFTER 
INGESTION OF pp'-DDT AT VARIOUS FEEDING LEVELS 7 
Mean liver content = 


Feeding level No. in sample Estimated i 





of DDT in p.p.m, Killed Died pr’ -DDE original 3 
(partial diet) (p.p.m.) pe-DDT = 
Control 4 — 075 ove ` 
75 2 _ OL gpa: 
150 4 — 21-3 PEES 
300 4 — 373 43:2 
600 2 2 82-0 Pre: 
1,200 — 2 103-0 2o 


Formation of pp’-TDE by Serratia marcescens and — 
Escherichia coli? was shown. to occur anaerobically but not 
aerobically. As both E. coli and P. vulgaris are known to 
invade vertebrate tissues after death, it is likely that some 
of the pp’-TDE observed in avian liver results from the 
action of bacteria of this kind. Whatever the mechanism 
involved it is clear that substantial pp’-TDE production _ 
can take place post mortem in avian livers even ‘under — 
refrigerator conditions. This is apparently accelerated by 
the anaerobic conditions in dead tissues. = 

As evidence strongly indicated derivation from pp’-DDT, . 
all pp’-TDE concentrations in Bengalese finch livers were 
multiplied by a factor of 1-11 to convert them back to __ 
pp’-DDT values. These were then added to the pp’-DDT 
concentrations obtained analytically to give a figure for 
“estimated original pp’-DDT”. It is not known whether __ 
any other conversions occurred post mortem, and for this 
reason it is uncertain how completely “estimated original _ 
pp’-DDT” accounts for the pp’-DDT present at death, If 
the above conversion is taken into account, however, the = 
correlation between estimated pp’-DDT content of the liver. 
and coricentration in feed is very close (Table 2). Because: 
some of the birds which received higher concentrations 
of insecticide in their feed had been consuming the DDT = 
mixture for a much shorter time than those at the low 
levels, this probably indicates that a stable relationship 
between dose rate and liver content is reached after only. 
17-35 days. The pp’-DDE content of the liver does not 
double with the concentration in the feed, as does that of 
pp’-DDT, except at the low dose rates. This is probably 
because the mean figures for the 600 and 1,200 p.p.m,. 
concentration in the feed include birds dying after 17-46 
days and so having a shorter time on the DDT diet. This is: 
supported by the results for other test birds killed afte 
short periods on DDT diets. a 

The close correlation between liver content..an 
concentration in the feed supports the use of this or 
a criterion for determining whether or not a bird f 



















-field had died from ingestion of DDT. The : 
of liver content with death and reduced reproductive — 
~ success is under examination at present. The post-mortem 

























o generated by a General Electric ‘Maxitron’. 








reduction of pp’-DDT to pp’-TDE, possibly by bacteria, 
makes it probable that most of the pp’-TDE found in bird 

< corpses and addled eggs was originally present as the more 

_ toxic parent compound pp’-DDT, and should be treated 
accordingly. 
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RADIOBIOLOGY 


_. Reconstruction in vivo of Irradiated Escherichia 
coli Deoxyribonucleic Acid; the Rejoining of 
ke Broken Pieces 
DNA is presumably the primary site at which radiation 
damage has biological consequences'. Although lesions in 
single strands can be repaired after ultra-violet exposure?-?, 
it has not been shown conclusively that X-ray damage to 
bacterial DNA can be repaired. In order to study the latter 
“problem, we have devised a method for assaying long 
“< pieces of single stranded DNA in order to facilitate the 
» detection of a small number of breaks in single strands 
induced by X-rays. 
This communication reports experiments with two 
strains. of Escherichia coli: Bjr, a strain resistant to 
— -radiation, and Bs, sensitive to radiation. Both cell types 
were derived from parent strain E. coli B and have 
similar base ratios. Their radiosensitivities are presum- 
ably under genetic control (see review by Adler‘). The 
Ds, for colony survival of Bs-, is about 3 kr. (ref. 5), and 
that of Bjr is near 15 kr. (ref. 4). For our experiments 
long pieces of single stranded material were required. 
‘This condition ruled out methods of preparation which 
“involved shaking, pipetting or stirring, since all these 
procedures are known to break DNA into pieces that are 
small compared with the size of the bacterial chromosome. 
By lysing cells directly on top of alkaline sucrose gradients 


we avoided intermediate steps and were able to obtain 


"pieces of single stranded DNA (about 90 per cent of the 
`; Mhaterial on the gradient) that were approximately one- 
_ sixth of the strand length believed to exist in E. coli (based 
on Cairns's estimate of length). Thus we were able to 
bserve small numbers of breaks induced by X-rays in 
DNA molecules and could follow changes in the number 
breaks with time after irradiation. 
_ Cells of E. coli B/r (Oak Ridge National Laboratory) or 
By. (obtained from Dr. Ruth Hill), growing exponentially 
(generation time, 40 min) in supplemented M-9 medium, 
< were fully labelled with tritiated thymidine’, then exposed 
at the temperature of an ice-bath to 250 kVp. X-rays 
a Cells were 
then incubated in a growth medium without tritiated 
“thymidine at 37° C for different periods of time, trans- 
formed into protoplasts by a modification of the lysozyme- 
versene method’, and lysed by pipetting them slowly into 
0-1 ml. of 0-5 molar sodium hydroxide which had been 
layered on top of a 4-8 ml. 5-20 per cent sucrose gradient 
(adjusted to pH 12-0 with sodium hydroxide). Approx- 
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Fig. 1. Radioactivity of tritiated material in E. coli Bir, lysed and centri- 
fuged on alkaline sucrose gradients, as a function of distance sedimented 
in 90 min (A) unirradiated; (B) 20 kr. no incubation; (C) 20 kr., 20 min 
incubation; (D) 20 kr., 40 min incubation. Approximately 5,000 «p.m. 
were placed on each gradient. Average distance from the meniscus (d), 
average sedimentation constant (Sew), and average molecular weight 
{M W) are given for each plot. Each curve was fitted by eye to the com- 
bined data from three experiments (each indicated by +, ©), A). Double 
arrows indicate that portion of the curve’used to determine d, Ste and 
W. 


imately 5 x 10° protoplasts were placed on the gradient. 
Gradients were centrifuged at 30,000 r.p.m. for 90 min at 
20° C in the SW-39 swinging bucket rotor of a ‘Spinco’ 
model L centrifuge. Contents were collected in fractions 
of two drops each on to disks of filter paper, which were 
then washed in trichloroacetic acid, ethanol, and then 
acetone, in order to remove any material soluble in acid’. 
The dried disks were immersed in toluene scintillation 
fluid and counted in a scintillation counter. 

Typical data for strain B/r, plotted as per cent total 
radioactivity against distance from the meniscus of the 
gradient, are shown in Fig. 1. It is clear that irradiation 
results in a decreased sedimentation rate and that growth 
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ter exposure to X-rays results in the appearance of 
preciable amounts of DNA with a sedimentation rate 
parable to that of unirradiated samples. No such 
crease in size of DNA was found for Bs- during incuba- 
n, although the initial reduction of sedimentation rate 
vas the same. The findings with B/r cannot be the result 
of an increase in the amount of DNA after irradiation; 
in separate experiments we observed less than 10 per cent 
‘of the normal amount of tritiated thymidine incorporation 
(DNA synthesis) during the first 40 min after exposure of 
¿Bjr to 20 kr. This amount of synthesis would not be 
enough to yield DNA of sufficiently high molecular 
“weight, It seems more reasonable to suppose that the 
increase in sedimentation rate following irradiation. 
‘reflects a repair process that rejoins broken pieces of 
DNA with bonds stable in alkali. 
© A quantitative analysis depends on estimating the 
molecular weight of a piece of DNA on the basis of its 
observed distance of sedimentation. A first approximation 
of these values was made by finding the average distance 
“moved by radioactive material, determining the sedi- 
mentation constant for this value from a modified Burgi- 
Hershey equation 


(Saone = a {ref. 10) 


and extrapolating the molecular weight for alkaline DNA 
“from Studier’s data! (obtained with smaller DNA mole- 
cules). We measured the Sow of labelled T2 phage DNA 
jn alkaline deuterium oxide gradients (use of deuterium 
oxide was suggested by F, W. Studier) and used this value 
(Sane = 708, Studier’s value = 72-7) to calculate 8 (8 = 
“4-1 x 10") in the Burgi-Hershey equation for our condi- 
tions of temperature, ionic strength, and sucrose concentra- 
tion. DNA from unirradiated E. coli had an average 
molecular weight of about 2-2 x 10° daltons, or not less 
‘than one-sixth that of a single strand of DNA, based on 
Cairns’s maximum value of 28 x 10° daltons for native 
DNA‘ 

We observed a straight line relationship between the 
reciprocal of the molecular weight (at zero time after 
irradiation) and exposure to X-rays, and we found that 20 
“kr. of X-rays reduced the molecular weight of unirradiated 

-DNA from either B/r or Bs- by a factor of two, that 
“is, this level of irradiation broke each piece, on the 
‘average, in half. These data can be interpreted as 
follows: If 20 kr. breaks each piece of DNA that we 
isolate in half, and these pieces represent sixth parts of 
the intact single strand, about 3-3 kr. should be sufficient 
to. produce one break in each strand of the bacterial 
chromosome. As 33 kr. corresponds to the Ds, for Be, 
(about 3 kr.), one break in each strand of the DNA can 
“account for killing of such radiation sensitive bacteria, On 
- the other hand, since 15 kr. gives comparable survivals in 
_ Bjr, there are clearly more breaks in single strands than 
Jethal events. The simplest explanation for the non- 
-lethality of the majority of the breaks in single strands of 
Bir is that the increasing molecular weight during incuba- 
tion after irradiation represents an enzyme repair process 
“that joins together most of the broken pieces of DNA. 
“Death could result from a failure to repair all breaks in 
single strands or from some other lesion such as breaks in 
“double strands if all breaks in single strands were repaired. 
Freifelder? has observed breaks in double and single 
strands produced in bacteriophage T7 by X-rays and 
concluded that breaks in single strands are not lethal in 
FT. A detailed account of our findings with Æ. coli is in 
preparation. 
We thank Drs. R. B. Setlow and J. E. Donnellan for 
helpful discussion of many aspects of this work, and Drs. 
» Re Curtiss, R. F. Kimball and B. Zimmerman for criticism 
-of the manuscript. 
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Radiation Dosimetry in Small Cavities using ; 
Thermoluminescence in Lithium Fluoride 
Powder 


SEVERAL accounts of thermoluminescence dosimetry have 
recently been published!-*.. The irradiated powder sample 
is usually heated in a steel pan and, after a standard 
annealing procedure, kept in stock for future use. Be 
For radiotherapeutic and radiobiological work. we 
require very narrow measuring probes which can be 
inserted into a vein of a patient or into a bronchus of a 


small animal, for example. To fill and empty very small - ; 


containers is difficult and tedious, and the accuracy is 
low. Furthermore it is desirable to measure dosages at 
several points along a probe; this is extremely difficult 
using present techniques. . 
We have therefore developed a technique with per- 
manently filled containers which can be re-used in- - 
definitely. As the container material has to be flexible, we 
chose ‘Teflon’, which stands the temperature needed for 
read-out; however, this substance is destroyed at... 
400°C, the temperature used in standard annealing: 
procedures’. noe 
Our probes consist of ‘Teflon’ tubes partly filled with 
lithium fluoride powder (see Fig. 1). Before filling, the 
tube and the powder are kept at 300°C in nitrogen for 
2 h, and the powder is added to the tube while it is still 
in the atmosphere of nitrogen. According to Karzmark — 
et al? the tribo peak is suppressed by read-out in æ 
nitrogen atmosphere. 
The read-out is performed in an oven consisting of a 
small heating coil (see Fig. 2). The part of the tube to be 
heated is inserted into the coil which is then heated. 
electrically. The emitted light is detected by a photo- 
multiplier tube. The main peak induced by radiation 
occurs at 210°~251° C. ; 
If radiographic or fluoroscopic localization of the probe 
is required, gold indicators are inserted; these are 
separated from the lithium fluoride powder by ‘Teflon’ 
plugs to avoid disturbances resulting from secondary 
radiation from the gold (Fig. 3). When measurements 
are needed at several points along the probe, the tube 
is filled alternately (from the bottom) with: gold 
indicator, ‘Teflon’ plug, lithium fluoride, ‘Teflon’, gold, 
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Fig. 3. 


‘Teflon’, lithium fluoride, ete. One section of the tube at a 
time is heated for read-cut. 

In our measurements, the sensitivity has been found to 
‘vary with the number of exposures and read-outs. This 
necessitates frequent recalibrations if accurate results are 
desired. We are now trying to eliminate this inconvenience. 

: Sven BENNER 

M. JOHANSSON 

. B. Linpskove 
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PATHOLOGY 


Membranous Cytoplasmic Spirals in Dilantin 
Intoxication 
Tux efficacy of diphenylhydantoin (dilantin) in the treat- 
ment of certain epileptic conditions is well established?. 


"The earlier paper of Merritt and Putnam? indicated that 


<> ‘excessive doses of dilantin can produce ataxia in human 
beings, although this is a rare finding. Recently, Kokenge 
-et al.3, following the earlier study of Utterback‘, showed 
severe losses of Purkinje cells in the cerebellum of rats 
and cats given toxic doses of dilantin. In the present 
investigations toxic doses of dilantin were given to rats 
and the ultrastructural changes occurring during Purkinje 
cell degencration were studied. In addition, an especially 
peculiar phenomenon of membrane hyperplasia was 
“observed in Purkinje cells with an apparent resistance to 
- the drug. 
“White Wistar rats were injected intraperitoneally with 
aqueous sodium diphenylhydantoin, starting with 50 mg/ 
kg/day in the first week and increasing to 200 mg/kg/day 
from the fourth week until they were killed. The animals 
were anaesthetized with sodium pentobarbital and per- 
fused through the heart with 4 per cent formalin in order 
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to preserve the nervous structures. Slices of the cerebellun 
were post fixed with 1 per cent osmium followed by 
saturated uranium acetate. The slices were stained en blo: 
with phosphotungstic acid in absolute alcohol. The tissues 
were embedded in ‘Epon’. Thin sections stained with leac 
citrate were studied with a modified ‘Siemens I’ electror 
microscope working at 80 kV. 

Fig. 1 shows a Purkinje cell process from an animal 
treated with dilantin for 5 weeks. Note the glial processes 
surrounding it and the dilated vacuoles near the surface 
membranes. In the early stages these vacuoles enlarge 
rapidly and push outward beneath the membrane tc 
form a small elevation. This membranous elevation 
usually indents but does not puncture the glial membrane, 
and the vacuole may or may not invade the membranous 
prolongation. The general appearance resembles a small 
bud which continues to grow outward, and the pressure of 
surrounding membranes appears to cause it to spiral 
backward on itself. The spiral structure has two layers of 
double membranes which show a thin line of cytoplasm 
botween the two membranes. The total thickness is about 
300-500 Å. Each layer is bounded by two 70-80A 
membranes. The core of cytoplasm separating the two 
layers of twin membranes varies in thickness. Sometimes 
both membranes fuse together in a structure 150 A thick 
with five layers. Ribosomes were never seen attached to 
these membranous bodies. 

Fig. 2 shows such a large multilaminar cytoplasmic 
body (MCB) which may grow as large as 4u. The “main” 
spiral may have what appear to be “sub” spirals arising 
from it and the centre of the spiral is usually a small oval 
mass of cytoplasm without clearly defined organelles. 
Mitochondria are not seen in these spirals nor do they 
participate directly in their formation. Commonly, the 
attachment to the parent membrane is maintained, par- 
ticularly in the younger and smaller spirals. When the 
double membranes are traced toward the centre, they 
become more tightly packed with fewer undulations and 
show greater regularity of spacing. In this condition the 
MCB show many features of those described by Gonatas 
and Gonatasê for the infantile lipidoses, although it 
cannot be said that the bodies are identical until bio- 
chemical investigations are complete. 





as 


Fig. 1. Purkinje cell dendrite (P) showing a bud (arrow) indenting the 
process of a Bergmann astrocyte (A), Note the subsurface vacuole within 
the bud. (x e, 20,380.) 
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Fig. 2. Multilaminar cytoplasmic bodies located in the glial processes 

surrounding a Purkinje cell dendrite (P). These bodies are formed 

by laminae made up of paired membranes bounding a thin layer of 

cytoplasm, The a to the gs can usually be found. 
x €. 21,735, 


These MCB have also been observed arising from mossy 
terminals as well as Bergmann glial cells, and closely 
resembled the ultrastructural changes described by 
Wallace et al.* in the cerebellum of human beings afflicted 
with the lipidoses. Certain differences do exist, however: 
the MCB reported here result from the outward extension 
of the cytoplasmic membrane pushing against neighbour- 
ing cells and spiralling backward, while the spirals reported 
by Wallace et al. appear to exist within the neuronal 
eytoplasm and their origin is debatable. Obviously, the 
production of these MCB in laboratory animals, especially 
adult mammals, introduces several avenues of scientific 
investigation concerning the plasticity of adult neural 
cells. 

This work was supported in part by research grants 
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Nerve Endings isolated from Rats convulsed 
by Methionine Sulphoximine 


Merutonine sulphoximine (MSO) is a toxie agent fre- 
quently used to produce experimental convulsions in 
various laboratory animals. These seizures are similar to 
human epilepsy, and several findings have pointed toward 
a possible biochemical mechanism of the convulsant!-3, 
Peters and Tower‘ found a marked inhibition of glutamine 
~ synthesis in brain slices and a specific inhibition of glut- 
amine synthetase has been observed*.*. In spite of these 
t physiological and neurochemical changes, a morphological 
correlate for the action of MSO has not been found’, 
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This problem has now been studied in our laboratory _ 
by cell fractionation methods which allow the isolation of 
two populations of nerve endings, synaptic vesicles and. 
synaptic membranes from brain®?. 
injected intrathecally with MSO labelled with earbon-14, 
about 50 per cent of the bound drug was found in the crude 
mitochondrial fraction and was mostly related to: the 
nerve endings’®, The highest percentage of radioactive 
MSO was found fixed to subfraction D of nerve endings. 
previously defined as non-cholinergic® and related to 
glutamic acid~y-aminobutyric acid metabolism", A 

This communication describes the finding of striki 
ultrastructural changes in the nerve endings of. re 
treated with MSO. 

Adult white rats weighing about 150 g were injee 
intraperitoneally with 400-800 mg/kg MSO and ki 
during convulsions. Slices of the brain cortex and the 
subcellular fractions®:* were fixed in osmium tetroxide, 
embedded in ‘Epon 812’, sectioned and observed under the: 
electron microscope. 

Only a few synapses of normal appearance were found 
in the cortex of the convulsant rats. Most of them have 
lost synaptic vesicles to a greater or lesser extent. These 
ultrastructural changes are more clearly visible after 
separation of the nerve ending fractions. 

Fig. 1 shows a nerve ending fraction from a normal rat 
in which every synaptic complex is filled with vesicles. 
This is in striking contrast with Fig. 2, which corresponds 
to the D or non-cholinergie fraction of the brain cortex, 
in which most nerve endings are greatly swollen and 
deprived of synaptic vesicles, 

The number of vesicles found at any time is probably 
the result of a balance between their formation and release 
(see ref. 13), and the exact interpretation of our finding 
is rather complex. The ultrastructural changes could 
result from overstimulation of synapses not compensated 
by the formation of vesicles and thus leading to synaptic 
exhaustion. In fact, a depletion of synaptic vesicles was 
observed in a peripheral synapse after high frequency 
stimulation, 

To clarify the nature of the nerve endings affected by 
MSO, determinations of acetylcholinesterase and choline- 
acetylase and of bound acetylcholine were made in con- 
vulsant rats. These parameters did not change markedly, 
indicating that the cholinergic nerve endings are not 
involved. Bound acetylcholine is known to be present 
in synaptic vesicles*, and the few intact nerve endings 
found in the cortex and nerve ending fractions could 
correspond in part with these cholinergic endings. The 
considerable number of synaptic complexes deprived of 
vesicles in the rat treated with MSO—particularly in the 
non-cholinergie nerve ending fraction*—supports the ides 
that most cortical synapses are non-cholinergic. 

It is difficult at present to correlate these morphological 
changes with the neurochemical findings. It can be 
postulated that MSO may interfere by the irreversible 
inhibition of glutamine synthetase* with several of the 
interconnected reactions of glutamine-glutamate and 
y-aminobutyrie acid metabolism. Recent observations 
in this laboratory indicate that, in addition to its prefer- 
ential localization in microsomes", part of the enzyme is 
bound to synaptic membranes!*, The inhibition of such 
strategically located enzyme may produce a profound 
disturbance in the equilibrium between glutamate and 
glutamine and a strong effect at the synaptic level. The 
sudden leakage of glutamate could activate the post- 
synaptic membrane and thus induce an uncontrolled 
neuronal firing. 

The inhibition of glutamine synthetase may also 
indirectly affect the metabolism of y-aminobutyric acid. 
Salganicoff and De Robertis!? found that isolated nerve 
endings are easily permeable to glutamine but not to 
glutamic or aspartic acids. The inhibition of gluta 
synthetase by MSO could impair the accessibility of 
amine to the ending and thus reduce the ‘synthe 





In convulsant rats 
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exposed to arsenic- pentoxide, sodium 
nitride or 2,4- -dinitrophenol. These results 
have been interpreted in terms of genomie 
replication and recombination as separate 
processes. Depression of replication causes 
a change in metabolic processes stimulating 
recombination. Folsome’s observations? 
that phenethanol, a reversible inhibitor of 
phage and bacterial DNA synthesis? and of 
bacterial messenger RNA synthesis*, com- 
pletely blocks recombination and hetero- 
zygote formation in T4 rlL-H. coli B com- 
plexes seem to contradict this hypothesis. 
The experiments of Tomizawa and Anraku! 
have been repeated in an attempt to resolve 
these differences. 

Folsome’s media, phage mutants, and 
methods were used’. E. coli B at a con- 
centration of 5 x 10%/ml. was infected with 
each of the two parental 74 rll mutants. 
After 8 min adsorption and sampling for 
unadsorbed phage, complexes were treated 
with 8 x 10 molar potassium cyanide as 
in the method of Tomizawa and Anraku'. 
Samples were taken at 1, 3 and 7 h inter- 
vals, shaken with chloroform, and assayed 
on E. coli B (total phage) and on E. coli K 
(lambda phage, r+ recombinants). A con- 
trol sample was taken immediately after 
adsorption, incubated for 1 h without 
potassium cyanide, and assayed. Assays 
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for unadsorbed phage after the initial 8 min 
indicated that in all cases unadsorbed 
phage was insignificant in the total progeny 
phage yields. 

Two cross types were used; intercistronic (A, 
rio? x B, 2e) and intracistronic (B, 2e x B, 5b). The 


Fig. 1. Nerve ending fraction isolated from a normal brain cortex of the rat showing 

humerous synaptic complexes lled with vesicles. e, Normal nerve ending. ( x e. 27,170.) 

Fig. 2. Similar to Fig. 1 but from a eonvulsant rat after 400 mg/kg of MSO intra- 

peritoneally. Most nerve endings are altered (ae) showing vacuolization and loss 
of synaptic vesicles. 2, Normal nerve ending. (x e. 27,170.) 


y-aminobutyric acid. Alteration of the inhibitory synapses 
could also cause convulsions. 
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MICROBIOLOGY 


Depressant Action of Cyanide on 
Recombination and Synthesis of Deoxyribonucleic 
Acid in Phage T4~Escherichia coli Complexes 
ANALYSIS of phage T4 rl crosses by Tomizawa and 
Anraku! has suggested that genetic recombination occurs 
and is stimulated in cyanide treated complexes. They 
have found similar recombinogenic effects in complexes 


results of these crosses and treatments are shown in 
Table 1. 


fable 1. EFFECT OF POTASSIUM CYANIDE ON RECOMBINATION FREQUENCIES 
AND DNA SYNTHESIS IN T4 ril E. coli B COMPLEXES 
Intracistronic Intercistronic 
Treatment Recom- Per- Recom- Per- 
bination centage of bination centageof Net DNA 
frequency control frequency control synthesis 
{per cent) (per cent} 
Control 1-8 100 8-0 100 100 
Potassiumeyanidelh 0-9 49 B4 43 0 
Potassium cyanide3h 0-7 38 23 29 0 
Potassium cyanide 7h 03 17 23 29 0 


A decrease in recombination frequency greater than 
50 per cent of control values for cyanide treated complexes 
is evident after the 1 h treatment and there is a greater 
depression with continued exposure to cyanide. DNA 
synthesis was followed by the diphenylamine reaction as 
outlined by Levine*. No detectable DNA synthesis 
occurred in cyanide treated complexes. 

Three sets of observations on the relationship between 
DNA synthesis and genetic exchange are available. 
These are: (1) phenethanol inhibition of phage and 
bacterial DNA and bacterial messenger RNA synthesis?4 
fully blocks phage recombination?; (2) cyanide inhibition 
of general bacterial metabolism and of DNA synthesis 
stimulates phage recombination!; (3) cyanide inhibition 
depresses phage recombination, as reported here. (1) 
suggests that some stage of recombination requires host 
messenger RNA and/or phage DNA synthesis. (2) and 
(3) suggest different recombinogenie effects of cyanide, but 
also suggest similarities in that recombination occurs 
even when DNA synthesis is incompletely (2) or fully (3) 
blocked. The differences in the recombinogenie effect are 
presumably due to differences in resistance of the strains 
of Æ. coli B to cyanide. With 8 x 10- molar potassium 
cyanide Tomizawa and Anraku! observe very slight 
(0-5 per cent) DNA synthesis while we observed none. 

We conclude that cyanide and phenethanol have differ- 
ent modes of action on complexes. Phenethanol prefer- 
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jally depresses bacterial messenger RNA synthesis‘, 
t permits phage messenger RNA ‘and protein but not 
JNA to be synthesized’, and fully inhibits recombination. 

'yanide depresses gross metabolism of phage host com- 
lexes, but does not fully or significantly block phage 
recombination. It seems likely that phage recombination 
‘requires a product of bacterial origin—perhaps bacterial 
= messenger RNA or enzyme. Studies on phage recombina- 
| tion in recombination deficient mutants of E. coli? would 
be of interest. 

- This work was supported by a research grant from the 
U.S. National Science Foundation, the East West Center, 
and the Microbiology Department, University of Hawaii. 
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New Type of Immunity to Virulent T-phages 
in Escherichia coli 


‘Herepirary immunity manifests itself in Escherichia coli 
treated with a cell free medium obtained from a stationary 
“phase culture inoculated with a virulent phage. Immune 
_ bacteria have certain features which cannot be explained 
< “by selective or mutational processes. -They become re- 

“sistant to other related and unrelated virulent phages of 
«the T-series as well as to the phage present in the cell free 
- medium (infecting phage). 

> In the first experiment a stationary phase culture of 
E. coli B was inoculated with bacteriophage T, and then 
incubated at 37° C for 48 h. The bacteria. were removed 

by centrifugation followed by filtration, and the cell free 
medium was concentrated fifty-fold by osmosis with 
“polyethylene glycol, 4,000 (‘Carbowax’, Union Carbide 
Co., New York). This preparation contained 5 x 10° 
P.¥.U./ml. phage. 0-2 ml. of this concentrate was diluted 
serially to 10- in ten-fold steps, with nutrient broth. 
To 1-8 ml. of each dilution 0-2 ml. of a fresh culture of 
E. coli B S* (streptomycin resistant) containing 10° 
bacteria/ml. was added. After overnight incubation at 
37° C the tubes were scored for turbidity. It was found 
that the tubes containing the 10-' and 10-? dilutions of the 
concentrate were turbid, those containing 10-* to 10-7 
dilutions were clear, and those with 10-* and 10-* dilutions 
were turbid. The turbid tubes with 10- and 10- dilutions 
contained infective phage shown by plating out on E. coli 
B indicator cells, whereas the high dilution tubes were 
phage free. Thus, large amounts of bacteria were actively 
ë, growing in the presence of at least 107 rru/ml. of phage. 
C": amples from the turbid tubes were streaked on agar 
plates and tested for sensitivity to homologous (T) and 
heterologous (7',) phages by cross streaking with phage 
suspensions. The bacteria from the low dilution tubes 
were resistant to both phages while cells from the high 
‘dilution tubes were sensitive to them. Experiments in 
< which different preparations were used also gave similar 
results. Stationary phase cultures inoculated with P, 
also yielded a cell free medium which exhibited the same 
immunity producing property. 

To investigate this property the following experiment 
was carried out. A cell free concentrate prepared with Tyr 
(containing 5 x 108 P.r.u./ml.) was applied in three-fold 
dilutions to exponentially growing E. coli B Sr. Marked 
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bacterial. growth was: observed in tubes containing 
dilutions of the concentrate, that is large amou 
Tar. Bacteria from the tubes showing turbidity 
plated for the isolation of single colonies. The colonie 
obtained were phage free, as shown by plating on indicator — 
bacteria. They were tested for resistance or sensitivity to — 
Tar, Ts, Trt and 7, by cross streaking the different phage 
suspensions with colony suspensions on agar plates. 
plates were incubated overnight, and the. resul 

recorded in Table 1. 












Table 1. PHAGH RESISTANCE OR SENSITIVITY 08 E. coli B TREAT 
CELL FREE MEDIUM FROM A T's INFECTED STATIONARY CULT 


Sensitivity (s)/resistance (r) of the No. of colonies 
bacteria tested scoi 


red 
Ts Ts 18 Ts 0 
Tar Tas Ts Ts 15 
ar Tar Te Tr 8 
Par T 8 Ter T 8 3 
Tar Ts Tyr Pyr 3 
ar Tar Tar T 8 1 
T8 Tyr Tar Tir 2 


Total colonies tested 82 


Approximately half the examined colonies were re- 
sistant to T, only. The others showed varied resistance, _ 
ranging from resistance to all four types (8 colonies) to — 
resistance to all but the original phage. All colonies _ 
were found to breed true. ; SNES Ee 

Conjoint resistance to T's, T, and T, which is known to 
occur as a single mutational step' can also be excluded 
by the fact that 26 colonies {0f the 32 included in Table 1} _ 
tested against T, were all found to. be. resistant, to S 
phage. In addition, certain data on the velocity at which 
heterologous resistance is. attained indicate that. the T. 
resistant colonies appear 20 min after the introduction 
of T, phage. The occurrence of such varied resistant 
patterns excludes a straightforward “mutation and 
selection” explanation of this phenomenon’, Preliminary 
observations indicate that. phage is necessary for the 
initiation of this phenomenon. We propose the term | 
immunity, rather than resistance, for this phenomenon, 
and “factor of bacterial immunity” for the factor respons- 
ible for it. eee eee 

I thank Drs. N. Goldblum and J. Mager for assistance © 
and Dr. W. Hayes, M.R.C., London, for his criticism and 
comments. es 
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Experiments in Bacterial Adaptation 


RECENTLY, I found that bacteria have definite preferences \: 
in utilizing different types of hydrocarbon as sole carbon- 
aceous nutrient and in adapting from one type to another’... 
I now wish to report the results of further experiments,” 
with two of the organisms which show that this ‘ability. 
to ferment hydrocarbon is retained after the organisms 
have been grown on glucose as carbon source for a con- 
siderable period. 

The organisms, Pseudomonas fluorescens and a species 
of Corynebacterium, were subcultured every third day for 
117 days into conical flasks containing 100 ml. sterile 
mineral salt solution (1-6 g potassium dihydrogen phos- 
phate; 0-8 g disodium hydrogen phosphate; 0-5: g 
MgS0O,.7H,0O; 0-5 g sodium chloride; 5 g ammonium 
chloride in 1 1. distilled water) and 1 per cent glucose... 
The flasks were then kept stationary at 30° ©.. At 
each transfer from one glucose medium to anothe: 
sterile mineral salt solution containing in plat 
glucose 1 per cent dodecano for the Pseudomone 
1 per cent decane for the Corynebacterium 
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was also inoculated.’ After a further 3 days each of the 
hydrocarbon cultures was transferred again to a fresh 
flask containing the same mineral salt solution and hydro- 
carbon. The two successive transfers to media containing 
hydrocarbon were required in order to reduce the amount 
of glucose transferred to a negligible proportion and to 
rule out the possibility of glucose being carried forward 
with the cells and being used as nutritional source. It 
was found that the cell counts after 3 days incubation in 
hydrocarbon medium of the second transfers were the 
same following thirty-eight transfers on glucose as after 
only one transfer (that is, 10° cells/ml.). Furthermore, 
hydrocarbon. and glucose were equally suitable as carbon 
sources, because cell densities on media containing either 
were the same. The ability to attack the hydrocarbon 
readily was retained by the bacteria throughout the 
whole series of glucose transfers, which suggests that the 
ability. to ferment hydrocarbon is constitutive and not 
adaptive. 

© Tam grateful to Sir Cyril Hinshelwood for the suggestion 
on which these experiments are based, and to Miss C. W. 
Baxter for technical assistance. 
ee Kerstin M. Frepricxs 
Imperial Chemical Industries, Ltd., 
Petrochemical and Polymer Laboratory, 

< Runcorn Heath, Cheshire. 
i Fredricks, K, M., Nature, 208, 1047 (1966). 


Interference not mediated by Interferon 


AUTOINTERFERENCE or autoinhibition is the phenomenon 
in which reduced multiplication of a virus results when a 
host is inoculated with a high concentration of virus. It 

-has often been encountered in tissue culture cells with 
animal viruses. Members of the myxoviruses and arbo- 
viruses groups provide many examples'4. These viruses 
can also induce interferon in the cells they infect. Inter- 
feron can be demonstrated in undiluted or low dilutions 
of culture fluids infeeted with virus used as inocula. Auto- 
interference, therefore, has usually been attributed to 
the presence of interferon carried along with the inoculum. 
The present communication deals with an example of 
autointerference which results from the infection of chick 
embryo (CE) cells by Western equine encephalomyelitis 
(WEE) virus. Tho results showed that interferon was not 
involved in this instance. 

The methods for the growth of WEE virus and the 
titration of its infectivity in CE cultures have previously 
been reported’. CE cultures were prepared according to 
the method of Dulbecco and Vogt’. Preliminary experi- 
ments indicated that cultures receiving 1,000 plaque- 
forming units (P.F.U.) per cell of WEE virus produced 
only about 10 per cent as much infectious virus as cultures 
infected with 0-1 P.¥.u./eell. Actinomycin D completely 
inhibits the action of interferon in CE cells, Cultures 
were incubated with actinomycin (5 ug/ml. for 2 h) and 
then infected with various concentrations of WEE virus. 
Control cultures which received no drug were included 
for comparison. Virus yields were determined 20 h later. 
The addition of 1,000 P.¥.v./cell resulted in a reduction 
of virus yields from about 5,700 P.F.U. /eell to about 700, 
just more than an eight-fold reduction. The decrease in 
the yield of virus from cultures receiving high doses of 
virus was not influenced by pre-incubation of the 
cultures with actinomycin D. This rules out the possibility 
that the autointerference found here was due to any 
interferon present in the inoculum. 

Proof that the interference observed here was due to 
virus particles rather than interferon was also obtained 
with the semi-purified WEE virus. WEE virus was 
partially purified by high speed differential centrifugation. 
Virus can be separated from interferon by high speed 
centrifugation. Similar reductions in the amount of 
infectious virus produced by CE cells were observed when 
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such virus preparations were used to infect. the cells at a 
multiplicity of 1,000. ae 

These results suggest that the autointerference observed 
here was due to the virus particles themselves. 


Table 1. INFLUENCE OF MULTIPLICITY ON THE YIELD OF WEE VIRUS IN 
CE CELLS 


Concentration Yield of virus (2.P.v./cell) f 
of virus added Control Treated with actinomycin D 
(P.¥.U./cell) Exp. 1 Exp. 2 Exp. 1 Exp. 2 
1,000 720 658 650 600 
100 1,160 = 050 s. 
10 2,240 2,356 1,080 1,124 
i 4,400 4,251 2,800 2,025 
O1 5,600 5,880 6,000 5,775 
* Not done, 


CE cell cultures 24 h old, containing 3 x 108 cells per 
culture were used. Cultures were treated with actino- 
mycin D by adding 2 ml. of Eagle’s medium containing 
5 ug/ml. of the drug and incubating for 2 h at 37°C. They 
were infected by adding 0-5 ml. of WEE virus diluted 
appropriately and incubating for 1 h at 37° ©. The 
cultures were then washed three times with phosphate 
buffered saline containing bovine serum albumin and 
5 ml. of Eagle’s medium were added to each culture. 
They were then incubated at 37° C. The cultures were 
collected 20 h after the addition of virus by scraping the 
cells into the medium. Samples for infectivity titrations 
were taken after freezing and thawing the infected cells 
three times. 

This ruled out conclusively the involvement of inter- 
feron. A physical particle present in vesicular stomatitis 
virus (VSV) populations obtained after multicyclie growth 
in CE cells has been held responsible for the autointer- 
ference in VSV infection’. We do not know whether similar 
particles are present in WEE virus. Density gradient 
analyses of crude WEE virus stocks have yielded two 
peaks of virus specific materials**. The faster sedimenting 
peak accounted for the bulk of the infectivity. Both 
peaks contain haemagglutinin. Two types of physical 
particles have been observed in Sindbis virus populations, 
one accounting for the mature infectious virus and the 
other possessing low infectivity associated with a high 
haemagglutinin. Experiments are in progress to ascer- 
tain the role of these particles in the observed interference. 

This investigation was supported by a grant from the 
National Institute of Allergy and Infectious Diseases, 
U.S. Public Health Service. 
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Host Induced Change in the Morphology of 
a Powdery Mildew Fungus 


Brumer’s! work showed that the powdery mildews 
produce two types of conidiophore, those of the Erysiphe 
polygont DC. type, producing one mature conidium in 
a day, and those of the Erysiphe cichoracearum DC, type, 
producing a chain of between two and eight mature 
conidia in a day. Childs? later referred to these two 
powdery mildews as the non-chain forming and the 
chain forming types respectively. He showed that the 
former had a single peak period of spore liberation between 





6,806! OCTOBER 29. 1966 








Fis. 1, Typical non-chain forming type of pier mildew which 
normally infects Hevea. (x e. 175.) 





Fig. 2. Chain forming type of powdery mildew which infects E. kirta 
under natural conditions. (x e. 175.) 


1000 and 1400 h, while the latter had a more complex 
diurnal cycle of spore liberation with two peaks, the first 
between 0600 and 0800 h and the second between 1400 
and 1600 h. There is no evidence that the fungus which 
produces one type of conidiophore can produce the other 
in any circumstances. 

The powdery mildews of Hevea brasiliensis Mull Arg. 
and the common weeds in Ceylon are being investigated 
here with a view to establishing the possible alternative 
hosts of Oidium heveae Steinm., a pathogen of rubber. 
O. heveae is a non-chain forming type (Fig. 1), and I (ref. 3) 
have shown that it has a diurnal periodicity of spore 
liberation with a single peak ‘between 1000 and 1400 h. 
The natural Oidium sp. on Euphorbia hirta L., a common 
herbaceous weed in the rubber growing districts of Ceylon, 
is morphologically different from O. heveae: it is a 
chain forming type (Fig. 2), and has been found, by 
methods similar to those of Childs*, to have a diurnal 
periodicity of spore liberation with the two peaks charac- 
teristic of this type of fungus. These two powdery mildews 
are similar in all respects except the conidiophore, and 
there are no statistically significant differences of conidial 
dimensions, colony development or size and shape of 
haustoria. Perithecia have not been observed in either 
fungus. 

Young? stated that the Oidium heveae can be transferred 
from Hevea to E. hirta and vice versa, and concluded that 
this weed was the alternative host on which O. heveae 
overwintered. However, I have (ref. 5) recently shown in 
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carefully controlled experiments, that although the conidia. 
of O. heveae can producé a sporulating infection when 
transferred to the leaves of E. hirta, the natural Oidium. 
sp. on the latter plant does not infect Hevea. The conidia 
of the fungus which grows on EH. hirta when this plant is” 
inoculated with O. heveae do not reinfect Hevea. 

These observations were confirmed by inoculations of 
detached leaves of both hosts, which were surface sterilized 
with propylene oxide, dusted with the conidia of the 
selected fungus and floated on 1 per cent sucrose solution 
in Petri dishes. They were kept in the laboratory. in 
strict isolation. Sporulation of the fungus, when it oc-. 
curred, was visible under the stereoscopic microscope: 
on the seventh day after inoculation. All inoculations 
where the fungus was transferred to its natural host were 
successful, but the only successful cross inoculation. was 
the transfer of O. heveae to E. hirta. 

O. heveae is a non-chain forming type of powdery 
mildew (Fig. 1), but it produces chain forming colonies 
(Fig. 2) exactly like the natural fungus on Æ. hirta when 
its conidia are transferred to this host. The morphology 
of the powdery mildews with a wide host range seems to 
be susceptible to alteration by particular hosts. 

Several authors, among them Schmitt* and Yarwood’, 
have shown that certain powdery mildews can be readily 
transferred from one host species to another, but no 
details are available concerning any changes in the 
morphology of the fungus which may accompany the 
change in host species. Further investigations, to determ- 
ine whether the observations made on O. heveae apply 
to other powdery mildews which are not host specific, 
would be useful. 
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IMMUNOLOGY 


Synthetic Approaches to the Biological 
Activity of ß-Lactoglobulin in Human 
Allergy to Cows’ Milk 


Work carried out in this laboratory since 1962 on the 
structure of the active sites in the allergens involved in 
the hypersensitivity syndrome of atopy in man (asthma, 
hay fever, atopic dermatitis group) has been based on the 
observation that the physicochemical properties of these 
allergens differ significantly from those of other (glyco)- 
protein antigens’. Specifically, the early postulate of 
N-glycosidic structural centres formed by Maillard 
reactions between s-amino groups of lysine residues and 
reducing sugar has recently been substantiated by 
studying the absorption characteristics in the ultra-violet 
of purified inhalant and food allergens in relation to those 
of synthetic model compounds**. Because isolation 
studies on the atopic allergen in cows’ milk had shown 
the skin-reactive allergen to reside largely in the f-lacto- 
globulin fraction‘, an attempt was made to increase its 
specific activity by synthetically incorporating N-glyco- 
sidically bound carbohydrates into the molecule. 

In a series of experiments, crystalline 8-lactoglobulin’ 
was incubated in 0-25 per cent concentration with lactose 
(15 per cent) in a sterile phosphate buffer, 0-01 M, pH 7-0, 
at 50° C, for various periods of time (up to 216 h). After: 
the removal of unreacted lactose and the degradation 
product of the sugar by extensive dialysis*, the clear 
brown solutions were dried by lyophilization 
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Fig. 1. Difference spectra of modified proteins. B, §-Lactoglobulin after 

120 h treatment with lactose, minus f- lactoglobulin control (120 h at 50°); 

Ç, 6-lactoglobulin after 120 h treatment with D-galactose control without 

protein; D, f-lactoglobulin after 120 h treatment with D-xylose control 
without protein’, 


physicochemical characteristics of the protein product 
were then established with the aid of various techniques. 

The ultra-violet absorption spectrum of the modified 
protein proved to be significantly altered as compared 
with the protein blank submitted to the same treatment in 
the absence of lactose. The difference spectrum (Fig. 1) 
revealed a prominent non-symmetrical peak at 305 mu. 
While the shape of these curves proved to be independent 
of the nature of the sugar partner (Fig. 1), the height of 
the 305 peak was observed to be related to the reactivity 
of the particular aldose, pentoses being more reactive 
than hexoses under identical conditions. It was reported. 
earlier** that this 305 my absorption maximum also 
appears in the spectrum of n-amylamine/p-ribose mixtures 
and in the absorption curve of poly-L-lysine when it is 
made to react with p-ribose; only minor and uncharac- 
teristic changes were observed in the spectrum of proteins 
which had been made to react with 2-deoxy-p-glucose. 
These findings are consistent with the occurrence in these 
proteins of N-substituted l-amino-1-deoxy-2-ketoses (in 
the 1-2-enol form) absorbing maximally at 305 my and in 
the 230-250 my, region. Further rearrangements of this 
Amadori compound may give rise to the tautomeric 
2-3-enediol with low-intensity peaks over 325 mu. These 
relatively unstable sugar residues are qualitatively demon- 
strable with 2-thiobarbituric acid according to Keeney 
and Bassette’ by virtue of their ease of conversion into 
furfural derivatives in 0-1 N oxalic acid; with this 
method it was possible to demonstrate a marked incor- 
poration of aminodeoxyketoses in B-lactoglobulin which 
had been made to react with lactose. 


Table 1 
1% Avail- No. of 
Time iom LEP. able Sugart peptide bonds 
Preparation (bh) at at = in O-1 lysine* (hexose) split with 
60°C 305 mun M (per {per trypsin, per 
NaCl cent) cent) mol of protein 
#-Lactoglobulin, 0-8 (5:2) 11:8 <02 17 
èrystalline 
Browned fi-lacto- 
globulin/lactose 
preparation A 48 20 4-8 8-3 1-4 13 
” » ZB 96 29 46 67 3-0 10-11 
” we GS 168 3-8 45 4-6 3-2 8 
y » D 216 4-4 44 4-4 3-5 6 
8-Lactoglobulin 216 1:8 5-0 90 <02 13 


control ł 


* Assayed according to Carpenter’, 
+ Assaved with orcinol and expressed as equivalent galactose, 
t Incubated as long as preparation D (216 h). 
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-During the browning reaction; free epsilon amino grouy 
are blocked by condensation with sugar, as indicated: b 
a fall in the amount of “available lysine”! detectable wit 
fluorodinitrobenzené in the protein products (Table. 1 
With an increasing ultra-violet absorption at 305 myu th 
available lysine value was observed te decréase, while th 
isoelectric point of the protein partner shifted to lowe 
pH-values and the number of peptide bonds split unde 
the action of trypsin at 37° C and pH 8 in the first 60 mi1 
decreased significantly (after pretreatment at pH 8-7 ani 
4° C for 2 h). Furthermore, a diminished capacity for th 
uptake of protein dyes was noted and electrophoresis. i: 
agar gel revealed a considerable increase in the ratë o 
migration towards the anode at pH 8-6. 

The use of lactose as the reaction partner makes i 
possible to estimate the increase of protein-bound sugar 
The sugar content (expressed as galactose in the orcinc 
assay) of B-lactoglobulin rose from 0-2 per cent in thi 
crystalline protein to 3-5 per cent in preparation Ž 
(Table 1). This means that about seven sugar molecule: 
had become attached to the protein molecule, but because 
a greater content of sugar was expected on the basis œ 
the drop in available lysine, the conclusion was draws 
that the galactose moiety is readily split off as a result o: 
intramolecular rearrangements in the glucose moiéty 
The specifie binding of the glucose half of the lactose 
molecule to the e-amino group could be demonstrated by 
resin hydrolysis (‘Dowex’ 50W x8, H+ form,.6 h at 
105° C) and paper chromatography. Only galactose could 
be detected (aniline phthalate spray), which indicates that 
the glucose moiety of the disaccharide is, in fact, engaged 
in the Maillard reaction; after its condensation with 
amino groups the glucose residue fails to react with the 
usual sugar reagents (orcinol, anthron) and is degraded 
to non-sugar compounds during acid hydrolysis. Corre- 
spondingly, no increased sugar could be demonstrated 
with these techniques in §-lactoglobulin preparations 
which had been made to react with monosaccharides. 

The progressive blocking of the free amino groups of 
8-lactoglobulin during the Maillard reaction with reducing 
sugar profoundly influences the net charge and charge: 
distribution of the protein partner. Moreover, normal 
heat modification occurs during the process, as is observed 
to a lesser extent for the control protein (Table 1). Un- 
masking of “buried” groups in the protein, for example, 
could be deduced from titration data; the sedimentation, 
constant rose from S* = 2-8 § for crystalline 8-lacto- 
globulin to S** = 3-7 S for preparation D (Table 1)—as 
compared with S% = 3-2 S for the control protein heated 
without lactose—probably as a result of irreversible 
unspecific aggregation and alterations in the, shape of the 
molecule. The modified protein precipitated at the iso- 
electric point (I.E.P.) from its solution in saline, and 
electrophoresis in agar gel showed only one broad band 
in contrast to native §-lactoglobulin, which under the 
same conditions separated into the two distinct bands of 
the A and B variants. 

It is worthy of special notice that the specific allergenic 
activity of §-lactoglobulin is considerably increased 
by the browning reaction with lactose, despite the 
marked alterations induced in the protein molecule. 
This is indicated in Fig. 2, which shows that a neat cor- 
relation exists between the height of the 305 mu absorp- 
tion peak (which is indicative of the degree of browning) 
and the specific skin-reactivity (units/mg of protein— 
compare ref. 9) in atopic individuals hypersensitive to 
cows’ milk (average of four patients); no reactions were 
elicited in normal control persons. The amount of sub- 
stance required for a positive intradermal reaction fell 
from 10 ug for crystalline B-lactoglobulin (and even more 
for the control protein heated without lactose) to 0-15 ug 
for the protein-lactose preparation B. These results are 
even more striking because these allergic reactions are 
thought to be mediated by specific reaginic antibodies: 
the interaction with specific antibody in other immuno- 
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Jogical systems is usually diminished or lost after physical 
_ or chemical modification of the antigen. 
- While, therefore, satisfying another of the three 
: requirements for proof of N-glycosidically bound sugar in 
| atopic allergens stipulated earlier*, these findings also 

implicate structural centres which involve N-glycosidic 
“protein—sugar linkages as characteristic determinant 
sites in the allergen molecule. 

One of us (E. B.) is working at the Central Institute 
for Food and Nutrition Researeh TNO, Zeist, the 
| Netherlands. We thank Dr. E. Young for selecting the 
patients and performing the skin tests and Unilever N.V. 
for their financial support. 
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HAEMATOLOGY 


Inheritance of the Cytotoxic Factor of 
Human Serum 


‘Tue antigenic composition of the human erythrocyte is 
well defined and is the basis of the established blood group 
systems, but little is known about individual antigenic 
differences in body fluids and tissue cells outside the 
blood groups. The eytotoxie factor of serum has been 
determined here with the aid of a simple method of cell 
culture, 

© When the cytotoxic effeet of fresh human serum on 
cells was measured, only slight differences were found 
between sera from healthy persons; after storage for 5 
days at + 4° C, however, human sera could be classified by 
this method into one group in which the effect persisted 
(Cf+) and one in which it disappeared (Cf—). The dis- 
tinction between Cf+ and Cf— groups offers no difficulty 
in normal adults. 

The experiments were performed on ordinary glass 
plates on which HeLa cells or normal human cells had 
been sown together with the serum to be tested. By this 
> Means the serum can be diluted to any concentration 
a desired and the cell density can be varied. After the cells 
© had adhered to the glass for 6 h they were allowed to 
grow for 48 h and then fixed, stained and counted. The 
number of mitoses was then estimated. 

Table Ll shows the results of the experiments with normal 
healthy adults. The Cf group was determined in a number of 
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Table 1. FREQUENCY OF Cf.GRoUPS IN HEALTHY ADULTS . 
Percentage. 
Ch+ 


Cf+ Cf. Number 
Men 28 15 43 65 
Women 19 20 39 49 
Number 47 35 82 57 


Table 2, Cf+ CHARACTERISTICS OF PARENTS AND OFFSPRING 


ing Children 
Father Mother Cf+ Cf 
l Cf+ Cft dó? ~ 
2. Cf + Cf+ EES ia 
3. Cf+ Cf+ PSESE 
4, C+ cf- 3é 
5. Cf+ Cct~ ods 
6. Cf — f+ Ş 
T Cf- Ct+ g 
8. cf- Eft g 
9. Cf- Cf+ be 
10. cf- cf— — 
11. Cf— of- — 
12. Ct~- Cf— — 





samples of serum collected from healthy subjects. on 
different occasions over a period of 3 years. The samples 


from any given individual were all of the same Cf group. - 
There was no significant difference in the sex distribution 


of the two Cf groups. The family material is in Table 2 
and shows that the Cf factor is hereditary. The observa- 
tions are consistent with the. assumption of autosomal 
unifactorial inheritance. No correlation was found between- 
the Cf group and the various blood groups, age, diet 
and sex. Heating the sera to +56°C for half an hour 


- had no demonstrable influence on the test results. 


This investigation is supported by grants from the 
Swedish Cancer Society. : 
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Institute of Clinical Bacteriology, 
University of Umea, 
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Uncommon Electrophoretic Patterns of 
Serum Cholinesterase (Pseudocholinesterase) 


Harris ef al? used two-dimensional electrophoresis on 
filter paper and in starch gel to show that serum cholin- 
esterase is made up of several electrophoretically separable 
components. After completion of the runs, four zones of 
pseudocholinesterase activity were found in the gels, 
corresponding to at least four isozymes which are called 
Ci, Ca, C, and C,. The last is the slowest component, 
in which most of the pseudocholinesterase activity is 
localized. 

In some individuals an additional zone, O, has been 
found}? which is slower than C, Studies of families led 
to the hypothesis that these subjects are carriers of a gene 
which, in the heterozygous state, controls the production 
of a pseudocholinesterase variant corresponding to this 
zone. CO, has been found in the English population and 
also in Tristan da Cunha islanders who are mostly of 
English ancestry’. 

Oki eż al.*, using vertical starch gel electrophoresis, have 
found four fractions with pseudocholinesterase activity 
in horse sera; as in man, some of these equine sera showed 
an additional zone and pedigree studies demonstrated 
that the corresponding component might be a genetically 
determined variant, which was also called C,. 

The present communication deals with two “new” 
electrophoretic patterns of serum cholinesterase, which’ 
show some additional components distinct from C, which 
have so far been found only in unrelated African subjects. 


Two dimensional electrophoresis was first performed on 


thick filter paper, using barbital buffer at pH 8-6, and ther 
in starch gel using the discontinuous tris-borate buffe 
system of Poulik‘. 70 ul. of fresh serum was used 
the zones of enzyme activity were revei led b 
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method of Paul and Fottrell*, using ‘fast red TR salt’ 
(5-chloro-o-toluidine) as a coupling reagent. 

The first type of unusual-pattern shows the normal zones 
‘C-C, and an additional deeply stained zone corresponding 
to an unusual component the electrophoretic mobility of 
which is much less than for C, both on filter paper and in 
starch gel (Fig. 1). For this component the name C, is 
proposed. ©, is different from the variant C;; this 
difference becomes obvious when the sera of carriers are 
subjected to two dimensional electrophoresis in the same 
starch gel: the former migrates much faster than the latter. 
One dimensional starch gel electrophoresis at pH 6-0 
‘shows: that C, migrates more slowly than C, towards 
the anode and can be separated from it, as was the case 
_ with O, (ref. 2). Furthermore, C. has been found to be 

easy to separate from the other serum cholinesterase 
fractions by one dimensional agar gel electrophoresis*® 
using barbital buffer at pH 8-4, the samo substrates and 
reagents as for two dimensional paper/starch gel electro- 
phoresis being used for revealing the zones of enzyme 
activity after completion of the runs. Starting from the 
central insertion slit, O, moves towards the cathode, 
whereas the common cholinesterase components migrate 
_ slowly to the anodic side without being separated (Fig. 2). 
‘On the other hand, C, is not isolated from the other com- 


. ponents using this method. 


‘The. second type of unusual two dimensional pattern 
also shows the four normal zones and two unusual slow 
“components (Ca and C,,) as well. The faster of the two 
is very marked and moves slightly faster than C, both on 
paper and in starch gel. The slower component gives a 
fainter zone and its mobility is less than that of C, (Fig. 1). 
Both are also found after agar gel electrophoresis at pH 8-4, 
as is shown in Fig. 2 where they are compared with C, in 
the same agar gel. 

Cy Crm and Cy, show specific pseudocholinesterase 
: = properties: they decompose both the a-naphthylacetate 

-and the §-naphthylacetate, but the former more intensely 
than the latter; they are inhibited by addition of 10-5 
molar eserine* to the 0-25 molar phosphate buffer in which 
the gels are immersed before adding the substrate mixture; 
they show no change in activity when adding the aryl- 
esterase inhibitor ethylenediamine tetraacetic acid at a 
concentration of 10-* molar or calcium ions, an arylesterase 
activator, at the same molar concentration’. 

C, has been found in the sera of two unrelated male 
subjects originating from the Congo Republic (Léopold- 
ville) among 356 examined (229 males and 127 females). 
One showed both the sickle-cell trait and a glucose-6 
phosphate dehydrogenase deficiency, the other was 
normal in these respects; in both no significant clinical 
abnormality was found. Furthermore, C, has also been 





Fig. 1. 
nents Ce, Cra and C.e—two dimensional electrophoresis (filter paper and 


Uncommon pseudocholinesterase patterns showing the compo- 


starch gel). A, Esterase zone bound to albumin; Cis Cs, Ca Cy, common 

pseudocholinesterase zones; S, a so-called “storage band”; J, “foetal” 

rseudocholinesterase zone; Ca Cra, Cs, uncommon pseudocholinesterase 
zones. 
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seudocholinesterase patterns. Agar ge electro- 

phoresis pH 8-4. 1, Common type of pattern; 2, uncommon pattern 

with the additional component C,; 3, uncommon pattern with the 

additional components Ca and Cyb; 4, comparison of the electrophoretic 

mobilities of C-C: (above) and Ce (below) in the same agar gel. 
The arrow above indicates the starting slits. 


Fig. 2. Uncommon 


found in two other healthy Negroes originating from 
Burundi (army recruits) of 378 examined. To sum up, 
C, has been found in the sera of about 0-6 per cent of the 
734 African subjects studied. 

Cza and C,» were found in two sera from the 378 Burundi 
recruits just mentioned, but in none of 356 Congolese 
subjects examined, 

To date neither C, nor Cye-C,, have been found in 
whites (312 examined). 

The hereditary origin of C, and of C.-C,» remains 
unproved: only one child of a C, carrier eould be studied, 
and he did not show this fraction, which was also absent 
in his mother. That they are true genetic variants, 
however, seems likely, not only by analogy with C,, but 
also by the fact that the carriers were healthy and that 
no appreciable variation in the amount of C, has been 
found in a carrier on three examinations in 26 months. 
In any event they are not similar to the “storage bands” 
S, and S, described by Harris et al.1, which are progres- 
sively formed in normal sera at the expense of C, during 
storage: they are already present in fresh sera and undér- 
go no appreciable change in samples frozen for periods of 
months; moreover, no cholinesterase zone similar to 
C, or C-C,» appears in sera with a common cholin- 
esterase pattern during prolonged storage at — 20°, — 4° 
and +20° C. 

We thank Prof. H. Harris for confirming the difference 
between the cholinesterase components O, and C, and for 
supplying a sample from a OC, carrier. We also thank Mrs. 
M.-J. Mélis-Liekens for skilful technical assistance. 
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GENETICS 
Blood Groups of some Australian Aborigines 
of the Western Desert 
BING our current genetic study of the Australian 
origine of the Western Desert of Western Australia, we 
“have been able to determine the blood groups of a small 
sample of people living on the Seventh Day Adventist 
Mission at Wiluna, about 100 miles east of Meekatharra. 
| A preliminary report is given here; the full population has 
“not yet been sampled. Forty-four persons of mixed sexes 
and ages, of full blood Aboriginal stock, were sampled 
and tested for ABO, MNS; Rhesus, P, Lutheran (Lub), 
| Lewis, Kidd and Vel types. 
. The population is said to have. originated near Lake 
Jarnegic, some 250 miles east-south-east of where it now 
lives, and has been under European infiuence for a number 
of years. Most of them are employed on surrounding 
| pastoral properties as stockmen, shearers, station hands 
| and domestics. A few pensioners are permanent residents 
on the Mission. Very few of the younger people know 
to which social group they belong, but this knowledge 
dg retained by the elders. Children over the age of about 
seven years are educated at the mission school at Kara- 
‘lundi, about 40 miles to the north of Meekatharra, and 
..were not sampled in this study. 
< A summary of the results of the ABO, MNS, P, Lewis, 
~ Lutheran, Kidd and Vel groups appears in Table 1, which 
: shows that the frequency of the phenotype A, was found 
_to be 77-3 per cent, the highest. value yet reported for 
this phenotype in the Western Desert Aborigine’. The 
figure closely approaches the value of 76 per cent for a 
sample of 150 persons at Jigalong, about 300 miles north 
of the present area®, and of 70-7 per cent for a sample of 
| 58 at Nullagine, about 150 miles farther north}. 

A very high frequency of N individuals was encoun- 
tered, together with a surprisingly low proportion of MN 
individuals. 8 positive reactors were absent, a character- 
istic of all Australian Aborigines so far tested. 

Tests with anti-P, gave positive results for 59-1 per cent 
of the samples, which is again a large figure for Western 
Desert populations!. Testing with anti-Jka showed that 
87-9 per cent possess the antigen—a figure which agrees 
closely with that reported for another Western Desert 
population located at the Warburton Ranges, about 400 
miles to the south-east*. Twelve people were tested with 
; anti-Vel and all were positive, as also were the twenty 

persons tested with anti-Lub. Table 2 shows the pheno- 
_ type percentages and gene frequencies found when testing 
| for the Rhesus system. 

|. It will be seen that the frequency for the gene R, 
(CDE) reaches the large value of 0-22 and that the com- 
| bined phenotypes R,R,, R,R, and R,R, account for some 
43 per cent of all the samples tested. A similar high 
. frequency for the gene R; has previously been reported*. 
| High frequencies of the phenotypes containing the gene 





ars Table 1 
aoe Number 
~o System tested Phenotypes 
ABO 44 A, 84 (773%) O 10 (227%) 
MNS dt M 5 (11-4%) MN 8 (182%) N 31 (704%) 
No § positive found 
P 44  Pi(*) strong 18 (40-90%) P,(+) weak 8 (182%) Pi(-) 18 
(40%) 
Lewis 9 Lewis (a+) 0 Lewis 9 (100%) 


(a— 
Lewis (b+) 43 (97:7%) Le (b—) 1 (23%) 
Lutheran (6+) 20 (100%) Lutheran (6—) 0 
Jk (a-)5 (121% 
Vel (—)0 


a 44 
Lutheran 20 
Kidd 42 Jk (a+) 37 (87-9%) 
Vel 12 Vel (+) 12 (100%) 


: Table 2. PHENOTYPE AND GENE FREQUENCIES OF THE RHESUS SYSTEM 


t + Phenotypes. No. Percentage Gene frequencies 

RAR (Ce): 7 15-9 R, 025 
RR (CDEee) 14 818 R, 0-53 

© RaRe (DEe) 8 68 R: 0-22 
~RaRy (DEce) 1 23 R 0-0 
RR ODES 16 36-4 
RR: (CDE) 2 45 
BeR: (CDE) 23 
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tions at Jigalong and Nulla 
here are considerably higher than those found } 
workers in nearby areas. 

From the evidence presently available, it seems th 
the focus for the high frequency of the gene R; may lie 
somewhere near the area we have studied. We do nob: 
know the number of nomadic. tribesmen, related to the 
present group, surviving in the desert, Missionaries an 
native welfare officers have suggested that: the total 
be about a hundred, scattered over a huge area. 
very unlikely, therefore, that any focus. with a hi 
frequency of R, will now be discovered among Australi 
Aborigines. eee 

The work was supported by a grant from. the 
National Institutes of Health. We wish to acknowl 
the assistance of Mr. A. D. Vaughan, superintendent of 
the Seventh Day Adventist. Mission at Wiluna, and tọ: 
thank the Hon. Minister for Native Welfare of Western: 
Australia for. permission. to enter the area, and the board 
of the King Edward Memorial Hospital for Women, 
Perth, for gifts of antisera used in this survey. 
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Single Amino-acid Substitutions as a Result 
of Unequal Crossing-over 


Since Ingram demonstrated! in 1957 the substitution of 
valine for glutamic ‘acid in haemoglobin 8 («,8,°v8!), an’ 
increasing number of structural and enzyme proteins have 
been analysed for their normal amino-acid sequence and 
for mutational variations in this sequence. It is usually 
assumed that a substitution of a single amino-acid is the 
result of a point mutational change in the nucleotide code. 
The following model is offered as an alternative to such 
an assumption. It is an outgrowth and extension of the 
postulate by Ingram? that the B and 3 haemoglobin 
chains result from gene duplication and subsequent 
divergent evolution; the demonstration by Baglioni? 
that haemoglobin Lepore most probably represents the 
product of a 8-6 fusion gene arising from unequal crossing- 
over; the discussions on the role of unequal crossing-over © 
in the thalassaemias by Nance‘ and in the haptoglobins 
and thalassaemias by Smithies*.*; and the application of 
possible unequal crossing-over in (88) thalassaemia by 
Comings and Motulsky’. ey 
Fig. 1 demonstrates the principal features of the model, 
It requires the following series of events: (1) Duplication 
of the original gene by unequal non-homologous crossing- 
over. The double bar mutation of Drosophila melanogaster? 
and the closely linked 8 and è genes of human haemo- 
globin? are probable examples of such gene duplication. 
(2) Subsequent evolutionary diversion by nucleotide sub- 
stitutions of the two duplicated genes, A and A’. Again 
the § and B haemoglobin genes serve as a precedent. 
The only additional requirement for the present model 
is that one of the duplicated genes undergoes a complete 
loss of function as a result of numerous mutational changes. 
This loss of function could result either from the lack of 
production of a protein because of decreased polypeptide 
synthesis (modulation, nonsense codon), or loss of activity. 
of the protein because of numerous amino-acid substit 
tions. In either case the existence of a duplicated ge 
would, as a result of its lack of manifestation, be-unkno 
to the investigator. The existence of the n 
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4. Gene Duplication: Unequal Non-Homolc gous Crossing-Over 


oo 2 Divergent Evolution 


A A (non-functional) 


ff Rem I Kf mm 


3, Unequal Homologous Crossing- Over 


poeta op E 


ci i Sat ela ale 
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“point mutation” 


n 
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Fig. 1. 


functioning gene would allow its duplicated partner to 
evolve into functional oblivion. (3) Unequal homologous 
crossing-over between A and A’. This would result in 
deletion and duplication chromosomes. The deletion 
chromosome would carry an A-A’ fusion gene and 
its product could be characterized by 0, 1, 2, or more 
amino-acid substitutions; however, this would depend on 
the position of the cross-over. Depending on the relative 
position of A and A’, the substitutions would probably 
tend to be near either the N or C terminal portion of the 
polypeptide. This tendency to occur near the terminal 
portions of the polypeptide would be a function of the 
number of nucleotide base substitutions required to 
make the duplicated gene non-functional. If only a 
few such nucleotide substitutions were required, the 
amino-acid substitution resulting from unequal crossing- 
over could occur anywhere along the polypeptide. 

As a result of gene duplication and subsequent evolu- 
tionary divergence, every gene has the potential of posses- 
sing a closely linked, silent partner. It may only reveal 
itself by unequal crossing-over, which would produce 
in this functional partner the apparent occurrence of one 
or more independent point mutations. It would most 
clearly reveal itself by producing two or more amino-acid 
substitutions, because the simultaneous occurrence of 
two or more point mutations on one gene would be a most 
unlikely event. The production of a single amino-acid 
substitution would not be so revealing because it would 
not be possible to distinguish it from a single point mu- 
tation. There may, however, be an additional feature of 
single amino-acid substitutions, as a result of unequal 
crossing-over, that may distinguish them from point 
mutations. As Nance has pointed out‘, once a duplication 
situation occurs it tends to lead to further unequal crossing- 
over. The rate of unequal crossing-over may be considerably 
higher than the corresponding rate of spontaneous point 
mutations, Thus a mutation which presents itself as a 
single amino-acid substitution, but which exists in the 
population at a higher prevalence than expected on the 
basis of point mutation rate alone (polymorphism), may 
be the result of unequal crossing-over with a functionally 
silent gene partner. 

Sonneborn® has recently suggested a mechanism for the 
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production of apparent point mutations by equal crossing- 


over between two homologous genes at a site where one 
possesses a different nucleotide code for the same amino- 
acid. Intracodon crossing-over at this site could result in 
changing the nucleotide triplet to code for a different 
amino-acid (recombinational pseudomutation). If crossing- 
over is a significant cause of apparent point mutations it is, 
interesting to speculate which of the mechanisms: would: 
be the most frequent cause. The intracodon crossing-over 
model requires the evolution of two nucleotide substitu: 
tions within the same codon without changing the resultant 
amino-acid, and then requires that crossing-over occurs, 
between precisely the right nucleotide pairs and that one 
of the recombinants then codes for a new amino-acid. 
The low probability of these events is offset by the greater: 
frequency of equal as opposed to unequal crossing-over, 
The chief disadvantage of this model is that on the basis of 
recent data on the sequence of nucleotides in the various 
codons?*, only the transition from leucine to phenylalanine 
and arginine to serine could arise from such an evolution 
of silent mutations followed by intracodon crossing-over. 
(For example, CGC (arg)--CGA (Arg)-»AGA (arg) and 
crossing-over gives CGA (agr) and AGC (serine).) The gene 
duplication model entails gene duplication with func- 
tional loss of one of the pairs. Once a silent duplicated 
gene exists, however, unequal crossing-over could poten-- 
tially occur at any of numerous different sites, yet result 
in the same apparent point mutation. As such it could 
readily recur as an independent event in a population 
and mimic a high point mutation rate. There would also 
be no restriction on the type of amino-acid substitutions 
it could produce. 
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HISTOLOGY 


Albumin Absorption by Renal Proximal 
Tubule Cells 


Ir is widely accepted that different types of foreign 
proteins are absorbed by renal proximal tubule cells when 
present in the glomerular filtrate. Very little is known, 
however, about the way in which proximal tubules handle 
serum proteins, although these may be present in the 
proximal tubule fluid under both normalt? and patho- 
logical conditions. The present experiments were carried 
out to determine whether homologous serum albumin can 
be absorbed by proximal tubule cells and, if so, to 
determine by means of autoradiography at the electron 
microscopical level which cellular components participate 
in the absorption. 

Highly purified rat serum albumin was labelled with 
iodine-125 using iodine monochloride® at an average of 
one iodine atom for every two molecules of albumin. 
Single proximal tubules of the rat kidney were perfused 
by micropuncture technique in vivo for 1-5 min with 
trace amounts of labelled albumin in isotonic sodium 


No.8061 OCTOBER 29, 1966 


chloride. At different time intervals after albumin per- 
fasion, the tubules were individually fixed for electron 
microscopy by injection into the tubule lumen of 3 per 
cent glutaraldehyde in 0-1 M cacodylate buffer. After 
postfixation in osmium tetroxide and embedding, thin 
sections of albumin-perfused tubules were analysed by 
electron microscopic autoradiography. In addition, some 
‘small tissue blocks containing albumin-perfused tubules 
fixed only by glutaraldehyde were sectioned at 30u with 
use of tho non-freezing method‘ and incubated for acid 
phosphatase. After embedding, thin sections from the 
acid phosphataso-incubated tissue were also studied by 
electron microscopic autoradiography. 

Proximal tubule cells from tubules perfused with 
albumin were well preserved by the intratubular perfusion 
fixation method and showed no ultrastructural differences 
when compared with control tubules. Electron micro- 
scopic autoradiography demonstrated the uptake and 
progressive transport into the cells of the labelled albumin. 
Tubule cells fixed 6-10 min after start of the albumin 
perfusion showed developed silver grains located over the 
most apical region of the tubule cells with the highest 
percentage of grains directly over the large apical vacuoles 
(Fig. 1). Grains were also present over apical plasma 
membrane invaginations and small apical vacuoles located 





Fig. 1. Localization of developed photographic silver grains over large 

Į apical vacuoles of proximal tubule cells 10 min after microperfusion of 

p homologous albumin labelled with iodine-125. Electron microscopic 
autoradiograph. (x 15,060.) 








Fig. 2. One hour after microperfusion of albumin labelled with iodine- 
125 the label is located almost exclusively over electron-dense cyto- 


plasmi: bodies in all regions of the cells. Electron microscopic auto- 
radiograph. (x 27,000.) 
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Fig. 3. The preparation in this picture represents a combination of 
electron microscopic autoradiography and electron microscopic histo- 
chemistry and demonstrates the presence of label in acid phosphatase- 
positive bodies 1 h after microperfusion with albumin labelled with 
iodine-131. Arrows point to the acid phosphatase reaction product. The 
tissue was not postfixed in osmium tetroxide after the phosphatase 


incubation. (x 22,000.) 


between the latter and the Jarge apical vacuoles. Thirty 
minutes after injection the majority of grains were 
observed over cytoplasmic bodies which were located in 
the apical or middle regions of the cells and which had an 
electron-dense content and were limited by a triple- 
layered membrane about 90 A in thiekness. Many cyto- 
plasmic bodies, morphologically similar to the labelled 
ones, were not associated with grains. Sixty minutes after 
albumin perfusion the label was present in similar cyto- 
plasmic bodies located in all parts of the cells. Some bodies 
remained unlabelled, however, or showed only a few grains 
(Fig. 2). Combined electron microscopic autoradiography 
and histochemistry of tubules fixed 60 min after albumin 
perfusion clearly demonstrated that almost all developed 
silver grains lay directly over acid phosphatase-positive 
cytoplasmic bodies (Fig. 3). 

The present investigation demonstrates that homo- 
logous albumin gently labelled with iodine-125 can be 
absorbed by rat proximal tubule cells. It shows the 
participation of the apical cell membrane invaginations 
and the large apical vacuoles in the albumin absorption 
and suggests that the albumin is transferred to the large 
apical vacuoles by way of smaller vacuoles which most 
likely represent pinched-off apical cell membrane in- 
vaginations. The histochemical demonstration of acid 
phosphatase in the cytoplasmic bodies in which the label 
becomes localized indicates that these bodies are lyso- 
somes®:*, It is suggested that at least some of the absorbed 
albumin is degraded in these lysosomes since lysosomes of 
proximal tubule cells, when isolated in a purified fraction, 
are able to break down labelled albumin in vitro’, 

This investigation was supported by a U.S. Public 
Health Service research grant from the National Institute 
of Arthritis and Metabolic Diseases. 

Arvip B. MAUNSBACH* 
Department of Zoology, 
University of California, 
Los Angeles, California. 


_ * Present address: Department of Anatomy, 
Stockholm, Sweden. 
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-found for an organic peat soil (C). 
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"Exchange Equilibria o of Sodium on Some 
British Soils 


“Becker's has discussed potassium—caleium exchange 
< energies in soil suspensions, using a development of a 
. thermodynamic approach suggested by Woodruff? and 
Schofield and Taylor*. He showed that a graph of the 
ý ‘activity ratio” 
ax 
Vaarma 
(called ARx) in the solution plotted against the changes 
< dn exchangeable soil potassium (AK) is usually linear 
- except at small values of ARx, where it curves sharply 
and becomes asymptotic to the AK axis (Fig. 2).° ARK 
is directly related to the change in free energy when 





= equivalent amounts of potassium and calcium are ex- 


-changed between the soil and solution phases. Beckett? 
_ considers that the curvature is produced by a small 


-| proportion of potassium ions held on discrete exchange 


-ites with a greater preference for potassium relative to 


ealeium, These sites determine the exchange energy when 
nearly all the exchangeable potassium is removed. Very 


a recently he has found evidence of similar behaviour for 


-calcium and magnesium’. 


We have used the same approach to investigate the 
-Na — (Ca+Mg) exchange in several British soils. Soil 
i samples were equilibrated at 20° C with solutions with 


calcium chloride concentrations of 0-01 molar containing 


various amounts of sodium. The suspensions were centri- 

“fuged and the solutions analysed by flame photometer 
and EDTA titration. 

__ Na 

SS V a(Ca+ Me) 

| (ARy,) and ANa were then calculated. The graphs 

‘obtained with both mineral soils in Fig. 1, and with all 











i others tested, show a clear curvature at small amounts of 


exchangeable sodium, whereas no curvature could be 
; The peat soil was 
. converted to the calcium form by leaching with caleium 
-chloride and again tested to give greater accuracy at 
small values of ARy,, but the measurements again gave 
a straight line graph (Fig. LD). These results imply the 
“presence of a few exchange sites where sodium is held 
‘more strongly, relative to calcium, than it is elsewhere, 
and that these sites are probably associated with the soil 
` minerals rather than the soil organic matter. It seems 
‘likely that any clay mineral will have a small proportion 


of exchange sites where the surface configuration will 
~ preferentially favour the adsorption of a particular ion 


-relativo to others. Sodium held on exchange sites at 
_ greater. exchange energies than expected corresponds to 
less than 0-6 per cent of the exchange capacity in the soils 
used to obtain the results in Fig. 1; however, a signifi- 
< eant proportion of the exchangeable sodium found in all 
‘the mineral soils tested is held on these “‘preferred sites”. 
Curvatures in the plots of ARy,—-ANa at low levels of 
xchangeable sodium have not previously been reported, 
robably because other workers*-* have worked with 
‘relatively large amounts of exchangeable sodium on the 


Table 1, BOIL ANALYSIS RESULTS 
(4) (B) (C) 
Rothamsted Brooms Feltwell 
Soil (Barnfield) Barn fen 
Clay loam Sandy loam Peat 
M1 39 <1 
35 41 3 
20 9 17 
2 10 
Exchangeable sodium, mequiv./ O17 0-06 0-7 
g 
Exchangeable potassium, mequiv,/ O51 0-20 0-95 
g 
Exchange capacity (ammonium 24-3 11-0 146:0 


pora on) mequiv./100 g 
pu (water) Si 71 T 
on ignition (%) As vi 75 
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AR,(moles/1,} 


AK (mequiv./100 g) 
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° 
Laad 





~O4 
-05 





` Fig2 
Figs. 1 and 2. Activity ratios and changes in exchangeable ions for. 


sodium (Fig. 1) and potassium (Fig. 2) in three soils. ©, Soil A; x, 
soil B; A, soil C. 


soil, when this effect would not be noticed. However, 
Levy and Mor® recently showed that a graph of ‘the 


“sodium absorption ratio” (SAR) 
Na 
* V4(Ca+ Mg) 


and the “exchangeable sodium percentage” (ESP) for 
an Israeli soil gave an SAR of zero when the ESP was 
still 5-5 per cent. This is analogous to our results, though 
with much more sodium in both soil and solution. Their 
results may possibly be explained by the presence of a 
zeolite with exchange sites from which calcium cannot 
displace sodium such as analcime which Schultz et al. 
found recently in some saline soils. 

The slopes of the linear part of the ARya- ANa deste 
were much smaller than those of the ARg-AK graphs 
(Fig. 2) for all soils. This agrees with the usual finding that 
potassium is held on the soil more strongly than sodium. 

P. B. H. Tinker *. 
Brooms Barn Experimental Station, 
Higham, Bury St. Edmunds, Suffolk. 

J. BOLTON 
Rothamsted Experimental Station, 
Harpenden, Hertfordshire. 


* Present address: Department of Agriculture, University of Oxford. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, October 31 


_ ROYAL INSTITUTION, LIBRARY CIRCLE (at 21 Albemarle Street, London, 
i W.1), at 5.30 p.m.—Dr. A. R., Michaelis: “Scientific Medals”. 


UNIVERSITY OF LONDON (in the Botany Theatre, University College, 
Gower Street, London, W.C.1), at 5.30 p.m.—Dr. N. W. Moore: ‘Pesticides 
and Wildlife’ (further lecture on November 2).* 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), 
na p.m.—The Vanishing Coast” (colour film introduced by Prof. J. A. 


NO) BOGT 


S PLASTIOS INSTITUTA, LONDON SECTION REINFORCED PLASTICS SUB- 
“Group (at the Eccleston Hotel, London, §.W.1), at 7.30 p.m.—Mr. P. H. 
Lynch, Mr. J. Short, Mr. W. V. Adams and Mr. G. F. Brown: “A Survey of 

i essing Techniques”. 


Tuesday, November | 


©. UNIVERSITY COLLEGE LONDON (in the Anatomy Theatre, Gower Street, 
| London, W.C.1), at 1.20 p.m.—Dr. Peggie M. Hobson: “Geographical 
Aspects of Apartheid’,* 


_NSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 
§.W.1), at 5.30 p.m.—Mr. Ralph Freeman: Presidential Address. 


o UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 

London, W.C.1), at 5.30.p.m.—Dr. Lynne Reid: “Structural and Functional 
i r Appraisal of the Pulmonary Artery System”. (Fourth of fifteen lectures 
< on “The Scientific Basis of Medicine” organized by the British Postgraduate 
Medical Federation.)* 


UNIVERSITY OF HULL {in the University Lecture Theatre, Hull), at 8 pm. 
~—Prof. P. R. Baldwin: ‘Physical Chemistry—some ‘Burning’ Problems’, 
(Inaugural Lecture). 





Wednesday, November 2 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London, 
: Du Cane Road, London, W.12), at 2 p.m.—Dr. V. Marks: “‘Hypoglycaemia 
and Carbohydrate Metabolism’”.* 


Biometric Soctety (at The Wellcome Building, Euston Road, London, 
N.W.1), at 2.30 p.m.—Meeting on “Some General Purpose Statistical Pro- 

ams”. Dr. J. H. Edwards: “A Generalized Program for Maximum Likeli- 

ood"; Mr. J. A. Nelder: “What Are the Basic Operations in Statistical 
Data Processing ?”. 


GEOLOGICAL SOCIETY (at Burlington House, Piccadilly, London, W.1), at 
5 p.m,—Mr. D. M. McGregor and Dr. ©. D. V. Wilson: “Gravity and Mag 
netic Surveys of the Younger Gabbros of Aberdeenshire’; Mr. G. F. Mitchell 
and Dr. A. R. Orme: “Pleistocene Deposits of the Isles of Scilly”. 
-ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 8.W.7), 
=at pm-—Dr. J. Latham: “Atmospheric Electricity". 


UNIVERSITY or LONDON (at the Institute of Dental Surgery, Eastman 
~ Dental Hospital, Gray's Inn Road, London, W.C.1), at 5 p.m.——Prof. Hedley 
Atkins: “Clinical Research’.* 


INSTITUTE OF PETROLEUM (at 61 New Cavendish Street, London, W.1), at 
er Mr J. J. Johnson: “Multi-Product Pipelines for Heated Fuel 
i a 


PLASTICS INSTITUTE, LONDON SECTION {at the Kensington Close Hotel, 
Wright’s Lane, London, W.8), 5.30 p.m.—Mr. J. E. H. Davies and Mr. 
W.A, M. Edwards: “The Changing Structure of Industry, with particular 
| reference to the Plastics Industry”. 


SOCIETY OF ENVIRONMENTAL ENGINEERS, PackaGInG GROUP (in the 

Mechanical Engineering Deparitient, Imperia! College, Exhibition Road, 

k:-Bondon, S.W.7), at 6 p.m.—Mr. A. P. Chamberlain and Major J. A, Evans: 
“Shock Loads in Parachuted Supplies”, 


? INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 

-BROTION (at Kingston College of Technology, Penrhyn Road, Kingston, 
Surrey), s 7 pm.—Mr. J. Redmond: “Technical Plans for Starting Colour 
On Pas 


Wednesday, November 2—Thursday, November 3 


-ooo BRITISE INTERPLANETARY Society (at the City University, St. John 
ids Street, London, E.C.1)—~Autumn Meeting. 


Thursday, November 3 


: ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9.45 a.m 
--Prof. Ronald King: “Radiation and the Atom” (Civil Service Lecture). 


Roya SOCIETY (at Burlington House, Piccadilly, London, W.1), at 10.30 
> &m.—Discussion Meeting on “Neutrinos” organized by Prof. C. F. Powell, 
F.R.S., and Prof. G. D. Rochester, F.R.S. 


MINERALOGICAL SOCIETY (at the Geological Society of London, Burlington 
House, Piccadilly, London, W.1), at 5 p.m.—Scientific Papers. 


UNIVERSITY OF LONDON (at St, Bartholomew's Hospital Medical College., 
West Smithfield, London, E.C.1), at 5,15 p.m.—Prof. B. L. Horecker (New 
ork): “The Mechanism of Action of Enzymes. I. Aldolases’’,* 


UNIVERSITY OF LONDON (at Westfield College, Kidderpore Avenue, 
London, N.W.8), at 5.15 p.m.—Prof. H. Bondi, F.R.S.: “Education and 
cience”, 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W,C.2), 
at 5.30 p.m.—Prof. Sir Martin Ryle, F.R.S.: ‘The Cambridge One-mile 
Radio Telescope” (Second Appleton Lecture). 


k UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
g, London, W.C.1), at 5.30 p m.—Dr, E. Marley: “Action of Sympathomimetic 
and Allied Amines on-the Central Nervous System”. (Fifth of fifteen lectures 
von “The Setentifie of Medicine” organized by the British Postgraduate 
Medica} Federation,)* 


INSTITUTE OF REFRIGERATION, at the National College for Heating, Venti- 

lating, Refrigeration and Fan Engineering, Southwark Bridge Road, London, 

E1), at 6 p.m,—Mr, E. E B. Morphew: “The Design and Construction of 
Large Cold Stores”. 
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Friday, November 4 a 


MINERALOGICAL SOCIETY, CLAY MINERALS Group (at. the Geological 
Society of London, Burlington House, Piccadilly, London, W.1), at: TL am: 
Scientific Papers. 4.45 p.m.—Annual General Meeting. Sig insets 


INSTITUTE OF RURAL LIFE AT HOME AND OVERSEAS (at Friends Inter 
national Centre, Courtauld House, Byng Place, London, W,C.1), at L1S-pame 
—Prof. R. Lovell: “Agriculture and Veterinary Services in Nigeria and 
Sierra Leone”, 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the LE, BLE, 
Computer Group, at Savoy Place, London, W.C.2), at 2.30 p.m.—Colloguium. 
on “Optical Character Recognition”. foe 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.€,2),. 
at 5.30 p.m.—Mr. R. A. W. Connor and Mr. R. A. Parkins: “Use of Operas: 
tional Statistics in the Management of Large Distribution Systema”... 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 pm 
Sir Basil Spence, O.M.: “The Planning and Building of the University of 
Sussex”, 








Monday, November 7 5 
2), 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London,:W.C.2) 
at 2.15 p.m.—Colloquium on “Instrument Transformers with special reference 5) 
to B.S. 3938 : 1965 on Current Transformers and B.S. 8941 : 1965 on Voltage 
Transformers”. pee 


UNIVERSITY OF LONDON (at St. Bartholomew’s Hospital Medical College, 
West Smithfield, London, E.C.1), at 5.15 p.m.-—Prof. B. L, Horecker: “The” 
Mechanism of Action of Enzymes. I, Fructose Diphosphatases’.* <0: 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Eccleston 
Hotel, Victoria, London, 8.W.1), at. 5.30 p.m.—Dr. I. R. Lloyd: “Adhesives - 
—Manufacture and Technology”; 7 p.m.—Mr..C, W, Thompson: “Recent 
Developments in Natural Rubber and Natural Rubber Latex”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.mi--Sir 
Graham Wilson: “The Hazards of Immunization. I. Introduction. 
Inherent Toxicity or Infectivity of Vaccines and Antisera”. (First of four 
Heath Clark Lectures.)* 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND 
STUDENT SECTION (at Savoy Place, London, W.C.2), at 6.80 p.m.— Mr. J. W. 
Beeston: “Optimal Control Theory”. i 


SOCIETY OF CHEMICAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, 8.W.1), at 6.30 p.m.—Dr. J.M. Fletcher and Dr. C. J. Hardy: “The 
Application of the Sol-Gel Process to Industrial Oxides”. 3 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), at 
8.15 p.m.—Mr, A. F. MacKenzie and Mr. I. R. Bishop: “Into Unexplored 


Central Brazil’. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before. 
the dates mentioned: 

RESEARCH ASSISTANT (graduate in biological sciences) IN THE DEPART- 
MENT OF PATHOLOGY aT GLASGOW ROYAL INFIRMARY. The post will involve 
work on a study of endocrine organs utilizing methods of tissue culture and 
electron microscopy—The Secretary to the University Court, The University, 
Glasgow (November 4). ; 

ASSISTANT LECTURER IN ZOOLOGY—The Secretary, The Queen's University, 
Belfast, Northern Ireland (November 7), 

LECTURER/SENIOR LECTURER (with a distinguished academic record in 
Mathematics or statistics and a higher degree or equivalent research ex- 
perience) IN THE SCHOOL OF MATREMATICS, University of New South Wales, 
Australia—The Association of Commonwealth Universities (Branch (Office), 
Marlborough House, Pall Mall, London, S.W.1 (Australia and London, 
November 7). ï 

LECTURER/ASSISTANT LECTURER (with a good honours degree in mathe- 
matics) IN APPLIED MATHEMATICS OR MATHEMATICAL Statistics—The 
Secretary, Chelsea College of Science and Technology, Manresa Road, London, 
8S.W.3 (November 9). 5 

DEMONSTRATOR (preferably with experience in plant physiology) -IN 
Botany in the Hartley Botanical Laboratories—~The Registrar, The 
University, Liverpool, 3 (November 11). na 

LECTURER IN MATHEMATICS IN THE DEPARTMENT OF THEORETICAL 
Mecuanics—The Registrar, University of Bristol, The Senate House, 
Bristol, 2 (November 11). 

LECTURERS (2) (qualified or with a special interest in economic geography 
or in Latin America) IN GEoGRAPHY—Secretary to the University Court, 
The University, Glasgow (November 11). 

TEMPORARY ASSISTANT LECTURER or TEMPORARY LECTURER (preferably 
with a special interest in animal ecology and biological control) iw THR 
DEPARTMENT OF AGRICULTURAL AND FOREST ZooLoGy-—-The Registrar, 
University College of North Wales, Bangor, North Wales (November 12), 

LECTURER or SENIOR LECTURER IN PATHOLOGY-~The Registrar, The 
University, Leeds, 2 (November 14). 

JUNIOR LECTURER/LECTURER/SENIOR LECTURER (3 positions) (with a 
degree in horticulture or some equivalent. qualification, but applications wilt 
be accepted from persons expecting to complete degree in 1966) IN Hort 
CULTURE at Massey University, Palmerston North, New Zealand—The Asso- 
ciation of Commonwealth Universities (Branch Office), Marlborough House, 
Pall Mall, London, 8.W.1, or the Registrar of the University (New Zealand 
and London, November 15). 

LECTURER IN PHYSICAL CHEMISTRY, and a LECTURER IN BIOCHEMISTRY 
at the University of the Witwatersrand, Johannesburg, South Africa—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, S.W.1 (South Africa and London, November 15). 

LECTURER or JUNIOR LECTURER (with appropriate qualifications and 
special interests in palacozoic palaeontology) IN GEOLOGY-—The Secretary, 
Trinity College, Dublin, 2, Republic.of Ireland (November 15). nee 

CHAIR OF Botany—The Registrar, University College of Swansea, Single- 
ton Park, Swansea, South Wales (November 17}. ue 

ASSISTANT LECTURER IN AsTRONOMY—The Registrar, The Universit 
Leicester (November 19). : errs 

CHAIR OF PHILOSOPHY. AT KING'S COLLEGE — The Acadenili 
University of London, Senate House, London, W.C.1 (November 21). 
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SENIOR LECTURER/LECTURER (with a broad knowledge of general philo- 
sophy, but preference may be given to applications with special interests in 
one of: logic; philosophy of science; contemporary philosophy) IN PHIE- 
SOPHY; a LECTURER with qualifications and some research experience in 
physiology or experimental zoology) IN EXPERIMENTAL ZOOLOGY; and a 
LECTURER ( with qualifications in entomology and experience in either insect 
physiology or insect ecology) IN ENTOMOLOGY at the University of Auckland, 
New Zealand—Association of Commonwealth Universities (Branch Office), 

borough House, Pall Mall, London, 8.W.1 (New Zealand and Lon- 
don, November 23). 

CHAIR OF Puysics at the University College of Rhodesia—The Inter- 
University Council, 33, Bedford Place, London, W.C.1 (November 30). 

CHIEF TECHNICIAN (Neuropathology) (preferably with experience in macro- 
or microphotography ) at the Midland Centre for Neurosurgery and Neurology, 
Holly Lane, Smethwick, to be in technical charge of histology-—-The Group 
Secretary, West Bromwich and District Hospitals Management Committee, 
West Bromwich and District General Hospital, West Bromwich. 

-LECTURER (with a first- or second-class honours degree or equivalent or 
higher qualification in mechanical engineering, and practical experience 
associated with that of a chartered engineer) TO TEACH APPLIED THERMO- 
DYNAMICS to students reading for London External Degree in Engineering— 
He Registrar, Royal Military College of Science, Shrivenham, Swindon, 

hire, 
_ LECTURER (with a good honours degree and experience in academic work, 
industry and/or research) IN METALLURGY IN THE DEPARTMENT OF MECHANI- 
CAL ENGINRERING-——The Secretary, Royal College of Advanced Technology, 
Salford, 5, Lancs, quoting Ref. ME/147. 

RESEARCH ASSOCIATE (preferably young graduate, with or without 
previous research experience, with general biological, medical, surgical, 
pathological or tissue culture training) for a two-year project on various 
experimental aspects of fibrosing mechanisms and wound healing in pigs, 
ete.--The Secretary, A.R.C. Institute of Animal Physiology, Babraham, 
Cambridge. 

RESEARCH FELLOW IN Pnysics to join a research group studying the 
scattering of laser light from liquids—Prof. J. G. Powles, The Physics Labora- 
tory, University of Kent at Canterbury, Canterbury, quoting Ref. A/13. 

RESEARCH FELLOW IN THE DEPARTMENT OF ELECTRICAL ENGINEERING 
for the fundamental study of high voltage power cables, including heat 
transfor and eryogenics—The Deputy Secretary, The University, Southamp- 
ton. 

RESEARCH WORKER (physicist or electrical engineer, with a higher degree or 
equivalent experience) IN THE DEPARTMENT OF ELECTRICAL AND ELECTRONIC 
ENGINEERING for a two-year research appointment for an investigation into 
the physics of the initiation and propagation of gaseous discharges in crossed 
electric and magnetic flelds—Dr. N. L. Allen, Department of Electrical and 
Electronic Engineering, The University, Leeds, 2. 

PHYSICISTS (with a good honours degree, preferably with three years’ 
research experience) to carry out theoretical and experimental studies In the 
field of ea physics—The Senior Personnel Officer, Culham Laboratory, 
U, K.A E.A., Abingdon, Berks, quoting Ref. A. 296/84. 

POSTDOCTORAL RESEARCH ASSISTANT (with experience in analytical work 
and interested in the chemistry of volcanic rocks) to undertake a geochemical/ 
petrological investigation of the tertiary volcanic rocks of the islands of Eigg, 
Canna and Much—Prof. J. Sutton, Geology Department, Imperial College of 
Selence and Technology, London, §.W.7. 

PROFESSORS/ASSOCIATE PROFESSORS; ASSISTANT PROFESSORS; LECTURERS 
{eight positions) IN THE DEPARTMENT OF MATHEMATICS AND STATISTICS, 
University of Guelph, Guelph, Ontario, Canada—The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
8.W.1, or the Head of the Department of the University. 


REPORTS and other PUBLICATIONS 


(not included in the Monthly Books Supplement) 


Great Britain and Ireland 


Building Research Station Digest 73 (Second Series): Prevention of Decay 
in Window Joinery. Pp. 6. (London: H.M. Stationery Office, 1966.) 4d. [248 
_ University of Oxford. Ashmolean Museum—Report of the Visitors 1965. 
(Supplement No. 9 to the University Gazette, Vol. 96, August 1966.) Pp. 
98. (Oxford: The University, 1966.) 5s. {248 
Soil Survey Research Board. Soil Survey of Great Britain—Report No. 
18, 1965. Pp. v+48. (London: Agricultural Research Council, 1966. Ob- 
tainable from H.M. Stationery Office.) 7s. 6d. net. [248 
University of Newcastle upon Tyne: Dove Marine Laboratory. Report— 
Third Series, No. 15: The Marine Fauna of the Cullercoats District, 3. (a): 
Entoprocta, By D. Eggleston and H. O. Bull. (b): Priapulida, Echiurida, 
Sipunculida. By H, O, Bull. (c): Chaetognatha. By H. O. Bull, (d): Echino- 
dermata, By J. B. Buchanan. Pp. 39. (Cullercoats, North Shields: The 
oo ne of Newcastle upon Tyne, Dove Marine Laboratory, acer 
8. 8d. 24 
Loughton College of Further Education. Prospectus of Day and Evening 
Classes, 1966-67. Pp. 36. (Loughton: Loughton College of Further Educa- 
tion, 1966.) [248 
Western Regional Hospital Board: Regional Physics Department, Glasgow. 
Collected Papers: 3-Work in Progress. Pp. 49. (Glasgow: Western Regional 
Hospital Board, Regional Physics Department, 1966.) {248 
__ Royal Observatory, Edinburgh. Publications. Vol. 5, No. 8: The Cygnus 
IT Association, 2: The Distribution of Stars and Interstellar Matter. By 
V. ©. Reddish, L. C, Lawrence and N. M. Pratt. Pp. 111-180. 16s. net. 
Vol. 5, No. 9: The Chemical Composition of the Manganese Star 53 Tauri. 
By B. N. G. Guthrie. Pp. 181-194. 58, 6d. net, (Edinburgh and London: 
H.M. Stationery Office, 1966.) {248 
Controlled Environment for Works of Art in Transit. By Nathan Stolow. 
Pp, v+46. (London: Butterworth and Co. (Publishers), Ltd., 1966. Pub- 
lished for the International Institute for Conservation of Historic and 
Artistic Works, and the International Centre for the Study of the Conserva- 
tion of Cultural Property.) 20s. [258 
The Committee of Vice-Chancellors and Principals of the Universities of 
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PLUTONIUM IN HAYSTACKS pees 


THERE is a delicate irony in the arrival of the Inspector- 
General of the International Atomic Energy Authority 
at the Bradwell nuclear power station only a few days 
before the fourth test of a nuclear weapon on the main- 
land of China. Mr. A. D. McKnight found nothing wrong 
at Bradwell, of course. His visits to other nuclear reactors 
have been equally unspectacular, and nobody knows 
what he would do if one of his inspectors did actually 
discover that the operator of some nuclear installation 
was salting away fissile material. The regulations of the 
IAEA say that offenders can be denied the privileges 
of membership, but that threat is not likely to worry 
potential bomb makers. The safeguards programme 
of the IAEA is usually voluntary. Only two power 
reactors—one in the United States and one in the 
United Kingdom—have been opened to inspection. 
Most of the research reactors on the agency’s books are 
there either because nations such as the United States 


have tried to help the agency by asking it to assume 


responsibility for inspections that would otherwise be 
carried out under the terms of bilateral agreements, or 
because nations accepting technical assistance with 
reactors have found it easier to accept inspection by 
the agency than by the original donor. Yet one of the 
motives for the creation of the agency eight years ago 
was to make possible an international system of 
safeguard and control extending even to the inter- 
national ownership of fissile material. Has it become 
a joke? 

It is, of course, a disappointment that the inter- 
national agency has so far fallen short of its main 
objectives on safeguards and inspection, but its 
position could easily have been far worse. Five years 
ago, the agency was extremely lucky to win agreement 
for a tentative and modest programme of safeguards 
for research reactors. Much to the surprise of the then 
nuclear powers, nations without nuclear weapons of 
their own were unwilling to give the international 
agency a blank cheque to inspect reactors built in 
foreign parte. The underlying trouble, which should 
have been predicted, was that the non-nuclear powers 
could not easily stomach a system of international 
inspection intended to preserve what seemed to be the 
imbalance of power and influence between the nuclear 
powers and themselves. There were also arguments 
which turned on the concept of national sovereignty, 
and which drove a wedge among the nuclear powers 
in their mutual and implicitly recognized concern to 
prevent the spread of nuclear weapons. Some nations 
protested that if they paid good money for a reactor, 
they were in principle the masters of what uses should 
be made of it. In the circumstances it is something 
of a triumph that safeguards were eventually applied 
on a voluntary basis to research reactors, and that 
their scope has now been extended to deal with larger 


installations. What Mr. McKnight and his men are 
doing is to show that inspection can be carried out 
without making the operation of a reactor uneconomic. 
The reactors in the trials will be less stringent tests of 
the efficacy of the safeguards because the operators 
wish to demonstrate that safeguards work and have 
therefore an interest not to cheat. It remains to be 
seen whether the present trials will be sufficiently 
definite to persuade the nations represented at Vienna 
—nuclear and otherwise—that the present safeguards 
are a sufficient basis for a lasting agreement. 

The safeguards now being worked out will almost 
certainly be a great convenience to the nations which 
supply others with reactors, and that will be a public 
service. But will the safeguards ever become the basis 
of a comprehensive system for controlling the spread 
of nuclear weapons ? Will member nations ever-agree 
that all their nuclear installations should come under 
the control of the international agency? And will 
they accept effective penalties for breaking the agree- 
ments ? These questions are so full of difficulty that 
they have hardly been-raised; at Vienna or elsewhere, 
in the past few years. One of the more obvious: 
problems is that the non-nuclear powers are unwilling 
to accept a system of controls which would prevent 
them from making nuclear weapons but which would 
allow the existing nuclear powers to enjoy such benefits 
as there may be in their possession. This turned‘ out 
to be the chief stumbling block, five years ago, inthe 
negotiation of safeguards for research reactors. ‘It 
has also impeded progress, in the United Nations 
disarmament committee, with the negotiation of what 
is called a non-proliferation treaty. Obviously there 
will have to be some concession by the existing nuclear 
powers if safeguards are ever to serve the purpose ‘for 
which they were originally intended. A verified 
cessation of production of fissile material for military 
purposes is probably the smallest concession that would 
be acceptable to the nations at Vienna not now: pos- 
sessed of nuelear weapons. But the nuclear powers 
are not in the mood for such a step, and all the member 
nations at Vienna are well aware of the ease with 
which nations would be able to contract out of a volun- 
tary agreement. Indeed, the most recent nuclear 
power is not a member at all. In the circumstances; 
it is not, perhaps, surprising that people have become 
despondent about the usefulness of the Vienna safe- 
guards, either now or in the future, but that is needlesaly 
pessimistic. If there is ever to be an effective control 
on the spread of nuclear weapons, safeguards will be 
essential; the fact that workable procedures are now 
being designed should be a spur to tackle the more 
difficult problems that lie ahead, and not so very far 
ahead. It will not be long before power reactors ae 
widely scattered through the world. 
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ONE COMMITTEE MORE 


Tue decision of the British Government to establish 
yet another committee for the co-ordination of research 
is a surprise but not necessarily a mistake. If the object 
is to provide better co-ordination, and if the committee 
under Sir Solly Zuckerman can do just that, everybody 
will benefit. Certainly there has been plenty of 
evidence in the past two years of inadequate liaison 
between the ministries responsible directly or indirectly 
for the strategy of scientific research. The gulf between 
the Ministry of Technology and the Department of 
Education and Science which followed the reconstruc- 
tion of these departments in 1964—-and which more 
recently has become less conspicuous—was a needless 
impediment to easy planning for which the Govern- 
ment itself was chiefly responsible. The gulf between 
the departments responsible for civil and defence 
research raises bigger problems, not the least of which is 
that of constructing sets of criteria with which to make 
decisions about the long-term benefits of committing 
resources to work in two such different fields. It follows 
that if the Zuckerman Committee is to make sense at 
all, it must be free to cover all the ground. 

But is co-ordination and the knocking together of 
heads the sole objective ? Everything will turn on the 
relationship there is to be between the new committee 
and the committces which at present advise the 
separate departments of government on scientific 
policy. The Council for Scientific Policy is particularly 
important, for it has been thought of as the residuary 
legatee of the~ald Advisory Council on Scientific Policy. 
Its own interpretation of its terms of reference has gone 
beyond the category of “pure research” which the 
Prime Minister used on October 26, and it is not so long 
since the freedom of the council to consider broad 
questions not necessarily arising from the affairs of the 
research councils was being offered as a proof that the 
Government’s administration of scientific policy is not 
as fragmented as it seems to be on paper. What has 
now gone wrong ? Has the Government found unpalat- 
able the advice it has been getting, or is it seeking some 
way of forcing through more radical changes than the 
existing committees would. recommend? Is it, for 
example, seeking a drastic shift in the balance between 
academic and applied research? To mention these 
suspicions is not to suggest that they must have sub- 
stance, but merely that the Government still has a.lot of 
explanation to do before it can hope.to convince’.the 
scientific community that it is embarking on wise 
policies. : : ; 

. Lhe issue at stake is one of public confidence. Hap- 
hazard though it may have been, the design of scientific 
strategy in recent years has given working scientists at 
least an illusion that they could participate in making 
policy. For one thing, members of committees such 
as the Council for Scientific Policy, although often 
deeply engaged in some other activity, are usually 
accessible. Then their reports are published and are 
widely read and argued. One important result has been 
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an awareness among scientists of the problems of 
allocating resources. In the long run a responsible 
recognition by the community most directly concerned 
could do more to simplify the administration of science 
than a hundred advisory committees, however wise. 
On the face of things there is a danger that the new 
committee, though more powerful and probably more 
efficient, may be less well placed to carry with it the 
community of scientists and technologists. The 
presence of the Royal Society on the proposed com- 
mittee will only be a partial safeguard. It will take 
time for the Royal Society to learn how best to use 
its influence in public affairs—which is no reason for 
thinking that it should not make the effort. (Presum- 
ably the Prime Minister has not forgotten the engineers, 
though there is no mention of them in his statement.) 
In the meantime, there can be no real substitute for a 
full declaration by the Government of what it has in 
mind. The problem is not merely to persuade reluctant 
scientists that their affairs are being managed properly, 
but also most effectively to harness their willingness to 
help in deciding what must be done. 

That said, there is a great deal that the committee 
could accomplish. The most obvious task ahead of it is 
to find some way of stimulating the better use of science 
and technology in British industry. This is not just 
a matter of exhortation. Methods must be found of 
persuading industry that scientists and technologists 
can earn their keep, for in the long run this is the only 
way of tempting them away from academic life and 
from other occupations which contribute less produc- 
tively than they might to the British economy. As it 
happens there is a great deal to be done within the 
working of the Government itself. Thus the Zuckerman 
Committee could well begin by tackling some of the 
impediments to the movement of skilled labour within 
the Government and between the Government and the 
outside world. Tangible and humdrum matters such 
as pensions rights are often most powerful means of 
keeping people working at the wrong jobs, and govern- 
ment pensions are often the most immobilizing. Then 
the Government could do much to change the attrac- 
tiveness of scientific careers by improving the practice 
of its own industrial establishments. But these are 
only palliatives. -The more urgent need is to enceurage 
a more imaginative view-—not merely among industrial- 
ists but also among technologists themselves—of what 
might be done in industry. If the Zuckerman Com- 
mittee can help the Ministry of Technology to tackle 
these problems more effectively, that will be an 
important gain. 

The other field that cries out for attention is defence. 
The coming dismiemberment of the Ministry of Aviation 
is a splendid opportunity for making sense “of the 
present practices in military research and development. 
The better use of existing resources, either by avoiding 
duplication or by seeing that people are more effectively 
employed, is an obvious and immediate goal. But 
it is equally important to create machinery to 
help in making more accurate decisions in military 
research, , ' 
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NEWS AND VIEWS 


«+ The Super Committee 


Tus British Government has decided to co-ordinate 
the deployment of scientific resources by setting up a 
committee under the Chief Scientific Adviser, Sir 
Solly Zuckerman. ‘This step was announced on 
October 25 by the Prime Minister, who said that the 
object was to “promote the growth of our scientific 
and technological resources at a rate which is sensible 
in relation to our needs and resources, but also to 
ensure that they are deployed to the best national 
advantage”. The new committee will give advice 
to the Cabinet rather than to individual ministries. 
The Prime Minister said that the committee, which is 
to be known as the Central Advisory Committee on 
Scientific and Technological Resources, would include 
representatives of the Council for Scientific Policy 
(which gives advice to the Department of Education 
and Science) and of the Advisory Council on Tech- 
nology (which advises the Ministry of Technolegy), 
as well as of the Royal Society “which is not a Govern- 
ment body but which also has important functions”. 

Earlier this week there had not been much progress 
in deciding in detail the composition of the committee. 
The appearance of the Royal Society among the list 
of potential members is a break with recent precedent, 
for the society has tended to take the line that its 
fellows should influence public policy individually 
and not collectively. It would appear that Prof. 
P. M. 8. Blackett will be a central figure in the new 
arrangements, for he is at once President of the Royal 
Society and Vice-Chairman of the Advisory Council 
on Technology. The relationship between the new 
committee and the Council for Scientific Policy was 
raised in the House of Commons on October 25 by 
Mr. Quintin Hogg, to whom the Prime Minister replied 
that the “Council for Scientific Policy deals with pure 
research ... but there is the whole field of Government 
expenditure in technological research and the applica- 
tion of science to industry’. In the absence of more 
definite information, textual criticism of this sentence 
suggests that the new committee will also be responsible 
for advice on the allocation of resources to defence 
research—a reading which is supported by the immin- 
ence of the re-organization of the Ministry of Aviation. 


Castle in the Sea 


Tae British Minister of Transport, Mrs. Barbara 
Castle, and the French Minister of Fquipment, M. 
Edgard Pisani, have made what amounts to a political 
commitment to the Channel Tunnel project in a joint 
communiqué issued in Paris last week. This at least 
is how M. Pisani sees it, although Mrs. Castle refused 
to commit herself absolutely until the Working Groups 
set up to examine the financial and legal aspects of the 
decision make their reports. 

It has been agreed that the tunnel should be dug 
rather than laid in the form of a pipe on the sea bed; 
transport in the tunnel will be by means of special 
trains. This arrangement will carry fewer vehicles 

er hour than other schemes such as a road tunnel or a 
bride. but the most recent estimates of traffic density 
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indicate that the type of tunnel proposed will be big 
enough. Long term estimates made in 1958 now seem 
likely to be exceeded, and the traffic flow in 1975 is 
expected to be about 3,000 vehicles per hour in each 
direction. The cost of the tunnel has also increased, 
but not so alarmingly as other Anglo-French projecta— 
the new estimate is £155~£170 million in 1966 prices, 
compared with a previous estimate of £142-7 million 
in 1962 prices. This is a very modest increase, but 
real ation of costs is not to be expected until 
contracts are signed and the work of building the tunnel 
is started. 

Construction will take 4 years, and will, it is hoped, be 
carried out by a private Anglo-French consortium, 
although the tunnel will ultimately be run by a public 
corporation. It is expected that this body will include 
representatives from the two governments, their 
railways, and some regional authorities such as that 
for the Port of Dover. Both governments hope that 
it will be possible to entrust the building of the tunnel 
to private organizations employing private finance, 
and discussions are likely to be held with various 
groups, including the Channel Tunnel Study Group 
on whose geological survey much of the present 
optimism is based. It is felt, however, that the opera- 
tion of a tunnel joining two nationalized railway 
systems must be under publio control, and it is the 
transition from private to public authority which may 
prove a stumbling block, and justify Mrs. Castle’s 
caution. Private companies are rarely willing to give 
up control of projects made possible by their own 
financial initiative. Discussions, it is said, are con- 
tinuing. 


The Agency Inspector 


Tax International Atomic Energy Agency was under- 
standably pleased as the first inspection of Bradwell 
Nuclear Power Station took place this week under an 
arrangement signed recently by the IAEA and the 
Central Electricity Generating Board. This is a step 
forward for the IAEA inspection programme, which 
is designed as a safeguard to ensure that power stations 
and other nuclear reactors are not being used to produce 
plutonium for military purposes. Bradwell is the 
largest power station to come under IAEA inspec- 
tion, and the first in Britain. 

The first inspection was simply an examination of 
the books which can tell the inspectors quite a lot 
about how the station is ran. The rate at which the 
uranium fuel is burnt, for example, determines the 
amount of each plutonium isotope produced. It is 
probable that at Bradwell the high rates of burn-up 
necessary for efficient power production produce higher 
isotopes, such as plutonium-240 and -241, rather 
than the militarily mere useful plutonium-239. The 
inspectors, led by Allan D. McKnight, the Inspector- 
General of Safeguards, have now retired to their 
headquarters in Vienna to study the figures, but future 
inspections, which can be made without warning at 
any time, are likely to be more searching and will 
probably involve physical inspection of the fuel rods 
themselves. 

This boost to the morale of the IAEA is timely, for 
the safeguard arrangements still apply to only 10 per 
cent of the reactors in the world. The majority of 
these are small research reactors which produce quite 
insignificant amounts of plutonium-239. One reason 
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for the limited success of the programme is the statute 
under which the agenoy’s rights of inspection are 
defined. The agency is authorized to apply safeguards 
when it grants technical assistance to a state at the 
request of that state, when the parties to a bilateral 
or multilateral agreement of nuclear co-operation 
ask the agency to apply safeguards, or when a state 
requests the agency to apply safeguards to its nuclear 
installations. All three clauses make it clear that the 
request must come from the states concerned—the 
agency is constitutionally unable to take the initiative. 
To nobody’s amazement, Mr. McKnight reported 
that preliminary investigation had given Bradwell a 
clean sheet. This does point, though, to a foolish 
position into which the agency may be forced by its 
own constitution—that of being an irritation to the 
innocent but quite unable to detect the guilty. 


Growth in Australian Research 


Tss possibility of fuller collaboration between 
Australian universities and the Commonwealth Scienti- 
fic and Industrial Research Organization (CSIRO) is 
raised in a report of the CSIRO for 1965-66. A com- 
mittee on the subject has been appointed, and its 
report should be available by the end of the year. 
Its mere existence should do something to disarm 
those critics whe have recently been saying that the 
CSIRO is so able to attract scientific researchers that 
it is robbing the universities of talent and funds which 
might more profitably be used in an academic environ- 
ment. One suggestion which has the support of some 
Australian academics is that the CSIRO should be 
given responsibility for the financing of academic 
scientific research much as does the Science Research 
Council in the United Kingdom. 

From the report now published, there is no doubt 
that the CSIRO itself is forging ahead. Expenditure 
on research in 1965-66 was $32-8 millions, an increase 
of 6-5 per cent compared with the previous year. In 
Australia as elsewhere, however, the cost of maintaining 
people in research is rising steadily, at a rate which is 
estimated to amount to 7 per cent a year. The budget 
now amounts to $34,200 for each research worker on 
the books ($1 = £0-4). The CSIRO also spent more 
than $3 millions on studentships at universities and 
on new buildings for its own divisions. The recruit- 
ment of well qualified scientists appears to present few 
problems, although 70 per cent of the new recruits 
come from overseas. (Returning Australians account 
for a quarter of these.) Many other migrant scientists 
are attracted by the practice of offering short-term 
fellowships fer a fixed period of three years. In an 
attempt to encourage the mobility of skilled labour 
within Australia the CSIRO is seeking—so far without 
success——ways of removing impediments to 
movement such as are created by the existence of 
superannuation schemes. 

The work of the CSIRO still covers almost every- 
thing. Agricultural interests predominate, though 
research intended to assist the development of industry 
is growing more quickly. Of the total expenditure on 
scientific research, agricultural activities (including 
the processing of products from farms and forests) 
accounted for 53-3 per cent, compared with 40-4 per 
cent for work in the physical sciences. During the 
year a Pastoral Research Laboratory was established 
at Townsville, Queensland, and the David Rivett 
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Laboratory (a part of the Chemical Physics Division) 
was opened at Clayton. The CSIRO also commissioned 
a solar telescope at Culgoora, New South Wales, 
which is said to be able to resolve details on the surface 
of the Sun as small as 250 miles across. During the 
year the 210 ft. radio-telescope at Parkes has played 
an important part in the cataloguing of 2,000 radio 
sources in the Southern Hemisphere. 


World Wide Satellites 


THanks to the United States space programme, more 
than two-thirds of the world will be able to use com- 
munications satellites for telephoning and for television 
this year. The Communications Satellite Corporation 
has just put a synchronous satellite into orbit over the 
Pacific for the benefit of the National Space and 
Aeronautics Administration; it will launch another, 
to be stationed over the mid-Atlantic near West 
Africa, at the end of this month. NASA needs the two 
satellites (and two spares as well) to provide links 
between ground stations during the Apollo flights to 
the Moon, but will use only about half of the 240 
channels in each satellite. COMSAT will sell the rest 
commercially. Had it not been for the order from 
NASA, the corporation would probably have had to 
wait until 1968 for anything approaching a world- 
wide network, for only then will its long-lived 1,200- 
channel satellites be ready. 

The new satellites look like doing what Early Bird, 
up over the Atlantic off the coast of Brazil since April 
1965, did not—demonstrate the superiority of satellites 
over submarine cables. Unfortunately for Early 
Bird, it went to work just as an expensive new cable 
under the Atlantic went into service. Communications 
companies on both sides of the Atlantic wanted to 
recoup some of their investment first, and the satellite 
rates were in any case set far too high. But the Pacific 
satellite will not languish unused. Cable facilities 
between North America and the Far East are already 
strained, and they do not carry television signals. 
The new Atlantio satellite, which will keep going after 
Early Bird gives up in eighteen months or so, will 
bring Latin America and Africa within reach of 
European and North American television networks 
and will, moreover, provide telephone links between 
underdeveloped countries where telephone lines are 
unlikely ever to be installed. The real advantage of 
satellite communication, of course, is that its cost does 
not increase with the distance between the speakers. 
Neither does it limit these to two. 

NASA’s custom has, therefore, been highly beneficial 
to COMSAT. . The 53 foreign partners who, with 
COMSAT, form INTELSTAT, the international con- 
sortium that actually owns the satellites and any net- 
work they may form, are probably grateful. But are 
they really happy to serve the American Department 
of Defence as well? COMSAT has signed a contract 
with the Pentagon to provide, starting in the spring, 
20 channels for communicating with military installa- 
tions in the Far East, including Vietnam. The rate 
for this service is so small ($8,000 a month for each 
circuit, compared with about $24,000 for a cable 
circuit) that the cable carriers are scurrying to cut their 
rates before COMSAT snatches all their business. 
(COMSAT’s charges, however, must be approved by the 
Federal Communications Commission before they are 
official.) The Pentagon contract obviously will be a 
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spur to COMSAT’s progress. But it would be interest- 
ing to know whether national carriers outside the 
United States, usually national post offices, have 
studied all the implications of this military traffic 
in a satellite system which, as the United States 
Congress declared in 1962, is to “contribute to world 
peace and understanding”. 


Rumour made Respectable 


Tam United States Air Force has at last conceded that 
the rumours of Unidentified Flying Objects do exist, 
though it has not yet gone so far as to endow the 
objects themselves with the reputation of reality. The 
Air Force has appointed a committee under Professor 
Edward Condon of the University of Colorado at 
Boulder, and has endowed a programme of work 
intended to occupy the next fifteen months with a 
grant of $313,000. Evidently it is hoped that Professor 
Condon’s reputation as a man who cannot be told 
what to do or think will give the conclusions of the 
study—whatever they may be—a readily demonstrable 
core of dependence. The other members of the enquiry 
include Dr. F. E. Roach, an astrophysicist, and Dr. 
S. W. Cook, a psychologist. The Air Force has prom- 
ised access to all information. Eventually the National 
Academy of Sciences will review the report. Thus, in 
as little as two years, the world may know the truth 
about flying saucers. 


The Long View 


Tam view that university development programmes 
can and should be planned thirty-five years ahead 
brought an audible gasp from some of the audience at 
the Royal Society Nuffield Lecture on October 25. 
Its advocate was Dr. C. J. Hitch, Assistant Secretary 
of Defense (Comptroller) in the United States since 
1961 and previously head of the Economics Division 
at the Rand Corporation. His qualification to speak on 
the long-term planning of education is not entirely 
theoretical, for he is also the Vice-President responsible 
for Business and Finance at the University of Cali- 
fornia. 

Dr. Hitch’s concern is to apply the techniques of 
programme budgeting and systems analysis, or of 
operational research, to a host of problems in manage- 
ment. He claimed last week that the work so far 
carried out at the Department of Defense has been so 
successful that President Johnson has now decreed 
that other agencies of the United States Administration 
should follow suit. The United States Bureau of the 
Budget has been using these techniques to supplement 
its annual budgets with more distant forecasts. In 
education, Dr. Hitch held that it is necessary to look a 
generation ahead because it may often take that long 
for the educational system to respond to a major 
change in the external demands made on it. It 
remains to be seen whether there is an educational 
system in which the long-term objectives are not 
hopelessly obscured by the vicarious ups and downs of 
real government. 


Scottish Marine Research 


Toe Scottish Marine Biological Association with 
laboratories in Millport and Edinburgh is about to 
build a new mainland laboratory near Oban, Argyl, 
as the first step in its plan for expanding research 
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on the west coast of Scotland and the adjacent conti- 
nental shelf. The Natural Environment Research 
Council, which became responsible for the Association 
in June, has appreved the first instalment of the 
capital sum required for the new laboratory. 

The work of the laboratory is oriented towards 
practical problems. Two workers at the marine station, 
Millport, have been investigating the effects on benthic 
macrofauna, notably molluscs, near the outfall of the 
Hunterston Nuclear Generating Station. They have 
been surprised to find that broods have begun to settle 
since the station began operating in August 1964; 
as yet the station has had no apparent effect on the 
molluscan fauna. Another study is concerned with the 
effects of effluents discharged into Loch Eil and Loch 
Linnhe by a pulp mill at Corpach. The oceanographic 
laboratory at Edinburgh has continued its plankton 
survey of the North Atlantic and North Sea, and has 
done its bit for foreign exchange by selling a number 
of plankton recorders to universities overseas. 


U.K. Strontium-90 


Aw analysis of strontium-90 in human bone samples in 
Britain, mostly from subjects who died between July 
and December 1965, has shown that the contamination 
has decreased significantly from the 1964 maximum 
for newborn and stillborn infants, according to the most 
recent report on the subject by the Medical Research 
Council (Assay of Stronitum-90 in Human Bone in the 
United Kingdom, MRC Monitoring Report No. 13, 
H.M.S.O., 28. 3d.). Because bone is replaced slightly 
more slowly in older children, similar results are 
expected for children under five in the next set of 
results covering the first half of 1966. The adult level, 
while much lower than for children, still shows some 
increase, the result of the delayed effects of the nuclear 
weapon tests of 1961 and 1962. Analyses carried out 
by the U.K. Atomic Energy Authority are as follows, 
with the numbers indicating relative strontium-90 
concentrations in bone (pe./g calcium): 


1964 1965 
Newborn and stillborn 3-0 25 
Under 5 years (excluding newborn) 7:1 6-6 
6-23 months 8-6 9-0 


Independent analyses carried out in Glasgow are 
slightly higher, probably because rainfall is greater in 
Scotland than in England. The Medical Research 
Council stresses that the potential risks attributable 
to the strontium-90 levels in these series are extremely 
small. 


Colloids at Bristol 


In an attempt to teach surface chemistry and colloids 
at a fundamental level and thus to train people for 
work in these areas, the School of Chemistry of the 
University of Bristol started three years ago a post- 
graduate course in surface chemistry and colloids, 
leading to the degree of M.8c. This year nine people 
are enrolled for the course compared with fourteen 
last year and six in the first year. The students 
enrolled have come from many different universities 
and some have come from colleges of technology with 
the qualification of graduate of the Royal Institute of 
Chemistry. Of the students completing the course so 
far, about 50 per cent have carried on to study for the 
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degree of Ph.D. at Bristol and other universities, and 
the remainder have joined industrial organizations or 
research associations. 

The course occupies a calendar year, the first two- 
thirds of which are devoted to lectures and formal 
practical work. The basic lecture course, which con- 
sists of a hundred lectures accompanied by tutorials, 
is given by the staff of the Department of Physical 
Chemistry under the direction of Professor D. H. 
Everett. `These lectures are supported by some 
fourteen to twenty lectures by the Unilever visiting 
professor, who gives an account of work within the 
area of his own particular interest. During the 
current session the visiting professor is Professor 
A. E. Alexander of the University of Sydney. The last 
third of the year is devoted to carrying out a small 
research project and writing a thesis on the results 
of this. 


International Mineralogy 


Prorsssor C. E. Trey writes about the fifth general 
meeting of the International Mineralogical Association 
which was held in Cambridge at the beginning of 
September, on the invitation of the Mineralogical 
Society of Great Britain and Ireland and the Depart- 
ment of Mineralogy and Petrology of the University of 
Cambridge, and which was attended by delegates from 
twenty-three national mineralogical societies and 
participants from twenty-eight countries. 

The first symposium was on bonding process in 
mineral structures, and crystal growth, with invited 
lectures by Professors D. W. J. Cruikshank and W. 
Cochran. The second symposium was on pyroxenes 
and amphiboles. Of particular interest were papers 
describing studies of polarized visible and infra-red 
absorption spectra and of Méssbauer spectra. For iron 
and manganese bearing minerals in particular, useful 
information can be obtained about oxidation state, co- 
ordination polyhedra, metal-oxygen distances and 
cation site disorder. There were also reported X-ray 
diffraction studies which determined the distribution of 
cations among similar yet significantly different struc- 
tural sites. Such distributions can be related on the 
theoretical side to crystal field energies and thermo- 
dynamics, and can possibly be applied in igneous and 
metamorphic petrology to disclose thermal histories of 
pyroxenes and amphiboles. 

There were also sessions open to papers on any 
topic, and in addition one on methods of investigation 
in reflected light and an evening session devoted to the 
quantitative measurement of reflectivity. At the first of 
these the papers, which included several from the Soviet 
Union, showed the present wide interest in the use of 
quantitative methods. The second session, attended by 
some 80 people, was organized by the Commission of the 
International Mineralogy Association on Ore Micro- 
scopy, and provided an excellent opportunity for a 
report on the work of the commission concerning the 
establishment of standards of reflectivity and the 
publication of international tables of quantitative data. 
At the closing business meeting of delegates the reports 
of the seven commissions of the Association (Abstracts, 
Cosmic Mineralogy, Mineral Data, Museums, New 
Minerals and Mineral Names, Ore Microscopy, and 
Teaching), representing the results of their work since 
the last general meeting at New Delhi in 1964, were 
received, discussed and accepted. 
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Parliament in Britain 


Tue debate on future water supplies opened by Lord 
Hawke in the House of Lords on October 19, although 
limited mainly to the south-east, was well balanced 
and most aspects of the problem were well emphasized, 
including water economy, water pollution, and the re-use 
of river water. In the south-east only 21 gallons per head 
per day were used industrially in 1964 compared with 
32 gallons domestically, and of the latter figure, on the 
breakdown quoted by Lord Hawke, 21 gallons in all 
were used for flushing and refuse disposal and washing 
and bathing. In this light, both government spokesmen, 
Lords Champion and Kennet, who replied, were dis- 
appointing. Lord Champion said that the problem in 
the south-east was that of providing an extra 100 
million gallons a day within the next 5 years, a further 
300 million gallons a day in the next decade, and an 
additional 700 million gallons a day by the end of the 
century. His further statement that only the abstrac- 
tion of water from underground strata and the con- 
struction of more surface storage could be relied on 
to make more water available during the next ten 
years was unquestioned, but in the face of this im- 
mense increase of demand, his reference to the possi- 
bility of desalmation and to a feasibility study of a 
barrage across the Wash was timid. Even if he was 
not too optimistic as to the time which would be gained 
by the immediate storage proposals, the refusal of the 
Government to commit itself to the expenditure of 
£1-5 million on a feasibility study of the Wash Barrage 
Scheme is unrealistic. 


In a short adjournment debate on training for manage- 
ment in the House of Commons on October 26, Mr. G. 
Fowler emphasized the critical shortage of staff at 
all levels in the universities, the former colleges of 
advanced technology and the technical colleges, and 
also the need for much more research in this field. 
In replying for the Government, the Minister of State, 
Department of Education and Science, Mr. G. Roberts, 
did not deal with research, but said that in 1965-66 
more than 26 institutions provided 19 undergraduates, 
58 postgraduates and 61 short post-experience 
courses. The number of students enrolled for courses 
for the postgraduate diploma in management studies 
had risen from 1,153 in 1961 to 3,851, and the numbers 
at both the new business schools compared very 
favourably with the numbers forecast in the Norman- 
brook report. The Foundation for Management 
Education had established 12 teacher fellowships at 
universities in this country. 


In written replies to questions in the House of Commons 
on October 21 regarding increases or decreases of 
departmental staff, Mr. A. Crosland stated that the 
staff of the Department of Education and Science had 
increased since October 16, 1964, by 556 full-time and 
34 part-time officers; Mr. E. Short that the total staff 
of the Post Office had increased by 21,900 or 5-7 per 
cent since October 1964, accompanied with a 13 per 
cent increase in business turnover; Mr. R. E. Prentice 
that the staff of the Ministry of Public Building and 
Works had decreased by about 800 since October 
1964, but a small increase was anticipated between 
now and October 1967; Mr. Wedgwood Benn that, 
apart from staff transferred from other departments 
with their work, the staff of the Ministry of Technology 
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had increased by 608 between October 16, 1964, and 
October 1, 1966; and Mr. D. Jay that the staff of the 
Board of Trade had increased by 10,045 since October 
16, 1964. This figure included about 1,800 transferred 
from the Ministry of rt dealing with shipping 
and related matters, and 8,613 from the Ministry of 
Aviation, of whom 2,160 were seconded to the British 
Airports Authority. It also includes about 800 
transferred from the Diplomatic Service, the Depart- 
ment of Economic Affairs, the Ministry of Technology 
and the British Museum. On October 21, Mr. R. 
Marsh stated that the staff of the Ministry of Power 
had increased by 33 since October 16, 1964, and there 
might be a further increase in the period to October 15, 
1967. Also in a written answer on October 25, the 
Chancellor of the Exchequer, Mr. J. Callaghan, gave 
the number of non-industrial civil servants, excluding 
the Post Office, as 434,800 at July 1, 1966, of whom 
14,864 were in the Ministry of Agriculture, Fisheries 
and Food; 24,716 in that of Aviation; 4,697 in Educa- 
tion and Science; 5,816 in Health; 1,618 in Power; 
4,574 in Technology; 9,618 in Board of Trade; and 
7,193 in Transport. 


University News: London 


Pror. H. G. Egetmsron, professor of mathematics at 
Bedford College, has been appointed to the chair of pure 
mathematics and head of the Department of Mathematics 
at Royal Holloway College. 


Appointments 


Mrz. J. A. Hammton, a scientific civil servant who last 
year became director, Anglo-French combat/trainer air- 
craft projects, has been appointed to the new senior post 
of Director General, Concord. This position has been 
created by the Ministry of Aviation to strengthen the 
Government’s management team involved with the Anglo- 
French supersonic airliner. Mr. Hamilton will direct and 
co-ordinate the execution of all the technical, financial 
and administrative tasks on the Concord project that fall 
within the Ministry’s responsibility. 

Pror. P. W. Beam, Regius professor of botany in the 
University of Glasgow, and Mr. R. H. Law, under-secretary 
in the Scottish Home and Health Department, have been 
appointed members of the Agricultural Research Council, 
to fill vacancies which have arisen through the retirement 
of Dr. R. E. Glover and Mr. W. H. Senior. 


Pror. Norman F. Ramsey of Harvard University has 
been appointed President of the Universities Research 
Association, Inc., the non-profit consortium of American 
universities which has offered its services to the United 
States Government as a manager of the 200 GeV proton 
accelerator when—and if—that machine is ever built. As 
yet no decision has been made on the site to be used for 
the accelerator, and none is expected until after the 
coming elections to the U.8. Congreas at the beginning 
of November. 


Dr. A. A. SrrassENBURG, professor of physics at State 
University of New York at Stony Brook, has been 
appointed director of the Education and Manpower 
Division of the American Institute of Physics, in suc- 
cession to Dr. W. C. Kelly, who has joined the National 
Academy of Sciences. 


Announcements 


AT the Annual Statutory Meeting of the Royal Society of 
Edinburgh, held on Monday, October 24, 1966, the 
following officers and Council were elected to serve for the 
184th session: President, Prof. J. N. Davidson; Vice- 
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presidents, Prof. J. Allen, Dr. G. H. Mitchell, Prof. C. H. 
Waddington, Lord Balerno of Currie, Prof. N. Feather 
and Prof. I. N. Sneddon; General Secretary, Prof. A. E. 
Ritchie; Secretaries to Ordinary Meetings, Dr. A. F. 
Brown and Sir William Weipers; Treasurer, Dr. J. R. 
Peddie; Ourator of Library and Museum, Dr. R. Schlapp; 
Ordinary Members of Oounctl, Dr. N. Campbell, Prof. 
J. R. Raeburn, Prof. J. D. Robertson, Prof. P. W. Brain, 
Dr. H. E. Butler, Sir David Lowe, Dr. D. G. Sopwith, 
Prof. E. M. Patterson. Prof. P. D. Ritchie, Prof. R. 8. 
Silver, Prof. G. R. Tristram and Prof. H. W. Wilson. 


Tue British Council has prepared a summary of the 
opportunities which now exist for exchanges with the 
Soviet Union and countries in eastern Europe in the fields 
of science, technology and agriculture. The rules which 
have been agreed between the various governments usually 
entail that the sending side should pay the fares and the 
receiving side should be responsible for maintenance. 
Copies of the document may be obtained from the Science 
Department of the British Council, Albion House, 59 
New Oxford Street, London, W.C.1. 


Tue National Academy of Sciences of the United States 
has published a report on the hazards of the bulk water 
transportation of industrial chemicals (available from the 
printing and publishing office of the National Academy 
of Sciences, Washington, D.C. 20418, at $1.50). The 
report deals with 157 chemicals ın four chief classes 
considered to be hazards on account of fire risk, msk 
to health, possibility of water pollution, and reactivity. 
It has been drawn up by a panel under Dr. Robert F. 
Barker of the United States Atomic Energy Commission, 
and for each chemical and each potential hazard a number 
is used to designate as accurately as possible their degree 
of hazard. 


Two Unilever European Fellowships of the Biochemical 
Society, each of £1,500 per annum, will be awarded for 
the academic year 1967-68, one for research in bio- 
chemistry in a laboratory in continental Europe by 
British citizens resident in Great Britain, and one for 
work in Britain by European nationals. Applicants 
should hold a Ph.D. degree or equivalent qualifications. 
The fellowships are tenable for one year in the first 
instance and are available for work in any laboratory 
or institute in Britain or continental Europe, including 
Unilever Research Laboratories. Further information can 
be obtained from the Honorary Secretary, The Buo- 
chemical Society, 20 Park Crescent, London, W.1. 


A DISCUSSION on “Limitations on the Operating Tem- 
perature of Electrical Equipment imposed by Insulation” 
is to be held by the Joint Professorial Group on the 
Properties and Testing of Materials (Solids and Liquids) 
at the Institution of Electrical Engineers, on November 18, 
at 5.30 p.m. Further information can be obtained from 
the Institution of Electrical Engineers, Savoy Place, 
Victoria Embankment, London, W.C.2. 


A 45 MeV linear accelerator was inaugurated at the 
University of Toronto on September 29. The machine 
has a maximum beam current of 2-5 amp (with a short 
pulse of 10-* sec duration). It is bemg used by nuclear 
physicists. 

Tas title of the Journal of Hlectroanalytical Chemistry is 
to be changed to the Journal of Electroanalyttcal Chemistry 
and Interfacial Electrochemistry as from January 1967. It 
is hoped that the slightly extended scope now envisaged 
will be welcomed as providing an outlet for scientists 
working in fields where electroanalytical chemistry over- 
laps with colloid chemistry, fundamental electrochemistry, 
ete. 


Erratum. The possum Burramys described in Nature, 
212, 225 (1966), was captured not by Mr. R. M. Warneke 
but by Dr. K. Shortman, of the Walter and Eliza Hall 
Institute, Melbourne. : . 
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CORRESPONDENCE 


- Preprints 


mm2,—-Although aware of the disadvantages of IEG, I 
am against the proposal that journals discontinue pub- 
lishing papers that have been distributed via IEG. 

It is of great advantage, when doing research in rapidly 
moving fields of science, to be informed as quickly as 
possible of results by other groups, and I have the impres- 
sion that IEG performs this task more rapidly than most 
journals. 

L. N. M. Duysens 
Biophysical Laboratory, 
Leiden, Netherlands. 


Preprints Galore 


8m,—-The letter in the issue of October 15 under the 
heading “Preprints Galore”, about the aims and functions 
of Information Exchange Groups, minimizes the import- 
ance of rapid circulation of material intended for publica- 
tion and gives prominence to the establishment of priority, 
the fact that the documents are not refereed and to the 
cost of the IEG activities. 

The writer himself thinks that the matter of priority is 
overplayed, and anyone who has considered the subject 
objectively must agree with him; indeed ıt is doubtful 
if the majority of writing scientists think that the risk of 
losing priority is one to be considered seriously. He 
concludes, however, by asserting that IEG is a new 
method of communication, and this is not the case; it 
has close affinities with the measures which have been 
advocated by Prof. J. D. Bernal for thirty years, and as a 
substitute for formal publication it takes us back to the 
seventeenth and eighteenth centuries: it is ironic that the 
letter should be printed in the same issue as a paper on 
the Lunar Society. It is, moreover, to be recommended 
that anyone who considers that dissemination by IEG 
is an effective substitute for normal publication should 
study the enquiries of John Martyn of Aslib on the use 
of scientific and technical information and reflect on the 
fate of the work of Gregor Mendel. 


Yours, etc., 


7 A. H. Hottoway 
8 Shrewsbury Lane, 
Shooters Hil, 
London, 8.E.18. 


Sm,—In the August 27 issue of Nature you discuss the 
concept of the Information Exchange Groups. You 
seem to dislike this attempt to exchange information 
between interested scientists in @ particular area of 
endeavour. I have found the IEG group with which I 
am associated valuable. It has permitted the rapid 
exchange of information between working scientists in 
different parts of the world. The IEG articles have been 
of considerable value to my postgraduate and postdoctoral 
students. They all have access to information which 
would often not be available for one to one and one-half 
years if transrnitted through the usual channels. This, 
I think, is of at least some benefit. 

Whilo I recognize that there are serious defects in this 
system, there are also serious defects in the present 
method of publishing articles in scientific journals. We 
will only learn how to develop new methods for transmit- 
ting information to each other by experimentation. I 


NATURE 


NOVEMBER. 5, 1966 vor z2 


think one should be more patient in assessing this present 
experiment and give it time to develop. 
Yours, eto., 
J. F. Musranp 
Faculty of Medicine, 
McMaster University, 
Hamilton, Ontario. 


In the past few weeks seven letters in support of the prac- 

tice of the Information Exchange Groupshave been received 
in this office, and four of these have been published. 

There has also been one expression of dissatisfaction with 
IEG from a member of one of the groups. At least some 
of this correspondence appears to have been stimulated 
by the following note distributed through IEG No. 2 by 
Dr. Theodore H. Spaet (a letter from whom appeared in 
Nature, 212, 226; 1966): 


“To Members of IEG No. 2: 

“An editorial has been published in Nature, 211, August 
27, 1966, p. 897. ° 

“If you have found TEG No. 2 to be of value, I suggest 
that you make your feelings known to the Editor of 
Nature. 

“The concept of IEG is at present under serious scrutiny 
at NIH. If it appears that the scientific community is 
not responding favourably, the groups will be discon- 
tinued. 

“THEODORE H. Srant, 
“Chairman, IEG No. 2”. 

This text was generously supplied by Dr. Spaet m 

response to an enquiry.—Editor, Nature. 


Rare Birds 7 


Smm, —The International Council for Bird Preservation has 
recently completed a list of those birds of the world which 
are not only rare but also considered to be in some danger 
of extinction. 

The lst numbers some 300 species and sub-species and, 
together with the details of their known status, distribu- 
tion, reasons for decline, ete., it is found in what is known 
as the Red Data Book, recently published by the Inter- 
national Union for Conservation of Nature and Natural 
Resources. 

The whole purpose of this ICBP list, which is being 
constantly maintained and amended, is to gather together 
enough factual data to permit a decision on the best action 
to save the species. 

In many cases it is now evident that immediate action 
is vital. Yet before the appropriate authorities can be 
approached, it is clearly essential to have some more 
precise details about status. In certain instances it would 
be beneficial also to have better knowledge of the birds’ 
biology, so that sound methods of saving them can be 
suggested. 

Zoological departments of many universities undertake 
vacational and other fleld research expeditions, and it is 
asked that such departments will in future be willing to 
carry out specific rare bird surveys. 

It is asked also that other universities will consider 
accepting the responsibility of at least one of these field 
surveys, each of which should prevent an extinction. 

It is hoped that departments anxious to combine useful 
experience with valuable purpose will- seek suggestions 
from ICBP’s Secretary at the British Museum (Natural 
History), London, 8.W.7. Important surveys need 
urgent attention in almost all parts of the world, and 
interested universities specifying a particular country 
or continent may quickly obtain details of the area’ 8 
rarest and most endangered species. 

` §. Duxon Rreiey 
President, International Council for Bird Preservation, 
Smithsonian Institution, 
Washington 20860, D.C. 
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THE LISTER INSTITUTE OF PREVENTIVE MEDICINE 1891-1966 


By Pror. Sir ASHLEY MILES 


Director of the Lister Institute 


‘Tue Lister Institute this year celebrates the seventy-fifth 


“anniversary of its incorporation. At the time of its con- 


ception the foundations of bacteriology and immunology 
were being laid in Europe and North America, and the 


_ publie was beginning to recognize their implications for 
- the prevention and treatment of infective disease. 


Much 
of these new sciences had grown from a severely practical] 
need, to exploit for the prevention or cure of infectious 
diseases all relevant features of their microbiology and 
of the immune reactions to the causative agent. The 
technology demanded by this need was not a consequence 
of the science; it had to grow with it. 





Fig. 1. Lord Lister. 


‘The founders of the Institute in 18 
the variety of the task in the dg 
prospective research worke 










establishment of departments of bacteriology elsewhere 
in the United Kingdom, the teaching duties, except for 
postgraduate training in research and technology, were., 
dropped at the beginning of the century. 

The requirement to treat patients was never fulfilled ; 
it reflects the pre-oceupation of the founders with the 
dangers of hydrophobia, and their hope that the now 
institute would provide the kind of service for the immun- 
ization of people bitten by rabid animals offered at the 
then 4 year old Pasteur Institute in Paris, In 1889 the 
Lord Mayor of London, Sir James Whitehead, convened 
a meeting to discuss the prevention and treatment. of 
rabies in the United Kingdom. It was decided not. to 
found a British elinic, but to open a fund for the Pasteur 
Institute. A gift of £2,000 was duly made, but some 
members of the committee responsible felt strongly. that 
Britain should itself have an institute, and suggested the 
establishment of a Jenner—Pasteur Institute in Cambridge 
for the study of preventive inoculation and of infective 
mierobes. Within a few months £60,000 was raised by 
public appeal, £40,000 of which was a single donation 
from a trust with the proviso that the Institute should be 
in London; and the “British Institute of Preventive” 
Medicine” was duly incorporated on July 25, 1891. > 

The present site of the Institute in Chelsea Bridge Road 
was obtained on very generous terms from the Duke of 
Westminster, and, pending the completion of the bi 
there, an amalgamation arranged: with. the Collegi 
State Medicine—a private teaching school with aims | 
that of the Institute and premises in Great Russell” 
Street, where scientific work began in 1894, under the. 
direction of Armand Ruffer. The Chelsea laboratories 
were occupied in 1898. 

The name of the Institute was to change twice more, 
once in 1898 to the “Jenner Institute”, in acknowledg- 
ment of funds raised at the 1896 centenary of Jenner’s 
discovery of vaccination; and finally in 1903, when a 
prior claim to the title by an organization called “The 
Jenner Institute for Smallpox Vaccine” was established, 
to the “Lister Institute’. This last name was a tribute, 
not only to Lister’s eminence in his own field of preventive 
medicine, but to his close and often decisive associations 
he Institute since its inception 14 years before. He 
n of the Governing Body, as recon- 
year the Institute was put 
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status was such that a proposal was made by the govern- 
ment to make it the nucleus of a new Department of 
Medical Research. The proposal, after hot debate by the 
members of the Institute, was rejected. The government 
pursued a course that led to the Medical Research Council 
and the National Institute for Medical Research; and 
the Lister Institute was committed to the advantages— 
and drawbacks-—of independence. It has nevertheless 
since maintained direct relations with both the Council 
and government departments. In association with the 
M.R.C, it maintained the National Collection of Type 
Cultures from 1919 until 1952. In 1946, the Institute, 
itself a producer of smallpox vaccine for more than 40 
years, took over production for the country from the 
government Lymph Establishment. In the same year, 
two M.R.C. units, the Blood Group Reference Laboratory 
and the Blood Group Research Unit, were attached to 
the Institute at Chelsea; and in 1953, on behalf of the 
Ministry of Health, the supply of blood products— 
plasma, gamma globulin and so forth—for the National 
Health Service was undertaken by a newly established 
Blood Products Laboratory at Elstree. 

The produetion of “immunologicals’* began in 1894 with 
diphtheria antitoxin, the horses being stabled in and later 
near London. The production departments acquired 
their permanent home in 1902, on an estate at Elstree, 
to which over the years houses, animal quarters and 
laboratories have been added. Today, the Elstree 
laboratories serve the needs of four main departments 
for research and the production of bacterial vaccines, blood 
products, therapeutic antisera and virus vaceines. In 
recent years, they have produced a dried smallpox vaccine 
stable enough to last more than 200 years at 50° F—the 
last is an important consideration for material used in 
the tropics--and have isolated the immunizing antigen 
of the whooping-cough bacillus in non-toxic form for use, 
it is hoped, in human beings. Among other vaccines 
under investigation are a non-infective smallpox vaccine 
and a rabies vaccine free of the neural antigens that 
induce encephalitis in the immunized subject. 

The Chelsea building first housed two departments, 
for water examination and bacteriology. The first, 
together with a unit of applied industrial microbiology, 
soon grew into a department of biochemistry, from which 
Arthur Harden and W. J. Young published their classical 
discovery of co-enzyme action in alcoholic fermentation, 
an achievement that in 1929 earned Harden a Nobel 
Prize jointly with von Euler. Among other pioneer 
contributions of the department are R. Robinson’s work 
on phosphatases and the calcification of bone and W. T. J. 
Morgan’s definition of an endotoxie bacterial antigen as 
a conjugate of protein and lipopolysaccharide. 

After the Second World War the biochemical interests 
shifted to the chemistry of the substances that determine 
the immunological properties of the different groups of 
human red blood cells, which were identified as macro- 
molecular glycoproteins, and now centre on the genetic 
control of their biosynthesis, The interest in polysac- 
eharides is also reflected in researches on the biosynthesis 
and metabolism of starches and glycogen; 
a renewal of fundamental sy 
occasion pyridoxal p 
department now 
of mammali 
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fleas and lice and on trypanosomes, the life cycle of which 
was studied in rats and fleas by E. A. Minchin in 
Britain and in cattle and tsetse flies by Muriel 
Robertson in Uganda, Another pioneering contribution to 
epidemiology and, indeed, to experimental medicine, was 
the creation in 1909 of a department of statistics led by 
Major Greenwood. The last three departments no longer 
exist, though the interest in epidemiology and tropical 
diseases is maintained in still continuing researches on 
the blood meals of insect vectors of trypanosomiasis and 
malaria, and on the immunopathology of trypanosomiasis. 

The study of viruses and rickettsiae flourished in the 
twenties and thirties under J. ©. Ledingham (who suc- 
ceeded Martin as Director in 1931) and was resumed after 
the Second World War. A separate Department of 
Virology was created in 1952, to which the M.R.C. 
Trachoma Research Unit was attached in 1955. The 
Unit now studies the immunopathology of experimental 
trachoma infections and, at field stations in the Gambia 
and Iran, the epidemiology of trachoma and the efficacy 
of vaccines against the disease. 





Fig. 2. 


A male (P +) bacterium, bearing flagella and another appendage, 
the F pilus, which is probably the conjugation organ. This pilus is known 
to adsorb F-specifie phages, of which two are shown here: a spherical 


along the length of the F pilus and a filamentous phage 
x 28,000; inset 84,000). Recent work at the Lister 
imilar pill are formed by certain antibiotic resistant 
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uriel Robertson; and the Second World War, work 
gn the toxins of one of these bacilli, Cl. welchit, which 
led to the first identification of a bacterial exotoxin as an 
enzyme, by Marjorie Macfarlane and B. C. J. G. Knight. 
In 1953, the Guinness—Lister Unit for microbiology 
was established, which, among distinguished work on 
bacterial physiology and inheritance, defined the genes 
aw involved in Arkwright’s SR mutation. The current 
research of the Unit is directed towards the dynamics of 
microbial infections, the antigenic structure of mycoplasma 
and, with the recently established electron microscope 
unit, the correlation of physiological activities with the 
ultrastructure of bacteria. 

From 1903 to the present day, the Institute tackled 
a wide variety of problems in experimental pathology. 
For example, it co-operated with the Navy in a study of 
physiological adaptation to altered atmospheric pressures, 
which resulted in reform of the methods of preventing 
accidents and caisson disease during diving operations. 
During the First World War, when beriberi and scurvy 
appeared in troops overseas, a team was formed to 
investigate the nature and distribution in foods of the 
two vitamins concerned; and immediately after the war, 
the team, now a Nutrition Department that included 
Harriette Chick and Margaret Hume, collaborated with 
the M.R.C. in work on rickets and scurvy among the 
peoples of central Europe. In Vienna they contributed 
substantially to the proof that vitamin D, or stimulation 
of its synthesis in the sufferer by sunlight or ultra-violet 
irradiation, would cure rickets. 





` Pig. 3. When stained with Giemsa and viewed by dark field illumination, 

trachoma elementary bodies appear as small bright particles; this 

technique was devised at the Lister Institute for their rapid recognition 

and enumeration, The five large objects are red blood corpuscles (chick 
embryo yolk sac smear). (x 800.) 





In the inter-war years, work on diseases due to deficiency 
of vitamins soluble in water continued, and in the Second 
World War the department established the distribution of 
vitamins in wheat grain, with results that led to the 85 
per cent extraction rate of grain for the wartime whole- 
meal loaf. The nutrition department ceased to exist 
soon after the war, but the Department of Experimental 
Pathology was re-established in 1952 with interests in 
non-specific immunity to infection, the biochemical 
mediators of inflammation, and the allergies of man. 

The Department of Biophysics was built at Chelsea in 
1936, to house a Svedberg ultracentrifuge and a Tiselius 
electrophoresis apparatus. These instruments, the first 
of their kind in the country, were applied by A. S. 
McFarlane both to the characterization of viruses and to 
the proteins, including the immunoglobulins, of plasma. 
The: technical facilities of the department proved to be 
essential in 1939-45, when the wartime demand for plasma 
for transfusion was met by devising methods of providing 
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it. The work culminated in R. A. Kekwick’s system for 
the separation and purification of clinically useful proteins 
of human plasma. Under the guidance of A. N. Drury, 
who became Director in 1942, the increasing call for such 
materials after the war led to the establishment of the 
Blood Products Laboratory at Elstree, where out-dated 
blood from Transfusion Centres is treated to provide 
substances such as albumin, fibrinogen, thrombin, anti- 
haemophilic globulin and immunoglobulin. 

At Chelsea, the biophysical work now centres on bio- 
logically important plasma proteins—immunoglobulins 
and others—-and macromolecules, such as glycoproteins 
and polysaccharides, under collaborative study with other 
departments. 


Today 


The Institute has had a chequered career, especially 
in its early days, and it has engaged in a wide variety of 
scientific activities. Its growth, however, has been by no 
means haphazard. As a matter of conscious policy the 
direction has been flexible enough to allow most of its 
researches to be chosen ad hominem, and the men have 
been free and ready enough to accept problems from the 
outside that suited their skills and predilections. The 
flexibility is expressed, too, in a readiness to create 
departments and to let them vanish when the problems 
were solved or the momentum slackened. There has 
always been stimulating interplay and collaboration 
between departments at Chelsea and Elstree, whether 
production departments or other; and often a full-time 
research worker has moved to part-time production and 
vice versa. - 

These policies have undoubtedly contributed to the 
Institute’s success—and in at least today’s climate of 
opinion are accounted as virtues, especially in the close 
relation of research and technology. The staff of the 
production departments are appointed primarily as 
research workers who, from recent postgraduates upwards, 
are free if they wish to tackle problems with no direct 
relation to production, a condition with the same all-round 
beneficial effect as active research in ateaching department. 
Moreover, when the research is in the same field as pro- 
duction, it can be, and often is, pursued much more 
intensively than could be justified by increased produe- 
tivity or the immediate promise of a new product. 

By modern standards the Institute is small. Except 
during the Second World War, the number of graduate 
scientists since 1930 has been about sixty; at present 
they are divided between twelve departments. The 
Chelsea. departments are biochemistry, biophysics, elec- 
tronmicroscopy, experimental pathology, microbiology 
and virology, five of them with professorial heads and 
the last with an attached M.R.C. unit; and two other 
M.R.C. units dealing respectively with the immunological 
and genetic aspects of blood groups. Three of the four 
research and production departments at Elstree are con- 
cerned with vaccines and antisera, and one with blood 
products. 

This spread over a diversity of activities is not so thin 
as might at first appear, because the major activities of 
both Chelsea and Elstree, though widely diversified, have 
enough in common in intellectual and technical attack 
to provide fruitful cross-fertilization of ideas and methods. 

It will be evident from the foregoing that two themes 
predominate. The first, infective disease, is developed in 
work which, ranging as it does from microbial ultra- 
structure to the immunology and pathology of the infected 
host, from viruses to protozoa, and from the immuno- 
chemistry and physical chemistry of antibodies and 
microbial antigens to the production and field trials of 
vaccines, admirably maintains the research traditions 
built up in fulfilling the demands of the Institute's 
founders set out at the beginning of this article, . Thes 
demands are as valid today as they were in 1891 and, 
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in the past, are realized in work that goes far beyond the 
research laboratories. In the United Kingdom there is 
collaboration with clinicians, public health authorities 
and research councils. Abroad the Institute works with 
the World Health Organization, particularly in helping 
to start production of vaccines in Africa, the Middle 
and Far East and in training their graduates in production 
methods; and engages in epidemiological and immuniza- 
tion studies in Africa and the Middle East. 
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It. has achieved much as a small establishment; but 
with the inereasing complexity of biological research, it is 
faced with the need for accelerating its present rate of 
providing the necessary new skills and instrumentation. 
It hopes, too, to build accommodation for the staff needed 
to make its existing departments optimally effective, and 
for new departments. A department of experimental 
immunology is needed, to which some of the current work 
could be assimilated, the main task of which would be the 





Vig. 4. Tsetse fly (Glossina austeni) before and after a blood meal. In the wild tsetse fly. the species of animal host recently fed on can be 
precisely identified by serological tests on the dried stomach contents of the engorged fly. 


By reason of its implications in preventive medicine, 
the introduction some 25 years ago of the second theme, 
blood, would assuredly have won the approval of the 
founders, as both a theme and its variations. If the work 
of the two M.R.C. units is ineluded—an inclusion justified 
by their long and close association with the Institute’s 
work—these range from the immunochemistry and 
molecular structure of plasma proteins and blood-group 
glycoproteins, through blood-group serology and genetics 
to the isolation of therapeutic blood substances. 

This unity in diversity is not maintained by any 
doctrinaire embargo on other territories for exploration; 
lipid biochemistry, for example, now actively applied to 
mammalian cells, grew from an investigation of the mode 
of action of the exotoxins of gas gangrene bacilli. The 
Institute is prepared for any diversity it can afford and 
accommodate. 


The Future 


The Institute is justifiably proud of its achievements 
‘for British science, and of having made them by its own 
financial efforts. It receives publie money from research 
.eouncils, governmental bodies and the like for specified 

pieces of research work; but none as a school of the 
University, because its formal teaching is restricted to 

Ph.D. students. It has also benefited greatly by the 
Generosity of private persons, private foundations and 
the like. The larger part of its income, however, depends 
on the work of its production departments and, to a 
lesser extent, on its endowments. 

The Institute was once unique in the country, but 
medical research establishments set up since that time 
“have evolved a very similar pattern of work. It differs, 
however, from most in its independence and in the degree 
to which it combines fundamental and applied research 
with technology. These are differences which the Govern- 
ing Body, and indeed other people in the world of science, 
strongly believed to be worth preserving for the Institute’s 
future. 


exploration by the newer techniques of the immuno- 
pathology of infection and immunization—an aspect 
of the matter which tends to be regarded as the outmoded 
precursor of the immunology of today. 

It would be unrewarding and presumptuous further to 
forecast the Institute’s future; unrewarding because of 
the uncertainty of all forecasting and presumptuous 
in the light of the Institute’s tradition of going where the 
ideas of its scientists lead. Given the financial means of 
survival, the future course of the Institute will be con- 
strained only by a liberal interpretation of the founders’ 
directive “to study, investigate, discover and improve 
the means of preventing and curing (infective) disease of 
man and animals”. 


“Sir Joseph Lister must indeed experience a glorious 
feeling of deepest satisfaction when he surveys the 
labours of his life. His work is accomplished and brought 
to an incomparable conclusion. He has conquered and 
attained his object. When we but compare the surgery 
of thirty years ago, before Lister appeared on the scene, 
with that of today, what a change we see ! We can scarcely 
carry ourselves back in imagination to the pre-antiseptic 
days of surgery, but each one who has known the older 
state of things from personal experience cannot fail to 
realize with fuller understanding and livelier joy how great 
a blessing Lister is to suffering humanity.... The word 
surgery in its origin signifies a handicraft; but that which 
was thus manual at first has become an art and a science 
which has, thanks above all to Lister, raised itself with 
impetuous and surprising speed in the last twenty years 
to a previously unknown height of development. Modern 
surgery no longer stops short at the exterior, but has gone 
even deeper, and now includes within the sphere of its 
activity every organ of the human body without exception. 
And for this mankind is indebted in the first place to Sir 
Joseph Lister. As far as there is an earthly immortality 
it must be his, for as long as ever surgery is scientifically 
discussed his name cannot fail to be mentioned.” 

H. Tirumans, Nature, 54, 1 (1896). 
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BOOK REVIEWS 


THE HUMAN BEAST 


On Aggression 

By Konrad Lorenz. Translated by Marjorie Latzke. 
Pp. xHi+273. (London: Methuen and Co., Ltd., 1966.) 
308. net. 


KonraD Lorenz is a name to conjure with in the world of 
animal psychology, where he is celebrated as the originator 
of “ethology”. It is under this description that he has 
helped to make the study of the social relationships of 
animals so popular in recent years. 

In a foreword to On Aggression Julian Huxley writes 
that Lorenz’s basic contribution to science is his interpre- 
tation of vertebrate behaviour in terms of the interaction 
of behaviour-units which, like the structural ‘‘units’’ of 
the body, are subject to evolutionary modification through 
genetic change and natural selection. He is equally famed 
because of his formulation of the concept of “unit 
releasers”” of behaviour patterns, and through his studies 
of the process of “imprinting” or “object fixation”—a 
process which was, of course, known long before his time, 
and whereby, to give a famous Lorenzian illustration, a 
newly hatched gosling attaches itself, as though to its 
mother, to the person or creaturo by whom it is first cared 
for and fed—no doubt in the same way as Mary’s little 
lamb attached itself to Mary. Above all, Lorenz is known 
and revered because every page of his widely read popular 
writings reveals a rich personality and a sensitive love of 
animals. 

In its original German, and in an American edition, On 
Aggression has already attracted wide attention. The 
basic theme is that the forms of behaviour which the 
author calls aggression need to be differentiated from those 
which characterize predation. To Lorenz there has beon 
no aggression when a lion fells a buffalo, although aggres- 
sion characterizes the behaviour of the buffalo, either 
alone or in groups, when it tries to fight off the lion. By 
definition it is only the members of the same species who 
are aggressive to each other, and in some species aggression. 
does not occur at all. Too much intraspecific aggression 
could lead to the extermination of the species, and the 
unite of behaviour which constitute aggression become 
modified and ritualized by natural selection. In their trans- 
formed state they serve a useful but now harmless purpose 
in a different behavioural context. By analysing the phylo- 
geny of ritual and harmless animal behaviour one can 
often trace its origin to the components of aggression. 

Within the “biotope” in which a ies lives, indi- 
viduals settle in territories of their own which they defend 
against intruders with an intensity which Lorenz states 
increases geometrically from the periphery to the centre of 
the home ground. (How this has been measured is not 
stated.) This kind of intraspecific aggression leads to the 
even distribution of individuals over the whole area in 
which the species is found, and also to the “‘selection”’ of 
males as the begetters of the next generation which are 
better in a variety of ways than those which fail to stand 
up to the pressures of intraspecific aggression. The latter 
thus results in one form of sexual selection. Another 
operates in some species through the female, who responds 
to the secondary sexual characters of the male even when 
the latter have evolved, as a consequence of exaggerated 
patterns of sexual display, to the point when they are an 
actual physical handicap—as in the case of the magnificent 
secondary wing feathers of the Argus cock pheasant. 
Correspondingly, through phylogenetic “‘ritualization’’, 
the units of aggressive behaviour can be so transformed 


that the male which would otherwise set on, and try to 
rout, any intruder into his territory, learns to accept the 
female. 

In the interests of survival, natural selection thus brings 
about remarkable transformations in, and restraints to, 
the exercise of the component units of compulsive pug- 
nacious behaviour, and these transformations endlessly 
entich the manifestations of nature’s wild-life. They 
include even such phenomena as individual love and 
friendship—emotions which develop only in the most 
aggressive species. 

This, broadly, is the picture of animal social life which 
Lorenz sets as & screen against which to consider man’s 
social and political problems. He sees the fighting of 
cocks in a barnyard as one end of a spectrum of aggressive 
behaviour, the other reaching “‘to bar-room brawls about 
politics, and finally to wars and atom bombs”. Unhappily, 
according to Lorenz, man suffers the immense disadvan- 
tage that he is ill equipped to ritualize his aggreasive 
instinct. It is our misfortune to be “a basically harmless, 
omnivorous creature, lacking in natural weapons with 
which to kill big prey, and, therefore, also devoid of the 
built-in safety devices which prevent “professional”’ carni- 
vores from abusing their killing power to destroy fellow- 
members of their own species”. Therefore, to avoid the 
ultimate extermination of our species in a nuclear holo- 
caust, it is urgent that we make a determined effort to 
sublimate our aggressive instincts in cultural pursuits and 
in activities such as international sporting contests. 
Widespread participation in biological research would also 
help—this would lead to better understanding of the 
causes of the aggressive attitudes of nations. And with 
this prescription for our ills, Lorenz leaves us. 

Judged as a piece of writing, as a work of rich and com- 
pelling description, the book deserves all praise. But it is 
hardly a serious work of science, which one assumes is 
what Lorenz intended. For all the wealth of observation 
it retails, its choice of material is highly selective, and its 
generalizations so sweeping that it becomes difficult to 
separate facts from a priori and intuitive interpretations. 
Lorenz is, of course, entitled to use what language he 
chooses when he deals with his own observations—bis 
geese can be treated as humans, and his humans as geese. 
But it is a different matter when he cites the presumed 
data of others, and where one has the right to assume 
the utmost critical caution if fact is not to become inextric- 
ably mingled with fiction. Who, for example, has seen 
“small apes . . . leaping after a tiger or a leopard” ? And to 
how many readers does Lorenz address the sentence 
“anybody who has ever seen... the male chimpanzee 
defending his band or family with self-sacrificing courage” ? 
Has this ever been seen? How, again, does Lorenz make 
a ruptured carotid artery fill the body-cavities with blood ? 
That is curious anatomy indeed. And who was it who 
showed, and how, that the dog’s inhibition against biting 
bitches is “chemically induced”? Are the “essential facts 
of biology” really easier to comprehend, as he claims, “than 
integral calculus or the computing of compound interest” ? 
If they are, it must be a very simple and superficial kind 
of biology of which he is speaking. 

The kind of doubt which this kind of writing conjures up 
is perhaps less serious than certain other shortcomings in 
Lorenz’s formulations. We can applaud when he writes 
that the concept of instinct does not provide any explana- 
tion of the particular processes, such as reproduction, to 
which it may be applied. But is ıt less tautological, or 
more meaningful scientifically, to say ‘‘that all instinctive 
motor patterns possess their own spontaneity, their own 
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action-specific production of endogenous stimulation 
whose quantity is quite exactly calculated to meet the 
demand which is to be expected ın the organism’s normal 
environment” ? What kind of explanation does Lorenz 
intend this circular proposition to convey, and where does 
it differ logically from the usual concept of mstinct? 
As Skinner! has recently pointed out, it 1s equally mis- 
leading to assume that one can safely infer the “‘phylo- 
genic contingencies” by which a given pattern of 
behaviour may have been transformed over thousands or 
even millions of years; or because the behaviour pattern 
appears “adaptive”, decide what kind of evolutionary 
process was responsible for it. In so far a3 it conveys this 
impression Lorenz’s book ıs, as Skinner imphes, simply 
misleading. How, for example, can Lorenz blandly write 
that it is quite “certain” that the Indian pipe of peace 
“developed into a fixed ritual which became law for every 
Indian and prohibited aggression after pipe-smoking’— 
on the basis of a speculation that one of two angry Indian 
chiefs may once have forgotten his pipe, and was allowed 
a puff by his enemy in order to enjoy the “tension relieving 
catharsis of smoking” ? On what foundations of historical 
knowledge does this “certainty” rest ? Speculations such 
as these—and Lorenz indulges in many—may be fascinat- 
ing, but they are not science. The complexities of human 
social and political behaviour cannot be explained on the 
basis of oversimplified homologies and analogies with 
highly selective aspects of animal behaviour. 

Lorenz is the acknowledged father of what is now called 
ethology. If this is to become more of a science than it 
sometimes appears, its disciples, while acknowledging 
their debt to him, would be wise to be more rigorous than 
he usually is in showing where observation gives way to 
a priori interpretation, and how casual ıs differentiated 
from controlled observation. This, it is true, may lead to 
duller writing than that which we get from Konrad 
Lorenz himself. But in the end ethology will benefit less 
from his assurance, the assurance which allows him to write 
that he is “being far from presumptuous” in professing the 
conviction that “in the very near future not only scientists 
but the majority of tolerably intelligent people” will treat 
his views as “obvious and banal truth”, than it will from 
“scientific humility’, whose virtues one vainly expects 
Lorenz to extol ın the chapter which he heads “On the 
Virtue of Scientific Humility’. Ethology is hardly 
likely to prove an exception to that major lesson of science 
which warns that the beliefs of today are not necessarily 
those of tomorrow. 

8. ZUOKERMAN 
‘Skinner, B. F., Serence, 158, 1205 (1966). 


LEARNING, INSTINCT AND 
EVOLUTION 


Evolution and Modification of Behavior 
By Konrad Lorenz. Pp. 121. (London: Methuen and 
Co., Ltd., 1966.) 28s. net. 


“Waar is preformed in the genome and inherited by the 
individual is not any ‘character’, such as we can see and 
describe in a living organism, but a limited range of 
possible forms in which an identical genetic blueprint can 
find its expression in phylogeny.” 

This opening sentence displays many of the troubles 
which beset Professor Lorenz’s book. The assertion is a 
simple one, and no one is likely to want to contradict it: 
the genetic code for a given phenotypic detail does not 
embody a rigid and inflexible representation, but a set of 
instructions for development; the final developmental 
outcome depends on the manner in which these commands 
are carried out; the commands themselves may interact 
with other developmental commands, or with mformation 
from the environment; the phenotypic expression of such 
instructions, therefore, may be variable. Thus, it is 
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incorrect to say that the character itself is preformed and 
inhented. 

The trouble with Professor Lorenz’s formulation of all 
this is twofold: in genetic terms, ıt is trte; as con- 
ceptual analysis, ıt is insufficiently sophisticated. We are 
told that it 13 not any ‘“‘character’’ which is inherited, but 
“a limited range of possible forms”. In fact, of course, it 
is neither; what is inherited, withm this frame of reference, 
is the genetic blueprint. Throughout the text, attempts at 
precision are constantly undermmed by semantic con- 
fusions of this kind. 

The book has two objects. The first, which is valuable, 
is to emphasize the role of inborn behaviour, and of 
species-specific patterns, to the experimental psychologist 
who is not familiar at first hand with comparative studies. 
The second concerns the old, sad matter of definitions. 
Professor Lorenz wishes to give force and precision to the 
concept of inborn behaviour as distinct from behaviour 
which 1s learned. He gives some telling examples of 
complex behaviour patterns which spring, fully armed, 
from the central nervous system on the first occasion when 
they are elicited by an appropriate context. He describes 
behaviour which must be learned ın the course of the life- 
time of the individual, and makes the important point 
that such learning requires not only that the environment 
should, ın nature, present the features necessary for it to 
take place, but also that thero must be some phylogenetic 
programming of the nervous system which will enable the 
environment to be so exploited. 

In between these two extremes, there is a grey no-man’s- 
land of patterns which appear to combine both inborn and 
learned mechanisms. Here, above the fog of semantic 
distress, two flags appear to be hoisted: (a) a given case 
can be analysed experimentally, and the relative contribu- 
tion of the two processes assessed, but the very nature of 
the deprivation experiments which must be used invites 
ambiguity; (6) surely, we must be able to arrive at some 
powerful generalization about inborn behaviour which 
will cover the multitude of special cases 7 

No one, I imagine, will query the first proposition. 
There is a short answer to the second—why bother ? 
The problem is scarcely different, ın principle, from that 
posed by the interaction between genetic instructions, 
forces imposed by the environment, and stresses provided 
by the intrinsic musculature in the ontogeny of the adult 
skeleton. But the ontogeny of the skeleton suggests 
experimental problems private to itself. Philosophically, 
it is of trivial interest. 

This essay, then, will be of great concern to American 
psychologists and others who are unfamiliar with bio- 
logical disciplines; it will, at least, draw their attention 
to the very important contribution of Professor Lorenz’s 
school of comparative ethology. For British ethologists, 
however, it will not achieve any great clarification of their 
present concepts. The battle, for the younger generation, 
has long since been lost and won, but Old Kaspar still 
counts the bodies with gloomy astonishment. A. D. Brast 


SCIENCE AND PEOPLE 


Science and Man 
By Lord Brain. Pp. 109. 
Ltd., 1966.) 188. net. 


The Identity of Man 
By J. Bronowski. Pp. xi+107. (London: Heinemann 
Educational Books, Ltd., 1966.) 158. net. 


Eaon of these books is a series of four essays, which were 
first given as public lectyres. Both are primarily con- 
cerned with man as a natural phenomenon, and both 
authors were very impressed with new ideas about mech- 
anisms in the retina for the analysis of images. Both, 
too, are successors to previous books of essays. The 
treatment, however, 1s very different. 


(London: Faber and Faber, 
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Lord Brain’s book is said to be mtended for a non- 
specialist audience. The general concept of the book is 
good, but in many places precision is lost by undue com- 
pression or elision. In a few places technical terms are 
introduced without any explanation (for example, 
“geniculate cell”). The first essay, “Science and Be- 
haviour”, is not novel except perhaps in its scope. An 
attempt is made to extend by analogy to social systems, 
but it is not made clear whether control could be by 
individuals, by a hierarchical organization, or by Wellsian 
“world brains’. ‘Perception, a Trialogue”’ is a slightly 
precious attempt to review biological, psychological and 
philosophical ideas about perception. It does not achieve 
the clarity 1ts arguments deserve, but some of them are 
restated in the next essay, ‘The Status of Mind”; a 
dualist approsch is adopted despite apt comment on 
Whitehead’s concept of “prehension”. This essay finishes 
with a long quotation which seems not only obscure in 
itself but also unrelated to previous argument. His final 
essay, “Science and Antiscience’’, is by far the best; ıt 
has authority, and includes a very good discussion of the 
mind-body problem as related to the parts—whole concept. 

Bronowski’s book 1s more personal. It 1s a development 
of his “Science and Human Values’ and has lucidity, 
together with a charming simplicity which only very 
rarely may mislead the uninformed reader. Each essay 18 
formed of small chapters, and each chapter is an elegant 
exposition of a thought. He begms with discussion of the 
fear that mechanical interpretation of man’s nature has 
been erodmg more and more from our personal image, 
and asserts that there ıs a core the nature of which 1s 
different ın the special sense that a machine could not be 
programmed to exhibit its properties. But later he deals 
with this “self” and shows it as an integral part of man’s 
nature; here he uses particularly apt phrases and finds 
literary quotes very much to his purpose. 

Science and Man is a more scholarly work than the 
other. It quotes references (usually books, but often 
original papers) and is concerned to instruct the reader. 
There 1s a flavour of adult education, and the author’s 
explicit attempt to mstruct politicians m the ways of 
science is not subtle. 

Bronowski, on the other hand, is conducting an informal 
seminar; his conclusions, especially those about the ethic 
which derives from scientific endeavour, would be arrived 
at by a student in such a seminar. They are a little self- 
consciously noble, but are nevertheless valuable, and 
Lord Brain’s politicians would be edified as well as in- 
structed. Lord Brain’s book would do a service on the 
shelf of any public hbrary, but Bronowski should become 
recommended reading for all students. JAOK COBREN 


DATING FOSSIL MAN 


Frameworks for Dating Fossi] Man 
By Kenneth P. Oakley. Second edition. Pp. x+ 355. 
(London: Weidenfeld and Nicolson, 1966.) 45s. net. 


Ir is a measure of the importance that this book has 
assumed that a new edition should have been considered 
necessary less than two years after the first. At first 
glance it seems very little different from the original— 
even the pagination remains the same. Tho text itself, 
apart from the addition of a few qualifying clauses, 
remains virtually unaltered except for more detailed 
reference to the Buda hearths at Vérteszdllos, based on 
the 1965 paper of Kretzoi and Vértes. The recent recogni- 
` tion of the skull of Homo sapiens at Vérteszollos, however, 
which pushes the-earliest record of this type mght back 
to a Mindel interstadial, came too late to be discussed in 
this edition. The typographical errors in the first edition 
have mostly, though not all, been corrected, and adjust- 
ments have also been made to three of the figures. Two 
others (Figs. 43 and 65) have been re-drawn. The list of 
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references to Part 1 remains the same, but some half- 
dozen have been added to Part 2, without comment in the 
text. 

The really 1mportant revisions have been made in the 
sixteen Dating Tables at the end of the book. The first 
table (Australopithecines) has several adjustments to 
names, stratigraphy and dating, and ın both this and Table 
II (Pithesanthropines) a record is deleted. Tables I, 
IV, V, VI and VII (Neanderthaloids and Neanderthalers 
of Europe, U.8.8.R., Near East, Far East and North 
Africa) are practically unaltered, but Table VIII (Homo 
sapiens Neanderthaloids, eto., in Africa south of the 
Sahara) shows some considerable increases of A3 dates. 
The long Table IX (Upper Palaeolithic of Europe) 18 
virtually unchanged apart from the inclusion of the 
Cro-Magnon type recently found at Sungir, U.S.8.R.; 
Table X 18 also the same as before. There has been some 
revision of stratigraphy in Table XI (Later Stone Age of 
North Africa), and some new dates are added, but it is 
not obvious why the Ishango site on the eastern border 
of the Congo has been added here rather than to Table XIT 
(Later Stone Age in Africa south of the Sahara). Table XII 
now includes the Oakwood and Mumbwa sites, neither of 
them new discoveries, as well as several new dates to sites 
already included. Many new dates are also given in 
Tables XIII (Mesolithic of Europe) and XIV (Mesolithic 
of Asia and Australasia), but the last two tables, XV 
(American Palaeoindian) and XVI (Hommid remains of 
dubious or revised antiquity), remam unaltered. Most of 
the amendments in these tables are given without discus- 
sion or reference to the literature, so one is left guessing 
whether they are old or new work. Nevertheless, the value 
of this unique collection of records has been greatly 
enhanced. 

Externally the new edition is identical in appearance 
to the old, so that confusion on library shelves is inevit- 
able; the words “second edition’? on the spine would 
have been helpful. Happily the publishers have kept the 
price identical as well. G. W. DIMBLEBY 


THYROID METABOLISM 


Current Topics in Thyroid Research 

Edited by C. Cassano and M. Andreoli. (Proceedings of 
the Fifth International Thyroid Conference, Rome, 1965.) 
Pp. xxvii+1219. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1965.) 
n.p. 

Tam past decade has seen some striking advances 
in our knowledge of thyroid function and of thyroid 
pathology. The study of thyroid metabolism is, of course, 
enormously assisted by the fact that iodine is an essential 
constituent of thyroxine and of tri-iodothyronine, and the 
availability of radioactive isotopes of 1odine has been an 
essential factor in enlarging this section of knowledge. A: 
second crucial line of development was initiated by the 
independent observations of Roitt, Doniach, Campbell 
and Hudson in Britan, and of Rose and Witebsky in the 
United States, that circulating antibody to thyroid antigen 
was intimately associated with a disease of the thyroid 
described by Hashimoto, in which the thyroid gland is 
enlarged by infiltration with lymphocytes and related 
cells, and in which there is a good deal of fibrous tissue. 
A third point of development, as yet not so fully worked 
out, was the discovery by Adams and Purves that patients 
with Graves disease had a substance in their plasma which 
caused increased thyroid activity, but which was different 
from the thyroid stimulating hormone derived from the 
anterior pituitary. A fourth sphere lies in the study of the 
way in which thyroxine and tri-iodothyronine are carried 
in the circulation largely bound to protein. and of the 
implications which this may have on the release of hor- 
mone from the thyroid and the supply of hormone to the 
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tissues. More recently it has been demonstrated that 
calcitonin, a polypeptide with a molecular weight in the 
region of 3,000 which lowers the plasma calcium concen- 
tration, 1s also secreted by the thyroid. 

At the fifth International Thyroid Conference, which was 
held in Rome in 1965, the advances in these and other 
related subjects which have occurred since the conference 
held five years previously were described in a series of 
papers given by active workers in the field. The book 
constitutes the proceedings of this conference and the 
editors are to be warmly congratulated, not only on the 
enterpr se and energy which they have shown in achieving 
publication so rapidly after the conference, when the work 
is still fresh, but also in the coherence which they have 
achieved in what can be seen to be a somewhat discursive 
and wide-ranging subject. 

There are two excellent reviews, the first, the Dunhill 
Memorial Lecture, given by S. H. Wollman, entitled 
“The Heterogeneity of the Thyroid Gland”; and the 
second, the Van Meter Prize Essay, by J. H. Oppenheimer 
and G. Bernstein, on “The Metabolism and Physiological 
Significance of Thyroxine-binding Prealbumin in Man”. 
The papers given on orginal work are grouped mto some 
twenty-one different sections, and at the end of each the 
work described is excellently summarized by the closing 
remarks of the chairman. As at most international con- 
ferences, the papers are of variable quality though the 
general standard is high. 

Quite apart from their importance in understanding the 
activity and disease of the thyroid, these studies are 
illuminating and creating new approaches in other fields 
of medicine. For example, a variety of antibodies to a 
number of antigens within the thyroid have been found not 
only in Hashimoto’s disease but in a number of other much 
more common thyroid disorders, and these discoveries 
have led to the finding of antibodies to other normal body 
components in pernicious anaemia and in some people 
with failure of the adrenal cortex; the more-than-chance 
occurrence of either of these conditions, along with thyroid 
disease in the same person, had previously been pointed 
out by clinicians. The finding that Adams and Purves’s 
long-acting thyroid stimulator is a y,-globulin, with the 
properties of an antibody and probably derived from 
lymphocytes, is a further pointer suggesting the association 
of a variety of thyroid disorders with some disturbances of 
immunity. It seems highly hkely that the work being 
carried out in this field will open out the horizons and 
increase the concepts needed for the general understanding 
of disease processes. 

This well produced book will be invaluable to those who 
wish to have in one volume a wide survey of all the dif- 
ferent aspects of thyroid research which is at present 
being conducted throughout the world, for there are 
contributions from twenty-seven different countries. As 
might be expected, however, anyone who required to 
study in depth the results and the techniques used in any 
one of the many facets dealt with would in general need 
to peruse the original papers in the appropriate scientific 
journals. G. A. SMART 


ORGANIC CHEMISTRY OF NITROGEN 


The Chemistry of Open-Chain Organic ‘Nitrogen 
Compounds 

By Peter A. 8. Smith. Vol. 1. Pp. xi+356. $21.46. 
Vol. 2: Derivatives of Oxidized Nitrogen : Hydrazines 
to Nitrates. Pp. xi+631. $37.50. (New York: W. A. 
Benjamin, Inc., 1965, 1966.) 

Smwwewior’s Organic Chemistry of Nürogen, published in 
1910 and revised in 1937, is still a valuable work of 
reference and a delight to read, but for many years there 
has been a clear need for a new comprehensive text sum- 
marizing in digestible form the chemistry of organic 
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compounds contaming nitrogen and providing leading 
literature references. Prof. Smith has had the courage to 
undertake this task, and in these two volumes he has 
succeeded admirably. 

The fifteen chapters are concerned successively with 
& survey of inorganic nitrogen compounds; aliphatic 
amines; aromatic amines; amides; nitriles and iso- 
cyanides; nitrogen derivatives of carbonic acid; ammoma 
derivatives of the carbonyl group; hydroxylamine deriva- 
tives; hydrazine derivatives; azides and diazo com- 
pounds; diazonium, azo, and azoxy compounds; com- 
pounds with chains of three or more nitrogens; C-nitroso 
compounds; C-nitro compounds; esters and amides of 
nitrogen oxy-acids. Some chapters inevitably are sub- 
divided, hydrazine derivatives, for instance, being dis- 
cussed under alkyl and aryl hydrazines, hydrazones, and 
hydrazides. 

Following an account of structure and physical proper- 
ties, the main body of each chapter or sub-section 18 
devoted to reactions, classified and discussed with emphasis 
on mechanism. The leisurely style adopted by Sidgwick 
and others ıs, unfortunately, no longer possible, but the 
mechanism and limitations of selected reactions of special 
practical importance, for example, the deamination of 
aliphatic amines, the Hofmann and Cope eliminations, and 
the Beckmann, benzidine and Curtius rearrangements, are 
discussed in greater detail. Finally, preparative methods 
are summarized and sources of typical experimental pro- 
cedures are indicated. There are approximately four 
thousand references designed to cover key papers, review 
articles and especially the recent literature up to 1964, 
with the mention of some more recent publications. The 
author is wise in omitting heterocyclic compounds and 
alkaloids, since both subjects have received exhaustive 
and continuous attention in books and reviews. Open- 
chain derivatives, on the other hand, have been neglected 
previously; the less well known and often obscurely 
named groups, for example amidrazones, nitramines, 
hydroxamic acids, urethans and sulphonamides, are dif- 
ficult to trace in the literature, and the systematic accounts 
of these compounds should prove to be of particular 
value. 

It is a rare pleasure to read books of this type written 
by a single author. In this way the faults of the multi- 
author compendium are avoided, particularly the lack of 
a unified approach, and the hold-up of certain chapters 
resulting sometimes in the remainder becoming out of date 
even before publication. These volumes should be pur- 
chased by every chemical library; it is regrettable that 
the high price will prevent many individuals interested 
in the organic chemistry of nitrogen from acquiring 
personal copies. M. F. GRUNDON 


NON-EQUILIBRIUM BIOLOGY 


Nonequilibrium Thermodynamics tn Blophysics 

By A. Katchalsky and Peter F. Curran. (Harvard Books 
in Biophysics, No. 1.) Pp. x+248. (Cambridge, Mass.: 
Harvard University Press; London: Oxford University 


Press, 1965.) 68s. net. 

“Lavine systems are non-equilibrium, open systems in 
which irreversible processes are occurrmg...”. This 
statement in the authors’ introduction provides the funda- 
mental justification for the writing of this book. Indeed, 
the realm of biological systems is the field in which the 
relatively new science of non-equilibrium thermodynamics 
(NET) finds the most beautiful applications. It is disap- 
pointing, however, to see that relatively very few bio- 
logical problems have been attacked by using the methods 
of this discipline, and the number of open problems is 
still enormous. This abnormal situation is mainly due to 
the fact that many biologists just ignore the possibilities 
(or even the existence!) of NET. For this reason the 
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book under review meets a fundamental need of pointing 
out to the biologists how much they could gain from an 
assimilation of the methods of NET. The authors have 
a universally known authority in the field of biophysics, 
in particular in the study of complicated transport pro- 
cesses through membranes, and bave made important 
sontributions in explaining systematically many of these 
phenomena by use of NET. This book is therefore a 
welcome event. 

The and understanding do not require & 
thorough knowledge of thermodynamics: the book 1s 
fairly self-contained. The first three chapters are devoted 
to a short exposition of classical thermodynamics. By 
reading them one can understand why in the past bio- 
logists have been so reluctant to study thermodynamics. 
The abstract concepts of reversible changes, Carnot 
oycles . . . which are the framework of classical thermo- 
dynamics seem at first sight so artificial and so far from 
nature that they may discourage further efforts. Chapters 
4 and 5, devoted to the entropy production and chemical 
thermodynamics, will convince the reader that the effort 
was worth He will perceive the first contacts 
with biology (this perception being discretely but effec- 
tively suggested by the authors, who provide beautiful 
and unusual Wlustrations, such as the theory of muscle 
contraction). 

Chapters 6, 7 and 8 are crucial. They contain the 
general theory of NET. It 18 a very clear and lucid 
presentation, stressing the important points as well as the 
lumitations. 

The second half of the book is devoted to illustrations 
which are selected specially for their actual or potential 
biophysical interest. The titles are suggestive by them- 
selves: diffusion, sedimentation, membrane permeability, 
transport processes ın systems containing electrolytes, 
electrochemical processes, active transport, etc. It is 
wonderful to see what a variety of non-trivial transport 
mechanisms, complex steady states, thermodynamic 
couplings, one can find in this field. Most of these prob- 
lems have been studied in the past by separate particular 
methods. NET provides the necessary link between 
apparently disconnected phenomena and makes them 
appear as consequences of a unified body of knowledge. 
And still the applications discussed here show only a small 
sample of the possibilities of NET. One may assert 
without being too ambitious, that NET will provide in 
the future some of the fundamental answers to such 
problems as the mechanism of protein synthesis, repro- 
duction or even the origin of life. 

I am sure that this beautiful book will attract many 
biologists and many physicists into the field of NET and 
their combined efforts will result in important advances 
in some of the more crucial domains of science. 

R. BatEsov 


READING EFFICIENTLY 


Read Better, Read Faster 

A New Approach to Efficient . By Manya and 
Eric De Leeuw. (Pelican Book A.740.) Pp. 249. (Har- 
mondsworth, Middx.: Penguin Books, Ltd., 1965.) 
33. 6d. 


Tue information explosion has exposed a curious limita- 
tion both of our educational system and of the efficiency 
of the average person as an adaptive mechanism. Teach- 
ing a child reading as a skill has only involved checking 
that it can make the noises appropriate to individual 
words; faced with increasing amounts of written material 
the average person is incapable of devising methods 
of coping, and, in fact, reads with an efficiency well below 
his capacity. The alarming feature of the situation is 
that, for the majority, the application of only the most 
elementary common sense together with a small amount 
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of self-confidence are sufficient to produce vast improve- 
ments in reading performance. 

Most commercial reading courses use assorted films, 
reading pacers, tachistoscopes and other devices as 
crutches for the wilting ego, talking about the need to 
“tram eye-movements” and “improve perceptual skills”. 
While one can admit that it is easier for the unskilful 
or tired teacher to keep the morale of the class high with 
such techniques, there 1s no shred of evidence that such 
devices are necessary; indeed, as Perry and Whitlock, 
devisers of the “Harvard Teaching Course”, once wrote: 
“St is our possibly scandalous belief that if students were 
to be trained to obvious improvement in any skill whatso- 
ever, say writing with their toes, and were somehow 
persuaded that this skill was fundamental to good reading, 
they would read better”. The courses all have an effect: 
it would take a genius to prevent a course from having an 
effect. 

Reading improvement is thus a legitimate subject for 
self study; however, the normal sensitive Englishman 
is likely to be repelled by the majority of the available 
books on the topic, with their heavy, Dale Carnegie, back- 
slapping style. In addition there are scarcely any such 
books which can be said to have any scientific merit (for 
there is a body of experimental evidence and psychological 
theory which is relevant to reading). Pelican Books have 
gone some way towards providing the required volume. 
The authors, who have a good deal of practical experi- 
ence, write in a quiet style, and refer to the literature on 
occasions, though not as often or as exhaustively as they 
might. Thus, for example, their sections on anticipation 
and memory are far too short and could be misleading; 
there could have been more compelling Wlustrations of 
the points they are making. They are, however, very 
sound in the common sense aspects of reading; they 
make the point that with reading, as with travelling, it 
is easier if you know where you are going. Their test 
passeges are varied and interesting, and sometimes long 
enough to give meaningful results (most of the reading 
speeds of more than 1,000 words per minute quoted in the 
press are attained on short, very simple passages requirmg 
factual answers and should not be taken literally). 

Most important, the authors realize that the reader has 
to do most of the work. Reading skills can be improved 
overnight (though the authors claim otherwise); the use 
of their book is to make sure that the skills become 
habitual. 

The book is not ideal, but it seems to be the best avail- 
able. In any case, a throw-away volume at 3s. 6d. has 
an enormous advantage over one at 30s. JOHN MORTON 


Bestimmungstabellen der Gallen (Zoo- und Phyto- 
cecidien) an Pflanzen Mittel- und Nordeuropas 

Von Herbert Buhr. Band 2: Pflanzengattungen N-Z; 

Gallennummern 4389-7666. Pp. 763-1572+ 25 tafeln. 

(Jena: Gustav Fischer Verlag, 1965.) 84.50 MDN. 


Votuma 2 completes this outstanding work, the first 
volume of which was noticed in Nature, 210, 772 (1966). 
In the two volumes, keys are given to no fewer than 
7,666 galls, with thirty added at the end of Volume 2. 
(In Volume 2 the oak-galls alone occupy sixty-six and the 
willow-galls forty-eight pages.) The volume concludes 
with a list of abbreviations of authors’ names; two 
specific indexes, arranged separately by genera and by 
specific epithets, to the gall-causing organisms; a ninety- 
page bibliography; and the twenty-five plates of figures, 
to which reference was made in the earlier notice. Proof- 
correction seems to have been almost perfect, the only 
misprint I noticed being ‘musciola’ instead of muscticola 
on page 764. What more could the student ask? This 
will remain an absolutely indispensable work of reference 
for all interested in plant-galls for many years to come. 
E. K. Amy SHaw 
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The International Zoo Yearbook 

Vol. 6. Edited by Caroline Jarvis, aasisted by Ruth 
Biegler. Pp. viii+503+67 plates, (London: The Zoo- 
logical Society of London, 1966.) 126s. 


Every year since its first appearance in 1960 The Inter- 
national Zoo Yearbook has gone from strength to strength. 
The latest example is bigger than ever and certainly no 
whit inferior to any of its predecessors. In fact, the 
venture has been so successful that the publication has 
now become a scientific journal of international repute 
quite indispensable to all concerned with the scientific 
basis, theory and practice of keeping animals in cap- 
tivity for education, research and display. The scope 
of the publication 18 now s0 wide that it is scarcely feasible 
to review it in the strict sense. The editor, Miss Caroline 
Jarvis, deserves warmest congratulations on this great 
achievement. W. H. THORPE 


The African Elephant 
By Rennie Bore. (The World of Animals.) Pp. 96. 
(London: Arthur Baker, Ltd.; New York: Golden 
Press, 1966.) 21s. not. 


The African Lion 

By Mervyn Cowie. (The World of Animals.) Pp. 96. 
(London: Arthur Baker, Ltd.; New York: Golden 
Press, 1966.) 21s. net. 


TEESE attractive picture books are very fully illustrated 
with ooloured and monochrome photographs; the texts 
are written by men who have spent years among the wild 
animals of Africa and know them well. A few of the 
hearsay statements and of the interpretations may seem 
a little odd, but everything the authors tell at first hand 
is splendid. The books cover the whole life history of 
each species, and include many amusing and thrilling 
stories that will fascinate the general reader. Lions and 
elephants are species with a high level of social structure, 
so that accounts of their daily lives and behaviour are 
partioularly appealing to the layman. 

Both the authors are devoted conservationists who 
have given unstinted tume and work to the cause they 
feel so strongly about. Their books discuss some of the 
problems of conserving wild animals, and show the great 
success that has been achieved with the lion and the 
elephant. If man is willing to set aside enough hving 
space for the animals, and to leave them unmolested, they 
very soon lose much of the shyness induced by constant 
persecution, and can be approached and watched from 
comparatively short distances. But conservation is much 
more than preservation, and needs continued skilful 
management both of the environment and of the 
populations of animals inhabiting it. These books ably 
tell of what is being done ın East Africa to ensure that 
these interesting animals shall not be thoughtlessly 
exterminated. L. HABRISON MATTHEWS 


Pendulum Gravity Measurements at Sea 1936—1959 
By J. Lamar Worzel. Pp. xx+422. (New York and 
London: John Wiley and Sons, 1965.) 210e. 


BETWEEN 1923 and 1957 oceanic gravity observations 
were invariably made in submarines usmg pendulum 
apparatus pioneered by F. A. Vening-Meinesz. Since 
1957 pendulums have been progressively replaced by 
surface ship gravimeters. Satellite gravity observations 
are also giving the global picture with increasing accuracy. 
It is fitting that the close of the pendulum era should be 
marked by this well-set-out and well-illustrated reference 
book, which describes nearly three thousand pendulum 
measurements made from Lamont Geological Observatory 
and comprising about two-thirds of all pendulum observa- 
tions at sea. It forms an ideal companion to Vening- 
Meinesz’s Gravity Expeditions at Sea, 1923-1938. 
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Most of the book is devoted to the description of the 
experimental observations for each cruise and the pre- 
sentation of the results as tables, base diagrams and maps. 
All known pendulum observations at sea are plotted on 
bathymetric charts as Free Air and Bouguer anomalies. 
In addition to their scientific interest, these observations 
provide a control network for surface ship gravimeter 
measurements. Thus the book provides a valuable 
compilation for all geophysicists connected with the 
measurement of gravity at sea. 

An early discovery of the pendulum was that the oceans 
are in approximate isostatic equilibrium with the con- 
tinents, suggesting a thin crust as later proved by seismic 
refraction surveys. Pendulum measurements have also 
substantially contributed to our understanding of the 
main bathymetric features of the oceans, including 
continental margins, ocean trenches and ocean ridges, all 
of which are associated with underlying anomalous 
density distributions in the crust or upper mantle. These 
ard other geological and geodetic aspects are reviewed in 
a chapter fifty pages long which will provide the main 
interest of the book for most geologists and geophysicists. 

An outstanding scientific contribution of Professors 
Ewing and Worzel and their colleagues has been the 
introduction of the combined use of gravity and seismic 
refraction survey, thereby substantially mereasing the 
power of the two methods taken individually. This is 
shown by their interpretation of ocean trenches as exten- 
sion features, ın contrast with Vening-Meinesz’s compres- 
sion hypothesis which is based on gravity data alone. In 
this and other ways the pendulum observations reported 
in this book have significantly mcreased our knowledge 
of the EKarth’s upper layers beneath the oceans. 

M. H. P. Bort 


Chronologies in Old World Archaeology 

Edited by Robert W. Ehrich. Pp. xii+ 657. (Chicago 
and London: The University of Chicago Press, 1965.) 
56s. cloth; 37s. 6d. paper. 


Tas book replaces Relative Chronologies in Old World 
Archaeology, published under the same editorship in 
1954; it is not a second edition but a completely new 
book. Thero are now fifteen regional papers in the volume, 
covering the chronology from the earliest Neolithic to the 
second millennium 8.0. With the Near Hast as the nodal 
area, coverage extends to Egypt, the Indus valley, China, 
most of Europe and the Mediterranean—yet only six of 
the papers include maps. The lack of information from 
the U.S.S.R. leaves an unavoidable gap. 

The approach inevitably varies from region to region. 
The precise dating of dynastic Egypt; the archaeological 
typology of Mesopotamia—-presented in such dotail as to 
be almost unreadable; the interweaving of radiocarbon 
dates and archaeological evidence for Europe; and the 
scarcity of such evidence from China; together such 
accounts make this book an invaluable record of the 
present state of knowledge. Most of the papers have 
summary charts, though these vary a good deal in quality 
and usefulness. 

Radiocarbon dating is the biggest single factor which 
has rendered the 1954 book out of date. It has had little 
impact in the Near East, but elsewhere it has revolution- 
ized our concepts of chronology. Because the editor has 
left each author to present radiocarbon dates as he likes 
there ıs inevitably a lack of consistency; most use the 
half-life of 5,730 years, but some adhere to 5,568. This 
will have to be resolved before comparative dating 
between regions can make much progress. The editor 
regards it as an “impertinence’’, however, to attempt to 
produce a unified synthosis in the present fluid state of 
knowledge, but it ıs evident from the cross-references 
between the papers that the time is fast approaching 
when this should be m our minds. 

G. W. DIMBLEBY 
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MEETINGS 


POINT DEFECTS 
SUSSEX—SEPTEMBER 


IN 1964 Frederick Seitz was able to write in a classic 
review article that “the typical alkali halide crystal 
represents a remarkable medium for the study of crystal- 
line imperfections” and “no other type of crystal has 
permitted so clear a vista to imperfection-determined 
properties”. The statement probably still holds true 
today even though the alkali halides have been challenged 
by some semiconductor materials. The second Inter- 
national Conference on Pomt Defects in non-metallic 
crystals, organized by the British Ceramic Society, and 
held at the University of Sussex, September 26-28, 1966, 
like the first in 1963, divided most of its attention equally 
between alkah halide and oxide crystals. It was evident 
how far the techniques and theoretical approaches of 
alkali halide research were being applied to the more 
difficult but practical oxide systems. 

The conference was divided into five parts. Dr. A. B. 
Lidiard troduced the discussion of the identification of 
type and the determmation of concentration of pomt 
defects with a review of progress in studies of physical 
properties associated with pomt defects in oxide materials. 
Most of the advances appear to have been made in using 
new techniques or a combination of techniques. Faraday 
rotation, following the pioneering work on alkali hahde 
erysteals by F. C. Brown at the University of Ilmois, is 
now being applied to divalent oxide and halide systems 
primanly for the identification of defects and their 
absorption bands. Similarly the splitting of zero-phonon 
Imes, which had only been talked about at the last con- 
ference, has been used to study colour centres m oxides. 
Several of these developments were to be described in 
detail by speakers at the conference. 

Papers describing spectroscopic methods and their 
application took up a good part of the first section. 
Uniaxial stress spectroscopy is proving to be a powerful 
technique for the study of the symmetry properties of 
defects. In low temperature experiments, zero-phonon 
transitions can be found which give rise to veryenarrow 
spectral lines. These can be split by an applied uniaxial 
stress which allows the symmetry and the electronic 
states of the colour centre to be established. The tech- 
nique has been applied to neutron-irradiated magnesium 
oxide and defects have been identified which have sym- 
metry axes analogous to those of the M, R and N centres 
in alkali halde crystals. 

Prof. J. C. Kemp of the University of Oregon gave a 
brief description of Faraday rotation and its application 
to the study of defect absorption bands in the oxides of 
magnesium, calcium and strontium. It is desirable in 
this work to match centres found by electron-spin reson- 
ance with the optical absorption spectra, but this is 
difficult in oxide systems because of broad and overlapping 
bands. Faraday rotation has the advantage of bemg a 
means of distinguishing between paramagnetic and 
diamagnetic centres, for the paramagnetic contribution is 
temperature-dependent. The problem of overlapping bands 
still exists, but it is possible, for paramagnetic centres, 
to isolate the peaks by combining Faraday rotation with 
electron spin resonance. 

The displacements of bromme and chlorine nuclei in 
potessium bromide and potassium chloride crystals caused 
by the introduction of substitutional rmpurity ions can 
be obtained from measurements of the shift of nuclear 
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magnetic resonance lines. For substitutional halide ions, 
there is good agreement between experiment and the 
elastic continuum model described as the “hard sphere 
in the hole”, at distances as close as 5 A to the impurity 
ions. The continuum model, however, gives poor agree- 
ment for substitutional alkali ions. 

Results were reported from electron spin resonance 
studies of irradiated lead halide crystals which indicate 
that much damage is done m crystals of planar type. 
Electron spın resonance was also used to obtain g-shifts 
to check two models for oxygen vacancies in oxide glasses. 
It was proposed that oxygen vacancies are formed when 
an oxygen ion is removed which (a) 18 bridging two metal 
ions or (b) is bonded to only one metalion. The agreement 
between the theoretically calculated and measured g-shifts 
is not good. 

Theoretical calculations usmg the Born model were 
made to determime the energy of formation of an anion 
Frenkel pair, a cation Frenkel pair, and a Schottky trio 
in calcium, strontium and barium fluoride, and to show 
which is the most stable intrinsic defect ın each case. It 
was found that in all three crystals the anion Frenkel 
pair is energetically the most favourable defect. An 
interstitial defect in UO, for which there is no theoretical 
calculation had been proposed at the firat conference by 
Willis. The interstitial oxygen atom, ıt was thought, 
would not reside at the expected body-centered position 
but, rather, would be displaced either along a <111> 
or a <110> direction. An internal friction study of 
UO, gave results which were mterpreted in terms of a 
<113> mechanical dipole, which is due to a jump 
between the two positions proposed by Willis. 

The state of aggregation of divalent ions in alkali 
halide crystals was dealt with by three contributions. 
A paper on the thermodynamics of solubility of divalent 
ions in equilibrium with precipitate particles demon- 
strated that it is necessary to take into account the differ- 
ent states of association of the divalent ions with the 
extrinsic vacancies, for example, as free ions, associated 
pairs and trimers. The concentration of each of these is 
still given by association theory, but these concentrations 
must be added together to give the total solubility. A 
study of the dispersion of divalent cations in sodium 
chloride using ionic conductivity and dielectric loss 
techniques showed that different states of association 
were present. Density measurements of the state of 
aggregation of the divalent ions after solution treatment 
showed a significant change only for crystals heavily 
doped with Cat+—at a mole fraction of 3x 10-%, for 
example. In another investigation ultramicroscopy 
revealed the heterogeneous aggregation of impurity ions. 
Improvements in the technique, using a laser as a source 
of high intensity light, were described. 

The second section dealt with mechanical properties. 
One contribution described high temperature deformation 
in Al,O;.MgO spinel. The slip systems were found to 
vary for compositions of 1:1 (stoichiometric), 1:2 and 
1:3. A substantially lower minimum temperature 
occurred for plastic flow for the 1: 2 and 1: 3 (1,250° C) 
than for the stoichiometric crystal (1,550° C). Two other 
papers dealt with charge effects associated with disloca- 
tions ın potassium chloride. Bauschinger experiments 
were carried out by reverse bending of crystal slabs and 
resulted in electrical potentials at the two major surfaces. 
During normal bending experiments the potential at the 
surface was found to be proportional to the rate of strain. 
High temperature measurements of internal friction, 
again on potassium chloride, gave results in which tho 
damping could be understood in terms of a dislocation 
moving in the restraming field of a Debye—Hickel cloud. 
The results indicate that the mtrinsic isoelectric tempera- 
ture is closely approached at 750° C. 

In the section of the programme on mass transport 
and precipitation, Dr. A. B. Lidiard reported that only 
Immited progress had been made in the field of mass 
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transport in oxide materials. The activation energies 
obtained from diffusion measurements are much lower 
than those calculated theoretically for the formation of a 
Schottky pair, which strongly suggests that the measure- 
ments are being made in the extrinsic range. Purer 
materials should make possible measurements m the 
intrinsic range. A new approach to amon mobility based 
on the kinetics of colour centre aggregation has been used 
by Luty on alkali halides and it is possible that it may 
also be used on oxide crystals. The following two papers 
showed how the gaseous isotope exchange technique to 
measure anion diffusion could be improved by the use of 
irradiation. The diffusion of oxygen in CoO was measured 
by diffusing 1O into a single crystal of CoO and then 
converting the *O to F by proton irradiation. The 
distribution of the radioactive 18F in the crystal can then 
be determined by autoradiographs. It was argued that 
the larger diffusion coefficients obtained with the normal 
exchange technique were unreliable because they were 
determined from shellow penetrations which were suscep- 
tible to surface cracks. The basis of the other ion exchange 
technique was the irradiation of potassium bromide 
crystals to produce radioactive bromine, prior to the 
exchange process. Comparison of the results using this 
method with those obtained by the sectioning technique 
showed that the latter is much more sensitive in revealing 
the effect of dislocation diffusion. 

Tonic conductivity turned out still to be the principal 
way of determining the energy of formation of Schottky 
and Frenkel pairs and the energy for mobility. Measure- 
ments on lithium fluoride doped with magnesium fluoride 
constituted the subject of two papers, each of which 
modified the previously accepted values for the formation 
energy of a Schottky defect, for cation vacancy mobility 
and for the energy of formation of an associated pair. 
Good correlations were found between the ionic conduc- 
tivity measurements and diffusion measurements using 
nuclear magnetic resonance. Conductivity measurements 
at low temperatures showed the precipitation of mag- 
nesium fluoride, or a metastable phase according to the 
composition and heat treatment. A surprising increase 
in conductivity was seen in the intrinsic region for 
deformed crystals of sodium chloride, where dislocation 
effects may partially account for curvature found in this 
region. A new method of obtaining the energy of forma- 
tion of a Schottky defect was proposed by Chang based 
on the kinetics of solution of precipitates or complexes 
which is followed by d.o. conductivity measurements. 
Concern was expressed in the discussion about the effects 
of polarization on the experimental results. 

In the fourth section, on molecular solids, a survey by 
Dr. J. N. Sherwood of imperfections m molecular solids 
was the only paper presented. Molecular solids were 
classified as plastic and non-plastic, apparently in corre- 
spondence with spherical and unsymmetrical molecules 
in a crystal. Self-diffusion studies ın these crystals have 
been made using the techniques of nuclear magnetic 
resonance, radioactive tracers and creep, which indicate 
that diffusion is by a vacancy mechanism. Diffusion is 
much more rapid in the plastic than in the non-plastioc 
materials, and the diffusion coefficients at the melting 
point are of the order of 10-* cm?! sec"! and 10-1! cm? seo} 
respectively. Because the bulk diffusivities are so low, 
diffusion by means of imperfections can be important. 
The exact mechanisms of diffusion m molecular solids are 
still far from clear, but diffusion measurements suggest 
that in the case of plastic orystals, there must be either a 
high concentration of vacancies or large relaxations 
around the vacancies. 

The final section of the conference was on radiation 
effects and associated phenomena. The mtroductory 
lecture by Dr. R. Kelly and Dr. C. Jech, and the following 
two papers, described inert gas diffusion in oxides. The 
principal technique is to bombard a single crystal with an 
inert gas and then to study its diffusion by following the 
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outgassing at different temperatures.’ The diffusion can 
be controlled by (a) either extrinsic vacancies generated 
by bombardment or by aliovalent umpurities, if an 
interstitial mechanism is not operative; (b) the break-up 
of small defect clusters; (c) defects generating dislocations 
at high gas concentrations and thereby becoming ineffec- 
tive; (d) the formation of polycrystalline or even amor- 
phous material at high gas concentrations; (e) the intrin- 
sic properties of the crystal at high temperatures. Tho 
remaining papers were concerned with the effect of radia- 
tion damage on properties other than diffusion. A survey 
investigation of the changes in electrical, mechanical and 
optical properties of zirconia which had been exposed to 
gamma radiation or borabardment with neons or neutrons 
showed that its behaviour 1s similar to that of the well 
studied oxides. Silica gel also showed changes of proper- 
ties when bombarded with neutrons, and in particular 
the adsorption of nitrogen was considerably reduced. A 
combination of electron spin resonance optical absorption 
and lattice parameter measurement has been used to 
study damage in neutron irradiated magnesium oxide. 
The initial d is seen to be associated with the forma- 
tion of Frenkel defects and F' centres. Further irradiation 
causes the formation of aggregates at the expense of the 
F centres. An electron microscope study of sodium 
chloride bombarded with electrons demonstrated some 
of the grosser effects ranging from small dislocation loops 
to the point where the strain is relieved by recrystalliza- 
tion. 

In conclusion, the strength of this conference, like the 
first, lay in limiting the scope of material presented so 
that almost every paper was of interest to those attending. 
As & field of study, non-metallic crystals now engages 
solid state physicists, materials scientists, ceramists, 
chemists and even metallurgists. This conference pre- 
sented a spectrum of their work to an audience of people 
with similar diverse interests. EDWARD Linney 


OBITUARIES 


Prof. T. A. Read 


Pror. T. A. Raap, head of the Department of Mining, 
Metallurgy and Petroleum Engineering at the University 
of Illinois, died on September 11 after a short illness. He 
was only 52, and his tragic early death will be keenly 
felt by his friends and colleagues in many countries out- 
side the United States. 

Tom Read took his A.B. and Ph.D. degrees in physics 
at Columbia, and then worked successively as Westing- 
house Research Fellow, as principal physicist at Frank- 
ford Arsenal, and at Oak Ridge National Laboratory, 
before returning in 1948 to Columbia as associate professor 
of metallurgy. His scientific interests were diverse and 
he contributed to many branches of physical metallurgy, 
but he is perhaps best known for his pioneering work on 
internal friction ın metals, and for the development of the 
Wechsler—-Lieberman—Read theory of the crystallography 
of martensite transformations. His scientific abilities were 
accompanied by outstanding talents as an educator and 
administrator, and his appointment in 1954 to the 
University of Hlınois enabled him to display these to 
maximum effect. Under his guidance, the metallurgy 
department flourished and expanded, and close co- 
operation with the strong physics department was estab- 
lished and maintained. The University of Illinois is now 
generally recognized as one of the leading centres for both 
metallurgy and solid state physics, and at the time of his 
death Tom Read was playing an active part in the organ- 
ization of the new materials laboratory. 

J. W. CHRISTIAN 
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DOES A MOVING BODY APPEAR COOL? 


By Pror. P. T. LANDSBERG 
Department of Applied Mathematics and Mathematical Physics, University College, Cathays Park, Cardiff 


THE equation 
Tendon = AUem + Pom AV om a) 
for a fixed amount of a homogeneous fluid at rest and 
subject to quasistatic processes has been known for much 
longer than a century. The suffix om indicates measure- 
ments in the centre of mass frame of reference. The 
equation has survived relativity and quantum theory. 
Nowadays, it is often conceptually simpler to take the 
meaning of entropy from statistical mechanics, the 
meaning of internal energy from mechanics, and then to 
define the absolute temperature by 
Som 1 
—_ Soe 2 
OUemn/ Pom Tem (2) 
The persistence of these equations in special relativity is 
best illustrated by Einstein’s exposition’ only two years 
after his fundamental paper m 1905 on the electro- 
dynamics of moving bodies. If w is the velocity of the 
system, H its total energy*, P its linear momentum in an 
inertial frame J, Einstein puts 
TAS = dE + pdV — wdP (3) 
After some algebra, he concludes that 
T = Tan/B, where B = (1—w*/o%)/* (4) 
This is a standard result’. It imphes that “a moving 
body appears to be cool”. But its status is very different 
from the accepted remark that “a moving clock appears 
to be slow”, because ıb 18 not clear how the temperature 
of a moving body ıs to be measured. There is, in fact, no 
experimental confirmation of (4), which is therefore less 
firmly established than other parts of relativity theory. 
Furthermore, it might be expected that temperature 
would be Lorentz invariant; for relativistic modifications 
stem from a new concept of time, and time is the one 
variable which does not enter reversible thermodynamics’. 
The question now arises of whether the expression 
as I z 
JE) yp T (5) 
is in fact the proper generalization of equation (2). Is 
equation (4) a reasonable result ? Equation (4) is cer- 
tainly a mathematically correct deduction from (3), which 
can be seen by writing equation (3) as 


ag = gpp [iwe - (odP.AH))] + pPdV (6) 


where vector notation has been used. The scalar product 
of two four-vectors has been introduced and is, like S, 
Lorentz invariant. Since 


Y = Vom/f and p = Pom (7) 
it follows that BT is invariant and therefore equal to 


Tem a3 it should be. From this there follows the conven- 
tional transformation of quantity of heat 
dQ = TdS = (Tom/B) tam = AQem/B 

This derivation does not rely, as has been customary, on 
the transformation properties of (Æ + pV), or on the 
properties of black body radiation. The argument, there- 
fore, shows with attractive clarity that conventional special 
relativistic thermodynamics can be regarded as simply 
derived from (3). 


* This includes the energy due to the motion of the centre of mass, and 
should be distinguished from the internal energy U of equation (8). 


It is the physical implications of (4) which seem uncon- 
vincing. First, the basic timeo measurement in mechanics 
refers to a single event. But temperature is a statistical 
concept arising from many events involved in the motion 
of particles relative to each other. Such a quantity would 
not be expected to change in value for an observer who 
judges the mass centre to be moving uniformly. A second 
line of argument is to suppose that two bodies which are 
in thermal equilibrium and at rest in J are insulated from 
mechanical and thermal interference and that changes in 
long range forces are negligible. If the bodies are next 
given velocities w,, w, in I, conventional theory requires 
that their temperatures will in general be judged unequal 
in I. In fact, (4) implies 

(8) 


BaT: = BT's 
which is physically surprising. 

In view of these results, one would have thought 
that the question of whether (3) is the proper general- 
ization of (1) would have been investigated. There appears, 
however, to be no trace of even a rudimentary attempt. 
although, because of the long period of scientific pub- 
lications to be covered, it is difficult to be certain of this. 

The objections to equations (3) to (8) (excepting (7)) 
disappear if they are used to describe the thermodynamics 
of a uniformly moving system in the non-relativistic limit 
C—O, For example, the condition (8) for thermal 
equilibrium then takes the unexceptional form T, = Pe 
It is, therefore, a relativistic amendment of the basic 
relation (3) that ıs needed. We wish to ensure that the 
temperature is invariant, so that the equilibrium con- 
dition (8) becomes T, = T, even in a relativistic theory. 
Inspection of (6) suggests that this is achieved most 
simply by writing 


aS = 5, [p(w.0) > (odP,az)] + Ê pay 


T 
Thus (3) is replaced by 
TdS = pid + pdV — wdP) 


(6’) 


and (5) by 

as g 

at) y,p 7 T (69 

What has become of the internal energy U in the new 

theory ? Since S and T are now invariant, TdS is also 
invariant. If energy were to be supplied to the system 
at fixed V and P, this could go neither into mechanical 
work nor into kinetic energy of the mass centre. It is in 
agreement with usual conceptions to say that it has served 
to increase the internal energy of the system. Thus, 
TaS can be equal to dU and is the invariant. We shall 
therefore take dU, and hence U, as invariant always. 
Thus the internal energy of the system ın any frame J is 
equal to its internal energy in the centre of mass frame. 
This means that equation (2) can be retained for the 
moving system, or that 


as 1 š 

E vT (29 

Comparison of (5) and (2’) reveals one defect of the con- 

ventional theory from our new pomt of view: the 

definition of temperature involves the total energy (which 

includes the energy of translational mass motion) instead 

of the internal energy. This may be expected to put-a 
factor B in the wrong place (see equation (9)). 
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One can now put 
U = Um, U = Hom = Ep = Evil- (cP/E)'] (9) 
where U has been expressed in terms of the variables 
E, P and V which determine the state of the system. It 


follows that 
dU = Bd# — widP (1) 
so that, for the system moving in frame I, here follows 
from (3’) an almost standard relation. 
TdS = dU + BpdV an) 
A Lagrangian formulation of thermodynamics is some- 
times given’, For the present theory, the Langrangian 
is readily seen to be 
= -U/p (10) 
If these results are accepted, the mathematical expres- 
sion of the first law of thermodynamics will be changed 
from 
dQ = dU + pdV 


dQ = dU + BpodV (11’) 
where dU is given by (1’). Clearly many thermodynamic 
equations are affected; the factor B has to be introduced 
into various formulae of the conventional theory if this 
is to be made relativistic. The situation is, however, 


(11) 
to 
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simplified by the fact that in (11’) dQ, dU, p and Bd yY 
are all invariant, so that the corrected equations can easily 
be written down. The statement that thermodynamics 
has been left unchanged by relativity theory, however, 
could no longer be maintained. 

It follows that the thermodynamic quantities T, S, U, 
which are statistical and depend on the properties of a 
system referred to its mass centre, are measured in the 
centre of mass frame Iom and are not given different 
values in other inertial frames. The mechanical quantities 
p and V are subject to the usual relativistic laws. Thus, 
in @ frame of I the work term in (1°) and (11’) has 
to be multiplied by ff to reduce dV to dVom. Linear 
momentum P and total energy E are mechanical, but 
can be statistical in addition, for example, when referring 
to a system of particles. In any case, the fact that they 
can refer to a single particle means that they are subject 
to the usual relativistic laws. It is now merely necessary 
to relate E and P to U, and this 1s achieved by equation (9). 


1 Einstein, A., Jahrbuch d. Radioaktivitat und BleHrontk, 4, 411 (1907). 

3 Pauli, W., Theory of Relati: (Pergamon Press, London, 1958). Original 
in ' Encycl. d . malih. Wiss. (Teubner, Leipzig, 1921 ). 

3 von are M, Dis Relativitaiatheoris (Vieweg, Braunschweig, 1961). 

1 Tolman, BR. O., Helan tiy, Thermodynamics and Oosmology (Oxford Uni- 
versity Er 1984). 

* Landsbe: 


R » Thermodynamica wuh Quantum Statistical IUustrations, 
viland 170 atitin Now York, 1961). 


NEW APPLICATION OF RADIOCARBON DATING TO COLLAGEN 
RESIDUE IN BONES 


By Dr. H. SELLSTEDT, L. ENGSTRAND and Dr. N.-G. GEJVALL 
Museum of Natural History, Stockholm 50 


THe main drawback to the use of radiocarbon dating in 
archaeology, ethnology and similar fields has been the 
difficulty with which the necessary carbon dioxide is 
obtained from the available remains. Delicate implements. 
such as tools and wooden musical instruments, or a few 
remnants of charred and unidentifiable wood may have 
to be used, and must therefore be burned. When the 
dating system for solid carbon was introduced about 20 yr 
ago by W. F. Libby, it was clear that a large amount of 
material was needed for a single analysis to be carried out. 
After the proportional counter technique had been 
generally adopted, lmitations to the application of 
carbon-14 dating were caused by the shortage of material. 

Archaeological finds of Mesolithic, Neolithic and Bronze 
Age organic material from strata in Northern Europe are 
quite rare (in Sweden they are extremely rare) and the 
archacologist is anxious to keep his finds intact 1f possible. 
Even if he is willing to lose a fraction or more of a valuable 
object for a dating, this dating will necessarily be subject 
to error, and will be statistically unsatisfactory. One of 
the sources of error is the time lag between the occasion 
when a tree was folled and that of its use in the manu- 
facture of the object, now to be dated. This object may 
have been a family gem, passed from one generation to 
another, so that the date of the object may not bo the 
date of its most recent use. Other sources of error are the 
wide age range of wood from a single large tree trunk; the 
repeated use of some wooden material, particularly 
lumber, during long periods of time (for example, one 
plank was probably used in a succession of buildings in 
regions where wood was scarce), and wooden objects 
impregnated with tar which will give conflicting carbon-14 


ages. 

While solid carbon dating was the rule, thero was 
already some use of calcrum carbonate content of bone 
for dating. Large amounts of material were required for 


each analysis, and later interest seems to have been 
centred around the mam sources of error of carbon-14 
dating, and only much later, when most laboratories had 
converted to gas counters, was bone material accepted 
for use in dating, and the organic content used for the 
determinations. The organic (collagen) fraction of bone 
has given good results in radiocarbon analyses carried out 
at the radioactive dating laboratories in Stockholm, the 
United States and the United Kingdom!?’. 

Bone tissue has both organic and organic components. 
The inorganic components constitute about 80 per cent of 
the whole bone tissue. Hydroxyapatite (3Ca,(PO,)s, 
Ca(OH),) with adsorbed carbonate is present i the 
greatest amounts with magnesium, sodium, potassium 
and fluorine in smaller quantities’, 

The organic material of bone is composed exclusively 
of protein. For example, ox femur (diaphysis) contains 
18-64 per cent collagen, 1:02 per cent resistant protein 
material and 0-24 per cent mucopolysaccharide and pro- 
tein complex. Although the amount of protein in bone 
averages 20 per cent, the content may vary from one part 
of the body to another and also between species*. 

Collagen is composed of nineteen amino-acids of which 
hydroxyproline occurs in @ concentration of 13-14 per 
cent. This high percentage makes it possible to calculate 
the collagen content from the content of hydroxyproline. 
The collagen fibrils (640 A in length) are arranged in 
bundles, 20-2004 wide, which are interwoven among the 
hydroxyapatite crystals. The collagen molecule is resistant 
to all enzyme hydrolysis with the exception of colla- 
genase. This enzyme is produced by the bacteria belonging ` 
to the genera Bacillus and Clostridium. 

Several carbon-14 analyses have been made on the 
carbonate fraction of bone tissue, but they are liable to 
accuracy, because the carbonate ions of bone are in 
constant exchange with the surrounding medium. Other 
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Fig. 1. CarbOn-14 analyses on bones found in the votive deposit at 
Skedemosse, Öland, Sweden, compared with the archaeological dating. 
(1) St-1924 Skedemosse F 1003; proximal part of calf femur. used in 
St-1930 (1760 + 70 B.P., A.D. 190), 2) St-1930 Skedemosse F 1003, dista! 
part of calf femur used in St-1924 (1760 + 70 B.P., A.D. 190). (3) Scion 
Skedemosse F 805, diaphysis ot human femur (1420 + 65 B.P., A.D. 530). 
vi) St-1075 Skedemosse F 307, diaphysis of horse humerus (1985 + 7 
B.P., A.D. 15). (5) St-1977 Skedemosse F 1018, diaphysis of domestic pig 
humerus (1955 + 70 B.P., D B. <.). 
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: sources of error are saprophytes (for example, fungi and 
algae) and bacteria which, as a result of their photo- or 
chemo-synthesis, can cause faulty results to be obtained. 
We presume, however, that this applies to wood, charred 
wood and charcoal as well as to bone, and we intend to 
investigate the extent to which these organisms are able 
to distort the result. 

The rate of bone destruction, and consequently the 
collagen content, varies from one locality to another?, and 
depends on the pH of the ground, the degree of aridity 
or humidity and the temperature. Radiocarbon dating is 
dependent on the quality of the carbon-14, not the 
quantity of analytical material available, so that the best 
-o material is that which is as free as possible from con- 

taminating elements. 

We used the following technique to prepare a bone 
sample for carbon-14 analysis. First, the bone is carefully 
cleaned and checked to ensure that no foreign protein is 

“present to upset the analysis. Then about 50 mg of bone 
is ground up for a micro-Kjeldahl nitrogen determination. 
Fifteen milligrams is enough for one determination. It 
is usual to calculate the protein content on the basis of 
nitrogen content. The approximate content of nitrogen 
in the protein, which is multiplied by the estimated per- 
centage of nitrogen, has been calculated as 6:25. Eastoe 
and Courts have shown that this factor differs from 
protein to protein—for collagen it is 5-36, for insulin 6-44 
and for casein 6-36 (ref. 4). We use 5-36 for the determ- 
ination of collagen content. The collagen contains about 
50 per cent carbon, so the amount of bone needed for an 
accurate carbon-14 dating is easily calculated. About 
0-2 g of pure coal would be needed. 
After the bone has been ground to a fine powder, the 


u grain size of which does not exceed 300y, it is treated 


with hydrochloric acid at 18°-20° C, until the pH is 
constant at about 1, and left for 4 h. This procedure 
ensures. that the bone powder is totally free from car- 
bonate before treatment. Most other inorganic materials 
are also dissolved at this stage. The residue containing 
the collagen is then washed in distilled water and dried 
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at 50° C. The concentration of collagen, after removal of S 
all carbonate, is about 75 per cent. The dried collagen 
residue is then introduced into the combustion tube: 


The sample is subjected to routine carbon-14 analysis 


in a gas proportional counter. Carbon dioxide is used as. 
the counting gas*, After combustion with a stream of- 
oxygen in a ‘Vycor’ tube, the gas passes through an ovèn 
with platinized asbestos and copper oxide at 700° C. It 


is freeze dried, washed in calcium permanganate, passed __ 


through another oven with lead chromate at 500° C and 
finally absorbed in ammonium. The solution is heated, 
hot calcium chloride is added and the precipitated calcium ` 
carbonate is washed several times with boiling distilled — 
water. The carbon dioxide is liberated with phosphoric _ 





acid, dried and then passed for counting through an oven — 


containing copper and silver wool at 450° ©. The gas is” 
counted in a 0-5 1. or 1 1. counter at 3 bar and about’ 
7 keV (ref. 6). 

In the calculation of age from bone samples a half life — 
of 5,570 years is used. Three recent determinations of the 
half life have been made and they gave an average of 
5,730 years’. If this latter half life value is used, the ages 
of the sample should be increased by 3 per cent, As a 
recent reference standard, oxalic acid from the U.S. 
National Bureau of Standards (NBS) was used. 

In this first series of experiments, sixteen carbon-14 
analyses have been made on various bone materials, both 
human and animal. The results from Skedemosse, .a 
votive deposit on Öland (an island in the Baltic off the- 
south-east coast of Sweden), are shown in Fig. 1 (ref.-9). 
Fig, 2 gives the datings of three bone samples from a 
medieval churchyard, Westerhus, situated near Östersund 
in the centre of Sweden, The analyses from- two- 
different sites, one in south central Sweden (Västerås) 
and the other in southern Greece (Lerna), are plotted 
together in Fig. 3. The supposed archaeological dating is 
marked in the figures as a- continuous perpendicular. to 
the right of the time scale. The archaeological age and 
the carbon-14 age of the bones show close agreement. 

Three of the analyses are discussed here in more detail. 
In the first, a calf femur from Skedemosse (Stratum 1924 
and Stratum 1930) was treated separately but identically, 
in its proximal and distal parts, by the process already 
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Fig. 2, Close agreement is shown between collagen and archacologii 
dating in the Westerhus material from northern Sweden ay 
Westerhus F 555 A, diaphysis of human femur (880 + 65 B. 
(2) St-1923 Westerhus F pos m B. emyn of hum: { 
A.D. 1175). (8) i ee E us FOI, teb 
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described. The measurements with the 
proportional counter indicated that the 
two bone sections were of exactly the 
same age, 1760 + 70 years B.P. (before 
present, that is, before 1950, the year 
accepted by the carbon-14 conference at 
Cambridge in 1962 (ref. 8)). This test 
shows that the method of preparation for 
bones in carbon-14 analysis does not affect 
the result, and that the treatment is 
reliable. 

The next example illustrates that carbon 
from collagen is a good analytical material. 
Other dating experiments have shown close 
agreement between collagen and vegetal 
clothing". In our investigation we have 
compared bone collagen with a piece of 
wood from a juniper. A horse skeleton 
im situ with a juniper stake through its 
ribs (Fig. 4) was found in the votive deposit 
of Skedemosse. A carbon-14 analysis of 
the Juniper stake carried out in 1962 gave 
an age of not more than 250 years B.P. 
(St-1095, St-1098). Part of a rib of the 
same horse has now been used for a collagen 
dating (St-1978) which gives an age of 
<250 years B.P. The conclusion is that 
collagen seems to be as good an analytical 
material for radiocarbon datings as, for 
example, wood or charcoal. In comparison 
with these materials, collagen should be 
even better, because it is usually difficult 
to tell the maturity of a piece of wood. 
Animals, however, do not usually live 
more than 20 years, if that long, and it is 
often possible to determine the age 
of human bones. For this reason, dating 
with collagen as analytical material would be more 
exact. 

This collagen dating method has been used on some ear 
--bones (petrosum) of the Greenland seal (Phoca groen- 
landica) found on the island of Oland**. It is well known 
in Sweden that there is no evidence of the Greenland seal 
in the Baltic Sea in sediments later than the Stone Age. 
It. lived as a relic from the Yoldia period in this sea in 
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Fig, 3. Prehistoric sites dated by collagen. Lerna, southern Greece, and 
Västerås, central Sweden. (1) St-1969 Lerna 1, a piece of sacrum from 
cattle (8765 + 70 B.P., 1815 B.C). (2) St-1980 Lerna 9, proximal part of 
pig humerus (3970 + 75 B.P., 2020 B.C.). (3) St-1961 Vasterds 1, humerus 
of seal (Phoca vitulina) (3775 + 105 B.P., 1825 B.C.). 
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Fig. 4. Horse skeleton in site with a juniper stake through its trunk, from Skedemoase 
on the island of Gland, Sweden. The age of the juniper was the same as that of a piece of a 
horse rib. For further explanation see text. 


about 7000 s.c. (ref. 13). This animal was common in the 
Atlantic and Arctic Seas and nowadays it does not usually 
go farther south than the north coast of Canada in the 
west and Novaya Zemlya in the east!4, Three ear bones 
of this species have recently been identified from the 
island of Öland. Radiocarbon datings were made on two 
of them, and yielded ages of 1230 + 80 s.p. (S#-2046} 
and 2080 + 105 B.P. (St-2048). It seems remarkable that 
the Greenland seal survived for so long in waters where 
natural conditions during a period of 6,000 years have not 
been ideal. This finding shows, however, that the Green- 
land seal was adaptable, and the most probable explana- 
tion of its late appearance is still the relie theory’. 
Application of the collagen method thus proves that the 
date for survival of the Greenland seal should be advanced 
about 3,000 years. 

Collagen dating thus offers the archaeologist an elegant 
and versatile tool which is likely to find wide application. 
Bone is found at most excavation sites and much of it is 
of little direct value to the archaeologist once the other 
important objects have been removed. The method is 
also likely to be of considerable use in zoology, physical 
geography and forensic science—the latter aspect will be 
the subject of a later paper. 
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UNUSUAL PRESERVATION OF FIBROUS ELEMENTS IN AN ICHTHYOSAUR ay 
SKULL 


By J. B. DELAIR 


Ground Surveys, Ltd., I} Fitzroy Place, Glasgow 


CaRBONIZED impressions of ichthyosaur body outlines are 
of relatively common occurrence in European Liassic 
formations, especially at Holzmaden, Germany. Despite 
these interesting discoveries and the fact that evidence 
for the possible life colour of at least one British ichthyo- 
saur has come to light*, our knowledge of the structure of 
the soft parts of ichthyosaurs is still very deficient. This 
fact derives from the general absence of such evidence in 
known examples of carbonized ichthyosaurs. 

Several earlier writers left accounts of supposed struc- 


tures in ichthyosaur specimens exhibiting traces of soft 


elements. Buckland’, for example, described an ichthyo- 
saur with wrinkled skin from the Lias of Barrow-on-Soar, 
and concluded that ichthyosaurs, when alive, were 
characterized by skin having a wrinkled external ap- 
pearance. Wrinkling of this kiad, however, might easily 
have been produced through immediate post-mortem 
alteration of the integument of that particular individual, 
and a wrinkled skin surface for ichthyosaurs, when alive, 
is by no means firmly established. More satisfactory 
was Owen’s description’ of the soft parts and probable 
external shape of the hind paddle of another British 
Liassic ichthyosaur, although there is as yet no way of 
knowing whether or not his observations apply to all or 
even the majority of Liassic ichthyosaur paddles, or are 
restricted to the one he investigated. 

Later, in a paper by Coles', minute hook-like bodies, 
which occurred in association with other British Liassic 
ichthyosaur bones, were interpreted as integral elements 
of ichthyosaur skin. These bodies ultimately proved to 
be cephalopod remains*. Moore's account® of imperfectly 
preserved integument associated with other remains of 
Liassic ichthyosaur, while of considerable interest in 
itself, casts no light on the structure of ichthyosaur skin, 
and its true value remains uncertain. The same remarks 
apply largely to Davis’s contribution’ to this subject, 
and to Broili’s* more recent account of German ichthyo- 

saur integument. 


It was with great interest, therefore, that I observed. 
well defined traces of fossilized soft elements (including 
fibrous structures) in ichthyosaur material while csta- 
loguing unregistered specimens in the palaeontological — 
collections of the Hunterian Museum (University of 
Glasgow), and the Museum and Art Gallery, Paisley. 
The present article constitutes a preliminary notice of this 
new finding. i 

The material consists of an imperfectly preserved skull 
(lacking most of the occipital region, and the anterior 
extremities of the jaws) of an indeterminate species of . 
Stenopterygius or a closely allied genus, embedded ob- 
liquely in a lower Lias nodule from an unrecorded locality’ 
in the “Severn Valley”. There are some reasons for 
believing the locality to have been situated in Gloucester- 
shire, since other lower Lias reptilian bones certainly from 
that county, and now in the Hunterian Museum collection, 
bear early registration numbers of a markedly similar style 
in now faded ink writing, originally allocated to the 
specimens by the discoverer and donor, Lady Margaret 
McRae, 

The nodule has been split vertically and unequally 
into two pieces, so that the right side of the skull has been © 
fractured more or less down the plane of the external 
surface of the right sclerotic ring. As shown in Fig. 1, 
other bones have been fractured by the same process. 

There are apparently no records extant of the details 
attending the original acquisition of the nodule by the 
Hunterian Museum; the early history of the specimen is _ 


therefore unknown. At some more recent time, however, 


the two parts of the nodule were separated, the smaller 
portion (V. 1180a H.M.) remaining at the Hunterian 
Museum, and the larger portion (V. 11806 H.M.) finding 
its way by unrecorded exchange into the Paisley col- 
lection. Owing to the desirability of keeping the two 
portions together, and the fact that the smaller portion - 
exhibits the more extensive and better preserved. traces 
of soft elements, the Paisley specimen is now on pèr- —- 


Fig, 1. V. 11804 H.M. Internal view of skull. Approximately three-fifths natural size, (Lettered ‘abbreviations are conventi 
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manent loan to the Hunterian Museum, a gesture made 
possible through the courtesy of Mr. F. R. Woodward of 
Paisley Museurn and Art Gallery. 

It will be convenient hereafter to refer to the two 
portions of this nodule by their registration numbers only. 

The fossilized soft elements preserved in the present 
material can be divided into the following two categories: 
G) structureless masses, shown solid black in Fig. l; 
(ii) fibrous elements with a regular structure, designated 
as areas 1 (surangular) and 2 (dentary) in Fig. 1. Only 
the second category is of immediate interest here. 

The fibrous elements in areas 1 and 2 consist of separate, 
fine, thread-like strands of organic matter arranged in 
more or less parallel rows following, especially on the 
surangular, a gently downward-curving course (Fig. 2). 
Their density per centimetre varies between four and 
five strands, this ratio being constant in both areas where 
they occur. Each strand is a continuous unit, and none 
appears to coalesce or bifurcate; some, however, overlap 
slightly—a condition probably resulting from the sus- 
pected post-mortem damage which will be briefly con- 
sidered later. 

None of the strands appears to exhibit detailed structure 
although each, except where locally distorted through 
crushing or imperfect preservation, is of uniform thickness, 





and is approximately subcircular in cross-section. En 
masse, the strands present a remarkably uniform 
appearance. 


In specimen V. 1180a H.M., the fibrous elements 
emerge from behind the fragmentarily preserved dentary 





Fig. 3. V. 


1180a H.M. Part of middle area of surangular, {x 2.) 


and surangular bones, and in V. 11806 H.M., lie on the 
outer surfaces of those bones. There is thus no doubt 
that these soft elements are connected with the former 
external-lateral covering of those bones and, quite possibly, 
with that of the entire lower jaw. No evidence occurs, 
however, for the extension of these fibrous elements to 
other preserved parts of the lower jaw, and their former 
existence on those parts can only be surmised. 

The fibrous elements in area 2 (dentary) lie in regular 
raws, whereas those on the surangular, as now preserved, 
tend to form approximately parallel groups (or bundles) 
of closely packed strands, each group being separated 
from the next by small intervals of irregular but pre- 
dominantly e elongate shape (Figs. 2 and 3). These groups 
are occasionally connected by other strands, arranged 
singly or in groups of two or three. The present preserva- 
tion of these fibrous elements, especially those on the 
surangular, affords the impression of a formerly continuous 
series which had been disrupted by early post-mortem 
maceration. 

I have not been able to prepare microscope sections 
of these fibrous elements or to investigate any minute 
histological structures that may have been preserved in 
them. No attempt is made, therefore, at positive identi- 
fication, although it is possible to arrive at the following 
tentative conclusion. As is well known, reptile skin 
consists of the epidermis, a two-layered corium, and the 
sub-cutis. The lower layer of the corium, the stratum 
compactum, consists of tightly packed fibres arranged in 
layers parallel to the surface. In the present material 
only a single layer of fibres is apparently visible, unless the 
overlapped fibres represent multi-layering; in most other 
respects the present fibrous elements correspond closely 
to the fibrous sheets of a typical reptilian stratum com- 
pactum, with which they are here tentatively identified. 

I thank Dr. W. D. I. Rolfe and Mr. F. R. Woodward, 
respectively of the Hunterian Museum and Paisley 
Museum and Art Gallery, for allowing me access to the 
material discussed in this paper, and Dr. J. K. Ingham, 
of the Hunterian Museum, for securing the excellent 
photographs. 

1 Hauff, V., Das Holmzmadenbiich (Ohringen) plates 4, 5, 6, 7, and 9 (1960). 


* Whitear, M., Ann. Mag. Nat. Hist. (12), 9 (1956), 742 (1957), 


$ Rucni, Ve , Geology and Mineralogy (Bridgewate Treatise), ii (London), 
22 (1 } 


* Owen, R., Trans. Geol. Soc. Lond. (2), 8, 199 (1841). 

è Coles, H., Quart. J. Geol. Soc. Lond., 9, 73 (1853). 

$ Moore, C., Rep. Brit. Assoc. Adv. Sei. (Cheltenham), 1836, 69 (1857). 
? Davis, W., Geol. Mag., i, 248 (1864). 
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A NEW LOCALITY FOR EARLY PLEISTOCENE FOSSILS 


IN NORTH-WESTERN KENYA 


By Pror: BRYAN PATTERSON 


Museum of Comparative Zoology, Harvard University 












Tue accompanying article by Mrs. Mary D. Leakey on a 


“| new occurrence of stone tools of Oldowan aspect, un- 


fortunately cn'y surface finds, requires. a preliminary 
note on the locality where the discovery was. made. 
Expeditions from the Museum of Comparative Zoology, 
e Harvard University, have been working in the Miocene 
deposits of Turkana since 1963. In July of 1965, while 
prospecting eastward from the vicinity of Loperot, 
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Fig. 1. Map of the Kanapoi area and diagrammatic section of the 


ents. Map based on aerial photographs R., A. F. V134/791/0001, 
V13.4/791/0002, V13.4/791,0003, 





sediments. of later age. were found about. the watershed 


between the Kalabatha and Kakuryo Rivers, which are — 


well exposed in the drainage of the Kanapoi, a dry wash © 
tributary to the Kakuryo (Fig. 1). The locality is at. 
36° 04’ E. and 2° 19’ N., 38 miles west and 9 miles 

south of Teleki’s Volcano at the southern end of Lake: 
Rudolf. 

A rather rich fauna was collected, in which large to- 
medium-sized vertcbrates outnumber small ones... The 
mammals include a hominoid (represented by. the distal 
extremity of a humerus), an extinct species of Hystrix, _ 
Tatera sp., a machairodont, a large mustelid, Hyaena sp. 
cf H. namaquensis, Lepus sp., three proboscidvans——a 
primitive elephant, a very large species of Dinotherium, — 
and a species of Anancus, Stylohipparion, an extinct 
rhinocerotid, several pigs, including Nyanzachoerus, 
Mesochoerus, and Notochoerus euilus (determinations by 
L. S. B. Leakey), a hexaprotodont hippopotamus, Okapia 
sp. a large, robust giraffine, and various bovids. Lower 
vertebrates are represented by Crocodylus and Tomistoma, 
at least three species of chelonians—one of thema large 
testudinid—and numerous remains of fishes. Gastropods 
and pelecypods are locally abundant. 4 

The sediments containing this assemblage were deposited 
in and around a shallow lake and, as may occur in such 
depositional environments, show abrupt vertical changes, 
rapid lateral ones, and scour and fill. They are predomin- 
antiy clastics—clays, silts, sandstones of varying texture, 
and conglomerates ranging from fine to cobble size: Pyro- 
clastics are not wanting; in fact, voleanic activity was going 
on throughout the period. of deposition. In one natural, 
6 ft. section six separate ash falls, each a quarter to a half _ 
inch in thickness, were noted. On the western side of 
the Kanapoi valley is a local accumulation of bedded, 
light yellow tuff, some of it finely laminated, that is 28 ft. 
thick in the vicinity of the twin hills of Akai-ititi (Fig. 1). 
This thins towards the south to about 12 ft. at Narin- 
gangoro hill and is not present on the eastern side of the. 
valley.. The tuff is clearly water lain and would appear 
from its restricted distribution to“have been deposited 
in a small body of water. The sediments in the Kanapoi 





valley rest on a dissected surface of Miocene lavas, peaks 


of which extend up into them here and there. Our largest ` 
measured section totals 175 ft., and the total thickness is 
probably somewhat more than 200 ft. Within the sequence 
no evidence to indicate any appreciable time gaps. has 
been found. The vertical distribution of the fossils shows 
no apparent faunal change. Remains of the primitive’ 
elephant, the hexaprotodont hippopotamus, Nyanza- 

choerus, and Mesochoerus, to cite some of the commoner. 


forms, have been found, for example, in place in beds oe 


both high and low in the succession. 
There is evidence of a climatic change within 
pile of sediment and the presumably rather she 

































s towards the south. 
t are of a type that indicate sur- 
: und water (R. C. Murray, personal 
< Communication). Beneath the evaporite, at Akai-ititi, 
18 a barren, 4 ft. bed of reddish brown, bentonitic clay 
_ that grades down into the fossiliferous sediments, which 
-o contain such aquatic forms as fish, crocodilians, and 
hippopotamus. The yellow tuff above the evaporite 
| Was without doubt deposited in water, although, as noted, 
An water of restricted extent. No fossils of any kind were 
_ found in it. The overlying beds contain fossils similar 
in nearly every respect, including the presence of the 
aquatic forms, to those occurring in the lower beds. All 
“this suggests moist conditions when sedimentation began, 
then. increasing aridity, culminating in the drying-up 
of the shallow lake and the formation of the evaporite 
bed, followed by a return to moist conditions. The 
yellow tuffs and their limited distribution are explicable 
_ on the supposition that heavy ash falls coincided with an 
__ early stage in the rise of the water table, thus at a time 
he lake would have been small. Deposition in the 
- upper beds seems to have been torrential in places. Sharp 
yet fully conformable contacts between the yellow tuff 
_ © and the overlying clastics occur, but west and south-west 
= of- Akai-ititi the tuffs have been cut into, and here and 
©: there removed, by coarse sandstones and conglomerates 
<o (Fig. 1). This is the sort of local unconformity common in 
| continental sediments, and the coarse sandstones and 
eonglomerates contain faunal remains that do not differ, 
when comparable, from those occurring in the finer 

„elastics both above and below them. 

¿Like the Miocene sediments of Kenya and Uganda— 
-and unlike many others in Africa that must have been 
eroded away owing to lack of comparable protection— 
“the Kanapoi deposits owe their preservation very largely 
to a capping lava. This is a thin basalt flow of variable 
- composition. Thin sections of samples from Lemu (Fig. 
- 4d) reveal a “glassy olivine basalt” and from the east 

side of the valley a “very coarse-grained, olivine-augite 
_ basalt” (J. Walsh, personal communication). Both types, 

< and others, can be found in juxtaposition. The lava 
flowed over a slightly irregular surface. Most of the 
observable contacts are level, but in places, especially 
to the west of the Kanapoi valley where the lava stopped 
short of covering the whole of the sediments, fillings of 
slight depressions and shallow channels can be seen. No 
evidence of any marked lapse of time has been noted at 
the contacts. No sediments overlying the lava have so far 
been found in the vicinity, but no thorough search could 
be undertaken in the time available. A palacomagnetic 
¿survey has been made. All samples “were reversed in 
polarity and maintained this direction in A.F. cleaning 
fields up to 1,500 OE” (A. E. Mussett, T. A. Reilly and 
OP, KS. Raja, in litt.). Potassium/argon dating by whole 
ci rook analysis has been carried out by Geochron Labora- 
© tories. Two consistent runs have given a value of 0-000172 
_ for the ratio of radiogenic argon-40/potassium-40, which 
dicates an age of 2-9+0-3 m.y. The argon analyses 
“were each about 5 percent radiogenic. 
The extent of the Kanapoi sediments remains to be 
_ determined. Remnants have been traced northward 
‘to the Kalabatha River and southward to the eastern 
_ end of the Karingangru Hills, which border the Kakuryo 
_ River to the south. The area immediately to the west 
_ Of the Kanapoi valley is rather flat, and much of it is 
_ eevered by pebble sheets and other superficial accumula- 
ions. In afew places, however, shallow exposures of the 
gher levels of the Kanapoi deposits occur over a distance 
of about 8 miles. These were recognized and mapped as 
Pleistocene lake beds by Joubert!, but as the area he was 
mapping endcd at 36° 00’ E., his investigations did not 
extend to the Kanapoi drainage. Some of these exposures 
reveal sediments abutting on the Miocene Turkana Grit, 





z retions composing it a: 
-face evaporation of gro 



























th. The calcite 







age. Nyanzachoerus has hitherto been definitely recorded 
only from Kanam. Anancus occurs elsewhere in Africa in 
deposits of Villafranchian age. The elephant is a primitive 
member of the Elephas recké series. The lamellar number 
is 8 for M? and 10 for M,; the length-lamellar ratio ranges 


from 30 to 36 for M°? and is 24 for the only complete 7, 


available; the lamellar frequency ranges from 3 to 3-5; 
and the index of hypsodonty for both teeth ranges from 
96 to 100. M, compares closely with that of the earlier. 
Villafranchian Elephas africanavus Arambourg? as regards 
brachyodonty and number of lamellae, but differs in 
having less tapering sides and more pronounced loxodont 
sinuses. In these features there is a close resemblance.to 
E. exoptatus Dietrich3, but the Kanapoi form is more 
primitive as regards lamellar number and degree of 
brachyodonty. It may well be ancestral to exoptatus; 
in fact, it falls within the space between that species and 
E. subplanifrons in Cooke's* diagrams. The Kanapoi 
elephant is less advanced than that represented by the 
specimens from Olduvai Bed I illustrated by Leakey? 
and listed as Elephas ef. africanavus. There can be little ©. 
doubt that the Kanapoi fauna is of early Pleistocene, 
Villafranchian age. Within this span of time the evidence 
suggests a date somewhere in the earlier part. A possibly 
discordant note is the record of Notochoerus euilus, the 
type of which is from Kaiso Village. Notochoerus is a 
rather specialized pig, however, and it would not be 
surprising if this species should prove to have an appre- 
ciable time range. For the present, I am inclined to believe ` 
that these deposits are older than those of Olduvai Bed I, 
Omo, and Laetolil. If a self reversal of polarity is not. 
present in the overlying lava, the age of the fauna may 
well lie early in the Matuyama reversed polarity epoch’, 
that is, about 2-5 m.y. The lowest figure within the limits 
of the error of the potassium/argon date, 2-6 m.y., closely 
approaches this. The precise relation to the faunas of 
Kanam and of other earlier localities can only be deter- 
mined by detailed study of the fossils. 

The stone tools of Oldowan aspect, but not of Oldowan 
age, described by Mrs. Leakey are quite common on the 
surface, but are certainly much later than the fossil- 
bearing deposits. No artefact of any sort has been found 
in situ in the sediments. 

I thank all those who helped me in this work, part of 
which was supported by a grant from the National 
Science Foundation. 


* Joubert, P., Rept. No. 74, Geol. Sure. Kenya (1966). 

* Arambourg, C., Bull. Mus, Nat. Hist. Nat., Paris (2), 24, 407 (1952). 

* Dietrich, W, O., Palacontographica, 94, 72 (1942). 

* Cooke, H. B. S., Palaeont. Afric., 7, 53 (1960), 

* Leakey, L. S. B., Olduvai Gorge 1951-1961, 1, 24, plates 16-17 (Cambridge: 
at the University Press, 1965). ` 

* Dalrymple, G. B., Doel, R. R., and Cox, A., Program 1965 Annual Meetings ` 
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Among material from Kanapoi collected by members 
cof the 1965 expedition from the Museum of Comparative 
Zoology, Harvard University, was a series of choppers 
‘and other primitive tool forms which had been found 
on the surface of the Pleistocene sediments, with no 
indication as to their provenance. The collection included 
side, end, two-edged, pointed and chisel-edged choppers, 
together with polyhedrons, disevids and “proto-bifaces”, 
all of which are typologically forms characteristic of the 
‘Oldowan, as represented in the higher levels of Bed I 
ab Olduvai Gorge. 
_ The collection appeared to be of great interest and a 
grant was generously made available by the Wenner—Gren 
Foundation for Anthropological Research to enable Dr. 
David Gilead of the Hebrew University to join the 
Expedition as prehistorian. ` 
Until Dr. Gilead had undertaken a detailed search of 
the Kanapoi area and also in the adjoining valley of the 
Kakuryo River, I had considered the tools—on the basis 
of typology—to have been derived almost certainly 
from some point in the Pleistocene sediments. This has 
proved not to be the case. Dr. Gilead discovered three 
comparatively rich sites, one of which was situated on a 
flood plain of the Kakuryo River and proves conclusively 
that the artefacts are of a later date than the fossiliferous 
Pleistocene sediments and are, geologically, of relatively 
recent date. 

The site in question is on the right bank of the river, 
slightly upstream of Kanapoi. It consists of a flood plain, 
a few metres above present river level. Large numbers of 
choppers and other tools, formerly covered by dune sands, 
are now being exposed by erosion. Excavation proved 
that the artefacts did not occur within the fluviatile 
deposit, but were entirely confined to the surface, overlain 
in certain areas by unconsolidated sand. Some pot 
sherds were found in association and a few poorly pre- 
served circles of scattered stones also occurred on the 
same surface. A comprehensive collection of material 
from a grid of metre squares yielded no advanced light 
duty tools such as small scrapers or crescents, 

In addition to this and two other similar sites where 
choppers and other tools were predominantly made from 
_ phonolite (such as those illustrated in Fig. 1), several 
areas were noted in the Kanapoi and Kakuryo Valley 
‘where quartz choppers similar to those illustrated in 
Fig. 2 occurred on the surface in large numbers. A 
ew quartz specimens were also seen on the surface at the 
flood plain site, but none were demonstrably beneath the 
sand. They had been collected into small piles by Turkana 
= goat-herds and may have been brought from elsewhere as 

playthings. Their stratigraphic position is therefore not 
certain, but they are included in the present article because 
there appears to be no valid reason for disassociating the 
quartz and lava series. 

The assemblages from the three sites investigated by 
Dr. Gilead are now being described and analysed by him: 
this preliminary note is based on the series of 138 specimens 
collected previously. 

The majority of the fifty-six specimens collected during 

- "1965 are made on phonolite cobbles. Many are sand 
‘polished. The greater part of the second series collected 

in March of this year is made from quartz cobbles with 
only a few of phonolite and chert. On the basis of the 
terminology! now being used to describe the cultural 
material from Olduvai Gorge, it is possible to distinguish 
the following tool forms. 















NATURE 


















Choppers: Side, end, double-edged, pointed, chisel- 
edged and polyhedral. | ; eee 
Discoids, proto-bifaces, light duty scrapers and a single 
small pick-like tool. A few utilized and waste flakes. gi 
also collected. beaa 
Measurements of the principal tool types are given in 

Table 1. ao 
Side choppers, in which the bilateral measurement 
exceeds the length from the working edge to the butt end, | 
are the predominant tool type, with fifty-two specimens, 
fourteen of which are unifacial. In these, the working 
edges are flaked on one face only, with cortex surface 
the opposite side. In three examples only one or twi 
flakes have been removed, but the majority show mi 
scars. The working edges are either straight o 
and usually show irregular chipping and some. blu 
as a result of use. All except one are made from cobble-. 
stones, five specimens are made from phonolite-and, the. 
balance from quartz. The bifacial choppers (Fig. 1, 4) 
are variable in size and include large, crude, irregular- 
shaped specimens and. others that are well made i 
symmetrical. A proportion are diminutive and could we 
be described as micro-choppers. The working. edges 








Fig. 1. Artefacts made from phonolite from the Kanapoi Valley, Ken 
1 and 2, Proto-bifaces. 3, Side view of a chopper with a single flake 
4, Side chopper with multiple bifacial flaking. 5, End- chopper. 
Double-edged chopper. 7, Side chopper. 8, Discoidal chopper (only 

of the circumference is visible) ooo 































Fig. 2. 
shoppers. 5, Pointed 
Ae made of Jasper and the remainder of quartz. 


‘are gonerally curved and vary from jagged to even, with 
a few that are nearly straight. In two specimens there are 
also crushed indentations on the working edges. Thirty- 
four examples are made from cobblestones (ten phonolite, 
twenty-two quartz and two chert) and four on angular 
fragments. 
End choppers (Fig. 1, 5), in which the length from the 
working edge to the butt exceeds the bilateral width, are 
less numerous, with twenty-six examples. Six are uni- 
facial, being flaked on one face only with the opposite face 
consisting of cortex surface. In three examples the edges 
are gouge-shaped. In a further twelve specimens the edges 
„aro trimmed by a single scar on one face and multiple 
scars on the other. The edges are variable, ranging from 
_ jagged to even, depending on the depth of the flake scars. 
There is no indication of secondary trimming, although, 
_ in the majority of specimens, the edges have been chipped 
- by use. An additional series of seven specimens exhibit 
- multiple bifacial flaking of the working edges, which are 
curved and noticeably more even than the preceding 
| groups. The entire series of twenty-six end choppers is 
made from cobblestones (nine phonolite, fourteen quartz 
and three chert). 


Edge/circumference 


Edge length Circumference ratio 


nge Average Range Average Range Average 

oe (nm) (mm) (mm) (mm) (mm) (mm) 

Side 150-26 75 838-87 177 65-24 42 

End 83-30 52 300-120 202 47-20 25 

Two-edged 75-33 43 — — 

Pointed 80-41 59 241-110 471 46-22 35 

Polyhedrons _ == — — _ — 
Discoids 202-71 139 250-100 184 100-71 77 
Proto-bifaces 224-125 167 280-191 207 100-65 74 


Tools collected from the surface of the Kanapoi area. 1-4, Side and end 
choppers, 6, Double-edged choppers. 7, Small scraper. No. 6 is 
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The five double-edged choppers are 
characterized by two bifacially flaked 
working edges (Fig. 1, 6). In four examples 
they are situated on opposite edges and in 
the fifth at one end and on one lateral edge 
respectively (Fig. 2, 6). Pointed choppers 
(Fig. 2, 5) are well represented, with fifteen 
specimens. A median point is present on 
the working edge, usually formed by a 
deeply indented flake scar or by a trimmed 
Rotch on either side. In two examples the 
edges on either side of the points are straight 
and convergent. In one specimen the 
point is trihedral. The lower faces are flat 
and consist either of cortex surface or one 
or more negative scars, while the upper 
faces are steeply flaked. Where notches 
are present on either side of the points, as 
distinct from single flake scars, they exhibit 
relatively fine retouch. The whole series 
is made from cobblestone (five of phonolite, 
eight of quartz, two of chert and one of 
jasper). There is a single example of a 
chisel-edged chopper. The working edge 
is 28 mm long and lies at right angles to 
the upper and lower faces, as in burins.’ 
The specimen measures 50x 45 x 29 mm. 
Polyhedral choppers have been defined 
elsewhere! as core tools with three or more 
cutting edges, which generally intersect. 
In this series there are five sub-spherical 
specimens which conform to this definition, 
although only one example has more than 
three working edges. The edges are sharp 
and fresh, with some chipping owing 
possibly to use. Seven tools can be 
described as discoids (Fig. 1, 8). The 
majority are irregular in shape and variable 
in thickness, although a bifacially flaked 
working edge is present on the whole or the greater part 
of the circumference. The series does not show the degree 
of standardization that the choppers do. Phonolite 
quartz and chert specimens are all present. 

There are six bifacial tools of the type which has been 
termed a “proto-biface” (Fig. 1, 1 and 2), and which occurs 
in the upper part of Bed I and lower Bed II at Olduvai 
Gorge. The butt ends generally consist of cortex surfaces 
as in choppers, but both lateral edges are flaked along the 
greater part of their length, to bluntly pointed tips. All 
six specimens are made on cobblestones and, with one 
exception, exhibit cortex surface at the butt ends. The 
edges are usually jagged or sinuous and show some chip- 
ping due to use, but there is also one quartz specimen in 
which the edges appear to have been retouched in addition 
to being chipped and blunted by use. Four are of phonolite 
and two of quartz. 

Two light duty scrapers made on quartz flakes are 
included in the collection. These consist of a well-made 
steeply trimmed side scraper and a small oblong specimen, 
steeply trimmed on the entire circumference (Fig. 2, No. 7). 
The length/breadth measurements of these two specimens 
are 47 x 35 mm and 35 x 27 mm respectively. 





Table 1. MEASUREMENTS OF THE PRINCIPAL TOOL TYPES FOUND AT EANAPO!L, KENYA 


Total 
Length/width/thickness Mean diameter No. 
Range Average Range Average 
(mm) (mm) (mm) (mm) 
79 x 129 x 67-27 x 30 x 19 49 x 61 x 35 91-24 48 2 
104 x 77 x 59-38 x 36 x 31 67 x 55 x 38 80-38 54 27 
69 x 63 x 52-51 x 51 x 29 51 x 48 x 33 61-39 44 5 
73 x 72 x 43-37 x 2] x 20 53 x 50 x 32 62-29 44 15 
68 x 75 x 64-35 x 33 x 25 48 x 45 x 38 60-31 43 5 
80 x 68 x 58-31 x 30 x 20 57 x 43 x 33 68-27 48 6 
78 x 98 x 88-77 x 64 x 42 68 x 71 * 36 71-46 58 6 
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Finally, there is a single example of an oblong bifacially 
flaked tool, plano-convex in cross-section. One extremity 
is curved and gouge-shaped, while the opposite end shows 
an oblique transverse surface. The sides are approximately 
parallel. Length 61 mm, breadth 41 mm. (A few tools of 
this type are known from the upper part of Bed IT, 
Olduvai.) 

Description of débitage from a surface collection is of 
little value; there are sixteen flakes and other fragments, 
mostly of phonolite, some of which seem to have been 
utilized. In addition to some broken cobbles and other 
indeterminate fragments there are two cores, a steep-sided 
' diseoidal scraper and a large flake with bilateral trimming 
which appear to be quite unlike any tools in the series 
already described, both in physical condition and typology. 

No precise date can yet be given for the collection of 
artefacts described in this article, now greatly augmented 

by Dr. Gilead’s field work, but in view of their position at 
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the flood plain site in relation to the present Kakuryo 
River, they must be considered to be of relatively recent 
age. The assemblage bears a striking resemblance to. the 
Oldowan, from Olduvai Gorge, Tanzania, in respect of the 
variety of tool forms, technique of manufacture and type 
of utilization. Since more specialized and more evolved 
industries of the later Stone Age are known to occur 
within the Lake Rudolf area, such as a form of Wilton 
and the stone tools associated with bone harpoons, the 
occurrence of an industry restricted to heavy duty tools 
of Lower Palaeolithic facies associated with pottery and 
hut circles, is an anomaly hard to explain. It may be 

noted, however, that a crude form of stone chopper is. 
used in the present time by the more remote Turkana 
tribesmen in order to break open the nuts of the 
palm. 









‘Leakey, M. D., Nature, 210, 462 (1966). 


DESERT GILGAI 


By C. D. OLLIER 
Department of Geology, University of Melbourne 7 


* PATTERNED ground is a well known geomorphic and soil 
phenomenon that has been described from many parts of 
the world, particularly from periglacial or formerly 
periglacial regions. Patterned ground, however, is often 
found beyond the range of any possible periglacial action, 
and the Australian name “gilgai’? has been applied to 
many of these examples. The gilgai of the northern 
part of South Australia were first described by Jessup’, 
who gave a regional account of soil types and indicated 
the distribution of the gilgai. Ollier and Tuddenham? 

described slope development at Coober Pedy, in the same 


area, and mentioned desert gilgai as one of the features 


affecting physiographic development. The present article 
is a more detailed account of these desert gilgai. 

Coober Pedy is situated on the Stuart Range, an erosion 
scarp some 20-90 ft. high which forms the divide between 
two flat plains. The area is underlain by flat Cretaceous 
sediments, mainly sandstones and claystones, and there is 
a siliceous duricrust on the upper surface. The area is 
part of the Central Australian stony desert: sand deposits 

are lacking and the area is carpeted by a layer 
of stones (gibbers)—usually only one stone thick—which 
form a typical lag gravel’. The climate is typically arid 
¿with maximum temperature up to about 120° F and a large 
diurnal range, extending to rare frosts. Rainfall may 
amount to about 6 in. a year, but completely dry years 
“are known. Further details of the physiography, climate 
‘and vegetation are given by Jessup! and by Olier and 
©: Tuddenham?. 

Desert gilgai are found on upper and lower plains where 
they are circular, and on the gentle lower slopes of the 
scarp (up to about 5°) where they are stepped. Both types 
are characterized by bare patches, where gibbers are fow 
or absent, and a rim where gibbers are concentrated. The 
bare patch is normally slightly lower than the rim in 
circular gilgai, and in the steps it is at about the same 
level. Both sorts of gilgai are scattered; the circles are 
widely spaced and never close enough to form a net, and 
the steps are usually single, but sometimes they occur in 
small groups. Washburn‘ reports that isolated steps are 

covery unusual. The circular gilgai have bare patches 
5-25 ft. in diameter and the surfaces are a few inches 
below the rim. The steps are often about 10 ft. wide and 
of indeterminate length for they simply merge into the 
slope behind. Jessup’ records larger gilgai with deeper 
= depressions. On the classification of Washburn‘ the 

-| gilgai of the flat sites are “sorted circles” and those of the 


slopes are “sorted steps”. On the classification of Verger’, 
the round ones are “anarchic depressions (e°) > and the 
steps are “mounds with one- orientation (6). > 

All parts of desert gilgai present roughly the same soil - 
profile—that of Jessup’s “stony tableland” soils. Apart 
from the gibbers this consists of a heavy clay topsoil, 
1-2 ft. thick with a few concretions rich in gypsum in the 
lower part, overlying a horizon rich in finely divided 
gypsum (‘‘gypsite” layer) which in turn overlies bedrock. 
On sites without gilgai there is a surface layer of gibbers 
but very few stones in thé rest of the profile. In the cir- 
cular desert gilgai gibbers are almost absent in the centre 
and are concentrated in the rim, but remain only a 
surface deposit. In the steps the gibbers, including some 
very large ones, extend right through the profile of the rim 
(Fig. 1). No preferred orientation was detected in the’ 
attitude of the buried gibbers. 

Soil structure is variable. The topsoil of the: bare 
patches is deeply cracked and breaks into large irregular 
blocks that divide further into sub-angular clods. This 
upper layer has a great deal of pore space and a very low 
density. Below the topsoil is a layer of denser clay which 
breaks into angular peds, and under this there is more’ a 
friable soil with concretions and a more nutty structure. 
Structure is indeterminable among the mass of gibbers 
of the rim, and on the downhill side the soil generally has 
a sub-angular blocky structure. There may be consider- 
able variation in structure, for this description differs 
from that of Jessup’. 

A trench was dug across one of the sorted step-type 
of desert gilgai which was then sampled in detail; the 
description and analytical results are shown in Table. 1. . 
The gypsum content was determined by V. Biskupsky 
of the Department of Geology, University of Melbourne, 
and the other analytical data were kindly provided by the 
Victorian State Laboratories. The acid soluble material 
is roughly equivalent to the gypsum content, but it seems 
that the treatment did not dissolve all the gypsum, and 
so the silt fraction may be too high in some analyses. 

The main features revealed by the analyses are the 
distinct gypsite layer at the base of the profile, the 
increase in clay towards the surface, and the irregular 
variations in the sand and silt fractions. The gypsite 
layer is probably precipitated from ground water, : 
there is a plontiful supply of gypsum in the parent 
however, Jussup* believes the gypsum. layer to. be a 
The layer is found throughout the area and 
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; ariations in relation to the desert gilgai. The gypsite 
horizon runs uninterrupted under the whole of the sorted 
step, and it is unlikely that it is involved directly in gilgai 
_ formation although it is thinnest under the edge. On 
lopes it may perhaps act as a lubricating layer and aid 
downhill ereep of the stepped gilgai. 
_The soil profile is remarkable in that it has an increase in 
clay towards the surface. Even if the figures for mechani- 
al analysis are recalculated, to exclude the gypsum which 
-may have been introduced later, there is still an increase 
in clay content towards the top of the profile 
_ (Big. 2). At present no satisfactory explanation for this 
` trend is available. Possibly sub-surface eluviation reduces 
the deeper clay content, or gravel and sand falls down 




















o desiccation cracks when the soil is dry, resulting in an 
accumulation of clay at the surface, but neither of these 
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o Fig. 2. Mechanical composition of soil horizons recalculated without 
gypsum, The fractions from left to right are coarse sand, fine sand, silt, 
clay. Profile numbers correspond to those in Table 1, and horizons are in 

2 order from top to bottom, 











Fig. 1. Cross-section of sorted step desert gilgai. The shading exaggerates the differences between horizons, Numbers indicate the positions of 
: profiles listed in Table 1. 


suggestions seems likely. Jessup’ believes that the clay 
is a wind blown addition to the profile, but I*® have 
shown that this is improbable. I believe that most of the 
profiles are derived from the underlying rock, and that 
they have been complicated by some: drift during the 
retreat of the slope. Hallsworth et al.’ explain the high 


clay content of the stony tableland soils as a consequence 


of their derivation from slates, shales or mudstones, and 
further state that the predominant clay mineral is mont- 
morillonite. The swelling properties of montmorillonite 
must be important in the formation of gilgai. 

Washburn has reviewed? the numerous theories which 
were developed up to 1955 to explain the formation of 
patterned ground. Almost all the theories which he 
includes are concerned with cold climate phenomena, and 
the coldness usually features in the proposed explanations. 
Coober Pedy is an area that has never been subjected to 
periglacial conditions and such theories cannot apply 
directly, they can only suggest mechanisms. 

The only desert gilgai reported in the literature are 
sorted steps formed on gravel fans in Death Valley, 
California’. The fine material of the steps contains up 
to 5 per cent of water soluble salt, so these steps probably 


have a different origin from the Australian ones, and are: 


probably fossil features that date from a previous climatic 
period. 

Verger? has also considered some of the theories of 
formation of gilgai in non-glaciated areas, but none of them 
can be applied easily to the desert gilgai. Various sug- 
gestions have been made for the formation of gilgai m 
Australia, but they all involve repeated swelling. and 
contraction caused by alternate wetting and drying. 
This was also the basis of the mechanism for desert gilgai 
formation suggested by Olier and Tuddenham?. 

The soil contains much clay, and the very low density 
of the topsoil when dry suggests an ability to expand on 
wetting, followed by contraction (but not immediate 
collapse) on drying. If a small patch of soil swells into a 
dome, gibbers could fall from the raised part and settle 
lower down. On flat sites the stones would accumulate 
around the edge of the clay dome from which they fall. 


Table 1 
Loss on 
Depth Colour (Munsell dry) Coarse Fine Silt Clay acid Gypsum Sodium Specific pH 
sand sand treatment chloride conductivity 
0-10 5 FR 6/6 reddish yellow 5 49 13 31 11 2-2 O-OLL T7 
10-14 5 YR 6/6 reddish yellow 10 41 34 12 2-0 85 0-007 13 88 
14-17 75 YR 7/4 pink 10 26 27 13 2-3 35-4 0-018 225 8-0 
O-7 25 YR 5/4 reddish brown 4 35 13 46 1-7 21 0-013 16 7-6 
7-13 25 FR 6/6 light red 4 35 20 39 18 33 0-046 26 84 
13-18 25 FR 5/6 red 4 35 30 29 21 4-4 0-126 64 83 
18-24 5 YR 7/6 reddish yellow 21 29 22 13 15 13-7 0735 298 83 
-24-26 7-5 YR 8/4 pink 9 24 24 14 27 37-0 0-307 335 8t 
0-9 25 YR 5/4 reddish brown 2 28 iM 55 21 15 0-014 15 7:6 
9-16 2-5 FR 5/4 reddish brown 2 25 10 57 55 17 0-260 119 a4 
186-22 7-5 YR 7/4 pink 12 32 25 16 14 13-8 0-703 459 8-0 
22-26 7-5 YR 7/4 pink 8 24 22 15 30 34-8 0-482 402 81 
Prefile 4 7 5 YR 5/4 reddish brown 6 47 1 35 19 0-9 0-016 19 8-3 
7-13 2-5 YR 5/4 reddish brown 4 29 10 55 2-3 1-3 0-240 104 78 
13-17 2-5 YR 5/4 reddish brown 4 27 il 56 2-8 1-6 0-489 128 79 
17-20 5 YR 6/4 light reddish brown 16 30 21 17 16 9-0 0-720 355 8-2. 
20-28 7-5 YR 7/4 pink 13 28 23 18 18 177 0-802 486 BL 
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On slopes. most. stones move to the downhill side, giving 
rise to stepped. gilgai, and as the step may also creep 
downhill by mass movement some gibbers may be incor- 
-porated into the subsoil by overriding (Fig. 3). 

If, as is claimed, the carpet of gibbers is a lag gravel, 
then when gilgai formation exposes bare patches to wind 
erosion they should be deflated until a new carpet of 
stones provides protection. There seem to be two 
possible relationships between the gilgai and deflation. 
First, the gilgai may have been formed later than a 
uniform gibber plain, in which case deflation is no longer 
important. Second, there may be repeated formation 
and destruction of gilgai in equilibrium with the environ- 
ment. It would be necessary to watch changes in gilgai 
over a period of years, perhaps many years, to determine 
their evolution, and this has not been done, but because 
strong winds and dust storms are still prevalent in the 
areas the second hypothesis is preferred. This suggested 
alternation between lag gravel and gilgai formation is 
complicated by the insufficiency of stones in the subsoil 
“to make a complete carpet of lag gravel, so that some 
sort of lateral movement of gibbers must be considered. 
“Perhaps: when -bare..patches..are deflated into distinct 
depressions the gibbers of the rim fall back towards the 
centre. In the stepped gilgai there is no problem because 
hillside creep could provide new gibbers. 

Jessup*® does not believe that the surface gravel layer 
is a lag deposit, but has suggested that the rise of gibbers 
through a slowly accumulating aeolian deposit is involved 
in the development of the soil profile. I do not accept 
this hypothesis, but Jessup’s experiments indicate that 
there may be some turbulence in the stony tableland 
soils, and a more complicated mechanism than the simple 
one outlined above may be involved. 

Leeper’ and Hallsworth et al. have shown that in 
some gilgai the subsoil of the depressions comes to the 








Fig. 3. Diagrams illustrating the formation of sorted circles (upper three 
diagrams) and sorted steps (lower three diagrams). 


NATURE 583 





Fig. 4. Bare patch of sorted circle desert gilgai with very deep cracks, 





Fig. 5. 


A small sorted step desert gilgai, 


surface in the rims (puffs), and thus suggests some sort 
of turbulent flow within the soil. Jessup* thought. that 
sodium content might, indicate the same sort of turbulence 
in desert gilgai, but the analyses reported here do not 
suggest any circulation within the soil. The conclusion. is 
that the desert gilgai, unlike many varieties, are formed 
by simple vertical swelling and shrinking rather than by 
churning or circulating within the soil. 

I thank Mr. L. J. Starkey for help with the field work, 
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FLOOD HAZARD IN MID-WALES 


By Dr. G. M. HOWE and H. O. SLAYMAKER 
University College of Wales, Aberystwyth 


AND 


D. M. HARDING 


University College, Swansea 


THe research reported in this article was begun. because 
_ of a subjective impression that flooding in mid-Wales is 
asing in frequency and seriousness. The catchment 
areas of the Severn above Montford Bridge and the Wye 
above Erwood were studied—a total area of 1,277 square 
miles. Twelve river gauging stations, each with at least 
five years of records, were selected for flood frequency 
‘analysis, using the index-flood method. Flood frequency 
-= curves, using a base period of thirteen years (1952-53 to 
1964-65), and a regional flood frequency curve were 
zo derived! 
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RECURRENCE INTERVAL 


2 Fig. 1. Historical flood frequency at the Welsh Bridge, Shrewsbury; 
AR TU ; 1911-19410 and 1940-1964. 





In order to test the validity of the impression that 


oe floods ‘are increasing in magnitude and frequency, his- 
=ou borieal records of flood heights were examined. There are 





two long-term records of flood heights in the upper catch- 
_ ments of the Wye and Severn, one at Wyebridge, Here- 
- ford, and the other at the Welsh Bridge, Shrewsbury. 


The records for both stations began in the eighteenth 


/sentury, and both are continuous since 1911. They reveal 


| a broadly similar pattern of greater flood heights over the 


period 1940-64 than over the period 1911-40. The flood- 
height frequency analysis of the Shrewsbury data is based 
on individual flood peaks, and Fig. 1 shows the difference 
in the height of floods of comparable recurrence interval 
in the two periods. In particular, it should be noted that 
during the period 1911-40 a flood height of 16 ft. 9 in. could 


be expected once in twenty-five years; during the period ae 
1940-64 this height was reached once every four years. 


Alternatively, the flood height with a twenty-five year 4 


recurrence interval in the period 1911-40 is 16 ft. 9 in., 
while in the 1940-64 period the flood height with a similar 
recurrence interval is 19 ft. 6 in. Tho initial subjective 
impression of increased flooding on the rivers Severn and ` 
Wye is therefore confirmed by historical records. 

The possible causes of this increased incidence of 
flooding are of two main types: physiographic and 
climatic. Very few physiographic changes are likely to be 
significant over such a short period of time as fifty-four 
years, except those resulting from changes in land use on 
a large seale. It is the changes in land use such as land 
drainage works, peat drainage and afforestation and 
reafforestation which are typical of the upper Severn in 
particular. The effect of such changes is to increase the 


. length of the stream network in a natural catchment 


area. There is a direct relationship between drainage 
density and mean annual flood per unit area in natural 
catchments*. This indicates that the drainage density of 
an area is a physiographic characteristic which is adjusted ~ 
to a certain range of dominant flows which is typical of 
that area. The effect of artificially increasing the drainage 
density would probably be to produce a catchment 
adjusted to a much higher range of flow rates, so that the 
run-off from rainstorms of exceptional intensity is removed 
more quickly than it was before drainage. This leads to 
the concept of the flood potential of a catchment, which 
can be expressed in terms of the additional length of 
channel per unit area provided by land drainage works. 
The relationship between drainage density and mean 
annual flood per unit area was shown to be valid for the 
area under study (Fig. 2). Extensive drainage develop- 
ment as, for example, in the upper Severn area above 
Newtown over the past thirty years, has resulted in an 
increase in the overall drainage density of about one mile 
per square mile. We suggest that the flood potential of 
the area has increased proportionately. 

The influence of drainage on peat has been well. dis- 
cussed by Conway and Millar? in their work on a Pennine 
peat bog. They showed that drained peat bog was far 
more sensitive to rainfall than undrained bog, and flood 
peaks on the former were significantly earlier and higher 
than on the latter. Appreciable areas of drained peat 
bog in mid-Wales may well behave similarly. 

The influence of afforestation and reafforestation on the 
water budget of a natural catchment has been discussed 
in many sources‘, but no work appears to have been 
done on the precise effect of the period between ditching 
before the planting of saplings and the attainment of 
complete crown cover. According to Kittredge’, this 
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period lasts at least ten years, so that the cumulative 
acreage of land plough-ditched and afforested within the 
previous ten years should be a conservative estimate of 
the mileage of artificial channel available for efficient 
‘removal of flood run-off. On the assumption that plough 
ditching has been directly proportional to the amount of 
afforestation—although this is not always true—an 
attempt has been made to illustrate how the flood poten- 
tial in the Hafren Forest of the upper Severn has changed 
with time (Fig. 3). This forest is of crucial importance 
to the study as it covers the main headwater tributaries 
of the Severn. 
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Fig. 8. Caleulated time lag of flood potential in the Hafren Forest. 
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_ However important the physiographic factor of chang- 
ing dramage density may be in influenomg the flood 
potential of a catchment, it must always be of less 
importance as a cause of flooding than the climatic factor. 
An analysis of the climatic factor shows that there are 
basically two important conditions producing floods. The 
first is snow-melt, but this is rarely a major factor on its 
own and 18 usually important only when accompanied by 
heavy rain. The more important condition is the occur- 
rence of rain of high intensity and long duration in the 
headwater regions of the catchments. The seasonal 
variation of heavy daily falls shows that they are confined 
almost exclusively to the winter months in mid-Wales and 
that they are nearly always associated with frontal or 
cyclonic storms in which rainfall is intensified by oro- 
graphic effects. This has been the case in the five major 
floods of 1946, 1948, 1960, 1964 and 1965. 
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Two sets of daily rainfall records were analysed to 
determine the past incidence of days with heavy rainfall. 
The frequency of daly rainfalls of at least 2-5 in. at Lake 
Vyrnwy showed a marked increase in the period 1940-64 
compared with 1911-40 (Fig. 4). Interestingly enough, 
this pattern could not be seen in the annual rainfall 
figures plotted as five-year running means (Fig. 5). The 
records for Abergwngu in the Elan Valley were also 
analysed and a similar pattern was obtained. It is here- 
fore clear that storms of high intensity have increased 
over the upper Severn and Wye catchments in the past 
twenty-five years. This would seem to be the most 
important factor in the increase in high flood levels in 
mid-Wales. 
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Fig. 5. Leko Vyrnwy. Annual rainfall. Five year ranning means, 
1892-1964. 


It must be recognized that the phenomenon of flooding 
is a function of a number of variables. both chmatic and 
physiographic. Although recent chmatio fluctuations 
would seem to be the primary cause of recent flooding in 
mid-Wales, land use changes have important secondary 
effects. 
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INTRAGLACIAL VOLCANOES OF SOUTH-WEST ICELAND AND THEIR 
SIGNIFICANCE IN THE INTERPRETATION OF THE FORM OF 
THE MARINE BASALTIC VOLCANOES* 


By Dr. J. G. JONES 
Department of Geology, Imperial College of Sclence and Technology, London, S.W.7 


Mosr of the basaltic volcanoes on the Earth’s surface 
stand largely or completely submerged beneath the oceans 
and have grown largely or wholly in water. Oceanography 
has provided information on the gross morphology of 
submerged basaltic volcanoes and the submerged portions 
of insular basaltic volcanoes. Yet interpretation of this 
information is seriously hampered by the meagre data, 
from dredging and photography, on the detailed constitu- 
tion of the volcanoes and by the present impossibility of 
direct observation of submarine basaltic volcanism except 
in extremely shallow water. 

Quaternary basaltic volcanoes in Iceland’? and in 
British Columbia? have been described which are believed 
to have grown within bodies of water melted by volcanism 
in icesheets which have since withdrawn or vanished. In 
the hope that volcanoes of this kind would throw light on 
the processes and products of sub-aqueous and par- 
ticularly submarine basaltic volcanism, I carmed out 
investigations of the morphology, structure and genesis 
of a group of guch- volcanoes in the Laugarvatn area of 
south-west Iceland. 

Of the volcanoes studied some grew entirely within 
water, their activity limited to quiet effusion, and these 
consist entirely of pillow lavas and breccias—the last as 
a result of fragmentation by gravitational collapse. Other 
volcanoes, which apparently rose to or just above a water 
surface, show evidence of explosive activity in bedded 
vitrio tuffs which typically mantle pillow lavas of an 
earlier, purely effusive phase. Still other volcanoes 
breached a water surface and continued their activity for 
a considerable time in air and, in these, explosive activity 
was quickly superseded by the quiet effusion of aa and 
pahoehoe flows. 

The constitution of the Laugarvatn volcanoes suggests 
that the typically quiet effusive character of serial 
basaltic volcanism is also characteristic of aqueous 
basaltio volcanism (except in shallow water) and that 
pillow lava is the typical product of the latter. The 
explosive character of the phase of emergence in 
the Laugarvatn volcanoes would also seem typical of 
the phase of emergence of marine basaltic volcanoes as 
recently exemplified in the development of Capelinhos in 
the Azores and Surtsey off the coast of Iceland. Basaltic 
volcanism in shallow water is typically explosive, as wit- 
nessed. by the tuffaceous character of parasitic vents at 
the shores and on the shallowly submerged flanks of 
insular basaltic volcanoes. 7 

One of the most striking features of the Quaternary 
voleanic belt of south-west Iceland is the contrasting 
forms of those volcanoes which have grown within ice- 
sheets and those which have not. While basaltic fissure 
eruptions in air have built long, low (slopes less than 10°), 
wide mounds of shield-hke profile consisting of aa and 
pahoshoe flows, fissure eruptions within an icesheet in 
which basaltic lava has been poured into a body of melt- 

* It should be emphasized that ali data on marine basaltic volcanoes are 
drawn from volcanoes in an oceanic setting, mostly in the Pacafic Basin, and 
that data from island arc volcanoes have been excluded. .The Icelandic 


U 
volcanoes which I believe hold the key to the Interpretation of these data 
consist wholly of olivine basalt. 


water have built long, steep-sided (slopes up to 30°), 
narrow piles of pillow lavas (commonly mantled by vitric 
tuffs) which now stand above the surrounding country 
as prominent ridges. 

If pillow lava is typical of aqueous basaltic volcanism 
except in very shallow water, then one might anticipate 
that marine basaltic volcanoes the growth of which has 
been wholly submarine should have slopes notably steeper 
than those which characterize the emerged portions of 
island volcanoes. An inspection of true-scale profiles of 
submerged marine basaltic volcanoes for which there is 
no evidence of previous emergence (that is, excluding 
volcanoes terraced or truncated at sea level) shows that 
this is 80; however, there is unfortunately little published 
information on slope values. Two of the three conical 
seamounts described by Northrop and Frosch‘, which are 
believed to be basaltic volcanoes, have summit slopes of 
23° and 25° and the minimum slope value quoted for the 
flanks is 13°. According to Wentworth and Macdonald® 
the aerial slopes of basaltic volcanoes of the island of 
Hawaii do not generally exceed 10° and there seams little 
to support Menard’s* assumption that submerged marine 
basaltic volcanoes are simple shields consisting of pahoehoe 
flows. 

Stearns’ has suggested, presumably on the basis of the 
observed explosive character of basaltic volcanism in 
shallow water, that aqueous basaltic volcanism at any 
depth is explosive. This, however, seems unlikely on 
theoretical grounds?! and is certainly contrary to observa- 
tion in the Laugarvatn region. 

Nayudu’® has suggested an endogenous mode of growth 
for submerged marine basaltic volcanoes akin to the 
growth of a tholoid. I have not found, however, any 
indications of a coherent mass of lava at the core of the 
Laugarvatn volcanoes. A dyke exposed at the crest of 
one elongate pillow lava pile in the Laugarvatn area can 
be seen in direct connexion with outward dipping pillow 
lavas. This dyke is clearly the feeder and suggests a mode 
of growth of pillow lava piles similar to that of piles of 
pahoehoe flows. 

In the Laugarvatn region those volcanoes which 
breached a water surface and continued their activity for 
some time in air have a distinctive ‘“tablemountain” form 
with steep flanks (up to and sometimes exceeding 35°) 
bounding an upper surface of comparatively gentle slopes 
(less than 10°). This morphology reflects a structure in 
which a capping of aa and pahoehoe flows rests on a 
foundation of palagonitized glassy breccias often contain- 
ing lava masses of crudely “pillowy” form. The most 
significant aspect of the structure of these volcanoes lies 
in the relationship between the overlying gently inclined 
or horizontal capping lavas and the underlying breccias 
which close to the base of the lavas typically exhibit a 
crude stratification of variable inclination. The passage 
between the breccias and lavas is gradational—the 
breccias have the same relationship to the lavas as do the 
foreset to the topset beds in a delta. Relationships of this 
kind result when lavas extruded in air advance into water’? 
and the horizontal plane defined by the transition from 
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lava to breccia marks the water level of the time. Where 
stratification can be detected these “flow-foot” breccias 
show outward dips. 

If the Laugarvatn ‘‘tablemountains” are typical of 
emerged basaltic volcanoes, then the submarine founda- 
tions of the lava shields of msular basaltic volcanoes may 
be expected to consist of flow-foot breccias and vitric 
tuffs of the emergent explosive phase, resting in turn on & 
pile of pillow lavas (Fig. 1b). High volcanoes rising from 
the floors of the oceans, however, tend to subside so that 
the submarine foundations of insular basaltic volcanoes 
are presumably rarely exposed to view and, to my know- 
ledge, remain undescribed. Such a structure, if it stood 
without significant subsidence for a geologically short 
period of time, would be readily and rapidly decapitated 
by marine erosion, which would result in a flat topped 
marine voleano—a guyot (Fig. Ic). Like the marine 
basaltic volcanoes which give no evidence of emergence 
at any stage, the slopes of guyots and of the submerged 
foundations of insular basaltic volcanoes seem to be 
significantly steeper than those of the aerial portions of 
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Big. 1. Postulated structure of marine basaltic volcanoes (vertical scale 
exaggerated). 
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emerged volcanoes as would be expected in terms of the 
proposed structure. (For submarine slopes of the Hawaiian 
Ridge and volcanoes in the Gulf of Alaska seo refs. 11 and 
12; for Bikini Atoll see ref. 13.) 

The flanks of the Laugarvatn volcanoes are typically 
mantled by the scree to which pillow lavas and breccias 
give rise, and it is the angle of repose in air which imposes 
an upper limit of 30° on the slopes of pillow lava scree and 
a slightly higher limit on breccia scree. Such scree must 
be prevalent on the submarine flanks of marine basaltic 
voleanoes. Nearly all values for the inclination of sub- 
marine basaltic volcanic slopes so far reported fall below 
25° and the values for the steepest slope are quoted by 
many authors to be between 22° and 25°. It seems prob- 
able that the value of 25° is the angle of repose in water 
of basaltic soree. 

The profiles of many guyots (for example, some of those 
of the Mid-Pacific mountains“) show sudden sharp down- 
ward decreases in the angle of slope of the upper flanks. 
A similar break in slope has been noted on several of the 
“tablemountains” of the Laugarvatn region where ‘‘flow- 
foot” breccias lap on to underlying pillow lavas in the 
manner shown in Fig. 1b, and such a relationship may well 
account in some instances for this detail of guyot mor- 
phology. 

The profiles of some guyots, particularly some in the 
north-east Pacific®-15, show marked shoulders on the flanks. 
These shoulders might be taken to be profiles of encircling 
terraces but, according to Menard and Ladd1*: ‘Detailed 
surveys show that terraces that can be traced around a 
seamount or guyot are very rare at best.” Nayudu® has 
suggested that the terraces of Cobb Seamount and Bowie 
Bank are primary volcanic features rather than wave 
planation surfaces; however, the reasons he gives for this 
are not compelling and the suggested mode of origin is 
difficult to envisage. He infers that the presence of 
“primary” pelagonitized basaltic -fragmental rocks on 
these terraces, as revealed by dredgmg, makes wave 
planation an unlikely explanation and envisages the 
formation of terraces as to ocour below and independent of 
sea level by accumulation of “‘palagonite tuff erupted on 
a sloping surface”. In fact, marine erosion will operate 
regardless of the primary or secondary nature of the 
exposed material. A possible explanation for some of 
these imperfect terraces is that they formed at sea level 
by the advance of aerially extruded flows into water, and 
were carried below sea level by subsidence during quiescent 
phases of intermittent volcanic activity. Early construc- 
tional terraces thus formed might be overridden in places 
by the flows and flow-foot breccias of subsequent erup- 
tions and this would account for their lateral impersistence 
(Fig. 1d). The presence of palagonitized breccias on the 
surfaces of such terraces, as on the Cobb and Bowie 
volcanoes, could readily be explained by the erosional 
stripping of the topset lavas from foreset, flow-foot 
brecoias at sea level before the constructional terrace 
subsided below the surf zone. 

According to Menard’: “gravity observations suggest 
that submarine volcanoes have a relatively low average 
density”, and ‘‘seismic refraction measurements show that 
the gross physical properties of near-surface layers of 
Pacific Basin volcanoes are quite different from hand 
specimens of the basalt of which they are constructed”. 
In terms of his pahoehoe shield model of submarine basaltie 
volcanoes Menard suggests that draining of pahoehoe 
flow units may explain these anomalies. I suggest that a 
volcano constructed of pillow lavas, containing, as they 
may, considerable interpillow space, and of breccias, 
might be expected to show gross physical properties quite 
different from a hand specimen of the basalt of which it 
was constructed. 

The volcanoes of the Pacific Basin are surrounded by 
aprons characterized by a smooth slope of less than 2° 
which grades into the volcano flanks*. The outer parts of 
these “archipelagic aprons” are as level as abyssal plains 
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and their profiles are much the same as the lowermost 
slopes of large terrestrial volcanoes. The significance of 
these aprons lies in the volume of material they contain 
which is many times that of the encircled volcanoes. The 
form and seismic properties of these aprons are consistent 
with sedimentary accumulations emplaced by turbidity 
currents and allied processes. Menard’ has, however, 
rejected this explanation because: ‘‘considerations of 
volume of aprons and of the islands available as sources of 
debris rule out any major contribution from this source”. 
The assumption that erosion of the emergent portions of 
insular volcanoes provides the only potentially sigmficant 
source of clastic material, however, is extremely unlikely. 
Breccias which result from the gravitational collapse of 
pillow lavas either during or after cooling and consolida- 
tion are prominent associates of pillow levas in- the 
Laugarvatn volcanoes. Gravitational collapse would most 
likely be particularly prevalent on the steep flanks of tall 
submarine basaltic volcanoes and the avalanches of pillow 
debris thus formed would come to rest at the foot of the 
voleano, building an apron. On such volcanoes as reach 
sea level explosive activity builds piles of ash which, as 
observation of Capelinhos!? has shown, are particularly 
susceptible to collapse and will further contribute to the 
building of an apron. Moreover, on those volcanoes which 
succeed in establishing themselves above sea level, con- 
tinually accumulating unstable banks of flow-foot breccia 
will provide a ready source of clastic material. Menard’ 
suggests that the archipelagic aprons are plains of “fluid 
fissure flows” fed by fissures at the base of high volcanoes; 
however, he notes that “the surface of the aprons is 
smoother than any known lava plain ...”. In fact, it 
seems probable that pillow lava is the form typically 
assumed by fluid basalt lava in an aqueous environment 
and shows no tendency to spread out in the manner of 
pahoehoe flows. 

In conclusion I would suggest that the morphological 
similarities between the volcanoes of the Laugarvatn 
region and marine basaltic volcanoes are sufficiently 
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strong to warrant the further evaluation of the following 
postulates: 

(1) That pillow lavas and their fragmental derivatives 
are the typical constituents of submarine basaltic vol- 
canoes, except in very shallow water. 

(2) That pillow lava piles grow upward in a manner 
akin to piles of pahoshoe flows. 

(3) That the lava shields of emerged marine basaltic 
volcanoes stand on a pedestal of flow-foot breccias. 

(4) That some guyots result from the erosional stripping 
of a lava shield from its breccia pedestal. 

(5) That the flanks of marine basaltic volcanoes are 
typically mantled with scree, the presence of which is 
reflected in maximum slope values commonly greater 
than 20° but less than 25°. 

(6) That some terraces on guyots are volcanic construc- 
tional forms built at sea level. 

(7) That archipelagic aprons are accumulations of clastic 
material consisting largely of basalt breccia and vitric tuff. 
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EFFECT OF WATER ON THE VISIBLE SPECTRUM OF CHLOROPHYLL A 
IN THE SOLID STATE 


By GWENDOLYN SHERMAN and SHU FONG WANG 
Department of Chemistry, Vassar College, Poughkeepsie, New York 


Tas association of water and chlorophyll has been of 
interest for many years because of its connexion with the 
theory of energy transfer in photosynthesis!7. We have 
recently observed an effect of water on the infra-red 
spectrum of chlorophyll a in a Nujol mull. We now wish to 
report an effect of water on the visible spectrum of chloro- 
phyll a suspended in mineral oil. The visible spectra can 
be related to the state of aggregation by correlation with 
the infra-red spectra under identical conditions. 
When a mull of crystalline chlorophyll a is allowed to 
equilibrate with water vapour, three well defined absorp- 
tion bands appear in the O-H stretching region at 3,584, 
3,448 and 3,247 cm-'; the band assigned to the phytyl 
ester and the C,, carbomethoxy group splits into two peaks 
at 1,748 and 1,730 omt; the C, ketone peak appears at 
1,647 om~, the position assigned to the ketone in the 
aggregated state?‘ (Fig. LB). When the Nujol mull is 
dried in an evacuated desiccator over phosphorus pent- 
oxide, the O-H bands disappear, the ester splitting 
disappears and a single band appears at 1,739 cm~ and a 
second C, ketone band appears at 1,698 cm- which is the 
position usually assigned to the free C, ketone. The 
aggregated ketone band is still present at 1,656 cm~ in 
greater intensity than the disaggregated ketone band- 
(Fig. 14). The infra-red spectrum of “dried” chloro- 


phyll a in the mull is similar to the spectrum of chlorophyll 
@ in carbon tetrachloride solution which has two peaks 
assigned to the C, ketone, one higher frequency band 
representing the free carbonyl and the other band at a 
lower frequency representing the associated carbonyl. 
This interpretation seems to indicate that chlorophyll is 
in a dimeric state in non-polar solvents and also is dimeric 
in the solid state when the labile water is removed. 
Chlorophyll may be held in this dimerie stato by ©, 
carbonyl-magnesium complexing as suggested by Katz? 
and Calvin‘ or by some very tightly held water that may 
be still present as is suggested by the absorption on the 
low side of the C-H. stretching band. 

This “dried” chlorophyll is highly crystalline and very 
stable. Jacobs’ reports that amorphous chlorophyll 
rapidly allomerizes. As is reported here. however, both 
Jacobs’s amorphous chlorophyll and our ‘“‘dried’’ crys- 
talline chlorophyll exhibit the same visible spectrum in 
the solid state. 

This article is concerned with correlation of infra-red 
spectra and electronic spectra in a Nujol suspension under 
identical conditions. Several investigators have reported 
visible spectra for solid chlorophyll a. Anderson and 
Calvin‘ observed a maximum at 748 my for a suspension of 
crystalline chlorophyll a in tsooctane. On heating the 
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orystels to 50° C for 10 min these authors observed a 
decrease in intensity at 748 my and enhanced intensity 
at 660-675 mp attributed to change from polymer to 
monomer and dimer. They observed partial reversibility 
on cooling. 

Jacobs and Holt® reported a spectrum for crystalline 
chlorophyll a dispersed in petroleum ether, corrected for 
scattering. The red peak appears to be at about 740 mu. 
Strain‘ observed a shift in absorption from 663 to 710 mu 
when methanol was removed from chlorophyll by washing 
with water. 

Jacobs, Holt and Rabinowich’? prepared a mono- 
molecular layer of chlorophyll a by dropping the pigment 
dissolved in petroleum ether—pyridine on to a water 
surface. The red peak of chlorophyll prepared in this way 
13 at about 675 mu. If calcium ions were present in the 
solution the layer prepared had a red peak at abeut 
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Fig. 1. Curve 4, infra-red spectrum of chlorophyll a in a Nujol mull 

after drying for $6 h. Correaponds to Fig. 2, curve 1. Curve B, mull 

used for curve A after eyulibratıng with water vapour for 11 h. Cor- 
responds to Fig. 2, curve 4. 
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The sample of chlorophyll a used in the following work 
was wolated from spinach by the method of Jacobs, 
Vatter and Holt’. The material was highly crystalline; 
brilliant, glistening, deep purple crystals with an ex- 
tinction coefficient of 81,000 in 0-1 per cent pyridine~ 
ether’, A Nujol mull was made of this material after it 
had been stored over “Drierite’ ın the cold for several weeks, 
The infra-red spectrum indicated no bands in the O-H 
stretching region and some disaggregation (not quite 
as much as is shown in Fig. 1A). This mull was dred for 
36 h in a vacuum desiccator and the infra-red spectrum 
recorded (Fig. 14). Some of this mull was evenly smeared 
on the outside surface of a 1 om square absorption cell 
filled with a transparent hquid. An identical reforence cell 
was used with Nujol on the surface. Fig. 2, curve 1, is 
the visible spectrum of this mull. The red maximum is 
at 672 mp. All the spectra shown in Figs. 2 and 3 are of 
this same smear. The curves are faithfully traced as no 
scattering seems to occur in tho red region. After 
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Fig. 2. Visihle spectra of chlorophyll a suspended in mineral ofl; 

Curve 1, after drying for 36 h over phosphorus pentoxide; 2, after 

equilibrating mull with water vapour for 15 min; 8, after equilibrating 

mall with water vapour for 40 min: 4, after equiltbrating mull with 
water vapour for 11 h. 
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Fig. 8. Curve 5, mull allowed to stand tn Cary for 15 min after recording 

curve 4 of Fig. 2° 6, mull allowed to stand in Cary for tota) of 45 min; 

7, mull dried in desiccator for 45 min; 8, mull dned in deuscator for 2h 
45_min; 9, mull dried in dealocator for total of 9 h. 
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recording curve 1, the mull was allowed to equilibrate with 
water vapour for different periods of time, as indicated 
in Fig. 2, by placing the cell in a desiccator containing 
water. The final spectrum of Fig. 2 (curve 4) was recorded 
after allowing the smear on the cell to equilibrate with 
water for 11 h. The red peak of the “‘wet’’ chlorophyll 
is at 743 my. Residual absorption at 672 my is seen in 
the wet spectrum as is residual absorption at 743 mp 
in the ‘‘dry” spectrum. It is difficult to maintain the mull 
completely dry or completely wet as it equilibrates 
quite rapidly in the air as the spectrum is recorded. 
Fig. 1B is the infra-red spectrum of the mull at the stage 
that curve 4 of Fig. 2 was recorded. 

Curve 5 of Fig. 3 was recorded after the cell had stood - 
in the apparatus for 15 min. The smear was then con- 
tinually dried as indicated in Fig. 3 until curve 9 was 
finally obtained after drying for 9 h in a desiccator over 
phosphorus pentoxide. This reversibility from 743 to 
672 mp and back by drying and wetting can be continually 
demonstrated with the same sample. To show that chloro- 
phyll a is perfectly stable and does not allomerize under 
these conditions the mull used for the visible spectra was 
rinsed from the cell with ether and the spectrum recorded 
in ether solution (Fig. 4). The phase test of thia solution 
was also positive. 
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Fig. 4. Nujol smear used for Figs. 2 and 8 rinsed off the oel with other 
and recarded in ether solution. 


We conclude from this behaviour that crystalline chloro- 
phyll a will absorb at 743 mu in the solid state when com- 
plexed with water and at 673 my in the crystalline state 
when this very labile water is removed. Correlation of this 
observation with the infra-red spectra seems to indicate 
that the 743 mu “wet” spectrum 1s completely aggregated 
chlorophyll and that the 673 my “dry” spectrum is dimeric 
chlorophyll. The monolayers prepared by Jacobs had 
pyridine present, which di tes chlorophyll, so it 
would be expected to absorb at 673 mu. 

Often infra-red spectra indicate different degrees of 
aggregation, but the visible spectra seem to indicate a 
critical transition point from the polymeric spectrum to 
the dimeric or monomeric spectrum. The pigment also 
equilibrates quite rapidly even when suspended in mineral 
oil. A quantitative investigation of this equilibration 
process is now in progress. 

Tt can be seen from the sharp well defined bands in the 
O-H stretching region that the water is very specifically 
bound and not simply mechanically held by the chloro- 
phyll molecule. Mineral oil is not necessary for this effect 
as crystals of chlorophyll equilibrated with water and then 
made into a mull produce the same spectrum. The sharp 
intense peak at 3,584 cm~ indicates at least one free O-H 
group. Curve LB shows that both the ketone and one 
ester group are affected by water. Infra-red spectra 
can be obtained with less water present than is shown 
here. This results in aggregation of all the ketone but 
the ester band is not split. This hydration stage appar- 
ently does not give rise to a different electronic spectrum 
under the conditions used in this experiment. 

The “dry” spectrum is very similar to solution spectra 
of chlorophyll a allowing for a “solvation type” red shift. 
Seely’ has reported absorption maxima for many different 
solvents and has correlated the shifts with the refractive 
indices and dieletric constants of the solvents. Katz 
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and Wassink!’ estimated that chlorophyll vapour mole- 
cules would absorb at 648 my. Chlorophyll a in ether 
absorbs at 661 my, in carbon tetrachloride at 666 mp and 
in pyridine at 671 mu. The concentrations of these solu- 
tions (about 10-° M) are probably too dilute to permit 
any aggregation. Anderson and Calvin‘ did observe a 
broadening on the low side of the red peak in concentrated 
carbon tetrachloride solution. Aromatic solvents seem to 
produce the greatest solvation effects which may result 
from some type of m complexing with the porphyrin ring. 
One of the longest wavelength absorptions for chlorophyll 
a in solution is observed in aniline, 674 my’, which is 
about the same as in the solid dimerio state. The critical 
influence on visible spectra seems to be the presence of a 
certain amount of water which produces some specific 
and complete aggregation, the nature of which is still to 


be determined. The association of the chlorophyll mole- . 


cule with water involves more than simply magnesium- 
water—ketone interaction as an ester group is affected by 
the water and there are different degrees of hydrogen 
bonding with water as is shown by the peaks in the 
3,500-3,200 cm- region. It is interesting to note that the 
“wet” visible spectrum differs from the “dry” spectrum 
and from chlorophyll a in solution in the ratio of the 
blue/red peaks. There seems to be some consistency in 
red shift and change of blue/red ratio of various chloro- 
phylls that differ in structure. The red peak of chlorophyll 
b in ether is at 643 my and the Soret/red peak ratio is 
3-0: chlorophyll a in ether, 661 my, 1:29; chlorophyll d, 
687 my, 0-92; and “wet” chlorophyll a in the solid state, 
743 mp, 0-80. 

Chlorophyll exists in vivo both in an aqueous and lipid 
environment, and it is very tempting to extrapolate this 
process of water equilibration to the chloroplast situation. 
Clayton? has presented an excellent review of the present 
state of knowledge regarding the absorption spectra and 
states of aggregation of chlorophyll in vivo. The two 
different kinds of chlorophyll usnally observed in vivo 
absorb at 673 and 684 mp. Nevertheless, the 735-745 mp 
region of the spectrum may be a crucial area in photo- 
synthesis and may be dependent on a few ehlorophyll 
molecules in equilibrium with water. 

This work waa supported by a grant from the U.S. 
Public Health Service. 
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SPECTROSCOPIC INVESTIGATION OF RUBREDOXIN AND FERREDOXIN 


By Dr. N. M. ATHERTON, K. GARBETT, Dr. R. D. GILLARD, Pror. R. MASON, 
Dr. S. J. MAYHEW, Dr. J. L. PEEL and Dr. J. E. STANGROOM 


Department of Chemistry, University of Sheffield, and Earlham Food Research Laboratory, Norwich 


Tue name ferredoxin has usually been applied to electron- 
carrying proteins with low potential and which do not 
contain haem iron. They can be isolated either from 
photosynthetic material, both algae and higher plante, 
or from anaerobic bacteria, and clear spectroscopic and 
chemical distinctions exist between proteins from these 


two sources. Rubredoxin, another non-haem iron protem 
of somewhat higher oxidation potential, has been isolated 
from four anaerobic bacteria, Clostridium pasteurtanum’, 
Peptostreptococcus elsdenti?, Closiridium sticklands and 
Desulfovibrio gigas‘, which also contain ferredoxins. 
Rubredoxin has been shown by spectroscopy to be rather 
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aunilar to bacterial ferredoxins', although ther general 

chemistry shows differences. 
a Species differences exist between the ferredoxins 
isolated from different anaerobic bacteria’, and caution is 
therefore required ın extrapolating between species. On 
the basis of the presently available data, bacterial rubre- 
doxins are very similar, but the possibihty of species 
differences cannot be excluded. In the present work 
“ferredoxmn’’ and “rubredoxin” refer to the proteins 
isolated from P. elsdenit unless otherwise stated. 

The environment of the iron atoms in rubredoxin and 
ferredoxin is by no means clear. Rubredoxin contains 
only one iron atom, and lacks the so-calied “labile sulphur” 
found in ferredoxins*. For these reasons it would seem 
i likely that rubredoxin is the simpler of the two compounds. 

Tho most recent proposal for the active centre of rubre- 
u  doxin is that of Lovenberg’, who considers, on the basis 
of electron spin resonance data, that it contains trivalent 
“tron linked ionically to a sulphur anion of the protein. 
No completely satisfactory model has been proposed for 
ferredoxin. 


- Rubredoxin 


In our previous report® on the rotatory dispersion of 
rubredoxin, we showed that the visible absorption bands 
at 490 and 565 mp contributed marked Cotton effects. 
- We have now extended this investigation of the optical 
rotatory properties of rubredoxin by examining the 
related phenomenon, circular dichroism. The spectral 
range in the present work is from 800 mp to 215 my. 
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Fig. 1. Oxidized rubredoxin. - , Absorption spectrom; ————. 
circular dichrofam. í The ordinates are plotted umn BENG Sare, = 6-78 x 10 
(assuming molecular scale, absorption. 
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The circular dichroism spectrum of rubredoxin is shown 
in Fig. 1, with the absorption spectrum of the same 
solution. ‘The conclusions of our earlier work on rotatory 
dispersion are borne out by the Cotton effects now 
observed at 564 my (positive) and 502 my (negative). 
Considerably more detail is available, however, from the 
present work. First, the negative Cotton effect at 632 mp 
arises from a previously undetected electronic transition 

"whioh is not resolved in the absorption spectrum, as it is 
concealed under the long absorption tail to the red. 
Second, the broad, featureless region of absorption between. 
300 and 460 my gives rise to four distinct Cotton effects, at 
328 mp (negative), 345 mp (negative), 400 my (positive) 
and 44] mp (positive). The last three Cotton effects 


NATURE 


591 


ed 


disappear on reduction of rubredoxin, ag will be shown 
later. This comph<ated circular dichroism spectrum, 
from 300 to 400 my, gives only an apparently plain rotatory 
dispersion curve. Third, the asymmetry induced in the 
aromatic side chains of rubredoxin is reflected in the easily 
observed negative Cotton effect at 275 mp. 
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Fig. 2. The varlation of the Gircular dichroism of rubredoxmn with 
temperature. r 14° O; ae -, 0; ------, , 421° O. 





The large number of electronic transitions which occur 
in rubredoxin is not easily understood in terms of simple 
ligand-field treatments of model complexes. It was there- 
fore necessary to eliminate the possibility that the complex 
absorption spectrum might arise from a thermal equilib- 
rium between two spin states of the iron-ligand chromo- 
phore in the protein (such equilibria between spin states 
are known for certain haem proteins, such as hydroxo- 
ferrimyoglobin®). The circular dichroism spectra of rubre- 
doxin investigated as a function of temperature are shown 
in Wig. 2. The number and relative intensities of the 
Cotton effects associated with the iron-containing chromo- 
phore are unchanged between 1° and 42° C. The small 
changes shown in Fig. 2 appear to arise simply from the 
thermal broadening of the absorption bands, with the 
usual apparent decrease of maximal absorption. The 
points of intersection of the curves at the several tempera- 
tures do not lie on the base line because the overlapping 
circular dichroism componente are not of equal intensity. 

The small decrease in maximal circular dichroism at 
42° C relative to 1° C does not result from gross structural 
changes of the chromophores at the higher temperature. 
This was established in two ways. First, the circular 
dichroism of the solution at 42° C was constant during 
an hour, which implies that no progressive change in the 
chromophores of rubredoxin occurs under these con- 
ditions (at 80° C, rubredoxin is rapidly denetured?). 
Second, the circular dichroism spectrum at 1° C was re- 
measured after the measurements st higher temperature 
had been completed, and was unchanged. 

The circular dichroism spectrum of reduced rubredoxin 
was also measured (Fig. 3). The association of the entire 
electronic spectrum above 350 my with the iron-ligand 
chromophore is supported by the complete disappearance 
of cireular dichroiam in this region on dithionite reduction 
of the protein, agreeing with the result from rotatory 
dispersion. The absorption maxima previously reported 
for the reduced protein at 340 mp and 315 my are associ- 
ated, respectively, with a positive and a negative Cotton 
effect. 

The circular dichroism in that region of the absorption 
spectrum associated with the aromatic side-chains in the 
protein is particularly striking. The absorption spectrum 
of reduced rubredoxin shows shoulders at 295 and 287 
mut; each of these gives a positive circular dichroism. 
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The strongest absorptron band at 278 my does not give 
a positive circular dichroism, whcreas the shoulder at 
260 mu docs. Finally, we consider that vhe strong negative 
Cotton effect at 224 my reflects the conformation of the 
peptide chain. This is not affected by dithionite, and for 
this reason, it appears unlikely that reduction leads to 
any large conformational change in the polypeptide chain 
of rubredoxin. This suggestion is supported by two 
independent lines of evidence. First, Lovenberg’ showed 
that a crystal of oxidized rubredoxin could be reduced 
without change in the crystal dimensions. Second, the 
oxidation and reduction of the protein occur at such a 
fast rate that any major reorgamzation of the protein 
seems unlikely. Accepting that the protem retains 
essentially the same shape on reduction, the change in 
sign of the Cotton. effects at 258 my, 287 mu and 295 mu 
on passing from oxidized to reduced rubredoxin is pre- 
sumably connected with the change in the 1ron-contaming 
chromophore. Phenylalanino, tyrosine, and tryptophan 
axe all present in C. pasteurtanum rubredoxin', and their 
presence has recently been shown also in the protem 
from P. elsdent:*, Assigning the absorption bands from 
260 to 300 mp to these aromatic residues, it might be 
suggested that the aromatic chromophores are noar the 
aito of reduction in the native protein, and that their 
environment changes on reduction. 
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800 460 500 600 700 800 
my 
Fig. 8. Reduced rubredoxin. -+++-> , Absorption spectrum; ————— 
carcular dichruiam. Ordinates as in Fig. 1. 


Further experiments have been performed on rubre- 
doxin, using circular dichroism as a means of following 
the reactions. First, rubredoxin, like oxdized ferredoxin 
from C. acidi-urict, is unaffected during half an hour by 
a small excess of «,«’-bipyridyl. Forredoxin P. elsdenis, 
under these conditions, shows fairly rapid development 
of the colour of the bipyridyl iron (II) cation, with corre- 
sponding loss of optical activity in the visible region. 
Second, the circular dichroism of oxidized rubredoxin 
(in the region from 800 mp to 300 mz) 1s unaffected by 
8 M urea, during 14 h at pH 7-0, or during 16 h at pH 11. 
Third, when rubredoxin is reduced with dithionite in the 
presence of urea, and is then allowed to reoxidize during 
3 h, the original circular dichroism spectrum of the oxidized 
rubredoxin 1s regained, suggesting that 8 M urea is without 
effect on reduced rubredoxin. Fourth, however, we find 
that the accessibility to chelating agents of the iron in 
rubredoxin is increased on reduction. «,a’-Bipyridyl 
(or 1,10-phenanthroline) is without effect on oxidized 
rubredoxin, but, in the presence of dithionite, a bright 
red colour slowly appears as a result of complexing of 
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iron by bipyridyl. The circular dichroism of the reduced 
rubredoxin, measured by the Cotton effects at 336 and | 
317 mp, dimimishes at the same time and, in the prosence ^ 
of a large excess of bipyridyl, finally disappears entirely.-- i 
The rate of the formation of thc red colour is higher in., 

more concentrated solutions of 1,10-phonanthroline or % P 
«,x'-bipyrıdyl. The red product is optically inactive æj 
and, from its absorption spectrum, is the tris-«,«’-brpyridy] 4 
iron (II) cation. Invostigations on the aporubredoxin y 
formed are in progress. t 


Ferredoxin 


On the basis of the qualitative similarity of rotatory 
dispersion spectra, we proposed earlier’ that the chromo- 
phores responsible for the Cotton effects in ferredoxin 
and in rubredoxin were similar. More recently, it was 
suggested, in view of the weakness of the rotatory dis- 
persion curve of ferredoxin relative to that of rubredoxin, 
that the very similar rotatory dispersion curves of the 
two proteins might arise from a small contamination of 
ferredoxin by rubredoxin’. This is not the caso, as can 
be seen from Fig. 4, where the circular dichroism spectra 
are presented together. The Cotton effects of ferredoxin -. 
differ quantitatively fom those of rubredoxin at all “4 
points, and are qualitatively different in two regions in’ 
partucular, above 600 mp (a region not investigated in 
the rotatory dispersion experiments) and at about 500 mp, 
where rubredoxin shows a strong negative Cotton effect, |, 
and ferredoxin shows merely a trough betwoen two !, 
positive Cotton offects. In other regions, the circular | 
dichroism spectra are qualitatively very similar, supporting ' 
the suggested similarity of the optically active ehromga,» 
phores in the two proteins. - 

The very large quantitative difference between the: 
Cotton effects (vither in circular dichroism or rotatory 
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Fig. 4. Crreular dichroism of oxidized ferredoxin and rubredoxin 
.. Rubredoxin. , ferredoxin. Rubredoxin data as In 
Fig. 1. Ferredoxin 18 plotted using tys = 204 x 10° (assuming molecular 
weight = 6,000). The scale on the left refers to rubredoxin; that on the 
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Fig. 6. Circular dichrowm of reduced ferredoxin and mbredoxin, + ~ 
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Table 1 
Rubredoxin (20° 0) Ferredoxin 

Oxidized Redu Oxidized Reduced 
Ang sre, Amp eitr Amp str amu set, 
682, ~O 886 +1-11 679 —017 465 +016 
504 +132 317 —2 565 +028 895 -0 
502 — 1:18 295 +1-00 473 +019 848 +025 
441 +087 287 +098 425sh +014 205 +04 

+0-45 258 + 0-90 ca8s0 ca+01l7 

845sh ~OZA 224 — 8-95 ca290 = ca + 0-16 
828 ~ 0-42 
275 ~ 0 58 
224 ~8 95 


dispersion) of ferredoxin and rubredoxin may originate 
from a more highly ordered structure of rubredoxin, the 
chromophores being contained within regions of higher 
asymmetry than those for the corresponding chromophore 
in ferredoxin. The idea that rubredoxin may have a 
more ordered structure is supported by its much larger 
Cotton effects in the region (below 230 my) where the 
peptide chromophore dominates the spectrum. Tanaka 
et al.° have recently commented on the distribution of 
helix-breaking residues in the amino-acid sequence of 
O. pasteurtanum ferredoxin. These authors consider 
that the helical content of the ferredoxin molecule is 
probably low. 

A distinction between rubredoxin and ferredoxin occurs 
in the optical activity of the reduced species (Fig. 5). 
* Whereas no optically active chromophores are present in 
reduced rubredoxin above 350 mp, reduced ferredoxin 
' shows Cotton effects at 465 my (positive) and 395 mp 
(negative). Their close overlap prevented their observa- 
tion in the rotatory dispersion spectrum previously ob- 
tained. (We have found that reduced parsley ferredoxin 
also shows authentic Cotton effects in rotatory dispersion 
'n the visible and near ultra-violet.) The circular di- 
chroism spectra of reduced rubredoxin and ferredoxin in 
the region below 370 mp are qualitatively rather similar. 

Observations on the circular dichroism of rubredoxin 
and ferredoxin are summarized in Table 1. 


Electron Spin Resonance Spectrum of Rubredoxin 


The electron spin resonance spectrum of oxidized 
rubredoxin from P. elsdenis shows a strong signal at 
g = 432 (Fig. 6), which disappears completely on re- 
duction with an excess of dithionite. The reduced specimen 
showed only one spin resonance signal, arising from the 
dithionite present. On re-oxidizing the reduced solution 
with air, the signal at g = 4:32 reappeared. These ob- 
servations agree with those of Lovenberg’? on rubredoxin 
from C. pasteurianum. 


100 gauss 
es 


£743 
Fig. 6. Electron spin resonance of oxidized rubredoxin. 


The most striking result is that neither in the oxidized 
nor reduced form was a signal observed at g <ge. Such 
signals, often referred to as the “g = 1-94” signal, have 
been recorded for several non-haem iron proteins in their 
reduced forms. The present value of g = 4-32 is ın the 
range often found with ferric compounds and the simplest 
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description of oxidized rubredoxin is probably as @ ferric 
protein. ; 

Tr some of our early experiments on the spin sesonsnee 
spectrum of rubredoxin from P. eladentt, a weak signa 
waa observed for the oxidized protein at g <2. It disap 
peared on reduction with dithionite, and we were unabl 
to recover it by air oxidation. The sample of rubredoxin 
used in that e iment had a value for the ratio of optical 
density at 490 mp to that at 280 mp. of 0-276, which N 
rather lower than our present values for this ratio, 0-411. 
Woe therefore attribute the anomalous signal to a contami- 
nant in the rubredoxin then used. It is unlikely that the 
contaminant arose from denaturation of rubredoxm, 
and it seems likely that the signal arose from an as yet 
unidentified protein. 


lron—Sulphur Bonding 


In the presence of ligands which bond through sulphur, 
the Swanton states p metal ions become less definite 
than in complexes of ligands bonded through first row 
elements such as nitrogen or oxygen, because of the m- 
creased possibility of delocalization of those electrons 
which are formally “3d electrons of the iron .— The 
emphasis on the “valency’’ of the iron in ferredoxins is 
misplaced, as is the application of simple ligand field 
theory. We attribute the redox reactions of these proteins 
to electron transfer to or from molecular pias of hee 
iron-ligand unit (in just the same way as tor tne - 
pines Of the alpha ligand maleonitriledithiolate™, 
where it would be unreahstic to attribute the observed 
redox reactions to changes of valency of the metal). 
The redox potentials observed in the non-haem iron pro- 
teins cannot be directly correlated with simple ferrous/ 
ferric systems; they are, rather, a function of the nature 
of the entire iron-ligand unit. ; 

In investigations of the rate of the iron-catalysed 
autoxidation of cysteine (and other thiols) the intra- 
molecular electron shift shown below has been su 
as a likely step’. 
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It seems possible that the iron centre in oxidized rubre- 
doxin could be described as involving a situation between 
the two extremes shown, a thiolate complex of ferric iron, 


and the isoelectronic thiy] radical complex of ferrous iron, 
and that reduction generates a thiolate complex of ferrous 


iron. 
z R—S: á 
( fom Kon 
oxiuisea 
This seems as consistent with the available spectroscopic 


information as any other formulation possible on informa- 
tion at present available. 
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PANCREATIC ACINAR CELL REGENERATION 


By Pror. PATRICK J. FITZGERALD, BERNARD M. CAROL and LAWRENCE ROSENSTOCK 


Department of Pathology, State University of New York, Downstate Medical Center, Brooklyn 3, and the Computer Center, 
New York Medical College, New York 28 


THE mammalian pancreas has been thought to have a 
limited capacity for regeneration and parenchymal 
cells (acinar and islet) which rarely undergo mitosis‘. 
Acinar and islet tissue, may, however, in certain circum- 
stances which are rare, exhibit mitoses? and possess more 
than a minimal regenerative capacity**. Allen attempted a 
quantitative assessment of the restitutive ability of the 
dog pancreas when he estimated visually the residual 
amount of glandular tissue which remamed after partial 
pancreatectomy and compared this figure with the amount 
of gland present at autopsy. He observed, some weeks 
after operation, “‘...extreme hypertrophy in a few 
cases and its absence in other cases...’’5. 

Alvizour: and also one of us have noted histological 
restitution of the rat pancreas and an apparent increase 
in weight after destruction of much of the acinar tissue 
by ethionine, although quantitative evaluation of des- 
truction and regeneration was not made*. There was good 
restitution of the ultra-structure components of the colls’. 
Our more recent quantitative investigations with a different 
regimen® have shown that following the destruction of 
more than 90 per cent of acinar cell tissue by ethionine 
the gland may regenerate within a few weeks after with- 
drawal of the antimetabolite and reach its initial weight 
once more. Autoradiography with tritiated thymidine 
gave a peak of labelling of acinar cell nuclei 15-20 times 
larger than control values. These results indicate that the 
acinar cell of the rat pancreas has considerable regenerative 
potential, roughly comparable to that of the liver cells 
after partial hepatectomy. 

Five expermments (PFH-SD 3-7) with 655 male Wistar 
rata, from Carworth Farms (CFN), New City, New York, 
were performed. The average total body weights of the 
experimental groups were 163-229 g. The animals were 
housed in individual cages in air conditioned quarters 
at 72° F. A total of 361 test animals (PFH-SD) were 
given an intraperitoneal injection of D,L-ethionine (0-7 
g/kg of body weight) daily, for up to 10 days while on a 
diet free from protein. The day of the first injection was 
called “day 1” of the experiment and the preceding day 
was called “day 0”. On the day following the final 
ethionine injection, day 11, surviving animals were put 
on a stock diet of Purina laboratory chow pellets con- 
taining about 25 per cent protein and 6 per cent fat. 
There was an overall mortality of about 20 per cent in 
the PFH-SD animals. 

Control animals were 140 rata kept on a stock diet 
throughout the experiments (SD group) and 164 animals 
placed on a diet free of protein for up to 10 days and fed 
the stock diet from day 11 until they were killed (PF-SD 
group). Water was freely available to all animals. 

About the same number of test and control animals 
were killed—between day 5 and day 56. In the PFH-SD 
groups at least 12 animals were killed each day on day 
6, 7, 8, 10, 13, 21 and 25. On each of days 11, 12, 14, 15, 
18 and 28 a minimum of 22 were killed. Fewer animals 
were killed on other days. 

As an indicator of deoxyribonucleic acid (DNA) syn- 
thesis tritium sautoradiography’!* with tritiated thy- 
mudine", 0-36 o.p.m., 0-25 uc./g of total body weight were 
used. Tritiated thymidine was injected intraperitoneally 
into two experimental groups (PFH-SD-3 and PFE-SD-4) 
which were killed after 1 h and the pancreatic tissue was 
removed and fixed in a neutral aqueous 10 per cent 
solution of formaldehyde (U.8.P.) for histological examina- 


tion and autoradiography. Labelled acinar cell nuclei in 
the autoradio were counted by a method of ran- 
domized field selection’*. The total of 519 autoradio 
of pancreas which represented an average of about three 
autoradiograms and 6,000 acinar cell nuclei for each animal 
provided a total of over 1,000,000 nucle: for examination. 
To determine pancreas weight changes a total sample 
of 584 surviving rats from all experiments was used to 


í ` . TPs 
produce a regression equation for the fraction TP 





(where 
o 


T Pais the total pancreas wet weight on the day the animal 
was killed and T Po is the estimated total pancreas wet. 
weight at day 0) versus the number of days each animal 
was on the stock diet, on a diet free of protein, or on this 
diet plus ethionine. Total body weight at day 0 was also 
included in the equation. The denominator of the fraction 
(TPo) was derived from a least squares relation developed 
in a previous investigation!® where pancreas (mg) = 
290 + 2-3864 (total body weight (g)). The total body 
weight at day 0 was used to obtain the estimated pancreas 
weight of day 0. 

The mathematical model was designed to express a 
non-linear relation, of second degree at the most, with 
provision for interaction between the factors, thus relating 
the outcome variables to the predictors, their squares and 
their cross products. The cross product of days on the 
diet free of protein and days on this diet plus ethionine 
was omitted because of orthogonality. The fit consisted 
of a sum of products of the described components and 
their corresponding regrossion coefficients which were 
tested for any significant departure from zero by the F 
test using multiple comparisons'*. Confidence bounds 
were derived by the formula involving the standard error 
of a regression, modified by an application of the theory 
of multiple comparisons, because two correlated variables 
were being fitted!*. An International Business Machine 
Co. computer, No. 1620, Model II, was used for the com- 
putations involved in the regression analysis. 

The percentage of labelled acinar cell nuclei, the labelling 


index, was determined from the fraction = where LN 


is the number of radioactively labelled acinar nuclei and 
TN is the total number of acinar cell nuclei labelled and 
unlabelled which were examined. 

The regression of pancreas weights could be expressed, 


TPs _ 4.92000 — 0-01054 


on the average, as follows: TPo = 

(FBWo) + 0-00003 (TBWo)} + 0-03523 (dPFE) ~ 
0-00814 (dPFEH)? + 0-04468 (ASD) — 0-00031 (dSD)* + 
0-:02335 (dP F) + 000115 (dP F)* — 0:00009 (dPFE) 
(ZBWo) — 0-00010 (dSD) (TBWo) — 0:00028 (PF) 
(TBWo) + 0-00136 (dPFH) (dSD) + 0:00058 (dPF) 
(dSD). TPs is total pancreas wet weight (mg) on the 
day the rats were killed, T'Po 1s estimated total pancreas 
wet weight (mg) at day 0 of the experiment, TBWo is 
the total body weight (g) at day 0, SD is stock diet, PF is 
free of protein, PFE is diet free of protein plus ethionine, 
and d is the number of days during which the experiment 
was carried out. 

The coefficients of the following independent variables 
were significantly different from zero by the F test: 
(TBWo), (TBWo)*, (PFE), (dPFE)*, SD), (@PF) 
(TBWo), (48D) (TBWo), (dP F) (dSD), (dP FE) (SD), 
(dSD)*. 
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Percentage of initial (day 0) pancreas wet weight 
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Day of experiment 


18 with 95 per cent confidence limits of the 

t with tıme in 684 male rats from five - 
ments. SD is yee diet, PF-SD is protein-free diet for to 10 da; 
and stock diet from day 11 until the time of death, PFE-SD 18 
regimen of daily ethionine injections for up to 10 days ‘with a diet free of 
protein, and a re-:natitation of a stock diet from day 11 until death. The ' 


ordinate1s the fraction Fe, expressed as percentage, where T'Ps ls total 


t determined at death and 7'’Po is the estimated total 
pancreas wet tat day 0. The pancreas weight at day 0 was esti- 
mated for each animal from its total body weight at this time by means 
of a regression equation relatıng pancreas weight to total body weight 
(ref. 9). Estımated pancreas weight at day 0 was taken as 100 per cent.” 
The abscissa indicates the days of the experiment. Regression analysis 
and confidence bounds were obtained by the usual formulae. (ref. 15) 
with the aid of a computer. 


Fig. 1. Regression anal 
change in anareas wel 


The graph of the means of the samples followed approxi- 
mately the regression curve. 

Fig. 1 represents the regression curves for the wet 
weights of the pancreas. The weight of the pancreas in 
the SD animals, expressed as a proportion of the pancreas 
weight at day 0, increased with time. Both the PF-SD 
and PFH-SD animals showed an expected decrease of 
pancreas weight during the period from day 1 to day 10. 
On the tenth day the average pancreas weight in the 
PFH-SD animals was only about 30 per cent of the organ 
weight at day 0. After the re-institution of a stock diet 
in the PF-SD and PFE-SD groups at day 11 there was 
an increase in the pancreas weights of these animals. 
The average pancreas weight of the PFH-SD animals 
reached the pancreas weight of day 0 at about day 35, 
which was 25 days after the cessation of ethionine treat- 
ment. In the experimental groups PFH-SD-3 and 
PFE-SD-4 with average total body weight at day 0 of 
about 165 g there was a slightly faster rate of regeneration 
so that the pancreatic weight of day 0 was regained at 
about day 30. 

Histological and cytological damage to acinar epithelium 
was considerable after 10 days of ethionine and a diet 
without protein'*, Acinar cell repair began on day 11 and 
day 12, increased greatly on day 13 and day 14, and on 
day 16 oytological reconstitution, includmg zymogen 
granule formation, was in progress in many snimals. 
Cellular, acinar, and lobular morphology, seen by light 
microscopy, was relatively normal in some of the PFH-SD 
animals by day 18. Histological examination, by hght 
microscopy, revealed some absence of pancreatic acini, 
apparently where acini had failed to regenerate, but in 
most animals cytological restitution of the remaining 
glandular tissue, seen by light and electron microscopy, 
was in progress by day 25 or day 28 (ref. 17). Woe think that 
most, 1f not all, initial regeneration of acinar epithelium 
occurred in reversibly damaged acinar cells":1’. 

Autoradiographic results (Fig. 2) showed a decrease in 
the labelling index of acinar cell nuclei from about 0-4 
per cent of the SD groups to 0-2 per cent or less in the 
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PFH-SD animals at day 8 and day 10. At day 11 and 
day 12 the labelling mdex in the PFH-SD animals in- 
creased slightly but was leas than the average for the 
SD animals. At day 13 there was a rise in the labelling 
index of the PFE-SD group and a further large increase 
on day 14, and on day 15 it rose to a peak of about 10 per 
cent. This peak value was about 15-20 times the SD 
control value and about 5~10 times the value of the peak 
for the PF-SD group. After day 15 there was a decrease 
in labelling so that at day 36 the PFH-SD values were 
about the same as the SD average. The labelling index 
in the PF-SD animals decreased below SD values during 
the period from the first to the tenth day, increased to a 
peak of less than 2 per cent on day 14 and day 15, and 
was essentially the same as the SD values at day 28. 
Many mitotic figures were noted, between day 14 and 
day 18, in the pancreas of the PFE-SD anmals, but they 
were uncommon in.the PF-SD and SD groups. 

We had shown previously in qualitative histological 
and electron microscopic investigations that our ethionine 
regime caused the destruction and removal of most 
acinar tissue by day 1074.17, Whereas in the normal rat 
pancreas acinar cell tissue constitutes over 80 per cent of 
the gland, we estumate that by day 10 acinar epithelium 
made up less than 20 per cent of the remaining gland. 
The total pancreas weight in the PFE-SD animals by 
day 10 was only 30 per cent of the pancreas weight on 
day 0 and the combination of a decrease in total organ 
weight (from 100-30 per cent) and a decline in the per- 
centage composition of the acinar tissue (from over 80 
per cent to less than 20 per cent) left acinar tissue which 
was less than 10 per cent of the amount present at day 0. 
Subsequent reguneration to a total pancreas weight 
which was the same as that of day 0 and a normal per- 
centage composition of acinar tissue represented tenfold 
gain in acinar cell mass. 

During liver regeneration of the rat after partial 
hepatectomy about 67 per cent of the organ is removed 
and restitution of most of the wet weight of the organ 
occurs within 1-2 weeks'*. Recently, Segida reported!’ 
that 4 months after surgical removal of one-third of the 
pancreas of guinea-pigs there was regenerative hyper- 
plasia of the remaining gland to give pancreatic weights 
comparable to those of the control animals which had 
not been operated on. In our youngest animals (PFE- 
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Percentage of pancreas acinar cell nuclei 
labelled after treatment with tritiated thymidine 
a 
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Day 
The percentage of radionotive Qoinar coll ouelet (the labelling 


pig a 
in the autoradiograms of the creas 1 h after an injection 
of ae ato ted thymidine, 0 25 Paa of F tolai body » weight. PF-SD, 


and PFE-SD are as in Fig. 1 te shows tho jabelling mdex} 
the fraction x is a percentage, where LN is the number of radio- 


labelled acinar cell nucle! and TN is the total number, labelled 
examined. The absolasa indicates the 


Two ental gro of 177 rats are represented and from them 
519 aal stame me pancreas were processed and o over 1,000,000 
acinar cel] nuclei were counted. 
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SD-3 and 4) with an average weight of 165 g restitution 
of pancreas weight after ethionme treatment was less 
rapid than liver weight restitution after partial hepa- 
tectomy. The labelling index peak was not as high and 
the labelling mdex did not return to control values as 
quickly for the pancreas of ethionine treated ammals 
(fig. 2) as ıt did for tho liver of much younger animals”, 
Comparison of biochemical changes during the regenera- 
tion of these two organs could contribute towards an 
understanding of the mechanism (or mechanisms) which 
initiate and sustain replication of DNA, despite the 
differences already described. 

The regeneration of the pancreatic acinar tissue demon- 
strates that, as in the liver, some highly differentiated 
cells which normally show only a rare mitotic figure or & 
relatively low labelling dex, may retam the capacity 
to initiate DNA synthesis and undergo mitosis without a 
malignant change. Differentiation and DNA synthesis 
in these two examples, as in many cell types, are not 
necessarily mutually exclusive. Probably all normal cells 
retain the potential for DNA synthesis and require only 
similar circumstances to exhibit this innate capacity. 

It 1s of interest to recall that Parker noted mitotic 
figures in the pancreatic acinar cells of almost half the 
autopsies of human patients dying of septicaemia, whereas 
they were rarely observed in comparable control material’, 
In the rat pancreas when the segment duct or arterial 
supply was ligatured, cells showing signs of atrophy or 
degeneration revealed an increased labelling index with 
tritiated thymidme*. Such examples suggest the possi- 
bility that if there is normally a repressor mechanism 
for DNA synthesis in such cellg it could be inactivated by 
the products of inflammation and derepressed by damage 
to, or destruction of, the repressor substance by the is- 
chaemic or degenerative changes. A derepressor mechanism. 
such as the suggested acetylation of a repressor histone’, 
or a similar inactivation, would appear to be a possible 
explanation of these findings. 

In the regeneration following ethionine treatment 
reported here a relatively quiescent DNA synthetic 
mechanism 1s greatly accelerated and there is a possibility 
that ethionine destroyed or decreased the formation of an 
inhibitor or a repressor substance which is normally 
present™™*, An alternative possibility is that the ethionme 
damage may have led during the period between days 
11 and 15 to a lower rate of synthesis of the inhibitor 
relative to the rate of synthesis of the enzymes and sub- 
strates necessary for DNA synthesis. The decreased 
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labelling index after the peak of DNA synthesis at day 15 
may have been a reflexion of the corresponding increase 
in concentration of the DNA inhibitor. 

The biochemical** and structural*® components of the 
pancreatic acmar cell make it an interesting cell type not 
only for investigations in normal secretion and differentia- 
tion®’, but also, during degeneration and regeneration, a 
possible model for mvestigating DNA repressor?! or 
derepressor*? action. i 

We thank Mr. David Alberts, Mr. Walter DeLegall and 
Mr. Walter Gutschow for skilful assıstance in the com- 
puter calculations. This work was aided by two U.S. 
Public Health Service grants. 
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LARGE MINIATURE END PLATE POTENTIALS IN PARTIAL DENERVATED — 
SKELETAL MUSCLE 


By Pror. GEORGE B. FRANK and F, INOUE 
Department of Pharmacology, University of Alberta, Edmonton, Canada 


ALTHOUGH the most characteristic change produced in a 
tissue chronically deprived of its nerve supply is a de- 
creased threshold to applied drugs!, modern investigations 
using microelectrophoresis techniques have failed to 
show any increased sensitivity to applied acetylcholine 
in the chronically denervated skeletal muscle end plate**. 
All that was observed in these experiments was an in- 
creased area of muscle membrane sensitive to the acetyl- 
choline; however, there are many difficulties inherent in 
microelectrophoresis techniques*:® go that they cannot be 
relied on to determine the relative threshold sensitivities 
to acetylcholine of innervated and denervated end plates. 

Even when a structure is only partially denervated it 
develops an increased sensitivity to applied drugs’. 
That this sensitization can develop in individual cells 
which are partially denervated is most clearly shown by 
experiments on salivary glands. These gland cells appear 


to have both a sympathetic and a parasympathetic nerve 
supply. When their parasympathetio nerve supply is 
severed, these cells develop an increased sensitivity to 
noradrenaline and related drugs as well as to acetyl- 
choline; and when their sympathetic nerve supply is 
severed, they develop an increased sensitivity to acetyl- 
choline and related drugs as well as to noradrenaline*. 
Similar observations have been reported by one of us>7 
for the cells of the sartorius muscle of the frog. In this 
muscle, which has two distinct end plate regions, all the 
cells extend almost the full length of the muscle and each 
fibre has at least one end plate in each end plate region 
of the muscle*. When one of these end plate regions 18 
chronically denervated, the remaining, normally in- 
nervated end plate region develops a decreased threshold 
to extrinsically applied acetylcholine’ and to other 
nicotinic drugs’. On the other hand, microelectrophoresis 
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nvestigations of partially denervated sartorius muscles 
have shown. no increase in the sensitivity of the innervated 
end plates to applied acetylcholine’. 

_ In an attempt to resolve these differences and at the 
same time to avoid the many problems inherent in electro- 
phoretie techniques, we have recorded miniature end plate 
potentials from the innervated end plates of partially 
denervated frog sartorius muscle fibres. We used intra- 
cellular glass microelectrodes filled with 3 molar potassium 
chloride. The details of the techniques we used for pro- 
ducing partial denervation and for recording can be 
found elsewhere?**. 

When the microelectrodes were inserted into the 
partially denervated muscle fibres at the innervated end 
plates, many fibres were found in which the size of the 
mean miniature end plate potential (MEPP) was two, 
three, or more times the mean MEPP size found in any 
of the control musele fibres. The durations of these large 
MEPPs were. about what would have been expected from 
their size (Fig. 1), and when their amplitude : frequency 
occurrence histograms were plotted they appeared normal 
with the mean and mode shifted to large potentials and, 
in some instances, the range of MEPP sizes and the 
standard deviation of the mean MEPP size were somewhat 
larger than observed in the control fibres (Fig. 2). 





| 


——— 
200 m sec 


Fig. 1, Sample records of miniature end plate potentials (MEP Ps) 

in frog sartorius muscle fibres recorded with intracellular electrodes. 

‘A, Control fibre; B, and C, from the innervated end plates of two different 
partially denervated fibres (8 days after partial denervationy. 
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Fig. 2. Histograms showing distribution of amplitudes of miniature: : 


end plate potentials (MEPPs) In four control fibres (open bars, dashed.” 

lines) and in five partially denervated fibres (shaded bars, solid Hines} of: 

frog sartorius muscle. MEPPs for partially denervated fibres recorded 

from the innervated end plates 8 days alter denervation of other end 

plates on the same cells. All fibres from the two miiscles of the same frog: 

Ordinates, number of observations—on left, control; on right, partially 
denervated fibres. 


Even though it is thought that the nerve endings release 
uniform amounts of acetylcholine or “quanta” to produce, 
the MEPPs, it is known that the mean MEPP size ear 
vary greatly from fibre to fibre. The most satisfactory 
explanation for these size differences was provided by 
Katz and Thesleff. They showed that the two factors 
which most greatly influenced the size of the MEPPs 
were the resting potentials and the “input resistance’ 
measured between the inside and the outside of the musele 
fibre at the end plate. They found that when the mean 
MEPP sizes in different muscle cells were corrected for 
differences in resting potentials, these corrected values 
were directly proportional to the “input resistance”. of 
the muscle cells at their end plates. : 

We have in essence duplicated their techniques using 
as controls sartorius muscles from frogs in which the 
sartorius muscle on the other side had been partially 
denervated 1-3 weeks before testing. These tests were 
limited to the period from 1 to 3 weeks following. de~ 
nervation because previous observations? indicated that, 
with longer times, the denervated end plates tended to 
become re-innervated and the sensitization tended. to 
disappear. Within the period investigated (1-3 weeks), 
those museles which had been partially denervated for 
longer intervals seemed to contain a larger proportion of 
fibres with large MEPPs. The experimental observations 
were from the innervated endplates of the partially de- 
nervated muscles. For each successful observation it 
was necessary to obtain the resting potential, record at 
least twenty MEPPs without any noticeable decrease in 
MEPP sizes, and to insert a second microelectrode into 
the same fibre close to the first to pass 100 msec hyper- 
polarizing pulses in order to determine the input resistance 
of the cell. Our experimental techniques differed in. only 
two minor respects from those of Katz and Thesleff'?; 
the mean resting potential for our winter frogs was 95 mV 
and this value rather than 90 mV was used to correct the 
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oo Wig. 3. Relation between mean MEPP amplitude (mV) and the “input 
_ Resistance” (MQ) between the inside and the outside of the fibre, R. 
: Re Ey RnBild), where Rin is the specific membrane resistance of the 
< muscle fibre (ohms x cm*), Ri, the specific intracellular resistance 
(ohms x cm); and d, the fibre diameter (em) (ref. 10), @, Values from 
control fibres; ©, values from innervated end plates of partially de- 
nervated fibres. Solid line, regression line {y = 0-13 + 1-14 z) calculated 
from control values; dashed lines, 95 per cent confidence limits for the . 
regression line. See text for further details. 


MEPP size, and we did not use any anticholinesterase in 
our bathing solutions. 

Complete control observations were made on twenty-two 
fibres from five frogs. All these points have been plotted 


“<in Fige 3. The regression line determined from these 


data follows the equation y = a + bx, where a = 0-13 mV 
- and & = 1:14 mV/MQ. These values are remarkably close 
` to those reported by Katz and Thesleff? which were 
a = 0-032 mV and b = 1-2 mV/MQ. The closeness of 
these values would indicate either that the anticholin- 
esterase had only a small effect on the size of the MEPPs 
or perhaps that motor nerve endings in the sartorius of 
- Rana pipiens, which we used, have larger “quanta” than 
endings in Rana temporaria. In Fig. 3 the dash lines are 
_ the 95 per cent confidence intervals for the control data 
~ determined by the methods described by Snedecor". 
_ When similar points were determined for the innervated 
-end plates of the partially denervated muscles it was found 
that these fibres tended to have higher “input resistances”. 





control range. 

These observations have several distinct advantages: 
over microelectrophoretie techniques for the determina- 
tion of denervation sensitization at the end plate. All 
variables such as diffusion distances, electrode trans- 


ference numbers, and excessive quantities of acetylcholine = 


acting on a limited number of receptor sites are eliminated. 
The observations reported here indicate that the in- 
nervated end plate of the partially denervated frog 
sartorius muscle develops a true increased sensitivity to 
acetylcholine applied in minute amounts by its own 
nerve. These results suggest also that if it were possible 
to make similar or comparable observations on the 
completely denervated end plates, the latter also would be 
found to have an increased sensitivity to minute amounts 
of acetylcholine. Of course the possibility remains that 
the nerve endings in the partially denervated muscles 
are producing “quanta” of large size; however, in view 
of the large body of evidence indicating that denervated 
structures develop a decreased threshold for many drags ; 
by a change which occurs in the postsynaptic cells and in 
the absence of any evidence indicating that nerve endings 
can produce “quanta” larger than normal size, the latter 
possibility does not seem likely. Further, if the bio- 
synthetic processes were so deranged as to produce large 
size “quanta”, one would expect a great increase in the 
range of MEPP sizes for each nerve fibre rather than a 
distinet jump in mean MEPP size for individual end plates. 
This work was supported by grants from the Canadian 
Muscular Dystrophy Association and the Medical Research 
Council of Canada. We thank Dr. E. E. Daniel for his 
helpful comments and suggestions. 
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POLYTENE CHROMOSOME STRUCTURE IN RELATION TO THE 
“FOLDED FIBRE” CONCEPT 


By Dr. E. J. DuPRAW 


Department of Biochemistry, Stanford University School of Medicine, Palo Alto, California 
AND 


PETER M. M. RAE 


Department of Genetics, University of California, Davis, California 


“A SPECIFIC concept of chromosome  structure—the 
folded fibre model—has recently been proposed for the 
mitotic metaphase chromosomes of honeybees! and 
humans?. In this folded fibre concept, a “unit chromatid” 
is considered to consist of one extremely long DNA helix, 
which is held in a supercoiled configuration by associated 


protein molecules to form a bumpy, 230 A chromatin 
fibre; the chromatin fibre is then irregularly folded both 
longitudinally and transversely to constitute the body of 
the visible chromatid. During interphase the chromatin 
fibre is postulated to unfold partially or completely, and 
to replicate from either end by sequential unwinding of 
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he DNA at two or more replication forks. In addition, 
he two new daughter chromatids are considered to be 
held together in pairs by the persistence of unreplicated 
fibro lengths, especially in the region of the centro- 
mere. 

This folded fibre model is supported by the fine structure 
of metaphaso chromosomes, particularly as seen in whole 
mount preparations after surface spreading and. critical 
point drying (Fig. 1). In the most “native” preparations, 
each of the paired chromatids appears as a unit, without 
any half or quarter chromatid substructure. Although 
parallel fibre lengths are sometimes seen to lie side by 
side in the body of the chromatid, these are evidently 
continuous with one another at the telomeres, where most 
of the fibre lengths do not terminate but loop back into 
the body of the chromatid’. Fig. 2 illustrates such 
telomeric loops in a human chromatid. In addition, 
Huberman and Riggs* have recently demonstrated by 
autoradiography that the chromosomes of the Chinese 
hamster, which at metaphase have a maximum length of 
about 10u, contain continuous DNA molecules as long as 
1,600 or more. Considering the fibrous fine structure of 
such mammalian chromosomes (Figs. 1 and 2), it seems 
clear that these very long, continuous DNA molecules 
imply long, continuous chromatin fibres, which must be 
packed into the chromatid by a series of longitudinal 
folds. 
ee The recognition of a “unit” folded fibre chromatid is 
not in conflict with various examples of more complex 
chromosome structure. In Ascaris, for example, it appears 
that thirty or more unit chromatids are linked end to 
end to form a much larger chromosome, Similarly, 
although it is postulated in the folded fibre model 
that typical mitotic chromatids are not multi-stranded, 
the model can be readily applied to giant polytene 
chromosomes, which are known to be multi-stranded 
in the sense that they contain many hundreds of parallel, 
unit chromatids at interphase. Visible fraying of 
giant chromosomes into multiple chromatids was first 
detected in cytological investigation by Bauer*, and later, 
photometric determinations of the content of DNA by 
Swift’, Rudkin® and others have shown that the giant 
chromosomes of various dipteran tissues develop by a 
geometric or replicative increase in DNA content reaching 
200-4,000 times the haploid DNA amount. Recently, 
Beermann and Pelling’ have also shown that Chironomus 
chromatids labelled with tritiated thymidine at an early 
embryonic stage can be detected autoradiographically 
in the giant salivary chromosomes at a later larval stage: 








Fig. 1. A pair of human metaphase chromatids, after surface spreading 
and “eritical point’ drying (x 18,600). 
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Fig. 2. Looped fibres at the telomere and elsewhere along a human 
chromatid. Occasional free oe m ao to accidental breakage 
x i e 


the labelled chromatids have the configurations of long 
strands which often extend the full length of the giant 
chromosomes and show a shallow spiralling. 

If it is accepted that giant salivary chromosomes: are 
composed of several hundred “unit chromatids” lying in 
extended or fibrous configurations, then the ultrastructure 
of such chromosomes, when seen by whole-mount methods, 
should provide a convincing test for the folded fibre model 
of chromatid structure; in an earlier article, Rae re- 
ported an investigation of this kind. He observed that at 
any given point, a polytene chromosome contains several 
hundred bumpy, 230 A chromatin fibres exhibiting the 
typical dimensions and appearance of chromatin fibres 
from diploid nuclei and chromosomes’*. The range of 
fibre dimensions reported by previous authors for thin- 
sectioned salivary chromosomes! can probably be 
explained by variations in diameter along individual 
fibres. Of considerable importance was the fact that 
Rae’s investigation confirmed a fundamental identity 
between long 230 A chromatin fibres and the “unit 
chromatids” known to compose the polytene chromo- 
somes. Only in these giant chromosomes have the 230 A 
fibres been seen in multiple extended, parallel arrays. In 
the diploid nuclei and chromosomes of Drosophila neuro- 
blasts, Rad found fibres of similar dimension and electron 
density, but these are in the irregularly folded or tangled 
configurations reported by previous authors for other 
species'-*, It seems justified to conclude that Drosophila 
polytene chromosomes are derived from “unit” Drosophila 
metaphase chromatids by two steps: first, a partial 
unfolding or extension of a single 230 A fibre composing 
each metaphase chromatid; and second, a progressive 
replication of each fibre to form a large number of parallel, 
230 A chromatin fibres, the number of fibres corresponding 
to the number of chromatids (that is, to the degree of 
ploidy). Separate evidence for a one to one relationship 
between single 230 A fibres and single Watson—Crick 
DNA molecules has also been reported in an investigation 
of interphase nuclei of the honeybee**. 

An important and characteristic feature of the salivary 
chromosomes of Drosophila is the presence of numerous 
transverse bands, which contain relatively high DNA 
concentrations and which are separated from one another 
by interbands containing relatively low DNA con- 
centrations™®13, According to Rae’s observations, the 
bands are regions in which the chromatin fibres retain 
fairly tight but irregular folding, similar to that see! 
metaphase chromatids; by contrast the interbands 
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regions where the fibres are relatively extended. This 
relationship is illustrated diagrammatically in Fig. 34, 
which for simplicity shows only a four-ploid condition 
rather than the much higher ploidy of an intact chromo- 
some. This model raises doubts concerning the traditional 
concept that discrete genes are localized in discrete bands. 
If a gene is regarded as a segment of a DNA helix", and if 
DNA helices are continuous through bands and interbands 
alike”, then it seems possible that some genes occur in 
the interbands and that others may lie partly in a band 
and partly in an adjacent interband. The fact that there 
is much more DNA in the bands is accounted for by the 
tighter folding of the chromatin fibres at these points, 
which also implies a higher probability that any given 
gene will occur in a band rather than in an interband. 

The interphase synthesis of RNA, as associated with 
giant polytene chromosomes, is typically accompanied 
by the formation of swollen regions or “puffs”. Fig. 3B 
illustrates one possible mechanism of puff formation, as 
visualized for a folded fibre chromosome. Local removal 
of protein from the chromatin strands might be expected 
to loosen the DNA helices from their supercoiled con- 
figurations, and in this way each 230 A chromatin fibre 
would provide a local segment of template DNA, per- 
mitting the initiation of a specific RNA polymerase 
reaction at that site. The physical chemistry of nucleo- 
protein strands, as at present understood, suggests that 
both the puff pattern and the original pattern of band- 
interband folding are mediated by proteins linked to 
DNA, including either histones or “non-histone” types. 

The exact configuration in which a 20 DNA helix A is 
packed into a 230 A chromatin fibre is not yet known. 
The substructure of each 230 A chromatin fibre, however, 
does include some degree of twisting or coiling, as illus- 
trated in Fig. 4. This electron micrograph shows a 200 A 
strand derived from an interphase honeybee embryonic 
cell, the fibre having spontaneously assumed a looped or 
twisted configuration on the grid surface. Both right- 
and left-handed loops are common in preparations of this 
type, and such twists may be largely responsible for the 
apparent bumpiness of the fibres when seen in profile?®. 
DuPraw® has also estimated that the theoretical length of 
Watson-Crick helix in human diploid chromosomes 
exceeds the possible fibre lengths by about 10 to 1, 
which implies that each DNA helix is supercoiled, or 
packed in some other way, with a 10: 1 ratio of extended 
to contracted lengths. Similar calculations can be made for 
Drosophila salivary chromosomes, where the haploid 
DNA amount is about 0-5 pg, equivalent to about 16 em 
of Watson-Crick helix’. The total stretched length of a 
haploid set of giant salivary chromosomes by contrast, is 
only about 2,219415. The ratio of DNA length to chromo- 
some length is therefore in the order of 70 : 1, a figure which 
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Fig. 3. A, A folded fibre model of band-interband structure in a giant 
polytene chromosome. B, The same model, illustrating a possible mode of 
“puffing” in one of the bands. 
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Fig. 4. 


Spontaneous twisting of a chromatin fibre from a honeybee 
interphase nucleus (x 56,250), 


includes both the supercoiling of the DNA in the chromatin 
fibres and the folding of the chromatin fibres in the band 
regions. If each of these factors is arbitrarily given equal 
weight, then each can be estimated as responsible for a 
DNA packing somewhat greater than 8: 1. 

The process by which the 230 A fibres replicate during 
the development of polytene chromosomes deserves 
further investigation. Plaut and Nash'* have found 
autoradiographic evidence that tritiated thymidine is 
incorporated simultaneously at many sites along each 
chromosome, at least in the later stages of polytenization. 
They have not ruled out the possibility, however, that 
individual fibres replicate sequentially along their lengths, 
while replication in neighbouring fibres is out of step. 
It is also unwarranted to conclude that multiple incorpora- 
tion sites imply an equal number of separate DNA 
molecules linked in tandem‘, because Pritchard and 
Lark’? have demonstrated that two replication sites can 
operate simultaneously in the single DNA helix of Escheri- 
chia coli. From quantitative measurements of DNA 
content in salivary chromosomes, Rudkin® has also con- 
cluded that the centric heterochromatin lags in replication 
relative to the chromosome arms, a feature that would be 
in accord with a “late centromere” scheme of replication?. 
There appear to be fundamental differences in patterns 
of tritiated thymidine incorporation by salivary chromo- 
somes at early® and late?! stages of development. The 
possible modes of replication in very long DNA molecules 
are still poorly understood, whereas the existence of very 
long molecules in the chromosomes of viruses, bacteria 
and mammals is relatively well established**, 

We thank Mrs. Patricia Levy for drawing Fig. 3. 
This investigation was supported by a grant from the 
U.S. National Science Foundation. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Interplanetary Scintillation of 3C273 


In the period between September 15 and October 14, 1965, 
the radio source $0273, observed with the east-west 
arm. of the “Northern Cross” at 408 Mc/s, showed inter- 
planetary scintillation. Comparison of the three records 
obtained with the three independent bearas of the instru- 
ment excludes spurious effects due to instability or inter- 
ference. The distance of the line of sight from the Sun 
during the period investigated ranged between 0'3 and 
0-08 astronomical units. We observed a continuous 
increase in scintillation as the distance decreased. Taking 
into account the limit stated by Hewish!, extrapolated to 
our frequency, the diameter of the core of the B com- 
ponent of the source 30273 should be equal to or less than 
0-1 sec of arc. This is in contrast to the value of 0-5 sec 
of arc caloulated by Scheuer* from the record of the lunar 
occultation observed by Hazard?. This discrepancy is 
explained by the recent discovery of the composite 
structure of the B component‘. 
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The radio source 30273 was observed with the same 
technique used in the Bl survey®. The availability of 
three independent beams, shifted about 20 sec in right 
ascension, enabled us to record three passages each day. 
The narrowness of the beams in relation to the mean 
period of the scintillation prevented us from measuring 
the percentage scintillation accurately. In some cases 
there was a deformation of the sides only of the recorded 
profile: in some cases, however, there were marked 
oscillations at the top of the curve. The evaluation of the 
percentage scintillation is therefore very subjective. 
Fig. 1 gives a plot of the percentage scintillation against 
the distance of the line of sight from the Sun. 


GiaNFRANCO SINIGAGLIA 


Laboratorio di Radio Astronomia, 
Department of Physics, 
University of Bologna, 

Italy. 


1 Hewlsh, A., Scott, P. F., and Wills, D., Nature, 208, 1214 (1964). 

2 Schener, P. A. G., Mon. Not. Roy. Astro. Soc., 128, 190 (1065). 

* Hazard, O., Mackey, M. B., and Shimmins, A. J., Nature, 197, 1037 (1968). 

“Adage, R, Ly Gent, H., Bles, O. B., Froat, A. D., Palmer, H. P., and Rowson, 
Nature, 208, 275 (1965). 

* Braccesi, A.,  al., Nuovo Oimenio, 40, B, 1 (1965). 


High Order Frequency Shift Measurement 
and General Relativity 


IN the theory of general relativity, the path of the photon 
is described as a null geodesic. If the field is statio, this 
imphes that the path of the photon obeys a Fermat 
principle of least (co-ordinate) time, the speed oF the 
photon being given by 


do 
q =o VG (1) 
where do is the relativistic spatial line element; t the 


co-ordinate time; and gy, the time component of the 
metric. c is the speed of the photon in the absence of a 
gravitational field. In this communication, I want to 
point out that the general relativistic effect contained in 
equation (1) gives rise to a high order frequency shift. 

I have calculated the frequency shift that would be 
measured if the emitter and the receiver were in motion 
in the field of the Sun as described by the Schwarzschild 
metric 


Tir 
da? =(1 — =) dt? — G — 2M - 
r? (o + sin? 8 dẹ?) (2) 


where M is the mass of the Sun. We adopt c= G= 1 
where G is the gravitational constant and we set z= r 
sin 86 cos 9, y = r sin 9 sin g, z = r cos 0. We assume 
(Fig. 1): Le = % = n, Yr > Ye, % = Ze = 0, where the 
subscript letters e and r refer to the emitter and to the 
receiver. Using methods based on the corpuscular aspect? 
and on the wave aspect* of the emitted electromagnetic 
signal and writing (ve — Ver)/ve = Sı + Sy, where ve is the 
frequency of the emitter and ver the frequency of the 
emitter as measured at the receiver, we find* 


= vf [1 + of + (oF) + £ (1 — of) 
2 a 1 1 
[i-i +a -2)] @ 
where oY = dy/dt, v = of — v¥ and v*= (v)*+ (v")*+ (v*)*. 
In S, we recognize the eas Doppler shift (first 
term), the special relativistic (in v?) and the general 
relativistic (in M/r) time dilatations. S, contains the 


results of previous derivations of the frequency shift?-3-4 
carried up to the second order in v. S, is given by 


Ss - [4 sin gr — Ae sin ge] [ vfye — vive 


+ Arcos g,| Ay +290 |- 44008 pa Ay of + anv |} (4) 


where Ay = Yr ~ ys and A = (1 + sin’ »). As is the case 
for the bending of light rays® and for the time delay 
effect®, S, results directly from the general relativistic 
corrections to the motion of the photon contained in 
equation (1). A frequency shift measurement to detect 
Sg could then constitute a test of general relativity tt. 
Š, can be more important near the superior conjunction 


of the source (Yeyr < 0, |En] << —Yo, |En] É Yr). If we 
neglect terms of order Mv/ Ay, it is given by 
4M 
S= — - Èn (5) 
Tn 


* We neglect terms of order o(B/ra)', v 
assume v? >({M/r) with r=ry, fe.) 

t We also have S,= hlode Eie A mak tO whore d A.t is the eral relativistic 
correction to the tame emission and reception of a 
photon. For this Pease A eine dee delay measurements and freq shift 
measurements (so far as Sı ls concerned) should both agree or both disagree 
with general relativistic predictions. 

t Because of the dependence on the “impact parameter” Za, S. can be 
seperated from g. 


o(M/xn), vt, where v =0r te. (We 
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x 
Fig. 1. Trajectory of photon, 


where da = (yr v3 — Yev7)/Ay. According to equation (5), 
if a radar signal emitted from the Earth is reflected by 
Mercury (or Venus), |S] < 1-4 10-* (44 10-19). If a 
signal emitted from a satellite in orbit around the Sun 
(eccentricity 0-8, and semi-major axis 0-5 a.v.) is observed 
from the Earth, [S,| < 1-8 10-*. If a source outside the 
solar system (20 cm line in the radio emiasion for example) 
is observed from the Earth, [93] < 8 10-°. (We thank 
Prof. J. Weber for pointing out this case to us.) 
J.-P. RICHARD 

Department of Physics, 
University of Maryland, Maryland. 
1 - 
Synge J. J. ariy pae pany, Ama Theory, ohepter ' 7, paragraph 9 (North 
* Tonnelsh, M M.-A., Les Vérifications Expérimentales de la Relatsvité Ganerale, 
method was anon an e ordet to compute S, (equation 4)) 

Gaon et t Che. Paris, 1964). 
*Tonnelat, M.-A., CR. Acad, Ser. Paris, 260, 4155 (1965). 
* Richard, J.-P., O.R. Acad. Sci. Paris, 280, 4151 (1965). 
* Paull, W., Theory of Relativity, 154 (Pergamon Press, London, 1958). 
* Shapiro, I. L, Phys. Rev. Letters, 18, 789 (1964). 


PLANETARY SCIENCE 


Lunar Geomagnetic Variations 


THERE have been several attempts to detect lunar tidal 
variations m the ionosphere from the geomagnetic 
records!, These earlier attempts used the method of 
classical harmonic analysis, and sought to determine the 
amplitude of the important semidiurnal component. The 
availability during the International Geophysical Year of 
continuous geomagnetic date from many stations has 
made it possible to use power spectrum analysis, and 
resolve the individual frequency components of the lunar 
effect on the magnetic record? The results of such a 
spectrum analysis for Godhavn are displayed in Fig. 1. 
The components with periodicities centred around the 
diurnal, semidiurnal and terdiurnal periods are shown 
separately. The various components are identified by 
the symbolism adopted by Schuraman® and Bartels‘ for 
tidal components. 

Most of the periodicities to be dapestod on the basis of 
the gravitational forcing are, in fact, detected in the mag- 
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netic spectrum, even at a station like Godhavn, which is 
at a high geographic latitude. The relative amplitudes of 
the peaks in the spectrum, however, are different from 
those based on gravitational forcing. The predominance 
of the diurnal over the semidiurnal peak is by itself not 
surprising because of the high latitude of the selected 
station’.*, However, the amplitudes of the M* and M’ com- 
ponents of the terdiurnal period are enormously high. 
(These two components have little significance in Earth 
tides.) It is believed that the solar action in the ionosphere 
is an important mfluence on the peak amplitudes observed 
in the magnetic spectrum. 

More quantitative details of the investigation and of 
the study of the lunar tides inthe ionosphere will be 
published elsewhere shortly. I thank Prof. Gordon J. F. 
MacDonald and Dr. 8. V. Venkateswaran for their help. 

JAGDISH C. GUPTA 
Institute of Geophysics and Planetary Physics, 
University of Califorma, Los Angeles. 
1 Chapman, 8., and Bartels, J., Geomagnetism (1940). 
? Gupta, J. C., thesis, Univ. of Cslıfornia, bos Angeles ( (1968). 
2 Schureman, P., Aflanual of Harmonic Analyse and Prediction of Tides 
(U.8. Coast ‘Geodetic Survey, Special Publication, 98, 1924, 1941). 


t Bartels, J., Handbuch der phynk, XLVIII, Geophysios II (Springer- -Verlag 
Berlin, 1957). 


+ Jones, M. W., and Jones, J. G., J. Meteor., 7, 14 (1950). 
* Chapman, S., J. Meteor., 8, 183 (1951). 


Frost Protection by Fog Droplets coated 

with Monomolecular Films 
Tæ prevention of frost during calm nights has.often been 
attompted with an artificial fog of water droplets, but 
because droplets evaporate rapidly ın unsaturated air, 
the method is seldom successful. I have overcome this 
difficulty by coating the droplet with a monomolecular 
film of a compound which inhibits evaporation, and has 
an appropriate hydrophilic and lipophilic balance. For 
example, the commercial compound OED, a mixture of 
oxyethylene docosyl ether (Cy,H,,OC,H,OH) and oxy- 
ethylene octadecyl ether (C,,H,,OC,H,OH), was syn- 
thesized by me and my collaborators in 1957 and has been 
used in agriculture for raismg the temperature of water in 
paddy flelds by decreasing evaporation, and for preventing 
wilting of plants and fruits by decreasing the rato of 
transpiration. 

If droplets are sprayed from a colloidal solution of 
OED, a solute concentration of 0-1 per cent is in theory 
sufficient to provide a monolayer of OED on the surface 
of droplets which are more than l5u in diameter. The 
low surface tension of the solution, about half that of 
pure water, promotes the formation of fine droplets. 

For laboratory measurement of droplet hfe, an emulsion 
of OED in water at a concentration of 0:2 per cent was 
prepared by vigorous shaking. Droplets 
Sprayed from the emulsion and similar 
droplets from pure water were caught 
on & spider’s web stretched on a slide holder. 
Threads less than 0-5u in diameter were 
preferred to avoid deformation of droplet 
shape at the point where the thread pene- 
trated the droplet. The slide holder with 
some droplets caught on the thread was 
inserted mto a small chamber in which 
temperature was controlled thermo-electri- 
cally and humidity was controlled by 
equilibrium with a salt solution. Through 
@ window of the chamber, one droplet was 
photographed intermittently through a long- 
focus microscope. 
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Table 1 shows the average time for a 
decrease in drop diameter from 30 to 5u, 
comparing pure water drops with drops 
coated with an OED monolayer. A lower 
limit of 5u was adopted because the coated 
drops do not vanish because of the residue 
of emulsion. 
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Mean tıme for 5 droplets 
Pure water 


Ambient atr Monolayer coated 

ative e e 

Tem: ture Belati droplet droplet 
°C) humidity (s60) th) 
25 85 7 0-8 
` 16 90 9 25 
10 89 1i 4-2 
7 88 14 g* 
5 90 15 12% 
5 12 12 10* 
8 89 16 18* 


* Estimated from an intermediate stage of evaporation. 


In air at 25° C the life of the coated droplet is about 
150 times longer than for a pure water droplet, but still 
does not exceed 20 min. In cold air below 5° C the life 
span of perfectly coated droplets increases remarkably, 
and drops survive even in unsaturated air for more than 
10 h. 

Field tests have been carried out in a hollow, using a 
steam sterilizer or a compressed-air pump to spray an 
OED emulsion of concentration 0-2 per cent. Fog layers 
produced by this method were not as thick and dense as 
desired. Because of air flowing into the hollow from an 
adjacent unfogged area, the rise in air temperature near 
the ground was less than expected. Radiation from the 
ground surface under the fog layer was, however, atten- 
uated very effectively, falling to 60 per cent of the value 
from an adjacent control surface when the fog layer was 
nearly 6 m thick and to 40 per cent when it was 10 m thick. 
These results suggest that frost prevention will be possible 
on a larger scale by this method of fog production. 


- Y. MIHABA 
Division of Meteorology, 
National Institute of Agricultural Sciences, 
Tokyo, Japan. 


Geological Expedition to the Tertiary Basalt 
Region of Scoresby Sund, East Greenland 


Dugive the summer of 1965 the Oxford University 
Expedition to Hast Greenland visited the north-eastern 
section of the extensive area of Tertiary lavas which 
stretches northwards from Kangerdlugssuaq to the 
Scoresby Sund. fjord system. This communication de- 
soribes the results of the field investigation ‘alone; the 
laboratory investigations, including petrological, minera- 
logical, ‘age and palaeomagnetic investigations, have yet 
to be completed. 

Several earlier expeditions, dating from the discovery 
of Scoresby Sund in 1822, have visited the northern and 
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eastern margins of the lava field‘ and petrological 
investigations have been made of Tertiary basalts from 
localities north of the present field area®*. The 1965 
expedition, however, was the first to carry out scientific 
work in the interior of this region. 

The region is mountainous with extensive ice cover. 
Travel is difficult, but sledging is possible on certain 
glaciers. The best exposures of the rocks are in steep 
cliffs which are generally inaccessible, but outcrops also 
occur in less steep slopes where rocks in stiu could be 
collected from successive flows. Specimens were taken 
from ninety-seven flows which represented successions 
from seven different localities (see Fig. 1). 

Aerial photographs show the presence of flat topped 
nunataks at the edge of the ice cap, and it was suspected 
that the top surfaces of these might be level over a large 
area, representing the top of the basalt pile. This im- 
pression was confirmed when such places were visited in 
the field. The flat top of the lava pile appears to have been 
preserved by the formation of the ice cap soon after 
volcanic eruptions ceased. 

The basalt flows are virtually horizontal inland but 
dip 7° or 8° towards the coast where minor faulting also 
occurs. Despite these shallow dips, the various successions 
could not be correlated in the field with any certainty 
owing to suspected faulte and intervening glaciers. 
Detailed comments on the petrography of the lava flows 
must await examination of thin sections, but the followmg 
features were noted. In common with most flood basalts, 
each flow generally displays a thin basal vesicular zone, 
a central massive zone (from which the bulk of the 
specimens were collected as it is generally well exposed), 
and an upper vesicular zone; however, variations on this 
theme occur and flows vary in thickness from 20 ft. to 
more than 300 ft. 

An interesting feature 1s that while olivine and pyroxene 
were not observed as phenocrysts, the lavas contain an 
abundance of porphyritic felspar. The plagioclase pheno- 
erysts exhibit a number of textural forms, varying from 
platy crystals up to 5 cm long, to clusters of up to twelve 
crystals, each 1-2 cm in length. Jn several lava flows the 
elongated tabular crystals radiate in all directions from a 
centre, forming. roughly spherical aggregates which’ are 
very prominent on weathered surfaces. 

Thin agglomerates and tuffs were occasionally found. 
A horizon of glassy material at a height of about 3,800 ft. 
on Pyramiden (see Fig. 1) seems to he similar to the Ice- 
landic palagonite. 

Zeolites appear to be less abadi than indicated by 
earlier investigators’, although quartz, chaloedony and 
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Fig. 1. Map showing the region visited by the expedition. The shaded land area is rock, the remainder ice. Collections were made at localities 
indicated by stars. 
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calcite were common in vesicles of the lava flows around 
Kap Brewster. Large cavities bearing zeolites were not 
common anywhere, and it is interesting to note that zeo- 

lites appear to be absent in the upper 1,500 ft. of the 
lava pile in the Torv Gletscher region. The absence of 
zeolites in the vesicles suggests that these lavas are 
analogous to the upper 700 ft. of lavas found by Walker’ 
in Iceland which are similarly free of zeolites. Elsewhere 
the best zeolite samples were collected on scree slopes 
where the scale material is often representative of the 
material in the underlying lava flow. 

Sandstones and shales occasionally occur in the suc- 
cession and fossil wood and coal were frequently found. 
The discovery of a pillow lava that grades upwards into 
a normal lava flow suggests a shallow water environment 
during at least one stage of the vulcanicity. This is further 
indicated by the molluscs and other fossils occurrmg in 
Bopladsdalent. 

No indication of the source of the volcanic material 
was seen, and the poor development of pipe amygdales 
made ıt impossible to estimate the direction of flow. The 
dyke swarm with its associated crustal flexure, described 
by Wager? from further south-west, does not extend into 
this area. As the exposures of the lava field are restricted 
by the ice cap to the west and the Denmark Strait to the 
east, it may not be possible to find the vents from which 
these flows came. The thickness of the pile near the 
Denmark Strait has been estimated at 7 km*. The dis- 
covery of the base of the basalt pile in Gaaseland by 
Wenk’, combined with the present observation of the 
flat topped nunataks, confirms the view that considerable 
thinning occurs to the west. 

The expedition was obliged to walk for 3 miles over 
the pack ice in order to reach a relief boat to return home, 
80 a certain number of specimens, together with equipment 
and food, had to be left in huts at Kap Brewster. These 
specimens will be brought back to Europe in 1966 at a 
time when conditions permit, but meanwhile work will 
proceed on those specimens which it was possible to bring 
out. The work will be done at the University of Oxford, the 
University of Toronto and the University of Newcastle 
upon Tyne. 

We thank the Science Research Council for a grant 
towards the cost of the expedition. 


J. J. Faworrr 
Department of Geology, 
University of Toronto. 
; J. ©. RUCELIDGE* 
C. K. Brooxs 


Department of Geology and Mineralogy, 
University of Oxford. 


* Present address: Department of Geology, Univeralty of Toronto, 
1 Ryder, C., Medd. om Grön., 17, 1-160 (1895). 
* Nordenskjöld, O., Medd. om Grön., 28, 1-17, 161-285 (1909). 
* Wager, L. B., Medd. om Gron., 105, No. 2, 1-46 (1934). 
“Hassan, M. Y., Medd. om Gron., 111, No. 5, 1-42 (1958). 
' Paiga. H. ‘a, and Malmqvist, D., Medd. om Gron., 87, No. 6, 1-61 
* Krokitröm, T., and Backlund, H. G., Medd. om Gron., 103, No. 6, 1-75 


7 Walker, G., J. Geol., 68, 515 (1960). 
* Wager, L. R., Medd. om Gron., 184, No. 5, 1-64 (1947). 
* Wenk. E., Medd. om Grin., 168, No. 1, 1-54 (1961). 


PHYSICS 


A Single Grid Photoelectron Spectrometer 
for Gases 


Iys aa earlier report? from these laboratories a spherical 
grid photoelectron spectrometer suitable for ionization 
studies in the gas phase was described, in which ionization 
occurs at the common centre of two concentric grids and 
an outer collector. The outer grid is normally kept at a 
potential 3 V positive to the inner grid to effect positive 
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ion repulsion. The photoelectrons are analysed in energy 
by means of a variable retarding field between the outer 
grid and collector. The first differential of the stopping 
curve gives the photoelectron energy distribution, and 
the resolution of the instrument just permits complete 
separation of the Art doublet (P3;,—*Py:), the com- 
ponents of which lie 0-18 eV apart. 

It is the purpose of this communication to show that 
a substantial increase in resolution is obtained by dis- 
pensing with the outer grid, and applying the retarding 
field between the single remaining gnd and the collector. 
In this mode of operation all pomtive ions (other than 
those lost on the grid walls) reach the collector throughout 
the electron retardation sweep. This presents no problem, 
however, because allowance can easily be made for the 
constant background. 

The advantage of single grid operation lies in the 
decrease in electron scattermg between the central 
ionization region and collector, and the consequent 
improvement in resolution. Our grids are of 50 x 0-003 in. 
stainless steel mesh, giving theoretical transparencies for 
single and double filters of 75 per cent and 56 per cent 
respectively. Fig. 1 shows the photoelectron stopping 
curve for argon end illustrates the energy resolution 
which can be attained with one and two grids. The former 
arrangement results in a peak half-width of only 0-045 eV, 
compared with double this for the latter, and will 
obviously be advantageous in the detection of fine 
structure in photoelectron spectra. 

We thank Prof. C. A. McDowell for his advice and 
encouragement mm this work, which was supported by the 
National Research Council of Canada. 


D. C. Frost 
J. 8. BANDHU 
D. A. Vaoom 


Department of Chemistry, 
University of British Columbia, 
Vancouver 8, Canada. 


x Frost D 0., McDowell, 0. A., and Vroom, D. A., Phys. Rev, Leti., 15, 612 
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CHEMISTRY 


Solubility of Hydroxyapatite 

Muox research has been devoted to the solubility of 
hydroxyapatite, Ca;9(PO,).(OH),, and a large number of 
solubility constants have been reported. They are, how- 
ever, inconsistent and, accordmg to van Wazer’, vary 
over a range of 104. A complicating factor seems to be 
the presence of small quantities of carbonate; thus 
Greenwald? and Ericsson? found that in the absence of 
carbonate the solubility of hydroxyapatite obeyed the 
solubility product principle, but ıt did not obey this prin- 
ciple in the presence of carbonate ions. Greenwald 
attributed the increase of solubility in the presence of car- 
bonate ions at high pH to the formation of complex ions 
in the solution, but this reaction would not account for the 
decrease in solubility found by Ericsson at low pH. 

Ericsson calculated Bjerrum’s “‘saturation mdex”’ n 
defined as 

n = (IJLPP 
or log n = (pL — pl)/9 


where I is the apparent ionic product of hydroxyapatite 
and L the true solubility product in carbonate free 
systems. The factor 1/9 appears because the solubility 
product of hydroxyapatite is a product of nine ion 
activities. In the presence of carbonate ions, this satura- 
tion index was found to vary with pH according to the 
equation 
log n = 0-44 pH — 2-23 


This means that only at pH 5-07 (n = 1) was the 
theoretical solubility product observed. At higher pH the 
solution was supersaturated and at lower pH under- 
saturated with respect to hydroxyapatite. 

Apart from Greenwald’s hypothesis, no explanation of 
this striking phenomenon has been offered, although it 
has a strong bearing on the solubility of soil phosphate. 

A possible explanation may be derived from the colloid— 
chemical] properties of hydroxyapatite found by Mattson 
et al.*, who demonstrated that the hydroxyapatite crystal 
behaves like an amphoteric colloid. They found that the 
isoelectric point of hydroxyapatite varied for different 
preparations in a pH range from 6-5 to 10-2. 

As a result of this colloid—-chemical property, an eles- 
trical double layer occurs on the surface of the hydroxy- 
apatite crystals. This layer will cause a negative adsorp- 
tion of anions to occur above the isoelectric point and a 
positive adsorption of anions below the isoelectric point. 

Working with an acid soil, Mattson et al.* assumed that 
the phosphate concentration in the electrical double layer 
or “mner solution” was kept constant at a concentration 
conforming with the solubility product of a sparingly 
soluble phosphate, and that a Donnan distribution of the 
diffusible phosphate ions existed between the “inner” and 
the “outer” solution. 

If these assumptions are considered together with the 
concept of negative and positive adsorption on an aqueous 
suspension of hydroxyapatite, it can be seen that the 
negative adsorption above the isoelectric point should 
result in an apparent supersaturation of the bulk solution 
and an apparent undersaturation below the isoelectric 
pomt. Only at the isoelectric point where neither occurs 
would agreement with the solubility product principle be 
observed. This suggests that the isoelectric pomt of 
Ericsson’s hydroxyapatite was about 5. 

This hypothesis is supported by the observation of 
Rootare e al.’ that increasing the ionic strength of a 
bathing solution with a pH near 7 by addmg sodium 
chloride decreases the solubility of hydroxyapatite. This 
conforms with the adsorption concept in that negative 
adsorption is reduced when the iomo strength of the 
solution is increased. Conversely an increase of the 
solubility of hydroxyapatite should be expected when the 
ionic strength is increased at a pH lower than the iso- 
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electric point. The experimental evidence of Mattson et 
al.§ can also be interpreted to support this point. 

The hypothesis presented here is based on the assump- 
tion that the presence of carbonate ions or carbon dioxide 
causes the hydroxyapatite crystal to behave as an ampho- 
terio colloid. The mechanism responsible may be the 
substitution of the carbonate ion for the phosphate ion 
in the lattice of precipitated apatite, as described by 
Zepanta-LeGeros*. A sample of the hydroxyapatite used 
by Mattson et al.*, obtained from Prof. Wiklander, was 
found to contain 0-64 per cent carbon dioxide. 


Siaurnp LARSEN 

Levington Research Station, 

Ipswich, Suffolk. 
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Use of Ascorbic Acid as an Indicator for 
Heavy Metals 


Many enzymes are sensitive to inhibition by heavy metal 
ions. Because of contamination of water and laboratory 
reagents, 1t is often necessary to add a chelating reagent 
such as EDTA, or a compound with a mercapto group, to 
react with the offending ion. But too high a concentration 
of the agent may itself inhibit the enzyme by sequestering 
cations which are necessary for activation. We report 
here a method which we have found useful for deciding 
the proper amount of agent to be added to media or 
reaction mixtures. 

A solution of ascorbic acid in double distilled water, 
equal to about 5-8 x 10-* molar, is added to a sample of 
the solution to be tested, which should not contain sub- 
stances which absorb too strongly in the ultra-violet. The 
decrease in absorption at 2650 A is followed in a ‘Beckman 
DB’ spectrophotometer with e recorder. Portions of 
EDTA solution are added, increasing from 1 x 10-7 molar 
until there is no further decrease in absorption. 

Ascorbic acid is oxidized catalytically by cupric ions at 
a rate proportional to the concentration (Table 1). 
Oxidation by mercuric ions is initially fast and stoichio- 
metric. With plumbous ions, the rate of oxidation of 
ascorbic acid is very slow, but it can release cupric or 
mercuric ions from EDTA. Other ions which we have 
tested do not affect ascorbic acid unless they also are 
more strongly chelated than cupric ions, and release it. 
Thus, magnesium and calcium ions and iron (as ferrous 
ammonium sulphate) do not cause ascorbic acid to be 
oxidized nor release cupric and mercuric ions. Plumbic, 
zinc and cadmium ions release cupric ions very slowly. 
Many divalent ions, such as cadmium, zinc, nickel, copper, 
manganese and cobalt, will replace mercury, and the 
oxidation of ascorbic acid is related stoichiometrically to 
the amount of mercuric ion released. 

A few examples may be interesting (Table 2). Our own 
glass distilled water allowed oxidation of ascorbic acid at 
the rate of 0-0005-0-010 optical density units per min; 


Table 1. Rats OF OXIDATION OF ASCORBIC ACID 


Ton Concentration A0.D, 
No NaOH +NaOH 
Cutt 0-000-0-000 0 012 
1x10” 0 009 0018 
1x1¢¢ 0 018 0 054 
2x10 0 026 0 067 
5x10 0 040 0162 
1x10 0 072 O-172 
8x 10-4 0-140 0'380 
Pot ix10- 0 080 0-083 
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Table 2. OXIDATION OF ASCORBIC ACID BY WATERS OR REACTION MIXTURES 
Yersene concentration 


Solution Rate (4 O.D./min) to inhibition 

Kitchen distilled water 0 008 

Delonized water 0-004 1x10" 
3 x distilled water, Coming 0-010 8x107 
Spring water 0010 

River water 0-019 5x107 
Well water {tank 040 4x10 
Megol 0:01 M (old) 0 056 4x10 
Cold tap water 0:100 3x10 
Hot tap water 0112 3x10 
Lab. tap water 0:3 mL/8 ml. 204 7x10 
Reaction mixture for hexokinase 0 100 3x10“ 


this was stopped by 2 x 10-7 to 1 x 10 molar EDTA. 
Sodium hydroxide at 6-7 x 10-* molar required 3 x 10-* 
molar EDTA to neutralize the ascorbic acid. An old 
solution of 0-01 molar magnesium chloride from the shelf 
required 4 x 10-* molar EDTA. A reaction mixture for 
the determination of glucose-6-phosphate dehydrogenase 
or hexokinase contained 0-05 molar tris, 0-01 molar mag- 
nesium sulphate and 0-0011 molar glucose. Ascorbic acid 
was added to 6-7 x 10-5 molar. The absorption at 2650 A 
decreased at an initial rate of 0-100 umts/min. EDTA 
was added until the change in absorption was 0-001 
units/min and the concentration was 3 x 10 molar. 
This concentration of EDTA was found to be optimal for 
the hexokinase reaction. The same concentration of 
glutathione or mercaptoethanol protected the ascorbic 
acid and also the enzyme reaction. 

In the course of this work it was also found that gluta- 
thione does not reduce the oxidized ascorbic acid, under 
the conditions of the titrations, over short periods of 
time. Mercaptoethanol at 5 x 10 molar immediately 
reduced about 0-06 umoles/ml. or about 8 per cent of the 
ascorbic acid which had been oxidized in the presence of 
copper, 1 x 10-* molar. 

We hope that this simple method of titrating con- 
tamination of water and solutions may be found useful in 
other laboratories. 

This investigation was supported by a grant from the 
National Cancer Institute, U.S. Public Health Service. 

D. B. MoNam Soorr 
Department of Animal Biology, 
School of Veterinary Medicine, 
University of Pennsylvania, 
Philadelphia. 


Hydrogen Bonding of Water in Substances 
containing the Amide Group 


Ir is generally accepted that the main groups which 
attract water in the proteins keratin and silk are the 
amide (NHCO) groups. The partial molar heat 
of absorption (AH) of water at zero water content is 
—3 kcal/mole referred to liquid water, and this has 
been considered to represent the excess strength of two 
OH--O==C hydrogen bonds relative to two OH—O-H 
bonds in liquid water. Recent work! has shown that 
although other polymers contaming the amide group, 
such as polyvinyl acetamide and polyvinyl butyramide, 
give a similar result, corresponding simple liquid amides 
such as N-methyl acetamide and N-n-butyl acetamide 
give values of AH about —1 kcal/mole. This would 
appear to be a property common to many polar polymers 
and related ‘‘monomers’’. 

The phenomenon has been further investigated by 
infra-red spectroscopy. The fundamental hydroxyl 
stretching frequency of the water absorbed by the com- 
pounds mentioned has been recorded, and the spectrum 
due to the absorbate eliminated using a double beam 
technique. 

The following facts were established 

(1) In most cases, with both polymers and simple 
amides, the hydroxy] stretching vibration frequencies of 
the water shifted towards lower frequencies as the amount 
of water present increased, and at high water contents 
approached the frequency found for liquid water. 
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(2) At low water contents (about 5 per cent) there were 
differences in the hydroxyl vibration frequency among the 
various compounds, but it was found that the frequencies 
in a given polymer and its corresponding model amide 
were almost identical. For example, the peak frequency in 
polyvinyl butyramide was about 3,440 cm-, in N-n-butyl 
acetamide about 3,420 cm-t; in polyvinyl N-methyl 
acetamide the frequency was about 3,490 cm-, in N : N- 
dimethyl acetamide about 3,480 cm~, 

(3) There was no sign in any of the spectra of any band 
appearing in the 3,700-3,600 cm-! region which could be 
cited as evidence for the non-bonding of some of the 
hydroxyl groups of water in solution in model amides. 

It would appear from this evidence that the hydrogen 
bonding is identical in the polyamides and in the corre- 
sponding model compounds, on the assumption that the 
strength of a hydrogen bond is related to the funda- 
mental hydrogen stretching frequency. If this is correct, 
then another reason must be found for the increased 
values of AH in polymer—water systems. One possible 
explanation may be that put forward by Barrer et al.* to 
explain the high negative heats of absorption of hydro- 
carbons by ethyl cellulose. He postulated the presence of 
molecular cavities in the polymer in which the absorbed 
molecules may be accommodated with minimum dis- 
tortion of the polymer lattice. 

Another curious phenomenon emerges. The mixing of 
water with these compounds is exothermic, and it would 
be expected that the water would therefore be more 
strongly hydrogen bonded to the amides after mixing 
than to other water molecules before mixing. The fre- 
quency of the hydroxyl vibration in pure liquid water is 
about 3,380 cm-!, however, whereas that for water in the 
amides 1s about 3,450 em-!, indicating that the bonding 
to the amides is, in fact, weaker than that in pure water. 
Dinkard and Kivelson? carried out a nuclear magnetic 
resonance study of water and methanol in acetone and 
dimethyl sulphoxide and found a similar difficulty in 
correlating the hydroxyl proton resonance with the 
results of heats of mixing experiments. They found that 
the shifts of both hydroxyl proton resonance and infra- 
red hydroxyl stretching frequency indicated a decrease of 
hydrogen bond strength with increasing dilution, while 
the results of heats of mixing experiments suggest other- 
wise. A preliminary nuclear magnetic resonance mvesti- 
gation of water in N : N-dimethyl acetamide compared 
with pure water has confirmed our infra-red spectroscopic 
findings; an increase in water concentration in the amide 
resulted in a shift of the proton resonance in the direction 
of that of pure water, that is, towards stronger hydrogen 
bonding. 

We thank Dr. D. W. Jones, of the Bradford Institute of 
Technology, for recording the nuclear magnetic resonance 
spectra. 

F. Woop 
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G. Kwe 
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BIOCHEMISTRY 


-Carotene as a Photoreductone for 
Ferredoxin and Triphosphopyridine Nucleotide 
in vitro 
Tus possibility that carotene participates in the photo- 
synthesis of green plants has been frequently considered. 
Lynch and French! showed that the photosynthetic 
activity is stopped if the carotene is removed from the 


we 


= 


No 5062. NOVEMBER 5, 1966 


chloroplasts and is restored after addition of the pigment. 
The idea of a cyclic transfer of electrons in a chain between 
pigments and redox enzymes evolved from the discovery 
of the oxidation of cytochrome f by light*. Most investi- 
gators, however, still believe that at illumination the 
electrons are expelled from the chlorophyll complex 
to the reducing system (ferredoxin + triphosphopyndine 
nucleotide (TPN))**. This hypothesis is not supported, 
by conclusive experimental evidence. 

Speculations concerning the participation of carotene 
in the photosynthesis have hitherto only dealt with the 
well known fact that carotenoids are very reactive sub- 
stances which are easily oxidized and reduced under the 
influence of light and oxygen. The hypothesis of caro- 
tene participating in the photosynthetic or respiratory 
transport of oxygen was, however, rejected by Calvin’ 
and Costes* and the problem is scarcely elucidated by a 
recent article by Haspel-Horvatovié?. 

Work in this laboratory on the carotenoids arose from 
observations of a negative band in the region c. 500 nm 
which appeared on illummation and which is influenced 
by variations in the steady state TPN=TPNH’. This 
band appears mdependently of ‘‘photostructural reac- 
tions” (see ref. 10). Experiments at different wavelengths 
showed that in spinach chloroplasts the total quantity 
of carotenoids is not appreciably changed whereas the 


i c (carotene) red 7 í 

ratio z (zanthophylle) ox is raised in blue but lowered 
in ees gee ae together with a corresponding variation of the 

oxidation—reduction of the cytochromes f, 
b and b, and the triphosphopyridine nucleotides, both 
being more oxidized m red and more reduced in blue 
light“. All experiments with chloroplasts in vivo thus 
corroborate the opinion that the cytochromes are oxidized 
by chlorophyll (absorption in red and blue) and support 
the conclusion that carotenoids (sensitive to blue and 
pen light) act as photoreductones in a system reducing 


Recent investigations (see ref. 11) have shown that the 
reduction of TPN proceeds by way of ferredoxin. This 
enzyme receives electrons from the illuminated pigments 
and passes them on to TPN + H+ with the formation of 
TPNH. Contrary to the common view that chlorophyll 
is the donor of electrons to ferredoxin it can now be shown 
that illuminated -carotene tn vitro reduces ferredoxin 
and TPN. A number of new experiments corroborate 
this finding. 

Because carotene is insoluble in water a sufficiently 
intimate contact with ferredoxin and TPN was brought 
about by bubbling nitrogen through a mixture of 6- 
carotene in chloroform and purified ferredoxin (kindly 
supphed by Prof. D. I. Arnon, Berkeley) + TPN in 
water. An emulsion is formed, in which on illumination 
TPN is reduced to TPNH (Fig. 1). The reaction does not 
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Fig. 1. Formation of TPNH (band at ne nm) at ilimnination of an 

emulsion of f-carotene in chloroform and ferredoxin+ TPN in 0-3 M 

sodium chloride +0 02 o EEE ea Eia phosphate -under 

nitrogen. -carotene + ferredoxin. ——, #-caroteneo+ 
ferredoxin + TPN. 
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take place in the dark. Carotene is unable to reduce TPN 
without intermediation of ferredoxin. It does not reduce 
ferricyanide. This enzyme-like character of ferredoxin 
is shown by the fact that the ratio TPNH/ferredoxin 
amounted to 26-70 in experiments lasting a few minutes. 
In the presence of nitrogen ferredoxin alone is redueed by 
6-carotene in light (Fig. 2). The reduction of TPN by 
reduced ferredoxin is already known, as is also its rapid 
oxidation by oxygen. 
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The experimental procedure described here includes 
separation of Fd + TPN + TPNH from the carotene 
by means of mild centrifugation under nitrogen before the 
spectrophotometric determination of the formed TPNH. 
Similar results are obtained by mixing a solution of 
ferredoxin + TPN with a crystal powder of 8-carotene. 

In the chloroplasts the pigments most probably form 
thin layers, a structure promoting an intimate contact 
with other layers contaming the enzymes. The small 
dimensions of the still active “quantasomes’’? facilitate 
the circulation of substrates and products. If on illumina- 
tion carotene initiates the cyclic transfer of electrons by 
emitting electrons to ferredoxin (system 1) and an equiva- 
lent quantity of electrons is retrieved to chlorophyll 
(by way of cytochrome f; system 2) it must be assumed 
that this pigment in turn reduces the oxidized carotene 
through system 3, thus closing the cycle of continually 
proceeding photosynthesis. System 3 is probably more 
complicated than 1 and 2, which are characterized by a 
one way path between pigment and enzyme (carotene — 
ferredoxin and cytochrome f — chlorophyll). Oxidation 
and reduction of extracted chlorophyll are known from the 
Krasnovsky reaction. Observations of oxidation and 
reduction of carotenoids in whole chloroplasts have 
already been quoted. Carotenoids may also be transferred, 
however, into one another by means of chemical reactions 
some of which also lead to chlorophyll®*. This suggests 
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that system 3 is an important mechanism concerned with 
regulating the process of photosynthesis. 
H. LUNDEGÅRDE 
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Cytochrome c in Normal and Hypertrophied 
Heart 


Tum high cytochrome o content of the heart reflects the 
striking capacity of this organ for oxidative phosphoryla- 
tion!-*. In 1956, Bidrck® studied the concentration of 
cytochrome c in human hearts obtained at autopsy. 
He found that in children and adults the concentration of 
this haemoprotein in the left ventricle exceeded that in 
the corresponding right chamber except in two cases of 
pulmonary hypertension with right ventricular hyper- 
trophy. It was suggested that the elevation of cytochrome 
c with right ventricular hypertrophy might reflect a 
metabolic response to increased work load. In the case of 
skeletal muscle, it was previously recognized that chronic 
exercise load is associated with increased respiratory 
enzyme activity per unit of muscle mass‘. In order to 
confirm and extend the observations of Bidrck in heart 
musele, the present study compared left and right ven- 
tricular concentrations of cytochrome ¢ under conditions of 
normal and abnormal changes in cardiac function. Foetal 
and newborn human hearts, which normally have right 
hypertrophy, and hypertrophied hearts with congenital 
lesions were studied. Normal hearts from foetal, newborn, 
and adult pigs were also utilized. 

Human tissues were obtained within 20 h of death and 
stored at —20° C. Pig hearts were frozen within 2 h of 
death. Tissues were assayed within 2 weeks. Cytochrome c 
has been shown to be remarkably stable during these 
periods of storage**, The concentration of cytochrome 
o was determined by the method of Rosenthal and Drab- 
kin‘, and is reported in terms of wet weight. Duplicate 
determinations were made in all but ten foetal pig and 
five human specimens. Human heart specimens were 
grossly normal for their age with the exception of the cases 
designated as cardiac hypertrophy. No significant 
microscopio abnormalities were noted, but even in the 
absence of specifie pathology, post-mortem specimens 
must be cautiously interpreted when studying normal 
developmental changes in man. 

Developmental changes in the normal heart were studied 
im the pig. There was a rise in cardiac concentration of 
cytochrome c with age as illustrated in Fig. 1. In the foetus, 
the concentration of cytochrome c in the right ventricle was 
consistently higher than in the left. The mean ratio 
(LV/RV) of these concentrations was 0-56 + 0-03 (stan- 
dard error of mean). In the newborn this relationship was 
variable, while in the adult similar concentrations were 
observed in both chambers as reflected by a LV/RV ratio 
of 1:07 +:0-04. This shift towards a higher cytochrome o 
concentration in the left ventricle accompanies the change 
from the intrauterine circulatory load on the right ventricle 
to the extrauterine predominance of the left. 

The concentrations of cytochrome c in human heart in 
the left and right ventricles and the LV/RV ratios are 
listed in Table 1. In the newborn, the right ventricular 
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Table 1. CYTOOHROMS o CONOANTRATION IN HUMAN HEART 
Cytochrome ¢ 
Group and age iY RY EHR), Diagnosis 
Normal hearts 
Newborn 
day 28 88 0-78 Prematurity, wt. 465 g 
1 day 15 28 054  Prematurıty, wt. 920 g 
` 1day 35 28 152 Respiratory distress, wt. 1,250 g 
1 day 29 32 091 Respiratory distress, wt. 1,550 g 
1 day 26 26 0-06 Respiratory diastresa, wt. 1,750 g 
1 day 54 082 ‘Respiratory wt. 2,400 g 
1 day 22 42 052 Respiratory distress, wt. 2,500 g 
1 day 27 38 071 Intracranial haemorrhage, wt. 3,125 
g 
1 day 42 44 006 Cord around neok, wt. 3,200 g 
Mean 0 85010 (S.E. of mean) 
Infanta and children 
7 days 38 38 108 Anencephaly 
2 months 41 36 112 Haemophilia: intracranial bleed 
8 months 30 21 148 Renal failure 
8 months 61 88 152 Acte meningita 
4 months 84 54 1:56 Thrombotic thrombocytopenia 
10 months 76 49 155 Hist x 
2 years 57 43 133 Ie 
3 years 67 1:34 ayete fibrosis 
3 years 54 87 1-46 ongolism 
4 years 87 1:06 Leukaemia 
4 years 76 58 131 Leukaemia 
5 years 61 60 122 Metashromatic leucodystrophy 
5 years 89 51 1-76 Leukaemia 
8 years 36 82 1:18 Glioma 
11 years 89 78 118 Trauma: motor car accident 
12 years 45 1-05 Trauma: motor car accident 
Right h f Mean 132 +0 06 
ypertrop! 
2 days $8 58 066 ‘Transposition of great vessels 
11 days 48 61 070 ‘Transposition of great 
3 months 384 69 0-49 ‘Transposition of great vessels 
7 months 68 74 092 Anomalous pulmonary venous return 
8 years 41 72 057 Tetralogy of Fallot 
4 years 61 76 081 ition of great vessels 
Mean 0:69 + 0-07 
sei moh 82 256 Idiopathic left hypertroph: 
years o o phy 
14 years 40 23 1-74 ‘gs syndrome, aortic insuffi- 
— ciency 
Mean 216 


concentration of cytochrome c was, in eight out of nine 
cases, greater than in the left. In these eight specimens, the 
LV/RY ratio was 0-85 + 0-10. In sixteen infants, children 
whose hearts were described as normal at autopsy, the 
concentration of cytochrome c in the left ventricle was 
approximately equal to or greater than in the correspond- 
ing right chamber as shown by an LYV/RV ratio of 
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1-32 + 0-06. In general, higher values were observed with 


_ increasing age, as previously noted by Biörck’. 


In the group of hypertrophied hearts with congenital 
lesions, the higher concentration of cytochrome ¢ was 
always found in the more severely affected ventricle. The 
six specimens with right ventricular hypertrophy, one of 
which was obtained in the neonatal period, had an LV/RYV 
ratio of 0-69 + 0-07. In two cases of left ventricular 
hypertrophy these ratios were 2-56 and 1-74. 

Badeer’ has reviewed the current theories concerning the 
nature of the stimulus to cardiac hypertrophy. He 
proposed the hypothesis that any chronic condition leading 
to an increase in metabolic rate of a heart chamber might 
lead to its hypertrophy. Increased oxygen uptake and 
hypertrophy both appeared to develop most readily in 
situations that raise the pressure in a heart chamber during 
systole, such as valvular stenosis or increased peripheral 
vascular resistance. The capacity of a tissue for oxidative 
metabolism is believed to be reflected by its content of 
cytochrome c (ref. 8). In the present investigation, higher 
concentrations of cytochrome ¢ were generally present in 
the ventricle the work load of which is known to be 
elevated®!°, These findings suggest a response in oxidative 
capacity per unit mass associated with the normal func- 
tional maturation of each ventricle, as well as with altered 
function in congenital heart lesions. 

This work has been supported in part by a U.S. Public 
Health Service grant and the John A. Hartford Founda- 
tion. 
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Nuclear Membrane Hydrolysis of Adenosine 
Triphosphate 


ADENOSINE triphosphate (ATP) hydrolysis was studied 
eytochemically in embryonic myocardia of the chick, 
using a modification of Wachstein and Meisel’s method?. 
Fresh embryonic hearts were pre-fixed in ice cold 2-5 per 
cent glutaraldehyde for 30 min and stored at 0°-4° C in 
an isotonic sucrose medium containing 0-1 molar tris 
maleate sodium hydroxide buffer at pH 7-2. After 3 days, 
tissues less than 0-5 mm? were pre-incubated in a reaction 
medium without ATP to allow for ionic equilibration. 
The medium contained a final concentration of 0-08 molar 
tris maleate-sodium hydroxide buffer at pH 7-2, 0-10 
molar sodium ions, 0-03 molar potassium chloride and 
0-005 molar magnesium chloride, hexahydrate. Lead 
nitrate, 0-005 molar, was added just before 0-0025 molar 
ATP (sodium salt) was added. The reaction was run for 
30 min at 30° C, both with and without substrate. 

Ultramicrotome sections were taken from the region 
immediately below the surface of the tissue, which was 
post fixed in 1 per cent osmium tetroxide and embedded 
in ‘Epon’. Electron micrographs were taken with a 
‘Siemens Elmiskop J’. Fig. 1 shows a section taken from 
an experimental 4 day embryonic ventricle. A lead deposit 
indicating “presumptive” ATP hydrolysis can be seen out- 
lining the sarcolemmae. It is also closely associated with 
the inner nuclear membrane and the granules adjacent 
to it or with the granules alone, and is particularly dense 
in nuclear “pores”. 
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ATP reacted 4 day embryonic ventricle (= e. 16,550). 


Fig 1. 
N, Nucleus. 


This observation may be relevant to nuclear membrane 
transport, but the methods used could give misleading 
results. For example, nucleoproteins have an especially 
high affinity for the lead marker, and tissue blocks can be 
predisposed to diffusion artefacts, but the fact that when 
ATP was absent the typical pattern of lead deposition 
was not observed gives some significance to this occur- 
rence of deposition. 

Current cytochemical studies on thin unfixed cryostat 
sections and biochemical studies on isolated nuclear 
fractions from embryonic myocardia substantiate the 
occurrence of true ATPase activity associated with these 
nuclei. The enzyme has some similarities to ATPases of 
liver cell nuclei reported by Siebert? and Bankowski*. 
More rigorously controlled investigations are needed to 
determine the extent to which present ultrastructural 
localization may be artefactual, involving the use of fixed 
and unfixed cryostat sections. 

This research was supported by the Swedish Natural 
Science Research Council, a research career programme 
award, and a research grant from the National Heart 
Institute, U.S. Public Health Service. 
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Lactate Dehydrogenase Isoenzymes in 
Developing Human Muscle 


THERE has recently been considerable interest in the 
changes which occur in the lactate dehydrogenase (LDH) 
isoenzyme pattern of skeletal muscle when the tissue is 
affected by a natural or experimental lesion, particularly 
with reference to human muscle disease. These changes 
have been regarded as a failure of maturation',.-or, 
alternatively, as a process of de-differentiation,. for 
similar changes have been seen in human neurogenic — 
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atrophy". and progressively 
tion in animals? oo o n 
Five LDH isoenzymes are usually found in normal 
muscle, and are referred to in order of decreasing anodic 
mobility on electrophoresis as LDH 1-5. The changes 
of electrophoretic pattern in human muscle disease 
consist of a relative increase. in the more anodic frac- 
tions?*, Because the changes are non-specific and occur 
both in primary muscle disorders and in disorders where 
innervation is defective, it may be argued that they 
result merely from an interruption of normal activity. 
It may therefore be relevant to report some observations 
on changes in the LDH isoenzyme pattern of human 
skeletal muscle which occur before birth, and therefore 
before normal activity is established. 
_ Homogenates of human muscle were submitted to 
- agar gel electrophoresis according to the technique of 
‘= Wiemet and the separated LDH isoenzymes located by 
_the precipitation of an insoluble formazan when the agar 
‘strips were incubated with lactate and nicotinamide 
-adenine dinucleotide (NAD) in the presence of nitro-blue 
“tetrazolium (nitro-BT’). Before homogenization, tissue 
specimens were stored at —25° C in vapour-tight con- 
tainers. Although the times of storage were not the same 
for all specimens, in no case did they exceed 15 weeks. 
“Under these conditions changes in the isoenzyme pattern 
¿occur very slowly? and, as we were able to confirm, 
“would have been negligible over the maximum period of 
storage used. The adult tissue specimen was frozen about 
4 h post mortem, and although post-mortem changes can 
be detected after 24 h, chiefly some loss of LDH 5, they 
are likely to have been very small in this instance. 
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Fig. 1. LDH isoenzyme pattern of human rectus femoris muscle at 

different stages of development. All the subjects were male. a, Foetus, 

approximately 5 months; 6, still-born infant; c, adult aged 54 years, 
post-mortem. 


Fig. 1 illustrates the LDH isoenzyme pattern of human 
rectus femoris muscle at different stages of maturity. It 
“Must be emphasized that in making such comparisons it 
is important to compare patterns from the same muscle, as 
adult human muscles differ from each other significantly 
in their isoenzyme content, ranging in type from those in 
which LDH 4 and 5 predominate to those in which the 
tore anodic LDH 1 and 2 are most prominent’. Similar 
observations have been reported for adult human muscle 
by Dawson, Goodfriend and Kaplan’, and for adult 
muscle from other species by various authors- 
Fig. 1 shows that LDH 1, 2, 3 and 4 constitute the 
bulk of the activity at a foetal age of about 5 months 
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and only a trace of LDH 5 appears, whereas in the adult 
S] 1 of the same muscle LDH 5 is now the most 





minor components. ‘These results appear to be in’ quali- 
tative agreement with those reported by Fine, Kaplan 
and Kuftinec®. The pattern in muscle from an infant born 
dead at term shows an intermediate picture, but already 
LDH 5 is the component present in greatest amount. To 
use the term differentiation seems to us the most suitable 


way of describing the process, since the foetal musculature — 


at an early stage shows a uniformity of isoenzyme pattern 
which contrasts sharply with variations between different 
muscles observed later. For example, the isoenzyme 
pattern of adult human gluteus medius shows a pre- 
ponderance of LDH 1 and 2, whereas that of the triceps 
brachii muscle shows LDH 5 as the most prominent 
component. This difference, even if less well marked than 
in the adult, can readily be seen at term, whereas in the 
5 months old foetus, although there is probably still some 
difference between the two muscles, a more precise 
quantitative technique would be necessary to establish 
the fact with certainty. 

Mature human muscle contains fibres of two types 
which differ markedly in their content of a number of 
oxidative and glycolytic enzymes, including lactate 
dehydrogenase, and fibres of intermediate type also appear 
to be present’, So far as lactate dehydrogenase iso- 
enzymes are concerned, the extremes are those fibres in 
which LDH isoenzymes 1-3 predominate and those in 
which LDH 4 and 5, especially LDH 5, are most abun- 
dant’. Intermediate fibre types also exist and the 
overall LDH isoenzyme pattern of the muscle corresponds 
to the proportions of the various fibre types present 
within it. The observations reported here suggest that, 
during development, either the proportions of the fibre 
types present in a particular muscle may change or that 
the fibres themselves change with respect to their iso- 
enzyme content. Because this process commences before 
birth it seems unlikely that it is entirely dependent on 
activity and, in man, we feel that the isoenzyme pattern 
of a particular muscle may be, in part at least, an intrinsic 
property of the muscle itself. Another possibility would 
be that the isoenzyme pattern is determined by the 
development of the innervation characteristic of the 
individual muscle. In other situations, for example in 
guinea-pig soleus muscle, differentiation of the isoenzyme 
pattern occurs after birth}? and might possibly be more 
directly influenced by activity. Differentiation in this 
case is in the opposite direction to that oceurring in 
human rectus femoris muscle, that is, an increase of 
LDH 1 and 2 and a reduction in LDH 4 and 5. 

This work was supported by the Muscular Dystrophy 
Group of Great Britain, and one of us (T. T.) was in 
receipt of a British Council scholarship. It is hoped to 
publish a fuller account of this work elsewhere. 
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Lack of Catabolism of 5-Ribosyluracil in Man 


THE presence of two molecules of 5-ribosyluracil in alanine 
transfer RNA, together with its earlier isolation from 
“soluble” fractions of RNA, has aroused ymterest in 
this nucleoside because of its unusual structure, which 
has been established as 6-8-p-ribofuranosyluracil’. Its 
presence in a pentanucleotide sequence common to all 
types of yeast transfer RNA‘ suggests a specific contribu- 
tion to the structure and correct functioning of transfer 
RNA. 

Relatively large amounts of 5-mbosyluracil have been 
found in human urino’-"4. When 6-ribosyluracil was 
estimated, by a method already doscribed*, the daily 
excretion by normal human subjects variod from 24 to 
75 mg. The suitability of the procedure used can be 
questioned because it allowed. the isolation’° of the 
unnatural isomer, pseudouridine B, and because Cohn"* 
has shown that unnatural isomers can be obtamed from 
5-mbosyluracil by strong acid or alkali treatment. We 
report here a method for the isolation and quantitative 
estimation of 65-ribosyluracil ın human urine, using 
24 h specimens, and present the results of feeding experi- 
ments, which establish the lack of catabolism of the 
nucleoside in human beings. 

Twenty-four hour specimens of urine were obtained 
from normal subjects maintained on a diet free of eggs, 
meat, coffee and tea for 5 days before and during the 
collection period. The sample was ummediately adjusted 
to pH 3 with 6 normal hydrochloric acid, kept for several 
hours at 2°C and was filtered free of the precipitated 
uric acid. The important components of the clear filtrate 
were adsorbed on 40 g of charcoal (formic acid washed 
‘norite A’), and this was washed with distilled water 
until free of chloride and eluted with 1-5 1. of 10 per cent 
aqueous pyridine’*. The eluate was concentrated to 
about 25 ml. in a flash evaporator at 38°C. To avoid 
strong acidic conditions in the concentrate about 1:4 g 
sodium hydroxide were added gradually during theevapora- 
tion. The concentrate was taken up in 10 ml. of water 
and adjusted to pH 10:4 with additional sodium hydroxide. 
Insoluble material containing uric acid can be removed by 
centrifugation, although ıb has no influence on the sub- 
sequent column separation. 

The components of the concentrate were then fraction- 
ated on a column 2-2 cm in diameter, packed to 55 em 
with ‘Dowex 1° (200-400 mesh, 8X, chloride form), 
which largely accords with Cohn’s method“. 150 ml. 
of an ammonium hydroxide/ammonium chloride buffer, 
pH 10-4 (1-34 g ammonium chloride and 20 ml. ammonium 
hydroxide/l., d = 0-895) was passed through the column 
before the concentrate was sorbed. The mixing chamber 
contained a constant 1,500 ml. of eluent; at the beginning 
of the elution it contained only the ammonium hydroxide/ 
ammonium chloride buffer to which was added a (1:5 
m) solution consisting of 0-1 molar acetic acid and 
0-025 molar ammonium chloride. Elution immediately 
followed the sorption without previous washing of the 
column. Two hundred 15 ml. fractions were collected 
and the absorbance at 260 mu and 290 mp was read on 
1:20 diluted aliquots in which the pH was adjusted to 
2 and 12 with hydrochloric acid and sodium hydroxide. 
Figs. 1 and 2 show the ten peaks which were obtained, 
and none of these was homogeneous when analysed 
further by paper chromatography in butanol/water’. 
Peak V corresponds to 5-ribosyluracil and has the highest 
degree of homogeneity for normal persons when no coffee 
or tea is taken. With a high degree of purity of peak V 
the value of the ratio of the absorbances 290 my : 260 
my. (pH 12) is greater than 2-0, the absorbance at 290 my 
(pH 12) equals the absorbance at 260 my (pH 2), and the 
sum. of absorbances at 290 myu (pH 12) gives good quanti- 
tative values for the nucleoside. This is verified by isola- 
tion on paper. To verify the results from the absorbance 
studies, and in all cases where the criteria of no tea or 
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coffee were not fulfilled, the fractions comprising peak V 
were pooled, acidified to pH 4-5 with hydrochloric acid 
and desalted by absorption on charcoal, which was 
later eluted with aqueous pyridine. The concentrate 


obtained when the pyridine was removed was placed on 
Whatman No. 1 paper in the form of narrow bands and 
developed with butanol water’. 
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Fig. 1. Ion exchange (“Dowex-1-Cl’; 200-400 8X, 8 8 om" x 55 cm) 

pi torrent of a 24 h urine specimon of a no man, Furst day of 

tion. The scales on the right ordinate indicate both the ratio 200 . 260 

ga 12) and the pH of the eluate. The observed absorbance was multi- 

ed by twenty to account for = da 20 dilution of samples. ———, 
260 my, pH 2; , 280 my, pH i2, 
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Fig. 2. Ion exchange (“‘Dowex-1-Cl’; 200-400 


8X, 8:8 cm? x 55 om) 

separation of a 24 h urine 6 of a no man, taken on the 

second day of collection, after ingestion of SOME oL E luraci and 
50 mg of undine. ——-, 260 my, pH 2; s.. o 200 my, pH 12. 


To mvestigate the fate of ingested 5-ribosyluracil, the 
24 h urine of two adult males kept on the controlled diet 
was subjected to the column separation procedure on 
each of three consecutive days. Fifty mulligrams of 
5-ribosyluracil, obtained from commercial urdine!’, and 
50 mg of uridine were administered orally to each sub- 
ject at the end of the first day. The elution patterns 
of all six urine samples were almost identical with the 
exception of the 2 day urine, which had a different 
amount of 5-ribosyluracil. For this reason the elution 
pattern of only the 1 day urine (Fig. 1) and the 2 day 
urine (Fig. 2) for one of the subjecta ia given. The results 
of the quantitative estimation of 5-rbosyluracil in the 
urine during the 3 day trial period for each of the subjects 
are given in Table 1. A comparison of these data with the 
results shown in Figs. 1 and 2 indicates that 95 per cent 
of the 5-ribosyluracil ingested was excreted within the 
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Table 1, AMOUNT OF 5-RIBOSYLURAOIL/24 H URINE IN TWO NORMAL MEN 
DURING FEEDING EXPERIMANTS 
(mg) 
Subject Fırst day Second day Third day 
I 67-4 1161 69-5 
m 74:8 1201 72:0 


60 mg of 5-ribosyluraci and 50 mg of uridine taken after the first day 


first 24 h after its administration. The basal level of 
excretion was observed on the third day. Uridine is 
catabolized in man; this is indicated by its absence from 
tubes 105-120 shown in Fig. 2. 

The estimation of 5-ribosyluracil in single 24 h speci- 
mens from four normal adults on the controlled diet 
gave values which ranged from 65-75 mg. Four deter- 
minations on one person during a period of 6 months yielded 
values the extremes of which differed by only 15 per cent. 
On a normal diet, contaming meat, the amount excreted 
increased to about 90 mg/24 h. 

The lack of catabolism of 5-ribosyluracil provides a 
new means for the study of the metabolism of RNA in 
man, especially the rate of turnover of RNA under normal 
and pathological conditions. The rapid excretion of 5-ribo- 
syluraci from exogenous sources makes 1t probable that 
in subsequent mvestigations dietary restrictions will be 
limited to the day of collection and the day preceding it. 

This work was supported by a grant from the University 
of California Cancer Co-ordinating Committee and by a 
U.S. Public Health Service grant. 
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Effect of Epinephrine on the Metabolism of 
the Inositol Phosphatides in Rat Heart in vivo 


EarLY work by Huggins and Cohn! has shown that a 
‘‘phosphatidepeptide-like”’ fraction can be obtamed from 
kidney, heart, salivary glands and other secretory organs. 
More recently, Andrade and Huggins* presented data which 
show that the “phosphatidepeptide-like” fraction contains 
inositol mono-, di-, and tri-phosphate, which suggests 
that this fraction could properly be called a phosphoinosi- 
tide complex. 

Phosphorus turnover in this complex was found to be 
related to secretion by Burford and Huggins?-‘, who used 
the supersensitive submaxillary gland of the cat. We! 
came to the same conclusion with electrical stimulation 
of the preganglionic sympathetic and parasympathetic 
innervations of the same organ. We found that the 
greatest stimulation occurred with monophosphoinositide. 

The “‘phosphatidyl-mositol effect” occurred in secretory 
systems under the influence of neurohumoral agents, 
and ao the influence of epinephrine on tn vivo heart was 
examined. The indication was that 1t 1s the phosphoinosi- 
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tide components of the phospholipid and phosphoinositide 
complex fractions which account for most of the increased 
metabolio activity under the influence of epinephrine. 
More specifically, these data umply that the phosphorus 
atom with the highest turnover is that incorporated m 
the phosphodiester link between glycerol and inositol. 

Male Sprague-Dawley rats, 200-250 g ın weight, were 
used ın this vestigation. Ether was used as the anaes- 
thetic in all animals. A dose of 2-5 uo./g body weight of 
radioactive phosphorus ın sodium orthophosphate was 
given subcutaneously on the outside of the right hind 
limb, 15 min before administration of epinephrine. The 
epinephrine was given subcutaneously in doses of 1 ug/g 
body weight. One hour after administration of epinephrine 
the animals were killed, the hearts removed, washed 
free of blood with normal saline at 0° C, homogenized in 
10 per cent trichloroacetic acid at 0° C, and fractionated 
according to the method of Huggins and Cohn!, as modi- 
fled by Andrade and Huggins*. The labelled phosphoinosi- 
tide complex and phospholipid fractions were separated 
by thin layer chromatography according to the method 
of Skidmore and Entenman‘. 


Table 1. EFTEOT OF EPINEPHRINE, 14 vivo, OX THE PHOSPHORUS CON 
CENTRATION O¥ THE PHOSPHOINOSITIDE COMPLEX AND OTHER PHOSPHORUS 
CONTAINING FRACTIONS FROM-RAT HEART 


Phosphorus content 100 mg of tissue) 


Total Phosphorus Phosphorus Phosphorus 
No. of acid hydrolysed in ın phospho- 
ani- soluble in phospho- inositide 
mals phosphorus 7 mn lipid complex 
Saline (C) 10 58-4 4-8 84-6 4-4 
S.B.+3-1 S.B.4051 S$.B.+290 8.B.+0-52 
Epinephrine (E) 10 51-1 4 31-8 4-0 
S.H.+380 9.8.4046 S.2.480 8.E. +036 


The animals were killed 1 h after administration of epinephrine (1 Keja). 
Phosphorus concentrations are expressed as 4g/100 mg of tissue (wet we 


Table 2. EFFEOT OF EPINEPHRINE, in vivo, ON THE MHTABOLISM OF THR 
PHOSPHOINOSITIDE COMPLEX AND OTHER PHOSPHORUS CONTAINING 
FRACTIONS FROM RAT HEART 


pears ach (c pm. nig phiosphori 


No. of acid aon phorusin in sein 

Treatment animals soluble hydrolysed phospho- inositide 
phosphorus in7 min lipid complex 

Saline (0) 10 2,226 2,480 62 828 
S.E.+142 S.B.4202 S.E.451 S.E.4226 

Epinephrine (KB) 10 2,310 2,6! 112 657 
SE E181 S-F. t208 S.E.+47:9 S.E. +427 

Ratio E: 0 1-0 11 18 21 


S.E.+0:058 S.E.+0068 S.B.40-14 S.F.+0 26 
Animals were killed 1 h after receiving epinephrine. 


Table 1 shows the phosphorus concentrations of the 
various fractions to be the same in control and epinephrine 
treated animals. Table 2 shows the effect of epmephrine 
on the metabolism of radiophosphorus in the heart. 
The ratio of the specific activities of the different fractions 
containing phosphorus in animals receiving epinephrine to 
the controls (E : C) is used as an indication of increased 
metabolic activity in the various fractions. The average 
ratios of the specific activities (see Table 2) were 1-0 for the 
total acid soluble phosphorus fraction; 1-1 for the phos- 
phorus fraction hydrolysed in 7 min; 1-8 for the phos- 
pholipid fraction, and 21 for the phosphoinositide 
complex. The specific activity of the last fraction was 
five to six times greater than that of the phospholipid. 

Aliquots of phospholipid and phosphomositide complex 
fractions representing equal weights of phosphorus from 
epinephrine treated hearts and control hearts were applied 
to thin ‘layer chromatography plates. The individual 
componente were separated by ascending chromatography 
and removed from the plates and the radioactivity was de- 
termined using a windowless gas flow counter. Radio- 
activity in animals given epinephrine was five times 
greater with monophosphoinositide, two to three times as 
great with other ‘‘phosphoinositides’, and about twice 
as great with the other phospholipids. These thin layer 
chromatography data further indicate that the phos- 
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phoinositides contribute more than 75 per cent of the 
total radioactivity ın the control animals and in those 
treated with epinuphrme. 

Within 15 min the heart rates of rate treated with 
epinephrme had declined to 75 pur cont of that of 
the controls and remained so throughout the experimental 
period. Spucific activity is defined as the amount of radio- 
active phosphorus measured in c.p.m./pg of phosphorus 
in the compound under investigation and has been used 
to indicate changus ın the mvtabolic activity of the 
phospholipid and phosphoinositide complux fractions. 
The total acid soluble fraction contains the phosphorylated 
intermudiates of metabolism and the phosphorus which 
ean be hydrolysud m 7 mim represunts the terminal 
high energy phosphate group of nucleoside triphosphates. 
These fractions thur-fore retlect the metabolic machmery 
of the cell and the precursor phosphate which is involved 
in the synthesis of phospholipid. 

The data ın Table 2 imply that epinephrine does not 
influence inorganic phosphorus exchange between the 
intra- and extra-cellular spaces of the heart, because the 
specific activity of the total acid solub‘e fraction and 
phosphorus fraction which can be hydrolysed in 7 min 
is not significantly different in control and epinephrine 
treated rats. The data on specific activity reveal consis- 
tently greater values for the phosphomositide complex than 
for the phospholipid fraction in the heart of the rats receiv- 
ing epinephiine. This complex contains about 15 per cent 
as much phosphorus and has a spucific activity five to six 
times that of the phospholipid fraction. The largest 
mereage in turnover occurred in monophosphoinositide 
obtained from the phospholipid fraction and from the 
phosphoinositide complex. 

Recently, Forrans et al.” have used electron microscopy 
to show mitochondrial changes. They have also observed 
increases in succinic dehydrogenase activity when large 
amounts of isoproterenol are administered to rats. Epine- 
phrine has also been shown to produce inotropic effects 
and activation of glycogen phosphorylase in the hearts 
of othor species. 

The conclusion from this work is that the phosphoinosi- 
tides exhibited a high rate of turnover in rat heart and 
this was considerably increased by epinephrine, tn vivo. 
This effuct was found specifically in the phosphodiester 
linkage of monophosphoinositide. This stimulatory effect 
on phosphorus metabolism was obtained in addition to 
the high motabolic activity of the monophosphate esters 
of the polyphosphoinositides relative to the phospholipid 
fraction. The poasible relationships of these compounds 
in heart muscle to protein transport, as proposed by Hokm 
for the superior cervical ganglion*-”, will require further 
investigation. 

This investigation was supported by grants from the 
U.S. Pubhe Health Service, National Institutes of Health, 
and the National Institute of Neurological Diseases and 
Blindnoas. 
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Lactic Acid Dehydrogenase Isoenzymes of 
Buffy Coat Cells and Erythrocytes from 
Different Species 


Markert and Moller have called multiple enzyme forms 
which exhibit similar substrate spocificities 1sounzymes!. 
Lactic acid dvhydrogenase (LDH) has been extensively 
studied, mainly by starch gel electrophoresis; 1b exists ın 
five molecular forms m most vertebrate species*. The 
active enzyme ıs apparently a tetramer composed of 
varying proportions of two polypeptide chains which are 
controlled by separate gones. These five LDH isoenzymes 
havo recently buen found to consist of additional sub- 
components when electrophoresis is carried out at high 
voltage on a polyacrylamide gel’. This sub-heterogeneity 
of LDH isoenzyme is not explained, although some 
evidence suggests that sulphydryl groups are mvolved?, 

Vesell and Bearn‘! have studied the variations in the 
lactic acid dehydrogenase electrophoretic patterns of 
erythrocytes in many vertebrate species and also in young 
and old red blood cells. They found that closely related 
species have similar LDH patterns, and that young 
human and guinea-pig red blood colls have all five LDH 
isoenzymes, but their mature erythrocytes have lost 
isoenzyme 5. They offered some evidence that this fifth 
isoenzyme is associated with the cell nucleus. The mature 
mammalian red cell lacks a nucleus and for this reason it 
would also lack isoenzyme 5. Rosa and Schapira recently 
reported’ that the mature red blood cell of the rabbit has 
LDH isoenzymes i and 2, while the young cell has iso- 
enzymes 1 to 4, and Jacks 5. It is possible that young 
erythrocytes usually have the full or nearly full comple- 
ment of all five LDH isoenzymes but that on ageing some 
of these disappear. The relative stability of the various 
isoonzymes ın the red blood cell may thus be different in 
different species. 

Because the buffy coat (or white blood cells) of human 
and guinea-pig blood has all five LDH iscenzymes and 
those of rabbit havo only isoenzymes 1-4, we considered 
that young red blood culls could possess the same iso- 
enzyme pattern as do buffy coat colls of the species con- 
cerned. We investigated this by preparing the buffy coat 
from a numbur of specics by repeated low spoed centri- 
fugation (600g) of thuir blood. The buffy coat was removed 
each time, the rumaining cells gently suspended and the 
procedure was rupvated. Between 100 ml. and 1 l. of 
blood was processed in this way. The buffy coat com- 
ponents were lysed by vigorous agitation in water. The 
coll debris was removed by high speed centrifugation and 
the supernatant was analysed for LDH activity’. 

Equal enzyme units (that is, 100 units, each unit 
defined as that amount required for a AO.D. at 340 myu of 
0-001/min/ml. of lysate) were electrophoresed on starch 
gul, 0-01 molar phosphate buffer, pH 7:5, for 5 h at 
10 V/cm. The electrophoresis was carried out in the cold 
room, using cooling platus. Identification of LDH 180- 
enzymes on the starch gul was accomplished by pouring 
over the starch gel a solution which contained 100 mg 
agar, 20 mg magnusium chloride, 9-0 ml. sodium phosphate 
buffur (0-1 molar, pH 7-4), 0-2 ml. sodium lactate, 4 mg 
diphosphopyridine nucleotide, 0-4 mg phenazine metho- 
sulphate, 2-0 mg 3-(4,5-dimethylthiazolyl-2)-2,5 diphenyl 
tetrazolhum salt. The agar was allowed to gel and the 
double layered gol was placed in the incubator for 30 min. 

Fig. 1 shows the LDH isoenzyme patterns of the buffy 
coat from the specivs investigated. The number and 
relative intensitivs of the LDH bands are indicated. Each 
species was examined at a diffurent time, so relative iso- 
enzyme mobilitios of different species could not be com- 
pared. The patterns show wide variation in the number 
and intensities of the LDH isoenzymes in those cells. Of 
the species examined, only calf buffy coat shows all five 
isoenzymes. Dog and horse, which have LDH isoenzymes 
1 and 2 in erythrocytes’, each have four LDH bands 
(isoenzymes 2—5) in the buffy coat cells, although their 
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relative intensities are different. Lamb has three LDH 
bands in buffy coat cells and only one in the erythrocyte’. 
Pig buffy coat has two bands (isoenzymes 3 and 4) while 
the pig erythrocyte displays only isoenzyme 1 (ref. 5). 
Rabbit has two LDH bands in red cells and four in the 
buffy coat or white cells’. 





CATHODE 


Fig. 1. Number and relative intensities of LDH isoenzymes in buffy 
coat cells from six different species. Isoenzymes wero separated on staro 
gel electrophoresis. 


We conclude that: (a) young erythrocytes and buffy 
coat (or white blood cells) cannot have the same isoenzyme 
pattern in each of the species examined since, for example, 
the mature erythrocyte of pig, horse and dog each has an 
isoenzyme which is absent in the corresponding buffy coat 
cells; (b) the buffy coat cells ın all cases examined have 
more LDH isoenzymes than the red blood cells of the same 
species; (c) no buffy coat cell population lacking isoenzyme 
3 has come to our attention; (d) in the few species exam- 
ined here, more species have isoenzymes 2 and 4 than 
have isoenzymes 1 and 5. 

This work was supported in part by a grant from the 
National Heart Institute, U.S. Public Health Service. 
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PHYSIOLOGY 


Effects of internal Sodium on lonic 
Conductance of Internally Perfused Axons 
For isolated giant axons of squid (Loligo) perfused m- 
ternally with solutions containing both sodium and 
potassium ions and perfused externally with artificial sea 
water, the initial transient outward component of mem- 
brane current has been shown to be carried by both 
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sodium and potasmum! even though the predominant 
charge carrier is sodium*. This finding 1s in some disagree- 
ment with the hypothesis of Hodgkin and Huxley’. The 
work reported here in part confirms that the initial 
membrane current component is not solely specific for 
sodium ions. Evidence is also presented for sodium 
currents of long duration appearing when the internal 
medium predominantly contains sodium ions. 

Isolated, cleaned axons from the stellate nerves of 
Loligo pealis were perfused internally‘ with artificial 
axoplasmic solutions containing sodium and potassium 
fluorides and were perfused externally with artificial sea 
water (ASW) solution the ion concentration of which 
(expressed as mmolar) was sodium, 430; potassium, 10; 
calcium, 10; magnesium, 50; chloride, 560. All solutions 
were buffered to pH 7-4 with tris buffer and were made 
isosmotic to ASW by addition of dextrose. Sodrum and 
potassium ion activities were estimated using specific ion 
electrodes (Table 1). All measurements of membrase 
potentials were made with internal micro and external 
agar 3 molar potassium chloride salt bridges connected to 
balanced calomel half cells. The characteristics of these 
have been described previously. We have assumed that 
electrode junction potentials do not contribute significantly 
to our measurements of membrane potentials. 


Table 1. VALUES OF Req MBASURED IN THE VOLTAGE CLAMP AS A PUNOTION 
OF IONIO ACTIVITIRS 
Axon [K+], "Ki [Na+]; oat Erp Biqmees. Beqeak 
{mmolar mmolar mmolar mmolar mV mV m 

65-08 456 176 0 0 ~ 54 +57 +57 
65-94 400 150 40 19 — 50 +40 +4865 
65-06 400 150 40 19 49 +42 +48-5 
85-06 400 150 40 19 ~55 +4 443-5 
65-03 200 76 108 — 28 +18 +18 
65-93 10 4 430 200 +6 +6 +4 
65-04 10 4 430 200 +2 +8 +4 
85-95 10 4 430 200 6 +7 +4 
65-98 10 4 430 200 +2 +1 +4 

Eo coar. B.based on Pg: Pyyg = 1: 8. 


RT |, Ne (ONa,) PE (PKS) 
F Pya (*na,) + PK ("K,) 
where Wa, =. 234 mmolar, ¢K,=6 mmolar 


Es = 


Fig. 1 represents membrane currents obtained m the 
voltage clamp for typical axons perfused internally with a 
solution containing a sodium ion activity of 200 mmolar 
and a potassium ion activity of 4 mmolar. The initial 
peak currents as well as the late currents become essen- 
tially zero at values which agree quite well with the 
equilibrium potential value of +4 mV calculated from the 
Na,/Na; activity ratio. By voltage clamping the membrane 
potential was held at —81 mV for about 30 seco between 
test pulses which was thought sufficient to overcome any 
resting inactivation. 

Fig. 24 is a graph of the peak value of the initial current 
component against potential obtained for three holding 
potentials and Fig. 28 shows the magnitude of the ourrent 
12 msec after the step in potential. Similar effects of 
holding potential on the subsequent currents are obtained 
in both A and B. This finding suggests that the late 
outward current is similar to the early current and may be 
due to a failure of the initial current to turn off com- 
pletely. Substituting irts chloride for sodium chloride in 
the ASW resulted in similar membrane outward currents 
to those in Fig. 1, but no inward currents were seen at any 
potential. At potential values more negative than 
—50 mV, only step currents having characteristics of the 
leakage current were observed. On perfusion with 
sodium fluoride inside and tris chloride outside, the ampli- 
tude of outward currents obtained was a function of the 
initial holding potential. This shows that the inactivation 
process for purely outward currents is similar to that for 
inward currents. Table 1 summarizes the data for the 
apparent equilibrium potential values for a variety of 
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internal solutions. Reducing the internal potassium con- 
centration and mcreasing the internal sodium concentra- 
tion changes the apparent equilibrium potential for the 
initial membrane current component in accord with a 
prediction! based on a constant sodium : potassium 
permeability ratio of 8:1. Action potential values never 
exceeded the value of the initial component equilibrium 
potential. The finding of a persistent sodium current 
when (K); is low suggests that there is some coupling 
between the delayed, or potassium, component of mem- 
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Fig. 1. Voltage clamped membrane currents obtained during perfusion 
internally with a solution having n l a sodium activity of 200 mmolar and 
externally with artifictal sea water having a um activity of 234 
mmolar, nt densities in m.amp/om? are shown to the right of each 
record, negative values denote inward current flow and positive values 
outward current flow. Pulse potentials are given to the right of each 
record ın mV. Potential values are taken internally with respoct to an 
external reference electrode, Aan 00-83; B, axon 65-94. Tem- 
perature 
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brane current and the turn-off, or inactivation, mechanism 
of the initial membrane current component’. 

This work was supported by grants from the U.S. 
National Science Foundation and the U.S. National 
Institutes of Health. 








~ 0.5 $ 
Eig. 2 Demonstiation of the effect of previous membrane potential 


conditioning on membrane current responses to subsequent pulses in 
membrane potential. Three curves of maximum initial osent 
(sodium) current values (ampler!) plotted against pulse ntial for 
three different holding potenta. Eu, and Buys. Pree ourves: 
of plateau values of membrane current obtained 12 msec Bitor the onset 
of potential pulse for holding tentials, Bg, E n:8nd E gs. Axon 65-93. 
Temperature 4° 0O Perfumon conditions asin Fig. 1. 
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Arterial Infusion of Acetylcholine and 
Thyroid Activity 

ACGETYLOHOLINE when added to incubated thyroid slices 
in vitro results in an increased rate of glucose catabolism 
and an merease in the proportion of glucose catabolized 
by the hexose monophosphate shunt pathway. Added 
thyroid stimulating hormone (TSH) has a similar effect. 
This suggests that acetylcholine (ACh) may be able to 
mumuic the action of TSH or that TSH acts by releasing 
ACh or an ACh-like substance to the target cells. The 
incubated in vitro slice technique does not allow investi- 
gation of the effects of ACh on the iodine metabolism or 
the morphology of the thyroid because these responses 
do not develop within the functional survival time of the 
in vitro slice. An acute intravenous injection of ACh 
will also cause a transient inereased rate of icdine-131 
release from the thyroid of the rabbit. The site of action 
of this ACh was not determined*. 

The purpose of this investigation was to examine the 
effect on thyroid function and morphology of a continuous 
intracarotid infusion of ACh for a prolonged period. Fine 
polythene catheters about 100p in diameter were inserted 
mto the carotid artery of Sprague-Dawley rats. The point 
of insertion was chosen so that the tip of the catheter 
(arterial portion 3 mm long) was located 3-4 mm below 
the origin of the superior thyroid artery. The catheters 
were fixed by sutures to the adventitia of the artery. The 
diameter and flexibility of the catheter were such that 
there was little interference in the blood flow of the 
carotid artery. Catheters were connected to a constant 
osmotic infusion pump in such a way that the animals 
were relatively unrestrained during infusion. A descrip- 
tion of the general method of infusion has been published 
elsewhere?*. 

Acetylcholine hydrochloride at various concentrations 
in saline was continuously infused into the carotid artery 
for one week (1 ml. each day). The following regimes 
were used: (1) 1 per cent ACh; (2) 3 per cent ACh; 
(3) 30 per cent ACh; (4) saline control. 

After 6 days of continuous ACh infusion the animals 
received a subcutaneous injection of 2 me. of iodine-131. 
Twenty-four hours later an acute injection of disulphane 
blue was given through the arterial catheter. 

The distribution of the dye served as a marker showing 
whether the artery was thrombosed or not. The acute 
injection of the dye flushed ACh from the catheter and this 
usually killed the animal by causing cardiac arrest, further 
confirming the patency and arterial position of the catheter. 
When the enimal did not die in this way it was killed by 
exsanguination under an ether anaesthetic. The thyroid 
lobes on the mfused side were blue and this was taken as a 
marker to mdicate that the thyroid lobe had been infused 
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with ACh. On removal the weights of the thyroid lobes 
were recorded. The uptake of 1odine-131 by the thyroid 
lobes was determined using a scintillation counter. The 
thyroid lobes were then placed in 10 per cent formal 
saline and histological preparations were made and later 
examied. The use of ACh concentrations exceeding 
3 per cent is difficult because higher concentrations often 
thrombose the artery. 

An assessment of the effect of continuous infusion of 
ACh was made by comparing the 24 h uptake of iodine-131 
and the weight and histology of the mfused and non- 
infused thyroid lobes. No significant difference in any 
of these parameters was observed (see Tables 1 and 2). 


24 H UPTAKE OF TODINE-131: COMPARING TEB ACH-IN¥UBRD 
RIGHT LOBE WITH THE NON-INFUSED LEFT LOBH 


(25/) per cent f 


Table 1. 


1 per cont ACh infusion versus satne inraston 
fm] 61 DF. = 15 NUS. 

8 per cent ACh Infusion versus aire infusion 
t=] D.F.m21 P=N.§. 

30 per cent ACh Infusion versus saline ınfumon 
t= 096 D.F.=9 PHaN.S. 

1 per cent ACh tnfuston versus 8 per cont ACh infomon 
¢=1-00 DF. = 26 PH=N.S. 

1 per cent ACh infusion versus 80 per cent ach infusion 
(=0-68 D.F.m14 PANS, 

8 per cent ACh infusion versus 80 per cent ACh infusion 
¢=Q126 DP, = 20 PHN Js. 


Table 2. THYROID LOBE WEIGHTS: COMPARING THA ACH-INFUSHD RIGHT 
LOBE WITH THE NON-INFUSED LEFT LOBB 


(R-L 
eH) per cent 
1 per cent ACh infusion versus saline infoalon 
t= 0 766 D.F. = 22 
3 per cent ACh infasion versus cane falon 
t= 0-56 D.F. = 28 =X 3, 
30 per cont ACh Infusion Versus dalne infumon 
ta 0-132 D.F. m14 a N.S. 
1 per cent ACh infusion ‘versus 8 per cent ACh Infusion 
im 1-46 DF, m28 Pa 
1 per cent ACh Infusion Versus 80 per cent ACh infusion 
t=0 496 D.F.=16 PaN.s, 
8 per cent ACh infusion versus 80 per cent ACh Infasion 
t=018 D.P. =20 Pat.s, 


These negative results contrast with the stimulating 
effect on carbohydrate metabolism when ACh is added to 
thyroid slices tn vitro, and with the transient imcrease in 
iodine-131 release from the thyroid following a single 
intravenous injection of ACh. Considering the estimated 
rate of blood flow in the carotid and omitting hydrolysis 
of the ACh in blood, calculation shows that the ACh 
concentration in the blood would be about 10-4 molar, 
which is of the order used by Pastan et al.! in the in vitro 
work, and 100 times greater than their least effective 
coneentration. The present results indicate that no 
prolonged stimulatory effect on iodine metabolism nor 
change in morphology of the thyroid is achieved by a pro- 
longed continuous artenal infusion of ACh in the rat. 
The imphcation is that, although ACh may have effects 
similar to TSH with respect to increasing the glucose 
turnover ın the thyroid, this is not so for iodine metabolism. 

This investigation was supported by grants from the 
U.S. Public Health Service, the National Institute of 
Neurological Diseases and Blindness and the National 
Cancer Institute. 
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yGuanidinobutyric Acid as a Convulsive 
Substance 


IRREVERRE ef al.? have demonstrated the presence of 
y-guanidinobutyric acid in the brain, kidney and liver of 
annals, using paper chromatography, and have isolated 
the substance in pure form from calf brain. Pisano, 
Mitoma and Udenfriend* demonstrated that y-guanidino- 
butyric acid is produced from y-amimobutyric acid and 
arginine by transamidinase activity in mammalian kidney. 
The present communication describes the seizures caused 
by administration of the compound to rabbits. 

In this investigation, adult white rabbits weighing 
2:0-23 kg were used. Four rabbits were given several 
different dosages. y-Guanidinobutyric acid hydrochloride 
(melting point 184° C) was injected into (a) the cisterna 
magna of rabbits in amounts corresponding to 2-5, 5-0 
and 10-0 mg/kg body weight, and (b) the auricular vein of 
another group of rabbits in doses of 5 and 26 mg/kg body 
weight. The electroencephalograph was recorded con- 
tinuously by the ‘Saneisokki HG-130° from the control 
period until recovery from the convulsions induced by 
the injections. 

In these experiments no seizures were observed after 
administration of y-guanidinobutyric acid intravenously in 
the amounts previously indicated, but cisternal injection 
of amounts of 5 mg/kg induced tonic and clonic seizures 
in the experimental animals. The tonic phase began 
14-15 min after cisternal injection of the y-guanidino- 
butyric acid and was quickly followed by clonic move- 
ments of the extremities for several seconds (Tables 1 
and 2). The electroencephalographic tracings m Fig. 1 
show spikes and spike and wave complexes associated with 
the seizures. These seizures occurred repeatedly during 
l h, or more, and were followed by complete recovery 
(Table 2). At 10 mg/kg clonic convulsions occurred and 
lasted for 13 min (Table 1). 
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Fig. 1. Electroencephalogram of rabbit injected intracisternally with 


y-guanidinobutyric awd (6 mg/kg). 
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Table 1. CONVULSIONS INDUCED BY y-GUANIDINOBUTYRIO ACID 
Dosa Mode of Latent perlod Type of Duration of 
(mg/kg) Introduction (mn) seizure serrure 
25 io. None 
50 1.0, 14-15 KK, TK 1h18 min 
100 1.6, 18 KE 13 min 
5-0 iv. None 
25-0 1.9. None 


1.0., Intracisternal tnfestion; i.v., intravenous injection; KK, clonic con- 
vulsion; TK, tonic convulsion. 


Table 2. EXAMPLE OF CONVULSION IVDUOED BY INTRACISTERNAL INJHOTION 
OF y-GUANIDINOBUTYRIO ACID (5 MG/KG) 
Time after 
intracisternal injection Remarks Duration of 
(6 mg/kg) KX (sec) 
14 TK KK 5 
25 TK KK 4 
8L TK KK 7 
82 6 
40 TK KK 4 
43 KK 3 
47 KK 7 
49 KK 8 
50 KK 8 
52 KEK 3 
53 KK 9 
68 KEK 9 
OL EK 6 
77 EK 8 
85 KK 9 
S3 EKE stop E d began d 
an 
to ke aa 


KE, Clonic convulsion; TK, tonio convulsion. 


Many chemicals can induce seizures in animals, but 
none are physiological substances, and it has been 
considered that at least some of them produce seizures 
by interference with the normal metabolism of the central 
nervous system. y-Guanidinobutyric acid, however, is a 
normal component of the brain. Recently we found a 
large concentration of this substance in an epileptogenic 
focus of human cerebral cortex during a seizure, by analysis 
of amino-acids with a Stein-Moore column. In the normal 
human cerebral cortex y-guanidincbutyric acid can be 
removed by this technique. An increase in concentration 
of this compound in rabbit motor cortex in the pre-ictal 
stage, following injection of pentamethylenctetrazol, has 
also been demonstrated in our laboratory (unpublished 
data ef Takeuchi, Sawai and Mori). These observations 
suggest that y-guanidinobutyric acid may be important in 
the excitation of the central nervous system which leads 
to seizure. 
DENNOSUKE JINNAI 
Astro Sawai 
Amtans Mori* 
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Supplementary Data on Crotocin—an 
Antifungal Antibiotic 


IN 1959 we reported the production of a new antifungal 
antibiotic related to trichothecin which we provisionally 
named “antibiotic T™!. This communication summarizes 
data which havo accumulated since then. 

The oster-type antibiotic has now been named 
“crotocin”’, after the isocrotonic acid part of its molecule 
(sce ref. 2). Some recent communications have already 
referred to the antibiotic under this name?-*. At the time 
of our first publication the strain of micro-organism which 
produced the antibiotic had not been identified*. 


a Tn the manrscript the straln was erroneously mentioned as a Basidto- 


mvcete. We corrected the name to Cephalosporium sp. ın the proofs but 
unfortunately, because of a printers’ strike at this tıme, 16 was changed only 
in the reprints. 
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Recently, the fungus was described by the Centraalbureau 
voor Schimmelcultures, Baarn, Holland, as Oephalo- 
sportum crotocinigenum sp. nov.‘. The antifungal and 
pharmacological properties of the antibiotic were investi- 
gated in detail and it was concluded that it is not appli- 
cable for medical use?. Moreover, crotocin as well as 
trichothecin are inactivated not only within animals 
but also by some moulds as a result of ester cleavage 
induced by trichothecmase*. The inductive amylase 
production of Pentcillium chrysogenum is also inhibited 
by both antibiotics’. 

Results on the structure of the crotocm molecule have 
already been published®:*. These indicate that the alcohol 
part of crotocin (that is, crotocol) ıs a sesquiterpenoid 
compound. In 1966 the structure of crotocol was suggested, 
based on chemical analysis and nuclear magnetic reso- 
nance spectroscopy®. Crotocin is of special interest, 
however, because ıt belongs to a newly recognized group 
of antibiotics, the members of which are chemically 
related. All antibiotics of this group contain a sesquiter- 
penoid alcohol group, are closely related to each other and 
are esterified by one or more (in the most instances 
different) short chain aliphatic acids. Besides trichothecin 
this group includes the verrucarins, the romdins, the 
trichodermin and also a diacetoxy-scirpenol or anguidin!®-12, 
These antibiotics are produced, respectively, by Tricho- 
thectum roseum, Myrothecium verrucaria and roridum, 
Trichoderma viride, several species of Fusarium; all of 
them, as well as Cephalosporium crotocinigenum, belong 
to the order Moniliales of Fungi Imperfecti (Bessey- 
System, 1952). It is possible that the antibiotic cephalo- 
thecin is also similar’, but 1ts structure is not known. 
All these antibiotics have antifungal, but no, or only very 
alight, antibacterial effects. Data have already been 
published on the activity of tmchothecin against plant 
viruses!*, Tho verrucarins and the roridins, and also 
anguidin, are strongly cytostatic (this was also reported 
for trichodermin ; however, data concerning concentration 
were not given) and the value of their 50 per cent lethal 
dose when given intravenously to mice is between 1-5-10-0 
mg/kg. Mice are able to tolerate, however, 100 mg of 
crotocin/kg and 125 mg of trichothecin/kg when they are 
administered intravenously! 

Bo far as we could detect, crotocin has negligible 
antitumour activity; trichothecin, however, exhibits 
alight antitumour activity. When Yoshida ascites sar- 
coms, cells (10’/ml.) were incubated in Parker’s medium 
for 2 h at 37°C and then inoculated into adult female 
rate of Wistar origin, the cytotoxic concentrations (in 
ug/ml.) which resulted in 50 per cent inhibition of trans- 
plentability were as follows: crotocin 4,000, crotocol 
2,500, trichothecin 200 and trichothecolon (the alcohol 
part of trichothecin) 4,000. These data were obtamed with 
between four and eight doses of each substance, on 10-10 
rats; the antibiotics were dissolved in a little acetone 
and diluted with Parker’s medium. For examinations 
of in vivo activity, animals were injected intraperitoneally 
on five consecutive days with a suspension of the sub- 
stances in oleic acid, beginning 24 h after the inoculation 
of tumour cells. Activity was evaluated on the basis of 
the weight of the tumours with sarcomata, and on sur- 
vival time with Ehrhch ascites carcinoma. The results 
are summarized in Table 1. The weak effect of these 
antibiotics probably results from rapid inactivation in 


Table 1 
Tumour inhibitory effect 
s0 Doge Yoshida S-180 Bihrlich* 
Substance mm (mg/kg) aso. sarc. asc. SATC. asc. CATO, 
mice Tnhib. Tnhub. Inhib. 

(mg/kg) (percent) Died (percent) Died (per cent) 
Crotocin 700 60 0 0/7 0 1/15 (t 
Orotocol 200 50 5 0/7 10/10 0 
Trichothean 800 20 58 oN 16, 4 8/15 0 
Trichothecolon 100 20 16 0/7 12 0/15 it) 
Control _ — — 0/7 — 0/165 — 


* Sıx animals in each group. 
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biological material’. In addition to these properties, 
it has been reported that trichothecin, crotoci and the 
verrucarins irritate the human skin. Diacetoxy-scixpenol 
was originally described as a phytotoxic agent. 

Thus ın some of their properties the antibiotics of the 
sesquiterpenoid-ester group are closely related, but in 
others they act very differently. 


E. T. GLAZ 
Department of Pharmacology, 
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Alkaloids of an Ipomoea Seed commonly 
known as Kaladana in Pakistan 


In an earlier paper, one of us! reported that a sample of 
Kaladana seed from Pakistan contained 0-49 per cent of 
alkaloids, on defatted basis, calculated as elymoclavinoe. 
Lysergol constituted 53 per cent and chanoclavine 37 per 
cent of the total alkaloids. The alkaloids were identified 
by paper and thin-layer chromatography in seven different 
solvent systems, by behaviour in ultra-violet light and 
coloration by van Urk’s reagent and by determmation of 
the melting pomt. Quantitatively, the total alkaloids 
were determined colorimetrically ın a spectrophotometer 
after they had reacted with Ehrlich’s reagent—the 
absorbance being measured at 590 mp. The mdividuat 
alkaloids were then separated from each other by elution. 
from Whatman paper No. 3 MM and similarly determined. 

The seeds were identified by two separate institutions 
in Pakistan as Ipomoea hederacea Jacq. and I. muricata 
Jacq. (Calonyctton muricatum G. Don). One of us (C. I. 
A.-C.), however, disagrees with both identifications for 
the reasons enumerated here. So far, the exact identity 
of this commonly used purgative seed in Pakistan remains 
unknown. Because of the unusually high percentage of 
total alkaloids and of lysergol m this seed, further indis- 
putable evidence for the identity of lysergol and the 
absence of ergometrine was sought as follows. After 
extraction of the fat from the seed (7-53 per cent of the 
total content) with petroleum ether, the alkaloids were 
extracted using the method proposed by Groger*. The 
alkaloids were finally taken up in dichloromethane and 
the concentrated extract was streaked on preparative 
silica gel G plates and developed with a mixture of 
chloroform and methanol (17:3). (Lysergol and ergo- 
metrine have distinctly different mobilities in this solvent 
showing the following Rr values when chromatographed 
by thin-layer chromatography on silica gel G: ohano- 
clavine 0-09, lysergol 0:43, and ergometrine 0-53.) It was 
easily shown that the main alkaloid corresponded to 
lysergol and that ergometrine was absent. The band 
corresponding to lysergol was scraped and the lysergol 
extracted from it with methanol. The lysergol was first 
crystallized from methanol, then from ethanol and finally 
from absolute ethanol and kept under mtrogen. Melting 
point, optical rotation and infra-red spectra were determ- 
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ned on this chromatographically. pure substance. The 
ysergol was found, to be dextrorotatory, to melt at 
148°-249° with decomposition, and to have an infra-red 
pectrum identical to that published by Hofmann’. 
hanoclavine was confirmed by its ultra-violet spectrum 
which showed characteristic maxima at 224, 281 and 
294 my (ref. 4). 
The Kaladana seeds in question resemble more closely 
‘in size and colour the seeds of I. hederacea than those of 
I. muricata. Each seed forms a quarter of an ovoid. The 
“-geeds are black to brownish-black in colour with a dull, 
. ‘glabrous surface. The dorsal groove characteristic of I. 
“hederacea is absent. Instead there are three dorsal pro- 
-i tuberances at about a quarter of the height from the base. 
oo The seeds were 7 mm long, 4 mm high on the radial side 
and 5 mm broad on the dorsal side. One hundred seeds 
-i weigh 5-7-6 g. Microscopically, epidermal hairs and resin 
“eells aro absent—corallin soda indicated the presence of 
only a little resin, if any. The length of the palisade 
layer, in a transverse section, is 105-1304 and the upper- 
most layer of cells 52-65. The average width of the 
blade of the cotyledon is 1380-145p. These characters 
distinguish this seed from the seeds of I. hederacea Jacq. 
‘and those of I. muricata Jacq.*, both of which are known 
as “Kaladana”. It should also be mentioned here that 
true seeds of I. hederacea Jacq. were found to be free of 
alkaloids?. 
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VIROLOGY 


Pleomorphism of Influenza Virus Particles 
under the Electron Microscope 


Stefanov and Graf! suggest that viruses are not only 
synthesized by the activity of the host cell, but can also 
be regarded as “live entities with embryonic forms 
growing from the adult autonomic bodies”. In support 
of this hypothesis they publish electron micrographs 
of a number of “giant” spherical and polymorphic 
ies particles of influenza virus. They claim that these have 
" constrictions and invaginations which resemble those 
geen during budding in other organisms, and they assert 
that these reflect growth, together with an increase of 
“the “biomass” of the particle, followed by division and 
single or multiple budding. 

’ Although the published electron micrographs do show 
deep invagination at the periphery of the giant particles, 
we do not consider that these alone provide sufficient 
evidence in support of the hypothesis of budding. We 
have found that considerable pleomorphism is common 
to the influenza virus. An increase in ‘biomass’, followed 
by budding, implies the uptake and assimilation of 
nutrients, together with excretion of waste products, 
and these processes would necessitate complex enzyme 
and physiological mechanisms of which there is no 
evidence. 

Morgan et al.? published results which show that 
influenza virus particles differentiate at or just below the 
cell surface, while Hoyle? showed that cytoplasmic pro- 
trusions of the chorioallantoic membrane are often pinched 

7 off and are found in the fluid. He suggested that this 
S constituted the usual method of release of influenza 
; virus particles from the cell. Morgan et al.4 suggested 
that detached fragments of cytoplasm possessing virus 
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haemagglutinin constituted one form of the incomplete 
virus. eg ee 
We have electron micrographs which show. struct 
which, we suggest, are Hoyle’s protrusions which a 
pinched off. We refer to them as “membrane spheres”? 
Influenza virus particles in various stages of completion 
may be seen to form at the periphery of the membrane. 
spheres. The arrows in Figs. 1 and 2 show portions of 
membrane spheres, and the arrows in Figs. 3 and 5 | 
indicate virus surface projections on the periphery of a 
membrane sphere. These projections appear to be clump 
together (Fig. 34) and a further stage in this clumpi 
is shown in Fig. 6, with perhaps the initiation of a discrete 
virus body, indicated by the arrow. Later stages are 


Fig. 1. 
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in Fig. 2D and E and Fig. 5A, while almost complete 
virus particles are observed in Fig. 1A and B, Fig. 2A and 
B and Fig. 5B. In Fig. 4 the virus surface projections at 
A appear to be associated with the half completed virus 
particle C, while the palisading at B is continuous with 
that of the almost complete virus particle at D. This is 
support for the presence of different stages in virus 
development. The apparently complete or almost com- 
plete virus particles at Fig. 3B and Fig. 4E may be 
attached to the membrane spheres, or may overlie them 
in the preparation. 

We contend that Stefanov and Graf's photographs show, 
not budding virus particles, but membrane spheres, the 
peripheries of which are occupied by partially completed 
viruses. From the figures shown in this paper it is, of 
course, not clear whether the partially formed virus 
particles have developed as far as possible. If the membrane 





Fig. 3. 
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Fig. 5. 





Fig. 6. 


spheres are continually being pinched off from the cell 
surface, it seems likely that they will include partially 
formed as well as fully formed virus particles, and that 
after removal from tho cell membrane, no further develop- 
ment will occur. In this case the structure and appcarance 
of the virus particles in electron micrographs will depend 
on their stage of development at the time when the 
membrane sphere was detached from the cell. 

Some of the structural elements necessary for completion 
of virus particles are probably present in the membrane 
spheres when they are detached. If these elements later 
come together it must be a purely Passive process, that 
is, it is independent of enzyme activity and is a process 
which in no way resembles budding. Since the membrane 
spheres, being formed from portions of cell membrane, 
will be semipermeable, osmosis could be involved. If 
it is assumed that the wide spacing between the surface 
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‘ojections (seen for example in the sphere in Fig. 5) is 
to swelling of the membrane sphere, then this swelling 
uld be an indication that osmosis does occur, although 
_is clearly possible that this may have taken place 
. the course of preparation. 
he size of the membrane sphere, and the amount 
virus precursor contained within it, may, in conjunction 
f with whatever physical forces act on it, affect the size 
_ and shape of the virus particle that is formed. This process 
is possibly responsible in part for the pleomorphism seen 
in influenza virus. 
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Stability and Storage of Rubella 
Complement Fixing Antigen 


¿Tue production of rubella complement fixing antigen in 

BHK-21 cell culture has been reported in a separate 
publication’. The ease of production of antigen in the 
‘BHKE-21 host cell system? and the greatly increased yield 
made this antigen available for experimental mauipula- 
tion. This communication describes the properties of 
rubella complement fixing antigen under various con- 
ditions of maintenance and storage. 

Complement fixing antigen was produced in BHK-21 

monolayers which were inoculated and maintained at 
“34° C under Eagle's minimum essential medium in Hanks 
balanced salt solution, containing 10 per cent agamma 

ealf serum (Hyland Laboratories, Los Angeles), 4 mM 

glutamine, and 100 u penicillin and 100 mg streptomycin/ 

mi. Two days after the appearance of gunuralized granula- 

tion, the cells were collected by seraping into the super- 

natant fluid and by slow sedimentation of the intact 
cells. Removal of 95 per cent of the supernatant medium 
resulted in a twenty-fold concentration of cells and anti- 
gen. For optimal yields of antigen, it was important that 

the monolayurs were washed daily during the first 3-4 

days. The high serum concentration (10 per cent) neces- 

| -sary for optimal yield of antigen must be considered when 
ke interpreting the results reported here. The antigen was 
— dispensed in screw-capped vials, and used for all thermal 
and chemical inactivation experiments. 

Homogenization of the antigen was carried out with a 
“‘Virtis 45° homogenizer using crushed ice as the coolant. 
For sonication, a ‘Branson’ sonifier (S75, 75W, 20 ke/s) 
was used at its peak output. The efficiency of the sonifier 
in disrupting the cells was measured by disrupting sheep 

“red blood cells suspended at a concentration of 0-5 per 
“gent in normal saline. Sonication for 2 min was necessary 
to produce complete lysis. Freezing and thawing were 
done by transferring samples back and forth directly 
from dry ice or ‘Reveo’ (— 85° C) to a 37° C waterbath. 
No sealant was used to exclude carbon dioxide from the 
antigen contained in the screw-cap vials. Thermal inacti- 
‘vation experiments with incubation times of longer than 
2h (37°C and below) were done in dry incubators. For 
shorter incubation times, standard water baths were used. 
Temperature variations in these water baths remained 
below 1°C. Chemical inactivation was carried out by 
mixing four parts of complement fixing antigen with 
one part of the reagent resulting in a 1/125 dilution of the 
antigen. The mixtures were incubated for 30 min as well 
as for 1 h at 40° C while being shaken repeatedly, 


wee The effect of pH on complement fixing antigen was 


examined as follows: small volumes (0-005 ml.) of pre- 
determined concentrations of hydrochloric acid and 
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sodium hydroxide were added to 0-8 ml. volumes of —- 
complement fixing antigen, and the various mixtures 

were incubated in a 37° © waterbath for Lh: After incuba- - 
tion, the antigen was readjusted to a pH close to neutral 
as indicated by the phenol red indicator incorporated in 
the suspending medium. To avoid gross variations of | 
antigen dilution on readjustment, 0-005 ml. drops. of: 
predetermined pH range were added until colour changes 
indicated approximation to neutrality. The final re- 
adjusted pH remained within the range 6-5-7-3: Total 
dilution factor introduced by treatment and readjustment 
varied maximally from 1/1-025 to 1/1-05, a variation | 
small to be detectable by standard complement fixatio 
testing. oh 

For ultracentrifugation, complement fixing antige: 
preparations were homogenized for 1 min, clarified (2 
min at 1,000g in a refrigerated centrifuge), and spun 
100,000g (Spinco model L, SW 39L rotor) for -va ; 
lengths of time. The uppermost fluid of the supernatan 
material and middle was collected from the side by 
piercing the wall-of the ‘Lusteroid’ cellulose tube. wall; 
the bottom fluid was poured from the tube and the pellet 
was resuspended in 1:5 ml. of Hanks balanced ‘salt 
solution, representing a three-fold concentration. Density 
gradients were prepared by layering small volumes of 
sucrose concentrations (1-000 g/cm? through 1-130 g/em*) 
into ‘Lusteroid’ cellulose tubes and adding the antigen 
at once—without ageing the gradient beforehand—and 
centrifuging for 3 h at 100,000g. Fractions were collected 
from the bottom of the tube. 

Complement fixation tests were carried out in the micro- 
titre system (Cooke Engineering Co., Alexandria, Virginia) 
described by Severi. Human convalescent sera wero- 
used for all testing. Infectivity titrations were done in ` 
African Green monkey kidney (AGMK) roller tube’ 
cultures using interference with 50-100 IDs, of ECHO-11 — 
virus as the indicator system. Titre estimates were based 
on three roller tubes per log step dilution. 

Repeated freezing and thawing in a mechanical freezer 
(‘Reveo’, — 85°C) or on dry ice—as often as twenty- 
seven times—did not affect complement fixing antigen 
or infeetivity titres. Even though the antigen was kept 
in screw-capped vials without additional sealing, and was 
exposed to a dry ice atmosphere for more than 2 weeks, 
no deleterious effect on complement fixing antigen was 
noticed. 

Antigen release by homogenization for 1 min with a 
‘Virtis 45’ homogenizer (approximately 25,000 r.p.m.) 
and clarification (20 min at 2,000 r.p.m.) resulted in a 
two-fold increase of antigen titres. Continued homogeniza- 
tion for up to 9 min produced no additional increases. 
Infectivity titres remained similar throughout. When 
the cells were disrupted by sonication, a similar initial 
increase in antigen titre was observed. Prolonged sonica- 
tion (up to 9 min) did not alter antigenicity or infectivity. 

Thermal inactivation experiments confirmed that. the 
infectivity of rubella virus was extremely labile. Comple 
ment fixing antigen, by contrast, was more stable at 
temperatures below 56°C: storage for 2 months at 
4° C did not affuct antigen titres. At 56° C antigen degra- 
dation took a matter of hours (Table 1). 

Incubation for 30 min and 1 h at 40°C with ethyl 
ether and chloroform at a dilution of 1/5 destroyed viral 
infectivity as well as much of the complement fixing 
antigen. Formalin at a concentration of 1/2000 did not 
affuct the titres of complement fixing antigen and des- 
troyed more than 90 per cent of the infective virus. We 
assume that the 10 per cent of virus not destroyed was 
protected by cellular debris, as the antigen preparations 
were not initially clarified. Incubation with ethylene 
oxide (1/50) completely destroyed infectivity without 
removing any of the complement fixing antigen. Receptor 
destroying enzyme (RDE, 0-5 per cent) and ethyle 
diamine tetraacetic acid (EDTA, 0-5 per cent) did. 
affect antigen or infectivity titres. $ 
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— Centrifugation for 3 h at 100,000g was insufficient to 
_ sediment all the rubella complement fixing antigen. Virus 
titres remained unchanged in the various supernatant 
fractions. These results were confirmed by sucrose density 
~gradiont investigations, which showed that most of the 
antigen had a density greater than 1-149 g/cm; however, 
complement fixing antigen was also found at densities be- 


low 1:040 g/em?, suggesting the presence of soluble antigen. 


: z Fable 1, THERMAL INactivaTIoN OF COMPLEMENT FIXING ANTIGEN AND 





; INFECTIVITY 
= E Temper- Time of incubation: 
Krp. ature (Hours (Days} 
Non 0) 2 3 9 60 
eat ee — —- — 8 (6) 
#20 ł 8 (6) — 8 (5:5) 8 (5-5) 8 (3) 
4 — 8 (5-5) 8 (4:5) 8 (4) 8 (4:5) 8 (2-5) 
22 == 8 (6) (5) g (3) 8{<1) oa 
37 — 8 (5-5) 8 (4:5) &(<1) cael > 
Time of incubation (min) 
0 5 20 60 120 
2 37 8* (5)t 8 (45) 8 (5) 186(5) 16 (4:5) ae e 
40 16(5) 8 (5-5) 16 (5°5) 16(4-5) 1605) —° — 
56  8(55) 8 (45) 8 (35) 812-5) B(25) — ~— 
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+ Highest dilution of antigen giving 3+ or 4+ complement fixation. 
ae POTD 5/02 mi. 
cE Not done. 


8 (35) 8 (3) — 4(25) 2(<2) 


ULTRACENTRIFUGATION (100,0007) OF RUBELLA COMPLEMBNT 
FIXING ANTIGEN 


24h 3h 


able 2. 





Starting material 2/4* (6B) 3/16 (6-5) 3/2 4/4 4/4 (25-5) 
2 To portion t 04 (<1) Oj (2:5) 0/2 1/2 1/2 (+5) 
and Middle portiont 06/4 (1) Of (1) 0/2 2/2 1/2 (>55) 
“2. Lower portiont 0/4 (<1) 0/4 (2) 1/2 8/4 4/2 (5) 
Pellets 2/4 (3) 4/16 (55) 3/2 4/4 4/4 (>55) 


Sucrose gradient 


‘Before After S587a~5 $657b-100 
spin spin 
Starting material 8/4 (25:5) 4/4 4/4 (>55) 
000" 1-007 0/2 @) 0/2 0/2 (3-5) 
1025 1/2 (4) 2/2 3/2 (4-5) 
1040 1039 0/2 (5) 1/2 4/2 (4:5) 
1:05 0/2 (5) 0/2 0/2 (5) 
1070. 1-067 0/2 (4:5) 0/2 0/2 (3-5) 
080 0/2 (5) 0/2 ND (45) 
x 1 /2 (5) 0/2 1/2 (4:5) 
T130. L149 1/2 (5) 1/2 2/2 (4-5) 
Pellet§ 2/2 (5-5) 3/4 4/4 (4-5) 


X oe eck (0 to 4+) of complement fixation/highest dilution of complement 
ion, 
ork Wand TCID,/0-2 (measured in AGMK by interference with ECHO-11 
tor supernatant fluid. 


$ Pellet resuspended in Hanks balanced salt solution (1/3 starting 
volume). 


the range pH 6 to pH 8, and that beyond 
















varied greatly throughout the entire gradient. According 
to Cusumano this might be due to varying degrees: of. 
lipid content—that is, increased density might indicate | 
lack of lipids. If this were so and if the rubella complement 
fixing antigen obtained from BHK-21 cell concentrates 
were indeed associated with virus, our findings would 
suggest that these particles of high density were relatively 
free from lipids. This might mean that receptor sites fo 
complement. fixation unavailable in the lipid coated 
particles of lighter densities would be exposed. : 

Our findings also confirm the observation reported b 
Schmidt and Lennette® of a soluble complement fixing 
antigen—that is, an antigen which cannot be sedimented 
by ultracentrifugation. It seems, therefore, that there. 
are..two: kinds of rubella complement fixing antigen 
one soluble, stable in ether, appearing in the supertia 
phase late in the infection process; and another which 
can be sedimented and is affected by ether, which. is 
produced during the early intracellular phase. It was 
not at all affected by liquid ethylene oxide or formalin, 
although both completely destroy rubella infectivity®?. 
This fact seems to be particularly important in view. 
of the importance that has been placed recently on the 
development of rubella virus vaccines. 
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Problems in Classification of Feline 
Panleucopaenia Virus 


Mayor and Melnick! have recently presented data on a 
group of small single stranded DNA viruses which cannot. 
confidently be placed in any recognized virus group, and 
they tentatively propose a group designation of picodna- 
viruses for these viruses. Present work on feline. pan- 
leucopaenia (FP) virus strains has resulted in findings: 
which suggest a possible classification of such strains in 
this grouping. 

Previous publications have described the original isola- 
tion of a possible FP virus strain®, have demonstrated the 
association of this strain with the disease syndrome** and. > 
have described some properties of this prototype LV strain. 
of FP (refs. 5 and 6). The strain is shown to be representa: 
tive of the group in the formation of transient intranuclear 
inclusions in vitro, these inclusions passing through stages 
of eosinophilia to basophilia, their formation being inhibited | 
by 5-bromodeoxyuridine. The LV strain and a serologic- 
ally related mink enteritis (ME) strain’? of FP virus are 
resistant to ether, chloroform, trypsin, 0-5 per cent phenol 
and heat at 80° C for 30 min and both strains are held back 
by an 80 mp. APD membrane. Of a wide range of primary 
and line cells, multiplication of the virus with cyto- 
pathogenic effect has been observed only in cat, tiger, mink 
or ferret tissue cultures, and the only haemagglutination | 
observed has been a cold haemagghitination of pig cells by * 
ME virus, or ultrasonicated LV virus, eluting at room 
temperature, the pattern being re-established on re-ineu- 











No. 5062 NOVEMBER 5, 1966 












ation at 4° ©. This haemagglutination is inhibited by 
pecific antisera, and by low titres of non-specific inhibitors 
in pig and bovine sera, which also repress infectivity of 
he virus. These properties allowed a tentative classi- 
cation, pending serology and electron microscopy 
examination, of an adeno or papova group virus. 
Subsequent work has shown that there is no serological 
relationship between FP strains and adenoviruses by gel 
diffusion techniques. Electron microscopy of kitten heart 
monolayers, ultrasonicated at peak infection with LV 
‘or ME strains, has shown a constant association with 
infection of small clumped particles having the structure 
- of enteroviruses, about 20 my in diameter (Fig. 1). The 
concentration of these organisms bears a direct relationship 
to the associated degree of cytopathogenic effect, and 
_ concentrations of 10° particles/ml. of cell concentrate have 
been observed corresponding to an infective titre of 10% 
tissue culture doses ({CID,,) per ml. The high concentra- 
tion of these organisms, their constant association with 
various passage levels of both LV and ME strains, and 
their absence from control cells suggest that they could 
represent the causal agent of FP. The clumping of 
= particles, even after ultrasonication, implied that a more 
accurate estimate of filtration size might be obtained by 
ultrasonication of prefiltrates. After such treatment, both 
ME and LV strains failed to pass a 39 but passed a 45 my 
filter, the integrity of which was shown by its failure to 
allow passage of high titre herpes and rhinovirus strains. 
= Faced with the problem of a small 20 my virus which 
behaved as a DNA virus in the presence of 5-bromo- 
deoxyuridine, further cytological studies were carried out 
to confirm the DNA status of the virus. Immuno- 
fluorescence by indirect techniques showed that the 
--inclusion material at the mature basophilic stage 
< represented intranuclear virus maturation (Fig. 2), and 
‘feulgen and acridine orange stains demonstrated that the 
eosinophilic inclusion had DNA concentrations only on 
nucleolar and nuclear membranes, while the mature 
basophilic inclusion was entirely feulgen positive, and 
glowed yellow-green with acridine orange. Ribonuclease 
treatment did not remove this fluorescence, but 
although deoxyribonuclease removed the feulgen specific 
¿u eaction, it did not completely remove the green colour of 
acridine orange reaction unless there was prior treatment 
with pepsin. These findings suggested that the nucleic acid 
present in the inclusion had characteristics of a double 
stranded DNA. 
Those members of the proposed picodnavirus group 
<o tested so far have shown DNA which fluoresces flame red 
with acridine orange, characteristic of single-stranded 
DNA’. This difference would exclude classification of FP 
viruses in this proposed grouping, but the small size of the 
virus would also exclude a confident placing in the papova 
group viruses. The possibility of the small viruses being 















Fig. 1. Small clumped 20 mz particles constantly present in kitten 


monolayers infected with FP strains. (x e. 400,000.) 
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Indirect immunofuorescence LV strain of FP virus in kitten 


Pi 2 
gestern showing intranuclear formation of virus. (x 450.) 
adenovirus satellites has been considered, but such viruses 
appear incapable of autonomous replication! This leaves. 
the outside possibility that the small viruses represent 
contaminants, and that the causal agent, of an estimated 
filtration size of 27-35 my, is not sufficiently concentrated 2 
to be visualized by electron microscopy. 3 
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Synthesis of DNA and Protein in Cells 
infected with Vaccinia Virus 


Tue study of DNA and protein synthesis in cells infected 
with vaccinia virus has previously led to contradictory 
results. Both increase!:? and decrease*-* of DNA and pro- 
tein synthesis have been demonstrated. This may be due 
to the use of different cell strains and stages of virus 
infection. The early stages of vaccinia virus infection, as 
yet little studied, were the subject of this investigation. 

HeLa cells were grown on cover slips in medium 199 
with 10 per cent bovine serum for 3 days and then infected’ 
with the T'A vaccinia strain, 12 ID; per cell. Autoradio- 
graphy was used to follow the metabolic processes in the 
cells. Tritiated thymidine was used as a test for DNA, and 
tritiated alanine as a test for protein. These radioactive 
precursors were added to the tissue culture, 0-5 mg per 
ml., at intervals following infection of the culture with 
vaccinia virus. After 30 min of exposure the cells were 
thoroughly washed and the routine procedures of auto- 
radiography were carried out. Autoradiographic grains 
were calculated per 100 cells, separately in the cytoplasm 
and in the nuclei. 

Fig. 1 presents the results obtained in experiments with 
°H-thymidine. There was some increase in DNA synthesis. 
in the nuclei within 1-3 h after infection which was 
followed by a decrease in the subsequent 2h. In thec 
plasm a slight increase.of DNA synthesis was registe 
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== Sor 3 h after infection, which by 5 h had reached the level 
of nuclear DNA synthesis. poe 































































































Fig. 2 shows resilts obtained in experiments with 3H- 
ko alanine. There was no change in protein synthesis in the 
. 8 nuclei of cells infected with the virus; they were the same 
pas 1 as the controls. A marked increase of protein synthesis 
eo in the cytoplasm was observed 45 min after infection, 
; 2 49 and the rate was maintained up to 5 h after commence- 
a ment, when there was a slight decrease, l 
£35 These data show that in cases of vaccinia virus infection. . 
= protein synthesis begins in the early stages. Structural 
330 proteins of vaccinia virus appear within 4-5 h of infection", 
PARE and the increase of protein metabolism within 5 hof 
F25 infection might be due to virus induced synthesis of early 
a proteins or cellular protein components. In cells infected 
- B20 with vaccinia virus DNA synthesis, which occurs © 
LAE within the first 5 h of infection, is in two stages. One 
pu : stage is a short stimulation of the host cell DNA synthesis, ~ 
Bio. which takes place in the nucleus, and the other is virus 
a3 i induced DNA synthesis, which takes place in the cyto- 
Be plasm. The increase of the latter is followed by the 
: decrease of the former. 
V. M. Zapanov 
I. A. KozLOvA 
20 L. A. MELNIKOVA 
oe O. P. PETERSON 
B84 D. I. Ivanovsky Institute of Virology, 
ee £15 Moscow, U.S.S.R. 
a 1 Carins, J., Virology, 11, 603 (1960). 
oe 2 Cocito, C., Arch. Ges. Virusforsch., 14, 201 (1984). 
i 6 * Becker, J., and Joklik, W., Proc. U.S. Nat, Acad, Sel., 51, 577 (1964). 
3 * Dubbs, D., and Kit, S., Virology, 22, 214 (1964), 
E=] * Newton, D., Biochem. J., 87, 449 (1963). 
z * Shatkin, A., Nature, 199, 4891 (1963). 
* Kozlova, I. A., et al., Voprosy Virusologii (in the press). 
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Time (h) Quantitative Evaluation of Immunological 
Er Fig. 1. Incorporation of "H-ihymidine into eytoplasmie and nuclear Reactivity of Carriers of Malignant Tumours 
- -fractions of HeLa cells infected with vaccinia virus. 4, Percentage_of against Foot and Mouth Disease Virus RNA 


gels with radioactive grains; B, number of grains per cell. by the Complement Fixation R tion 
Serra, Guarini, Guidetti, Maisin and Deckers! recently: 
35 E A suggested the serological utilization of bovine foot and 
mouth disease (FMD) virus RNA as the antigenic com... 
ponent in the complement fixation reaction for identifica~ 
tion of blood sera of carriers of malignant tumours. Fresh 
human blood serum shows, in the presence of RNA as 
antigen, a negative serological reaction with more or less 
intense haemolysis in 85 per cent of cases of malignant 
tumour; but it shows a positive serological reaction, 
without haemolysis, in 97 per cent of cases of young and 
normal people without malignant tumours, and in 83-5 
per cent of these cases when the individual is suffering 
from other diseases. 

Electrophoretic fractionation of positive sera on agar 
gel in sodium veronal buffer at pH 8-4 showed that the 
serum factor reacting with FMD virus RNA is a serum 
protein of the beta globulin group which may generally 
be deficient or inactive in carriers of malignant tumours. =x 
This deficiency or inactivity is revealed by a haemolysis — 
more or less intense in the complement fixation reaction. 

The intensity of haemolysis is generally greatest with 
a serum from a tumour carrier in the terminal phases of 
disease and is less intense with a serum from a carrier in 
an earlier phase of the disease. This may point to 
individual variation in the amount of serum factor reaction 
with FMD virus RNA, and may be connected with 
individual immunological reactivity. ; 

We have observed that the addition of gradually: 
Time (h) increasing amounts of normal serum, giving the positive | 
Fig. 2. Incorporation of *H-alanine into cytoplasmic and nuclear serological reaction, to constant amounts of serum giving * 
fractions of vaccinia virus infected HeLa cells. A, Percentage of cells the negative serological reaction (tamour carrier) generally 


with radioactive grains; B, number of grains per cell. ©, Nucleus; A . s s : 
As cytoplaamintected cells. @, Nucleus: F eytoplasm-—controls. causes a gradual reduction in haemolysis intensity, until 
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able 1. NUMBER OF- mi Or NORMAL SERUM ADDED TO 0-1 ml. TESTING 
SERUM FROM TUMOUR CARRIER 


0-05 O1 02 03 04 05 


25% None Curve A 
50% 25% None Curve B 
75% 50% 25% None Curve C 
875% 75% 60% 25% None Curve D 
100%  87-5% 75% 60% 25% None Curve E 
100% 100% 875% 75% 50% 25% Curve F 


it totally or almost totally disappears, that is, a complete 
or almost complete inversion of the serological reaction. 
a We have also observed that the amounts of normal 
=o o serum, which can decrease the intensity of haemolysis 
and invert the serological reaction, vary from case to 
“ease, relative to the clinical condition of the tumour 
carrier. 
|: These two observations are the basis of our method for 
quantitative indireet determination of the serum factor 
‘reacting with FMD. virus RNA, which could be useful for 
evaluation of specific immunological reactivity of malig- 
nant tumour carriers against the FMD virus RNA. The 
roċedure is a slightly modified version of that of Serra 
et al., mentioned previously!. The modification is merely 
_ the dilution of the normal serum (from healthy people), 
“after confirmation of its positive serological reaction 
- against FMD virus RNA without haemolysis. Increasing 
amounts of this serum (0-025 ml., 0-05 ml., 0-1 mi., 0-2 ml., 
0:3 ml., 0-4 ml. and 0-5 ml.) are added to seven test-tubes, 
each containing 0-1 ml. of testing serum giving the 
egative serological reaction (previously ascertained). The 
‘final dilution with veronal buffer must be 1:10 in every 
~ test-tube. To each test-tube of 1: 10 diluted mixed serum 
{0-7 ml.) is added 0-3-0-4 ml. (according to titre) FMD 
. Sirus RNA solution. After 30 min at 37° C, 0-5 ml. 
haemolytic mixtures is added, and the mixture is incubated 
for 30 min at 37° C. Haemolysis intensity is measured, 
and the gradual decrease noted. 


‘Haemolysis (per cent) 


a tL e 





. O05 O11 0-2 0-3 O4 0-5 
Quantity of normal serum added to 0-1 mi, serum of a tumour carrier (ml) 
Fig. 1. 


|. Haemolysis intensity was plotted against the quantity 
of normal serum added (from healthy people) (Fig. 1). 
The quantity of serum factor reacting with FMD 
virus RNA present in the blood serum of a tumour 
| carrier can be ascertained from this graph. In Fig. 1, 
|. curves A and B correspond to the highest and curves Æ 
and F to the lowest quantities of serum factor used, while 
“the other curves correspond to the intermediate values 
‘for reacting serum factor. 
When there is inversion of the serological reaction and 
total disappearance of haemolysis with the lowest quan- 
“tity of normal serum (curves A, B and C) the clinical 
i condition of the patient is generally good, while if the 
`; inversion occurs only on addition of a much higher 
quantity of normal serum (curves D and E), or when the 
inversion is not total (curve F) the clinical condition of 
the patient is generally poor, that is, a correlation is 
observed between the slope of the curve and the clinical 
‘gondition of the tumour carrier. We have observed good 
=o Correlation in 84 out of 102 cases (82:35 per cent) of 
eancer carriers (Table 2). 
|. It is possible to conclude that the quantity of serum 
“factor reacting with FMD virus RNA, present in the 
blood of the malignant tumour carrier, shown by the 
curves, may be indicative not only of immunological 
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Table 2 oe 
` Good clinical No clinieal 
Locality of tumour correlation. correlation = 
Rectum 13 12 (92-30%) 1 (770%) 
Breast 22 19 (86-36%) 3 (15-6492) 
Skin 12 9 (78-00%) 3 (25-00% 
Uterus 12 9 (75-00% 3 (25-00%) 
Lungs 7 6 (85-70%) 1 (14-30%) 
Larynx T 7 (100%) 0 

Ovary 7 5 (71-30%) 2 (28-70%) 

Stomach 5 & (100%) 0 : 
Other 17 12 (68-76%) 5 (31-25%) 
Total 102 84 (82-35%) 18 (17-65%) 





reactivity of the patient against RNA, but also of 
clinical condition. This may be of prognostic impos 
We have also determined, by the foregoing techni 
the quantity of serum reacting factor present in the 
patient at different times. in order to test the possib: 
of drawing a parallel between the curves and the clinical 
course of neoplastic disease. In the majority of cases 
(80 per cent) this parallel is clear. The figures show the 
curves of a patient who has improved (Fig. 2) and those. 
of another who has grown worse (Fig. 3). aes 
We have also determined the quantity of serum factor: 
in six individuals (five cases of breast cancer and one of 
rectum cancer) immediately before the surgical ‘removal: 
of tumour and 15 days after, in order to determine the 
changes induced by surgical operation. New curves were 
obtained in five cases, showing a more or less intense _ 
increase in the quantity of serum reacting factor after 
tumour removal (Fig. 4). One case of breast. cancer © 
showed a decrease. eee 
These observations suggest that the quantity of serum 
factor reacting with FMD virus RNA, indicative of the 
immunological reactivity of one patient against RNA, 
may, in many cases, change, either increasing or de- | 
creasing, in relation to the clinical course of neoplastic: i. 
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Quantity of normal serum added to 0-1 ml. serum of a tumour carrier (ml.) 
Fig. 2. Uterus tumour. 
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Quantity of normal serum added to 0-1 ml. serum of a tumour carrier (m1) 
Fig. 3. Prostate tumour. 
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disease, and asa gonsequonea of tho « surg 
‘the tumour. Curves of the sort referred to previously 
might, in many cases, be useful for a prognosis of the 
disease. 
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- Torino, Italy. 
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Interferon-like Inhibitor and Lysosomal 
Enzyme induced in Mice injected with 
Endotoxin 


; Wier bacterial endotoxin is injected intravenously into 
2 ico, an interferon-like vital inhibitor! and lysosomal 
azyme? can be detected in the plasma. It was suggested 
hat lysosomes are a major target of endotoxin in tissue 

mage*-*, and it seemed interesting to investigate whether 
the antiviral activity and the activity of a lysosomal 
_ enzyme follow the same pattern of appearance on injection 

of endotoxin. If this were the case, it would suggest that 
the viral inhibitor induced by endotoxin can also be 
--released from lysosomes. 

Mice infected with BCG were used in this investigation 
-> for two reasons: they produce higher titres of interferon- 
like viral inhibitor* and also higher titres of lysosomal 
nzymes?. compared with normal animals. We used 
lucuronidase as a representative lysosomal enzyme. 
Female Swiss white mice of the [CR strain were injected 
ntravenously with 0-2 ml. of a 10-14 day old culture of 
BCG grown in liquid medium containing ‘Tween 80° and 
albumin. Ten to fourteen days later, 50 ug of ‘Bacto’ 
ipopolysaccharide suspended in 0-2 ml. of saline was 
injected intravenously. Mice were bled by heart puncture, 
< sing syringes previously rinsed with heparin. Plasma 
-levels of 8-glucuronidase and viral inhibitory activity 
— were determined before and at 1, 2, 3 and 4 h after 
endotoxin injection. The plasma of five mice was always 
pooled and kept between 0° and 5° C until assayed. The 
assay of ®-glucuronidase was based on the method of 

‘Talalay, Fishman and Huggins’. The substrate used was 
co 625 mmoles of phenolphthalein glucuronidate from 
Sigma Chemical Company, St. Louis, Missouri. The 
reaction was carried out in 0-1 molar acetate buffer at 
- p¥.4-5 in a total volume of 0-8 ml. The mixture was 
incubated for 60 min in a water bath at 37° C. Then 
27m. of 0-4 molar glycine buffer of pH 10-7 was added 
‘and the liberated phenolphthalein was determined by 
measuring the optical density at 540 mu. 
‘The viral inhibitory activity in an interferon-sensitive 
ine of L cells was assayed by the plaque reduction 
‘method? using vesicular stomatitis virus (VSV). The L 
> cells were grown in screw-capped glass bottles. The 
< cultures were incubated for 18 h with 3 ml. of twofold 
dilutions of plasma, using three bottles for each dilution. 
The medium was then poured off and the cells were chal- 
Jenged with 60-80 p.¥.v. (plaque-forming units) of vesicular 
| stomatitis virus for 60 min. Cells were overlaid with the 

‘following medium: Gey’s balanced salt solution, essential 

and non-essential amino-acids at twice the concentration 

recommended by Eagle’, glutamine (4 mmolar), 10 per 
cent calf serum, 0-11 per cent sodium bicarbonate and 

0-5 per cent ‘Ionagar No. 2’ (Oxo, Limited, London). 

After incubation for 30 h at 37° C, the agar medium was 
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-Table 1. Vmar 
PLASMA ‘OF ‘BOG INFECTED MICE AT DIFFERENT TIMES FOLLOWING INTRA- 
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i Teerron TITRES AND F-GLUCURONIDASE Trma IN THE 





| Vexoue INJECTION OF 50 pg ENDOTOXIN | ce 
Before -Hours after injection ir 
injection 1 2 3 Ee s 
Interferon-like inhibitor* 50 450 1,640 4855: 865 
8-Glucuronidase t 56 296 672 416 283 


* Titres of viral inhibitor are expressed as the reciprocal of the highest 
dilution of plasma producing 50 per cent inhibition of vesicular stomatitis 
virus plaques in L cells. - 

+ Activity of -glucuronidase is expressed as ug of phenolphthalein tiber- 
ated in 1 h per ml. of plasma, 
carefully decanted, the cells stained with crystal violet, 
and the plaques counted. ce 

The results of a representative experiment are sum: 
marized in Table 1. Interferon and -glucuronidase . 
showed the same pattern of activity with time. Both 
activities were at low level before endotoxin injection. At 
2 h after the injection the lysosomal enzyme as well as 
the interferon-like viral inhibitor reached their peak, 
followed by a sharp decrease in activity. It is possible 
that the endotoxin induced interferon-like viral inhibitor 
is released from lysosomes. ii 
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HAEMATOLOGY 


Occurrence of Tanned Erythrocyte Agglutinating 
Factor in Various Mammalian Sera 


We have already described a haemagglutination reaction 
between erythrocytes treated with cold tannie acid and 
guinea-pig serum (diluted to about 1: 100). We have also 
observed a marked increase in the tanned erythrocyte (TE) 
agglutinating activity in the serum of guinea-pigs at pro- 
gressive stages of tuberculosis'~>. In a preliminary attempt 
to identify the TE agglutinating factor (TEAF), serum * 
proteins of guinea-pig and several other mammals were 
separated by fractional precipitation with saturated. 
ammonium sulphate solution. TEAF was found to be 
widespread in occurrence and to vary markedly in its. 
distribution pattern in serum proteins between various 
species. There was also evidence for the presence of 
inhibitors. , 
Serum was obtained from the clotted blood of man, Ox, 
horse, pig, guinea-pig, rabbit, sheep and goat. Tanning ofo 
guinea-pig erythrocytes and the haemagglutination testo 
were carried out as previously described!-*, Serum frac- 
tionation was carried out at 2° C; a saturated solution of =: 
ammonium sulphate was cautiously added to serum | 
(10-70 ml.) in amounts just sufficient to give slight 
turbidity, and the precipitate was centrifuged down. The. 
clear supernatant was carefully removed and fractionated 
by a further addition of the ammonium sulphate solution. 
Fractional precipitation was continued until it almost 
ceased. Between ten and eighteen fractions were obtained 
from a sample of test serum. Each of the fractions was 
dissolved in saline with phosphate buffer (pH 7-0) and thee 
concentration was adjusted to that of the original serum: - 
This was titred for TE agglutinating activity. The com- “ 











2 NO. 5062 NOVEMBER 5S, 1966 








-Per ce; 
-Fraction saturation: ‘ith 
“ammonium 


“41:8 
- gulphate 


pecies 


NATURE 


Table Ww Axona Svenata FRACTIONATION OF Moneta Sura FOR TE AcoLomsarina. ‘Ac r y 


-Titration of fraction for. TE ee yaa 
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4, Clumping with little or no settling. 4+, Almost complete settling. 
position of the fractions was checked by paper electro- 
p phoresis, 

>> Fractionation experiments with normal as well as tuber- 
_eulous guinea-pig serum showed that the TE agglutinating 

_ activity is confined to gamma-globulin fractions precipi- 
-tated below 30 per cent saturation of ammonium sulphate, 
designated the “30-S” fraction. For example, as in 

< Table 1, the first fraction precipitated by 30 per cent 
saturation with ammonium sulphate exhibited a high 
agglutinating activity, equivalent to that of the original 
serum. Unlike the serum, however, this fraction showed 

no inhibitory prozone effect. The second fraction, 
precipitated by 34 per cent saturation. with sulphate, also 
showed activity with strong prozone. . All other fractions 

_| were inactive. The ‘‘30-S” fraction could not be dialysed, 
was destroyed by heating at 56° C for 30 min and fairly inert 
against normal red cells. It was not affected to any appre- 
eiable extent by any previous addition of either soybean 
or egg white trypsin inhibitor (0-5 mg/ml.). Essentially 
similar fractionation patterns were obtained in horse, pig, 
bovine and rabbit sera, although in these cases, unlike the 
- guinea-pig, the serum alone did not produce TE agglu- 
© tination at any dilutions. The results with both sheep and 
goat sera strongly contrasted with those with mammalian 
-sera,’-* in that both these sera exhibited a potent TE 
_ agglutinating activity completely devoid of the inhibitory 
prozone, and‘ in that high degrees of activity were widely 
distributed among the protein fractions precipitating 
below about 50 per cent saturation with sulphate (Table 1). 
Native human serum from healthy donors showed little 
or no TE agglutinating activity. As can be seen in Table 
1, human serum was distinguished from all other mam- 
malian sera so far tested, in that TE agglutinating activity 
<- was localized in two distinct regions of the fractionation 
«patterns, one in the “30-9” fraction and the other in the 
fractions precipitated between about 50 and 70 per cent 

| Saturation. This consisted of a mixture of albumin and 
<a: and 6-globulins. The latter fraction had much less 
eetivity than the “30-S” fraction. These two fractions 
differed from each other in one important respect. Unlike 
the. “30-8” fraction, the high sulphate concentration 

p fraction withstood heating at 56° C for 30 min but was 
. inactivated at 65° C. These results suggested that occur- 
rence of TEAF in serum proteins is a general feature of 























* Final readings were made 30 min after mixing the tanned red cells and the serially diluted solutions of test fraction. — , Negative haemagelutina jon. 
3+,2+, and +, Intermediate settling. : 
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mammalian blood, although the potencies of the active — 
fractions varied considerably with different species t 
animals. The distribution patterns of TEAF in ser ; 
proteins differed profoundly from one species to another, 
indicating the multiplicity of TEAF. 

We have already postulated the presence of inhibitor in .~ 
guinea-pig serum to explain the inhibitory prozonet-*:. 
To substantiate this hypothesis the inactive fractions, _ 
obtained as above from guinea-pig and human sera, were | 
tested for inhibitory effect on the homologous or hetero- 
logous active “30-S” fraction. Many of the fractions, 
when mixed alone with the “30-8” fraction in the ratio ~ 
present in serum, showed different degrees of inhibition, — 
and the fractions precipitated between 40 per cent snd 
60 per cent saturation, which consisted largely of a: 
globulin contaminated with albumin and 8 -globulin, wae c 
more potent inhibitors. Reconstitution of “inactive 
fractions in combination caused a reproduction of the 
inhibitory prozone effect observed in the original serum. 
The inhibitors were resistant to heating at 65° Ç for 30 min 
The results of the mixing experiments suggested that the 
diversity of TEAF distribution patterns, mentione 
previously, in different species depends on the relative _ 
concentrations of agglutinators and inhibitors in the © 
respective sera. It is well known that definite serum: 
protein changes occur in human as well as in experimental _- 
tuberculosis, and in other chronic diseases*-*, Our 
previous observations on tuberculous guinea-pigs * i 
suggest that the TE agglutinating reaction of serum is of |. 
pathological importance, but further investigations with. 
other species, including man, are necessary to establish the 
applicability of the TE agglutinator inhibitor system as an’ 
index of normality of the serum protein distribution, 

Ryo Iro 
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= Effect of Acylase on the Agglutinability of 
aa Human Erythrocytes 
SEVERAL workers have reported the inactivation of human 
erythrocyte agglutinogens by enzymes'-§. Acylase from 
hog kidney, able to hydrolyse 20,000 umoles of acetyl 
D,L-methionine/mg of protein nitrogen/h, specifically 
diminished agglutinability of human group A erythro- 
eytes, A 2 per cent suspension of the erythrocytes in an 
isotonie veronal buffer solution of pH 7-35 containing 
0-25 per cent of the enzyme was incubated at 37° C for 
3h: The erythrocytes were washed three times in the same 
buffer solution, to remove the enzyme, and tested for 
-agglutinability with serial dilutions of human anti-A 
sera. Controls, consisting of erythrocytes from the same 


individuals, treated with the same amount of veronal 


‘buffer solution instead of the enzyme solution, were 
“simultaneously tested. Weak or negative agglutination 
was obsorved with the treated erythrocytes of group A 
(Ay, A, and also A,B and A,B) at the higher dilutions 
i Erythrocytes of the groups B, O, M, N, 
D, C, E, ¢ and e did not show any alteration in agglutin- 
ability caused by a similar enzyme treatm nt. 

In absorption experiments, the group A erythrocytes 


= treated- with acylase also showed a small but consistent 


decrease in their ability to absorb anti-A human sera, 
which was not observed for other groups of erythrocytes 
» and corresponding antisera. 


Fable 1, Erect OF ACYLASE ON AGGLUTINABILITY OF GROUP A ERYTHRO- 
: : CYTES 
Human anti-A dilutions 
1:40 1:86 


Cells 1:20 1:1860 
Acylase treated A, 3 2 1 0 
Acviase treated A, 3 2 D G 
Control. 4 4 3 1 
~ Control 4 4 2 i 


4, Complete agglutination: 8, one large clamp with smali ones: 2, medium 
"sized clumps; 1, small clamps; D, doubtful clumps; 0, no clumps visible. 


- The specific part of the A antigen contains N-acetyl-p- 
galactosamine as a terminal unit*. A de-acetylation of this 
moiety might diminish the agghutinability of the human 
group A erythrocytes. The specific function of acylase is 
hydrolysis of esters of acetic acid, but the effect is de- 
creased by esterification of the alcohols with other acids‘. 
The observed decrease in agglutinability of the group A 
erythrocytes was moderate or small, but quite specific 
and reproducible (Table 1). Further studies, by a quanti- 
tative haemagglutination technique’, to determine the 
degree of diminution in agglutinability of group A erythro- 
cytes after a similar treatment with acylase are being 

“earried out in an attempt to differentiate between the 
homozygous A,A, and the heterozygous A,O individuals. 


APARNA CHATTORAS 


: Bection of Immunology, Blocd Center, 
Division of Medicine, Michael Reese Hospital and 
Medical Center, 530 East 31st Street, Chicago, 
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* Race, R. R., and Sanger, Ruth, Blood Groups in Man, third ed. (Scientific 
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HISTOLOGY 


<c Staining of Proteins on Cellulose Acetate 


Tue following technique has been devised, based on the 
use of dimethyl sulphoxide as a solvent, for use when the 
elution of stained proteins followed by absorptiometric 
measurement is chosen in preference to the seanning of 
cellulose acetate strips. 
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- After the normal electrophoretic run, the damp strips 

are placed directly into a dish of staining solution, con- 
sisting of 0-3 per cent Fast Green F.C.F. (Gurr) in 3 per 
cent aqueous trichloroacetic acid. After 10 min the 
staining solution is poured off and the strip is washed 
in six or eight changes of 2 per cent aqueous acetic acid, 
the dish being gently agitated to assist elution of the 
background stain. 

When the background is white, the strip is dried between 
blotting paper over a radiator and the stained bands are 
cut individually and placed in test-tubes. One band of.: 
plain background is cut from the strip to act as a blank, ` 
Equal volumes of redistilled dimethyl sulphoxide (usually 
5 ml.) are then added to each tube and these are corked. 
and shaken in a mechanical agitator for 15 min. Each’: 
solution is measured against the blank, either spectro- 
photometrically at the absorption peak of 630 nm, 
or in a colorimeter with a suitable filter (61 or 607). 

The final solutions are clear; both the protein and dye 
complex and the cellulose acetate completely disperse, 
in this solvent and the rate of fading appears to be very 
slow (less than 0-3 per cent in an hour). Known concentra- 
tions of single protein solutions can be used to calibrate 
the dye uptake ratios in the usual manner. 


K. G, GADD 
Public Health Laboratory, 
Salisbury, 
Rhodesia. 


Induced “Shedding” of the Epidermal 
Langerhans’s Cells 


Tue epidermis of the guinea-pig contains a constant 
number of Langerhans’s cells! (Fig. 14). These dendritic 
eells differ from melanocytes both histochemically? and 
ultrastructurally®, as well as in their responses to melano- 
genic stimulit. There is strong evidence to indicate that 
they represent a unique and independent cell population, 
although the problem of their nature, function and origin 
is not as yet settled. Any experimental approach that 
selectively and reproducibly induces major changes in the 
Langerhans’s cell population probably would supply some 
data on these unsolved problems. 

We have found that a dynamic loss of epithelium and 
Langerhans’s cells can be obtained by means of the skin- 
stripping technique originally described by Wolf® and 
extensively investigated by Pinkus*’. Later, as the repair 
of the epithelium occurs, a disproportionate failure of 
development of the Langerhans’s cell population can be 
noticed. 

The dorsal surface of the ears of white guinea-pigs was 
stripped with transparent adhesive tape. Between 
seventeen and twenty strips were necessary to remove 
completely the horny layer. Specimens for biopsy were 
taken at various intervals from 3 h to 4 weeks after 
stripping, and Langerhans’s cells were demonstrated in 
cryostat sections and isolated epidermal sheets by the 
histochemical method for ATPase’ according to a tech- 
nique described previously}. 

After stripping, most of the suprabasal parts of the 
epithelium were shed as a compact parakeratotic layer 
and with them was included almost the entire population 
of suprabasal Langerhans’s cells (Fig. 1B). A new acantho- 
tic epithelium that was almost devoid of Langerhans’s 
cells rapidly formed, the epithelium containing only those 
cells that had originally occupied a position withia or 
immediately above the basal layer. In contrast to the © 
very rapid formation of the new epithelium, the number of 
Langerhans’s cells increased only slowly within this new 
epidermis over a period of about 2 weeks. 

This slow repopulation of the epidermis by Langerhans’s 
cells poses the problem of their origin. Do the Langer- 
hans’s cells re-form in place by division of the few Langer-.~ 
hans’s cells left after the stripping? Do they form by 
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Fig.l. A, Langerhans's cells in epidermis (2) of ear of albino guinea-pig, 
Keratin layer (A), (ATPase; xe. 160.) B, Twelve hours after stripping. 
Notice that almost all the Langerhans’s cells are located in the para- 

keratotic layer (P) that is going to be shed. (ATPase; xe. 325.) 


transformation or differentiation of keratinocytes or 
melanocytes? Or, finally, do they migrate from the dermis ? 

Further investigations are in progress to determine the 
effect of this procedure on the quantitative changes and 
the ultrastructural features of Langerhans’s cells and the 
melanocyte population of the epidermis. 

This investigation was supported in part by a research 
grant from the National Institutes of Health, U.S. Public 
Health Service. One of us (K. W.) is the recipient of a 
National Institutes of Health international postdoctoral 
research fellowship. 


RAYMOND J. LESSARD 
Kraus WoLFF 


Mayo Graduate Sehool of Medicine, 
University of Minnesota, 
Rochester. 
R. K. WINKELMANN 


Mayo Clinic and Mayo Foundation, 

Section of Dermatology, 

Rochester, Minnesota. 
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CYTOLOGY 


Cell-to-Cell Passage of Large Molecules 


A WIDE variety of epithelial tissues are now known in 
which cells form interconnected systems!?. Our earlier 
work showed that the membrane surfaces of cell contact 
(junctional membranes) are permeated by small ions in 
these systems’. The work reported here deals with the 
permeation of the junctional membranes by large mole- 
cules. 

Salivary gland cells of Drosophila flavorepleta (early 
third instar) were used for the present experiments. 
Because of their transparency and large size (100 dia- 
meter), these cells are particularly suitable for probing 
the permeability of junctional membranes with visible 
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tracer substances. The general procedure was to inject 
0-5 x 10-%-1 x 10-* ml. of tracer solution with a micro- 
pipette into a cell? and to film or observe the diffusion of 
the tracer through the interior of the connected eell 
system (single cell volume, about 4 x 10-7 mL). We 
used colourant and fluorescent tracers. The choice of the 
tracers was guided by their molecular size, mobility in 
cytoplasm and ease of detection. A difficulty was to find 
substances which could be used in concentrations not 
damaging to the cell membranes. Those which were 
finally adopted as tracers are listed in Table 1, together 
with their molecular weights and concentrations. These 
caused no alterations in junctional or non-junctional 
membrane conductance, as was shown by electrical 
impedance measurements? and by checks on retention of 
control of junctional permeability by calcium, described 
later. 


Table 1. TRACER MOLECULES 


Concentration of tracer 
in solution Injected 


Molecular weight (mmolar) 

* Azur B (52010) 305 10 

+ Fluorescein 332 10 

* Orange G (16230) : 452 22 

* Solantine turquoise (74180) 700 

* Trypan blue (477) 960 10 

* Evans blue (23860) 961 10 

į Serum albumin 69,000 Di 

$ Polylysine 127,000 OL 


* Colourant molecule; cotourant index number in parenthesis. 

+ Fluorescent anion in solution of its sodium salt. 

} Bovine serum albumin (erystalline) fluorescent labelled by conjugation. 
wih fluorescein isothionate, then purified by dialysis and adsorption: on 
carbon. : 
i S Synthetic polyaminoacid fluorescent labelled by same procedures as the 
albumin. ; 

Composition of the intracellular saline carrying these tracers: 1422 
mmolar sodium chloride; 10 mmolar potassium chloride; 10 mmolar tris 
buffer. pH 7-1. es 

“Normal” extracellular saline: 144 mmolar sodium chloride; 5-6 m molar 
potassium chloride; 17 mmolar calcium chloride; 10 mmolar tris buffer. 
PH TL. 

In the extra- and intra-cellular solutions containing chelator or chelator 
calcium complexes, and in the intracellular solutions containing calcium, 
these substances replaced their osmotic equivalents of sodium chloride of 
the “normal” solutions. 


All the tracer particles shown in Table 1 (except poly- 
lysine) moved through the junctional cell membranes 
with velocities depending on their molecular size and of 
an order within expectations of free diffusion. Moreover, 
there were no noticeable differences between the velocities 
of diffusion in cytoplasm and at the junctional boundaries. 
Azur B, fluorescein and Orange @ could be followed in 
their movement throughout the cell system; from the 
injected cell they were seen to spread. progressively in all 
directions through the 100-200 cells of the epithelium 
(Fig. 1, I). The spread of serum albumin could not be 
followed over more than ten cells, partly because. of 
limitations in resolution of fluorescence and partly because 
of the very slow spread of this large (and charged) molecule. 
Solantine turquoise, trypan blue and Evans blue did not 
spread beyond three or four cells, presumably because 
they became bound to cytoplasm‘. But even these, our 
poorest tracers, clearly passed across at least three cell 
membrane junctions before becoming immobilized in the. 
cytoplasm. 

The movement of all tracers was strictly from cell 
interior to cell interior. No leaks to the exterior were seen 
either at the cell surfaces or at the regions of cell contact. 
The particles tested cover a range of molecular weights 
up to 127,000. The largest molecule found to pass through 
the junction was bovine serum albumin, with a molecular 
weight of 69,000 (36 A, equivalent hydrodynamic radius). 
It is not clear whether the particle that passed was the 
intact molecule or a degradation fragment. But even if 
there was degradation of the protein, the passing fragment 
must have been large: (i) the antigenic properties of. the 
molecules that move through the junctional membranes | 
are not altered, as was found by fluorescent antibody stain- 
ing (cells into which unlabelled serum albumin was inj 
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were stained with rabbit anti-bovine serum albumin 
antibodies labelled with fluorescein and with the samo 
antibodies labelled with rhodamine); and (ii) the rates of 
diffusion correspond to molecular weights of at least 
10%. The order of magnitude, in any event, of the per- 
meating particle seems thus assured. 

_ Communication between cells is labile. It can be 
interrupted in a variety of ways*. Particularly effective 
is the sequestering of calcium from the structural com- 
plexes which hold the cells together?. As has been analysed 
elsewhere®, this led to breakdown of a surface barrier 
which normally insulates the interior of the junction from 
the extracellular fluid, and thus to contact between this 
fluid and the junctional membranes. If, under these 
conditions, this fluid contains a concentration of calcium 
greater than 10-4 molar, as it normally does, the junctional 


H 


HTI 


Fig, 1. Junctional membrane permeability controlled by calcium. 

<o AgueB, a blue tracer, is injected into a cell with a micropipette, and the 
S spread of the tracer is photographed, Except for IV, all photographs are 
taken after a single injection of 0-5 x 10 — 1 x 10-* ml. of tracer 
solution, The photographs are bright field views of living salivary glands 
“showing the outlines of cells and micropipette. The tip of the micro- 
“pipette is seen inside the cell into which the injection is made; the tracer 
appears black, All calibrations, 50u. I, Spread of tracer through the 
normal cell system. A, Just after injection; B, 3 min after injection of 
the-tracer, Cell system lies in normal saline. II, Spread of tracer in the 
uncoupled cell aystem with sealed junctional membranes, Cells are 
bathed in an uncoupling saline containing a 2-5 mmolar calcium, 2-5 
mimolar EGTA complex yielding 10+ molar free calcium. Trrace is 
injected after uncoupling and photographs taken, A, 1 min, B, 5 min 
atter injection. III, Uncoupled system with permeable junctional mem- 
branes. The uncoupling saline bathing the cells is free of calcium and 
contains 2-5 mmolar EGTA, A, Just after; B, 3 min; C, 5 min after 
injection of tracer. Note the marked decrease of tracer concentration 
in the cell with time, and the appearance of tracer in the intercellular 
spaces, IV, Junctional membranes sealed off by high intracellular calcium 
concentration, The cell system lies in normal saline. The tracer is 
injected into the cell together with 5 mmolar calcium. A, After first 
injection of this solution; B, after the second injection; C, after injecting 
a tracer-free solution containing 2-5 mmolar EGTA. Compare IV B 

and C with H B and IH C, respectively. 
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membranes become as impermeable as the non-junctional 
ones; as a result, the cells seal themselves off as units. 
This effect, which had been inferred from electrical 
measurements’, could now be shown directly with the 
large tracer molecules. Fig. 1 shows a series of results 
with Azur B which are typical for all the other tracers 
used. In I, the tracer spreads through the interior of the 
normally connected cell system. In IT and ITI, the cells 
were uncoupled by chelation with a calcium EGTA 
(disodium ethyleneglycol-bis(8-amino ethyl ether)-N-N- 
N’-N’-tetracetate) complex. When the extracellular free 
calcium concentration is greater than 10-* molar, the 
tracer stays sharply within the boundaries of the injected 
cell (II A, B). At lower free calcium concentrations, the 
injected tracer escapes into the intercellular spaces and 
appears to concentrate there (III A-C); however, if, 
after uncoupling in low free calcium, the calcium con- 
centration is raised above 10-4 molar, the tracer remains 
within the injected cell, as in II A, B. This sealing action 
of calcium ean also be shown by injecting calcium directly 
into the cells. In IV, the tracer solution injeeted contains 
5 x 10- molar calcium. At the first injection of the 
solution, some of the tracer leaks across the junction (A), 
although already much less than normally. When the 
junctional membrane permeability is probed thereafter 
by a second injection of tracer, none of it is found to leak 
across to the adjacent cell (B). Subsequent injection of 
chelator into the cell restores (at least in part) the junc- 
tional flow which is now channelled mainly to the inter- 
cellular spaces (C). (Injection of calcium into the cell 
also results in a decrease in the mobility of the tracer in 
cytoplasm, because of increase in cytoplasmic viscosity. 
But, although slowed down, the tracer continues to move 
in all directions through the cytoplasm of the injected 
cell, and this movement stops them only at the eell 
boundaries.) 

Apart from illuminating some of the mechanisms of 
intercellular communication, these experiments provided 
a convenient screen against tracers that passed by damaging 
the junctional membrane (such as chymotrypsin). The 
sequence I-II of Fig. 1 (particularly the sealing effect) 
served as routine test for all tracers. It was reassuring 
that, so far as the control of its permeability by calcium . 
was concerned, the junctional membrane behaved toward 
the listed tracers just as toward the normal intracellular 
small ions®, 

The surprising result is the large size of particles which 
can pass through the cell junctions. Many of the ions and 
molecules normally inside the cell fall within the size 
range of particles shown to flow from cell to cell. This 
opens the possibility of a wide range of functional controls 
of the connected cell system by direct flow of substances 
from cell to cell®.4-5, There is now also a basis for thinking 
more seriously of the possibility of molecules large enough 
for carrying genetic information to flow from cell to cell*. 

This work was supported by the U.S. National Institutes 
of Health and the National Science Foundation. We 
thank Dr. K. C. Hsu for preparing the fluorescent labelled 
material. 

Y. Kanno 
W. R. LOEWENSTEIN 


Department of Physiology, 

College of Physicians and Surgeons, 

Columbia University, 

New York. 

? Loewenstein, W. R., Socolar, $. J., Higashino, 8., Kanno, Y., and Davidson, 
N., Science, 149, 295 (1965). 

* Penn, R. D., J. Cell Biol., 29, 171 (1966). 

* Loewenstein, W. R., and Kanno, Y., J. Cell Biol., 22, 565 (1964), 

+ Compare with Potter, D. D., Furshpan, E. J., and Lennox, E. 8., Proe. 
U.S. Nat. Acad. Sci., 55, 328 (1966). 

* See Hiramoto, R, N., and Hamlin, M., J. Immunol., 95, 214 (1965). 

* Loewenstein, W, R., in Conference on Biological Membranes: Recent Progress, 
Ann, N.Y. Acad. Sci., 187, 441 (1966), 

7 Nakas, M., Higashino, 5., and Loewenstein, W. R., Science, 151, 89 (1966), 

ë Loewenstein, W. R., and Kanno, Y., Nature, 209, 1248 (1966). 








No, 5062 NOVEMBER 5, 1966 


Cell Membrane Changes during Contact 
with Some Micro-organisms 


Tur use of the electron microscope has facilitated more 


detailed investigation of cell membrane activities than 


a 


pinocytosis, 


was previously possible. Among these activities are 
micropinocytosis, rhopheocytosis, phago- 
cytosis and desmosome formation. This communication 
reports some interesting changes which were observed 
in the morphology of cell membranes during 
contact with micro-organisms. i 

During an investigation of rat ileum, 
bacterial micro-organisms were observed 
near the luminal surface of the columnar 
cells of the ileum. The plasma membrane 
of the columnar cell showed an unusual 
change at the position of contact with the 
bacterial capsule. At this site there were 
no microvilli and the outer capsule of the 
bacterium appeared to be fused with the cell 
membrane. The cell membrane, while 
normal elsewhere, was now much thicker; 
its normal thickness of 70 A had increased 
to 200 A-250 A (Fig. 1). Small osmiophilic 
granules about 60 in diameter were 
observed in the cytoplasm on the periphery 
of the area of contact. Reimann has de- 
scribed these changes in the cytoplasm and 
terminal web in this area. 

The nature and function of this type of 
cell membrane interaction are unknown. 
It may represent a cellular defence mechan- 
ism or it may be a result of injury to the plasma mem- 
brane. A normal counterpart of this type of plasma 
membrane thickening is found in the macula adherens 
region between adjoining cells?. 

Anether cell membrane change was observed at the 
point of entry of reovirus III into hepatocytes during the 
pathogenesis of murine hepatitis induced by reovirus. 
As the virus approached the cell, the cell membrane 
became slightly thicker and denser, and the virus was 
then taken into the cell by micropinocytosis®. The walls 
of the micropinocytic vesicle were formed from this 
thickened dense membrane, surrounded by a fuzzy halo 
(Fig. 2). 

Similar vesicles have been observed in normal liver+ 
and in other cells’. Their function is believed to be 
concerned with protein transport and this seems almost 
certain in the mosquito oocyte where the vesicles have 
also been seen*. Possibly the same type of interaction 
which occurs with protein molecules also occurs with the 
virus capsid, which results in its uptake into the cell. 


Fig. 2. 





Fig. 1. Site of contact of bacterial body with the cell membrane of a lining columnar 
cell of rat ileum. The cell membrane shows marked thickening measuring 200 A~250 A. 
A number of fme granules (arrow) can Me near the site of thickening. 

x e. 27,000. ; 
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Such an interaction would be determined by the 
physico-chemical structure of both the virus capsid 
and the cell membrane. The physico-chemical possi- 


bility of such an interaction would determine host cell 
specificity. 

The sites of interaction may be the morphological 
equivalent of the chemical “‘receptor sites” postulated by 
virologists, and responsible for virus adhesion, host cell 
specificity. and cellular uptake. 





Reovirus II entry into the sinusoidal surface of a hepatocyte. The wall of the 
vesicle which surrounds the ingested virus pertice (arrow) is composed of thickened 


membrane surrounded by a fuzzy halo. (x c. 81,300.) 

This investigation was aided by a grant from the 
National Health and Medical Research Council of 
Australia. 

I thank Dr. H. A. Reimann and Dr. E. R. Pavillard, 
who provided some of the specimens of rat ileum. 

J. M. PAPADIMITRIOU 
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University of Western Australia, Perth. 
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Differentiated Cell Types and the Regulation 
of Collagen Synthesis 


COLLAGEN synthesis, the principal differentiated function 
of the fibroblast, is carried out by homo- 
geneous cell populations cultured under 
defined conditions’. Because hydroxy- 
proline is formed from proline in collagen, 
the rate of collagen synthesis can be determ- 
ined with great sensitivity by measuring the 
incorporation of radioactive amino-acids**. 
This communication shows that different 
types of cell vary over a range of at least 
10t in tho rate at which they synthesize 
this protein. In cells of fibroblastic origin 
the property is, of course, most highly 
developed. In some non-fibroblastic cell 
types synthesis occurs at about 2-3 per 
cent of the rate characteristic of the fibro- 
blast, while in others it is completely 
suppressed. The data indicate three possible 
levels at which the synthesis may be main- 
tained in different cell types. 

The origins of the cell types investigated . 
are shown in Table 1. Hen 

Dense and essentially non-growing cultu 
of each cell type were exposed for at. 
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12 h to r-proline uniformly labelled. with ‘carbon-14, 
The differential rate of collagen synthesis with respect 


‘to that of the other cell proteins ( ay was calcu- 


lated from the ratio of labelled proline incorporated 
into the proline and hydroxyproline residues of newly 
synthesized proteins’, assuming a hydroxyproline residue 
content in collagen of 12-2 per cent!*, and a proline 
residue content in the average cell protein of 4:1 per cent’. 


Table 1 
Cell. type Origin Received from 
f Strain A Subcutaneous tissue, human 
Strain HG v ” ” 
Strain HD ” 5 " 
+ Strain M Disaggregated embryo fibroblasts, mouse 
* 373 Disaggregated embryo fibroblasts, 
376 mouse” 
* NCTC 2472 Subcutaneous connective tissue, Dr. K. Sanford 
* NCTC 2555 mouse’ 
+ Lesh Lens capsule epithelium, rabbit'* Dr. Arnold Shapiro 
“ATY-1 Adrenocortical tumour, mouse" Dr. Gordon Sato 
+ Lympho- Blood, human Dr. Rochelle 
ey bes Hirschhorn 
} Macro- Lung, guinea-pig’ Drs. B. Benacerraf 
x p and A. Berken 
$ riculo- Blood, rabbit! Dr. Paul Marks 
eytes 
* SREL-2 Lymphoblastic leukaemia, human? Dr. Loyd Old 
*ER-1 Burkitt lymphoma, human Dr. Loyd Old 


..* Established cell lines, 
+ Cell. strains, generally diploid. 
$.Non-growing or very slightly growing in vitro. 
For origins of other lines see ref. 5. 


All cultures were grown in the Dulbecco-Vogt modifica- 
tion of Eagle's medium supplemented with 10 per cent 
calf serum and 50 ug/ml. ascorbic acid. Ascorbie acid 
is known to play an important part in collagen synthesis!” 
probably in connexion with the hydroxylation of pro- 
line!*:1* and all the well differentiated fibroblast strains, and 
-lines described here depend for optimal collagen synthesis 
on the ascorbic acid supplement in the medium?*?1, 


The 


types, as well as by L-cells and SV Py3T3-11 (see later), 
were not, however, affected by the omission of ascorbic 
acid, possibly because the serum provided enough ascor- 
bate for the low level of collagen synthesis occurring in 
these cells. 


non-fibroblastie cell 


values given by the 


a values for the cell types 
examined can be divided into three ranges. 

Range 1 (1:5-14 per cent). All diploid fibroblast strains 
tested (human and mouse) fall into this range. These are 
fibroblasts which have not undergone any evolution in 
eulture*? and therefore closely resemble fibroblasts in 
vivo. Human diploid fibroblasts have a finite culture life- 
time of from 50-100 cell generations??-25, Toward the 
end of this lifetime such strains grow very slowly?! and 
synthesize protein at a much lower rate®*, Their commit- 
ment to collagen synthesis remains constant, however; 
strain. A after seventy-three generations in culture 


As shown in Fig. 1, the 


AC 
~ {at the very end of its culture life) gave a AP value 


-virtually unchanged from that at seventeen cell genera- 
tions. 
| An established heteroploid fibroblast line of mouse 
| =- embryo origin, 376, evolved in this laboratory and grown 
_ through several hundred cell generations in culture, 
synthesizes more collagen per culture than the diploid 
strain (analogous to strain M) from which it arose. 
When the differential rate of synthesis with respect to 
A 
that of other proteins was measured, however, the AP 


value was 6'4 per cent, actually slightly lower than the 
values given by the diploid cell strains. 373, a highly 
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contact-inhibited mouse line, falls in the same range as 
37'6. L-cells (from adult mouse fibroblasts) appear to 
have lost much more of their differentiated function, 


value of 1-7 per cent®. Line 373 


AP 
when transformed consecutively by polyoma virus and 
SV 49 also lost a good deal of its differentiated function®!, 


as they give a 


and its 


AP 
1-5 per cent. All the established cell lines in this range, 
in keeping with their fibroblastic origin, remain differen. ` 
tiated for collagen synthesis, in spite of the marked altera- 
tions in other properties that they have undergone’. 
Range 3 (less than 0-002 per cent). In this range fall a 
number of cell types isolated directly from animals or 
human beings and tested after a few days in culture. 
In most cases these cells had not grown appreciably 
in culture up to the time the measurements were made. 
Though they were all quite active in protein synthesis 
(judging by their proline incorporation of between 10° 
and 10° ¢.p.m. in each culture), most failed to synthesize 
any protein containing hydroxyproline. Because the 
method of detection is so sensitive, the upper limit of 


AC ; ; 
Ap °c" be assigned with confidence. 


value dropped from about 7 per cent to 


In this range 


were lymphocytes, whether or not stimulated by phyto- 4 
haemagglutinin, and reticulocytes. Macrophages ean 
tentatively be assigned to this range; though a few counts 
were incorporated into hydroxyproline residues in protein, 
this was probably because of the presence of a few con- 
taminating fibroblasts. Two established lines originating 
from malignant human lymphoid cells (#B-1 and SKL-2), 
which grow free from the surface of the culture vessel, 
also failed to synthesize detectable amounts of protein 
containing hydroxyproline. 

Range 2 (0-15-0-4 per cent). In this range are a number 
of established lines of non-fibroblastic origin—HeLa 
and KB (both of epithelial origin), HFH 18 and RPMI 
3640 (melanomas) and FL (amnion), all of which had 
previously been examined. The established line ATY-1 
(adrenal cortex, hormone secreting) can now be added 
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Fig. 1. Differential rate of collagen synthesis with respect to other 
proteins (45) in different cell typos. 
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to. this group, as can a recently derived strain of lens 
capsule epithelium (LeSh) which preserves a strictly 


epithelial appearance in culture and is highly sensitive 
to contact inhibition. Two lines of presumed fibroblastic 
origin, 2472 and 2555, which have been grown in culture 
_ for many years, also fall into Range 2. 


These three ranges define three possible states of differen- 
tiation for collagen synthesis. The state corresponding to 
Range 1 is that of full differentiation as found in the 
fibroblast, the cell type specialized for collagen synthesis. 


_Osteoblasts* and chondrocytes*’ have also been shown to 


be very active in collagen synthesis, under conditions 
similar to those described here, and though they can be 
distinguished by their other functions, they should 
be considered as closely related to the fibroblasts. In 


fibroblast strains the degree of differentiation is not 


AC 
affected by loss of growth potential, as the AP values 


remain the same in human diploid fibroblasts right to the 
end of their culture life. A high degree of differentiation 
is also usually retained in established lines spontaneously 
derived from fibroblasts, though fibroblastic differentia- 
tion declines after culture for very long periods or viral 


transformation. 


Cell types not specialized for collagen synthesis fall 
either into Range 2 or Range 3. The state corresponding 
to Range 3 is that of complete repression. This is found 
in a number of cell types recently placed in culture, and 
in two established lines of tumour cells of lymphoid 
origin. A very thorough repression mechanism for collagen 
synthesis therefore exists in certain cell types differentiated 
for other functions, and this mechanism does not appear 
to be destroyed in neoplastic cells. 

The state defined by Range 2 is intermediate between 
Ranges 1 and 3 but is quite narrow and sharply demarcated 
from the others, especially from Range 3, which is sepa- 


=: Cc 
rated by a difference of at least a hundred-fold in aan 


Excluding from consideration the special cases of low 
Y 


in Range 1 (L-cells and viral transformant SV 


AC l 
Py-3T3-11), the mean AP value for Range 2 is about 


~ one-fortieth that of the fibroblasts. Range 2 includes a 


number of established cell lines of ectodermal origin 
of which some (RPMI 3460 and AT Y-1) carry out other 
differentiated functions. At least one of these cell types 
(ATY-1) is almost diploid’*. It therefore appears that 


“eells of ectodermal origin, which under certain conditions 
‘ean become specialized for collagen synthesis**, remain 


at this intermediate level. Range 2 also appears to repre- 
sent the end stage for fibroblastic cell lines in which the 
differentiated state has been subjected to attrition over 
many years of continuous cultivation (2472 and 2555). 
Range 2 may represent a distinct level of control of colla- 
gen synthesis. On the other hand it seems possible that it 
represents a neutral or unregulated state from which the 
differentiated state occurs by change in either direction. 
In some cell types, collagen synthesis would be repressed 
from this level to Range 3 by what seems to be an all or 
none mechanism, while fibroblastic differentiation would 
require a shift in the opposite direction. There is no reason 
to believe that both shifts would necessarily involve the 
same mechanism, It is not yet possible to say whether 
any of these states are produced by soluble regulator 
substances, but in two experiments in which somatic 


“rell hybridization was carried out between a cell type of 


Range 1 and one of Range 2, such a mechanism did not 
appear to be operating in the hybrids’. 
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Spheroplast Production in Thymine 
Starvation 
“Tuy MINELESS DEATH” is the progressive loss of the ability 
to form colonies in thymine dependent bacteria growing |. 
in a medium lacking this pyrimidine’. This treatment is 


considered to be responsible for the induction of colicine®, 


lysogenic phage’, and mutagenic activity’. This report 


links thymine starvation with spheroplast formation in — F 
a mutant of Escherichia coli 15 which requires thymine and 


histidine for growth, and cannot grow in the presence of 
100 pg norleucine/ml. : 
Successful demonstration of spheroplast production 
from thymine starvation depends on the culture con- 
ditions. The phosphate buffer medium of Cohen and 
Arbogast’ used in the initial experiments on thymineless 
death gives rise to an occasional spheroplast which is 
rapidly lysed despite the addition of sucrose, but the tris 
buffer medium used by Maalee and Hanawalt® behaves 
quite differently. The following culture technique 
was used to produce spheroplasts by thymine starvation. 
A log phase culture from nutrient broth was washed and 
resuspended in tris medium® lacking thymine and con- 
taining glucose at 2 mg/ml. and casamino-acids (‘Difco’) 
at 10 mg/ml. The spheroplasts were osmotically stabilized 
in this starvation medium by the addition of sucrose at 
230 mg/ml. and polyvinylpyrrolidone (PVP) at 6 mg/ml, 
Any medium containing sucrose and PVP at these con 
centrations is “stabilized” although some spheroplast: Lys! 
is always observed. The cause of this lysis is not el 
but may simply reflect sub-optimal culture condi 
since spheroplasts induced. by. penicillin lyse when 
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tured in this medium fortified with thymine. All micro- 
scopic. observations and photographs were made on wet 
mounts and illuminated with phase contrast. In these 
conditions there was less than 1 per cent lysis in stabilized 
starvation media and more than 60 per cent lysis in 
unstabilized thymineless cultures. 

When the bacteria are subjected to conditions of 
stabilized thymine starvation spheroplast formation 
begins immediately and reaches a maximum in 4-5 h. 
The yield is variable, but is usually more than 70 per cent. 
The spheroplasts may emerge from the central, terminal 
or sub-terminal positions of the cell, and those in Fig. 1 
are typical. With progressive starvation, uneven swellings 
appear on many rods, the beaded appearance of which 
gives the impression that they contain strings of sphero- 
plasts trapped inside rigid cell walls. When thymine is 
added to a thymineless culture, spheroplasts continue to 
emerge from the swollen bacteria for approximately 
30 min. Following this, division of the spheres is some- 
times seen and an occasional in situ spheroplast division 
can be observed. This reproductive capacity of some of 
the spheroplasts suggests that a certain percentage of 
them contain viable cell systems and are capable of colony 
formation. This is supported by the recovery of colonies 
which had reverted to thymine independence after 
20 h of stabilized starvation. Despite their selective 
advantage these back mutations have never been re- 
eovered from an unstabilized thymine starvation culture. 
These reversions were always tested for histidine de- 
pendence and norleucine sensitivity, and always carried 
these biochemical markers of the parent culture. The 
formation of stabilized spheroplasts apparently protected 
these reversions from the lethality of thymine starvation, 
and the following experiment was designed to test the 
susceptibility of a population of spheroplasts to the 
lethal effects of starvation. Spheroplasts induced by 
penicillin? in PVP and sucrose media were collected, then 
washed and resuspended in two portions of stabilized 

buffer. One portion was starved of thymine and the other 
control population was resuspended in an identical 
“medium containing thymine at 2 gamma/ml. Viable 
counts were made at appropriate times by plating culture 
dilutions into PPLO broth agar after 145 min of culture 
at 37° C. All media, including the fluid used for dilution, 
contained stabilizing amounts of PVP and sucrose. The 
results are plotted in Fig. 3 and show the relative im- 
munity of these spheroplasts to the lethal effects of 145 
min of thymine starvation. After an initial doubling, the 
starved spheroplasts showed a 25 per cent drop in viable 
count at the 95 min interval. This drop in culture B 
cannot be explained because a similar drop in viable 





Fig. i, 


Spheropiast formation after 75 min of thymine starvation in 
stabilized medium. (x 2,000.) 
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Fig. 2. A composite picture showing three aivision tigures of sphero- 
plasts 55 min after thymine addition to a culture starved of thymine for 
130 min. {x 3,600.) 


nanna 


Log viable counts/ml. 
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Fig. 3, Thymine starvation of spheroplasts induced by penicillin in 
Escherichia coli 15 T-H-. A, Spheroplasts grown in the presence of 
thymine in stabilized starvation medium for 145 min. B, Sphero- 


plasts grown in the absence of thymine in stabilized starvation medium 
for 145 min. 


count in culture A could be masked by its concurrent 
growth. Other explanations are equally plausible, for 
instance a general spheroplast fragility or an irreversible 
cell defect specifically induced by thymine starvation. 
In spite of this transient decrease in viability the majority 
of spheroplasts in culture B survived 145 min of thymine 
starvation and at least 62 per cent of them did divide in 
the absence of thymine. 

Thymine starvation thus appears to cause the osmotic 
death of cells and to select against spontaneous thymine 
independent reversions. The initial phase of this starva- 
tion also kills back mutations to histidine independence 
at a rate disproportionately faster than that of the total 
cell population‘. The most obvious common property 
of these two mutations is their spontaneous origin from a 
log phase culture. This means that in Æ. coli 15 the 
nuclei harbouring the mutations reside in the hetero- 
karyotie condition of multinucleate bacteria’. 

If a point of growth in the cell wall or membrane in a 
bacterium is initiated independently by one of its nuclei at 
a specific stage of its replicative cycle, then a multinuclea- 
ted cell would be more likely to have a growing cell wall 
than one containing a single nucleus. Any interference in 
this growth process caused by thymine starvation would 
result in a lethal osmotic imbalance in the cell and would 
explain the selective disadvantage of a multinucleate cell 
in thymineless death, and would suggest the selective 
advantage of a cell with a single nucleus. 

In summary, thymine starvation in E. coli 15 T- gives 
rise to spheroplasts which are lysed in unstabilized 
thymineless death and recovered in the form of back mu- 
tations to thymine independence, by osmotic stabilization 
of the thymineless culture. The relative immunity of 
spheroplasts induced by penicillin to thymineless death © 
has been shown in addition to their ability to divide 
in the absence of thymine. These experiments can be 
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explained by assuming an osmotic imbalance as a major 


cause of the lethality of thymine starvation. 
C. A. COUGHLIN 
General Medical Research, 


Veterans Administration Hospital, 


San Francisco. 
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Plasmodesmata in Fungal Cell Walls 


Wurn we compared electron micrographs of developing 
zygospores of Rhizopus sexualis (Smith) Callen and 
Gilbertella persicaria (Eddy) Hesseltine, we found that 
we had both, independently, demonstrated the presence 
of fine transcellular strands in the newly formed septa 
which separate young gametangia from their suspensors. 
These simple, unbranched strands occur at intervals in 
sections of the gametangial wall (Figs. 1 and 2). They 
resemble the plasmodesmata of higher plant cell walls. 





Fig. 1. 
Section through developing zygospore, passing through newly formed 
wall which cuts off young gametangium from suspensor. Strands re- 
sembling plasmodesmata (indicated by arrows) are seen passing through 
the inner layer of wall which is transparent to electrons, G, Gametangial 


Rhizopus sexualis 2 per cent potassium permanganate fixation. 


protoplast; S, suspensor protoplast; ÆR, endoplasmic reticulum; W, 
wall; N, nucleus; M, mitochondrion. (x 20,250.) 
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Fig. 2. Gilbertella persicaria 1 per cent potassium permanganate fixation. 
Section through wall of gametangium, probably at an earlier stage of 
development than that shown for Rhizopus in Fig. 1. The transcellular 
strands are indicated by arrows ( x 12,000). Inset is a single plasmodesma 
(75-100 A in diameter) in a gametangial wall. (x 72,000.) Abbreviations 


asin Fig. 1. PM, Plasma membrane. 


We believe this to be the first report of plasmodesmata in 
fungal reproductive structures and that it is, together 
with a report of hyphae in Endomycopsis fibuliger’, one 
of the rare instances of plasmodesmata in fungi. 

The investigation of R. sexualis was made possible by 
a grant from the U.K. Science Research Council, and that 
of G. persicaria was supported by the U.S. National 
Science Foundation. 
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GENETICS 


Karyotype Changes of Near Hexaploid 
Carcinoma Cells during Adaptation in Culture 


HYPOTETRAPLOID cell lines are generally considered to 
arise from the original cell population by a diploid, 
tetraploid to hypertriploid sequence’, but little is known 
of spontaneous changes in prolonged culture of cells with 
initial chromosome modes beyond this range. The 
isolation of two near hexaploid cultures from a human 
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carcinoma? provided an opportunity for observation of 
such changes. This is described here. We also wished to 
determine how these adaptive changes are affected by 
increased variability of karyotype. For this a separate 
subline, isolated from one of the near hexaploid cultures, 
was serially irradiated, and karyotype changes were com- 
pared with those which occurred spontaneously in the two 
original cultures. 

The cells were identified as strain C-12 and were grown 
from an invasive squamous carcinoma of the human 
cervix. Isolation and culture techniques, as well as initial 
in vitro morphology and karyotype, have been described 
previously?. The cells were large and not cohesive, with an 
approximate generation time of 48 h, and an initial 
chromosome stemline of 120-130. Two separate sublines, 
C-12 I and C-12 II, were grown from the original tumour 
tissue and maintained independently for 27 months. At 
intervals, chromosomes were analysed in samples of both 
sublines. 

To study the effect of X-rays, groups of cultures were 
irradiated in Leighton tubes, when the cells were in the 
logarithmic growth phase. Doses ranged from 100 to 
1,500 rads, and were administered in a single exposure by 
a 280 kV X-ray machine, filtered to give radiation of 
3 mum copper half value layer. A group of C-12 II 5 month 
cultures were irradiated in vitro. The maximal sublethal 
dose on that occasion was 500 rads, and the cells which 
survived this dose were propagated as the third subline, 
called C-12R. Strain C-12R was later irradiated after 
9, L1, 12, 16, 17, 19, 22, 25 and 27 months in culture, and 
was always propagated from those cells which had survived 
the highest dose of radiation. By this serial irradiation 
strain C-12R was exposed to a total cumulative dose of 
8.900 rads. In contrast to cultures C-12 I and C@-12 H, 
where spontaneous karyotype changes were observed, all 
chromosome analyses of culture C-12R were performed on 
the progeny of serially irradiated cells. 

Chromosome preparations were made by the method 
described previously?. C-12 cells were first analysed after 
3-4 months in culture, by chromosomecounts and incamera 
lucida drawings. On all later occasions, the chromosome 
number was counted or estimated in a hundred or morc 
consecutive motaphases, to determine the proportion and 
distribution of stemline cells. In addition, chromosomes in 
fifty metaphases were counted accurately, and ten to 
twenty metaphases were karyotyped. Analyses by the 
Denver nomenclature were omitted because the abnormal 
karyotypes made it impossible to identify accurately 
individual chromosomes. The proportion of acrocentric 
chromosomes was determined, and, where applicable, arm 
ratios were calculated and chromosome sizes were com- 
pared between cultures. For size comparisons, chromo- 
somes resembling group D by the Patau classification? 
were the most easily recognizable in all preparations, and 
were used as a reference group. Chromosomes were 
divided into those that were larger than group D and 
those that were the same sizo as group D or smaller. 

_It was found that spontaneous karyotype changos in 
sublines. C-12 I and C-12 II were similar throughout the 
experiment. Both cultures initially had chromosome 
modes of 120-130, with a relative excess of metacentrics, 
= Table 1 shows that the stemlines in both cultures 

| decreased gradually and at similar rates to 85-90. Table 2 


oes shows that, while the total chromosome number decreased, 


the number of acrocentrics did not change significantly in 
» either subline, and therefore the proportion of these 
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chromosomes increased slightly. Table 3 shows that at the 
time of the last analysis, both sublines ‘had a similar 
proportion of long chromosomes, and that the distribution 
of arm ratios among these chromosomes was also not 
significantly different. 

The chromosome pattern in C-12R differed throughout 
the experiment as compared with that of the cultures 
which were not irradiated. As seen in Table 1, the chromo- 
some mode of C-12R decreased more rapidly and to a 
lower final value, and, as shown in Table 2, both the 
number and the proportion of acrocentric chromosomes 
decreased significantly in the course of the study. In 
addition, Table 3 shows that C-12R cells eventually 
showed a higher percentage of Jong asymmetric chromo- 
somes than C-12 I and C-12 If. This difference was 
highly significant (P<0-01) in comparison with either 
C-12 I or C-12 II. ; 

The spontaneous decrease of chromosome number 
from near hexaploid to hypotetraploid in two sublines 
indicates that this model range, common after heteroploid 
transformation of diploid cells, may also be optimal for 
long term cell cultures which had higher initial stemlines. 
Transformation of diploid cells involves polyploidization, 
and is usually accomplished relatively quickly during the 
first year in vitro, but the changes observed in cultures 
C-12 I and C-12 II were those of a gradual decrease in 
chromosome mode over a long period, suggesting 
that chromosome lagging or nondisjunction rather than 
polyploidization were the principal mechanisms involved. 
Chromosome loss in these cell populations was not random, 
and metacentrics were lost preferentially, as indicated by 
the constant number of acrocentric chromosomes in both 


Table 1. PERCENTAGE DISTRIBUTION OF CHROMOSOME COUNTS 
C-12 I 
Months 
in cul- Number of chromosomesjeell 
ture 55 80 65 70 75 80 85 90 95 100 110 120 130 >130 
4 2 RB 25 44 16 
i 6 26 26 31 2 2 H 
21 12 54 18 = 2 i2 
26 8 58 28 @ 4 
C-12 H 
Months 
in eul- Number of chromosomes/cell 
ture 55 60 65 70 75 80 85 90 95 100 110 120 130 >130 
3 24 28 36 12 
13 8 40 42 4 8 
25 4 18 42 22 10 4 
C-12R 
Months 
in cul- Number of chromosomes/cell 
ture 55 60 65 70 75 80 85 90 95 100 110 120 180 >130 
10 6 58 26 2 8 
15 26 44 i6 2 12 
24 30 38 2 2 2 6 4 4 12 
30 50 38 2 2. 4 2 2 


Fifty metaphases were counted on each occasion except at 3 and 4 months 
when thirty and forty were used. 


Table 2. PROPORTION OF ACROCENTRIC CHROMOSOMES 
Months Total chromosome Acrocentrics 
Culture in culture number No.) (Per cent 
C-12 1 4 115-130 13-20 14 
li 94-101 16-17 17 
26 88-92 15-17 18 
C-12 H 13 93-98 15-19 18 
25 83-91 14-20 20 
C-12R 10 105-109 20-24 21 
15 74-80 9-12 4 
30 59-62 6-9 13 


Ten to twenty cells were examined on each occasion. 
Values indicate the pattern in 75 per cent or more of all analysed cells. 


Table 3. PROPORTION AND ARM RATIOS OF CHROMOSOMES LONGER THAN GROUP D 
(Means and standard errors of aight cells/culture) 


Total 
Culture chromosome 
No. Per cent No. 
C-12 IT 26 months 90-3 100 48-7 
C-12 17 25 months 87-3 100 49-6 
€-12R 30 months 50-5 100 36-5 


* P>001 from C-12 H. + P<0-01 from C-12 I and C-12 IL 


Chromosomes longer than group D 


Total Arm ratio 2-0 or higher Arm ratio 3-0 or higher 
Per cent No Per cent No. Per cent 
53-1422 15-6 17-34 1-3* 5-5 6-1 +09* 
567 t14 19-3 22-341-7 55 6241-5 
61-2+2-0 21-3 35-8 +0-8F 11-0 18-5 41-74 


a 


No. 5062 NOVEMBER 5, 1966 


cultures throughout the experiment. The proportion of 
metacentrics was excessive in comparison with a balanced 
human karyotype, and their preferential loss indicates 
that this excess presented a selective disadvantage during 
adaptation in vitro. 

There is some significance in the close similarity of 


> chromosome changes over 2-5 years in two separate 


sublines, particularly in view of the different karyotype 
changes observed in culture O-12R. The acceleration of 
chromosome loss following irradiation in O-12R cells 
contrasts with observations on established cell ines, where 
post-radiation changes in chromosome numbers are usually 
either small‘* or involve multiples of the initial popula- 
tion’. Genetic changes induced by irradiation in an 
established cell line cause deviations from an optimal, 
stable condition and post-radiation selection in such cell 
populations is likely to be conservative. In subline 
C-12R, however, genetic variability induced by radiation 
accelerated a process of adaptation which otherwise would 
have depended on spontaneous mitotic irregularities. 

The number of acrocentric chromosomes decreased 
m culture O-12R, and their loss even exceeded that 
of metacentric chromosomes. Im addition, C-12R cells 
eventually had many large asymmetric chromosomes, 
and thus an excessive number of long chromosome arms not 
seen in the cultures not irradiated. Both the replace- 
ment of acrocentrics by metacentrics and the formation of 


ar long chromosome arms are means of preserving genetic 


4 


a 


2 


P 


a 


material despite centromere loss, and suggest that the net 
chromatin loss in C-12R cells was not proportional to the 
decrease in modal values. It seems, therefore, that the 
spontaneous decrease ın mode which took place in the 0-12 
cells was accelerated by serial irradiation, while essential 
chromosome material was preserved. 

Further studies of other newly isolated heteroploid 
cells are necessary to determine whether the gradual, 
selective chromosome loss observed in the C-12 cultures 
is a mechanism commonly involved in the tn vitro adap- 
tation of cells with high chromosome numbers. 

This work was supported by a grant from the National 
Cancer Institute of Canada. The author is a Shane Fellow 
at the B.C. Cancer Institute. 
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BIOLOGY 


Rapid Growth in Stalked Barnacles 


Aw example of the rapid growth in pedunculate barnacles 
has been seen in a mixed population of Lepas anatifera 
and Conchoderma virgata taken from the newly painted 
surface of a buoy recovered off the east coast of Australia 
(31° 14’ 8., 153° 12’ E.) on December 2, 1960. The buoy 
was laid (30° 38’ S., 163° 28’ E.) 17 days previously and 
on recovery was coated with large barnacles, some 
releasing larvae. The maximum dimension of the capi- 
tulum was measured (Fig. 1); in preserved material this 
18 half the total length. 
Only two specimens of Lepas had mature ovaries; 
these specimens were 23 mm long. Skerman! reported 
_arliest breeding at this length in northern New Zealand, 
but in this case after 37 days. At 17 days his specimens 
were half the length of the Australian examples, perhaps 
as a result of the lower temperatures of New Zealand, 
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10 
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17°-20° C in summer compared with an annual range of 
18°-25° C for the east coast of Australia. This was 
suggested by Skerman to account for the fact that his 
southern species, L. australis, took 50 days to breed at 
11°-16° C. 

Conchoderma virgata (Fig. 1) matures at a much smaller 
size. Ovarian development began at 8 mm, brood lamellae 
were present at 11 mm, and in specimens of 15-20 mm 
larvae were being released from the brood lamellae and 
the ovary was full for the next brood. This species seriously 
fouled the Beagle? at Galapagos ın only 33 days. 

The published information on barnacle growth and 
breeding rates is scattered, and so Table 1 has been com- 
piled to cover both stalked and acorn barnacles. There is a 
large range of growth rates, from the primitive stalked 
Pollicipes which takes 5 years to mature and 15-20 years 
to reach full size, through the acorn barnacles which re- 
quire 50-100 days to breed, to the floating forms Con- 
choderma and Lepas which require from 50 to less than 
17 days to complete a life cycle in warm water. A record 
for speed of growth after settling, although not for the 
period before breeding, was given in a recent anonymous 
report‘. In cold Greenland waters (80° N.) the U.S. 
coastguard vessel Evergreen laid current meters at depths 
of 50 and 150 m and efter only 2:5 days found attached 
Conchoderma 13-19 mm long (presumably 7-10 mm 
capitulum length) and Balanus amphttrite 13 mm across 
the base. It would be interesting to know whether the 
size reached was a result of the settling of particularly 
large cyprid larvae, perhaps because of a shortened develop- 
ment from large yolky eggs, or whether the larvae had 
survived the previous winter. 

In view of this range of sizes it would be unwise to 
generalize about barnacle growth rates and their depen- 
dence on temperature. The capacity for rapid growth 
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Table 1. BARNACLE GROWTH AND BREEDING RATES 
Species Locality Temperature range Time (days) Size (mm) ~ Remarks ~ Source 

Conchoderma 

C. 8p. N.W. Greenland 25 18-19 Alive Anon‘ 

0. virgata N. New South Wales 18°-25° C 17 20 Larvae hatching This paper 

C. virgata Galapagos 88 13 Breeding (mature at 6 mm) Darwin’ 
Ispas Ba 

L. anatifera N. New South Wales 18°-25° © 17 28 Just mature This paper 

L, anatifera N. New Zealand 17°%-20° 0 37 23 Embryos Skerman* 

L. anatifera N. New Zealand 17°-20° © 8948 27 Hatching 8kernman? 

L, anatifera Queensland 50 40 Soveral broods Hynd 

L. australis 8. New Zealand 11°-18° © 42 18 No embryos Skerman? 

L. australis 8. New Zealand 11°-16° C 56 21 Hatching Skerman? 
Balanus 

B. amphitrits N.W. Greenland 25 18 base Alive Anon‘ 

B. ebernaus Woods Hole 60-70 Complete life cycle Grave! 
Balanoids 

Various spp. N. Wales 5°-15° C 78-100 Slowing of Probably mature earlier Crisp‘ 

gra 

Blymnius 

E. modestus N. Wales 5°-15° C 50 Mature Crisp‘ 

E. modestus New Zealand 75-90 Hatching Moore’ 
Pollicipes 

P, spinosus 8. New Zealand 5 years Maturity Batham’ 

P. spinosus 8. New Zealand 15 years Growth stopped Batham* 

P, polymerus N.W. United States 5 years Maturity Barnes and Reese? 

P, polymerus N.W. United States 20 years Fall grown Barnes and Reese’ < 


under conditions of extreme cold has been evolved 
by relatively few invertebrate species. This capacity is 
unnecessary unless the physical environment or biological 
competition makes it ecologically expedient. For example, 
the short season of phytoplankton growth in Arctic waters 
dictates a high rate of larval growth at low temperatures 
if the larva of a benthic invertebrate is to complete its 
development. Most develop directly without plankton 
feeding larvae, but the few species which have evolved a 
capacity for rapid larval growth in the cold are the 
most abundant. 

The habitat of adult stalked barnacles is precarious. 
Floating objects including driftwood, buoys, turtles, 
plastic tags in live tuna and elephant seals are common 
settling sites; they have even been found inside the 
mouth, on the lower jaw, of the sunfish Mola mola. 
Massive larval release, gregarious larval behaviour, and 
rapid growth and breeding rates would therefore be 
advantageous. 

There was marked clumping in the material sampled 
from the buoy surface; the animals were sorted and 
classified as “clumped” if their bases were joined, or 
“single” if they were not. The clumps were classified 
as “pure” or “mixed” (Table 2). 


Table 2. NUMBERS OF CLUMPED AND SINGLE BARRACLES 
Conchoderma Lepas 


Single 35 168 
Clumped 90 54 
Pure clumps 74 41 
Maxed clumps 16 18 


Nearly three times as many Oonchoderma were clumped 
as were single. This suggests gregarious settlement, but 
the reverse was true of Lepas, which is a hermaphrodite 
known to require copulation with another specimen’. 
Perhaps the longer mobile stalk of Lepas extends the 
copulation range. In both species more individuals were 
present in pure clumps than in mixed clumps. 

The problems of stalked barnacles are similar to those 
of parasites seeking a host. In warm water they grow 
rapidly, and the temporary nature of their habitat makes 
this desirable. The same pressures for rapid growth 


apply to floating barnacles in the Arctic, the effects of 
surface ice making rapid growth even more necessary, 
and it is achieved despite the cold. In boreal waters 
acorn barnacles have growth rates which fit the pattern 
of seasonal breeding, but the extremely slow growth of 
Pollicipes on rocky shores is anomalous. It may be ex- 
plained by a lack of any need to grow faster. The physical 
climate is moderate and, as Barnes and Reese’ point out, 
the animal occupies a highly specialized habitat with little 
competition. 


R. J. MAOINTYRE 


C.8.I.R.O. Marine Laboratory. 
Cronulla, Sydney, 
Australia. 
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Effect of Micro-organisms on Nutrient 
Absorption by Plants 


Tue possibility that micro-organisms may influence the 
entry of ions into plant roots has been considered in few 
studies of nutrient absorption from inorganic solutions. 
Usually it is assumed that such effects will be insignificant ~ 
under ‘“‘clean”’ conditions, for example, if seed is surface 
sterilized, and the solutions are changed regularly, cul- 
ture vessels and roots being thoroughly washed. The 
short generation time of micro-organisms and the fact ,, 
that they can become embedded in the surface of the root! ~ 
from which they may not be displaced even by vigorous 
washing’, however, make it unreasonable to assume that< 
such precautions necessarily eliminate the effects of 
bacteria and fungi. The absorption of nutrientes by intact 
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barley plants (Hordeum vulgare var. Mans Badger) 
grown under completely sterile conditions has, therefore, 
been compared with that of plants infected with micro- 
organisms at the ambient level in the laboratory. The 
procedures developed for this work are outlned here 
together with preliminary results which indicate that the 
mucrofiora on roots can profoundly affect the absorption 
of phosphate from dilute solutions. _ 

The major difficulty in producing sterile plants is 
to destroy seed-borne micro-organisms without serious 
impairment of their germination and subsequent growth. 
No single sterilizing agent that was tested was found 
to give acceptable results. A high proportion of viable 
sterilized seeds can be obtained, however, by successive 
treatments with mercuric chlomde and hydroxylamine 
hydrochloride provided that the seed is dehydrated after 
soaking in the latter agent and maintained for 24 h before 
washing. The shortening of the treatment period with 
hydroxylamine hydrochloride leads to a low degree of 
sterility and germination is greatly reduced if the seed 
is not dehydrated. The conditions of stenhzation found 
satisfactory for barley will be described in detail else- 
where; they differ from a method described by Kylin’, 
primarily in the mode of application of the hydroxylamine 
hydrochloride. 

The germinated seeds are placed individually in tubes of 
nutrient agar and grown for 4 days to establish their 
sterility. They are then transferred to culture vessels 
-vdeaigned to be sufficiently large for plants to be grown 
to the fourth or fifth leaf stage and sufficiently cheap for 
it to be possible to conduct well replicated experiments 
(Fig. 1). The incoming air is sterilized by passing it through 
‘Motricel’ filters with 200 A diameter pores and the out- 
going air is bubbled through a saturated solution of sodium 
chloride containing 0-03 per cent cetyl pyridinium chloride. 
Tho siting of the air outlet immediately above the surface 
of the culture solution, together with the introduction 
of air directly into the shoot chamber, prevents the humi- 
dity in the upper vessel reaching an unacceptable level. 
The air inlet tube in the root chamber is used also for 
changing the culture solutions; spent solution is sucked 
out and fresh solution fed in under gravity. Connexions 
which it is necessary to break and re-make are surface 
sterilized with industrial methylated spirits containing 
0-1 per cent thymol. The vessels are made up into racks 
ef ax which share common air inlet and outlet filters. 
Checks for possible contamination are made by plating 
out samples of solution on to malt and nutrient agar. 

The apparatus and solutions are sterilized by auto- 
claving at 15 lb./in.* for 20 min and all operations which 
involve the handling of plant material or the assembly 
of apparatus are carried out in a sterile dry box which is 
continually supplied with sterile air at a slight positive 
pressure. 

The phosphate ion was selected for a preliminary 
investigation both because of the known avidity of micro- 
organisms for this ion and because results of earlier 
investigations of the uptake of phosphate from dilute 
solutions by barley plants under “clean” but non-sterile 
conditions appeared to be compatible with its immobiliza- 
tion ia bacteria on the root. It has been shown‘ that at an 
external phosphate concentration of 0-001 p.p.m. only 
a very small fraction of the phosphate absorbed by roots 
is translocated to the shoot, and on transfer of the plants 
to solutions free of phosphate much of the absorbed ion 
leaves the roots. In contrast, at a concentration of 10 
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Fig. 1. Ap tus for the growth of plants under sterile conditions. 
A shost and root chambers { glass Kilner jars); B, air inlet 
upper chamber; O, tube for on and changing solutions; D, air 
; B, union (two Kilner jar screw-closures soldered together); F, 
wax seal; G, rubber gasket; H, “Tufnol’ plant support. 


p.p-m. the bulk of the ion absorbed is translocated to the 
shoot and relatively little is later lost to a solution free 
of phosphate. Furthermore, significant quantities of the 
phosphate absorbed from dilute solutions are very rapidly 
fixed into organic compounds*. 

The absorption of phosphate by sterile and non-sterile 
barley plants was therefore compared from solutions 
containing 0-001 and 10 p.p.m. phosphate. To eliminate 
any possible effects of seed sterihzation and culture 
conditions the non-sterile plants were grown from sterile 
seed in the culture vessels shown in Fig. 1, but no precau- 
tions were taken to preserve sterility. The plants were 
therefore infected with micro-organisms to the ambient 
level of the laboratory before the experiments were 
started. Dry weight measurements (Table 1) suggest 
that the micro-organisms had a small effect on growth. 

At the low concentration of phosphate, micro-organisms 
greatly affected both the uptake and distribution of 
phosphate (Table 1); the roots of sterde plants contained 
almost twice as much phosphate as those of non-sterile 
plants and the amount transferred to the shoot was nearly 
twenty times greater. A much lerger fraction of the 
absorbed phosphate was therefore moved to the shoots 
of the sterile plants. At the high concentration of phos- 
phate there was no significant difference between the 
contents of roots and shoots of the sterile plants and those 
of the non-sterile plants. 

The distribution of phosphorus-32 between different 
organic phosphate fractions in the roots of sterile and 
non-sterile plants exposed to solutions containing 0-001, 
0-1 and 10 p.p.m. phosphate for 1 h was investigated 
using the procedures of Loughman and Russell’. At 


Table 1, UPTAKM AND DISTRIBUTION OF LABELLED PHOSPHATE DURING A 24 E PARIOD BY STHRILA AND NON-STERILE BARLEY PLANTS (FOURTH LBAY 
an 


(Results expressed as mean values per plant+standard error) 


Boots Shoots Total 
‘Treatment Dry wt. Phosphate uptake Dry wt. Phosphate uptake Phosphate uptake Shoot content 
(mg) (ug P) (mg) (ug P) (ug P) Total plant content * 100 
bet p.p.m. P sterile 4448 0-49 + 0-02 6244 0-126 + 0-014 0-61 + 0-08 20-4 + 2-1 
001 p.p.m. P non-sterile 4548 0-28 + 0°06 6844 0-007 + 0-002 0 29 + 0-006 2840-6 
10 p.p.m. P sterile 8744 8912 7b+5 264+ 82 848 + 40 74-64 1-7 
10 p.p.m. P non-sterile 4244 82 +10 T84 308 + 27 885 + 85 78-8+1-6 
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Table 2. PRROENTAGR OF DISTRIBUTION OF PHOSPHORUS-382 BETWHYEN 

PHOSPHATE FRACTIONS IN ROOTS OF STERILE AND NON-STHRILE 

BARLEY PLANTS WHIOH HAD BEEN SUPPLIED WITH sense CoscEN- 
TRATIONS OF LABDLLED PHOSPHATE FO 

(Results expressed as percentage of total quantity of rneparieSe absorbed) 


Solution concen- 


Extraction Main components Condition tration p.p.m. P 
procedure of fraction of plants 0-001 01 100 

O-1 Bae ee 5 ur Soluble esters andın- Sterile 85:0 898 893 
Pic organic phosphate Non-sterile 83-8 12-6 88-7 

1 HCO, a8 h “a Ribonucleic acids Sterile 84 15 28 
on-sterile 25-1 178 48 

0 H R ACIO; 80 min Deóxyribonnclels Sterile 44 89 32 
at 70°C aol Non-sterile 27-9 892 4-7 
do Phosphoprotem and Sterile 71 52 446 
phospholipid Non-sterile 128 302 84 


the two lower concentrations the pattern of phosphate 
incorporation in sterile and non-sterile roots contrasted 
markedly (Table 2); under sterile conditions the bulk 
of the phosphate was incorporated into soluble esters or 
was present as inorganic phosphate, whereas nucleic acid 
phosphate predominated in non-sterile plants. It is to 
be expected that phosphate which enters rapidly dividmg 
organisms would be incorporated into nucleic acids, 
phosphoproteins and phospholipids at a much greater 
rate than would occur in the plant roots, and for this 
reason these observations accord with the view that 
micro-organisms associated with the roots of the non- 
sterile plants had preferentially absorbed phosphate 
from the dilute solutions. 

It 18 evident, therefore, that if the external supply of 
phosphate were very low, quantitative conclusions on its 
metabolism by plants could be drawn only from experi- 
ments carried out under strictly sterile conditions. The 
similarity of the results obtained with sterile and non- 
sterile plants when they were supplied with relatively 
high concentrations of phosphate is assumed to indicate 
that under these conditions the supply of phosphate is 
adequate for the metabolic requirements of both the 
plants and the micro-organisms. 

The influence of micro-organisms on the absorption of 
phosphate 1s being investigated further as well as possible 
effects on the uptake of other anions and cations. 

I thank Dr. R. Scott Russell for his advice and en- 
couragement during the course of the work and Dr. B. C. 
Loughman for his interest and help in the separation of 
the organic phosphate compounds. 

D. A. BARBER 


Agricultural Research Council, 
Radiobiological Laboratory, 
Letcombe Regis, 
Wantage, 
Berkshire. 
Note: After the submission of this communication, I was informed by 
A. D. Rovira and G. D. Bower that they have also demonstrated a reduced 


Incorporation of phosphate Into the soluble ester/inorganic phosphate fraction 
in non-sterile as compared with sterile roots of wheat seedlings. 
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Substitution of Light by Indolyl-3-acetic 
Acid in the Sporulation of Sclerotinia fructigena 


Grow Ts patterns of Sclerotinia fructigena Fries in light and 
darkness differ markedly. According to Hall! cultures 
grown in the dark are characterized by sparse development 
of aerial hyphae and very little sporulation, while those 
grown in the light show profuse development of aerial 
hyphae and much more sporulation. Investigation of the 
effect of indolyl-3-acetic acid (IAA) on sporulation and 
growth was carried out. The fungus was grown in Petri 
dishes on the synthetic medium suggested by Hall? in a 
cooled incubator at 25 + 1° C. Philips daylight fluores- 
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cent tubes which emit light of approximately 500 lux were 
used as the light source and darkness was emulated by 
Petri dishes kept in the dark in the meubator. Four 
different concentrations (10, 15, 25 and 50 p.p.m.) of TAA 
were used in a preliminary experiment and 50 p.p.m. was 
found to be the most suitable so this concentration 
was used in later experiments. The percentage of sporula- 
tion was calculated by counting under the microscope the , 
tips of hyphae with and without conidia. The results based 
on the average of ten replicates are given in the table. 


Table 1. Evvuor oF 50 P.Pat, LAA ON SPORULATION AND GROWTH OF 
&. fructigena 
Taght Darkness 
With Without With Without 
IAA IAA oe TAA 
Percentage sporulation 6243 7645 06 + 9+1 
Diameter ın cm 164008 4840-08 14008 60+0 01 


The above results show that LAA induces sporulation in 
darkness when very little sporulation occurs normally. 
In light IAA reduces the percentage of sporulation, but m 
darkness it not only stimulates sporulation but increases 
its rate. Light and IAA. appear to have the same effect 
on sporulation and one can be roplaced by the other. 
There is also a correlation between the linear growth and 
the sporulation of the fungus. In the hight, whon sporula- 
tion decreased after the addition of IAA there was a 
corresponding decrease in the diameter of the colonies, and 
in darkness when the addition of IAA initiated sporulation 
there was a marked decrease in the diameter of the ™¥ 
colonies (Table 1). I believe this to be the first report of a 
favourable effect of [AA on sporulation in fung. 

I thank Dr. I. I. Chaudhri for help in this investigation, 
and Prof. A. 8. Islam for criticizing the manuscript. 


MATINUDDIN KHAN 
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Effects of Ferrocene and Related Compounds 
on Plant Growth 


THE availability to plants of the ron in dicyclopenta- 
dienylıron (ferrocene) and two water soluble derivatives 
was investigated using Lemna minor L. and watercress 
(Rorippa nasturtium aquaticum L., Hayek) grown in 
nutrient culture solution. The results of a typical experi- 
ment are shown in Table 1. 


Table 1. pole ta OF FERROCENE AND Two WATER SOLUBLE DEBRIVATIVRS 
N PLANT GROWTH AND RECOVERY FROM OHLOROSIS 


Iron source, facivlon/£) Lemna, Watercress, flve chlorotic 
ml, nu twenty fronds* cuttings t 
Final nal Final 
No.of Appear- wi t seer Appearance 
fronds ance (g 


None 110 Ohlorotic 255 2-60 Three chlorotic 
and two dead 

Ferio. citrate, 1 ml. 0-01 434 Green 8-25 895 Five green 

mo!) 

Ferrocene, 1:8 mg 198 Ohlorotic 840 1-60 Three chlorotic 
and two dead 

Dimethylaminomethylferro- 28 Brown, 815 1:35 Five dead 


cene 1 dro mabon 0-01 g) necrotic 
Green 


Ferrocene-1,1’-dssulphonio 866 260t 250} Four green 
acid diammonium salt, 3:8 
mg 
* Four fronds in erni of five beakers containing 50 ml. Gorham’s solution’. 
Fifteen days of grow 


t Plants previcusly dared chlorotic by growing ın iron deficient medium. 
Smali cuttings p. in Hewitt’s solution? for twenty-one daya. 
t Four plants only. 


Ferrocene is insoluble in water, and iron added in this 
form, although equal in quantity to that contained in the 
ferric citrate, was not available to the plants. Dimethyl- 
aminomethylferrocene, a liquid soluble ın water, was toxic 
and soon killed all the plants. The diammonium salt 


No 8062 NOVEMBER 5, 1966 
of ferrocene disulphonio acid provided iron both for 
growth (Lemna) and for recovery from iron deficiency 
chlorosis (watercress), but was less effective than the ferric 
citrate solution of equal iron content. 

Ferrocene was algo incapable of supplying iron to cabbage 
seedlings and there was growth retardation and suppres- 
sion of germination. In one experiment, ferrocene was 


“compared with ita parent compound, dicyclopentadiene. 


Twelve plastic plant pots were filled with acid washed sand 
and supphed with half strength Hewitt’s solution. Each 
pot was sown with twenty cabbage seeds, and placed 
in the glasshouse for 19 days. Three of the pots received 
no iron supply, and produced thirty-six seedlings about 
3 in. tall which showed iron deficiency symptoms. Three 
pots supplied with forrie citrate produced thirty seedlings 
ranging from 3-5 to 5 in. in height and of a normal green 
colour. In three of the pots 1 per cent by weight of 
ferrocene was mixed with the sand. In these pots only 
three seeds germinated and the seedlings were purplsh 
green in colour, barely showing above the surface of the 
sand. The last three pots contained 0-1 per cent by weight 
of dicyclopentadiene ın sand, and twenty-eight seedlings 
grew to a height of between 0-5 and 1 in., and were a 
paler green than those supplied with ferric citrate. It 
seems unlikely, therefore, that the suppression of germina- 
tion and retardation of growth could be caused by release 
of dicyclopentadiene from ferrocene. 

The effects of ferrocene apphed to the surface of soil 


\we-Were investigated when rye grass was grown in John Innes 


seed compost, from which seedlings could obtain therr iron 
requirement in the usual way. Four hundred seeds of rye 
grass were sown in each of four seed trays and ferrocene 
was sprinkled on to the compost. The results are shown 
in Table 2. 


Table 2, Erruor OF FHRROOHNR ON THR GROWTH OF RYE GRASS 


Ferrocene Germina- Freah weight of three successrve cuts 
addition tion 0 5 in. above soil level (g) 
Days after sowing 
(ox./square yd.) (per cent) 28 44 65 
None 80 20-0 178 8-0 
05 85 84 122 65 
1 78 80 129 69 
2 76 0-7 85 8-2 


The germination of rye grass seeds was not appreciably 
affected by the presence of ferrocene. In the early period 
the suppression’ of growth was very noticeable, but the 
appearance of the grass was always normal. As the experi- 
ment continued the retardation of growth diminished, 
probably as a result of the volatility of the ferrocene. 

The ferrocene was supplied by Dr. W. 8. Wise of the 
National Coal Board, and the soluble derivatives by 


=~Prof, P. L. Pauson. 
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Respiratory Control by Isolated Apple 
Mitochondria 


Soma fruits show an increased rate of respiration between 
maturation and senescence'. This “climacteric peak” 
has been investigated by physiologists interested in fruit 
ripening. The various theories that have been postulated 
to explain this phenomenon involve the properties of the 
respiratory mechanism’, that is oxidative phosphory- 


. lation and Krebs cycle activity. To test these theories ıt 


becomes necessary to investigate the properties of mito- 
chondria isolated from these fruits. The properties of 


jgolated mitochondria, however, are dependent on the 


wolating method. It 1s the purpose of this communication 
to describe the isolation of mitochondma showing res- 
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piratory control from apple parenchyma tissue. This 
isolation method is alternative to published procedures 
which require special grinding mulls* or which have not 
been shown to yield preparations coupled to phosphory- 
lation‘. 

Chilled tissue (200 g) was grated into cold isolating 
medium (300 ml.) composed of 0:4 M sucrose, 128 mM 
ethylene diamine tetraacetate, 0-05 per cent cysteine, 
l per cent polyvinyl pyrrolidone (molecular weight 
30,000) and 1 per cent bovine serum albumin (fraction V 
powder). The pH was mamtained at about 7:4 by addition 
of IM ¢ris-(bydroxy-methyl) ammo methane from a 
burette. The mixture was blended by step-wise increases 
of voltage (0-70 V) and squeezed through muslin. The 
filtrate was centrifuged at 1,500g for 15 min to remove 
cell debris and then at 10,000g for 15 min to collect the 
muitochondna. The mutochondria were washed twice 
by suspending in 0-4 M sucrose and centrifuging. Mito- 
chondrial nitrogen content was determined by titration 
after acid digestion. The final suspension (4 ml.) contained 
about 500 ug of mitochondrial nitrogen/ml. but was green 
in colour. An oxygen electrode trace 18 shown in Fig. 1. 
The respiratory control ratio’ due to the exhaustion of 
adenosine diphosphate (ADP) was 1-5 whereas the ratio 
induced by the eddition of oligomycin was 2-0. This 1s 
indicative of some adenosine triphosphatase (ATPase) 
activity which was also reflected by subsequent additions 
of ADP which showed decreased ratios and less marked 
cut-offs when ADP was exhausted. The ATPase activity 
presumably increased as the ATP concentration increased. 
The ADP/O ratio observed in Fig. 1 was 1-15. Ratios 
approaching 2 have been observed for succinate oxidation 
(1-11—-1-73) and exceeding 2 for malate oxidation (2-2-2-5). 
Ratios of this order have also been reported for mito- 
chondria wolated from apple peel’, but respiratory control 
has not been previously established. Although stimulation 
of oxygen uptake on the addition of ADP has been re- 
ported’, this is not the preferred method of establishing 
respiratory control®.’. Fig. 1 also shows that 2,4-dinitro- 
phenol was effective in stimulating the oligomycin- 
inhibited respiration, substantiating that the loci of these 
effects are the oxidative phosphorylation sites of the 
electron transport chain. In Fig. 1 the mitochondria were 
incubated with ATP for 3 min. This was necessary to 
record an immediate effect on the addition of succinate 
and of ADP. These effects had been previously described’ 
and interpreted as oxaloacetate imbibition of succinate 
dehydrogenase. Thus mitochondria showing the desirable 
property of respiratory control can be isolated from 
apple fruit. This may permit a better investigation of the 
respiratory changes associated with ripening of apples’® 
as has been done with avocado fruit? and cytoplasmic 
particles isolated from avocado*®. 
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Rig. 1. Oxygen electrode trace of succinate oxidation by isolated 
apple pulp mitochondria., The medium contained 0 25 M sucrose, 10 mM 

0 um pr osphate buffer (pH 7-2), 10 M tris-hydrochlorio acid buffer 
(pH 72), magnesium chloride and 02 ATP. Mitochondria 
35 ug nitrogen) were added at Me. Total volume was 8 ml. Other 


additions were as shown. Rates are resed as my moles oxygon/min. 
The break in the curve indicates the § min pre-meubation with ATP. 
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AGRICULTURE 


Detection of Pregnancy in Sheep by means 
of Ultrasound 


A METHOD with which rapidly and accurately to detect 
pregnancy in sheep during the first half of gestation would 
be of considerable value to the sheep industry. Early 
detection of pregnancy would enable the producer to 
supply adequate food to feed pregnant and barren ewes 
rationally and control infertilty. Although pregnancy can 
be detected m ewes by radiology’ and laparotomy*-4, 
radiology requires expensive equipment and may have 
adverse effects on the foetus while laparotomy requires 
surgery. We have found foetal electrocardiography 
difficult to interpret with sheep because of the high level 
of noise; however, the technique may be useful m detect- 
ing pregnancy in other species. 

Experimental work was started in December 1965 at 
the Agricultural Research Center, Beltsville, Maryland, 
with the object of investigating the use of ultrasound to 
detect pregnancy ın ewes. Ultrasound has bean applied 
successfully in human medicme for the detection of 
abnormal growths, such as tumours and carcmomata‘-’, 
and recent work has indicated that ultrasonic techniques 
can be used to investigate the development of the human 
foetus". Standard equipment similar to that used in 
diagnostic medicine was used in the following investiga- 
tions with sheep. Preliminary tests indicated that A-scope, 
or amplitude-depth presentation, was preferable to scan- 
ning with B-scope for routine examination. The major 
portion of the study was thus conducted with an ‘Echo- 
Trace Model SSD-2’ ultrasonic analyser obtained from 
Metrix Incorporated, Denver, Colorado. A 2:26 Mojs 
transducer with a crystal of 3 cm diameter was found to 
be the most satisfactory for routine use. (A setting of 
about ‘P’ was used for the output control and ‘9-5-10-0' 
for the rejection control. The sensitivity time control 
switch was also used to eliminate surface echoes.) 

Before the examination was carried out, wool was 
removed from the area of the abdomen between the 
udder and the navel. The ewe was then placed in a 
wooden stall in a standing position and a liberal amount 
of corn oil applied to the skin. The examination was 
made by inserting the transducer probe between the back 
legs and placing it in contact with the skin in front of the 
udder and just right of the midline. The probe was held 
at about 90° to the skin and moved just sufficiently to 
ensure good contact. 

Echoes were obtained from a depth of 6-8 cm in non- 
pregnant ewes (Fig. 1) and of 12—20 om in pregnant ewes 
(Fig. 2). Echoes from a depth of 12 om or more required 
a diagnosis of pregnancy in these investigations. Echoes 
from the 6-8 om level were absent or’ not marked in most 
of the pregnant ewes. Trials on 314 ewes gave promising 
results in the first phase of the experiment. 
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Forty-two ewes that had been hand-mated were used 
in the second phase. The ewes were examined from the 
last mating until 98 days later. Pregnancy was estab- 
lished by subsequent laparotomy. Thirty-one ewes were 
diagnosed as pregnant and eleven negative reactions 
were obtained. The average time from the last mating 
in the pregnant group was 65 days (ranging from 41 to 
98). Four of the negative group were barren, four had 
conceived between 5 and 31 days before examination, 
and the other three had been pregnant for 42, 43 and 
50 days, respectively. 

Twenty-nine ewes which had been “field-mated” between. 
December 17, 1965, and January 7, 1966, were examined 
eight times during the last phase of the study. The first 
examination was conducted on February 14 and the last 
on April 25. Eleven of the fourteen ewes whieh were 
pregnant were diagnosed correctly on February 14, or at 
an average of 95 days before lambing, two on February 23 
(85 days before lambing) and one on March 2 (90 days 
before lambing). All these ewes displayed positive reaction 
on subsequent examinations. Thirteen of the fifteen barren 
ewes were diagnosed as not pregnant at all examinations. 
One ewe was diagnosed as pregnant at the first four exami- 
nations and not pregnant at the last four. It seemed that 
this ewe had aborted between the fourth and fifth exam- 
inations. It 1s probable that the other ewe was diagnosed 
incorrectly as pregnant on the second and third exam- 
inations and correctly as not pregnant on all othor 
examinations. 


At no time was there any evidence that ultrasound “ 


had in any way damaged the foetuses. It thus seems that 
pregnancy in sheep can be detected by ultrasound within 
60 days of conception and will give an accuracy of about 
95 per cent. Three experienced men can prepare and 
check fifteen ewes in an hour. Research on the use of 
ultrasound to detect pregnancy in sheep and to dis- 
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tinguish between single and multiple foetuses is being 
continued. 

I thank Dr. C. E. Terril and Dr. M. L. Crandall for 
substantial technical advice, and Dr. D. L. Harper and 
Mr. E. W. Dwyer for excellent technical assistance. 

Ivan L. LINDAHL 
Sheep and Fur Animal Research Branch, 
Animal Husbandry Research Division, 
Agricultural Research Service, 
Beltsville, Maryland. 
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Identification and Possible Origin of a Race 
of Puccinia striiformis isolated in 1966 


Savers attacks of yellow rust (Puccinia stritformis West- 
end.) developed on the previously resistant winter wheat 
variety Rothwell Perdix in England in 1966. This variety 
was recently recommended by the National Institute of 
Agricultural Botany! as being high yielding and resistant 
to all known physiological races of P. stritformts occurring 
at that time in Great Britain. 

The first reports of rust were received at the end of 
May, but the high degree of infection recorded then 
indicated that foci of the infection had survived through- 
out the winter. Later reports showed that the most 
severe infections were on crops in the south-east region, 
but some rust could be found at the ripening stage on 
Rothwell Perdix in most parts of the country. 

It is interesting that crops of this variety became 
heavily infected in many areas during a short period of 
time, apparently by a physiological race not previously 
described. This pattern could suggest the influx of spores 
from a wheat growing area to the south of Great Britain. 
But there is no variety related to Rothwell Perdix grown 
on a large scale in southern Europe which could act as the 
selection screen and provide the source of inoculum of a 
race of P. stritformis with a combination of virulence 
factors able to infect Rothwell Perdix. The early onset 
of the heavy infection at several widespread foci strongly 
suggests overwintering in Britain. 

The physiological races used in testing Rothwell Perdix 
as seedlings in the glasshouse, and as adult plants in the 
field, during the period 1961-65 were 2B, 2C, 5, 8B, 
27/53, 54, 3/55 and 68. Rothwell Perdix was resistant 
to each of these races, always giving a 0-00 type reaction, 
although an occasional seedling (less than 2 per cent) was 
susceptible. A few plants with very slight (naturally 
occurring) infections were seen in the field at five N.I.A.B. 
trials centres: at Cockle Park in 1963, 1964 and 1965; at 
Terrington Experimental Husbandry Farm (E.ELF.) in 
1962 and 1964; at Drayton E.H.F. and Rosemaund 
E.H.F. in 1962; and at Cambridge in 1963 and 1964. It 
is thought that all these field observations reflected the 
behaviour of the susceptible seedlings to known physio- 
logical races particularly because race 8B was isolated 
from some of these plants in 1966. 

Three isolates of the rust obtained from Duxford, Toft 
and Trumpington in Cambridgeshire in 1966 were highly 
virulent on seedlings of Rothwell Perdix and many other 
varieties, including the majority of the international 
differential host varieties. Cappelle-Deprez, the most 


-* widely grown winter wheat in Great Britain, was not 


susceptible to these isolates. The reactions of the differ- 
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ential host varieties, which were similar for each isolate, 
are shown in comparison with those for certain other 
physiological races found in Great Britain during the past 
14 years in Table 1. 


Table 1. RRACTIONS OF THR STANDARD DIFFERENTIAL Host VARIATIES 
WHEN INOOULATWD WITH Frya Raoms oF P. siruformis COMPARED WITH 
THOSE OF RACE 60 


Phystological race 
60 (from 
Varieties 8B 27/58 54 3/55 68 Rothwell 

Perdix) 
Michigan Amber IV IV IV Iv Iv IV 
Blé rouge d’ Ecosse Iv Iv Iv IY IV Iy 
Strubes Dickkopf IY Iv IV IY IY IV 
Webster o-0 0-IV o-IT œI I-Iv IV 
Holzapfels Fruh IV -Iv -tv Iv U-IV IV 

Yulmonn 28 o-I 0 0 IV 0 m-I¥ 
Hemmes Kolben 0-1 0 IY 0 0 Iv 

Carstens tens Dickkoot Vv ou Iv D-IV 0-IV Iv W- 

ppardings 0 0 i) 9 0 M-IV 
ese 1 00. I-IV 00 oo M-N IV 
Bonge,  rolquo 0-0 0 0-01 0 0 IV 

u 
Hybrid 46 (reselected 00 0 0 0 0-1 0 
stock) 

Gappelle -Deprez 0 0 0 IV i-Iv 0 
Helnes VO Iv 0 nav) -v œ Iv 


The race represented by the three isolates obtained in 
1966 has quite different virulence characters from races 
previously occurring in Great Britain, and it is the only 
race which is virulent on the differentials Heines Kolben, 
Chinese 166 and Heines VII. This combination of viru- 
lence factors also differs from those of all the fifty-nine 
physiological races of P. striiformis described previously?. 
Physiological race 60 is suggested as the name for this 
combination of virulence factors. 

At this stage of the mvestigation the hkely genetic 
origin of this new race can only be conjectured. Similar- 
ities with races 8B, 27/53 and 54, which infect respectively 
the specific differentials Heines VII, Chinese 166 and 
Heines Kolben, but which are unable to attack Rothwell 
Perdix, can be seen in Table 1. Race 60 is basically 
similar to race 27/53 but with the additional virulence 
factors able to overcome the resistance of Heines Kolben 
and Heines VIZ. In this respect it is similar to race 58, 
recently ted by Macer? to have arisen from race 
27/53. It is also comparable with race 8B but has 
accumulated factors virulent against Heines Kolben and 
Chinese 166 or race 54 with additional virulence factors 
able to overcome the resistance of Chinese 166 and Hermes 
VII. Any of these three races could be considered the 
genetical source of the variant, but only race 8B is known 
to be widespread in Great Britain. The other race fre- 
quently identified in 1964 by Stubbs and Fuchs‘ is race 55. 
If this is regarded as a source of the variant, then simul- 
taneous changes in virulence affecting threo major 
resistance genes must be postulated. It would seem, 
therefore, most likely that race 8B could have given rise 
to the variant (race 60) in Great Britain. 

R. C. F. Macmr 


Plant Breeding Institute, 

pidge: D. A. Dorme 
National Institute of Agricultural Botany, 
Cambridge. 
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Effect of (2 Chiorosthy!) Trimethylammonium 
Chloride on the Eriophyid Gall Mite 
_ Cecidophyopsis ribis Nal and Three Fungus 
Diseases-of Black Currant 

THE eriophyid gall mite, Cecidophyopsis ribis Nal., the 
vector of the reversion virus, is the most important pest 
of black currants. The mites migrate to new buds during 
a period lasting 3—4 months, but individuals are rarely 
exposed, while on the plant, to contact acaricides for 
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more than a few days, and no non-phytotoxic systemic 
compound has yet been found which kills mites within 
the tissues of the host plant. Preliminary experiments at 
Long Ashton have shown that quaternary ammonium 
compounds and herbicides can cause sufficient interference 
with host and parasite relationships to exert some control. 
(2-Chloroethyl) trimethylammonium chloride, ‘Cycocel’, a 
plant growth retardant, has been shown to reduce the 
reproductive rate of the aphid Brevicoryne brassicae (L.) 
on brassicas!, and to give some control of Verticilium 
wilt of tomato*. The effect of this compound on the black 
currant gall mite and the fungi most common on currants 
was therefore investigated. 

To test the ability of this material to protect healthy 
bushes from infestation by the gall mite, heavily infected 
plants were placed at intervals in a plantation of forty 
l year old bushes arranged in a randomized block design. 
The infected bushes were left untreated, and the remainder 
were sprayed three times at 2 week intervals, from the 
opening of the first flower, with ‘Cycocel’ (0:5 per cent 
active ingredient) in 200 gal. water/acre. Marginal 
chlorosis was visible on all the sprayed leaves a few days 
after treatment and persisted for several weeks, but no 
further phytotoxic symptoms were observed. An equal 
number of bushes, similar to those treated, was left 
unsprayed so that the effect of the treatment on tho 
growth of the bushes could be assessed (Table 1). A 
further plantation of sixty fruiting bushes was arranged 
in randomized plots to assess the effect of the treatment 
on disease incidence and yield. 

Assessment of infection by the left spot fungus (Pseudo- 
peziza ribis}, American gooseberry mildew (Sphaerotheca 
mors-uvae) and Botrytis cinerea was made on the fruiting 
bushes during the summer, and the numbers of mite 
infested buds on the young bushes were counted in 
December. At this time the treated bushes carried 73 per 
cent fewer buds containing mites than the untreated 
bushes; this was not significantly different from the 
reduction brought about by the normal commercial 
practice of spraying twice with endrin or endosulfan. At 
harvest time (1965) the fruiting bushes which had been 
sprayed with ‘Cycocel’ showed 43 per cent less leaf spot 
infection? and 66 per cent fewer Botrytis infected berries 
than the unsprayed bushes. The reduction in leaf spot 
infection was equal to that obtamed commercially at 
harvest time during a 3 year period, when 0:15 per cent 
‘Zineb’ was used against leaf spot on four occasions‘. The 
treatment had little effect on the moderate amount of 
mildew infection on the fruiting bushes, but by the end 
of the year there was an increase in the number of shoots 
in the two groups with the highest infection’, and this 
amounted to 71-8 per cent on the treated and 23-5 per 
cent on the untreated bushes. 

No direct toxicological effect has so far been noted, 
and the apparent ability of this material, acting through 
the host, to alter the meidence of pathogenic organisms 
suggests & new approach to the control of certain pests 
and diseases. The outstanding effect of the treatment on 
the host plant was to mcrease by approximately three 
(significant at the 0-1 per cent level) the average number 
of buds and leaves on each shoot, and simultaneously 
reduce the shoot length. There were also significantly 
more dead buds (0-1 per cent) and slightly fewer vegetative 
buds (1 per cent). The slight increase in flower buds on 
the young treated bushes, and the crop increase on bushes 
treated in the fruiting year, suggest that annual treatment 
could lead te increased crop weights. Experiments are in 


Table 1. Erynor OF ‘CYcoonn’ ON THH GROWTH AND YIELD OF BLACK 
BusHEs 
Treated Untreated 
Mean shoot length (om), Dec. 1985 46-6 62-4 
Mean buds per shoot, . 1965 804 26-8 
Mean leaves per shoot, July 1965 227% 19-2 
Yield per plant (Ib ), duly 1965 1-6* 12 


S cantly different from untreated at 1 per cent. 
t At 0-1 per cent. 
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progress to examine the mechaniam by which the mite 
and the fungi previously mentioned are affected. 

We thank Mr. G. M. Clarke for statistical analysis and 
Dr. W. F. Jepson, of Cyanamid International, for sup- 
plying samples of ‘Cycocel’. 

B. D. Smu 
A. T. K. CORKS 
Universıty of Bristol, 
Department of Agriculture and Horticulture, 
Long Ashton, Bristol. 
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Relationship between the Protein and 
Copper Contents of Some Plants 


Tx concentration of copper in herbage plantes varies 
considerably between species!*, clovers and many weeds 
tending to higher levels than grasses. Concentrations of 
copper generally decline with advancing maturity®+ 
although some workers have found increases in legumes 
during considerable periods of the growth phase‘. The 
copper concentration in plants is considered to be largely 
unrelated to the soil copper content and to the soil reac- 
tion’, although at high pH soil copper may become less 
available’. 

We have recently completed a study of the concentra- 
tion of copper in the aerial parts of several plant species: 
red clover (Trifolium pratense), Itahan ryegrass (Lolium 
ttalicum), timothy (Phleum pratense), cocksfoot (Dactylts 
glomerata), Yorkshire fog (Holcus lanatus) and wheat 
(var. Jufy I). The clover was grown in plots at three sites 
in Northumberland with widely different soil conditions. 
Three fertalizer treatments, differing at each site, together 
with untreated controls, gave a total of twelve nutrient 
regimes which are detailed in Table 1. At one site three 
succeasive cuts of clover were taken in 1961 and a further 
two in 1962. Each of the remaining species was grown 
at one site, at four nutrient levels, and was harvested 
at the hay stage (grasses) or at grain ripeness (wheat). 
In the latter case grain and straw were analysed separately. 
Crude protein was determined as total nitrogen times 
6-25; true protein by precipitation with oupric hydroxide 
and copper by Piper’s method’. The results, on a dry 
matter basis, aro summarized in Table 1. 

The data relating to the copper and true protein levels 
show a highly significant positive correlation (n = 52; 
r = 0-907; P <0-001): the relationship is shown in Fig. 1. 
The correlation between copper and crude protein is also 
very high (P<0-001), but this is scarcely surprising as 


Youd 74X +068 


Oopper content (p.p.m.) 





True protein content (per cent) 


The relationship between true protein and sopper contenta (dry 
matter) of the plant materials described ın Table 1. 


Fig. 1. 
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Table 1. CONTENTS ov COPPHE, CRUDE AND TRUM PROTAIN IN THE DRY 
MATTER OF SOME PLANT MATERIALS 
Analysis of dry matter 
Site and perites haa Cop abi roel 
and species eu per protein protein 
i ment* (p.p.m.) (%) (%) 
Cockle Park 
Red clover 15.8.61 Ni 10-0 198 16-1 
K, 101 18-2 15-8 
N, 106 192 16-1 
KN, 106 18-3 18-4 
18.9.61 NU 144 22-7 201 
K, 146 22:8 19-5 
Ny 15-6 26-8 20-8 
K:N, 162 241 20-1 
7.11.61 Ni 171 21-6 19-7 
xy 17-0 21-5 191 
N; 170 219 18-7 
K:N, 17-1 21-5 19-3 
80.7 62 Nu 8 146 11:3 
K, 98 14-3 110 
Ny 103 14-8 114 
; E,N, 101 146 11-2 
25.0.62 Nil 14°8 226 16-3 
Ky 146 20 8 16 8 
Nı 155 22:3 16:8 
KE,N, 14-7 21-7 16-4 
Italian ryegrass 2.10.61 Ni 8-0 98 T4 
Kı 78 88 6-6 
4 88 8-0 60 
K:N, 8-1 79 6-2 
Wheat (straw) 26.10.61 Ril 28 B4 81 
E, 27 3-6 8-1 
Xi 82 38 8-2 
KiN, 31 3-9 82 
Wheat (grain) 26.10.61 Nil 7-0 116 94 
Kı 67 11-6 9:4 
N, 78 120 9-4 
Ey N, 92 11-9 90 
Lordenshaw middle site 
Red clover 24.7.68 Nil 10-2 12-7 108 
N, 11-8 181 10-9 
P 48 158 128 
K, 102 121 101 
Timothy 24.7.68 Nil B2 4:2 8-4 
N: 87 48 44 
P 2-0 42 3-2 
K, 80 43 8-7 
Cooksfoot 24.7.68 Mil 8-2 41 28 
Ny 3-8 56 3-6 
P 20 4-0 27 
Ey 20 44 8-3 
‘Lordenshaw lower site 
Red clover 24.7.63 Ni 72 185 118 
L 83 12-6 10-0 
P 5&0 17-4 14-1 
LıP 56 170 14-0 
Yorkshire fog 24.7.68 Nu 36 66 50 
L 84 5-2 41 
P 3-6 58 46 
L+P 85 55 43 


* Fertilizer treatments N,, sodium nitrate, 10 cwt. per acre; Ne ammon- 
1um sulphate, 2 owt. per acre; K,, potassium chloride, 5 owt K, 
potassium obloride, 2-b owt, per acre; P, triple auper-phosphate, 6 cwi. par 
acre; L, calcyum carbonate, 2 tons per acre. 
in all cases true protein represented 80-90 per cent of the 
total nitrogen. 

It is interesting that the concentrations of true protein 
and copper in thirty samples of grasses and legumes 
grown in Germany’ fit this regreesion closely, all but two 
of the pairs of data falling within the 95 per cent confi- 
dence limits. Data for weed species from the same source 
show sorme deviations from our regression. The relation- 
ship thus appears valid for some fifteen species of grasses 
and four species of legumes grown in Northumberland or 
Germany and also for two portions of the wheat plant 
differing considerably in their protein contents. 

It will be noted that in Fig. 1 three values do not con- 
form to the general relationship although they were not, 
of course, excluded from calculation of the regression. 
These values relate to clover grown on soils of high phos- 
phate status and the possibility that phosphate may 
affect the protein/ecopper relationship is also indicated 
by some of the additional data already sited’. 

The formation of stable complexes between copper and 
proteins or other amino compounds is well known. In 
addition to the enzymes contaming copper which ocour 
in plants, copper complexes have been described in 
herbage’ and there is evidence that the increase in protein 
content resulting from high applications of nitrogen can 
inactivate copper in the plant+*. The results presented here 
show that there ıs a relationship between the levels of 
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protein and copper in plants. Further work is needed to 
elucidate the nature of this relationship and the possible 
effects on it of soil nutrient status, particularly of phos- 
phate. Furthermore, there is a need to study the signifi- 
cance of this relationship with respect to the subsequent 
availability of herbage copper to ruminant animals. 


M. A. RASHEED 
R. C. SEELEY 


Department of Agricultural Biochemistry, 
University of Newcastle upon Tyne. 
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Influence of Pesticides on Fruit Bud 
Formation in the Pear 


Tas reduction of fruit bud formation on the pear variety 
‘Conference’ by phenylmercuric salts has already been 
reported!. Even more severe reductions have now been 
recorded on this variety and alao on ‘Doyenné du Comice’ 
following the application of a scab control programme 
based on the cationic surface active agent, didecyl- 
dimethylammonium bromide (DDAB). The same effect 
has been found on ‘Comice’ with a commercial fungicide 
based on dodine acetate, and on ‘Conference’, ‘Comice’ and 
‘Williams’ Bon Chrétien’ with a liquid formulation of 
DNOP, the mixture of nitrated octylphenols used as 
erotonates in certain fungicides for powdery mildew 
control; the effects of DNOP on ‘Comice’ and ‘Williams’ ’ 
were such as to reduce the crop in the following year. 

It seems that certain pear varieties, especially ‘Con- 
ference’ and ‘Comice’, are very susceptible to chemical 
interference with fruit bud formation. This interference 
may be caused also by pesticides other than fungicides, 
and it seems desirable that all pesticides proposed for use 
on pears should be screened for this effect before approval 
is given to their use. ‘Captan’ is free from this objection 
on at least the varieties tested here. 

Numerous trials on varieties of apple have not suggested 
the existence of a similar effect. 


A. H. M. KRBY 
MARGERY BENNETT 
East Malling Research Station, 
East Malling, Maidstone, Kent. 
1 Kirby, A. H. M., and Bennett, Margery, J. Hort. Ser., 38, 68 (1968). 


SOIL SCIENCE 


Inhibitory Effect of Soil Organic Matter 
on the Crystallization of Amorphous Ferric _ 
Hydroxide 


Sorts and sediments often contain large quantities of 
hydrous ferric oxide which, according to X-ray analysis, 
cannot be accounted for by crystalline forms of iron 
oxide. This is surprising in view of the fact that crystal- 
lization tn vitro of freshly prepared amorphous ferric 
hydroxide to goethite or haematite is virtually complete 
after a few months or years, even at room temperature!. 
Some recent experiments of a preliminary nature have 
led to a possible explanation of this discrepancy. 

A rusty brown precipitate from a ditch transecting a 
bog in iron ore flelds in north-west Germany contained 
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31-3 per cent iron as free iron oxides (dithionite-soluble) 
after the coarse inorganic and organic particles had been 
removed by sieving. According to X-ray analysis and 
measurement of solubility m acidic ammonium oxalate 
(which gives a fairly good measure of amorphous iron 
oxides?) no crystalline oxides were present (sample 1). 
This material was aged under conditions extremely 
favourable for goethite formation—that is, boiling for 
some hours in strong alkaline solution (normal potassium 
hydroxide). Under these conditions, artificially prepared 
ferric hydroxide is readily transformed to well crystallized 
goethite in a few hours’. The natural material, however, 
did not crystallize (sample 3, Table 1), even after pro- 
longed ageing (72 h). It was decided to treat it several 
times with 15 per cent hydrogen peroxide in order to 
destroy the organic matter; while the carbon content was 
reduced from 10-23 to 1:03 per cent carbon, the amorphous 
nature was unchanged (sample 2). After this material 
had been aged under the alkaline conditions already 
described, X-ray analysis showed broadened diffraction 
lines of goethite (sample 4). 

In order to confirm this result, amorphous ferric 
hydroxide, which had been freshly prepared by precipita- 
tion of ferric nitrate with ammonia, was aged in the same 
way, except that on this occasion the hot normal potas- 
sium hydroxide extract of the natural material was used. 
This clear dark coloured extract contained 1:24 g of 
carbon/l. When tho precipitate was treated with pure 
potassium hydroxide, goethite was formed in a few hours 
and this was accompanied by a considerable decrease in 
solubility (sample 7); however, when the potassium 
hydroxide extract of the natural material was used, no 
crystalline forms appeared and the solubility remained 
high (sample 8). 


Table 1 
ors data 
“Amorpho 
Sample oxide” Ger X-ray 

No. Sample Treatment onian of diftacton 

i Doh precipi- None 1002 Amorphous 

2 Same asi 0, 7 988 Amorphous 

8 Same asl 4 h aging In N KOH 990 Amorphous 
a 

4 Same as 2 4 By ag m N KOH 617 Goethite (weak) 
a 

5 Samo as 2 72 4 in N KOH 52-8 Gosthite (weak) 
a 

6  Fræhly preci- None 100-0 Amorphous 

pitated fer- - 
no hydromde 

7 Same as 6 åh ageing in N KOH 6&1  Goethite (strong) 
at 100° © 

8 Same as 6 4h 1m boiling N 81:3 Moots” 
KOH extract of No. te (very 
1 at 100° O 


These results suggest thet organic compounds in the 
alkaline extract may have an inhibitory’ effect on the 
crystallization of amorphous ferric hydroxide. Strong 
adsorption of organic amions by the amorphous ferric 
hydroxde may disturb or even prevent its rapid crystal- 
lization. 

Adsorption of anions such-as phosphate, molybdate or 
silicate, which are usually present in soils and sediments, 
by ferric hydroxide, may have the same effect. This has, 
in fact, been verified for both phosphates“ and silicates‘; 
thus it is possible that these anions played a part in the 
present experiments. 

In the presence of organic matter, both natural and 
synthetic goethite, and amorphous ferric hydroxide, are 
not directly dehydrated to haematite on heating, but are 
first dehydrated to maghaemite’. The involvement of 
organic matter in these reactions may also explain why 
the sharp exothermic peak usually observed for artificial 
amorphous ferric hydroxide on dry thermal analysis does 
not ocour with amorphous hydroxides in soils. Further- 
more, the hardening of laterite, which is frequently 
observed after the vegetative cover has been removed, 
may also arise from a similar effect because the soil 
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organic matter would be denpa on cultivation. 
Further experiments are being carried out. 
U. Sonwurrmann 

Institut fir Bodenkunde, 
Technische Universitat, 
Berlin. 
1 Schwertmann, U., Z. Pflaneenern, Dog. Bodenkds, 108, 37 (1985). 
*Schwertmann, U., Z. Pflansenern. Dog. Bodenkde., 108, 194 (1064), 
2 Glemser, O., Ber. Dtsch. Chem. Ges., 70, 2117 (1987). 
t Scheffer, F., et al., Chem. d. Erde, 19, 51 (1957). 
* Krause, å., and Borkowska, A., Mh. f. Chem., 04, 480 (198638). 
sd * Schellmann, W., Chem. d. Erde, 20, 104 (1969). 

* Schwertmann, U., N. Jb. Min. Afhk , 174 (1959). 


A Microbiological Approach to the Problem 
of Soil Humic Acid Structures 


CHEMIOAL investigations of soil humic acids have indicated 
their possible components, but have not so far thrown any 
hght on the structures involved in this complex group of 
compounds’. The use of biodegradation of humo acids 
as a means of analysing their constituents has attracted 
the attention of only a few workers’. Most studies 
concerned with the microbial utilzation and degradation 
of humic acids have revealed the susceptibility of their 
nitrogenous portion to attack; however, the structures 
of these moieties are defined largely by the carbonaceous 
fraction. 


(3) 


The extensıve use of humic acids as the sole source of = 


carbon durmg growth by micro-organisms has recently 
been reported’. Because enzymes are specific and therr 
reaction conditions mild, the initial products of microbial 
enzyme cleavage should be more indicative of the con- 
stituents and structures of humic acids than is possible 
with chemical degradations, where artefacts can easily be 
produced. There are, however, some pitfalls in using a 
mucrobiological system which must be avoided. The 
by-products of microbial metabolism must not bo mis- 
taken for humic acid derivatives. Uncharacteristic por- 
tions of soil humus should not be used. Organisms which 
merely transform without degradation may provide little 
useful information. A number of organisms, in sequence 
or together, may be required to achieve a complete 
breakdown of humic acids. 


Carbon dating techniques have indicated that the mean . 


residence time of the carbon of ‘mobile’ humic acids 
from a Black Chernozemic (Melfort) soil is about 800 years, 
thus indicating that the greatest proportion of this carbon 
has a very low turnover rate’. Certain fractions of the 
humic acids, such as the acid hydrolysable portion, how- 
ever, were found to have a much higher turnover rate, 
indicating that micro-organisms in the soil are capable of 
attacking at least a portion of the humic acids’. 

Micro-organisms capable of utilizing purified “mobile” 
humic acids from the Melfort Orthic Black soil as a source 
of carbon and/or nitrogen were isolated. Representatives 
of the genera Penicillium, Aspergillus, Arthrobacter and 
Pseudomonas were found to grow well with humic acids 
as a sole source of carbon. A Penicillium isolate was 
selected for further investigation. This did not 
produce any pigment within a period of 8-9 weeks; it did 
not possess laccase, peroxidase, tyrosinase, proteinase, 
amylase or cellulase; it grew well on Czapeck—Dox 
sucrose broth and utilized humic acids as a sole source of 
carbon. ; 

R. spiration measurements imdicated that the fungus 
utilized an inducible enzyme system, which required 
about 5 h for induction. It grew well at concentrations of 
0-2 per cent humic acids or lower and, once adapted, 
continued to utilize humic acid carbon in the presence of 
glucose. Replacement oultures, shaken for 7 weeks, used 
up to 35 per cent of the humic acids (Table 1). 

The extent of attack on the humic acids depended on 
the molecular size of these materials. The fractions having 
molecular weights of more than 50,000 were attacked to a 
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Table 1, USILIRATION OF Humic -AOS BY THR Penicillium ISOLATE 


Humic Humic acid 
acid zeco vered 


Amount 
-, added after used 
(mg) weeks te) (per cent) 
Control 60-0 60-0 — 
anato sete carbon source at” 0 020 600 40-8 82-0* 
Hamato as nitrogen gource at 0020 600 ` 42-0 80-0 
per cent 
Humate as s source of both carbon 60-0 89-0 850 


and nitrogen at 0-020 per cent 


* Spore Inooalation and incubation for a similar period resulted in 6 per 
cent utilisation, 


greater extent than those below 50,000 (‘Sephadex’ gel 
fractionation’). Elemental analyses of the surviving 
humates indicated that they were richer in nitrogen than 
the original. Functional group analyses indicated a 
considerable increase in the hydroxyl content, durmg 
degradation, with a smaller mcrease in the phenolic 
hydroxyl and the carboxyl groups available for titration. 

Paper and gas chromatography used to ‘study the 
intermediates produced by fungal cleavage, under con- 
ditions of restricted aeration, indicated that salicyl 
alcohol and salicylaldehyde were formed. Salicyl alcohol 
(also known as saligenin) is the aglycone of salicin—a 
glycoside found in plants belonging to the family of 
Salicaceae and a few others®. Willow and poplar, which are 
both members of the Salcaceae, formed an important 
portion of the flora covering this soil before the-land was 
cleared for cultivation around 1900 (ref. 10). 

It is interesting that one of the first known isolations of 
intermediates formed during the microbial cleavage of 
humic acids should yield two compounds which could not 
have been obtained by means of normal chemical degrada- 
tion techniques. This implicates a plant glycoside in the 
synthesis of humic materials. Salicyl alcohol may also be 
produced by the reduction of salicylic acid, through 
salicylaldehyde, by several fungi which inhabit soil?. 
Salicylaldehyde has been implicated in the degradation of 
polyaromatic compounds such as naphthalene". The 
Penicillium used ın this investigation, however, did not 
reduce salicylic acid in either aerated cultures or low 
oxygen tension cultures, and this was so whether or not 
sucrose was present; moreover, it did not appear to 
utilize naphthalene. 

Balicy] alcohol is known to undergo condensation to 
produce resin-like substances, and has a great affinity for 
amino compounds; it could therefore be volved in soil 


humus formation. 
8. P. MATHUR 
E. A. PAUL 

Department of Soil Science, 

University of Saskatchewan, 

Saskatoon. 
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-Age of the Youngest Hydrated Halloysite 
of Kyushu 


“Aomine and Miyauchi have concluded that the hydrated 


halloysite of a buried soil at Choyo ın the Aso district of 
Kyushu was derived from volcanic ash that fell between 
8,000 and 9,000 years ago’. The reasoning by which they 
arrived at this conclusion 1s open to question, and -both 
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Table 1, (AFTER ÁOMINEH AND MIYAUCHI) 
= In clay fraction 
Organic Hydrated 
‘Location Horizon Depth carben Allophane halloyaite 
(cm) (per cent) (percent) (per cent) 
Ohoyo 1 0-80 8-2 67 0 
. 2 80-80 24 75 0 
8 80-90 1-2 78 0 
4 90-140 1-7 88 0 
5 140-190 11-0 87 88 
Kanoya 1 0-30 56 70 0 
2 80-70 12-1 72 0 
8 70-130 18 80 0 
4 130-175 71 74 0 
5 175- 25 75 0 
6 225-275 4:0 80 85 


tho ash and the halloysite could bo muoh older than 
9,000 years. 

They stated: “A buried surface soil containing hydrated 

halloysite would offer a suitable sample for dating the 
mineral by means of radiocarbon measurements, if the soil 
contains enough organic carbon and has been. isolated 
from biotic activity since the soil was covered with ash. . 
8o the age of volcanic ash in a previous surface layer can be 
estimated by the content of carbon-14 ın the organio 
matter, provided that the period of time of carbon 
accumulation is neghgibly short as compared with the 
ash-age.”’ 

They then gave details of a profile at Choyo (32° 63’ N., 
131° 0’ E.) m which the upper four layers contained 
predominantly allophane in the clay fraction but no 
halloysite, and the fifth contained about equal amounts of 
allophane and hydrated halloyate (Table 1). This fifth 
layer was rich in organic matter and to arrive at the age 
of the ash of this layer they took the radiocarbon age of its 
organic carbon (8,650 + 200 yr): “This value undoubtedly 
represents an average of organic carbon accumulated 
in the layer while it was on the surface”. To this value they 
added an estimate of 330 yr (‘‘or less”) for the 11 per eent 
of carbon to accumulate, and concluded that ‘‘the hydrated 
halloysite of the fifth layer was derived from the ash that 
fell between 8,000 and 9,000 years ago... .” 

While this is a possible interpretation, the following 
objections can be raiséd: (1) It ımphes that the ash of 
the fifth layer is only a few hundred years older than that 
of the fourth layer. It is improbable that a difference of a 
few hundred years in eight or nine thousand years would 
be sufficient to produce the sharp contrast in the clay 
mineralogy of the two layers. (2) In another profile, at 
Kanoya (31° 24’ N., 130° 52’ E.), Aomine and Miyauchi 
found that the organic matter of the uppermost layer 
containing hydrated halloysite, the sixth layer (Table.1), 
was beyond radiocarbon measurement, “that is, older than 
30,000 years”. In none of the layers above this buried soil 
however, is there any halloysite, although one or more of 
them is probably much older than 9,000 yr. (3) The age of 
the organic matter of a surface sou layer can be much 
younger than. the time taken for the soil to form. - 

When soils form on newly deposited parent materials 
there. is an initial period during which organic carbon 
rapidly accumulates, but there comes a.time when a state 
of dynamic equilibrium ıs reached after which net 
accumulation ceases, or becomes very much slower, 
perhaps accompanying changes in the constitution of the 


-olay minerala or changes in mternal drainage. The level 


of this equilibrium differs according to chmate and in some 


“cages according to parent material, and usually this 


equilibrium will be reached in a few hundred -years. 
Thereafter, although the concentrations of organic matter 
stay fairly constant, there is a contmual breakdown of 
much of the existing organic matter and build-up of fresh 
organic matter®?.. Some very stable humus compounds 
are formed that do not enter mto this process, but so far 
as I am aware their proportion has never been very great. 
Tamm collected humus from the B horizons of three podzol 


- profiles on moraines at Garpenberg, Hartejarnsheden, and 


Haboskegen in Sweden, at sites that had been forested for 


-as much as 9,000 yr, and, in commenting on the radio- 
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carbon ages, he states: “It is interesting to find in all three 
profiles formal ages of the B horizon humus ca. 400 yr. 
This can be taken as evidence of a dynamio equilibrium 
between the supply and breakdown of organic matter in 
the B horizon of the podzol profiles of the type studied.” 33, 
He also collected the humus of B horizons from podzols in 
Lapland and in sixteen samples from different profiles the 
formal radiocarbon ages ranged from 460 + 65 to 1,260 + 
60 n.P.*. Oden collected samples of a soil formed on loess at 
Huldesham in Germany, and these were dated as follows: 


St-681  8-llom A t age: 1,860 + 60 yr 
St-1,020 80-50 cm dee 2,090 + 70 yr 
8t-682 68-71 cm 5 3,170 + 65 yr 


His comments imply that the ages are relatively low 
compared with that of the loess*. 

So far, no Ando soils appear to have been investigated 
in this way, but the principles are likely to be the same; 
however, because of therr peculiar organo-mineral com- 
plexes they may contain a higher proportion of stable 
organic compounds and give somewhat greater formal 
radiocarbon ages than those already cited. 

It would thus seem that the organic carbon of a buried 
soil layer is of more value m dating the deposition of 
overlying material than in dating the deposition of ıts own 
parent material. Thus the age (8,650 + 200 yr) of the 
organic carbon of the fifth layer at Choyo (Table 1) gives 
a maximum age for the deposition of the fourth layer, but 
gives only a minimum age for tho fifth layer which could 
have been deposited tens of thousands of years earlier. 

To determine the approximate age of the fifth layer it 
will be necessary to date the organic carbon of a buried 
soil lower in the column, or else to find charcoal (of 
vegetation burnt at the time of its deposition and in- 
corporated in the base of the deposit) with which to date 
it, as has been done in New Zealand for the Taupo Pumice 
and older airfall ash-beds*. If it transpires that the age 1s 
beyond radiocarbon measurement it will leave in doubt 
whether the halloysite in this profile is in fact any younger 
than thet at Kanoya. In which case the organic carbon 
of the buried surface layers 4 and 2 at Kanoya could be 
dated to help in narrowing down the problem. 

J. E. Cox 
Soil Bureau, 
Box 1005, 
Whangarei, New Zealand. 
t Aomine, S., and Miyauchi, N., Nature, 199, 1311 (1963). 
a Tamm, © O., in Östlund, H. G., and Engstrand, L. G., Radiocarbon, 5, 220 
3 Tamm, O. O., and Östlund, H. G., Nature, 185, 706 (1960). 
4 Oden, Bu ın Östlund, H. Q., and Engstrand, L. G., Radiocarbon, 5, 220 


* Healy, Jp Vucetich, C. G., and Pullar, W. A., N.Z. Geol. Surv. Bull , 73 
(1964). 


Cox objects to the method which Miyauchi and I have 
used to estimate the age of hydrated halloysite at Choyo!. 
It is possible, however, that because of the different 
nature and properties of volcanic ash soils in New Zealand 
and Kyushu, some of his objections have arisen from a 
misunderstanding of the soils in Kyushu. 

First, he points out a sharp contrast in the clay 
minerelogy of the fourth and fifth layers at Choyo, the ages 
of the ashos of which should not diffor. In the profile of 
volcanic ash soils in Kyushu, an old ash is not necessarily 
always at a more advanced stage of weathering than a 
young one, and in certam cases a sharp contrast in 
mineralogy can be observed even within a given soil 
layer*. The degree of weathering of ash depends not only 
on the time since deposition but also on many other 
factors. 

Second, Cox has questioned the point that no halloy- 
site was detected in any layer above the sixth layer (older 
than 30,000 yr) at Kanoya. An answer to his first question 
would, in fact, also answer this. He also suggests that the 
dating of the second and fourth layors of this profile would 
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be more serviceable in narrowing down the problem. 
Recently, the upper part of the fourth layer (130-150 cm) 
was estimated to be 5,450 + 160 yr old by the radio- 
carbon method’, and two layers of another profile, 
corresponding to the second and fourth layers are 
4,640 + 80 and 6,360 + 90 yr old, respectively, according 
to Matsui (personal communication). Matsui considers 
that the age of the fourth layer estimated by the radio- 
carbon method is roughly correct, because earthenware 
with a strawrope pattern belonging to the early Jomon 
period (about 5,000-7,000 yr s.r.) has been found 
below the third layer in Miyazaln, which corresponds to 
the fourth layer of the Kanoya profile. Discordance might 
have boen between the fifth and sixth layers. 

Third, Cox points out that the age of organic matter 
of a surface soil layer can be much younger than the time 
taken for the soil to form. This is the usual cage, but 
accumulation of organic matter in Andosols seems to be 
carried on m a somewhat different way from that in 
normal souls. With fine ash, organic matter can start to 
accumulate in the surface layer soon after deposition of 
the ash, probably within a few years, at the same time as 
amorphous inorganic colloids are formed. Accumulated 
organic carbon can reach as high as 20 per cent or more in 
well drained Andosols under the warm and humid climate 
of Kyushu, and the amount in surface layers is pro- 
portional to the clay content of the layers‘. It is well 
known that the humus of Andosols 1s vory stable and 
exhibits unusual properties, and this is especially true for 
the humus in the buried layers. This stability is corrobor- 
ated by the finding that humus 9,000 years old or more 
18 present in abundance in these soils. 

Provided that organic matter has not been added to a 
layer since it became covered with another deposit ash, 
the accumulated organic matter, as a whole, should be 
younger than the ash of the layer itself and older than the 
ash of the overlying layer. If a period of accumulation of 
organic matter of the layer is negligible in comparison with 
the age of the ash of the layer, then the age of the layer 
would be approximately equal to the age of the former. If 
this period of accumulation could be estimated in some 
way, the value could be used to correct the age of the 
overlying ash. The period of accumulation of organic 
matter of the fifth layer of Choyo was assumed to be 
330 years on the basis of 1 ton/hectare/yr of organic 
carbon accumulated?. This seems, however, to have 
been something of an underestimate in that the rate of 
accumulation was overestimated; recently, this was 
estimated to be only 0-14 ton/hectare/yr (ref. 3). Be- 
cause the mechanism of accumulation of organic matter 
in Andosols is obscure, the radiocarbon dating of organic 
matter of a buried soil layer cannot be applied to an 
exact determination of the age of an ash but only to its 
approximate age. 
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PSYCHOLOGY 


Mechanism underlying the Sleep-Dream Cycle 


TE cyclic nature of sleep in mammals, including the 
regular recurrence of a state characterized by a low voltage 
desynchronized electroencephalogram, rapid eye move- 
ments, and heightened autonomic activity, is now firmly 
established!*. This state, associated in humans with 
dreaming, has been called “ i stato”, “rapid 
eye-movement sleep” or “paradoxical sleep”, and we 
refer to it as the ““D-state’’>. 
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There has been considerable speculation as to the 
nature of the mechanism which determines the onset 
and the length of the D-periods. One hypothesis is that 
the D-state mvolves the discharge of some substance 
which has accumulated durmg waking and during sleep 
without dreaming and that the length of a D-pemod 

* could be determined by the level of accumulation of this 
substance. Evidence for this hypothesis comes especially 
from experiments on D-deprivation in man‘ and animals‘, 
indicating that when the organism is deprived, a “need 
for D” builds up which must then be discharged. Build- 
up of a discrete substance need not be involved—it might 
be a combmation of substances, the lack of a substance, 
or & change in the physical characteristics of a membrane 
which causes this “need for D”. It ıs probably easiest 
to imagine this as a substance; however, the other possi- 
bilities should be kept in mind. Another hypothesis 
is that the 90-120 min cycle in humans, consisting of 
one S-period and one D-period, representa one of the basic 
rhythms of the body, similar to the diurnal rhythm; 
the S- and D-periods are merely two alternating phases 
of one cycle, and whatever the mechanisms mvolved, 
the homeostatic tendencies of the body would act to keep 
the length of the cycle relatively constant. This view 1s 
supported by the fact that the 90-120 min cycle corre- 
sponds to a cycle of sleep, waking and dreaming (already 
present at birth) apparently antedating the 24 h cycle. 
A third hypothesis considers that the length of the D- 
_period itself, not the length of the D plus S cycle, rep- 
resents a basic body rhythm which tends to be maintained 
at a constant level at a given time of night. 

Certain deductions from these suggestions can be made 
concerning the relationship between lengths of D-periods 
and S-periods in an ordinary night of sleep consisting of 
three, four, or five D-periods with intervening S-periods 
(Fig. 1). Tho hypotheses are not entirely exclusive 
of each other and two or even all three suggested mecha- 
nisms might co-exist, in which case we would not expect 
to find a relationship when considering one hypothesis 
alone. 

There are some principal difficulties in such an investiga- 
tion which limit the type of data we can use. Comparisons 
between different subjects are difficult to evaluate because 
of considerable variation ın individual cycle lengths and 
patterns, so that most investigations involving measure- 
menis from several subjects recorded on a few nights 
only will be of little value. Most subjects have atypical 
patterns on their first and sometimes second laboratory 
nights, and the data of these nights are best eliminated. 

Kc Tt is also desirable not to compare directly S- and D- 
” periods from different parts of the night, because certain 
„well known changes occur during the mght which result 

in longer D-periods and shorter S-periods as the night 
progresses. The first and last cycles of the night cannot 
readily be used, because many subjects occasionally 
“miss” their first D-period, and also because the last 
S- or D-period is interrupted by the final awakening. 


Eye movements 





8S D 8 D S8 D 8 


4 
“State” Ww 
oun 0 1 2 3 4 5 6 7 


Fig. 1. A typical night's sleep in a young adult. 
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Cycles containing waking periods should also be avoided 
because they can cause confusion. : 

Ideally a large number of S- and D-periods in a single 
subject should be examined, all at the same time, prefer- 
ably towards the middle of the night, and not including 
awakening. Data of this sort are available from a recent 
investigation® and cover at least thirty nights of sleep, 
under standardized conditions, m each of two subjects. 
(These subjects are not normal] subjects but psychiatric 
patients, but I believe it is safe to assume that this would 
not alter the basic type of mechanism underlying their 
sleep cycle.) For each of these subjects, a relationship 
between, say, the third S-period and’the third D-period 
(immediately following the third S) could be predicted. 
Thirty sets of the necessary data are avaiable. 

The simple neurohumour hypothesis that some sub- 
stance accumulates during sleep without dreaming and 
during waking, and that it can accumulate in different 
amounts, would assume a positive correlation between 
S- and D-, that is, a longer period of sleep without dream- 
ing should be followed by a longer period with dreaming. 

The second hypothesis, that the body attempts to main- 
tain a constant cycle length, would suggest a negative 
correlation between S, and D,; thus a longer S-period 
would tend to be followed by shorter D-period so that 
the total length of the cycle remains constant. 

The third hypothesis, that of a period of dreaming of 
constant length, rather than a cycle of constant length 
(which implies that at a given time a dream period should 
always be about the same length), would assume a zero 
correlation between S, and D;. , 

Considering the opposite correlation, that of the length 
of a D-period with the length of the following S-period, 
the first hypothesis predicts no definite correlation, the 
second again predicts a negative correlation, and the third 
agam predicts no correlation. 

The results of our investigation were as follows. The 
first subject, a 21 year old female, appeared to have a 
normal sleep pattern. She always had four or five D- 
periods in a night, and for this reason her S, and D, 
‘were compared. 

For S, compared with Da r = +0448, P < 0-06 
(N = 30). 

It was also possible to run two correlations in the oppo- 
site direction. 

For D, compared with S,» r = +0-061,.N.S.(N = 30). 

For D, compared with S,,r = —0-420, P < 0-05 
(W = 29). 

The second subject, a 39 year old male, had typically 
three D-periods in a night (and never “missed” his first 
period). Accordingly S, and D, were compared. 

For S, compared with D,, r = +0504, P < 0-01 
(N = 29). 

It was possible to run one correlation in the opposite 
direction. (Any additional correlations would have often 
involved the beginning or end of the mght.) 

For D, compared with S;,r = — 0:209 N.S. (N = 29). 

There seems to be significant positive correlation 
between. the length of an S-period and the length of the 
subsequent D-period, whereas there is no relationship, 
or perhaps a slight negative correlation, between a D-period 
and the following S-period. These results strongly support 
the first, or neurohumour, hypothesis. 

Data of this sort, like data from “dream deprivation” 
experiments, obviously cannot prove the existence of 
a neurohumour. What has been demonstrated is the 
probable existence of a tendency to have a D-period, a 
tendency which can accumulate during S-periods. It 
must also be realized that this tendency represents only 
one aspect of the mechanism controlling the sleep-dream 
cycle. There is obviously an additional factor involved 
in the superimposed 24 h cycle, especially the temperature 
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curve, which seems to determine the appearance of longer 
D-periods in the early morning when body temperature 
is low, and likewise there must be another mechanism 
which allows only a certain amount of “discharge” n a 
single D-period so that an S-period must intervene before 
the next D-period. 

E. HARTMANN 
Sleep and Dream Laboratory, 
Boston State Hospital, Massachusetts. 
1 Aserinsky, H., and Kleitman, N., Serence, 118, 273 (1953). 
"Dement s h Sn and Kleitman, N., Hlectroenceph. Olin. Neurophysiol., 
» Harbaann, E., New Engl. J. Med., 273, 80 (1966). 
“Dement, W. O., Science, 181, 1705 (1960). 
* Jouvet, M., Arch. Ital., 100, 125 (1962). 
Hartmann, B, Verdone, P., and Pagie: F., Report to the Assomation for 
.— the Psycho-physologwal Study of (March, 1964). 


Sensory Information necessary for the 
Size-Weight Illusion : 


Ir has been suggested’*, and repeated in textbooks’. 
that the size-weight illusion is due to differences in 
muscle tension while weights are being lifted. A large 
object is lifted with more initial force than a small object, 
and is judged lighter than a smaller object of the same 
weight because ıt can be raised more easily. Several 
authors‘-* have investigated the differences in muscular 
effort which accompany errors of weight judgment, 
but the reports are inconsistent. (Some of these studies!+4:8 
were concerned with the “time error” rather than the 
size-weight illusion.) If certain tension changes were 
firmly established this would not be sufficient evidence 
that they were the cause of the illusion: both might be 
caused by some other factor. The illusion can be a result 
of pressure without lifting’ ’*. Uznadze*® demonstrated 
this by placing pyramids of equal base areas, but different 
heights, on an arm at rest. I also found that the illusion 
was experienced to its normal extent when the weights 
were hung by wire loops from a supported hand". 

It is clear that changes in muscular effort are not the 
cause (or not the only cause) of the lusion. An e i 
ment was therefore performed to find out whether stimula- 
tion of the pressure receptors was a necessary condition 
for the illusion. Nine subjects were used; they were staff 
and students aged between 20 and 35 years, seven males 
and two females. The surface pressure receptors in one 
hand were anaesthetized by blocking the blood supply 
for about 30 min. This was done by inflating a pressure 
cuff round the forearm above systolic pressure and waiting 
until the subject could not feel a prick from a pencil. 
The strength of the illusion was measured before and 
after the loss of pressure sensations. Measurement of the 
illusion was necessarily brief, because of the dangers 
of blocking the blood supply for too long. A tm weighing 
200 g, with a volume of 962-7 c.c., was used as the stan- 
dard. The comparison tins had a volume of 38-6 c.c., 
and their weights ranged from 80-220 g in 10 g steps. 
All tins were painted grey, and were weighted with iad 
shot and candle wax. They were lifted by inserting the 
forefinger through wire loops attached to the lids. The 
subject lifted the large standard weight and then one of the 
comparison weights, using the same hand, and reported 
whether the comparison weight felt heavier, lighter or the 
same as the standard weight. The comparison weights 
were presented to him in turn, from behmd a screen, 
first in descending and then in ascending order of weight. 
Each series was terminated when the subject had given 
three consecutive responses of “lighter” or “heavier” 
respectively. The interval of uncertamty (ITU) was taken 
to include all weights to which the response “equal” 
was given, and all those to which different responses 
were given on the descending and ascending series. Where 
this moluded only one weight, the IU was taken as 
5 g. The pomt of subjective equality (PSE) was taken 
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as the midpoint of the TU. The difference between tl 
PSE and 200 g gives a measure of the illusion, and tk 
IU gives a very approximate measure of discriminatioi 
The results are shown in Table 1. There were no significar 
differences in the results before and after the -loss -« 
pressure sensations. A more precise method woul 
probably show that discrimmation deteriorates whe 
pressure sensations are lost, but that no gross differencc 
oceur. : 


Table 1. VALUES OF INTERVAL OF UNOHRRTAINTY AND POINT OF SUBJECTIV 
EQUALITY YOR NORMAL AND ANARBSTHRTIZED HANDE 


Normal Angesthetized 
Subject PSE PSE TU 
(9) (9) 
1 110 20 100 20 
2 110 _ 40 100 
8 185 10 116 10 
4 100 20 110 60 
5 140 40 150 
6 110 5 110 20 
7 116 10 115 10 
8 185 70 . 125 59 
9 150 20 150 20 
Mean 122-8 26- 1 1206 26-6 


The conclusion is that the illusion i is nop dependent o) 
any one type of sensory information (unless the dee 
pressure receptors, which are not anaesthetized by” thi 
method, are essential). This makes it lkely that- th 
ilusion is due to central rather than peripheral processes 
The less hkely altornative is that all types of recepto 
concerned with weight information simultaneously chang 
in sensitivity, in. preparation for the expected stimulus 
This could occur if all receptors are controlled by centmfuga 
fibres. 

The normal. form of the illusion is dependent or 
the stimulation of at least one type of receptor mediatiny 
weight perception. If sensory information is absent o: 
imadequate a reversed form of the illusion may occur! 
In this case the larger of two objects of equal weight wil 
generally be judged heavier. The effvct is easy to observ 
when holding balloons inflated to different sizes, which ar 
so light as to be barely detectable!!. The same effec: 
can be obtained by placing moderately heavy weights o. 
unequal volume on anaesthetized hands; these cannot be 
“felt” in one sense, and yet the larger object feels para 
doxically heavier". 

These regults suggest that weight is normally perceivec 
partly by the expected sensory input and partly by the 
contrast (if any) between the expected and received inputs 
but that in the absence of sensory input the expectec 
input alone may be used. The expected mput is clearly 
based on complex factors. Not only is the appearance 
of the stimulus-object taken into account, but the 
input due to the particular method of lifting is alsc 
cancelled out, giving good “weight constancy” regard. 
less of the part of the body which is used for lifting**. 

This work was done at the University of Cambridge and 
supported by a research studentship from the Science 
Research Council. I thank Mr. R. L. Gregory for super- 
vising the work, and Dr. P. Merton for suggesting tha 


pressure blocking experiment. 
Herzen E, Ross 


Department of Psychology, 
University of Hull. 
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Chronology of a West Mexican Shaft-tomb 





_. Furst has recently suggested a tentative date of about 
A.D. 250 for one phase of the shaft-tomb complex found 


© in the Nayarit, Jalisco and Colima area of Western 


_.Mexico'?. The suggested age of the tomb complex was 


based on radiocarbon measurements of three marine shell 
artefacts from one looted shaft-tomb (UCLA-593A-C). 
Additional information is now available which allows a 
more comprehensive discussion of the chronology of this 
tomb. 

The shaft-tomb in question is located west of the small 
community of San Sebastian, Municipio de Etzatlan, 
Jalisco, and was discovered accidentally on the property 
of a small landholder close to the Hacienda de San 
Sebastian. A salvage excavation of the tomb was under- 
taken in 1963 in the general context of an archaeological 
investigation of the Municipio de Etzatlán’. The tomb 
itself is a roughly vaulted chamber, 3:25 m square, 


175 m high, hollowed out of a volcanic tuff deposited by 


Ts 


water (tepetate).. The chamber is connected to the surface 
of the mound by a vertical shaft, 1-6 m square and 4-6 m 
deep (Fig. 1). The remains of nine adult individuals of 
both sexes and of various ages (five females from about 
22 years to about 36 years, one male about 41 years) and 
two 6:5 month foetuses were found in the chamber. The 


-following artefacts were found in association with the 


human remains: eighteen hollow clay figures of two 
distinct types, thirty-three decorated clay bowls, eight 
slipped and painted square clay boxes with lids, five clay 
molcajetes, five metates with manos, three small stone 
anthropomorphic figures, one hammerstone, one small 
three-quarter grooved axe, one “weaving shuttle’ (7), 
one obsidian blade, one obsidian end scraper, two obsidian 
mirrors, one quartz crystal, three bone awls, and many 
shell artefacts (beads, pendants, ear and nose rings, two 
sots of atlat] rings, sixty-five “tinklers” and five trumpets). 

As the hollow clay figures found did not belong to a 
single style, most of the artefacts and human bones were 





nirani Shaft Tunnel 


AA meters deep 








Fig. 1. San Sebastian, Tomb One. Individual and artefact placement reconstructed from informants’ comments. 
reconstructed in natural size in the Los Angeles County Museum of Natural History, 
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analysed by different techniques to determine whether 
the tomb might have been used during several interment 
periods. A trait analysis of the hollow figures and a 
comparison with other clay figures found in nearby 
cemeteries resulted in the recognition of three major 
figure types. The obsidian artefacts were subjected to a 
hydration dating analysis to establish equal or different 
relative time of manufacture’. Measurements of the 
hydration rim of the obsidian mirrors and the blade 
suggested that these artefacts were from at least two 
different periods (Table 1). 


Table 1. ORSIÐIAN DATING ANALYSIS* 


Average width of 


Sample description hydration rim (4) 


Large obsidian mirror (7-46) 47 
Small obsidian mirror (7-47) 49 
Obsidian blade (7-48) fed 


Obsidian chip (SS7-1) 


* Samples were cut and measured in the University of California Obsidian 
Hydration Laboratory, Los Angeles, Hydration values cited are each based 
on an average of four readings. Estimated sensitivity + 0-25 x. 


Table 2, BONE ANALYSIS* 
Individual 1 2 3 4 5 6 
Per cent nitrogen by 1°72 2-53 0-76 0-32 0-18 0-19 
weight 4 
UCLA 966 1032 


* Samples were analysed for their organic nitrogen content by Elek Micro- 
analytical Laboratories, Torrance, California. The radiocarbon determina- 
tion on UCLA-966 was obtained from a single left tibia, while UCLA-1032 
was obtained from five bores: one left tibia, on which the nitrogen content 
was determined, and four bones (left and right femur, right tibia, left 
humerus) associated with the left tibia by ultra-violet fluorescence response***, 


Ultra-violet fluorescence investigation of the bones 
indicated different relative ages*. This was supported: by 
information derived from analysis of the organic nitrogen 
content of the collagen from different bone specimens. 

Because the previous radiocarbon dates from the. tomb 
were based on marine shell carbonates with their inherent 
lesser degree of accuracy, two radiocarbon dates based on 
collagen derived from human bones were obtained’. 
These samples, UCLA-966 and UCLA-1032, gave radio- 
carbon ages of 1730480 years and 16154100 years 
respectively. The dates are based in the cenvention of 





This tomb has been a as 




















1 2 


Hig. 2, Hollow clay figures from the San Sebastian shaft-tomb. 
“in the one tomb: 1, San Sebastian Red type; 50-1 em high. 


<he- radiocarbon laboratories on the half-life of 5568+ 
“30 years®. Recently, corrections for the radiocarbon 
content of the biosphere (the DeVries effect) during the 
last. two millenia have been published’. When the radio- 
carbon ages are interpreted in this context, the date for 
UCLA-966 is about A.D. 300 and the date for UCLA-1032 
about A.D. 335, placing the use of the tomb into at least 
the fourth century a.D. It is interesting to note that 
although UCLA-966 and 1032 exhibit such dissimilar 
nitrogen values, the radiocarbon ages of the bones are 
very similar. While Cook and Heizer have shown the 
value of organic nitrogen analysis for the relative chrono- 
‘logical placement of bones, this type of analysis, as they 
themselves recognized, is not always reliable because the 
“vate of destruction of bone collagen by invading sapro- 

-c phytes may vary considerably? 
ceco ia the light of a more recent investigation into the 
=o eontemporary carbon-14 assay of pre-bomb marine shells 
along the West Mexican coast, the previously discussed 
shell dates (UCLA-5934-C) were re-examined (Table 3). 
“For the purposes of the computation of the ages of 
UCLA-593B and UCLA-593C, the radiocarbon concen- 
tration of the surface ocean water in the West Mexican 
area was initially estimated as being approximately — 1 
per cent (—80 years) with respect to 0-95 National 
Bureau of Standards oxalic acid standard**. More recent 
investigations involving the carbon-14 assay of a series 
of pre-bomb contemporary marine shell carbonate 
samples from the Nayarit-Jalisco—Colima coastal area of 
Western Mexico suggest that the radiocarbon activity 
of the surface ocean in this specific area was about 
~B30O+1-0 per cent (— 240 years) with respect to 0-95 
National Bureau of Standards oxalic acid standard-—due 

mainly to local upwelling. 

The published data for UCLA-593B and C already 
pien, o contain a —80 year correction. In order to bring these 
gates to the best age estimate, an additional 160 years 

have been subtracted for a total of — 240 years. 
- The date for UCLA-593A has not been corrected because 
of the lack of pre-bomb contemporary Caribbean shell 





Table 3. SHELL Data* 
Date Probable 
Published corrected for historical date 
: : date! upwelling (+100 years) 
UCTA~693.4 2090 + 100 140 B.C. 
(Caribbean shell) 
UCLA-593B 2230 + 100 2070 120 B.C. 
(Pacific shell) 
UCLA+598C 1710 + 100 1550 A.D, 400 
(Pacific shell) 
* Measurements based on shell carbonate and not conchiolin as reported 
earliert-*, 
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51-5 cm high. 4, El Arenal Brown; 48-2 cm high, 
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8 4 
The figures are examples of two distinct stylistic types found together 
50-1 cm high. 3, El Arenal Brown type; 


data. The shell in question is a large conch (Strombus 
gigas Linné), which could conceivably have been an 
heirloom. It may, therefore, not date an interment 


period as an unknown time span may be involved before & 


the shell found its way along the trade routes to West 
Mexico; however, this possibility has been minimized 
by the similar date derived from a Pacifie shell, UCLA: 
593B. 

Previous estimates for the date of similar shaft-tombs 
have ranged from the second to third centuries B.c. to the 
thirteenth century A.D. as discussed by Furst}. The 
radiocarbon dates reported here suggest at least two 
successive periods of interment, from the second century 
B.C. to the third to fourth centuries a.p. The use of the 
tomb would, therefore, correspond to the period of Late 
Pre-Classic to Early Classic of the Basin of Mexico. Arte- 
fact analysis suggests that the tomb was used successively 
through three cultural periods. The total evidence implies 
a shaft-tomb mortuary complex of some stability. 

While the present dates allow a more specific estimate of 
the use of one West Mexican shaft-tomb, additional future 
archaeological excavations of undisturbed tombs in 
conjunction with careful selection of samples for radio- 
carbon dating are needed. 

Grants from the National Science Foundation supported 
the excavation and the radiocarbon measurements. We 
thank R. Berger for assistance in the preparation of the 
manuscript and W. F. Libby, C. W. Meighan, and H. B. 
Nicholson for their guidance. 

S. V. Lona 
Department of Anthropology, 
R. E. TAYLOR 


Department of Anthropology 
and Institute of Geophysics, 
University of California, Los Angeles. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


No: 5062 





Monday, November 7 


C Fereretion OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 2.15 p.m.—Colloquium on “Instrument Transformers with special reference 
to B'S. 3938 : 1965 on Current Transformers and B.S. 3941 : 1965 on Voltage 


gih y 
a Transformers : 


UNIVERSITY OF LONDON (at St. Bartholomew’s Hospital Medical College, 
West Smithfield, London, E.C.1), at 5.15 p.m.—Prof. B. L. Horecker: “The 
Mechanism of Action of Enzymes, II, Fructose Diphosphatases”.* 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Eccleston 
Hotel, Victoria, London, §.W.1), at 5.30 p.m.—Dr. I. R. Lloyd: “Adhesives 
Manufacture and Technology”; 7 p.m.—Mr. C. W. Thompson: “Recent 
Developments in Natural Rubber and Natural Rubber Latex”. 


UNIVERSITY or LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W,C.1), at 5.30 p.m.—Sir 
Graham Wilson: ‘The Hazards of Immunization. I, Introduction. Inherent. 
Toxicity or Infectivity of Vaccines and Antisera”, (First of four Heath 


Clark Lectures.)* 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT 
SRHOTION (at Savoy Place, London, W.C.2), at 6.30 p.m.—Mr. J. W. Beeston: 
“Optimal Control Theory”, 


SOCIETY OF CHEMICAL NDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
» London, 8.W.1), at 6.30 p.m.—Dr. J, M. Fletcher and Dr. C. J. Hardy: “The 
Application of the Sol-Gel Process to Industrial Oxides”. 


ROYAL GEOGRAPHICAL Sociery (at 1 Kensington Gore London, 8.W.7), at 
8.15 p.m.—-Mr. A. F. MacKenzie and Mr. I. R. Bishop: “Into Unexplored 
Central Brazil”. 


Tuesday, November 8 


<: IMPERIAL COLLEGE (in Mechanical Engineering Lecture Theatre A, Exhibi- 
tion Road, London, 8.W.7), at 5.30 p.m.—Prof. F. H. Ludlam: “The Cyclone 
Problem—a History of Models of the Cyclonic Storm” (Inaugural Lecture). 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at $.30 p.m.—Mr. E. C. Bell: “Precision Temperature Control”. 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 5.30 p.m.— 
Sir Lawrence Bragg, O.B.E., F.R.S.: ‘Electricity and Magnetism” —Second 
Lecture. (Lecture for Sixth Forms of Schools in London and the Home 
Counties. To be repeated on November 9, 15 and 16.) 


Uyrversiry or LONDON (at the Institute of Child Health, Guilford Street, 
‘London, W.C.1), at 5.30 p.m.—Prof. J. M, Mitchison: “Enzymes and Syn- 
ebronous Cell Cultures”. (Sixth of fifteen lectures on “The Scientific Basis of 
Medicine” organized by the British Postgraduate Medical Federation.)* 


“Association FOR SCIENCE EDUCATION (at the Science Schools, Harrow 
School, Harrow, Middlesex), at 6 p.m—Mr. H. G. Andrew: “Cells and 
Electrolysis’ (Presidential Address). 


Wednesday, November 9 


UNIVERSITY oF LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 2 p.m.——Dr. W. Sircus: ‘Peptide Secreting 
‘Adenomata and the Alimentary Tract’’.* 


Co.our Grovr (Great Britain) (at the Research Laboratories of the 
General Electric Co., Ltd., Wembley), at 2.45 p.m.—Thirty-eighth Science 
Meeting. Mr. E, H. Nelson: “New Light Sources’; Mr. W., A. Price: 
“Colour in Artificial Lighting”; Mr. G. Mainwaring: “Streetlighting”’. 


> SOCIETY FOR ANALYTICAL CHEMISTRY (at the Wellcome Building, Euston 
Road, London, N,W.1), at 3 p.m.—Mr. B. J. Keene, Mr. R. Bowles, Mr. W, 
Sneddon and Mr. W, Kelly: “Mass Spectrometry”. 


oO TNSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, RADAR GROUP (at 
9 Bedford Square, London, W.C.1), at 6 p.m.—Mr. C. E. Goodison: “Radio 
and Radar Aspects of Meteorology”. 


“Soorety OF INSTRUMENT TECHNOLOGY (at Manson House, 26 Portland 
Place, London, W.1), at 6 p.m.— Mr. A.D. Booth: “Computer Process of 
Gas Chromatography”; Mr. J. W. Thompson, Dr. M, C. Bowen and Dr. 


SW, R. Johns: “On-Line Analysers Used with Computers”. 

ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m.—Prof. F. B. Hinsley: “The Control of Atmospheric Conditions in 
Mines” (Cadman Memorial Lecture). 

C SOCIETY OF CHEMICAL INDUSTRY, FOOD Grovr—Foop ENGINEERING 
PANEL (at 14 ibe ‘doa Square, London, 8.W.1), at 6.15 p.m.—Dr. ©. L 
rocess Control’. 





Wednesday, November 9—Friday, November 1I 


“INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2) 
Conference on “Automatic Operation and Control of Broadcasting Equip- 
ment”, 


Thursday, November 10 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9.45 a.m.— 
Prof. Ronald King: “Fundamental Particles and Nuclear Energy” (Civil 
Service Lecture). 


RovaL Sociery (at Burlington House, Piccadilly, London, W.1), at 4.30 
p.m.—Sir Harold Hartley, F.R.S.: “John Dalton and the Atomic Theory”. 


INSTITUTE OF PETROLEUM, ECONOMICS AND OPERATIONS GROUP (at 61 
New Cavendish Street, London, W.1), at 5.30 p.m.—Dr. G. Tugendhat: “An 
Outsider’s View of the Oil Industry”. 


‘University or LONDON (at the Institute of Child Health, Guilford Street, 
London, W.C.1), at 6.80 p.m.—Prof. Henry Harris: “Hybrid Cells from 
Different Animal Species”. (Seventh of fifteen lectures on “The Scientific 
Basia of Medicine” organized by the British Postgraduate Medical Federa- 
tion)” 


ag UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel i Aig Gowa Street, London, W.C.1), at 5.30 p.m.—Sir 
Greham Wilson: ‘The Hazards of Immunization. IH, Microbial Contam- 
ination of Vaecines and Antisera”. (Second of four Heath Clark Lectures.)* 
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PLASTICS INSTITUTE (at the Royal Institution, 21 Albemarle Street, Lon- 
don, W.1). at 6.30 p.m.—Prof. C. E. H. Bawn, F.R.8.: Fourth Swinburne 
Award Address, i 


Thursday, November 10—fFriday, November |I 


ZOOLOGICAL SOCIETY OF LoxNpON (in the Meeting Room, Zoologicat 
Gardens, Regent’s Park, London, N.W.1), at 9.30 a.m, daily—Symposium on 
“Comparative Nutrition of Wild Animals”. 


Friday, November II 


ASSOCIATION OF APPLIED BIOLOGISTS (at the Royal Society of Arts, John 
Adam Street, Adelphi, London, W.C.2), at 10 50 a.m.—Symposium on.“ Pro- 
ductivity in Cereals”. 


MEDICAL Researcu Councm (at the National Institute for Medical 
Research, Mill Hill, London, N.W,7), at 4.30 p.m.—Prof. Otto Westphal 
(Max-Planck-Institut fir Immunbiologie): “Some Newer Chemical and 
Immunochemical Aspects of Enterobacterial Cell Wall Polysaccharides”. 


Saturday, November 12 


BIOCHEMICAL SOCIETY (at the A.R.C. Pest Infestation Laboratory, Slough; 
Bucks)-—465th Meeting. Programme will include a colloquium on “Compara- 
tive Biochemistry of Resistance to Drug Action”. 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, Lon- 
don Road, Forest Hill, London, 8.8.23), at 3.30 p.m.~-Mr. D. Z. G. Sellassie: 
“The Land of Prester John-—Ethiopia in the Sixteenth Century”. 


Monday, November 14 


Soctety OF CHEMICAL Inpustry, PESTICIDES GROUP (at 14 Belgrave 
Square, London, §.W.1), at 5 p.m.-—-Dr. G. S. Hartley: ‘Emulsions as 
Carriers for Pesticides”. 


University COLLEGE LONDON (in the Physiology Theatre, Gower Street, 
London, W.C.1), at 5 pu te K. Wallenfels (University of Freiburg): 
“Enzymic Transformations at Carbon-1 of Galactose and Galactosides’’. 
(Further lectures on November 17 and 21.)* 


University OF LONDON, INSTITUTE OF EDUCATION (at St. Gabriel’s College, 
Cormont Road, London, 8.8.5), at 6 p.m.—Prof. Owen Chadwick: “Science 
and Divinity” (last of three lectures on “The Origins of Conflict between 
Religion and Science’’).* 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Mr. H. Hoel, Dr. W. D. Humpage and Mr. ©. P. Chapmani- 
“Composite Polar Characteristics in Multizone Systems of Phase-Compàrison 
Distance Protection”. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Industrial 
Market Research Association, at Savoy Place, London, W.C.2), at 5.30 pam. 
—Diseussion meeting on “Market Research in Relation to Electronice 
Design” opened by Mr. A. J. Wilson and another speaker. 


PLASTICS INSTITUTE, LONDON SECTION ENGINEERING SUB-GROUP (at the 
Coachmakers Arms, 88 Marylebone Lane, London, W.1), at 6.30 p.m.—Mr. i 
C. Smith and Mr. S .F. Townsend: “Injection Moulding Systems”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates. mentioned: 

EXPERIMENTAL OFFICER IN THE DEPARTMENT OF CHEMISTRY in the Faculty. 
of Science for work in connexion with microanalysis—The Registrar, The 
University, Manchester 13, quoting Ref. 218/66/Na (November 9). 

LECTURER (qualified in any branch of science or technology together with 
appropriate postgraduate or industrial experience, and interests in the prepa- 
ration and investigation of single crystal, thin film, ceramic, polymer, com- 
posite or other materials) IN MATERIALS AND MOLECULAR Screncer in the 
Division of Materials and Molecular Sclence—Clerk to the Governors, Wool- 
wich Polytechnic, Wellington Street, London, S.E.18 (November 11), 

LECTURER (graduate in physics and able to teach up to the standard of 
B.Sc. General, London External) IN Paysics--The Registrar, College of 
Technology, Park Square, Luton, Bedfordshire (November 12). : 

FELLOW and RESEARCH ASSISTANTS (2) IN THE DEPARTMENT OF MATHE- 
MATIOS to assist in the development of graphical output routines for electronic 
computers—The Registrar, University of Essex; Wivenhoe Park, Colchester, 
Essex (November 14). 

LECTURERS (3) IN PURE MATHEMATICS—-The Registrar, The University, 
Neweastle upon Tyne, 2 (November 14). 

LECTURER and an ASSISTANT LECTURER IN THE MECHANICS OF FLUIDS in 
the Faculty of Science—The Registrar, The University, Manchester, 13, 
quoting Ref. 220/66/Na (November 16). 

RESEARCH ASSISTANT (with a good honours degree in chemistry or bio- 
chemistry) for work on the enzymic degradation of collagen in the Rheumat- 
ism Research Centre in close collaboration with the Department of Medical 
Biochemistry--The Registrar, The University, Manchester, 13, quoting 
Ref. 228/66/Na (November 16). 

ASSISTANT LECTURER (man or woman graduate) IN ASTRONOMY—-The 
Registrar, The University, Leicester (November 19). 

LECTURER IN PHILOSOPHY (including the History and Philosophy of 
Science); and a LECTURER IN PSYCHOLOGY (Social and Educational)—The 
Assistant Registrar (Establishment), The University of Sussex, Stanmer 
House, Stanmer, Brighton, Sussex (November 20). 

LECTURER or ASSISTANT LECTURER IN THE DEPARTMENT OF PURE MATHE- 
MATICS—-The Registrar, University College of North Wales, Bangor, North 
Wales (November 21). 

READER IN INORGANIC CHEMISTRY; a SENIOR LECTURER/LECTURER IN 
ANALYTICAL CHEMISTRY; & SENIOR LECTURER/LECTURER IN POLYMER 
SCIENCE; and a LECTURER-IN REACTION KinetTics—The Staff Officer, The 
ao of Aston in Birmingham, Gosta Green, Birmingham, ¢ (November 


READER IN PHARMACOLOGY at the School of Pharmacy-—The Academic 
Bomi University of London, Senate House, London, W.C.1 (November ” 
LECTURER (with a higher degree in botany, some experince in teachin 
research, and preferably an interest in the field of mycology, plant path 
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or marine botany) in Botany at University College of Townsville, University 
of Queensland, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (London and 
Australia, November 25). 

ASSISTANT LECTURERS, LECTURERS (and exceptionally SENIOR LECTURERS) 
in the DEPARTMENT OF MATHEMATICS, Queen’s College, Dundee—The Sec- 
retary, University of St. Andrews, Queen’s College, Dundee (November 26). 

PROFESSOR (with considerable experience in the development and applica- 
tions of materials in, for example, refractory materials, or polymer technology, 
or heterophase materials, or solid state physics devices) OF MATERIALS TECH- 
NOLOGY IN THE DEPARTMENT OF APPLIED PHYSICAL SCIENCES—The Regis- 
trar, The University, Reading, marking envelope MT (November 26). 

CHAIR OF ANATOMY at King’s College—The Academic Registrar, University 
of London, Senate House, London, W.C.1 (November 28), 

CHAIR OF MINING ENGINEERING—The Registrar, The University, Notting- 
ham (November 28). , 

LECTURER (graduate in science or agriculture) IN AGRICULTURAL CHEMISTRY 
at the University of Sydney, Australia—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Australia and London, November 28). 

CHAIR OF EDUCATIONAL RESEARCH-—-The Secretary, University of Lan- 
caster, Lancaster (November 30). 

CHAIR OF GEOGRAPHY at the University of Hong Kong—The Association of 
Commonwealth Universities (Branch Office), Marlborough House, Pall Mah, 
London, 8.W.1 (Hong Kong and London, November 30). 

HELMINTHOLOGIST (with a degree in zoology and experience in nematode 
taxonomy) to work on the identification of the nematode parasites of animals 
«~The Director, Commonwealth Bureau of Helminthology, The White House, 
103 St. Peter's Street, St. Albans, Herts (November 30). 

LECTURER (honours graduate with a keen research interest in the field of 
automatic control and interests in the theoretical or experimental aspects of 
modern control techniques) IN CONTROL ENGINEERING in the School of 
Engineering Science--The Registrar, University College of North Wales, 
Bangor, North Wales (November 30), 

LECTURER IN Puysics at the University of Natal, Durban, South Africa— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (South Afriea and London, November 30). 

PRINCIPAL OF THE NATIONAL COLLEGE OF Foop TECHNOLOGY, Weybridge 
~~The Registrar, The University, Reading, Berkshire, marking envelope 
“N.CLE.T.” (December 3). 

READER or SENIOR LECTURER IN STATISTICS at the Australian National 
University—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, §.W.1 (Australia and London, 
December 5). g 

SENIOR LECTURER/LECTURER (preferably candidate whose research 
interests are primarily experimental) IN PHysics at Flinders University of 
South Australia-—The Registrar, Flinders University of South Australia, 
Bedford Park, Adelaide, South Australia; or The Association of Common- 
wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
5.W.1 (Australia, December 9). 

PROFESSOR OF WATER RESOURCES AND PUBLIC HEALTH ENGINEERING 
IN THE DEPARTMENT OF CIVIL ENGINEERING, University of Cape Town—The 
Seeretary-General, Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1: and The Registrar, 
University of Cape Town, Private Bag, Rondebosch, Cape Town, South 
Africa (December 15). ; : 

RESEARCH ASSISTANT (with an honours degree in natural sciences and 
preferably with a particular interest in zoology, biochemistry or pharmacy) 
to collaborate with the Head of the Department of Parasitology in the 
development of new methods for the evaluation of compounds active against 
parasitic diseases—The Dean, Liverpool School of Tropical Medicine, Pem- 
broke Place, Liverpool, 3 (December 15). : 

JUNIOR LECTURER IN MATHEMATICS (Pure or Applied)—The Secretary of 
Faculties, University Registry, Broad Street, Oxford (December 31). 

GUINNESS RESEARCH FELLOWS (2) (British subjects normally not exceeding 
28 years of age, graduates of a university with experience in research) IN 
MicroRioLocy—The Iveagh Professor of Microbiology, Department of 
Biochemistry, University of Oxford, South Parks Road, Oxford (January 31). 

ASSISTANT EXPERIMENTAL OFFICER (with initiative and inventiveness, a 
sound chemical background, and preferably experience of instrumental 
methods of analysis) IN THE FOOD RESERCH LABORATORY to work on the 
chemistry of flavour compounds using gas chromatography and other 
analytical techniques—The Secretary, Low Temperature Research Station, 
Downing Street, Cambridge, quoting Ref. 66/15. 

ASSOCIATE PROFESSOR or PROFESSOR (well qualified animal virologist with 
teaching experience) OF VIROLOGY—Dr. A. J. Rhodes, Director, School of 
Hygiene, University of Toronto, Toronto, 5, Canada. 

BiocnEMisr (preferably with postgraduate experience in the field of plant 
biochemistry) to undertake an investigation into the biochemistry of non- 
enzymatic reactions causing texture changes in preserved vegetable tissue— 
The Director, British Food Manufacturing Industries Research Association, 
Randalls Road, Leatherhead, Surrey. 

DIRECTOR (honours graduate in physics, engineering or chemistry with 
experience of managing research teams) OF RESEARCH—D. Gaunt, Wool 
Industries Research Association, “Torridon”, Headingley Lane, Leeds, 6. 

GRADUATE RESEARCH ASSISTANT IN THE DEPARTMENT OF CARDIOLOGY 
AND THORACIC SURGERY to take part in a study of ion transport in human 
heart muscle using radio-isotope techniques—Clerk to the Governors, St. 
Barhiolome wi Hospital, London, E.C.1, quoting Ref. No. ASC/753; Project 
Nos, x 

LECTURER or ASSISTANT LECTURER (or exceptionally SENIOR LECTURER or 
READER) EN NUMERICAL ANALYSIS~The Assistant Registrar (Establish- 
ment), The University of Sussex, Stanmer House, Stanmer, Brighton, 
Sussex, 

LECTURER (with a thorough training in general pathology and preferably 
experience in eleetron microscopy) IN PAaTHOLOGY—The Director, Depart- 
ment of Pathology, Institute of Ophthalmology (University of London), 
Judd Street, London, W.C,1. 

RESEARCH ASSISTANT (physicist or chemist with some experience in elec- 
tronics, preferably Ph.D.) to work with Prof. A. G. Gaydon, F.R.S., on a 
spectroscopic study of excitation processes in shock-heated gases—-Prof. 
A. G. Gaydon, Chemical Engineering and Chemical Technology Department, 
Imperial College, London, 8.W.7, 

RESEARCH BIOCHEMISTS and/or TECHNICIANS in an active research labora- 
tory in a medical school engaged in the following research: (1) membrane 
transport, (2) lipid metabolism, (3) enzymology—Dr. B. I. Hirschowitz, 
University of Alabama Medical Center, Birmingham, Alabama 35233, U.S.A. 

SENIOR TECHNICIAN (preferably with experience of radio-frequency tech- 
niques or H.N.C. in electronics) IN THE DEPARTMENT OF CHEMISTRY to under- 
take development work on N.M.R. studies of less common nuclei—The 
Personnel Adviser, University of Birmingham, P.O. Box 363, Edgbaston, 
Birmingham 15. ý 
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C THERE are already so many international institutions, 
and there is such a strong temptation to create more 
of them in the frequently mistaken belief that inter- 
national institutions are a desirable end in themselves, 
that proposals for adding to the list deserve the closest 
scrutiny. It is particularly important to apply the 
strictest utilitarian tests, and to ask what will be 
accomplished by an international institution that 
cannot be accomplished more informally by existing 

institutions. This is the spirit in which to look at the 

several proposals for a European physical society, 
some of which are described on page 656. In fields 
~ like this, open-minded scepticism is in the long run 
most powerfully constructive. 

It is wise to acknowledge that a good deal of the 
support for a European physical society has sprung 
from open and entirely proper admiration in Europe 
uf.the good works accomplished by the American 
Physical Society. The fact that European biochemical 
societies rave recently organized themselves into the 
Federation of European Biochemical Societies, and 
are about to publish. a journal of their own, is more 
of a spur to the physicists than a prime mover. This, 
= no doubt, is why several of the suggestions for services 

~ to be provided by a European physical society are 

_ similar to things already carried out under the capable 

direction of the American Physical Society. There 

are some, for example, who argue that Europe, like 
the United States, needs annual meetings of physicists 
of all kinds. But is this really so ? Are huge professional 
conventions really valuable, even in the United 

States? In Europe, their potential value as hiring- 

fairs would certainly be outweighed by their incon- 

venience and their habitual inchoate character, 

_ Another common argument is that a European physical 

_ society could publish a journal of its own to serve as 

the European version of the Physical Review, but 

this, too, is not entirely convincing. The Physical 

Review is justly renowned among learned journals, 

and appears to cater adequately for physicists from all 

countries, particularly in high-energy and theoretical 
physics. A direct competitor in Europe might simply 

“Increase the time spent on reading. The chances are 

_ that there is more to be gained by working out ways in 

- which existing European journals, the Proceedings of 

- the Physical Society, IL Nuovo Cimento, Physica and 

several others, could become more smoothly comple- 
mentary to each other and with the American 

-journals in the same field. 

= What, then, is to be done? Is there a way in which 
‘a formal- cementing together of existing physical 
societies could accomplish things now unattainable ? 

What, in any case, needs to be accomplished ? This 
“is where the groups now planning future developments 
should first direct their attention. The over-riding 
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COMMON MARKET IN PHYSICS 


criterion is that innovations must contribute directly _ 
to the health of European physics and thus, by exten- 
sion, to the health of physics everywhere. It is lso 
important to remember that some of the innovatior ; 
that will commend themselves to physicists are l 
to interest people in other disciplines. There 
course, every reason why the physicists should Oo 
the pace if they are so inclined, but they should at least 
consider whether a formal link between national 
academies in Europe might not be the best place to 
begin. 

These reservations made, there are great benefits 
to be won from more efficient machinery for fostering 
European co-operation. The most urgent need is 
to make it easier for specialists in widely separated 
laboratories to work closely together. In Europe, 
CERN is a shining example of how, in a narrow field — 
of physics, scientists from a dozen countries can share a 
real sense of community. Some of the success of CERN 
stems from the dependence of those concerned on a 
single piece of equipment, but that is only half the » 













story. The way in which the International Institute of 


Theoretical Physics at Trieste has stimulated theoreti- 
cal research in a matter of months shows that a 
magnet several hundred yards across is not an indis- 
pensable prerequisite. But much of the attractiveness 
of the centre at Trieste is that those who work there 
come from all quarters of the globe, not just from 
Europe. This is at least a hint that the sponsors of a 
European physical society should use as wide an 
interpretation as possible of what they mean by. 
Europe. i 
To begin with, the co-ordination of IREE for 
European conferences in physics would be a useful. 
public service, though not in itself sufficient to justify 
a separate European society. It will be more difficult 5 
but more rewarding to arrange that European physi- _ 
cists can easily attend small and informal colloquia in 
countries other than their own and, ideally, that the 


kinds of informal visits for a few days or a few weeks ` 


which are possible and habitual within countries should 
become equally free and easy internationally. One. 
obvious difficulty is that travel costs money, though 
it is to be hoped that this will not daunt the enthusiasts 
for European collaboration. (This, however, is where ` 
the national academies might be able to help.) Then | 
there are the problems of information storage and 
retrieval, where it is plain that a combined effort 
could more effectively carry out the spade work which — 
must be done if the subject.is not to be hamstrung by 
the information which is its chief product. Further 
discussion of the problems of European collaboration — 
in physics will no doubt uncover other fields in whi 
there are tasks challenging enough to justify a Eur 
physical sooiety, rather than a looser ¢ 














revealing educational experiments as well. 
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committee, but nobody should. be surprised if the 
outcome is a lot of hard and often tedious work. If 
the result is to create in Europe a still more alert and 
vigorous intellectual community, the trouble will be 
well worth while. 


SMOKE WITHOUT FIRE 


Nosopy should be surprised or even cast down that 
the symposium on science policy at Edinburgh last 
week failed to decide what constitutes the science of 
science. At the best, it is a will o’ the wisp, worth 
chasing for fun now and again, but not the stuff of 
which academic disciplines are made. One difficulty, 
perhaps unimportant, is the name, which raises all 
kinds of red herrings. There is plenty of sport to be had 
in coining names such as the economics of economics 
or even the science of the science of science, but it is 
particularly sad that the grandiose but alliterative 
- title now sometimes in fashion seems to work on the 
belief that if science itself is good, then a double dose 
must be better. The real trouble, of course, is the 
implicit suggestion that the study of how science 
functions and how it interacts with other kinds of 
intellectual activity is itself a self-sustaining field of 
study. The truth is quite different. If the study has 
meaning of any kind in strictly academic terms, it is 
fully and inevitably interdisciplinary. All kinds of 
people—economists, sociologists, historians and even 
natural scientists—have much to contribute. But 
-because of the concern in many countries, advanced 
= and otherwise, self-consciously to apply science and 
: technology to industrial and economic growth, it is 
natural that the economists should make the running, 
but there is also plenty of scope for those concerned 
with the handling of information, the nature of 
creativity and the organization of research and of 
academic life. It is no surprise and no disappointment 
that the subject does not hang together. To try to make 
it do so by artifice would be a great mistake. 

This said, there is no reason to fear that the units of 
various kinds which have been established at univer- 
sities in Britain and elsewhere, and which are devoted 
to particular aspects of the scientific process, are also 

mistakes. On the contrary, many of them promise to 
“be valuable embellishments of academic life and 
The unit at 
- Edinburgh has been careful to fight shy of anything like 
a commitment to over-solemn doctrines, and is seeking 
to broaden the vision of undergraduates in science 


subjects by a battery of intellectual stimuli chosen 


. empirically. At other universities, as at the University 
of Sussex, the principal objective is research, much 
of it economic. Then the universities of Manchester 
and Stirling are designing courses of study for under- 
graduates intended to weave together economics, tech- 
nology and science in novel ways. These innovations 
are valuable experiments, and deserve to prosper. To 
do so, they must avoid cant and cliché like the plague. 


NATURE 


NOVEMBER 12, 1966 vow. 212 


NEWS AND VIEWS 


European Physicists United ? 


A POWERFUL move to create a European physical 
society was made by the first European Conference on 
Controlled Fusion and Plasma Physics, meeting at 
Munich in October. In a statement issued on October 
10, the members of the conference expressed their 
“urgent wish to promote the establishment of a 
European physical society”. The statement goes on 
to say that the society should be chiefly concerned 
“with enlarging the possibilities of discussions and 
personal contact among European physicists and with 
promoting the co-ordination of European physical 
research by the organization of European physical 
conferences and with the publication of the results of 
European physical research”. The conference at 
Munich appointed a committee to shoulder respon- 
sibility for keeping in touch with national physical 
societies in Europe in the hope of organizing an annual 
meeting of physicists along the lines of the meetings 
organized by the American Physical Society. The 
members of the committee are Prof. Bruno Brunelli, 
Laboratorio, Frascati; Prof. H. G. Van Bueren, 
Instituut voor Plasma-Fysica, Rijnhuizea, Jutphaas, 
Netherlands; Dr. Bo Lehnert, Royal Institute of 
Technology, Stockholm; Prof. A. Schluter, Institut fur 
Plasmaphysik, Garching bei Munchen, FDR; Dr. P. C. 
Thonemann, Culham Laboratory, Abingdon; Dr. M. 
Trocheris, Centre d’Etude Nucleaires, Fontenay-aux- 
Roses; and Prof. P. Vandenplas, Ecole Royale 
Militaire, Brussels. 

The suggestion by the plasma physicists follows 
closely on a similar move by a group of high-energy 
physicists. An informal meeting at which several 
European physical societies will be informally repre- 
sented is to be held at Geneva later this month, 
chiefly through the initiative of Prof. G. Bernadini, 
and it is thought that a draft constitution will then be 
put forward as a basis for more formal discussions. 
These and other initiatives appear to have been 
received favourably in several European countries. In 
London, for example, the council of the Physical 
Society and the Institute of Physics decided at its last 
meeting early in October that a European physical 
society would in principle be welcome. It is, however, 
recognized that the character of such a society cannot 
be determined until there has been full discussion 
among national physical societies. 


Lords on Cow Green 


THE interest aroused by the proposal of the Tees Valley 
and Cleveland Water Board to build a reservoir in 
Upper Teesdale was shown by the presence of no fewer 
than twenty-six members of the House of Lords on the 
list to speak on the Second Reading on Tuesday. Lord 
Lindgren, moving the second reading, said that the 
building of a reservoir to serve Tees-side was a matter of 
urgency. The site at Cow Green had been selected after 
encouragement by the Nature Conservancy, which had. ` 
since changed its ‘mind, but it was foolish not to adinit 

that there were alternative sites. Consideration by a 
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select committee was essential if the opposers of the 
Bill were to make their case and be challenged on it. 
` Lord Molson agreed, and said that if the Bill received 
a second reading, he would move a special instruction 
_to the select committee that it consider the need to 
|. supply water at all, other sites for reservoirs, and other 
w methods of supplying water. Imperial Chemical 
Lo Industries, Ltd., he said, was prepared to make a grant 
of £100,000 for a crash programme of research before 
\._ the area was submerged, but it would be better to wait 
^ for the report of the Water Resources Board which was 
\ still investigating. In any event, the price that ICI 
was paying for water (ls. 1d. a thousand gallons) was 
well below the national average of 3s. a thousand 
gallons. That margin, said Lord Molson, gave ICI an 
ample opportunity to pay a higher price for a reservoir 
_ at Middleton in Teesdale and thus to preserve the 
~~. amenities of Upper Teesdale. 
©. The Earl of Swinton announced that he was a native 
¿of the region, and visited it regularly. He had at first 
been horrified by the proposals, but had since discovered 
_that none of the flowers of which he was fond was to be 
submerged. He had tried to find out whether grouting 
would be necessary over a wide area, but his latest 
-information indicated that it would only be necessary 
> within the area of the reservoir itself. But Lord 
Hurcomb disagreed. Lord Swinton’s opinions were not 
impartial. Why, Lord Hurcomb asked, was the 
opposition so determined ? It was because the site was 
of exceptional scientific importance; the promoters of 
the Bill had gone-too far in their attempt to write this 
off. The issue was not one of a few flowers; Upper 
-| Teesdale contained a unique community of relict flora 
which was irreplaceable. If, as the Water Board 
»-elaimed, Cow Green was the next logical step, what was 
-the next logical step after that ? If the answer was to 
build a reservoir at Middleton in Teesdale, why did 
the Board not do it at once ? 
But in the end the Bill was read for a second time. 
Obviously the select committee will be fun. 












-Indian Research 


Tur rapid growth of science and scientific research 
in India has imposed a need for planning and organiza- 
tion. Effective planning needs accurate and up to 
_ date information, which in India is the responsibility 
of the Research Survey and Planning Organization of 
_ the Council of Scientific and Industrial Research. The 
‘second annual report of the organization defines its 
responsibilities under three headings—survey and 
‘planning of research, operational research and inter- 
“national scientific collaboration. 
Of these, the most important is the survey work of 
the organization. Scientific societies, industrial research 
laboratories, research institutes, and the Indian univer- 
sities have all been studied. Collaboration between 
industrial laboratories and research institutes is 
increasing, but the report criticizes the universities 
for isolating themselves from other centres of research, 
and for concentrating on the more familiar branches 
of science at the expense of newer fields. The high 
mortality rate among Indian scientific journals is to 
be studied; this may perhaps be related to the pre- 
carious financial position of many of the learned 
‘societies which publish the journals. An opinion poll 
-carried out by the organization shows that Indian 

scientists are frustrated by poor service conditions, and 
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by the feeling that the control of science is in the hands 
of bureaucrats; many feel that the situation would be 
improved if more scientists and technologists were | 
involved in the administration of science. 

As far as the expenditure of the Indian Government ` 
on research is concerned, the report paints a depressing 
picture. Although expenditure has increased, the 


increases have not been significant in real terms, for. = 


the number of scientists has increased more rapidly; 


in particular the growth of expenditure on auxiliary 


facilities such as workshops and libraries has been far. 
too slow. Foreign aid agencies, the report suggests, 
are uncoordinated, tend to give grants only for- 
specific topics, and spend too much on foreign experts. 

Financial stringency is also a limitation on the pro- 
gramme of international scientific collaboration. To 
some extent this difficulty can be overcome by bilateral 
exchange agreements, a number of which have been 
negotiated; the agreement with Britain, for example, 
provides for fifteen Indian scientists to come to Britain 
each year, in exchange for six British scientists. It 
would seem, however, that this programme is. not 
being fulfilled, as only three Indians visited Britain 
last year, in exchange for two British scientists, 





Cast Iron Uncertainty 


Tue British Cast Iron Research Association finds. 
itself in a peculiar position. The main financial support 

for its work over the past 18 years has ccme fiom the 

Pig Iron Levy Fund, contributions to wkich were made 
on a compulsory basis by iron founders buying pig iron 

in the United Kingdom. The fund was felt to be 

inequitable, however, because not all the users of the 

association’s services were contributors; scme, like 

Ford Motors, make their own pig iron, while others 

buy it from overseas. Imports of pig iron have risen 

over the past three years from 30,000 to 400,000 tons a 

year, which has caused the receipts from the fund to 

decline. Much of the association’s work is in any case 

designed to achieve a greater use of scrap, at the 

expense of pig iron; the more successful this aspect 

of the work became, the less the association could 

expect from the Levy Fund. 

But two appeals to the membership for voluntary 
support were unsuccessful, so that the Iron and Steel 
Board asked the Ministry of Power to introduce a — 
statutory levy, which came into operation on July 1, 
1966. British members who pay this levy are entitled 
to the full range of the services offered by the associa- 
tion, except routine analysis or detailed consultation 
for which they must pay more. 

The statutory levy seems a good idea in principle, 
even if its introduction was somewhat undignified. 
Unfortunately, it is unlikely to be in force for long 
enough for the association to decide if it likes it, 
for as the nationalization of the steel industry will 
absorb the Iron and Steel Board, new arrangements 
for financing the association will have to be devised. 

The research work of the association is a good deal 
clearer than its financial situation. The work has 
covered the whole range of iron founding; particu- 
larly interesting are developments in the control and 
instrumentation of foundry practice. It is hoped. 
that the electrical and magnetic properties of liquid 
cast iron can be studied by rapid electronic means t 
give information about the material before iti is s actu i 
cast. 
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In Search of a Discipline _ 

By Our Special Correspondent 

Edinburgh, November 5. 

Is the science of science a science, or merely a rag-bag 
of miscellaneous broodings, not all of them scientific ? 
This is the question which preoceupied, perplexed and 
often bewildered the Inaugural Seminar of the Science 
Studies Unit of the University of Edinburgh held here 
in the past two days. To report that the combined 
efforts of thirty distinguished people should not have 
¿produced a coherent view of what the science of science 
is about—or even what it should be called—is not to 


imply that there is no profit in the self-conscious study 


of the scientific process and its interaction with other 
-human activities, but merely that the symposium spent 
much of its energy barking up the wrong trees. 

< Dr. Stephen Dedijer of the University of Lund, who 
stands out among the scientists of science as would 
Mr. Billy Graham from a group of Seventh Day 
Adventists, was not, however, restrained by the vague- 
“ness of his brief, for to him the science of science is a 
discipline without bounds. In the Soviet Union “it 
already extends to include economics, philosophy, 
ete.”, and Dr. Dedijer believes that similar tendencies 
are everywhere apparent. Yet there is “no compre- 
hensive theory of the science of science which has 
proved effective at all since the publication of Bernal’s 
book in 1931”. The doctrine “that everything that 
grows must stop growing” was dismissed as being based 
zon elementary but unchecked data. Dr. Dedijer 
himself wanted more studies of the economic and other 
benefits of scientific activity and of the nature of 
-ereativity, and more interdisciplinary work involving 
economists and sociologists. The fact that units for 
_ the science of science are “being established all over the 

place” was to him a proof of need. 
=- Protracted discussion of the meaning of the term 


"science of science” was ruled out of order by the 
chairman with the affirmation that “we all know what 


e mean by it’’, but nothing in what followed suggested 
that participants’ interpretations were identical. Some 
speakers singled out for study the relationship between 
science and economic growth. Others wanted to keep 
a. close watch on government departments. Dr. 
Christopher Wright of Columbia University threw in 
arms control, but went on to warn natural scientists 
that they could not expect, as of right, to play a part 
in the science of science, which is a field for sociologists; 
he did, however, offer them the hope that “the difference 
- between the amateur and the professional social 
-< scientist” is not so great that scientists willing to take 
` the trouble would be entirely excluded from respectable 
- discussion of their affairs. In a more practical fashion, 





; this theme was also echoed by Sir Frank Turnbull, 





- until September of this year Deputy Under-Secretary 

¿at the Department of Education and Science and who 
` has serviced a succession of advisory committees on 
- science policy, who reminded the symposium that 


technical feasibility is not the only consideration in 
‘= deciding whether to pursue technical projects. 


Sir 
Frank also provided a masterly demonstration that 
even retired civil servants can decline to be drawn on 
questions such as what the Zuckerman Committee is 
really for. The proceedings closed with a lament about 
the still non-existent World Medical Research Centre 
in the course of which the ears of Sir James Godber, 
Minister of Health in a previous government, and 


NATURE 







































voL. 212 


: ‘NOVEMBER 12, 1966 
Sir Harold Himsworth, Secretary of the Medica 
Research Council, must have been burning bright. 
To list only these often desultory discussions would 
be to do the symposium an injustice, for there were- 
four contributions of great interest. The opening 
address by Dr. D. K. Price of the Kennedy School of. 
Government at Harvard University was an exceedingly 
elegant statement of twin truths such as the inevit- 
ability that science will have political consequences 
and the fallacy of believing that science is a sufficient. 
foundation for a political system. In a brief interven- 
tion Prof. Michael Swann, Principal of the University 
of Edinburgh, effectively squashed the fear of one 
participant that the science of science would be 
corrupted if its practitioners were asked to provide 
direct help in the making of practical decisions. Dr. 
Bruce Old of Arthur D. Little Inc. gave a tantalizing 
description of how his organization is able actually to 
make money by helping the United States Government 
and commercial companies to solve practical problems. 
Then Mr. Lewis Gunn, of the Department of Politics 
at the University of Manchester, brought everybody to` 
life for an hour with a paper intended to show how 
frail is the “received wisdom” on which are based t 
institutions at present administering science in Britain 
Even in the science of science, it would seem, first. han 
experience clears the head. 


New Home for NBS 


Tur National Bureau of Standards is now almost fully 
installed in its new complex of laboratories at Gaithers- 
burg, 20 miles north of Washington, D.C. All but 
four of the fifteen buildings already on the rural site 
are occupied, and there will be a ceremony on Tues- 
day, November 15, to dedicate the new setting for the 
laboratory, now 65 years old. The occasion is also 
to be celebrated by a symposium on the link between 
research and prosperity on November 16 and 17. 

The Washington part of the NBS—one third of the 
strength is based at Boulder, Colorado—is moving to 
new quarters because it has outgrown the crowded 
site, hemmed in by blocks of flats and suburban shop- | 
ping centres, on the outskirts of the District of Columbia. 
The new site has been chosen not merely for its natural 
amenities but also by the need not to move too far 
from the houses of its people and yet far enough to 
satisfy the strategic planners in Washington wh 
asked that the laboratory should be at least 20 miles 


Fig. 1. The site for the NBS at Gaithersburg, Maryland, looking south. 

The tall administration block is surrounded by seven general purpose 

laboratories. The nuclear reactor is in the top left-hand corner of this 
picture. 
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y from one of the ubvious aiming points for hostile 
issile launchers. Arvhitects, users and the general 
blie will be glad that the laboratory and its principal 
chitects, Smith, Hames, Lundberg and Waehler, 
have been able to resist the suggestion of the General 
Services Administration that the whole complex 
should be accommodated within a single structure. 
The site at Gaithersburg was chosen a decade ago. 
anning and construction have been informed by the 
view that reconstruction was an opportunity “to 
create facilities that would not only serve the Bureau 
| for the present but would be flexible to meet the needs 
_ of the rapidly changing fields of the physical sciences 
for many years to come’. The total cost of the new 
installations is expected to be $120 million, nearly a 
` third of which has been spent on seven general purpose 
laboratories each of which occupies a rectangular plot 
of ground 105 ft. by 385 ft. and which rises three 
ries and an attic above the ground. Three storied 
corridors connect the seven buildings together at the 
orners, so as to retain some advantages of the old 
eam of a monolithic building. Room has been 
und within them for the long tunnel-like rooms with 
hich metrologists work, and there will be opportunities 
r the Building Research Laboratory to build real 
houses on the undisturbed earth which forms the 
floor of the Environmental Engineering Laboratory. 
Elsewhere on the site are a nuclear reactor of high 
| flux (which operates at 10 MW and has a maximum 
flux of 10! neutrons cm? sec“), a laboratory for radia- 
tion physics equipped with a linear accelerator, and a 
structure intended for particularly hazardous experi- 
mental work. The Engineering Mechanics Building 
house a universal deadweight testing machine 
hich will be used for calibrating load cells and other 
imilar devices, and which is accurate to 0-002 per cent. 
The move to Gaithersburg comes at the end of a 
decade of sustained growth for the NBS, during which 
the operating budget has increased three-fold to roughly 
$60 million. The total staff, at Washington and at 
Boulder, amounts to roughly 4,500, a third of them 
professionally qualified people. The pattern of the 
terest at the laboratory is continually extending 
eyond standards and metrology, and in the past few 
ears particular attention has been paid to the develop- 
nt of what is called the National Standard Reference 
ta System, which is a plan to compile critical data 
all fields in the physical sciences. In this as in its 
er work, the NBS is closely in touch with labora- 
ies elsewhere. 


lobel Chemistry: Prof. Robert S. Mulliken 


or. C. A. Courson writes: The award of a Nobel 
rize in chemistry to Prof. Mulliken is a fitting recogni- 
tion of his role as one of the pioneers, first in the 
nravelling of molecular spectra, and then in applying 
wave mechanics to almost every aspect of molecular 
‘structure. Robert Sanderson Mulliken was born in 
Newburyport, Rhode Island, seventy years ago. His 
t degree was in chemistry, at the M.I.T., but for 
past 35 years he has been at the University of 
Chicago, chiefly in the Ryerson Physical Laboratory. 
< Mulliken’s most important early work was the 
ecognition that the electrons in a molecule could be 
ssigned quantum numbers, in a manner very similar 
» that already accepted for an atom. This led to the 
ee of molecular orbitals analogous to atomic orbitals 
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for atoms. Together with Hund, Huckel and Lennard- 

Jones he established the molecular orbital theory, 
now almost universally used in accounts of molecular 
structure. Electronic spectra followed, for it- was an- 


easy step to interpret the absorption and emission of ue 


light as the result of the quantum jump of an electron 
from one molecular orbital to another. Even today 
this remains the basis of all interpretations of the colour 
of a molecule. ae 
But what about the shape, or the form, of these 
molecular orbitals ? (Even the word orbital itself is- 
due to Mulliken, together with a good many other 
such descriptive labels.) 
some studies made by Bloch for metallic solids, Mulli- 
ken expressed each molecular orbital as a linear com- — 
bination of atomic orbitals; so that now the abbrevia- 
tion LCAO is part of the accepted shorthand in this 
field. This LCAO approximation provided a theory of 
valency, and a link with the Pauling theory of electron 
pairs. 
The particular combinations of atomic orbitals that 
can occur in this representation are not arbitrary; 
because the symmetry of the molecule imposes limita- 
tions. In discussing this situation Mulliken was able 
to take over the work of Bethe on solids, and introduce 
into molecular structure the elegant methods of group ~ 
theory. A very large and growing literature shows 


the widespread consequences of this idea. The sym- 


metries of the molecular orbitals settled the selection 
rules, and with a little additional guidance, the absolute 
intensities of electronic bands could be estimated. > 

Mulliken’s interests have extended further. He is 
the chief exponent of the charge-transfer theory of 
molecular complexes, and one of the originators. of the 
concept of hyperconjugation. More recently he has 
been busy interpreting the Rydberg spectra of mole- > 
cules. 

Prof. Mulliken’s work in molecular structure repre- 
sents an astonishingly continuous and sustained study. 
No one, with the possible exception of Linus Pauling, — 
himself a Nobel Prizewinner, has made contributions © 
so numerous and fruitful in the study of molecules: 
His is one of the few names that will always be associ- — 
ated with this field. es 


Nobel Physics: Prof. Alfred Kastler 


Tux Nobel Prize in physics has been awarded to Prof. 
Alfred Kastler (64), who directs a group of research 
workers at l'Ecole Normale Supérieure in Paris. His 
work on optical pumping made possible the invention 
of the laser; he was awarded the prize for “the dis- 
covery and development of optical methods for study- 
ing Hertzian resonances in atoms”. es 

The difficulty with this type of optical pumping 
is that light of sufficient spectral purity is not available; 
Kastler’s work in collaboration with Bitter and 
Brossel circumvented this difficulty by using polarized 
light and taking advantage of quantum mechanical 
selection rules to depopulate either energy level. The 
principle of optical pumping, apart from its use in the 
laser, has also been used in very sensitive magneto- 
meters and atomic clocks. 


Prof. Kastler has not always been in political ue 


sympathy with the authorities; he has consistently 
opposed the making of nuclear weapons and the French 
nuclear weapons programme. His support of dissentin 
causes during the Algerian war led to a bomb att 


Basing his conclusions on. 
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the 0.A.8. His response on learning of the award was 
to say that it should be shared by his whole team of 
research workers, and particularly his close collabora- 
tor Dr. Jean Brossel. 


More Columnaris 


A FURTHER spread of the salmon disease columnaris is 
now apparent in England. The Ministry of Agriculture, 
Fisheries and Food has been compelled to declare 
infected the rivers in the area of the Lancashire River 
Authority. The Lune and the Duddon are particularly 
_ affected, and large numbers of dead fish, sea-trout as well 
as- salmon, have been taken from them. There are also 
some signs that the River Dee in Scotland may be 
infected, although the dead fish taken from that river 
in the last few days are not known for certain to have 
died of the same disease. Taken together, these 
developments suggest that columnaris will spread 
through rivers in England, Wales and Scotland as 
inexorably as it spread to most Irish rivers in the last 
twelve months or so. At „present, the Irish rivers are 
not infected, but this may only be a temporary lull 
brought on by the relatively high temperatures in the 
_ summer. Because of the inadequacy of means of con- 
trolling columnaris, there will be anxious months ahead 
for sporting and other interests in the health of salmon. 


Long Range Forecast 


Oxe of the most useful ways of looking at weather is 
by studying the atmospheric circulation; peculiar 
disturbances in weather conditions, such as extreme 
cold, can generally be related to disturbances in the 
atmospheric circulation pattern. This has prompted 
the Meteorological Office to collect all available data 
-since 1750, and publish them as a complete volume— 
Secular Variations of the Atmospheric Circulation since 
1750, by H. H. Lamb and A. I. Johnson (H.M.S.O., 
£1-7s. 6d.). ; 

The authors have had to make use of a large number 
of sources, many of which are fragmentary, but it has 
proved possible to check their reliability by comparing 
them with sources of known accuracy. In principle 
there is no reason why these sources should not be 
accurate, as it has been established that the best 
barometers of the late eighteenth century were quite 
capable of giving accurate figures in the hands of a 
careful observer. The work has also involved convert- 
ing a variety of ancient units into modern equivalents 
-~while 1 Bavarian foot, for example, equals 29-186 cm, 
Austrian feet were longer, at 31-611 cm, and Paris feet 
longer still, at 32-48 cm. 

The tables are to be used for long range weather 
forecasting; day to day circulation patterns are 

_ examined for similarities with patterns which have 
- geeurred in the past. If they do, similar developments 
n weather conditions are to be expected. 
There is, of course, no suggestion that the Met. 
Office intends to blame clumsy eighteenth century 
‘meteorologists for its own inadequacies. 






Model-making 


A NEw method for making three dimensional models is 
being financed by the National Research Development 
Corporation, which was approached by its inventor, 
Mr. A. E. Goodson. 
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The models are made from maps or aerial photo 
graphs, and the method is best described by its applica- | 
tion to a simple contour map. The operator trace 
around the contours with a pointer at the end of 
pivoted arm; at the other end of the arm a cuttin, 
tool follows the movement of the pointer. The materia 
used for the models is rigid polyurethane foam in th 
form of a sheet, and the cutting tool is a dentist’ 
drill. The cut extends through the thickness of th 
sheet, so that after tracing around the contour line 
the foam is cut into rings lying flat inside one anothe 
and exactly matching the contours in shape. The 
scale of the model can be controlled by the relative 
positions of the pointer and cutting ‘tool, and reductions 
of up to 1 in 5 are possible. The rings are then pushed 
up telescopically until each ring protrudes above its 
neighbour by a controlled distance; rapid setting glue 
is applied to fix the rings in position. The small steps 
in the profile can be filled in with a suitable plastic 
filler to give a smooth surface, and a coat of resin 
hardens and strengthens the whole model. 

The method is more economical in materials than any 
other, and is quicker and more precise than the methods 
in common use. Mr. Goodson sees no reason why it 
should not be applied to more sophisticated mode. 
building by using photo-electric control of the pointe 
or even control by a suitably programmed computer 
Polyurethane of any density between 1 and 20 Ib./cu. ft. 
can be used, giving lightness at one end of the scale 
and great strength at the other. Town planners, - 
teachers, lunar explorers, ship designers and archaeo- 
logists are all expected to be interested in the method 


Sonar for Fish 


THE increasing acuity of the submarine vision provided 
by sonar was one of the themes in the lecture by 
Prof. D. G. Tucker to the Challenger Society on 
October 26. The modern trend to narrow beams of 
sound, generally less than one degree wide in at least 
one axis, together with the use of pulses as short as. 
0-1 msec increases resolution, but at the same time- 
decreases the rate of search because only a small 
volume of water is reached by each pulse. It is. 
therefore necessary to scan with the beam, and Pro 
Tucker described two approaches which had been mai 
to that problem—one by his own group in the Depa 
ment of Electronic Engineering at the University 
Birmingham and the other by workers in the Nav 
Department of the Ministry of Defence. Both instr 
ments are designed to work through a 30° sector an 
to scan this electronically from side to side by a receiv 
with a narrow beam acceptance. The display of such 
a system must necessarily be three dimensional since 
the range and bearing of objects are continually changing 
with time. Prof. Tucker showed a film of the oscillo« 
graph display from a sector scanning transducew 
mounted on a pier and projecting laterally. Fi 
shoals could be seen clearly moving with the tide. 
The possibility of acquiring more information abou 
targets by using different frequencies of sound rais 
problems of generating beams of constant width ov 
a great range of frequencies. Particularly at hig _ 
frequencies, this implies physically large transducers 
but one solution may be found in the way in which a 
acoustic wave of sufficient magnitude may affect t} 
density and bulk modulus of the medium in which it 
propagated. The velocity of propagation is thus 
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function of acoustic pressure and the crest of the sound 
wave travels more rapidly than the null point, while 
the trough is retarded. If two waves are superimposed 
and are “subjected to this effect, new frequencies can 
be generated. Thus it is possible to emit narrow beams 
of high frequency from comparatively small trans- 
ducers. Constancy of beam width can be maintained 
over a 10:1] range in frequency but, of course, the 
power density applied to the transducer is inevitably 
high; up to 40 watts/sq. cm have been used. 

At present electronic circuitry implies high cost and 
bulk in the transmitting and receiving systems, and 
_ there is little immediate prospect of these developments 
becoming tools in the hands of the fisherman. Never- 
theless, with the micro-miniaturization of circuits which 
is now possible and the application of digital techniques, 
the day may not be far off when a fish has small chance 
of avoiding detection and identification. 


European Rockets 


Tae European Space Research Organization has 
announced that the first launchings of sounding rockets 
rom its launch at Kiruna in Sweden will take place 
during the weeks ahead. Six French Centaure rockets 
will be launched. Altogether there will be three 
different payloads to which groups in Belgium, Den- 
mark, Germany, The Netherlands and the “U.K. have 
contributed. The experiments in the first batch of 
rockets are largely concerned with auroral phenomena, 
and indeed are intended to exploit to the full the 
advantages of the Kiruna launch. 


Velvet Lab Coats 


Mr. Harotp Winson, the Prime Minister, returned to a 
theme which won him acclaim in 1963 when he spoke 
at a ceremony installing him as the first Chancellor of 
the new University of Bradford. He described Brad- 
ford as a shining example of partnership between 
education, industr y and government, and deplored 
the mystique that had been allowed to surround pure 
gcience, and which had sometimes meant that royalties 
ad had to be paid to Americans and others because 
bf their ability to clothe British research with 
American know-how. As well as becoming Chancellor, 
r. Wilson became Britain’s first Doctor of Technology 
when an honorary degree was conferred on him. 
All this, however, has not caused Bradford to forget 
the other appurtenances of its new status; it 
has just presented to a startled publie its designs 
for academic dress. Anything less technological than 
C these is difficult to imagine. 

Bradford has been at pains to justify its decision 
, by emphasizing its close links with the woollen industry 

and—presumably for local consumption—has let it be 
known that “the robes , . . have been designed and 
prepared and the material finished entirely by firms in 
the Bradford area”. The robes are of velvet, with silk 
linings and moiré collars, and will be worn by all 
: graduate members of the university. To forestall 
howls of protest from the Students’ Union, under- 
graduates will not be gowned, but their president is to 
“have “a robe of blue stuff with saffron trimmings”. 
Even this pales into insignificance beside Mr. Wilson’s 
robe; it is magnificently ecclesiastical, wine coloured 
with a collar of gold braid, 
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Pariiament in Britain 


Ix a written answer on October 31, the Secretary of 
State for Education and Science, Mr. A. Crosland, stated’ 
that, including building, furniture and equipment, 
professional fees and land, additional student places 
in British universities were currently estimated to 
cost £1,500 in arts and social studies, £3,400 in science 
and £4,800 in applied szience. These correspond with 
the figures given for 1961-62 in the University Grants. 
Committee Quinquennial Report for 1957-62 and for — 
1962-63 in Appendix IV to the Robbins Report. Also ` 
in a written answer on November 2, Mr. Crosland 
stated that some 92,000 candidates, including overseas 
candidates and candidates without the minimum 

academic qualifications for the university courses to 

which they sought admission, but excluding Scottish 

candidates for certain Scottish universities and candi- 

dates for London medical schools, who apply direct, 

applied for admission to British universities in 1966-67 

through the Universities Central Council on Admis- 

sions. If the number of candidates rose strictly in 

proportion to the number expected to leave schools.or 
further education institutions with two or more G.C.E. 

passes at advanced level or the equivalent Scottish 

qualification, the corresponding number in 1967-68 

would ke 93,300; in 1968-69, 95,200; and in 1969-70, - 
98,200. These figures can be regarded as minimal, 

since they exclude inereases in the rate of application 

and the effeets of extending the re of application 

through the Central Council. On the assumptions’ 
made by the Robbins Committee, 51,600 places for 
new entrants would be available in 1967-68. 51,400 
in 1968-69 and 51,900 in 1969-70, and Mr. Crosland 

expected that at least these numbers of places would 

be available. Separate figures for candidates for 

Scottish universities were not available. 





University News: Stirling 


Dr. I. C. Percrvan, reader in applied mathematics at 
Queen Mary College, London, has been appointed to the 
chair of theoretical physics. 


Appointments 


Pror. C. A. Moser, of the London School of Economies, 
is to be seconded to British Government service for three’ 
years as head of the Central Statistical Office in succession 
to Sir Edmund Campion. Prof. Moser has made his 
reputation by the statistical analysis of educational 
systems, in Britain and elsewhere. He was chiefly 
responsible for the statistical appendices to the report. of 
the Robbins Commission. 


Announcements 


Tue Royal Society has enlarged its overseas visiting pro- 
fessorships scheme which provides for visits of about four 
months to universities or research institutions overseas, 
The scheme, established in 1962 by the Royal Society 
and the Leverhulme Trust, with two Royal Society 
Leverhulme visiting professorships to India annually, has 
been extended to provide a further four such professor- 
ships each year tenable in Poland, Czechoslovakia and 
other foreign countries. The following appointments to 
Royal Society Leverhulme visiting professorships have 
been made for the year 1966-67: India, Prof. J. Chatt, 
professor of chemistry in the University of Sussex, to. 
visit the University of Rajasthan; Mexico, Prof, CeT. C. 
Wall, professor of pure mathematies in the Universit: 
Liverpool. to visit the Centro de Investigacion del Ir 







tuto. Politee 


ne | 
_Dr. D, B.: Carlisle, of the Aaa Toot Research Centre, 


_ London, to visit the University of Khartoum. An 
additional three or four Royal Society: visiting professor- 
ships have also been established as from 1966, tenable in 
` developing countries of the Commonwealth, and the 
following appointments have been made for the year 
1966-67; Hong Kong, Prof. L. Fowden, professor of plant 
-chemistry and director of the A.R.C. Unit of Nitrogen 
- Fixation at University College in the University of London, 
4 it the University of Hong Kong; Nigeria, Prof. 
"Barber, professor of botany in the University of 
South Wales, to visit the University of Ibadan; 
Indies, Prof. R. A. Raphael, Regius professor of 
‘in the University of Glasgow, to visit the 
ersity of the West Indies. 


‘United States-United Kingdom Educational Com- 

ion has announced that applications from British 

© r Fulbright travel grants to visit the United 

tes should be made in the near future. Intending 

plicants must first fill in a record card which can be 

from the Commission at 71 South Audley Street, 

don, W.1.. Completed applications for grants to visit 

he United States for a period beginning on June 1, 1967, 

should be made before March 17 next. Those wishing to 

ave the United Kingdom between August 1, 1967, and 

il 1, 1968, must apply before May 15 (or before 
, 1967, if they are senior academics). 


: > following have been appointed to the membership of 

the new Advisory Committee on Drug Dependence, of 

- which Lord Brain is the chairman: Dr. R. Bannister, 

: . J. P. Barraclough, Dr. T. H. Bewley, Mr. A. 
nsop, Mr. J. C. Bloomfield, Mr. P. E. Brodie, Dr 

. Connell, Mr. W. Deedes, Miss M. Furlong, Dr. R. G. 


Malleson, Dr. H. J. S. Matthew, Dr. A. B. Monro, 
E. C. Murphy, Mr. H. W. Palmer, Mr. T. Raison, 
x Schofield, Mr. R. J. Werry and The Baroness 


; the annual meeting of the Royal Society of South 
on October 19, the following were elected fellows 
© Society : Dr. A. J. W. BAYER, professor of botany 
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; ve ity of Natal; De. D. H. Suomi 
Davis, Medical Ecology Centre, Johannesburg; Der. E 
Prumsteap, Bernard Price Palaeontological Research 
Unit, Witwatersrand University; Dr. T. Scurmer, 
University of Cape Town; Dr. C. H. Wynpuam, director 
of the Human Sciences Laboratory, Johannesburg. 


ry 


Tue Royal National Institute for the Blind will consider 
occasional applications for financial support from its... 
prevention of blindness funds to approved studies on the 
prevention, investigation, treatment and other aspects of 
blindness, including the purchase of special equipment: 
Applications, which should indicate why support is un- 
available from statutory sources, should. be sent to: The. 
Director-General, The Royal National Institute for the 

Blind, 224 Great Portland Street, London, W.1. 


RESEARCH fellowships in forest resources are awarded 
annually by Harvard University from the Charles Bullard 
Fund. These Bullard fellowships, the purpose of which is 
to support advanced research and study by men who 
show promise of making an important contribution to 
forestry and forest management, are open to men in 
public service, in academic careers and in private forestry, 
and carry stipends up to $15,000. Further information 
can be obtained from the Committee on the Char 

Bullard Fund for Forest Research, Littauer Center 11 

Harvard University, Cambridge, Massachusetts, 02138. 


A SYMPOSIUM on “‘Radioisotope Tracers in Industry and 
Geophysics”, organized by the International Atomic — 
Energy Agency, will be held in Prague during November: 
21-25. The main topics of the symposium will be studies 
of plant kinetics, dispersion of effluent, friction and wear - 
studies, labelling of industrial products for subseque 
identification and geophysical studies. Further informa- 
tion can be obtained from the Division of Public Informa- 
tion, International Atomie Energy Agency, Kérntnerring 
11, Vienna I, until November 15, and from the I.A.E.A. 
Press Officer, N&mésti Dru%ty, Prague 6—Dejvice, 
during November 17-26. 


Erratum. In the second review on p. 568 of the 
November 5 issue of Nature, the London publisher of the 
books The African Elephant and The African Iion is 
Arthur Barker, Ltd., not Arthur Baker, Ltd. 


IN DECEMBER 


All times are in Universal Time 


Moon 


New Moon 
Full Moon 


12d 03h 
27d 18h 


Times of rising (R) and setting (S) during the month 
RIS Beginning pas 

5h 45m h 35m 

Unfavourable for betoa 

ih 05m Oh 50m 


19h 50m 18h 50m 
Oh 35m 23h 40m 


CONJUNCTIONS WITH THE MOON 


Venus 
Mars 


Jupiter { 
Saturn 


6d 13h, 2° S. 
2d 10h, 5° S. 
29d 14h, 5° $. 
19d 12h, 2° N. 


End 
Unfavourable 
Oh 35m 


17h 45m 
22h 40m 


Dg (10° miles) 


Dg is the distance of planet from the Earth on the 15th of the month. 


OCCULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 AT GREENWICH 


Star 
n Leo 
y Leo 
y Vir m. 


14 Cet 
76 Gem 


RID 


D 
R 
R 
D 
R 


ee (D, disappearance; 
METEORS 


Time 


4d 03h 11-4m 
4d 04h 06-7m 
7d 03h 016m 
20d 17h 44-0m 
23d 23h 42-5m 


R, reappearance) 





Name Active period Date of maximum Radiant Remarks 
Geminids 9d-14d 13d 112° R.A., +32° Dee. Favourable 
Ursids 204-224 22d 217° R.A., + 76° Dec. Favourable 


OTHER PHENOMENA 
22d O7h, Winter Solstice. 
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In 1963 and 1965 British expeditions visited the Azraq 
oasis and surrounding desert in Jordan and reported on 
the favourability of the area as a Descrt National Park 
and site for an International Biological Station dealing 
» with oasis and dosert investigations!. This was endorsed 
by Boyd? and Jaeger’, In 1966 the section on Conserva- 
tion of Terrestrial Communities (C/T) of the International 
Biological Programme (IBP) and the Government of 
Jordan sponsored a third expedition as a final reconnais- 
sanco at Azraq for the proposed biological station. Its 
terms of reference were to explore the range of potentia- 
lities for significant research at Azraq with special reference 
o the various sections of IBP, for it was clear that sections 
on Productivity of Freshwater Communities, Productivity 
of Terrestrial Communities, Productivity Processes and 
Human Adaptability would also be interested. The 
convener of IBP/CT, Mr. E. M. Nicholson, brought 
together a team of thirteen Austrian, British, Italian and 
_ “Jordanian scientists from various disciplines to work at 
< Azraq and in Amman between April 20 and May 15. 
The two projects proposed at Azraq-—the Desert 
“National Park and the International Biological Station— 
are separate in initial planning, but functionally inter- 
dependent. On July 26, 1965, His Majesty King Hussein 
of Jordan announced his decision to proceed with the 
park and its research station, and a draft management 
plan was later written by two officers of the Nature 
‘Conservancy*. It is now proposed to advance the arrange- 
ments for the station ahead of those for the park because 
the station is also closely related to other scientific 
developments in Jordan, especially the newly created 
Faculty of Science in the University of Jordan and the 
foundation of the Jordanian Academy of Sciences. It 
was therefore decided that the expedition should concern 
itself primarily with establishing a scientific programme 
for the station. 
Tho expedition was at Azraq from April 21 to May 12. 
On May 13 the members attended a seminar held by the 
Government of Jordan at the British Council in Amman 
ith Mr. Sami Ayoub, Permanent Secretary of the 
inistry of Agriculture, in the chair; at this the work 
nd recommendations of the expedition were outlined to 
presentatives of the Government of Jordan, the Uni- 
ersity of Jordan and the international aid agencies in 
o Middle East, under seven headings. 
Climatology (J. A. Davies). Tho refloxion coefficients 
r the Azraq basin were calculated from measurements of 
coming and reflected solar radiation for dry saline mud, 
Nitraria bush, reeds, moist grass, tamarisk swamp 
(flooded), basalt, limestone desert, grass and reeds, 
flint-covered limestone desert, scrub/sand surface, cracked 
dry mud, short rush community in shallow water, shallow 
water, and a ficld of alfalfa grass. 
The reflexion coefficients of the surfaces ranged from 
6@ per cent (shallow water) to 62 per cent (dry limestone- 
‘sand desert). The peak value for incoming solar radiation 
‘was 1-53 g.cal.em.“min.-!, which is very high at solar 
noon. The peak value of reflected radiation was 0-78 
.cal.cm.~*min.~!, which is more than would be expected 
from incoming radiation on many days in the United 
ngdom. 
Routine data were also collected for daily totals of 
solar radiation, daily maximum and minimum tempera- 


* Leader of the expedition. 
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tures, wind run, maximum and minimum humidit; 
rainfall. oS 

Hydrology (J.C. Rodda). An investigation was 
of the components in the water balance of the ; 
drainage basin (12,800 km?). Records collected over a 
number of years by the Central Water Authority, as well _ 
as those obtained during the expedition, were analysed — 
and a vigil network installed for future investigators of - 
erosion rates. Precipitation amounts recorded at fifteen 
stations were used to calculate the monthly rainfall for- 
the whole basin, while corresponding evaporation amounts > 
were estimated by the Penman method, using records 
from climatological stations at Azragq and H5. Discharges. 
from the pools at Azraq Shishan and Azraq Druz were 
assessed from the records of flow over the weirs that had 
been installed at those sites, together with the records of 
the quantities of water pumped to Irbid from Druz: 
Analyses of water samples taken each fortnight at the _ 
pools showed that this pumping had not affected the. . 
quality of the water. Records of water table levels were 
not obtained, but relations between the magnitude and. — 
frequency of heavy falls of rain were calculated for several _ 
sites as a guide to how often infiltration might take place. © 

Water samples were taken from the pools for dating > 
the entry of water into the aquifer by tritium counting: — 
and carbon-14 analysis. 

Hydrobiology (H. Löffler and G. Bonomi). Some _ 
thirty-one different water bodies were sampled throughout 
the Azraq basin. Values for conductivity, pH, alkalinity ` 
and total hardness were obtained and other analyses were’. 
later carried out in Austria and Italy. Samples of plankton 
and standing crop of invertebrates were also obtained at 
most of these sites, which included various parts of the 
freshwater and saline marshes, the playas, wells. and 
seasonal pools in the desert. Se 

Productivity sampling was carried out in Druz Lake, the 
tamarisk swamp and Ain Soda with the carbon-14 tech- 
nique. Each site was sampled twice over full daylight 
periods and the samples were taken to Vienna for final 
analysis. Simultaneous determinations of oxygen an 
thermal records by thermistor and thermograph were | 
made. ue 

The situation in the oasis is strongly characterized by a _ 
gradient in salinity towards the centre of the area which = 
is situated in Qa el Azraq; high values of alkalinity were 
also recorded, especially in Druz Lake where a value of 
50 m.equiv. was obtained. The most remarkable feature 
of the standing crop of invertebrates was the dense con- 
centration of molluscs and amphipods in the permanent 
pools whereas the periodic lakes tend to be settled by 
Phyllopoda and Anostraca as well as Rotifera such as 
Brachionus. Primary production and standing crop in, 
the Qa from flooding to drying out would be an interesting: - 
initial investigation at Azraq. 

Entomology (D. S. Fletcher). Stations in the Shishan - 
and Druz marshes, in the wadis Ratam, Aseimir (at - 
Qasr Amra), Shaumari (at the Experimental Station), 
Aseikhim and Rajil, at Faidhat edh Dhahikiya, in the 
basalt desert between Shishan and Druz, at El Hammad, 


Table 1. MAXIMUM RAINFALL (mm) LIKELY TO OCCUR IN ONE DAY FOR à 
GIVEN RETURN PERIOD J BO 












Site 10 year 20 year 
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Azraq 29 
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Fig. 1. Aerial photograph of the Azraq Oasis showing the mosaic of wetland vegetation 

with peculiar “islands” of dry Nitraria salt flat. In the background is the village of 

Azraq Shishan, the open limestone desert and, in the upper le t, a stretch of basalt 
desert. (Photo by E. Hosking.) 


along the trans-Arabian pipeline, in the basalt district of 
Aseikhim and in the hammada desert adjacent to Shishan 
were visited for general day collecting; many of the sta- 
tions were also light-trapped at night, with cither a mer- 
cury-vapour or paraffin pressure lamp. Pitfall traps were 
used in the Shishan marsh and in the hammada desert. 

The collection suggests that the Lepidoptera are limited 
to comparatively few species, but that these are present 
‘in abundance. Among the Macrolepidoptera there appears 
to be a strong migratory element with Leucania vitellina. 
Heliothis armigera, Agrotis ipsilon, Spodcptera exigua and 
Nomophila noctuella prominent. The ratio of specimens 
to species noted in the Lepidoptera appears also to apply 
to the Hymenoptera and Odonata; there seem to be 
five or six specics of the latter in the rich marsh vegetation. 

Ornithology (I. J. Ferguson-Lees, J. S. Ash, R. Spencer, 
D. I. M. Wallace and 8. Cramp). Many ornithological 
habitats investigated in 1965 were re-examined in 1966. 
At the oasis these included transects in Arundo, Typha, 
Tamarix, Scirpus, Juncus, mud-flats at the edge of the 
open water, ete., as well as in the adjacent Nitraria 
zones and silt-dunes and the village communities of 
Druz and Shishan. Desert transects included a wide 
variety of wadis, ranging from those with little shrublet 
eover through ones with denser and higher shrubs to the 
Retama and Pistacea wadis, and sample areas of the lime- 
stone hammada, the basalt and the chalk cliffs of Faidhat 
edh Dhahikiya. The proportionate numbers of about ten 
of the breeding species were rather different compared with 
1965; it is possible that this is correlated with differential 
winter rainfall and subsequent vegetation growth. 
“More than 2,500 birds of fifty-five species, mostly 
migrants, were trapped, ringed, wcighed, wing-measured 
and released. Some of these were re-trapped at least once. 
These data are still being analysed, but they and field 
observations provided further information on the length 
of time migrants stay at Azraq, on their physical con- 
dition and on their ability to replace fat deposits lost on 
migration. More than 200 measurements were made of 
the weights of Riparia riparia, Hirundo rustica, Motacilla 
flava, Anthus cervinus and Sylvia curruca. 

In the period mid-April to mid-May nearly 230 species 
of birds have been recorded in the Azraq depression. 
About sixty of these breed, of which about half are pri- 
marily desert forms and the rest are centred on the oasis. 
A few of the breeding species also occur as migrants and 
so tho total of migrant species is about 185. Some of these 


ocecurin thousands and it is clear that Azraq is an important 
staging post for migrants. Recoveries of Hirundo rustica 
and Jyng torquilla 1,920 km and 2,130 km N.N.W. in 
Russia only 14 and 16 days after ringing have added to 
the knowledge of the populations involved (Ferguson- 
Lees’). 

With regard to conservation it is particularly important 
to assess the significance of the oasis to wintering wildfowl 
and for this a mid-winter visit by ornithologists will be 
necessary. 

Mammalogy (5. I. Atallah). Daily trapping of mam- 
mals wasachieved with break-back traps and other methods 
in cultivated land around Shishan and Druz villages, three 
wadi systems, basalt and hammada desert, Nitraria 
zone, loose sand and chalk cliffs. Jerboas were collected 
at night in various flint desert localities and in a chalk 
wadi, while bats were collected at Qasr el Azraq, Faidhat. 
edh Dhahikiya chalk cliffs and Shishan village. 

Twenty-two mammals were recorded: Crocidura russula, 
Suncus etruscus, Paraechinua aethiopicus, Pipistrellus 
kuhli, Otonycteris hemprichi, Tadarida teniotis, Vulpes 
vulpes, Hyaena hyaena, Felis silvestris, Gazella gazella 
(captive), Lepus arabicus, Eliomys melanurus, Jaculus 
jaculus, Allactaga williamsi, Mus musculus, Acomys 
russatus (new subsp.), Gerbillus dasyrus, G. henleyi (new 
subsp.) Meriones tristrami, M. libycus, M. crassus, 
Psammomys obesus. 

The commonest and most widespread species is Meriones 
libycus; it is highly colonial and the same ground is shared 
with M. crassus and Psammomys obesus. Gerbillus dasyrus 
also seems to use the burrows of M. libycus; the best 
example of this was in an area south of Shaumari experi- 
mental station where it was estimated that 2,000 rodents 
were present in 2 km? of wadi system. A common mammal 
in the flint desert is the jerboa Jaculus jaculus which 
occurs with Lepus arabicus and Vulpes vulpes. The bats 
collected were all forms associated with cultivation and 
may have been on migration; no desert forms were found. 

A large number of reptiles and amphibians was also 
collected, representing some seventeen different species. 
The following is a list of those already identified: Rana 


ridibunda, Hemidactylus turicus, Ptyodactylus hassel- 
quisti, Agama ruderata pallida, A. sinaita, Varanus 
griseus, Chalcides ocellatus, Mabuia vittata, Acantho- 


dactylus pardalis, A. scutellatus, Natrix tesselata, Coluber 
rogersi, Malpolon moilensis, M. monspessulana and 
Ophisops sp. 
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Human Ecology (E. Sunderland). An attempt was 
made to examine the adaptability of the people of Shishan 
and Druz and ultimately the Bedouin to the dry, hot 
desert environment. The first step was to obtain a measure 
of the heterogeneity of each community ın terms of colour 
blindness, fingerprinting, height/weight ratios, skin colour 
and blood grouping. 

The pedigrees of thirty-two families in Shishan and 
eighty-three in Druz were recorded. The bloods were 
grouped for the antigens A, B and O, C, c, D, E, e, M, N, 
8, s, K, k, P and Fy. These analysos together with 
examinations of blood smears for sickle cells were done 
at the Anthropological Blood-Grouping Laboratory in 
Beirut. Azraq Shishan contains 229 people living in 
thirty-eight households and Azraq Druz contains some 
1,076 individuals in about 120 households. The data 
obtained serve to establish some basic genetic “‘quantities’”’ 
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for the Azraq villagers, but far more work along these 
and other medico-genetic and social lines could be and 
should be conducted here. 

Follow-up. On the basis of this preliminary report the 
expedition has made its recommendations in a project 
paper for an International Biological Station at Azraq 
to the CT Soctional Committee. In this article the po- 
tentialities for future biological research at Azraq are 
described under the various disciplines together with a 
section on the constitution and finance of the station. 


1 Mountfort, G., Portræt of a Desert (Collins, London, 1965). 
* Boyd, J. M,N Travelling Fellowship Report (Nature Conservancy, 
mdon, 1965). 

> Jaeger, J., jun., Report to USAID Jordan (Amman, 1965). 

‘Hemsley, J. H., and George, M., Asraq Desert National Park, Jordan; Draft 
Management Plan (Nature Conservancy, London, 1966). 

* Ferguson-Lees, I. J., ““Wryneck’s Rapid Journey after Off-passage Reoupera- 
tion”, Bird Study (September, 1868). 


CANCER RESEARCH 


The 700-page 43rd Annual Report of the British Empire Cancer Campaign for Research 
for 1965 describes the Investigations financed by the Campaign or carried on at 
institutions working in assoclation with it. The subject matter of the book can be 
divided Into three parts which are dealt with separately In what follows. 


Carcinogenesis and the Biology of Cancer Generally 


THosH who are engaged in some different field, and even 
some who are in cancer research, may not perhaps appre- 
ciate that the work of Doll and Hill (1950) on the relation- 
ship between cigarette smoking and lung cancer, and that 
of Gross (1951) x the United States on mouse leukaemia 
virus, represent the outstanding achievements of the past 
16 years. These two themes—environmental factors and 
virus—~and also immunology, malignant transformation 
in vitro and experimental carcinogenesis are the most 
interesting features of cancer research today. The report 
of the British Empire Cancer Campaign contains numerous 
references to DNA, but this lies on the sidelmes and 
in more academic spheres. Among the accounts which 
it contains of the hundreds of investigations on all 
aspects of cancer research, some are highly condensed, 
and others read more like laboratory note-books, as 
though some kind of justification of grants ıs required. 
The reader embarking on the report proper can find a 
little light relief from, first, an example of the intimidating 
technicalities used by scientists when they write about their 
special branches of research. Thus Hambly, at Cambridge: 
“Relation of Linkage Group VIL to Lung Tumour Sus- 
ceptibility in the Mouse. A six generation breeding pro- 
gramme is under way to reconstitute the hnkage Group 
VII chromosome wavy-2, tumour susceptibility and 
vestigial tail, using a stock of wa,+™et/+Tm+" 
isogenic with strain A/Cam. This has reached the third 
generation. It should yield, during the first half of 1966, 
some useful data on the relationships between tumour 
susceptibility and the markers wa, and vi”. Second, 
there is a fine example of scientific ultra-caution: Green 
at Leeds commenting on his mterpretation of carcino- 
genesis as the result of immune reaction writes, “One of 
the factors which might contribute to the overall activity 
of a carcinogen is the ability to suppress the host’s immune 
defences (Berenbaum, 1964). The results of a small 
experiment by Mr. Westrop tended to support this view 
but, in keeping with most of the attempts which have 
sought to evaluate the role of the immunological mechan- 
ism. in carcinogenesis, it hints that many variables, such 
as sex and ago of the animals and the scheme of carcmogen 
treatment, have a decisive influence on the final observa- 
tions especially if the latter are of the all-or-none variety”, 
and ‘Whatever the exact interpretation of the results is, 
1t would seem that the rat subcutaneous tissues may have 


been sensitized by the oral dose of DMBA. An explana- 
tion in terms of immune processes seems most likely, 
though one cannot exclude a summation of the orally 
ingested compound and that given remotely. This latter 
explanation, however, does not seem likely’. Third, 
there are some airy pronouncements by Burch of Leeds 
in his theoretical treatment of the problem of carcino- 
genesis: “f... spontaneous and induced gene mutation 
leading to disturbed-tolerance auto-immune and malig- 
nant disease in mammals probably entails not point-type 
mutation (such as base transition, transversion or deletion) 
but a switch in messenger RNA transcription from the 
regular strand of DNA .. . over to the base-paired com- 
plementary anti-parallel strand of the same structural 
‘gene (Burch and Burwell, 1965). This theory is capable 
of solving the long-standing paradox concerning the croas- 
section of mammalian genes for radiogenic mutation. 
The mutagenic event probably blocks messenger RNA 
transcription from the normal strand of DNA, removes a 
DNA-strand-determining polypeptide chain from the 
minor groove of the double helix, and thus allows 
transcription to occur from the anti-parallel strand of 
DNA”. 


At the Middlesex Hospital the study continues, by 
tissue culture and electron microscopy, of Burkitt’s 
lymphoma found in young negroes in Uganda. The 
tumour is probably caused by a virus which may either 
be specific to 1t or carried preferentially as an unknown 
passenger; passage to monkeys results in cystic bone 
changes and the appearance of sheets of lymphoblastic 
tumour cells. (See also the reference to Burkitt in the 
third section of this review.) 

Alexander and his colleagues are working on the treat- 
ment of animal tumours by immunological methods, and 
find that tumour inhibition can be achieved in trans- 
plantable sarcoma in rats induced by benzpyrene if 
they are injected with lymphocytes from rats which 
have been immunized with the same tumour material; 
the lymphocytes must act indirectly, for radioactive label- 
ling shows that they collect in the spleen and not in the 
tumour undergoing treatment. The lymphocytes from 
the immunized rats can be replaced by lymphocytes from 
immune sheep provided that massive doses (10°) of cells 
are used and immune horse lymphocytes are also effective ; 
it is concluded that anti-tumour action relies on the specific 
antigens which are individual to each tumour. i 
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Davidson and colleagues at King’s College Hospital 
are using tissue cultures of lymphocytes to investigate the 
effects of anti-leukaemic drugs and, at the same centre, 
Tee and Wang are continuing their experiments with 
tumour-specific antigens; sıx serologically different normal 
tissue antigens and nine serologically different tumour 
antigens have been identified using heterologous antisera 
and the double diffusion technique on 92 human tumours 
and 80 normal tissues. No clear-cut correlation has been 
found between the presence of tumour antigens and the 
degree of mahgnancy; loss of normal tissue antigens was 
observed in 15 out of 19 tumours for which autologous 
normal tissues were available. ‘The immune 79 y- 
globulin produced in mice against homologous transplant- 
able tumours has a greater molecular heterogeneity than 
normal 7S y-globulin from the same strain. Immune 78 y- 
globulin produced in this way also had a significantly 
longer biological half life than normal y-globuli when 
labelled with ™*I and introduced into normal mice”. 

Salaman and collaborators are continuing their work on 
MSV (mouse sarcoma virus) . . . “the method of titrating 
MSV which gives the highest sensitivity is that used for 
Moloney and other leukasmogenic viruses, namely, the 
intraperitoneal injection of serial dilutions into newborn 
muce”. But there is hardly any reference to carcinogenesis 
by these viruses—the experiments are concerned almost 
wholly with the virology of the carcinogenic viruses and 
deal almost entirely with the physical properties of the 
virus (sensitivity to ether; centrfugation; storage; 
particle size; neutralization by antisera; electron 
microscopy and effect of virus on the immune reaction of 
mice). Using the Friend virus and a related virus-RV 
(Riley’s plasma lactate dehydrogenase elevating virus) 
Salaman also describes the production of splenomegaly 
and cytotoxic antibodies. Referring to the urethane 
leukaemia virus he says: “This agent derived from 
urethane-induced leukaemia in mice (Salaman and Flocks, 
1964) has given rise to several variants, one of which 
resembles Friend and Rauscher viruses in its pathological 
effects”. (The extraordinary fact of a carcmogen creating 
@ virus is, incredible as it may read, passed over without 
comment.) 

Harris and Schild at Sheffield have been cultiva- 
ting in vitro cell lines derived from hamster tumours 
induced with adenovirus type 12; immunization against 
the tumour transplanted sn vivo by tissue cultured cells 
can be achieved with vaccines of adenovirus 5 and 12, 
but neither 18 nor other members of a large series of 
adenovirus types are effective. Adenovirus types 3 and 7 
will proliferate in hamster tumour cells but not in normal 
diploid cells. 

At the Mount Vernon Hospital, Powell is pursuing his 
study of the effect of carcinogens on tn vtiro cultures of 
normal cells; the account of this work ıs lengthy, but 
nowhere mentions tests of malgnant conversion by 
growth in vivo; he relies on cytological criteria and refers 
to a “a cytologically malgnant transformation ın mono- 
cytes, fibrocytes and epithelial cells derived from rat and 
mouse embryo lung, skin and muscle tissues cultivated in 
viro”. 

At St. George’s Hospital, Martin et al. have examined 
abnormal proteins in myelomatosis and associated 
neoplasms, and at the Westminster, human neoplasms 
are being cultured in the cheek pouch of hamsters in 
order to observe microvascular responses to homografts 
of normal hamster tissues and heterografts of normal and 
mahgnant human tissue; a similar technique is in use at the 
Great Ormond Street Hospital with neoplasms of children. 

At the University of Bristol, Sparshott and Meek have 
carried out experiments on the pattern of distribution of 
DNA in cell cultures; they conclude that many cell lines 
may behave as neoplastic tissue on implantation in vivo, 
and that the gross karyotypic variation so common in 
cultures of malignant and normal cells is not an essential 
feature of malignant transformation in vitro. 
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Baldwin and collaborators at Nottingham reporting on 
their investigation of tumour immunology state “Tumour 
specific antigens capable of evoking at least some degree 
of resistance towards tumour grafts in isogenic or even 
autochthonous hosts have been demonstrated in carcino- 
gen-induced tumours in mice and to a lesser degree in 
rats”. Baldwin describes experiments in which antigens 
to liver tumours induced in rats with dimethylamuino- 
azobenzene (DMAB) could confer immunity to challenge 
with 10* live cells, but this resistance broke down at 10° 
cells; he concludes “available evidence suggests that the 
tumour-specific antigens are highly labile, inactivation 
rapidly following cell rupture’. ‘‘ .. . Peritoneal cells 
from ımmune rats prevented growth of the tumour used 
for immunization, but were completely ineffective against 
& second DMAB-induced liver tumour. These observa- 
tions further support the view that DMAB-induced liver 
tumours possess individual specific antigenicities.”’ 

No appreciable activity of any tumour antigens could 
be detected in rat adenocarcinomatea induced 
by treatment with 2-acetylaminofluorene, or in a ““‘spon- 
taneous” rat reticulum cell sarcoma, or in & spontaneous 
squamous cell carcinoma, when the tumours were first 
killed by wradiation before injection as immunizer, but 
some protection was given when the tumours were 
killed by ligating their blood supply. 

Orr at Birmmgham has continued his researches on 
breast tumours produced in mice by painting the skin with 
carcinogens. When he painted three different strains of 
mice with dibenzanthracene he found that lactation 
completely inhibited mammary cancer in the IF x 057 
strain hybrids, and that C57 virgins also did not develop 
tumours; but in the IF stram—in virgins (isolated or 
grouped), in pseudopregnants, in forced breeders, and in 
lactating breeders—the incidence of mammary tumours 
was as high as 56-100 per cent. 

The report from the Leeds centre states that in experi- 
ments in chemical carcinogenesis in tissue culture the 
action of the carcinogen “ . . . is complicated by [the] 
tendency [of the cells in vitro] to show ‘spontaneous’ 
transformation to a form which produces malignant 
tumours on re-implantation into compatible animals”. 
“Complicated” is scarcely the mot juste in this connexion; 
spontaneous malignant transformation in vitro is one 
of the most interesting phenomena ever observed in cancer 
research, and it is deplorable that the great majority of 
cancer research workers neglect it. 

In Uganda Burkitt has elaborated on his onginal study 
of lymphoma by investigating the influence of altitude 
and finds that the tumour is rare in the heavily populated 
south-western region of Uganda; other types of lymphoma 
appear to be entirely independent of altitude and are 
closely related to the population density of the area. From 
the same centre (Kampala) Fripp reports that bladder 
cancer in the community of Bukoba seems to be due to 
the use of plantain as a food; this plant contains a bladder 
carcinogen—3-hydroxy anthramilic acid. Hansen finds 
that the urinary excretion of the acid is between five and 
ten times higher in plantain (matoke) eaters than in East 
Africans from regions where plantain is not part of the 
staple food. At the laboratories in Bulawayo statistical 
survey of cancer by site in native and white populations 
shows that liver is still the most common site in Africans 
and the skin (45 per cent) in whites. 

The C.8.I. Hospital in South India reports that oral 
cancers alone account for 74 per cent of all cancers. 

The National Cancer Institute of Canada is supporting 
& comprehensive scheme of cancer research at a number of 
laboratories; the subjects of investigation represent very 
typical examples of work carried on elsewhere; in all, 
more than 130 studies are mentioned by title. At the 
New Zealand branch in Otago work proceeds on a particu- 
larly sensitive strain of mice—the NZO; of a series given 
1 mg urethane per g body weight when 5-7 weeks old, the 
majority developed large numbers of papillomata, haeman- 
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giomata were seen in most and lung adenomata in all the 
mice; 2-aminofluorene caused thyomatea. The closely 
related NZB strain did not react at all to urethane injec- 
tion, and no papillomata were found. At the Australian 
centres in Adelaide and Sydney much the same type of 
cancer research is being done as in laboratories the world 
over, such as dosimetry, isotopes and calibration in radia- 
tion; carcinogens, chemotherapy, DNA, RNA, steroids 
in cancer; chromosomes in tumours and other tissues, 
tissue culture of malignant and normal cells, viruses, 
morphology and cytochemistry of neoplastic cells, 
environmental characteristics of cancer incidence. 

Stoker in Glasgow has found that two types of response 
are elicited by polyoma virus acting on susceptible cells 
in niro; im one shown by mouse embryo cells, the virus 
induces cell lysis with the production of large amounts of 
progeny virus, and in the second (a contmuous line of 
hamster kidney fibroblasts) a small proportion of the 
cells are transformed by the virus infection and become 
malignant. 

The report from the Glasgow Veterinary School is on 
lymphosarcoma in domestic animals—a virus hes been 
grown in tissue culture from a lymph node of a feline 
lymphosarcoma. I. Hirer 


Radioblology and Radlotherapeutics 


In the past two years radiobiology has made exceptional 
progress, and work supported by the Campaign has con- 
tributed in no small measure. The radiosensitivity of 
cells is influenced by many factors, both extrinsic and 
intrinsic; more of these are being identified and knowledge 
is being gained about some of the biochemical mechan- 
isms responsible. Until recently, much of this work was 
done with cancer cells and these continue to provide 
valuable leads; exceptionally resistant cell lines have been, 
isolated from growing culture (St. Bartholomew’s Hospital) 
as well as from a spontaneous carcinoma (Mount Vernon); 
HeLa cells were shown to be capable of withstanding very 
large doses rf cooled to — 196° ©. The determining factor 
in radiotherapeutic procedures is not, in general, the 
response of the tumour, but the dose which the normal 
tissue can tolerate. Thero is now an urgent need to learn 
more about the response of normal cells and organs to 
irradiation. 

At the London Hospital the functional state of the 
thyroid of the rat was shown to have an effect on its radio- 
sensitivity. Growth, stimulated by a goitrogen, was 
halved by irradiation with 750 r. The X-ray sensitivity 
was decreased if, at the time of irradiation, thyroid funo- 
tion was depressed by TSH. At Mount Vernon Hospital 
techniques have been developed to measure quantitatively 
the in vivo radiosensitivity of epithelial cells of mouse 
skin, which was found to fluctuate depending on previous 
exposure. Dividing cells in regenerating liver were about 
three times ag resistant as those of skin. The sensitivity 
of mouse oocytes was shown to depend critically on 
the stage of maturation and there 1s an intermediate stage 
of high radioresistance (St. Bartholomew’s Hospital). 
Paradoxical oxygen effects, such as protection by anoxia, 
have also been observed in the mouse ovary. Extensive 
investigations of the effects of X-rays on growing bone are 
reported from Guy’s Hospital and on cells in the developing 
retina from the Strangeways Laboratory. The response 
of the central nervous system is particularly interesting 
and seems to be much more marked in hypertensive than 
in normal rats (St. Mary’s Hospital). Relatively small 
doses to the brain produce no detectable effects alone, but 
) greatly reduce the capacity of subsequently induced 
surgical lesions to heal. Also at St. Mary’s Hospital it 
was shown that cysteamine is capable of providing good 
protection to animals even in the most severe hypoxia. 

Studies with micro-organisms most clearly indicate the 
role of the physiological state in determining radio- 
sensitivity. The increase in sensitivity of spores after 
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plating on agar was shown to be an effect of altered meta- 
bolism and not to uptake of water (Christie Hospital). The 
well known protective action of sulphydryl compounds 
suggested that there might be a correlation between the 
sulphydryl content of cells grown under different condi- 
tions and their radiation response; but none was found 
(Mount Vernon). The merease in radioresistance of cells 
of E. colt Bjr on passing from the logarithmic to the 
stationary phase of growth was shown to be prevented 
by the addition of sulphanilamide (Chester Beatty 
Research Institute) because repair of a radiation lesion 
was prevented. Repair was also evoked as an explanation 
for the fact that the dose-response curve of Serratia 
marcescens to X-rays was not exponential with dose, 
but was a continuously curving function indicating that 
the probabihty of killing increases with dose (Mount 
Vernon). 

Biochemical investigations at the Chester Beatty 
Research Institute led to the concept that a key factor in 
radiosensitivity is the capacity of the cell to restitute 
radiochemical damage sustained by the DNA. The 
complex enzymatic repair process is itself radiosensitive 
and no simple relationship between initial damage (that 
is, dose delivered) and cell death is therefore possible. 
Using the very radioresistant organism Micrococcus 
radiodurans, restoration of breaks in the main DNA chain 
induced by radiation were measured directly. The 
action of an exonuclease seems to be necessary before 
rejoining can occur and the enzyme involved may be 
isolated soon. 

When fractionated doses sre given, as in conventional 
radiotherapy, sub-lethal damage is important, that is, 
the first dose does not kill but makes the cells more 
susceptible to a second dose. It has been known for some 
years that mammalian cells can recover from this type of 
sub-lethal damage and the rate of recovery plays a part in 
determining the total effect of a fractionated course of 
radiation treatment. There are many other factors, 
however, including blood vessel damage, cell migration 
and vasodilation. Indeed, the sparing effect seen after 
fractionation due to sub-lethal recovery can be entirely 
reversed by physio-pathological factors (St. Bartholo- 
mew’s Hospital). Because the first dose of radiation is 
likely to alter some of the many factors which influence 
radiosensitivity at the cellular level, radiobiology cannot 
at present substitute a scientific basis for the ad hoc 
approach of determining fractionation which is, as yet, 
all that is available to the radiotherapist. Work with 
experimental tumours, particularly primary tumours, 
however, has indicated variables that are likely to be 
particularly important. The response and adjustment 
to continuous irradiation of organs tm vivo and of cell 
cultures tn vitro is throwing much light on the complex 
interplay of factors involved in fractionation such as 
intracellular recovery, cell replacement, stem cell selection 
and changes in anatomical structure. Further progress 
in this difficult field is reported from the Biophysics 
Department of the Institute of Cancer Research. Related 
studies are being carried out at the Christie Hospital 
where, in addition to experimental projects, extra-cor- 
poreal irradiation of the blood of leukaemia patients is 
being tried. 

It is impossible to do more than mention the very 
extensive body of work in the fleld of radiation chemistry. 
The new technique of pulse radiolysis pioneered at Mount 
Vernon and the Christie Hospital and now also taken up 
at St. Bartholomew’s Hospital is providing detailed 
kinetics of the rate of reaction of many substances with 
the radicals produced by radiation in water. The nature 
and life-time of some intermediary radicals produced in 
such reactions have been identified and these studies have 
led to hypotheses of the mechanism of action of some well 
known radio sensitizing agents such as iodoacetamide. The 
nature and role of hydrogen atoms in these reactions have 
been. difficult to disentangle from the reactions of other 
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species produced in irradiated water, and at Cambridge 
this problem is being attacked in an ingenious manner 
using hydrogen atoms produced directly ın a high fre- 
quency discharge. Both at Mount Vernon and the Christie 
Hospital, irradiation of tissue culture media has given 
nse to substances toxic to mammalan cells, but their 
nature is as yet quite unknown. 

Biochemical lesions in irradiated cells or subcellular 
particles continue to be observed, but their significance 
remains obscure. The release of enzymes from mito- 
chondria and lysosomes and the enzymatic formation of 
organic peroxides is reported from St. Bartholomew’s 
Hospital. In lymphoma cells in vitro the rate of uridine 
incorporation into RNA is decreased within a few minutes 
of a dose as small as 200r. This proved not to be a lesion 
involving RNA synthesis—which was quite normal— 
but an effect on the ribose nucleotide RNA precursor 
pool. A similar pool effect was also found for DNA 
precursors with lymphoma cells, but not with HeLa 
cells (Chester Beatty Research Institute). 

P. ALEXANDER 


Clinico-pathology 


The clinical diagnosis, surgery, radiotherapy and chemo- 
therapy of cancer have shown no noteworthy advances in 
the past year. 

A number of interesting reports are presented under the 
heading of climico-pathological studies including the 
(invariably) first class study from St. Mark’s Hospital. 
From thew work it appears that the incidence of a second 
(metachronous) carcinoma of the large imtestine is 
too low to justify more extensive operations for the 
treatment of rectal and colonic cancer. Cases with polyps 
mm the first specimen have a greater chance (approximately 
twice) of developing cancer in the residual bowel than 
cases in which such polyps are not found. Their results 
m early cancer of the rectum show the rarity with which 
it 1s diagnosed and show further that the disease is being 
diagnosed no earlier today than 35 years ago. In half 
the “early” rectal cancers, origin from a pre-existing 
benign tumour was shown histologically. 

Several other clinical studies serve merely to confirm 
our general experience of the factors involved in the 
prognosis of cancer. The later the stage, the less differ- 
entiated the tumour, the more silent and inaccessible the 
tumour, and so on—the worse the outlook. Another 
study, involving the perfusion of operation specimens, 
confirms the vascular nature of tumours of the large bowel, 
and that perfused cytotoxic drugs would only reach the 
periphery—surely a most elaborate demonstration of a 
commonplace of pathological and surgical knowledge. 
In some studies, however, new data are presented—infor- 
mation not available from reshuffling the old pack of cards, 
so to speak. The review of forty-six embryonal sarcomate 
by the Hospital for Sick Children, Great Ormond Street, 
reveals a better prognosis when the genito-urmary tract 
1s the primary site, compared with the other major 
location, the head and neck. This type of behaviour is 
neither predictable nor explicable. 

Lane-Brown and Melton, starting with the clinical 
observation that regression of malignant melanoma can 
occur in association with vaccinia infection, have made an 
electron microscope study of oncolysis in a malignant 
melanocyto-vaccinia system in vro. They found that 
the virus enters the cell, and that the optimum tempera- 
ture for cell destruction was 33° C rather than 37° C. 
This probably explains the dermotropism shown by the 
virus. 

The Bristol Bone Tumour Registry report 1s interesting, 
as are all well documented series of rare tumours. Price 
recounts the difficulties in the histological diagnosis of 
giant cell tumour of bone (osteoclastoma); although sıx 
of the forty-two behaved in a malignant manner, in only 
three were the original histological appearances sufficiently 
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indicative of malignancy for the diagnosis to be made. 
(It is not so long ago that, in England, the osteoclastoma 
was classified as a benign tumour, adequately managed 
by curettage and packing the defect with bone chips.) 
In a further five cases a necessary amputation of the 
affected limb was carried out, although not for malignancy. 
A quarter of the patients in this series required amputation, 
and the tumour is clearly one that should command 
respect. Price recommends radical excision, particularly 
for giant cell tumours of major long bones. 

At the cellular level of research Sylvia Lawler’s group 
present the results of chromosome studies in forty-three 
patients with polycythaemia vera. They found aneuploid 
cells in the bone marrow in untreated patients, but treat- 
ment with phosphorus-32 caused a partial reversion to 
euploidy in some cases. In the cases treated the bone 
marrow may be normal, show sporadic abnormalities of 
the type induced by radiation or show the evolution of 
stable clones of abnormal cells. Patients who developed a 
leukaemoid state may have a grossly abnormal chromo- 
some complement. 

Work on spontaneously occurring tumours in domestic 
animals is still lagging. The Glasgow Veterinary School 
has continued its study of lymphosarcoma in domestic 
animals. Their aims are to establish the national incidence 
of lymphosarcoma m each species, to determine whether 
“multiple case herds” exist here, as they do in Denmark 
(Bendixen), and to determine whether changes in blood 
leucocytes occur in each herd. So far no virus particles 
have been found in electron microscopy in field cases of 
lymphosarcoma in cats, dogs and cattle. They are con- 
tinuing their transmission experiments in cats and tissue 
culture in the same animals. 

Greenwood (Edinburgh Centre of Rural Economy) has 
completed his study of the possible effects of various 
contrasting environments on tumour incidence in domestic 
fowl; his results suggest that the differential response 
encountered may be due to genetio differences in sus- 
ceptibility to adenocarcinoma existing in stocks of different 
origin. 

Thompsett of the Royal Veterinary College and Allison 
of M.R.C., Mill Hill, are studing virus papillomatosis in a 
range of domesticated animals. 

As soon as a new environmental carcinogen is proved 
to be a potent cause of malignant disease in man, no 
effort should be spared to eradicate the danger where 
practical. In the past few years the relationship of the 
absorption of asbestos to the subsequent development of 
mehgnant mesothelioma has become widely accepted 
and we may expect that workers in the social medicine field 
among others will now be active in clamfying the overall 
pattern of the disease. The Department of Therapeutics 
and Pharmacology of Queen’s University of Belfast, 
investigating disease in the pipe-covering trade, m which 
asbestos is used, found that half the 105 deaths they 
studied were due to cancer; carcmoma of the bronchus 
was the most common, but mesothelioma of the pleura 
was unusually common. 

Controversy on the status of the Burkitt lymphoma is 
still active. Briefly, this lymphosarcoma is frequent in 
certain geographical locations in Africa and most com- 
monly presents with a dramatically large tumour of the 
cranial and facial skeleton. Children and adolescents 
are the victims, and despite regression with chemothera- 
peutic agents like vincristine, or irradiation, the disease 
pursues @ fatal course. When the lymphosarcoma first 
came into prominence, 1t was thought to be a newly defined 
entity, and restricted to Africa; but a viral cause has not 
yet been demonstrated. 
are those seen in the lymphomata of childhood in white 
children in England and North and South America. It is 
interesting that this pattern is also frequent in canine or 
feline lymphoma; nevertheless the clinical presentation 
and the frequency of the disease in Africans are as yet 
unexplained. A. L. LEVENE 
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a BOOK REVIEWS 


EARLY ASTRONOMY 


Astronomy and Cosmology in the Achievement of 
Nicolaus Copernicus 

By J. H. Ravetz. Pp. 91. (Warszawa: Zaklad Narodowy 

‘fiona Ossolinskich, Wydawnictwo Polskiej Academii 
uk, 1965.) Cena zl. 20. 


The Globe of Martin Bylica of Olkusz, and Celestial Maps 
in the East and In the West 

By Zofia Ameisenowa. Pp. 59446 illustrations. Trans- 

lated by Andrzej Potocki. (Warszawa: Zaklad Narodowy 

Imienia Ossolnskich, Wydawnictwo Polskiej Academii 

Nauk, 1959.) Cena zl. 20. 


Tr is well known that in respect of both the daily rotation 
and the annual revolution of the Earth around the Sun, 
Copernicus was anticipated by Aristarchos of Samos. 
Further, that the only novel movement of the Earth 
& postulated by Copernicus was soon shown to be redundant. 
He retained the ex-centric and a considerable proportion 
of theepicycles of Ptolemy, but since he rejected the latter’s 
equant pomt it is not surprising that the Prutenic Tables 
were already out of step with the phenomena when the 
young Tycho Brahe made an. observation on Jupiter about 
a dozen years after their publication. Why then did the 
latter, in common with the leading astronomers of the age, 
though denouncing his hypothesis as “physically absurd”, 
revere Copernicus as one of the greatest astronomers ? 
Copernicus himself wrote that ‘‘mathematics is for 
mathematicians’; and it is as a mathematician that 
Dr. Ravetz examines an aspect of the De Revolutionibus 
Orbtum Ooelestium which he claims to be of more import- 
ance than the planetary theory generally regarded as the 
outstanding problem of pre-Newtonian astronomy. Em- 
phasizing the persistent concern about the motion of the 
Eighth Sphere (that of the fixed stars), he claims that the 
genius of Copernicus lay principally ın his recognition that 
this problem, bound up as it is with that of finding an 
invariant reference frame, 1s the fundamental problem of 
all quantitative astronomy; and further that the assump- 
tion of a constant angular velocity for this “orb” can be 
saved in relation to the precession of the equinoxes, and 
other irregularities real and imaginary, only if the motion 
of the Earth be allowed. Though one might question some 
' of the less fundamental issues raised, the thesis is lucidly 
| and persuasively developed; and in showing the greatness 
of Copernicus it shows also the greatness of Ptolemy, who 
for too long was regarded as having merely conflated the 
ideas of greater men. It 1s not, however, a book for 
beginners; final judgment must await detailed examina- 
tion by those more competent than I. There are rather 
numerous typographical and orthographical slips, but one 
would like to feel sure that there would be no more in a 
British publication of a work written in Polish ! 

Martin Bylica’s astronomical sphere in the Museum of 
the Jagiellonian University in Cracow has already been 
the subject of numerous researches. L. A. Birkenmajer 
described it, and by laborious calculation of the star co- 
ordinates discovered much about the date (1480) and 
circumstances of its construction; Ernst Zinner found 
strong reasons for supposing that it was made by Hans 
Dorn, colleague of Regiomontanus at Vienna, for Martin 
Bylica when the latter was astrologer to Mattias Corvinus 
at Buda. The author of this monograph presents a great 
deal of independently assembled information, much of it 
' pointing to Zinner’s conclusion and casting much light on 

a fascinating period. The chief concern 1s, however, with 


the superb engravings of the constellations and ther 
1conographic relation to Arabic sources and the later 
globes of Conrad Celtes and printed maps of Albrecht 
Dürer. The engravings have been photographed with 
great skill and beautifully reproduced on forty-six plates. 
The translation by Andrzej Potocki reads very smoothly. 
Wratam P. D. WicHTMAN 


WAVE MECHANICS IN CHEMISTRY 
AND PHYSICS 


Modern Quantum Chemistry 

Istanbul Lectures. Edited by O. Sinanoglu. Part 1: 
Orbitals. Pp. xvi+ 242. 80s. Part 2: Interactions. 
Pp. xvi+311. 96s. (New York: Academic Press, Inc.; 
London: Academic Press, Inc. (London), Ltd., 1985.) 


Quantum Mechanics 4 
Vol. 1: Fundamentals. By Kurt Gottfried. Pp. xvii +- 494. 
(New York and Amsterdam: W. A. Benjamin, Inc., 
1966.) $13.60. 


DURING the summer of 1964, Istanbul played host to a 
distinguished mnternational gathering of theoretical chem- 
ists who collaborated to give a seres of lectures to the 
Istanbul international summer school of “Quantum 
Chemistry”. These lectures have now been published in 
three volumes, under the general title Modern Quantum 
Chemistry, entitled Orbitals, Interactions and Action of 
TAght and Organic Crystals. The first two parts are 
considered in this review. 

Part 1, which treats the orbital theory of molecules, 
has sections devoted to c and to x electronic systems. 
Each section is lucidly introduced by Robert G. Parr 
and there follow lectures which are more specialized in 
their scope. The first part concludes with a stimulating 
discussion and critical appraisal of the Huckel and of the 
Pariser-Parr-type methods for x electronic systems. Each 
contribution supplies an adequate bibliography and it 
should be mentioned that much of the material presented 
had not been previously published. This volume could be 
read with benefit by chemusts of all shades of interest and 
not merely by those who consider themselves to be 
“quantum mechanics”, to use the phrase coined by 
Professor Gottfried. An outstanding feature of this 
volume (and of Part 2) is the effort made by each contribu- 
tor to correlate theory with experiment. The non- 
specialist will thus be able to read the book and gain 
insight into the application of quantum mechanics to 
some systems with which he is familiar. The fresh 
graduate, whose degree course emphasized the theoretical 
aspects of wave mechanics, will also gain & more balanced 
outlook with the aid of this book. 

If Part 1 will prove to be of general interest, it is likely 
that Part 2 will be read more selectively, although here, 
too, there 1s much to interest the non-specialist reader. 
The volume is sub-divided into three sections, namely, 
“Atoms and Molecules”, ‘Solvent Effects’? and “Inter- 
molecular Forces’. The topics of more general interest 
include: electrons in liquids; solvent effects and chemical 
reactivity; solvent dependence of wave number of optical 
absorption or emission; crystal stability; electrons in 
metals; forces in metals. 

A high standard of scholarship is maintained throughout 
the first two parts of the publication. Much credit is due 
to the editor, Otkay Sinanoğlu, whose hand is light but 


670 


firm. Thus, while each contmbutor retains his individual 
style, thereby adding to the enjoyment of the book, the 
lectures are well cross-referenced and are arranged to 
provide a logical exposition of the subject, yet at the same 
time enabling the various parts to be used independently 
of the others if required. 

The difficulties facing the quantum chemist today are 
nowhere better illustrated than in Jortner and Rice’s 
chapter on the xenon halides. Since these molecules were 
prepared, XeF, and XeF, in particular have proved 
amenable to study by virtually every physical technique, 
including, for example, Mossbauer spectroscopy. Yet, 
in spite of the wealth of experimental data available, the 
fact remains that the xenon compounds are too large to 
enable complete Hartree—Foch self-consistent field calcu- 
lations to be made on available computers; a semi- 
empirical molecular orbital approach is therefore used to 
correlate the experimental findings. But, since computer 
technology must surely develop rapidly, there seems to 
be sound basis for Parr’s optimism for the future of the 
quantum theory of molecular structure. It is quite 
possible that these volumes will enable more of us to be 
intelligently aware of these advances when they come. 

Some would-be readers of Modern Quantum Ohemusiry 
will wish to have a basic text of quantum mechanics at 
their disposal. To suggest that Volume 1 (Fundamentals) 
of Professor Gottfried’s book will not prove suitable for 
the average chemist is not to detract from the undoubted 
merits of a well-produced and well-written volume. The 
fact is that the book 1s written for the physicist and the 
area covered ıs much greater than that experienced by the 
average chemist. The book assumes some previous know- 
ledge of the Schrodinger equation and its simple applica- 
tions. The mathematical background assumed will also 
make the text more appropriate for the Part IT honours 
student or the graduate physicist. The price is the least 
attractive feature of the book. 

Wurm R. MoWarmniz 


RECENT TEXTS ON ANALYTICAL 
CHEMISTRY 


An Approach to Chemical Analysıs 

Its Development and Practice. By H. N. Wilson. (The 
Commonwealth and International Library of Science, 
Technology, Engincering and Liberal Studies: Chemistry 
Division.) Pp. x+373. (London and New York: Per- 
gamon Press, 1966.) 30s. net. 


Fundamental Principles of Chemical Analysis 

By Wilham F. Pickering. Pp. ix+270. (Amsterdam, 
London and New York: Elsevier Publishing Company, 
1966.) 60s. 


Analytical Chemistry of Potassium 

By I. M. Korenman. (Analytical Chemistry of Elements 
Series.) Translated from the Russian by N. Kaner. 
Edited by D. Slitzkin. Pp. vui+ 242. (Jerusalem: Isracl 
Program for Scientific Translations; London: Oldbourne 
Press, 1965.) 99s. 


Polarographic Techniques 

By Louis Meites. Second edition. Pp. xvii+752. (New 
York and London: Interscience Publishers, a Division of 
John Wiley and Sons, Inc., 1965.) 147s. 


Trace Analysis 

Physical Methods. By George H. Morrison. Pp. xx + 582. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1965.) 120s. 


Kinetic Methods of Analysis 

By K. B. Yatsumirskii. Translated by P, J. J. Harvey. 
(International Series of Monographs ın Analytical Chem- 
istry, Vol. 25.) Pp. xvi+ 155. (London and New York: 
Pergamon Press, 1966.) 50s. net. 
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Fluorometric Analysts 

Edited by M. A. Konstantinova-Shlezinger. Translated 
from the Russian by N. Kaner. Pp. xvi+376. (Jerusalem: 
Israel Program for Scientific Translations; London: Old- 
bourne Press, 1965.) 108s. 


The Analytical Chemistry of the Noble Metals 

By F. E. Beamish. (International Series of Monographs 
in Analytical Chemistry, Vol. 24.) Pp. x1v+ 608. (London 
and New York: Pergamon Press, 1966.) 120s. net. 


Tzs sample from the continuing proliferation of analytical 
texts reflects the wide ranging variety of interests and 
approaches current in this discipline and the far reaching 
demands on its practitioners. The general review and 
philosophical treatment of Wilson and the broad survey 
in the teaching text of Pickering contrast with the 
extreme specialization and fine detail of Korenman, while 
the remaiming texts vary from wide coverage of specialized 
areas of Meites and Mormson through tho single method 
texte of Yatsimirskii and Konstantmova-Shlezinger to the 
group of elements surveyed by Beamish. 

Wilson, the doyen of Britam’s analysts and the first 
gold medalhst of the Society for Analytical Chemistry, 
shows a fine accuracy and discernment in his choice of 
title for the broad canvas on which he depicts the things 
analysis can do and how it has achieved its present state. 
A lifetime’s preoccupation with the practice of his subject 
informs and illumines this text which sets in perspective 
the way that crucible, filter funnel and burette have made 
room for the polarograph, chromatograph and spectro- 
graph. Analysts will find enjoyable and stimulating 
reading here, and all newcomers to the profession should 
make it a particular study. Most of all, perhaps, this book 
is directed to chemists who have little experience of 
analysis, and explains to them the capabilities of this 
powerful weapon in the solution of chemical problems. In 
this respoct it is highly recommended. 

Although the second edition of Meites’s Polarographic 
Techniques follows the plan of the first edition, it has been 
almost completely rewritten, and expanded to nearly 
three times the original size. All the additions and 
revisions, particularly tho extensions to the theoretical 
sections, are most valuable and welcome. The first edition 
was primarily a teaching text as opposed to the specialist 
and standard text of Kolthoff and Lingane. The second 
edition retains this flavour, but has outgrown under- 
graduate use, if only in sheer size, and is now & more 
general source book for seekers after knowledge of polaro- 
graphic and voltammetric methods. One can scarcely say 
more than that possessors of worn out copies of the first 
edition will hasten to replace them with the new. 

The development of the Pregl techniques set a terminus 
a quo for organic microanalysis, which has consequently 
been well defined, but in the inorganic field micro methods 
have more or less grown up alongside the large scale 
methods so that delimitation has been rather vague. The 
handling of small samples and of low concentrations in 
large samples were both long regarded as microanalysis. 
In more recent times with advancing technologies, for 
example, in semiconductors, nuclear energy, high pressure 
bowers and so on, the importance of minute traces of 
impurities or essential constatuents has become go emphas- 
ized that their determination in small or large samples has 
emerged as a distinct discipline. The recent recom- 
mendations of the International Union for Pure and 
Apphed Chemistry for the naming of prefixes femto- and 
atto- for 10-35 and 10-1* indicate the trend. Morrison 
defines the field of trace analysis as being concerned with 
constituents less than 100 parts per million by weight. 
Levels of parts per 10° are commonly considered, and 
parts per 104* are not uncommon. The twelve contribu- 
tions by eminent authorities collected under Morrison’s 
redaction constitute a timely, valuable and well balanced 
account of the present situation in this important and 
rapidly advancing subject. 
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The amount of time devoted to formal instruction in 
the principles of analytical chemistry 1s miserably small 
in many university courses, and the problems of offering 
an adequate treatment are great. Pickering has attempted 
& compromise solution in an endeavour to encompass all 
the major aspects of the subject within the brief space of 
250 pages. It is a well considered and executed effort, 
but the inevitable price of such compendiousness is lack 
of depth of treatment. It does give the student awareness 
of the subject, and teachers may find it a useful back- 
ground text which their meagre supply of lectures can 
adorn by ulustrative, more detailed treatment of selected 


., aspects. 


` Konstantinova-Shlezinger has edited a valuable and 
needed text on an unportant subject not well served with 
books. The regrettable lack of indexes and the fact that 
the hterature coverage extends to only a handful of 
references from 1960, so missing the recent surge of work 
on spectrofluorimetry, are considerable disadvantages, 
but nevertheless this ıs a contribution which none inter- 
ested in the field can afford to overlook. 

Another field of recent prominence and great power is 
the use of reaction rate measurements for analytical pur- 
poses, and the appearance of a collected treatment is a 
welcome event. Yatsimurskii’s toxt is, however, rather 
disappointing. The literature is covered but a little way 
into the sixties and so again the mmportant recent work 
ig missing. The theoretical treatment is somewhat super- 
ficial and its relevance is not emphasized, while the 
practical methods mostly refer to catalytic reactions of 
d block elements and are largely empirical. Within its 
limitations this is a useful source book. 

The authority of Beamish in noble metal analysis is 
everywhere acknowledged, and this text, informed 
throughout by his intimate personal knowledge, will be 
eagerly welcomed by all who have to do with these 
elements. Together with his recent reviews in T'alanta 
this is the definitive text on the subject. 

It is difficult to envisage an audience for the extremely 
specialized but quite uncritical review of nearly three 
thousand papers comprising Korenman’s treatise on the 
determination of potassium, which has little to commend it. 

E. Bisxor 


AFRICAN MINERAL RESOURCES 


The Mineral Resources of Africa 

By Nicolas de Kun. Pp. xxvi+740. (Amsterdam, 
London and New York: Elsevier Publishing Company, 
1965.) 2408. 


The Mineral Resources of Africa represents a remarkable 
achievement on the part of the author who, within the 
scope of some six-hundred-odd pages, has assembled and 
summarized virtually all the available information con- 
cerning the mineral resources of an entire continent. 
Most of the information is, of course, already available 
elsewhere, either in published or unpublished form, but 
the sources are widely scattered, often difficult of access 
and, in the case of the unpublished records and reports, 
practically unobtainable by the ordinary enquirer. By 
collecting and presenting this vast body of data in sys- 
tematic and classified manner, Prof. de Kun has rendered 
& great service and has, in effect, completed a search of 
the hterature which, up to the date of publication of the 
book, need not be repeated, as it 1s both exhaustive and 
authoritative. 

The book is divided into two parts of unequal length. 
Part 1, which deals with ‘Industrial Development and 
Mineral Economics’, constitutes about a third of the 
entire volume and ıs slanted mainly, although not exclu- 
sively, towards the geographer and the economist. After 
discussing the position of Africa in relation to total world 
mineral production, the author examines the mineral 
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resources of the continent on a regional-geographical basis, 
country by country. Only the major deposits are taken 
into consideration in this section. The salient features 
that emerge concern the impressive mineral wealth of 
Africa as a continent and the restricted and highly 
localized nature of the mineralization. Although the 
metal resources of Africa are surpassed only by those of 
North America (and probably rival those of the Com- 
munist world), some 60 per cent of the total mineral 
proceeds are supplied by l per cent of the continent's 
surface. It is a sobering thought, having regard to the 
importance of mineral resources in the economy of 
developing countries that, as the author points out: “A 
zone of 35,000 square miles, extending from Kimberley 
to north of Johanneaburg, supplies 35% of the continent’s 
mineral proceeds. An area spreading 10,000 square miles 
from Roan Antelope in Zambia (Northern Rhodesia) to 
Kolwezi in the Congo provides another 15-20% of these. 
Furthermore, an area of 40,000 square miles in the bay 
of Syrte, Libya, produces 10%, but the remaining 99% 
of the continent’s surface contributes only 40% of the 
mineral proceeds”. 

Only three countries in Africa have a per capita mineral 
income exceeding that of the United States ($100 per 
capita) and the mineral income for the continent as 4 
whole is less than one-fifth that of the United States. 

Nevertheless, Africa is richly endowed in mineral 
wealth. It dominates the world market ın gold and 
diamonds, holds a substantial share of the known reserves 
of platinum, copper, cobalt, manganese and bauxite, and 
is outstanding in the field of strategic metals. The con- 
tinent, at present, appears to be deficient only in fuels, 
but the reserves of oil and natural gas will increase, par- 
ticularly with further exploration of the continental shelf, 
and the relative scarcity of conventional fuels is com- 
pensated, in any case, by a vast hydroelectrical potential. 

The main impression that emerges from & consideration 
of this first section of the book is the need for an en- 
lightened mincral policy for the continent as a whole, and 
greatly accelerated mineral exploration. 

The second part of Prof. de Kun’s book, comprising 
some four-hundred-odd pages, or approximately two-thirds 
of the volume, deals with the ‘Economie Geology” of 
African mineral resources. The method of treatment here 
is more scientific, in that a mineralogical—chemical classi- 
fication is used and each of the main metals and mineral- 
ogical groups is considered in relation to the continent as 
a whole. It ıs very obvious that the author has been at 
great pains to make this section thoroughly compre- 
hensive and one is amazed at the amount of information 
incorporated. Few deposits, either of actual or potential 
economic value, including both major and relatively 
minor occurrences, can have been omitted, and it is only 
necessary to check on the basis of local knowledge in 
order to confirm this view. It must be emphasized, how- 
ever, that this is by no means a treatise on the genesis 
of African mineral deposits but is concerned solely, or 
mainly, with occurrences. Some consideration is, natur- 
ally, given to the geological environment of the various 
deposits, but no attempt is made to evolve a theory of 
African mineralization. The main criticism that one 
would Jevel here refers to the illustrative diagrams, 
mainly sketch maps. ‘These are most inadequate in 
execution, as the geology is too highly generalized, to the 
point of uselessness, and, as no co-ordinates are given, it 
is practically impossible to relate them to their correct 
geographical position. This is a grave defect and should 
be rectified in any future edition. 

As an introduction to this predominantly geological 
section, the author has devoted some twenty-six pages to 
a discussion of ‘The Mineralogenetic Provinces of Africa”. 
This 1s potentially, at least from a geological point of 
view, one of the most interesting and important parts of 
the volume. The structural basis is, however, not quite 
up to date and it is much to be regretted that Prof. de 
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Kun, having assembled so complete and comprehensive 
a body of information, did not utilize it more fully in 
expanding this section into an authoritative study of the 
structural control of African mineralization. It might 
well form a book in its own right. 

The bibliography ıs very complete and, in addition, the 
author lists names of companies, organizations and 
individuals having interests in African mining. 

This is essentially a reference book, the price of which 
will probably place it beyond the reach of most indivi- 
duals. It may well, as the publishers claim, ‘‘find a ready 
audience among geologists, mineralogists, geographers and 
economists”, but the mam appeal will probably be within 
the geological field. Part 2, one imagines, will prove 
rather too technical for the economist and the geographer. 
An excellent case could, m fact, be made out for 
publishing Parts 1 and 2 as separate volumes with, 
possibly, a third volume devoted to a discussion of 
muineralogenetic provinces. 

The importance of this book as a major contribution to 
the geological literature of Africa will, doubtless, increase 
with time, and one can have nothing but admiration for 
Prof. de Kun in the magnitude of the task undertaken, 
and the masterly manner in which it has been accom- 
plished. W. Q. KENNEDY 


AMERICAN MAMMALS 


Mammals of the Pacific States 

California, Oregon and Washington. By Lloyd G. Ingles. 
Pp. xi +506. (Stanford, California: Stanford University 
Press; London: Oxford University Press, 1965.) 80s. net. 


Tue Pacific States of the United States—Calfornia, 
Oregon and Washington—cover an area of approximately 
325,000 square miles and provide habitats ranging from 
the icy slopes of the Rocky Mountains to the burning 
sands of Death Valley which are the homes of a large 
memmelian fauna. No less than 233 species of wild and 
feral mammals live in this vast region, from the gnzzly 
bear, the elk (wapiti) and the moose (elk), to the 
minute pygmy shrew, the marsupial opossum, and a host 
of bats and rodents. The long seaboard is the haunt of 
seals, sea-bears and sea-lions, and the coastal waters 
are frequented by whales, porpoises and dolphins. Some 
of the larger species such as the grizzly are now almost 
extinct in the region, but others now protected by law, 
such as the sea otter and the grey whale, have made a 
remarkable recovery in numbers from the remnant left 
after over-exploitation in the past. 

The main part of this book is a systematic account of 
the species, in which a large amount of mformation 18 
given on their habitats, ecology, and general biology, as 
well as the diagnostic characters by which they aro 
identified. Keys to the orders, sub-orders and families are 
provided where necessary and are supplemented with 
pictorial keys, drawings of anatomical details, range maps, 
and photographs. The illustrations and diagrams are 
particularly good; they are not merely embellishments 
but have equal weight with the text. There is also a useful 
and well illustrated artificial generic key to the skulls of 
the mammals with the exception of the cetaceans. 

The book, however, is more than a guide to the mam- 
malian fauna of the Pacific States; it ıs an excellent 
introduction to the study of mammals in general, for the 
preliminary chapters and the appendices cover a wide field. 
The author states his approach to his subject in the 
preface; he regrets that today many scientists are beng 
trained in depth in their fields but are not being educated 
and lack the foundational breadth to support their 
specialized traming. ‘Biology is the study of organisms, 
and biologists must be concerned not only with molecular 
and cellular biology, with organs and systems, but also 
with whole individuals, their populations, and the 
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ecosystems involving many species.” Part I therefore 
gives a general account of mammals, their structure, 
classification, ecology, biogeography and their geological 
history. Appendices deal with the collection and pre- 
paration of specimens for study, the identification of scata, 
the principles of classification and other matters, and 
mclude a check list of the mammalian fauna of the 
Pacific coast. The volume ends with a good selected biblo- 
graphy and a full index. 

The book can be strongly recommended as an excellent 
account of mammals in general, and those of the Pacific 
States in particular. It will be read with interest and 
enjoyment by zoologists in all parts of the world. 


L. HARRISON MATTHEWS ~ 
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FLORA JAPONICA 


Flora of Japan 

By Jisaburo Ohwi. Edited by Frederick G. Meyer and 
Egbert H. Walker. Pp. ix+1067+17 plates. (Washing- 
ton, D.C.: Smithsonian Institution, 1965.) n.p. 


Tue development of regional floristic accounts, which 
usually begins with the publication of preliminary lists 
based on the collections of one person, expedition or 
institution, ideally should pass through the stage of the 
preparation of a critical wide regional revision before the 
third generation, as it were, of mere local accounts. 
Unfortunately for most regions of the world this :deal has 
not been realized, though perhaps the Indian sub-con- 
tinent has come nearest to it with Flora of British India. 
In this case, as in those of Australia, South Africa and 
Tropical Afmea, the regional revision came too early to 
form a proper basis for modern taxonomic treatments, 
and as @ consequence the more local accounts that have 
followed to be satisfactory have each had to undertake 
their own submonographic revisions. In the case of the 
Soviet Union, the local floras have been produced more or 
less contemporaneously with the major one, with the result 
that taxonomie manpower has been dispersed and de- 
ployed instead of being concentrated on the maim project, 
which has thus proved less satisfactory as a basic reference 
in taxonomy and nomenclature than ıt might have been. 
Perhaps the Malesian region holds hope of becoming the 
most fortunate taxonomically, if the preparation of the 
regional Flora Malesiana receives total regional support, 
and national and other pressures to divert effort to the 
production of floras of more limited areas can be resisted 
until it is completed. 

Some areas have, however, mainly for historical reasons, 
altogether lacked an adequate regional coverage. Such are 
Europe, the neotropics, and the Sino-Japanese region. 
The floras of these latter two are so large that it is perhaps 
beyond the bounds of possibility to produce a cortical 
revisionary flora covering all their territories. The great 
need in these cases is for a simple list of recorded taxa, on 
the lines of the Index Florae Sinensis, but purely nomen- 
clatural, not attempting taxonomic evaluation but listing 
authenticated dates and places of publication, typification, 
location of type and other necessary nomenclatural 
information for all the names of taxa recorded from the 
region. Such a hst would provide the necessary sound 
basis with the aid of which local national or district 
floras could each be more speedily written, would ensure 
nomenclatural correctness and uniformity throughout the 
region, and enable the botanists to concentrate on the 
plants without the time-consuming encumbrances of 
bibliographic and nomenclatural studies. The recent Flora 
Europaea is most at fault in omitting precisely this kind of 
information; this new Flora of Japan shares this defect 
and I feel justified in expounding it at length in this 
review. 

Nevertheless, this well printed volume is welcome; the 
richness of the Japanese flora, the absence of any modern 
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account other than in the Japanese language and the wide 
representation of the Japanese flora in the gardens and 
herbaria of the world have long made it desirable. Very 
short introductory phytogeographic and historical reviews 
of Japanese botany are followed by a standard floristic 
account of the Pteridophyta (arranged by Copeland’s 
system), Monocotyledones and Dicotyledones, arranged by 
the Englerian system. Keys to and descriptions of families, 
genera and species are given, as is a selected synonymy, 
but, unfortunately, no complete synonymy, no biblo- 
graphic references and no typifications. The work closes 
with useful provincial and prefectural maps of Japan, a 

_ reference list of authors’ names, dates, countries and 
specialities, and indices to (romanized) Japanese and 
scientific plant names. 

The flora is but poorly illustrated with only seventeen 
black-and-white plates and seventeen line-drawings, 
though these few that are included are of excellent quality. 
As there have recently been produced some fine series of 
coloured illustrations of Japanese plants, cross-references 
to these at least would have done something to offset this 
deficiency, and help the user to identify his plants. 
Because this book does not present the information re- 
quired to bring it into the category of a critical regional 
flora, it must be judged as a manual for identification, and 
the final verdict must be left to the user. That it is, in 
effect, a third edition of two Japanese versions of 1953 and 
1957 (and sister of the 1965 Japanese edition) means this 
English edition at least contains keys that have had the 
opportunity of receiving any necessary corrections that 
usage might have required. This being so it is unfortunate 
that something has gone very wrong with the key to the 
genera of Compositae so that it is barely possible to deter- 
mine correctly genera, 29-37 inclusive using it. 

Taxonomically, the work suffers from the endemic 
disease of local floras which are not backed by suffi- 
ciently wide monographic studies—a tendency towards 
parochialiam in the circumscription of genera and the 
maintenance of what can at best be considered as but 
doubtful species. Nevertheless, this book is welcome in 
that it makes available in one place to the English reading 
public much previously scattered and more or less in- 
accessible information on one of the best known floras of 
Asia. Japanese botanists have cause to congratulate 
themselves that their flora merits this description; but 
perhaps they can now leave it alone for a bit, and con- 
centrate their efforts on wide-ranging family and generic 
monographs and revisions—the sore need of taxonomic 
botany today. C. JEFFREY 


Size and Cycle 

An Essay on the Structure of Biology. By John Tyler 
Bonner. Pp. viii+219+30 plates. (Princeton, N.J.: 
Princeton University Press; London: Oxford University 
Press, 1965.) 60s. net. 


THs essay treats cells and whole organisms as units which 
pass through cycles of activity, growth, differentiation and 
reproduction; its aim is to establish a framework within 
which topics as diverse as the growth rate of an individual 
amoeba, the timing of diurnal activity by a flying fox, 
and the alternation of generations in plants can be assem- 
bled and compared. The aim is therefore taxonomic, and 
Bonner has no strong thesis to argue; the reader will not 
find here the fire of the enthusiast. Evolution necessarily 
enters into the discussion, and one notices how much 
enthusiasts have tended to concentrate here. My hope 
is that students will be led back from this mild and 
scholarly volume to the fighting works of Garstang, 
Darlington and Sonneborn. Discussions of mcchanism 
are largely avoided; perhaps wisely. The “rate-control- 
lng” genes that would have figured so largely in a similar 
discussion twenty years ago now sound a little old-fash- 
ioned. On the other hand, it is a pity to find no discussion, 
in a work of such wide range, of the sequence of events ın 
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bacteriophage development, or of enzyme syntheses in 
yeast. Perhaps the attitude of scepticism towards 
mucro-organism “‘models”’ that prevails among students of 
development is responsible for the limits set here. 

With these minor reservations, I recommend this useful 
guide to the literature. N. A. Mrromson 


High Energy Physics 
Edited by Gyo Takeda. 
in Theoretical Physics, Part 2.) Pp. iv+ 121. 
Syokabo; 
$6.35. 
Tx1s small volume of lecture notes by eight distanguished 
theoretical physicists is an excellent survey of recent 
developments in the physics of elementary particles. This 
is not an introductory book, but it is suitable for graduate 
students who have already studied at research level for 
1 or 2 years, and would also be valuable to most senior 
research physicists in this field. 

The book includes a general survey by G. F. Chew of 
(a) Regge theory and the S matrix, and (b) bootstraps. 
L. Van Hove and T. Kinoshita discuss the general 
theoretical properties of scattering amplitudes at high 
energy. R. E. Marshak contributes a survey of the present 
status of weak interactions, and there are valuable discus- 
sions about different aspects of symmetries by Y. Ne’eman, 
Y. Nambu, §. A. Bludman and 8. L. Glashow. 

R. J. EDEN 


(1965 Tokyo Summer Lectures 
(Tokyo: 
New York: W. A. Benjamin, Inc., 1966.) 


Advances in Marine Biology 

Vol. 3. Edited by Frederick S. Russell. Pp. x+ 402. 
(London: Academic Press, Inc. (London), Ltd.; New 
York: Academic Press, Inc., 1965.) 84s. 


ALTHOUGH containing only four reviews, this volume 
continues the wide coverage of its predecessors. What 
indeed could be more diverse than learmng in marine 
invertebrates, the effects of heated effluents on marine and 
ostuarine organisms, aspects of the biology of seaweeds of 
economic importance, and marine toxins and venomous 
and poisonous marine animals? Yet all are indubitably 
within the range of marine biology. 

M. J. Wells comes very well prepared to a consideration 
of tho first of these subjects; his major contributions to 
the study of behaviour in Cephalopoda following and then 
accompanying those of J. Z. Young are admirably sum- 
marized. A critical review of work on polychaetes, 
crustaceans (and Limulus), gastropod and bivalve Mol- 
lusca, Platyhelminthes, Echinodermata and Coelenterata 
follows. While “most animals can be shown to learn 
something sometime”, the only successful experiments 
are those which, by accident or design, “mimic some 
natural learning situation’’. 

Heated effluents, the effects of which are reviewed by 
E. Naylor, are a consequence of the use of cooling water 
in electricity generating stations, and as these proliferate 
their effect grows. By changing the local environment 
they represent large scale experiments in nature and also 
present interesting economic possibilities. 

In a most thorough survey—containing twenty-six 
pages of references—A. D. Boney deals with the world 
wide question of economically valuable seaweeds No- 
where has the value of “pure” research been better 
illustrated than in the work of K. M. Drew on the 
Conchocelss-phase of Porphyra which provided knowledge 
which led to the revival of a most important Japanese 
culture. 

Venomous marine animals may cause severe mjury; 
no less suffering may be caused by consumption of the 
flesh of poisonous ones. Findlay E. Russell deals with 
the enormous range of marine organisms which display 
one or other of these properties, ranging from dino- 
flagellates to fishes and covering every aspect of the 
subject. Work in this field has increased greatly over 
recent years and we are most fortunate in having it so 
well reviewed. C. M. YONGE 
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OBITUARIES 


Dr. D. L. Hammick 


DALZÆL LLEWELLYN Hamwiok, emeritus fellow of Oriel 
College, Oxford, died at Oxford on October 17 in his 
eightieth year. He was one of the great teachers of 
chemustry of his generation. 

Hammick was educated at Whitgift School, Croydon, 
and Magdalen College, Oxford, obtaining a first-class 
honours degree in chemistry in 1909 at the age of 22. 
A year later, after a period in Munich, he married and 
took a post at Gresham’s School, Holt, as chemistry 
master. There and later at Winchester, where he went 
in 1918, he showed his remarkable gifts as a teacher, and 
helped to transform the teaching of science in both 
schools. Organic chemistry he particularly loved. For 
him it was a garden full of interesting and beautiful 
flowers and he was able to communicate to all he taught 
its wonder and beauty, its high interest and, indeed, ite 
fun. In 1921 he passed from schoolmastering to Oxford, 
as in an earlier generation Brereton Baker had done 
(Oxford could benefit by more of this), becoming fellow 
and tutor of Oriel College and tutor at Corpus Christi 
College. In 1962 he retired from Oriel and became an 
emeritus fellow, but he continued with his research work. 
He took the degree of D.Sc. in 1949 and was elected to 
fellowship of the Royal Society in 1952. 

The Oxford system, started in the twenties, by which 
an undergraduate can get a class in honours in chemistry 
by spending only his last year carrying out research under 
guidance, suited Hammick very well. Over the years 
with his pupils at Oriel and Corpus he published many 
joint papers in the Journal of the Ohemical Society and 
elsewhere. Some of the work was preparative work in 
aromatic chemistry; much of it was on the application 
of physical methods to the reactions of such compounds; 
at the beginning it was mainly on physical-chemical 
themes. From latent heats, compressibilities, transition 
temperatures and rates of reaction Hammick became 
interested in dipole moments, co-ordinate links, parachors 
and electron transfer in organic compounds. He and his 
pupils took part in the early work on bivalent carbon, the 
isocyanide link and also substitution in the benzene 
nucleus, which resulted in the “‘Hanmick—Ilingworth 
rule”. Later on they studied the decarboxylation of com- 
pounds like picolinic and quinaldinic acids and thus the 
“Hammick equation” was devised, In this and much else 
on heterocyclic compounds Hammick showed himself 
original in his experimental technique and ingenious in 
accounting for the results he obtained. 

Although never loud voiced or a slapper of backs, 
Hammick in his own way was an enthusiast. He was 
invariably cheerful—a great gift in a research worker. 
Out of doors he enjoyed the countryside and he was a 
keen fisherman, and never happier, if he had to be away 
from work, than when he was fishing some stream in the 
cold and wet. In later life he walked slowly. He ascribed 
his pace to gout. 

He kept his affection for the schools that fed Oxford. 
Although firm in asserting that examining schoolboys 
was a “wicked waste of time” he enjoyed examining for 
the entrance scholarships of the Oxford colleges. From 
1922 until he was 78 he acted as awarder or examiner in 
chemistry at “A” or Scholarship level for the Schools of 
the Oxford and Cambridge Board, a necessary but very 
arduous job, too often neglected by the elect. 

Last year an unfortunate car accident shocked him 
greatly and laid him low for many weeks. He was 
recovering from its effects and becoming once more his 
old self when he died. 
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In 1910 he married Phillippa Tilbrook, who survives 

hım. They had two daughters and a son. 

A. 8. RUSSELL 


Academictan V. |. Veksler 


AOCADEMIOIAN VLADIMIR Iosnrich VEKSLER was born on 
March 4, 1907, and died on September 22, 1966, at the 
age of 59. He is best remembered for his discovery of the 
principle of phase stability of charged particles subject to 
acceleration by high frequency electromagnetic fields and 


his proposals for using this in the design of new types of , 


particle accelerator. 

Dr. Veksler graduated in 1931 from the Moscow Institute 
of Energetics. He was at the All-Union Electrotechnical 
Institute from 1930 until 1936, after which he worked at 
the Lebedev Institute of Physics of the U.S.S.R. Academy 
of Sciences, Moscow. In 1956 he was appointed director 
of the “Synchrophasotron” at the Joint Institute of 
Nuclear Research at Dubna, near Moscow. Veksler 
became a corresponding member of the U.S.S.R. Academy 
of Sciences in 1946 and in 1958 an Academician. In 1963 
he was awarded the American Atoms for Peace Prize. He 
was a frequent delegate to international conferences on 
high energy accelerators and nuclear physics, and repre- 
sented his country at several I.C.P.U.A.E. conferences. 
He was also a member of the editorial board of Atomnaya 
Energiya. 

Veksler’s early research included work on X-rays,nuclear 
physics, cosmic radiation and developments in Geiger- 
Miller and proportional counters. He also studied elec- 
tron-nuclear showers in cosmic rays. His classical papers 
on the principle of phase stability were published in 1944, 
and from that time he devoted himself to the field of 
particle accelerators. WVeksler’s proposals initiated the 
post-war growth of a new family of particle accelerators. 
The essential feature of this principle consists of aban- 
doning the previously accepted requirements of having 
exact resonance (synchronism) between the particle 
revolution frequency and the frequency of the accelerating 
field in cyclic accelerators. Thus charged particles can be 
accelerated in phase stable bunches making slow oscilla- 
tions about a reference particle. In his celebrated papers, 
Veksler showed that this principle could be applied to a 
variety of different types of particle accelerator such as 
the synchro cyclotron, electron and proton synchrotrons 
and the microtron. Soon after Veksler published his 
papers, E. M. McMillan, of the University of California, 
quite independently arrived at the same conclusions and 
his name is invariably coupled with that of Veksler. 

Convincing proof of the correctness of their proposals 
was soon provided. In England, Goward and Barnes 
converted a small betatron to synchrotron operation and 
raised the electron energy from 4 MeV to 8 MeV. In 
America an existing cyclotron was converted to a synchro 
cyclotron and later the large Berkeley cyclotron, then 
under construction, was modified to a synchro cyclotron 
and attained proton energies of 350 MeV. In Russia, 
Veksler speedily constructed a 270 MeV electron synchro- 
tron at the Lebedev Institute, Moscow. This was the 
first of the large electron synchrotrons to operate, and 
still supports active research at the Lebedev Institute. 
Many synchro cyclotrons and electron synchrotrons came 
into operation in quick succession in the late forties. 

Following close behind this wave of accelerator con- 
struction several large ‘‘constant-gradient” proton syn- 
chrotrons were begun. Of these, the largest is the Dubna 
“Synchrophasotron”’, which accelerates protons to 10 GeV 
using a magnet of 36,000 tons. This is the machine which 
Veksler designed and latterly directed. It came into 
operation in 1957. 

Dr. Veksler was a popular figure at international 
accelerator conferences and will be sadly missed by his 
colleagues. W. WALKINSHAW 
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INFRA-RED OBSERVATIONS OF A PREPLANETARY SYSTEM 


By Dr. FRANK J. LOW and BRUCE J. SMITH 
T Department of Space Sclence, Rice University, Houston, Texas, and Lunar and Planetary Laboratory, 


University of 


ER Monoorrots, the twelfth magnitude object at the head 
of Hubble’s Variable Nebula, is classified as a T Tauri 
~, _ variable—a type of star thought to be in the latter stages 
“of contraction. Mendoza’s! infra-red observations showed 
Nan unexpectedly large infra-red excess for R Monocerotis, 
which he suggested might be caused by an infra-red 
companion. We have extended the infra-red observations 
to a wavelength of 20u, finding excellent agreement with 
a model in which thick circumstellar dust absorbs and 
re-radiates the energy produced by a luminous central 
object. The high luminosity found for the system is con- 
sistent with the idea that R Monocerotis is a protostar 
still undergoing contraction. If this ıs the case, both the 
energy released in the contraction and most of the angular 
momentum are being transferred to an extended envelope 
of dust which will ultimately form a planetary system 
around the star. 

The 20u flux density and estimated probable error are 
given in Table 1 for R Monocerotis, T Tauri and NML 
Cygnus. Absolute fluxes may be computed for shorter 
wavelengths using Johnson’s’ calibration and either 
Mendoza’s! magnitudes for R Monocerotis and T Tauri, 
or the results of Johnson, Low and Stemmetz*® for the 
Neugebauer, Martz and Leighton‘ infra-red star in Cygnus. 
The new flux for NMI Cygnus at 20u is based on further 
observations and a more accurate calibration procedure 
which will be discussed elsewhere. 


Table 1 
Object Flux density (W/em*/y) Probable error 
R Monocerotas 10 x107 62x 107 
T Tauri 0-37 x 10-** @2x10-** 
NML Cygnus 44 x10" 6 xig 


Fig. 1 shows the remarkable agreement between our 
observed flux from R Monocerotis at 20u and the spectral 
energy distribution computed for the dust model. For 
comparison, a Planck distribution has been fitted to the 
peak at 3-4u. Curve O represents the spectral energy 
distribution of a solar type star normalized to give the 
total output of the system. This is approxumately what 
we would expect to find if the circumstellar dust were 
suddenly removed. Some of this light filters through the 
dust to produce the observed U.B.V.R.I. magnitudes and 
the optical spectrum on which the classification (Ge)® of 
the central object is based. 
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Fig. 1. The absolute tral energy distmbution. Curve A is drawn 
through the U.B.V.B.I.J. observations, The long wavelen observa- 
tions are shown with therr error bars Curve B 1s an 860° K. ck distri- 


butien fitted to the penak. Curve O re nts part of a distribution 

for a solar atar normalized to the same total intensity as R 

Monocerotis; e peak flux of 110 x10! W/om*/u occurs at 0 43g. 

Ourve D representa the dust model normalized to the observation at 
Ke 





izona, Tucson, Arizona 


From the flux observed at V (0-5) and curve C, which 
reaches a peak near V at a value of 110 x 10-* W/em7/p, 
we find the visual transmission of the dust to be 0-6 per 
cent. The total flux received at the Earth, 6 x 10-¥ 
W/cm!, was obtamed by integrating the spectral energy 
distribution from Op to 40p. Only a small error is made by 
neglecting the energy beyond the range of vahdity of 
curve C0. ing the source is isotropic and that it is 
located in NGC 2264, we calculated its luminosity as 
870 tres that of the Sun, using the distance of 690 
parsec (corrected for interstellar extinction’). Hayashi’ 
has shown that a protostar of one solar mass would reach 
this peak luminosity at about the temperature (6,000° K) 
determined from the optical spectrum of R Monocerotis. 

The dust surrounding a protostar is undoubtedly con- 
fined mostly to a disk perpendicular to the axis of rotation, 
but for simplicity we consider a spherically symmetric 
system. Spherical dust particles are assumed with density, 
n, varying with particle radius, a, and distance from the 
star, r, according to the relation 

n(a,r) = O a-v(D/r) i (1) 
where C is the density of unit particles at 1 a.u. (D) and 
a and p are dimensionless parameters. This relation was 
used by Ingham! to describe the zodiacal light by ad- 
justing O, « and p to fit the optical data. « was found to 
lie between 1-0 and 1-5, and p was 4 or 6. The minimum 
particle radius, a,, is not known because it- depends on 
several conflicting processes. Fortunately, it is not 
critical in our analysis. The minimum radial distance, fo, 
is important and can be related to the vaporization tem- 
perature, Te, of the particles. For optically thin dust, we 
can write the temperature as 


Tr) = LAMP, (Dry (2) 


where L is the luminosity and 7’, 1s the temperature of a 
particle at a distance of 1 a.u. from the Sun. Te depends 
on the particle albedo and will be taken here to be 266° K. 

If we assume the particles radiate independently of 
their size, we can write the differential thermal flux for a 
thin spherical shell as 


di(a,r,d) = n(a,r)B(a,r) (4ra?) (4rrt)da dr dà (3) 
The brightness spectrum of @ particle can be approx- 
imated by the Wein law 


Qrhe* 


—he 
B(x) = EEE exp ( (4) 


zk T(r) 
Substitution of (1), (2) and (4) in (3) provides an equation 
which can be integrated. We take p equal to 5, so that 
the total mass of dust is finite, and choose 1-] as the value 
of «. Integrating a from a, to œ and r from r, to œ, we 
have to a good approximation 

dI(A) = c1 exp (—03/A) [Car tA + 2'8 Cg? 79% y> + 

5-04 orr tA + 4:06 ostra ®t AJGA, (0< A < 10u) 


dI(A) = ¢,¢,%-* P(3-8)A-4, (10, <A < 40,) 


(5a) 
(5b) 
where 

ec, = 32r? OD"! ag he L-95 

0s = kT, D™*jho 


Ca = To™* cyt 


From this result it can be seen that the value of r, 
determined by T» in equation (2) sets the peak wave- 


676 


length, and that the value chosen for « controls the shape 
of the distribution. O, L, a, and p merely influence the 
strength of the source. 

It is instructive to consider the solar system. Under 
the assumptions made here, and where C is derived from 
Ingham’s model as 3-8 x 10-*°/om* and Te is taken as 
1,385° K, the relative brightness at 5u of zodiacal dust 
emission to the Sun itself is 2-0 x 10-*, If the density C 
in equation (1) were increased by a factor of 5-0 x 105 
this ratio would become unity and the extinction at V 
caused by interplanetary dust would be only 0:045 mag- 
nitudes. This situation must have occurred early in the 
formation of the solar system. 

In the case of R Monocerotis, the dust is much thicker 
but, as Fig. 1 shows, our model fits the data extremely 
well if « equals 1-1 and P» is 1,385° K. The hottest shells 
of dust are partly obscured by cooler layers, and there- 
fore the temperature 1,385° K is probably too low. 
Graphite particles are thus not to be ruled out completely 
as a main constituent, but other components should be 
considered, and ice, at least, 1s not predominant. 

As a consequence of our model, the diameter of the 
object varies roughly as the square of the wavelength. 
The linear diameter at 20u 18 computed to be about 
200 a.u., implying an angular diameter of 0-14 sec of arc. 
Thus an important test of this dust model is the measure- 
ment of angular size and brightness distribution at long 
wavelengths. 

The minimum particle radius was assumed to be lOp 
in order to estimate the total mass. No effects of particle 
size are found to a wavelength of 20u, and thus this is 
perhaps reasonable. Based on the visible extinction, the 
total mass of dust is 6-3 x 10** g or 3 x 10~ solar mass. 
This is equal to about 0-25 of the mass of our planetary 
system; however, it 1s perhaps only 0-01 of the uncon- 
densed gases, mostly hydrogen. It is well known that 
angular momentum considerations require a large circum- 
stellar mass of this order. 

Other T' Tauri stars may be in various stages of con- 
traction, have different amounts of dust and be seen in a 
variety of projections, but should be sufficiently similar 
to R Monocerotis to be treated in much the same fashion. 
The flux found at 20u for T Tauri itself, if correct, indicates 
that the effects of particle size may be mgnificant. A 
case of special interest is the brightest of the known 
infra-red stars, NML Cygnus. Here we also find more 
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radiation at a long wavelength than is usual, which 
suggests an increase of diameter with wavelength. If it 
is a system like R Monocerotis, then its dust envelope 18 
much thicker because no visible light is detected. The 
total flux received at the Earth is 4:3 x 10- W/cm? 
resulting in a distance of 80 pc. if its luminosity equals 
that of R Monocerotis. Its angular size would, therefore, 
be 1-2 sec of arc, within the resolving power of the largest 
telescope which can be used at 20u. Johnson’ has 
postulated that NML Cygnus is a highly reddened 
Mé6Ia star. In that event, the angular diameter would 
be about 0-1 sec of arc independent of wavelength. 


a 


Additional flux density measurements for R Monocerotis - a 


and related objects should reveal further details concern- 
ing the high luminosity phase of protostar evolution, the 
formation of circumstellar dust and the development 
of planetary systems. In particular, the observations 
should be extended to longer wavelengths to investigate 
particle size effects. Radio observations" of the R Mono- 
cerotis-NGO 2261 system have all given negative results, 
including a recent observation"! at 1-9 om with the 
140 ft. telescope at the National Radio Astronomy 
Observatory. Infra-red spectroscopy may reveal mole- 
cular absorption features (NH,, CH,, H,O, CO,, ete.) just 
as in the planets but, because of the low pressure, the 
lines should be quite narrow. In addition to the study 
of brightness distribution as a function of wavelength 
already emphasized, there should be detectable transient 
phenomena following rapid changes in the luminosity of 
the central object. 

This work was supported by grants from the U.S. 
National Scrence Foundation and the National Aero- 
nautics and Space Administration. 
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DISTRIBUTION AND MOBILITY OF FLUORINE IN CONTACT 
METAMORPHOSED AND METASOMATIZED HORNFELSES 


By Dr PETER A. FLOYD 
Department of Geology, University of Keele 


FLUORINE 18 often an ımportant constituent of aqueous 
fluids which are concentrated durmg the late-stage 
crystallization of igneous intrusive rocks. This is especially 
true of granitic and alkaline plutonic rocks which are 
initially much richer in fluorine than are basic intrusive 
rocks!, Hither the fluorme may be fixed ın the contact 
zone hornfelses or it may autometasomatize the parent 
rock (for example, granite) with the formation of greisen, 
fluorite-bearing granitos and pegmatites. 

Correns? and Fleischer and Robinson’ have attempted 
to cover the distribution of fluorme and the other halogens 
in all environments, although exact data for fluomne 
in the contact metamorphic environment are usually 
not available. Very little systematic work has been under- 
taken on the distribution of fluorine across contact aureoles 
except by Seraphim? and Bowler‘, who oarried out 
analyses for fluorine across a number of lithologically 
different contacts with granitic intrusives and found that 


migration of this ion was restricted to a few inches or in 
some cases a few feet from the contact. 

One of the main objects of the research described in this 
preliminary communication is to determine the distribution 
and concentration of fluorine in a number of sequences 
of contact hornfelses around the Land’s End granite, 
Cornwall. The distribution of fluorme in a limited sequence 
of pelitic hornfelses from the aureole at Tater-du has 
already been described‘. My own investigations, however, 
differ in two aspects: (a) a number of sequences were 
analysed in basic hornfelses in the aureole, for which 
there appear to be few or no data on fluorine; (b) 
measurements of the “width” of the fluorine aureole or 
extent of fluorine metasomatism of the basio hornfelses 
were attempted by taking samples from 100 ft. to 1,600 ft. 
away from the assumed contact, in contrast to other 
investigations where sequences are of limited extent 
only. 
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contact for basic hornfelses from the metamorp ©) and metasomatio 

(@) portions of the Land’s End aureole. The dot straight line has 

been drawn to exclude the Tater-du sequence as it shows an anomalously 

wide range of fuonne contents (from 930 to 2,080 ppm.) for 
relative distances from the contact. 


A major difficulty is encountered here, however, m 
that only the apparent distance from the contact can be 
measured. This results from the uncertainty in the 
position of the contact which is usually concealed, and 
also from the topography of the granite—hornfels boundary. 
Thus only approximate trends for the variations of fluorine 
in the aureole can be determmed. 

The distribution of fluorine in hornfelses will be de- 
pendent on the availabilty of fluorine in the granite, the 
proximity of the hornfelses to the contact, the temperature 
gradient in the aureole and the presence of suitable sites 
for fluorme to reside—either ın existing or developing 
lattices. Fluorine will replace hydroxyl groups in 
hydroxyl-bearing minerals such as biotite and amphibole 
in the hornfelses, and for this reason its distribution in 
basic hornfelses will be dependent partly on the degree of 
biotitization and amphibolization of the original basic 
rocks during contact metamorphism. Thus the ratio of 
fluorine to hydroxyl groups or combined water should 
be a better measure of the actual distribution, relative to 
the distance from the contact, than the absolute amount 
of fluorine in any sample of whole rock. 

Of subsidiary interest 1s the availability of fluorine to 
the aureole rocks—that is, whether the supply of fluorine 
to the hornfelses was the same at all contacts. This is of 
particular significance to the problem of the Land’s End 
aureole, as highly metasomatized rocks are concentrated 
largely ın the Botallack—Kenidjack area**, where exten- 
sive tin and copper mineralization also occurs. Fluorine 
18 often concentrated in fluids associated with stanniferous 
mineralization where cassiterite is deposited according to 
the classical “equation”? 


SnF, + 2H,0 = SnO, + 4HF 


The basic hornfelses can be conveniently divided into a 
metasomatic group, largely associated with tin mineraliza- 
tion, and a metamorphic group with little or no associated 
mineralization. It may therefore be expected that the 
former group was enriched in fluorme relative to the 
latter group and that this enrichment is representative of 
the initially higher concentration of fluorine ın the granite 
at the now metasomatized hornfels—granite contact. A 
high concentration of fluorme may thus have acted as a 
catalyst and transportation agent, which effected localized 
mternal migration of mafic ions in the basic hornfelses 
(producing the metasomatic hornfelses), as well as a 
earrier for the latter stanniferous fluids. 
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The basic hornfelses analysed for fluorine and combined 
water can be divided into metamorphic hornfelses con- 
taining actinolite or hornblende depending on grade, and 
metasomatic hornfelses containing cummungtonite and 
anthophyllite with variable plagioclase and/or cordierite. 
The petrochemistry of these hornfelzes together with 
various biotitic types have been fully described 
elsewhere*:®:9, 

A series of specimens was collected along four traverses 
located approximately normal to the apparent contact 
and situated around the Land’s End aureole at Newlyn, 
Tater-du, Kenidjack and Zawn-a-Bal. The analytical 
results are shown in Table 1 together with the estimated 
apparent distance from the granite contact for each 
hornfels specumen. The Newlyn traverse represents the 
only non-metasomatic area of the aureole analysed so far. 

The distribution of fluorine (plotted as the F/H,O+ 
ratio) in the metamorphic and metasomatic hornfelses 
relative to the apparent distance from the contact 1s 
illustrated in Fig. 1. It can be seen that an increase in the 
F/H,O+ ratio occurs as the contact is approached for 
both types of hornfels. More results, however, are required 
before any conclusion can be reached concerning the way 
in which the trends for metasomatic and metamorphic 
hornfelses differ. 

The average fluorine content of unmetamorphosed 
dolerites (and gabbros) ıs 420 p.p.m.'. Taking the Karroo 
dolerites!* as representative of this rock type, an average 
combined water content for unmetamorphosed dolerites 
is about 0-64 per cent. As the dolerites of the south-west 
of England suffered a low grade (greenschist facies) 
regional metamorphism before contact metamorphism, this 
value may be low because it does not take into account 
the presence of some secondary amphibole ın regionally 
metamorphosed dolerites. An arbitrary value of 1-00 
per cent 1s therefore preferred, giving an F/H,O+ ratio of 
420. This value indicates that the width of the aureole is 
probably about 1,680 ft. for the dominantly metasomatic 
areas. 

By averagmg the fluorme values (Table 2) for the 
different areas, some preliminary observations can be 
made on the fluorine content of the metamorphic and 
metasomatic parts of the aureole. The observed differences 


Table 1. FLUORINE AND WATER CONTENTS OF AMPHIBOLE- AND BIOTITE- 
BEARING BASIO HORNFELSES FROM FOUR TRAVERSES AROUND THE LAND’S 


GRANITE AUREOLE, CORNWALL 
Specimen Dominant (OH)-b tee F F/H,0+ zt 
peolmen an -bearing a neo 
No, muneral(s) cent) (p.p.m.) ratio from 
contact (ft.) 
1 Hbe. 140 1,870 1,886 125 
2 Hbe. (Biot.) 128 080 1,625 125 
3 Anth.-Cumm. 051 2,000 8,922 180 
4 Hbe. 173 1,980 1,145 135 
5 e 1-48 1,460 986 140 
6 Biot. 079 980 1,177 140 
7 Biot. (Anth.-Cumm.) 0 78 1,680 140 
8 nth,- -Biot. 2 85 1,890 663 160 
9 Anth.-Cumm.-Biot 216 1,240 577 160 
10 Biot. (Anth.-Cumm.) 2-80 1,680 600 170 
11 Anth.-Cumm. 2°69 1,760 650 175 
12 Anth.-Cumm.-Biot. 1-20 1,850 1,542 540 
13 Anth.-Cumm. (Buot.) 118 1,400 1,186 700 
14 Anth -Cumm, 1:86 2,250 1,210 880 
15 Hbe. (Biot.) 160 2,300 1,488 1,060 
16 Anth.-Cumm. (Biot.) 089 1,680 1,888 1,150 
17 Anth.-Cumm. 2 05 1,080 502 1,320 
18 Anth.-Cumm 3-58 1,590 450 1,400 
19 Hbe.-Biot 4-62 1,870 207 1,450 
20 Hbe 1-88 1,280 700 1,600 
21 Hbe (Biot ) 160 2,510 1,569 1,584 
22 Hbe. 1 58 2,950 1,928 250 
23 Anth.-Cumm. (Bı0t.) 0 65 1,900 2,928 640 
24 Anth.-Cumm, 1:78 1,700 955 650 
26 Biot. 4:04 2,100 620 800 
26 Hbe.-Biot. 8-44 7,800 2,267 880 
27 Hbe. (Blot.) 0-82 1,160 1,402 900 
28 Hbe. 1-00 1,100 1,100 400 
29 Hobe. 0-76 950 1,250 
30 Hobe. (Biot.) 0 80 1,200 1,600 660 
31 Hobe. 088 880 778 1,050 
82 Hbe 078 370 474 1,640 
83 Act. (Biot.) 1:67 1,176 701 2,420 


Specimen Nos 1-11, Tater-du traverse; 12-21, Kenidjack traverse; 
22-27, Zawn-a-Bal traverse; 28-38, Newlyn traverse 

Biot = Biotite; Anth. = Anthopliyihto, Cumm. = Cummungtonite; 
Hbe, = Hornblende; Act = Aotinolite. Minerals in parentheses indicate 
that only a little of this mineral is present. 
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in the F/H,O+ ratio for the various areas are essentially 
related to the apparent distance from the granite contact. 
Fig. 2 shows this relationship clearly for the metasomatized 
areas (Tater-du, Kenidjack, Zawn-a-Bal), whilo the 
average for the metamorphic area (Newlyn) falls a little 
below the straight line joining the metasomatic regions. 
The “constant” value for fluorine, averaged over a distance 
of 1,200 ft., may suggest that the increase in the F/H,O+ 
ratio as the contact is approached (Fig. 1) only represents 
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Table 2. AVBRAGR FLUORINE CONTHXT OF BASIO HORNFELSES FROM FOUR 
LOOALITIS AROUND THE LAND’S END GRANITE rua 


Location No. of F range Average F TE a avenge, 
in aureole samples (p.p.m.) (p p.m.) atana 
Newlyn 8 870-1,200 912 968 en 
Tater-du 11 980-2,800 1,604 1,857 145 
Komdjaok 10 1,080-2,510 1,728 1,078 1,158 
Zawn-i-Bal 6 1,150-2,950 1,688 1,288 648 
(6)* (1, "160-7 800) (2, 933) a 688) (687) 


* Averages Include the anomalously high value of 7,800 p p m. F, which is 
not used in Fig. 2. 
a dehydration curve and not a true increase in fluorine. 
Most of the basic hornfelses analysed, however, have at 
least two or three times the average fluorine content of 
unmetamorphosed dolerites (and gabbros) and also have 


values far exceeding the highest fluorine content found in 


unmetamorphosed basic rocks’. The addition of fluorine 
is also suggested by a straight plot of fluorine against 
distance for each of the traverses mentioned. 

I thank Dr. C. 8. Exley for reading this communica- 
tion and making holpful suggestions and Mr. G. Power and 
Mrs. A. Humphreys for analysing some of the specimens 
for fluorine. 
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CALCAREOUS ZOOPLANKTON IN THE SCOTIA SEA AND DRAKE PASSAGE 


By Dr. CHIN CHEN 
Lamont Geological Observatory, Columbia University, Palisades, New York 


PLANKTONIC foraminifera and euthecosomatous pteropods 
are the major groups of calcareous zooplankton in the 
Scotia Sea and the Drake Passage. Planktonic foraminifera 
possess calcite tests, whereas euthecosomatous pteropods 
have aragonite shells. The latter mainly inhabit the upper 
500 m, while most foraminifera live in the upper 1,000 m. 
Both groups, however, are concentrated in the upper 
200 m, and are good biological indicators of water 
maasses!:3, 

The purpose of this investigation is to define the distribu- 
tion patterns of the two groups in relation to ocean currents 
at various depths. A total of 316 plankton samples 
collected from 143 stations of U.S.N.8. Eltanın cruises 
8, 9, 10 and 12 were available. Two sections (Fig. 1) from 
parts of cruises 9 and 10 (#9 and H10, respectively) were 
selected because they show the contrasting features in the 
vertical distribution of hydrographic parameters. When- 
ever possible, hydrographic stations were taken con- 
currently with plankton stations. 

Three types of plankton samplers were used: (1) a 
surface sampler with a 0-5 m? mouth opening and a 2:3 m 
long net for horizontal tows (0-10 m); (2) a multiple 
plankton sampler for 0-100 m, 100-250 m, and 250-600 m 
oblique tows; (3) a bathypelagic sampler for 500-1,000 m 
tows. The last two were opening and closing samplers 
and had a 70 x 70cm mouth opening and 2-8 m long nets’. 
All plankton nets had a mesh aperture of 202u. Tsurumi- 
Seiki-Kosakusho flowmeters were used to provide quanti- 
tative measurement of the volume of water strained on 
each tow. 

Discovery Reports‘ recorded two groups of calcareous 
zooplankton in the Scotia Sea and the Drake Passage. 
The taxonomy of planktonic foraminifera and pteropods 


used here mainly follows Parker? and Teschtt3, A 
detailed account of Antarctic oceanography can be 
found in Kort” and Deacon't:15, A brief account of the 
water masses in relation to their characteristic fauna of 
calcareous zooplankton, however, will be discussed. 
The Antarctic surface water located south of the 
Antarctic Convergence (A.C.) is limited to the upper 
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Fig. 2. The distributzon of temperature (°C) in the E9 section from 
South Atlantic to the Scotia Sea in August and September 1968. Data 
in Figs, 2-5 are from Jacobs (ref. 17). 
100-250 m as shown by the temperature discontinuity™. 
Limacina helicina and left-coiing Globigerina qui 
are concentrated in this depth range (Table 1). Clio 
sulcata shows a dense patchy pattern at a depth of about 
200 m in the South Sandwich Trench. 
South of the Convergence there 1s a maximum tempera- 
ture layer (greater than 2° C) at a depth of 400-1,000 m?. 
Left-coiling Globigerina pachyderma is abundant in this 
layer. 
Pe 
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The Antarctic bottom water 1s 1° or 2° C colder than 
the deep water, but its salinity differs by only 0-05 parts 
per thousand**, The arbitrary boundary between the warm 
deep water and the bottom current south of the Conver- 
gence is drawn at the 1° C isotherm (Fig. 2). Northward 
movement of the bottom water is probably indicated by 
the presence of minute Globigerintta uvula. South of the 
Convergence the relative abundance of this species in- 
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|< Table 1, AVERAGE ABUNDANOS OF THH MAJOR ZOOPLANKTON CALOARROUS SPECIES IN THE DIFFERENT WATER MASSHS IN THE ANTARCTIO OCHAN: E9 CRUISE 
IN THR WINTBR MONTHS AND E10 IN SPRING 


South of the Antarctic Convergence North of the Convergence 
Bottom 
Surface water Mid-layer water water Surface water Intermediate water Deop water 
ES E10 E9 B10 E9 E9 E10 ES #10 E9% 
Forammufera 0-200 m 0-200 m 200-900m 200-1,000m below900m 0-200m 0-200 m 200-800m 200-1,000m below 800m 
I Globigerina 700 3,500 15 20 0 120 150 0 0 0 
quinqueloba (88) (88) (8) 9 {0) (4) (1) (0) (0) (0) 
Globigerina 20 200 180 4 29 trace trace 150 0 
a (8) (5) (90) (87) (40) (trace) (trace) (25) (trace) (0) 
Globwennua 0 trace 20 0 0 0 0 trace 
uvula (0) (trace) (trace) (trace) (40) (0) (0) (0) (0) (trace) 
Globigerina 200 trace 3 0 2,000 10,000 80 600 5 
8 (6) (6) (trace) (trace) (0) gD g0) (18) (13) (1) 
@oborotalia 10 40 trace 5 4,000 100 1,000 6 
inflata (1) (1) (trace) 1) (4) (21) BM (17) (25) (1) 
10 10 trace 50 0 250 500 90 
truncatulsnowdes {1) (trace) (trace) (5) (12) (2) (1) (42) (62) (18) 
0 a 0 0 5 0 trace 0 20 trace 400 
scitula (0) 0) {2) (0) (0) (trace) (0) (8) (trace) (80) 
Globigerinita 10 0 trace 10 80 trace trace trace 
glutinata (1) (1 (trace) 2) § ) (1) § (trace) (trace) (trace) 
Total 0 4,000 200 0 2,800 14,400 600 4,000 500 
Euthecosomatous 
pteropods 
I Timacina 750 1,200 200 50 - 50 1 120 2 = 
heheana (88) (92) (79) (67) = (8) (18) (86) (7) = 
E Cho trace trace 50 15 - 10 0 0 - 
sulcata (trace) (trace) (20) (20) - (trace) (1) (0) (0) 7 
rover a2) R d) a3) - 3) "e m 10) - 
roversa 1 - = 
Olto 0 0 0 - 10 10 25 = 
aastrals (0) (0) (0) (0) = (1) (trace) (7) (88) z 
Total 850 +300 255 75 = 860 1,170 140 80 ca 


Upper figures’ specum' 
Category I, Antarctic species; Category I, Subantarctic species, 


ens/1,000 m? water; lower figures in parentheses: percentage of total foraminifera or euthecogomatous pteropods. 
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creases with depth. More samples from the bottom water 
layer are needed to determine accurately whether it is a 
bottom current species. 

The Subantarctic surface water north of the Conver- 
gence 1s characterized by higher temperatures (3°-6° C) 
in the upper 200 m. Limacina retroversa and Globigerina 
bulloides are mostly concentrated in this water mass. 
Globorotalia inflata 1s abundant at a depth of about 200 m. 

The Antarctic intermediate water is a mixture of 
sinking Antarctic surface water and the warmer Sub- 
antarctic water. It can be traced as a minimum salinity 
layer between the Bubantarctic surface water and warm 
deep water (Fig. 3). Left-coiling Globorotalia truncatu- 
linoides and Olio australis are the representative species 
in the intermediate water north of the Convergence. 
The former is more abundant than the latter (Table 1). 

The southward movement of the warm deep water, 
shown by the 2° C isotherm, rises sharply at the Conver- 
gence from a depth of more than 800-1,000 m in the 
Subantarctic to a depth of about 400 m in the Antarctic 
(Fig. 2). Globorotalia scitula is dominant in the deep water 
north of the Convergence, but is rarely found south of it. 

Globigertnita glutinata and left-coiling Globoquadrina 
dutertret, although infrequent, are ubiquitous; but 
Globigerina megastoma was found only north of the Con- 
vergence. Olio polita and Peraclis reticulata are infre- 
quently recorded north of the Convergence. 

The general scheme of the vertical distribution of the 
major calcareous zooplankton species in relation to the 
different water masses is shown in Fig. 6. The optimum 
depth ranges of the major species are based on their maxi- 
mum concentration. The range of variation of depth 
of each species depends on the location. 


Latitude 
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Fig. 4. The distribution of temperature Co in the E10 section in the 
South Pacific west of Drake Passage in November 1988. 
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Fig. 5. The distrbution of salinity Qn parts per thousand) in the #10 
section in the South Pacific west of Passage in November 1963. 
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There are regional differences in hydrography along the 
H9 and #10 sections'*. The water masses on both sides of 
the Convergence in the upper 1,000 m in #10 are distinctly 
separated by the vertical slope of the 2°, 3°, and 4°C 
isotherms and 34-2 and 34:3 parts per thousand isohalines 
(Figs. 4 and 5). On the other hand, in #9 the 2° C isotherm 
appears in the surface water south of the Convergence 
and bends into the deeper water north of the Convergence 
(Fig. 2). The 34-1 and 34-2 parts per thousand isohalines 
extend as & tongue from south to north of the Convergence, 
and 34:3-34:6 parts per thousand isohalines extend 
from the upper layer south of the Convergence to the 
middle layer north of the Convergence (Fig. 3). These 
phenomena indicate that more Antarctic water sinks to 
the intermediate water layer north of the Convergence 
in #9 than in #10. 

The stratification of water masses in the upper 1,000 m 
north of the Convergence is better defined in the #9 
section than in the #10 section. There is a layer of mini- 
mum salinity (34:2 parts per thousand) in the Antarctic 
intermediate water at a depth of 200-800 m between the 
layers of high salinity (34:3 parts per thousand) of Sub- 
antarctic surface water above and warm deep water 
below in #9 (Fig. 3). In #10 a thick homogeneous salinity 
layer (about 34:2 parts per thousand) exists, and no 


stratification of water masses can be defined in the upper , 


100 m (Fig. 5). This indicates that the intermediate 
layer is composed of a greater amount of Subantarctic 
water in #10 than in #9. 

The vertical distributions of euthecosomatous pteropods 
in the two sections can be correlated with the hydrographic 
features. Less mixing of the Antarctic and Subantarctic 
species on both sides of the Convergence takes place in the 
E10 section than in the #9 section. Several juvenile 
specimens of the Antarctic pteropods species, Limacina 
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Fig. 6. A general scheme of vertical distribution of major calcareous zooplankton species in the 
Scotia Sea and Drake Passage. Euthecosomatous eo Limacina retroversa (x 08), L. heliewna 
if 6.7), Clio australis (x 06.8), C. ae (x 2. ‘oramunifera: Gloingerina (x 0.13), 


quingueloba (x 19), G. 


helicina, were found in the Subantarctic surface water 
nearthe Convergence during the spring reproductive period. 

In the 9 section about 20 per cent of the Antarctic 
species population in the endemic region was ‘‘expatriated”’ 
to the intermediate layer north of the Convergence by the 
sinking Antarctic surface water. Consequently, the species 
stratification can be observed ; the indigenous Subantarctic 
species are dominant in the upper 400 m and the “ex- 
patriated”’ Antarctic species are predominant below 400 m. 
In the #10 section the stratification disappears, and the 
Subantarctic species are homogeneously distributed in the 
Subantarctic water column. 

There is a difference in distribution between planktonic 
foraminifera and euthecosomatous pteropods. The 
former group has deep water species, but the latter has 
not. Globorotalia scitula has its maximum concentration 
in the warm deep water, whereas the greatest number of 
Globigerinita uvula ia found in the bottom water. 

In the H9 section, three vertical zones south of the 
Convergence are found: Globigerina quingueloba in the 
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upper 200 m, G. pachyderma at a 
depth of 200-900 m, and Globiger- 
insta uvula below 900 m. North of 
the Convergence four bathymetric 
zones are also present: Globigerina 
bulloides in the upper 200 m, 
Globorotalia inflata at a depth of 
about 200 m, G. truncatulinoides 
at a depth of 200-800 m and G. 
scttula below 800 m. -In #10, be- 
cause warm deep water north of 
the Convergence is located at a 
depth of more than 1,500 m and 
bottom water south of it is situated 
below 2,000 m, Globorotalia scitula 
and Globigeriniia uvula are rare in 
the upper 1,000 m. 

In the £10 section less than 5 
per cent of the Antarctic species 
in the total population of planktonic 
foraminifera are distributed north 
of the Convergence, whereas in E9 
about 15 per cent of them extend 
to the middle layer north of it. 

I thank D. Ericson, N. Hillman 
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- preparation of this article. I also 
thank A. Gordon for valuable dis- 
cussion on Antarctic oceanography, 
and T. Saito for checking the 
identification of planktonic fora- 
minifera and drawing some ptero- 
pods and foraminifera. This re- 
search was sponsored by a grant from the U.B. Antarctic 
Research Programs of the U.8. National Science Founda- 
tion. 
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PRODUCTION OF BIMOLECULAR PROTEIN-LIPID MEMBRANES 
IN AQUEOUS SOLUTION 


By L. M. TSOFINA, E. A. LIBERMAN and A. V. BABAKOV 
Institute of Biophysics, U.S.S.R. Academy of Sciences, Moscow 


ARTIIOIAL bimolecular membranes from phospholipids 
were recently obtained which possessed some of the 
properties of living cell membranes'. The thickness of 
the membranes obtained was 47-80 A, the resistance 
was 10%-10° ohm.cm®, and the electrical capacity was 
0-37—1 pF /cm? (refs. 2-5). The defect of these membranes 
as models of the cell membrane was their high resistance, 
which exceeded that of actual cell membranes by about 
five orders of magnitude. We made unsuccessful attempts 
to lower the resistance of such membranes by introducing 


various proteins and other substances into the bathing 
solution. We succeeded in introducing certain fatty acids 
(oleinic, linoleic, linolic and riemolic acids) into a solution 
of phospholipids in heptane: the resistance of the mem- 
brane was lowered by two orders of magnitude. This 
resistance was still three orders of magnitude higher than 
that of cell membranes. 20 
The failure to introduce protein molecules into artificial 
lipid membranes was apparently associated with the close 
packing of the lipid molecules in these membranes. 
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Fig. 1. oe of the formation of artificial bimolecular protein~lipid 
membranes, 1, Protein solution; 2, phospholipid solution in heptane. 


Studies of monolayers of lipids on the air-water interface 
showed that the introduction of protein molecules was 
possible only if there was a low surface pressure in the 
monolayer*’, 

This article describes a method of obtaining bimolecular 
protein-phospholipid membranes in aqueous solutions. 

The principle of the method ıs as follows. An absorption 
film is formed on the interface between a solution of 
protein in water and a solution of phospholipid ın heptane. 
In this film the hydrophobio ends of the protein and lipid 
are oriented towards the heptane and the hydrophilic 
ends are oriented towards the water’. A similar film is 
brought up to this film from the heptane side. The two 
films then become enclosed by their hydrophobic ends and 
form a thin bimolecular protein—hpid membrane separat- 
ing two aqueous solutions (Fig. 1). 

Fig. 2a is a diagram of the device used to measure the 
thickness of the membrane by an optical method. The 
membrane at frst is thick and shows interference 
phenomena. Black spots then appear in the coloured 
membrane, indicating the formation of bimolecular regions 
with a thickness less than 100 A. 

Fig. 2b is a diagram of the method of measuring the 
electrical parameters of protein—hpid membranes at 
different degrees of compression of the interface. Com- 
pression and stretching of the protein—lipid films adsorbed 
on heptane—water interfaces was achieved by altering the 
liquid level or the mze of the drop. This method also 
makes it possible to purify the interface. 

In the preliminary experiments, phospholipids from the 
brain! were dissolved in the heptane and egg albumen was 
used in the aqueous medium. The average resistance of the 
formed membranes was about 104 ohm.cm* and the 
capacity 0-5-1 pF/em*. The bimolecular part of the 
membranes has low resistance: changes ın the area of the 
coloured part of the membrane affected neither the resist- 
ance nor the capacity. Stretching the protein—lipid “black” 
membrane lowered the specific resistance and increased 
specific capacity. The low resistance of the membranes 
suggests that they contain pores across which ions can 
pass. When the membranes separated sodium chloride and 
potassium chloride solutions there was no potential 
difference and the membranes had no rectifying properties, 
and there is thus no selective permeability for potassium 
ions. -Glagoleva et al.” have shown that the presence of 
anions in one of the solutions which will form a precipitate 
with cations present ın the solution on the other side of 
the membrane is necessary if the membrane is to show 
selective permeability. Indeed, when 0:1 molar potassium 
oxalate was introduced on one side and 0-1 moler cal- 
cium chloride on the other side of the membrane, the 
membrane showed rectifying properties and selective 
permeability to potassium ions. By suitable selection of 
proteins, lipids, solvents and salts, a model membrane 
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with properties close to those of cell membranes could 
probably be produced. 

It is interesting to note that triglycerides and fatty 
acids can dissolve phospholipids. It is not impossible that 
the cell membranes are formed n nature in a way similar 
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to that described here. For example, a tubule of endo- 

plasmic reticulum might enter a lipid drop and through 

1t squeeze out the protein solution of the protoplasm (see 

Fig. 3). 
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PLASMA AMINO-ACID RATIOS AND URINARY HYDROXYPROLINE 
EXCRETIONS IN RATS DEFICIENT IN PROTEIN AND CALORIES 


By Dr. ELSIE M. WIDDOWSON and Dr. R. G. WHITEHEAD 


Medical Research Council De 
Medical Researc'! 


TEE spectrum of protein-calorie malnutrition has pre- 
sented a diagnostic problem for many years. At one end 
of the range is the child with marasmus, in which the 
deficiensy 1s one of total calories, and at the other the 
one with kwashiorkor where the limiting factor is protein. 
Between the two are the children with an ill-defined 
group of syndromes, which the clinician speaks of as 
marasmio kwashiorkor. Objective tests which detect 
malnutrition and help to define the limiting factor and 
therefore the diagnosis have been sought for some time. 
Whitehead! described a test which can be applied to 
random samples of urine and involves the ratio of the 
concentration of hydroxyproline to creatinine. This test, 
the scientific basis of which had been foreshadowed by 
Picou, Alleyne and Seakins*, was designed to detect 
failure—even marginal failure—to grow, among children 
in a poorly nourished community, whether the cause was 
a general deficiency of calories or a specific deficiency 
of protein, Whitehead! suggested that a differential 
diagnosis between marasmus and kwashiorkor might be 
made by combining this test with one described earlier? 
for detecting whether the child was suffering from a 
deficiency of protein, based on an imbalance of amino- 
acids in the plasma. 

This article describes the application of these tests to 
young rats in which the deficiency had been experimentally 
produced. 

Animals and diets. One hundred and forty-eight male 
rats of the black and white hooded Lister strain were 
used. They were weaned at 3 weeks, and at 4 weeks four 
males from different litters were fasted overnight, then 
bled and Inlled. These formed the “starting controls’. 
All the remaining rats were weighed when they reached 
4 weeks, and distributed among four experimental groups, 
each litter of rats being distributed among the groups. 

Group A was fed on unlimited amounts of diet A, 
consisting of 23-4 per cent ‘Casilan’, 0-6 per cent methio- 
nine, 43 per cent sucrose, 22 per cent dextrin, 5 per cent 
corn oil, and 4 per cent of a mineral mixture and 2 per 
cent of a vitamm mixture, the last two being made up 
to be as complete as possible. This diet contained 20:6 g 
of protein/100 g dried diet, and the animals formed the 
well nourished controls. 

Group B was fed on a low protein diet B, made up from 
the same ingredients as diet A, but with less ‘Casilan’ 
(4:9 per cent) and methionine (0-1 per cent), and more 
dextrin (41 per cent). This diet contained 4-2 g of protein/ 
100 g dried diet. 

Group O was fed on another low protein diet C, made 
up from reconstituted freeze dried cooking banana or 
“‘matooke”, the staple food in the Buganda province of 
Uganda and other areas where kwashiorkor is prevalent, 
minced groundnuts, and the same mineral and vitamin 
mixtures as in diets A and B. This contained 5-9 g of 
protein/100 g dried diet. 


ttment of Experimental Medicine, University of Cambridge, and the 
Council Infantile Malnutrition Research Unit, Kampala 


Each animal in group D was fed individually on diet A 
in limited amounts so the mean weight of the animals 
remamed the same as that of the anımals in Group B. 
These animals formed the group deficient m calories. 
The rats in group D were weighed twice a week, the others 
once weekly. Two rats from each group were placed in 
small metabolism cages, and their urine was collected for 
1 week before and throughout the 9 weeks of the experi- 
ment. Enough 2 normal hydrochloric acid was added to 
the collecting bottles to make the final acid concentration 
about 0-1 N; this was to prevent bacterial growth. Four 
rats from each group were bled and killed after 1, 2, 3 and 
4 weeks on their various diets. Then all the remaining 
rats were rehabilitated by bemg given unlimited amounts 
of diet A. Four animals from each group were bled and 
kuled after 3 days, and 1, 2, 3 and 5 weeks of rehabilitation. 
Control animals were killed at the same ages. The rata 
in the metabolism cages made up two of the four animals 
killed at the final stage, after rehabilitation had continued 
for 5 weeks. 

Bleeding of the animals. After a rat had been fasted 
overnight it was anaesthetized with ‘Nembutal’ (pento- 
barbitone sodium) given intraperitoneally, 5 mg/100 g 
body weight. Thirty minutes later an incision was made 
in the abdominal wall, and blood was withdrawn from the 
abdominal aorta and transferred to a heparinized centri- 
fuge tube. About 2 ml. were usually obtained from the 
smaller deficient animals and 5 ml. from the larger well 
nourished ones. 

Analysts of the blood. The blood was centrifuged and the 
plasma separated. This was used for the determination 
of the amino-acid ratio’. 

Analysis of the urine. The urine that had been collected 
from the two rate in each experimental group was taken 
twice weekly, the volume measured, and a sample stored 
at — 20° C until it was analysed. Hydroxyproline peptides 
were determined by a modification of the method of 
Prockop and Udenfriend‘ and creatinine by the method of 
Bonsnes and Taussky’. The results were expressed as the 
total excretion of hydroxyproline and as the ratio of the 
excretion of hydroxyproline to creatinine. A “rat hydroxy- 
proline index” similar to the hydroxyproline index intro- 
duced by Whitehead! for use with random samples of 
urine collected from children was also calculated, but the 
value is multiphed by 100 to bring the rat index into the 
same range as that found in children. 


Rat index = 
mmoles hydroxyproline peptide/l. x body wt kg x 100 


mmoles creatinine/l. 





Plasma amino-acid ratio. Fig. 1 shows the resulte of 
these measurements. Each point represents the mean of 
three or four observations on separate rats. There was 
no important change in the ratio with increasing age in 
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the well nourished rats, and the value was of the same 
order as for the well nourished human child between 1 and 
2 years (ref. 5). Rats which received diets low ın protein 
had considerably higher ratios after 2, 3 and 4 weeks. 
The animals obtaining all their protein from matooke 
and groundnuts had higher values (mean 4-41 + 0-76) 
than those obtaining their protein from casein (mean 
3-58 + 1:05). If all the values at 2, 3 and 4 weeks 
are taken together on each of the low protein diets 
and compared with the values from the control animals 
at the same ages (mean 1-63+0-36), the difference 16 
highly significant for both low protein diets (diet B 
compared with diet A,t = 7:0, P< 0-001; diet C compared 
with diet A, i = 11:6, P < 0-001). 

The undernourished rats which were fed limited amounts 
of the control diet (A) also showed an increase in the ratio 
(mean value at 2, 3 and 4 weeks 2-44 + 0-58), but this was 
smaller than for the two low protein groups. Nevertheless, 
it was significantly different from the control value 
(¢ = 3:63, P = 0-005-0-001). 

When the animals which were fed the deficient diets 
were rehabilitated there was an immediate fall in the 
ratio m both low protein groups; after 2 weeks of re- 
habitation the rats in group B had become normal in 
this respect, but even after 5 weeks’ rehabilitation those in 
group C still had a value slightly higher than normal. 

Tho plasma amino-acid ratio in the undernourished rats 
in group D did not fall at once when the animals were 
rehabilitated as it did ın the protein deficient animals, 
but there was a slow fall, and by the end of 5 weeks’ 
rehabilitation the mean value was very similar to that of 
the controls. 

Body weights. Wig. 2 shows the mean weights of the 
two rats kept in metabolism cages on each type of diet. 
These particular body weights are given because the 
exoretion of hydroxyproline peptides is related to growth; 
they are typical of the course of evonts m the larger 
number of anmmals used in this investigation. 

Eicoretron of hydroxyproline peptides in the urine. Fig. 3 
shows the total excretion of hydroxyproline peptides per 
rat per day, averaged over each week. In the well nour- 
ished control animals there was a small rise in hydroxy- 
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proline excretion, which reached a maximum 3-4 weeks 
after the experiment started, that is, when the animals 
were 7-8 weeks old. The excretion of hydroxyproline 
then fell, so that by the end of the 9 week experimental 
period the value was about the same as that found in the 
weanling rat, 2-2-5 mmoles/rat day; at this time the 
animals weighed nearly four times as much as they had 
done at tho beginning. In all the undernourished animals, 
whether the deficiency was one of total protein or of total 
calories, the hydroxyproline excretion was much lower 
than the values in the control animals. When the avimals 
were rehabilitated by being given plentiful amounts of 
a good diet they grew rapidly and there was a corre- 
sponding rise in the excretion of hydroxyproline. 
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Fig. 2. Body weights of rats the urine of which was analysed for hydroxy- 
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Fig. 4 shows the ratio of the excretion of hydroxyproline 
to that of creatinine. This value was high durmg the 
first week after weaning, and fell during the next week 
in the well nourished control animals, as a result of a 
large rise in the excretion of creatinine. The ratio fell 
much more in the malnourished animals of all groups, 
so that the value for the deficient animals was only 
between one third and one sixth that for the controls. 
There was a rapid rise on rehabilitation and after 1 week 
the values were within the normal range. 

Fig. 5 shows the “rat hydroxyproline index”. In the 
well nourished control rats this rose with small deviations 
throughout the 9 weeks of the experiment. It was because 
the excretion of creatinine fell towards the end of the 
experimental period that there was a rise in the hydroxy- 
proline index despite the fact that the total excretion of 
hydroxyproline fell. The rat hydroxyproline index was 
very much lower in all the malnourished animals than it 
was in the well nourished controls, and the value rose 
rapidly when the animals were rehabilitated. 


Discussion 


The plasma amino-acid ratio is a refloxion of the 
metabolic imbalance which develops in protein deficiency?. 
It is not directly related to growth and, although 1t has 
been shown that in kwashiorkor there 18 a relationship 
between the amino-acid ratio and the weight deficit*, 
there ıs no such relationship in marasmio children. 
In them the mean amino-acid ratio 1s within the normal 
range, though it is higher than the normal mean (Rutis- 
hauser and Whitehead, to be published). A similar 
difference in amino-acid ratio was also found between the 
protein deficient and calorie deficient rats. The former 
had abnormally high ratios, while the latter had ratios 
which were not much above the normal range. Platts 
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has pointed out that protem and calorie malnutrition are 
always interrelated and that the utilization of protem 
for growth is impaired as the calorie intake is reduced. 
This is true, and it may explain why the plasma amino- 
acid ratio m the rats deficient in calories was slightly 
raised despite the fact that ther protem intake was 
between two and four times as high as that of the animals 
deficient in protem. This 1s a finding which merits further 
investigation. 

An abnormally high ratio developed in both groups of 


“protein deficient animals despite the fact that the com- 


position of the ammo-acid mixture of casein and methio- 
nine ıs generally regarded as a completely satisfactory 
one, unlike that of the plant protems in matooke and 
groundnuts. This supports the evidence of Holt, Snyder- 
man, Norton, Roitman and Finch’ that the amino-acid 
pattern in a fasting sample of plasma does not reflect 
the amino-acid composition of the diet. 

The excretion of hydroxyproline peptides in the urine 
is related to growth. Smiley and Ziff’, in a review, de- 
scribed how the excretion was reduced in dwarfism 
resulting from hormonal imbalance, and Whitehead! and 
Picou et al.2? have shown that the excretion is low in 
nutritional dwarfism whether this results from a deficiency 
of total calories or of protem. The results of the present 
investigation show that the excretion of hydroxyproline 
was also low in young rats which were not growing because 
their diet was deficient either in protein or in calories. 

In normal growing children between 1 and 10 years 
the ratio of excretion of hydroxyproline to creatinine 
gradually falls, but the ratio of excretion of hydroxy- 
proline to creatinine per kilogram of body weight remains 
constant’, and it was for this reason that Whitehead! 
preferred to use the latter “andex” in his investigations 
of malnourished children. In normal growing rata both 
relationships changed with age (Figs. 4 and 5), but the 
values for the malnourished animals at each age were 
much lower than those for the well nourished ones on 
both bases of expreasion. 

It may be concluded, therefore, that the simultaneous 
measurements of hydroxyproline and creatinine in the 
urine and the amino-acid ratio of the plasma could be 
used to differentiate between the protem and calorie 
deficiencies which have been created m young rats, and 
this therefore supports the view that it is worth while 
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making such measurements. an important part of any 
surveys of malnourished populations. 

We thank K. McCracken, Miss D. Garrett and G. Howells 
for their help in this experiment, and Prof. R. A. McCance 
for his constructive criticism of the first draft of this 
article. 
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EXPERIMENTAL CONDITIONS UNDER WHICH CONTRACEPTIVE 
STEROIDS MAY BECOME TOXIC 


By Pror. A. LIPSCHUTZ, R. IGLESIAS, SOCORRO SALINAS and VERA I. PANASEVICH 


Instituto de Medicina Experimental, Servicio Nacional de Salud, Av. lrarrazaval 849, Santlago, Chile 


GRANULOSA cell tumours were unexpectedly found 
at necropsy in BALB/c mice in which sterility had been 
maintamed for 13 months by pellets of 19-nor-progesterone 
{19-nor-P) subcutaneously implanted’*. The question 
arose whether the natural gestagen, that is, progesterone, 
is also tumorigenic, in the same way as is 19-nor-P. 
This question is also of immediate practical interest 
because all highly active contraceptives are 19-nor- 
steroids. The present article is a short summary of our 
new results. 

Tumorigente action of progesterone. The antiluteinizing 
action of progesterone is well known’. Mice given 30 ug 
of progesterone per day in the form of subcutaneously 
implanted pellets lack corpora lutea. Granulosa cell 
tumours may appear when larger quantities of progester- 
one are given (Fig. 1). A very small granulosa cell 
tumour was also found in one out of thirty-three control 
animals aged 21 months not receiving progesterone. With 
mcreasing quantities of absorbed progesterone over a period 
of 18 months, however, there is an increase in the number 
of anmmals with muicro-tumours, and large granulosa cell 
tumours may even appear. There can be no doubt about 
the significance of these findings. Twenty-seven of a 
total of eighty-three animals which received 59-900 ug 
progesterone per day had granulosa cell tumours. Most of 
these were micro-tumours, but three large tumours 
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Fig. 1. Incrdence of ovarian granulosa cell tumours in mice with subcut- 
aneons pollets of esterone over 18 months. Pellets oontained 40 per 
ceni progesterone an 60 per cent oholeatero]; for the Tam 1/2, 1, Zand 4 
pae ch were replaced every 3 monts. laws of absorption 
m mixed pellets see ref. 4. Peroentage numais with granulosa cell 
tumours increases with the amount pire per day. Figures in 
parentheses indicate the number of anımals in the group and the number 
of animals with tumours. Various animals with tumours in both ovaries 
and two micro-tomours in the same ovary were found; in the group 
with 665 ug/day one anımal had three micro-tumours in the same ovary. 


were also present. In two animals of the group receiving 
665 ug/day, tumours were found in both ovaries; in 
two animals of the same group there were two micro- 
tumours in the same ovary and ın one animal there were 
three micro-tumours in the same ovary. We are so far 
unable to tell whether the large fall in percentage m 
animals given very large quantities of progesterone 
(900 ug/day) is significant. 

So far, ovarian micro-tumours have been found only in 
experimental work with ovarian grafts in the kidney and 
liver’ and in experiments involving protracted administra- 
tion of 19-nor-P!3. The ovarian micro-tumours induced 
by steroids are structurally somewhat different from the 
micro-tumours which occur in ovarian grafts; but some of 
the micro-tumours induced with progesterone might have 
escaped our notice if we had not been trained by our 
previous work with ovarian grafts. 

Tumorigenic action of progesterone and the duration of 
administration. The results obtained when the treatment 
lasted only 13 months were quite different from the results 
obtained in experiments lasting 18 months. No tumours 
were found at necropsy in a group of thirty-two animals 
which had received 117-900 ug progesterone per day for 
18 months. The shortest period in which a micro-granu- 
losa cell tumour appeared was 492 days, m an animal 
with 665 ug/day of progesterone. In previous work, 
using 19-nor-P, granulosa cell tumours were found at 
necropsy in animals treated for only 13 months, but 
killed several months afterwards?. Similar findings were 
made ın the present work with progesterone; in a group 
of fourteen animals given 117—900 pg progesterone/day, 
the pelleta were removed at 13 months but the animals 
were necropsied 6-9 months later; granulosa cell tumours 
were found in two out of these fourteen animals. 

In comparison with progesterone (Fig. 1), 19-nor-P1? 
appears to be far more tumorigenic: no lesa than eight 
out of thirty-four animals treated for 13-18 months with 
an average of only 15 g/day of 19-nor-P showed granulosa 
cell tumours; 4 out of 8 of these were large tumours. 
Thus the tumorigenic faculty of 19-nor-P is five and prob- 
ably even ten times greater than that of progesterone. 

As we have seen, for the natural gestagen or proges- 
terone to have a tumorigenic effect it is necessary that 
it 18 administered in very large quantities and also 
that the administration is protracted. A third condition 
of tumorigenesis is probably the continuous uninterrupted 
presence of large quantities of the gestagen. The funda- 
mental importance of this factor in the tumorigenic action 
of steroids has been shown m our work with oestrogens 
im guinea-pigs®:?. The umplications of this continuity of 
administration in the tumorigenic action of gestagens 
have not so far been studied experimentally. 

As has already been mentioned, the comparative toxicity 
of progesterone and 19-nor-P is also of immediate practical 
interest, since the most active contraceptives are 19-nor- 
steroids. An experimental study of these contraceptives 
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on lines similar to those used with progesterone and 
19-nor-P seemed advisable. 

Two 19-nor- steroids used as contraceptives in women. 
More than half the animals treated for 18 months with 
19-nor-4,5-ethinyl-testosterone (norethindrone) showed 
granulosa cell tumours. Besides bilateral granulosa cell 
tumours and bifocal granulosa cell tumours occurring in the 
same ovary, there were also bilateral granulosa cell tumours 
combined with bifocal granulosa cell tumours (Table 1; 
Figs. 2 and 3). A picture similar to that obtained with 
an average of 7-7 ug/day of norethindrone was only pro- 
duced by as much as 117-665 ug/day of progesterone. 
Norethindrone has a tumorigenic action on the ovary 
equal to or even superior to that of 19-nor-P, though 
the two substances seem to differ in various details 
of their action. 

Table 1, INDUCTION OF GRANULOSA CELL TUMOURS BY CONTINUOUS 
ABSORPTION OVER 18 MONTHS OF STEROID CONTRACEPTIVES 
No. of animals with granulosa cell tumour 


Steroid No. of Large Micro- Bilateral 
used ug/day animals Total tum- tum- Bilat- Bifocal + 
ours ours} eral bifocal 
Norethin- 
drone* 7-740-5 25 13 1 6 1 2 3 
Norethy- 
nodrelt 5540-2 24 2 2 0 0 Go 0 


* 19-nor-ethinyl-4,5-testosterone, 

+ 19-nor-ethinyl-5,10-testosterone. 

t See Fig. 3 

With 55 ug/day of 19-nor-5,10-ethinyltestosterone 
(norethynodrel) the tumorigenic action was considerably 
less than with 7-7 ug/day of norethindrone (Table 1). 
There were again two large granulosa cell tumours, but no 
animal showed a micro-tumour. Bight animals showed 
large ovarian cysts, most probably of the rete. 

Toxic action of progesterone and 19-nor- contraceptives on 
the uterus. When large quantities of progesterone are 
absorbed over a period of 13 months, the uterus increases 
greatly in volume and weight. The increase results 
primarily from cystic glands. Another fundamental 
change is endometriosis. The glands, ineluding greatly 
enlarged cystic glands, reach the outer surface of the 
uterus (Fig. 44). We had never previously seen uteri 
deformed in such a way; the picture is somewhat dif- 
ferent from that produced by the protracted absorption of 
oestrogens, although they are similar in certain respects’. 
A large tumour, probably a sarcoma, was found under the 
endometrium of the same uterus (Fig. 4). Similar uterine 
tumours were found more frequently in experiments last- 
ing 18 months; in the group of animals receiving 117 
ug/day of progesterone, four out of nineteen had uterine 
sarcomata. This type of tumour was also found in four 
out of twenty-five animals receiving an average of 7-7 
ug/day of norethindrone. Metaplasia of the endometrium 
and glands was present in six out of twenty-four animals 
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Fig. 2. Animal with norethindrone, 18 months, 4-4 g/day. 
quarter of the section is given. 
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Fig. 3. Animal with norethindrone, 18 months, 7-3 ywa/day. Bilateral 
and bifocal micro-granulosa cell tumours. A, Ovary with 1 micro-tumour 
{x 14). Compare size with the large granulosa cell tumour in Fig. 24. 
B(x 310). Structurally fully coincident with the large tumour in Fig. 2B. 


receiving an average of 5-5 g/day of norethynodrel; this 
action can tentatively be explained by the conversion of 
19-nor-gestagens into oestrogen’. 

At first sight, all this may seem really alarming, and 
it has even disturbed the House of Lords’. As a member of 
the expert committee set up by the Minister of Health 
under Sir Derrick Dunlop wisely said, however, “there are 
risks in many things: aspirin, penicillin, and anti-tetanus 
serum. And in crossing the road’’}*. At the same time we 
feel that it is our duty to find out how the risks, including 
that of crossing the road, can be avoided. So far too little 
attention has been given to the problem of the risk of the 
“pil u, The conditions of timing and dosage which 
produce tumorigenic and other toxic actions of steroids 
experimentally in mice may indicate ways to avoid risk 
to women. The duration of our experiments in mice with 
progesterone or 19-nor- steroids was 13-18 menths, equal 
to about 30-45 years in women; the treatment in our 
experiments was a continuous one, whereas the mode of 
use of the “pill” in women is generally discontinuous. It is 
also open to question whether the tumorigenic amount of 
7-7 ug/day of norethindrone or 5-5 ug/day of norethynodrel 
absorbed from our 40 per cent pellets in mice was greater 
than the amount used in women when calculated per 
“metabolic unit”. 

This study was aided by a grant from the Population 
Council, New York. 

We thank Prof. C. Huggins who advised us to extend our 
experiments on 19-nor- contraceptives used in women; 
Dr. A. Zaffaroni (Syntex) for a generous supply of pro- 
gesterone; Dr. G. Moersch (Parke Davis and Co.) for 
norethindrone; Dr. V. A. Drill (Searle and Co.) for nor- 
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A B 
Fig. 4, Animal given proséestetóne for 13 onthe, 665 pe/day. Uterus with eystic glands. Endometriosis with cystic 
glands on the outer surface of the uterus. Tumour beneath the endometrium. 4 (x 10), B(x 200). 
ne : ARR i i i i *Lipschutz, A., and Cerisola, H., Nature, 193, 145 (1962). Lipschutz, A., 
“ethynodrel; the staff of the histological section of this Panase i Aay and Corisoin, H. Nature 103, gon, bcp (nea. ‘scat 


“Institute and the photographer, Alejandro Castillo, for 
‘their help. We also thank Mr. D. Jadrijevic and Mrs. 8. 
‘Girardi. for the determination of absorption from sub- 
ecutansously implanted pellets. 
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STREPTOCOCCAL ARTHRITIS AND CARDIOPATHY EXPERIMENTALLY 
INDUCED IN WHITE MICE 


By: Dr. PHILIPPE CAYEUX, Pror. JACQUES PANIJEL, Dr. ROBERT CLUZAN and Dr. ROBERT LEVILLAIN 


Institut Pasteur, Paris 


Many writers on streptococeal diseases tend to neglect 
the distinction between two equally essential but very 
‘different. properties: the aptitude of the bacteria to 


=O provoke lesions which are not necessarily fatal (‘‘patho- 


genicity”) and the capacity to cause rapid death by sep- 
ticaomia. (“virulence’’). 

We have shown! that “virulence” is linked to a 
genetic character of the bacteria. This character is not 
carried by all the bacteria of a culture, but only by a 
certain proportion of them, called BM bacteria, as opposed 
to.the vm bacteria which lack this character. 

The pathogenicity of these organisms cannot be in- 
vestigated in the mouse, as BM bacteria kill the animal 
before focal lesions have time to develop. Furthermore, the 
vm bacteria are very rapidly eliminated by natural defence 
mechanisms without having any effect on the animal. 

To obtain streptococcal infections in the mouse re- 
. sembling those seen in man in both clinical and chrono- 

logical, aspects, it is necessary to infect animals under 
conditions which preclude. septicaemic death without 
“inhibiting the chronic pathological evolution of the 
disease. This involves the use of strains of bacteria 
containing few BM organisms. These strains must not 
be ‘injected in such doses as to cause fatal septicaemia, 
but instead in doses just sufficient to reduce the defence 
mechanism of the mouse and thus enable vm bacteria to 
develop. These conditions can be achieved with macro- 
<o phage anti-sera. 
“We used strains of Streptococcus pyogenes 18124 vm 
and 3622 vm belonging to group A, both strains with very 
few BM bacteria, and Streptococcus D4 (group D, Zymo- 
genes variety) and Listeria monocytogenes 582. Macro- 
phages were collected 10 min after intraperitoneal in- 
jection of 4 ml. of broth into mice weighing 20-25 g. 
Macrophage anti-sera were then prepared by injecting 
rabbits with 5x 10° cells three times weekly for a period of 


4 weeks. These sera (Nos. 52, 53, 61 and 62) were used 
individually. Other sera were prepared using the same 
schedule of injections, but with ten times as many cells 
in each injection. These latter sera were pooled (pool 73). 
Macrophage anti-sera prepared in this way are specifically 
directed against mouse macrophages (Fig. 1). 

Swiss mice weighing 15-20 g were given 0-5 ml. of 
macrophage anti-serum diluted to one-fifth. One hour 
later, they were injected with 0-5 ml. of streptococcus 
diluted in broth. At these dosages, fatal septicaemia 
occurred in less than 25 per cent of the experimental 
animals. The doses ranged from 105-5 x 10° Streptococcus 
18424 and 105-5 x 10° Streptococcus 3622. 

Mice used in control experiments were treated with 
macrophage anti-serum and sterile broth, with strepto- 
cocci alone, with non-immunized rabbit serum and 
group A streptococci, or with macrophage anti-serum 
and bacteria of other species: Streptococcus group D 
(108 bacteria/mouse) or Listeria monocytogenes (2x 10% 
bacteria/mouse). 

All surviving animals were observed daily for one 
month. Batches of mice were killed at intervals during 
the experiment and the remainder were killed and autop- 
sies carried out on the thirtieth day. 

300 mice were treated with macrophage anti-serum 52 
or 61 one hour before infection with Streptococcus pyogenes. 
They showed marked disorders, including loss of weight 
and bristling of the fur. Forty-five (15 per cent) of the 
mice developed segmental swelling of the tail beginning 
between the third and eighth days. This often resulted 
in small ulcerations. In seventeen (6 per cent) the articu- 
lations beeame swollen and inflamed. This oceurred 
most frequently at the tibio-metatarsal junction, but was 
sometimes seen at the radio-carpal joints. These lesions 
generally appeared between the fifth and tenth days. 
They began close to the articulations and spread pro- 
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Fig. 1. Action of macrophage anti-sera on homologous or heterologous 
macrophages. a and b, Mouse macrophages suspended in mouse macro- 
phage anti-sera: a, after 5 min, small vacuoles are formed at the periphery 
of cells; 6, after 20 min, an unaffected lymphocyte and a macrophage 
with a voluminous alteration shown for comparison; c, mouse macrophage 
suspended in rabbit macrophage anti-sera, no visible effect. 


gressively to the whole joint. This tumefaction developed 
in different ways in different mice. It usually persisted 
for 5-10 days, but the lesions were sometimes more 
fleeting and disappeared in 1 or 2 days. In two animals, 
inflammation spread to two articulations in succession. 

In living mice only arthritis in the wrist or ankle is 
obvious as the other articulations are hidden by fur. 
Moreover, we have only taken into account the most 
marked manifestations of arthritis and may have over- 
looked less extensive cases of arthritis. 

Nine mice (3 per cent), some of which were killed after 
they developed a progressive cachexia, had very marked 
cardiac lesions characterized by enlargement of the heart 
and marked thickening of the pericardium which adhered 
to the adjacent pleura. These cardiac lesions were 
frequently accompanied by loss of weight and the animals 
died in a few days. Furthermore, more than 150 mice 
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showed a marked enlargement of the heart without 
pericarditis. The cardiac enlargement was linked with 
microscopic lesions seen on histological examination. 
These will be discussed later. 

The percentage of mice which showed lesions under the 
same conditions of infection depended on the quality of 
the macrophage anti-serum used: in a series of mice in- 
jected with macrophage anti-serum obtained from rabbits 
which had been more strongly immunized (pool 73), 
20 per cent showed noticeable arthritis. Similar per- 
centages of lesions were obtained in experiments using 
macrophage anti-serum heated to 52° C for 45 min, 
although this treatment clearly diminished the toxic 
effect of normal rabbit serum?. 

The results obtained in mice treated with macrophage 
anti-serum and Streptococcus 362t2 were similar in quality 
to those obtained with 1824 organisms. Of forty mice 
treated with 36222, we observed one case of arthritis and 
five manifest cardiopathies with pericarditis. 

The histology of the lesions was investigated in 5u 
serial sections. The essential observations can be sum- 
marized as follows. In some cases, there were very pro- 
nounced lesions of the pericardium, pleura and synovial 
membranes. Granulomatous lesions were present, and 
included vascular congestion and an infiltration of lym- 
phocyto-plasmocytie cells and unaltered or slightly 
altered polymorphonuclear granulocytes (Figs. 2 and 3). 
More rarely, large areas of necrosis were found surrounded 
by infiltrations of histiocytes, lymphocytes and neutro- 
philic granulocytes (Fig. 4). 

In all cases, the myocardium showed interstitial and 
perivascular infiltration with lymphoid cells and histio- 
cytes (Figs. 2 and 5). Histiocytic elements were also 
sometimes seen in the endocardium (Fig. 6). None of 
the mice treated showed any renal lesions. 

Bacteriological investigations of these lesions established 
that typo 24 streptococci are always found in cardiac’ 
or articular lesions. These bacteria (Fig. 7) were localized 
in the pericardium and the bone marrow. Moreover, we 
observed that mice treated with macrophage anti-serum 
harboured streptococci in the blood for a long time. 
Thirty mice treated with macrophage anti-serum and 
thirty treated with non-immunized rabbit serum received 
identical doses of Streptococcus 18#24 (10° bacteria) 
intraperitoneally. On the fifth, seventh and ninth days, 
five of the surviving mice were killed, and blood was 
taken from the heart and seeded on to blood agar. The 
mortality rate was the same for the two groups during 
the first 5 days. After the fifth day, none of the mice 
treated with the non-immunized serum carried the 
streptococcus, but four out of five of the mice treated 
with macrophage anti-serum had bacteria on the fifth . 
day, two out of five had bacteria on the seventh day and | 
none of the mice on the ninth day. The streptococcus 
found in the blood or in the lesions of animals treated 






Fig. 2. Cellular inflammatory reaction in the pericardium. Infilttate of 
mononuclear cells in the underlying myocardium. °< 
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with macrophage anti-serum appeared to belong to group 
A, type 24. 

Various controls were used to determine whether the 
observed lesions were specific both for the serum and for 
the group A streptococci. The results of these experiments 
are shown in Table 1. 

By themselves, neither normal nor antimacrophage 
sera had any effect on the animals. There is no significant 
difference between the percentage of deaths by septi- 
eaemia in animals treated with group A streptococci and 
normal or antimacrophage sera (compare lots 4 and 5, 
and 3 and 6). These data indicate that the toxic effects 
of the sera?, which are similar in both sera, had no influence 
on the induction of the characteristic lesions. Arthritis 
was observed exclusively in mice treated with macro- 
phage anti-serum and living group A streptococci (lots 














Fig, 3. Articular cavity. Two kinds of inflammatory reaction are shown: 
one predominantly vascular, the other predominantly cellular. 





Fig. 4. Inflammatory reaction in the pleura, pericardium and ina pleuro- 
pericardial fold. Presence of a voluminous necrotic granulomatic nodule, 





Fig. & Centre of myocardium showing small inflammatory infiltrate of 
mononuclear cells, 
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Discrete cellular inflammatory reaction in the endocardium. 


Vig. 6. 





Fig. 7. 


Streptacocel in a pericardial lesion. 


5 and 6). Furthermore, control investigations show that 
the combination of treatment with macrophage anti- 
serum and living group A (vm) streptococci is necessary 
to cause typical lesions. l 

The results obtained confirm that the method used here 
does indeed distinguish between the pathogenicity and 
the virulence of streptococci. Indeed, articular and cardiac 
lesions occurred in animals which had received vm bacteria 
but not virulent (BM) organisms. 

Although the continued presence of these bacteria 
in the animal seems to be a determining factor in the 
genesis of lesions, we do not know whether all the bacteria 
are capable of producing such lesions. Preliminary 
experiments, involving inoculating two groups of mice 
treated with macrophage anti-serum with the same 
number of germs, belonging either to the original 18124 
strain or to a culture grown from bacteria found in the 
articular lesions, show that there are more articular 
lesions in the second case and that they appear earlier. 

Histological results showed that the pericardial, 
synovial and pleural membranes are the prevalent sites 
of infection. These results might also signify a charac- 
teristic tropism for certain of the bacteria. Infection of 
the serous membranes, however, does not seem to be a 
necessary condition for the establishment of lesions in 
adjacent tissues, as numerous mice showed myocarditis 
without pericarditis. 

What is the relationship between the disease experi- 
mentally induced in the mouse and rheumatic fever in 
man? The lesions seen, which result on one hand from 
perivascular infiltration of mononuclear cells, and on the 
other hand from polymorphous granulomatic reactions, 
undoubtedly do not show a strict specificity comparable 
to that of Aschoff’s bodies. In this respect, however, 
two observations must be taken into account: (1) the 
histological sections examined all came from animals 
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Table 1. CONTROLS 
Mortality Arthritis 
Lot Ko. Serum Bacteria (No. of animals (No. of animals 

(80 mice m (O05 ml, diluted to 1/5) dead after 10 after 10 days) 
each series. days) 

1 NS 0 0 0 

2 MAS 52 0 0 0 

MAS 61 0 0 0 
8 0 2-4 x 10° Streptococcus pyogenes 18624 2 0 
(Physiological saline 
metead of serum) 

4 NS 24 x 104 Streptococcus pyogenes 18f24 7 0 

G] MAS 52 2-4 x 10° Streptococcus pyogenes 18124 8 4 

6 MAS 61 2:4 x 10° Streptococcus pyogenes 1 8 2 

7 ALAS 52 1 pyogenes 18£24 killed by heating 

8 MAS 52 1% Strepiooocous d pa me o 0 

9 MAS 52 2 x 10* Listeria monocytogenes 0 0 


NS, Non-immunized rabbit serum. MAS, Macrophage anti-serum. 


killed before the seventeenth day and it is possible that 
examination of older lesions might have shown involve- 
ment of the myocardial fibre itself; (2) Aschoff’s bodies, 
if they represent a specific element of rheumatic fever, 
are not always found in human bemgs with the disease. 
Finally, necrotic lesions are frequently described as part 
of the aetiology of rheumatic fever ın man. 

From a clinical point of view, the site and synchromzed 
appearance of the lesions, the chronological development 
of the disease and the association of serous, muscular 
and endothelial lesions all lead to the conclusion that the 
syndrome observed in the mouse is very close to that 
seen in man. 

This is the first time, to our knowledge, that a typical 
streptococcal disease with simultaneous cardiac and 
articular manifestations has been reproduced experi- 
mentally in animals. Various workers have experimentally 
produced some cardiac lesions in the rabbit. Murphy? 
obtained characteristic lesions with Aschoff’s bodies by 
repeated mjections of Streptococcus pyogenes over several 
months. Wahl and Dracht observed foci of lympho- 
plasmocytic infiltration in different organs, including 
the heart, after repeated injections of either living or 
heat-killed streptococci or acellular extracts. These foci 
were frequently accompanied by nephritis. None of these 
workers, however, was able to produco an arthritic con- 
dition in the experimental animals. 

Certain workers have proposed an exclusively auto- 
immune concept of streptococcal diseases. The results of 
Ehrenfeld’, Davies* and Kaplan’* have provided some 
support for this hypothesis. These authors have shown 
not only that the sera of patients with rheumatic cardio- 
pathes contaimmed antibodies which reacted with certain 
constituents of the myocardial fibre but also that immuniz- 
ation of healthy animals with myocardial extracts induced 
cardiac lesions. Our results, however, do not support the 
attribution of such an exclusive role to the autoimmunity 
phenomena, nor do the results of Wahl and Drach. In 


fact, the presence of streptococcus is directly responsible 
for the lesions. The precocious character and large size of 
these lesions can only be explained by a primary reaction. 
of the tissues with the metabolic products of the bacteris. 

It is possible that disorders which result from strepto- 
coccal infection modify certain elements in the host 
and render them antigenic. In view of this, the formation 
of the anti-heart antibodies which always appear after 
the acute phase of the disease’ appears to be a secondary 
mechanism and is responsible for the development and 
maintenance of the pathological state. 

Note added in proof. Since submussion of this paper for 
publication, further results have been obtained (Panijel, 
J., and Cayeux, P., Seminar on the Prasent State of Research 
on Group A Streptococcus, Paris, July 1966): 

(1) Three to four per cent of mice treated with macro- 
phage anti-serum and vm bacteria present neurological 
disorders characterized by cerebral lesions and distur- 
bances in motor activity, manifested by choreiform move- 
ment. 

(2) The development of the experimental disease can be 
prevented by a precocious penicillin therapy (begining 
from 1 to 6 h after infection); after appearance of the 
lesions, a continuous prolonged treatment (about 3 weeks) 
by the antibiotic is necessary for curing arthritis. 

(3) Occasionally, a residual joint deformity persists even 
after penicillin treatment; in these articular tissues, 
osteochondrial lesions, similar to those observed in the 
degenerative joint disease, have been found. 


1 Cayeux, P., and Panijel, J., Ann. Inst. Pasteur, 108, 628 (1965). 

* Terasaki, P. I, Esai, H. I., Cannon, J. A., and Longmire, W. P., J. 
Immunol., 87, 383 (1961). 

32 Murphy, G. E., Medicine, 42, 78 (1963). 

* Wahl, R., and Drach, G. (unpublished resulta). 

* Ehrenfeld, E. N., Gery, I., and Davies, A. AL, Lancet, 1, 1188 (1961). 

* Davies, A. M., and Gery, L , Brockem. Olin., 1, 19 (1063). 

1 Kaplan, N. H., and Craig, J. M., J. Immunol., 90, 715 (1983). 

* Kaplan, N. H., J. Immunol., 80, 595 (1963). 

* Davies, A. M , Laufer, A., Gery, I., and Rosenmann, E., Arok. Path., 78, 
369 (1964). | 


BIOSYNTHESIS OF CREATINE BY THE PERFUSED RAT KIDNEY 
By Dr. THOMAS R. KOSZALKA* and Dr. ARTHUR N. BAUMAN 


Division of Experimental Radiology and Departments of Biochemistry, Medicine and Radiation Blology and Biophysics, 
University of Rochester School of Medicine and Dentistry, Rochester, New York 


Previous work with isolated perfused rat kidneys, and 
with totally eviscerated rate with intact kidneys, has 
shown that the kidney can convert labelled guanido- 
arginine to labelled creatine’, The results of these 


` investigations support the idea that arginine is first con- 


verted to guanidoacetic acid, which is itself converted to 
creatine by methylation, presumably by metabolic 
pathways known to be operative in the liver?. We wished 
to establish unequivocally the postulated role for guanido- 


* Present address: Stein Research Center, Jefferson Medical College, 
Philadelphi, Pennsylvania. 


acetic acid in creatine biosynthesis in the rat kidney and 
to extend the observations reported in our earlier paper’. 
We now present data concerning the biosynthesis of 
creatine from labelled guanidoacetic acid and the release 
of creatine by the isolated, perfused rat kidney. 

Four male Wistar rats (Rochester strain) weighing 
325-400 g served as kidney or blood donors. Rat kidneys 
were perfused according to the technique of Bauman 
et al.. The kidneys and blood (cardiac puncture) were 
taken after a 12 h fast. Heparin was used as the anti- 
coagulant. The blood perfusate consisted of a mixture of 
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90-140 ml. of whole rat blood and 4-7 ml. of Ringer’s 
solution containing 90 mg of inulin, 50 mg of glucose, and 
4 uo. (2-34 x 10% c.p.m.) of carbon-14 labelled guanidoacetic 
acid (0-185 mg). The perfusion fluid was mixed and oxy- 
genated continuously at 37° C by the method of Gerber‘ for 
1-2 h before perfusion of the kidney. In contrast to the 
experiments desoribed previously}, the perfusion fluid in 
the reservoir (oxygenator) was not recycled through the 
kidney during a perfusion experiment, but was collected 
continuously from the venous outflow after a single 
passage through the kidney. Thus, in a typical perfusion 
experiment, perfusate was collected from the venous 
outflow during three or four consecutive 10 min collec- 
tions. At the same time urine was collected from the 
cannulated ureter of the perfused kidney. 

The concentration of creatine and guanidoacetio acid 
in the blood perfusate and in the kidney homogenates 
was determined after deproteinization with barium 
hydroxide and zinc sulphate’. Creatine was determined 
by the diacetyl-a-naphthol procedure! and guanidoacetic 
acid was determined by the method of Van Pilsum et al.5. 
After deproteinizing a second portion of blood perfusate 
and kidney homogenate with barium hydroxide and 
zinc sulphate, or with picric acid, creatine and guanido- 
acetic acid were separated by unidimensional paper 
chromatography. A solvent system containing phenol 
and sulphur dioxide’ was used. The areas on the 
chromatograms corresponding to creatine and guanido- 
acetic acid were eluted with water and the specific carbon- 
14 activities of the two metabolites were determined by 
using a gas-flow counter. Creatine and guanidoacetic acid 
were localized by spraying diacetyl-a-naphthol reagent’ on 
to the part of the chromatogram on which a standard mix- 
ture of creatine and guanidoacetic acid had been placed 
beside the experimental samples. The Rr of creatine was 
0-75, and that of guanidoacetic acid 0:49. In several 
instances creatine was further chromatographed in a sol- 
vent system containing butyl acetate, acebic acid, ethanol 
and water in proportions of 3:2:2:1 by volume? and ite 
specific carbon-14 activity redetermined. In all but a few 
cases, the specific carbon-14 activity of creatine remained 
constant, within the range of experimental error, after fur- 
therchromatography. Creatine wasisolated from theurine by 
paper chromatography without previous deproteinization. 

The total amount of creatine released by the kidney 
into the blood perfusate ın one unit of time was calculated 
from the difference in concentration of creatine in the 
“arterial inflow” and the ‘venous outflow” of the perfusate 
and the total volume of perfusate collected during the 
given time imterval. 

Formation of labelled creatine in perfusion fluid (arterial 
inflow). In Tables 1 and 2 are data from a typical kidney 
perfusion experiment. Table 1 presents data on the con- 
version. of labelled guanidoacetic acid to creatine by the 


Table 1, INCORPORATION OF LABKLLED GUANIDOAOBTIO ACID INTO CREATINE 
BY TEN PERFUS 


ED RAT KipwAy 
Fraction of the total dose of 
radioactivity (as labelled 
8pestfio Total gaanidoacetic acid) which 
activity of creatine bad the ladney and 
Tisu i coer ) content was 1g0lated as i creatine 
e sample o.p.. / ug) cen 
Perfusion fluid, 
arterial Inflow 
Bood takaat 5 i E 
oo! 
axe ato 308 1,070 14 
0! 
(1020 min) 687 1,020 8-7 
Blood perfusate 
(20-24 min) (67 480 21 
Perfusion fud 
arterial ınfiow 
wit min) 146 - - 
dney 119 282 24 
Urine 69 10 insignificant 


A small but significant conversion of labelled guanidoacetic acid to creatine 
was observed during 1~2 h pre-incubation of the perfasion fluid before kidney 
perfusion, and the data have been corrected for . No apparent conversion 
of labelled guanidoacetic acid to creatine ocourred in the perfusion fluid 
{arterial inflow) dunng the course of the Fidnoy es as ju by the 

‘act that tho c activity of creatine isola from the perfusion fluld 
arterial inflow) did not increase during the perfusion. 
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perfused rat kidney. Creatine isolated from the perfusion 
fluid (arterial inflow) at time zero was significantly radio- 
active, but the specific activity of creatine in the perfusion 
fluid in the artenal reservoir remained constant durmg 
the 24 min of the perfusion experiment. The blood per- 
fusion fluid contained labelled guanidoacetic acid and was 
oxygenated for 1-2 h at 37° C before the kidney perfusion 
began, and so it was thought that the conversion of 
guanidoacetic acid to creatine had occurred in the per- 
fusion flud during this time. In & control experiment 
without a ladney, the blood perfusion fluid containing 
labelled guanidoacetic acid was oxygenated and incubated 
at 37° C, and sampled at 30 min intervals during a 3 h 
period. The specific activity of creatine was determined 
and found to increase from an mitial value of zero at 
time zero to 9 c.p.m./ug creatine at 160 min. Thus it 1s 
apparent that the finding of sigmficant radioactivity in 
creatine isolated from the kidney perfusion fluid (arterial 
inflow) was not an artifact related to the isolation pro- 
cedure, but was probably related to the biosynthesis of 
labelled creatine in the blood perfusion fluid. The possi- 
bility that one or another of the elements of the blood 
can synthesize creatine from guanidoacetic acid is being 
investigated. 

Formation of labelled creatine by the perfused kidney. 
The specific activity of creatine isolated from the blood 
perfusate (venous outflow) increased significantly with 
time, and indicated that the perfused kidney actively syn- 
thesized labelled creatine from labelled guanidoacetic acid 
and released the newly synthesized creatine into the perfu- 
sate. As might have been expected, the specific activity of 
creatine isolated from the kidney after the termination of 
the perfusion was substantially higher than that of creatine 
isolated from the blood perfusate. The total dose of radio- 
activity present in the perfusion fluid as labelled guanido- 
acetic acid which had perfused the kidney during the 
entire experiment was found to be 1:38x10* o.p.m. 
Approximately 10 per cent of the total dose of radio- 
activity presented to the kidney as labelled guanidoacetic 
acid was found as labelled creatine in the blood perfusate, 
kidney and urine after perfusion. In three similar experi- 
ments, 4-5 per cent, 9 per cent and 7 per cent of the total 
dose of radioactivity which had entered the kidney as 
labelled guanidoacetic acid was found as labelled creatine 
in the kidney perfusion system. 

Estimation of creatine synthesis from isotope data. The 
amount of creatine synthesized from labelled guanido- 
acetio acid by the kidney during perfusion can be esti- 
mated as follows if it is assumed that: (a), guanidoacetic 
acid has a single metabolic fate, that is, conversion to 
creatine’; (b), any significant reversal of the transamidinase 
reaction in the kidney is unlikely, which is supported by 
the findings of Horner et a., who estimated that only 
0-8 per cent to 2-0 per cent of the total radioactivity added 
as labelled amidine guanidoacetic acid to kidney homo- 
genates was converted to labelled arginine in the course 
of 1 h incubation at 37° C; and (c), creatine is not con- 
verted to creatinine in the kidney. The prevailing view 
concerning the biosynthesis of creatinine is that it is 
synthesized non-enzymatically from either creatine or 
phosphorylcreatine in muscle. Thus, the appearance of 
one molecule of radioactive creatine in either the kidney, 
blood perfusate or urine is equivalent to the disappearance 
of one molecule of radioactive guanidoacetic acid from the 
perfusion fluid. The number of umoles of guanidoacetic 
acid converted to creatine during the course of a kidney 
perfusion is therefore the product of the number of 
umoles of guanidoacetio acid which had perfused the 
ladney and the fraction of the total dose of radioactivity 
(as labelled guanidoacetic acid which had perfused the 
kidney) found as labelled creatine in blood perfusate, 
kıdney and urine. On this basis, it can be estimated that 
in our experiment the isolated rat kidney was able to 
synthesize creatine at the rate of 50+14 g/b (mean and 
standard error for four perfusion experiments). If the 
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data are expressed on a body weight basis, the perfused 
kidney can synthesize about 15+ 4 ug creatine/100 g of 
body weight/h. This value can be compared with the 
average value calculated for the initial rate of creatine 
synthesis in the isolated perfused rat liver, that is 330+ 
38 ug creatine/100 g of body weight/h!t. When a com- 
parison is made on this basis, clearly two kidneys can 
synthesize about 9 per cent as much creatine as the 
isolated perfused liver. To the extent that the labelled 
guanidoacetic acid in the fluid perfusing the kidney is 
diluted by unlabelled intracellular guanidoacetic acid in 
the kidney before conversion to creatine, the actual rate 
of creatine synthesis will be greater than that calculated 
from the above data. Although data were obtained on the 
content of guanidoacetic acid in the kidney at the end of 
the perfusion, it was not possible to make an estimate of 
the intracellular specific activity of guanidoacetic acid 
because the kidney was always in contact with, or con- 
taminated by, relatively large amounts of blood containing 
guanidoacetic acid of high specific activity. Thus, it must 
be emphasized that our calculations of creatine synthesis 
provide only a minimal estimate of the rate of creatine 
synthesis by the perfused kidney, and that the true rate 
is probably greater than that calculated here. 

Release of oreatine by perfused kidney. The amount of 
creatine released by the perfused kidney is summarized 
in Table 2. It can be seen that the concentration of 
creatine in the venous outflow was substantially larger 
than that in the arterial inflow during the first 10 min of 
perfusion. In fact, the merease in creatine concentration 
represented the release of 167 ug of creatine by the 
kidney into the blood perfusate. During the second 10 min 
period and the final 4 min of perfusion, the kidney was 
still releasing creatine at a significant but diminishing 
rate. In total, 316 pg of creatine were released by the 
perfused kidney mto the venous outflow during the 
24 min of the experiment. In three other experiments 
409, 735 and 323 ug of creatine were released into the 
venous outflow during the perfusion. These experiments 
were terminated after 31, 39 and 60 min, respectively. 

Table 1 and Table 2 mdicate that the synthesis of 
creatine from labelled guanidoacetic acid by the perfused 
kidney cannot account for the large amount of creatine 
released by the kidney into the blood perfusate. Although 
the reason for this relatively large release of creatine by 
the perfused kidney is obscure, the creatine loss could be 
related to the state of the creatine in the cells. It is 
believed that, in the cell, creatine is normally free or in the 
form of the energy rich phosphate derivative, phosphoryl- 
creatine. Furthermore, it is thought that phosphoryl- 
creatine is relatively non-diffusible and is not free to 
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Table 2. RELHASB OF CRWATINN BY THE PREYUSHD Rat KIDNEY 


Duration of Volume of Creatine Creatine 
collection of perfusate in concentration released Into 
blood perfusa venous outflow in blood perfusate venous outflow 
(min (ml) (g/ml.) (ug) 
0-10 31-4 34-0 187 
10-20 32-8 382-0 108 
20-24 146 81:5 41 


Creatine was determined chemically as described in the text. The con- 
centration of creatine in perfusion fluid (arterial inflow) was 287 ugjml. 
This value did not change significantly during the course of the perfusion 
experiment (24 min), 
pass through the cell membrane, in contrast with creatine. 
It is possible that in the perfused kidney there is a rapid 
conversion of phosphorylereatine to creatine and ATP, 
perhaps in order to meet the energy requirements of the 
kidney during the period of relative anoxia which the 
kidney may suffer while the operative procedure is being 
carried out. Thus, a relatively large amount of free creatine 
could build up in cells of the kidney and leak out into the 
extracellular fluid to be found ultimately in the blood 
perfusate. Another possible source of creatine in the blood 
perfusate might be related to differences in the creatine 
concentration of the perfusion fluid and that of the blood 
trapped in the donor kidney. An increase in the creatine 
concentration of the blood perfusate, at least during the 
first few minutes of the perfusion, could be related, in 
part, to a simple “wash-out” phenomenon; however, 
it is unlikely that this argument explains entirely the 
continued release of relatively large amounts of creatine 
for long periods of time (> 24 min). 

On the basis of the data obtained in the experiments 
reported here, we must conclude that the kidney can 
contribute substantially to the total de novo synthesis of 
creatine in the rat. 

This work was supported by a grant from the U.S. 
National Institutes of Health, by a grant in aid from the 
Muscular Dystrophy Associations of America, Inc., and by 
the United States Atomic Energy Commission under con- 
tract with the University of Rochester Atomic Energy 
Project. 
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COMPARISON OF THE MOLECULAR STRUCTURE OF MYOGLOBIN 
OF FOURTEEN PRIMATE SPECIES 


By PAUL C. HUDGINS, Dr. C. MERRILL WHORTON, Dr. TADAO TOMOYOSHI 
and Dr. ARTHUR J. RIOPELLE 


Saint Vincent’s Hospital, Jacksonville, Florida, and Delta 


Tue phylogenetic organization of the order Primates has 
been investigated at the molecular level by comparative 
biochemical studies of haemoglobin!, transferrins?, serum 
albumin? and other protems. Myoglobin molecular struc- 
ture might be a fruitful model for the investigation of 
molecular evolution because ıt seems to represent a rather 
primitive molecular species and is probably the precursor 
of haemoglobin‘. If myoglobin is genetically primitive, 
differences within the primate order should reflect signifi- 


Reglonal Primate Research Center, Covington, Louistana 


cant data for molecular evolution. The fourteen species of 
the primate order utilized in this investigation are lsted 
by super-family in Table 1. 

Myoglobin was isolated from skeletal muscles of all 
these primates by a modification of the ammonium sul- 
phate precipitation technique of Theorell and deDuve’. 
The myoglobin was purified by passage through ‘Sephadex 
G-75’ columns according to the method of Berman and 
Kench*. The column effluents containing myoglobin were 
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Table 1, SPEOIES OF PRIMATES INCLUDED IN THR INVESTIGATION 


HOMINOIDEA ORROOPITHROOIDEA 
Man and Apes” “Old World Monkeys” 
Homo sapiens Theropuhecus gelada 
an Gelada baboon 
Pan troglodytes Macaca speciosa 
panres 8Stump-taled macaque 
Pongo pygameus Macaca mulatia 
Ora: tan Rhesus macaque 
Hy lar Macaca irus 
Gibbon Crab-sating macaque 
Cercopithecus aethiops 
ORBOIDHA Vervet monkey 
‘New World Monkeys"! Corcoosbus torquatus 
Red-headed mangabey 
Cebus apella 
Tufted capuchin Papto hte 
Dog faced baboon 
Saimin surea 
Squirrel monkey E 
Pa beard aa 


further purified by ultrafiltration through membranes 
which excluded all material with a molecular weight of 
more than 50,000. From vertical starch gel electrophoresis 
and from ultra-violet and visible spectrophotometry, 
it was evident that the ultrafiltrate contained pure 
myoglobin. Samples of pure myoglobin derived from all 
the primate specimens were converted to the cyanmet- 
myoglobin form and subjected to vertical starch gel 
electrophoresis at pH 8-6 for 22 h at 4° O. Representative 
members of the three primate super-families are shown 
on the electrophoretogram in Fig. 1. All members of the 
Hominoidae family tested had the same electrophoretic 
mobility. All eight members of the Cercopithecoidae 
group had identical mobilities, which were slightly slower 
than those of the myoglobins of the Hominoidae group. 
The two members of the Ceboidae family had the same 
electrophoretic mobility, which was very much slower than 
either the Hominoidae or the Cercopithecoidae groups. 
Samples of all the primate myoglobins tested were con- 
verted to the apomyoglobin form by the method of 
Theorell and Akeson?, The resulting globin fractions 
which were free of haem were subjected to digestion by 
trypsin according to the method of Chernoff and Liu’. 
The volatile buffer solutions of the resulting peptides were 
lyophilized and redissolved in distilled water. Equal 
portions of these peptide solutions were subjected to high 
voltage electrophoresis (32 V/cm) at pH 6-4 for 2 h. 
The papers were dried and the peptides were stained with 
ninhydrin. Myoglobin peptide patterns derived from 
representative members of the three super-famulies of 
primates are shown in Fig. 2. All four members of the 
Hominoidae family tested exhibited the same myoglobin 
peptide pattern. The eight members of the Cercopithe- 
coidae group which were tested had identical peptide 


BO a NE ee 


| 
| 
® 


A ees Beceem preson tation of a atmultancous electrophoretic 
in on starch gel at es 8-6 for 2% h. (1) 
yefpenoe), O (2}-(4) Hommoidae (man, 
bao pales a E oad ee key); ETN ait oada 
n, patas monkey and 088 mon. an l 
{capuchin monkey ea monkey); (8 monkey). 


| 
| 
| 
| 
| 
| 
| 
| 
l 
| 
i) 


D 


NATURE 


4 UL 


NOVEMBER 12, 1966 


RG PROC 
DIS REE OOO 


UM le 000 
OE GE OOO 


Bt (eo 
Bl dae odd 


VOL 212 


. Di 
2. D0 


3. DI 





| S 
Ai E 
i 
a I -S 


an E 
Hi 


si a 08 
00 E Dg 
o | 


Fig. 2. Schematic diagram of high voltage electrophoretio go 
representative primate species tirana Agen 


Hominoidae (man and Giumpaniie ); (8) and 
boiie {tufted e prias 
species 


© 


monkey and rhesus monkey); on "and (8) bald anod a 


diagonal lines are those which 
histidine and thoes that have boon stipple 


000 m | EA ORMA 
2 000 00 | 


E DIR: 
3 00D DI 


«000 00 | 


s. D00 Di 
e. O00 Ol 


© 


Pig. 3. High oltago electrophoretic on of tlo peptides 
an e P aT f the ommoidae 0 an 2, man and 
gel thecoidao. (8 and 4, patas aay and rhesus 
monkey), (5 and 6, tufted capuchin monkey and squirrel 

Peptides marked with diagonal lınes indicate the histidine- 
reactions, All fourteen species were examined by this method, 
ut because super-family patterns were identical only those for represen- 

tatrve members are shown. 


‘ve & positive reaction for 
gave positive reactions for 


Ha [EI 
BR OB 
BRO UM 
BE OD 


PEND OM 
Gd On 


WEEN 
BREED 





patterns and these were different from the patterns seen 
in the Hominoidae group. The two members of the 
Ceboidae group had the same peptide pattern which was 
different from those in either the Hominoidae or the 
Cercopithecoidae groups. In addition to the peptide 
pattern differences observed between the three super- 
families, it was noted that specific amino-acid reactions 
of the peptides for histidine and tyrosine exhibited some 
variations (Fig. 2). 

Samples of pure apo-myoglobin from all the available 
primate species were subjected to enzyme digestion with 
purified chymotrypsin and the resulting peptide solutions 
were electrophoretically separated by high voltage condi- 
tions similar to those used for the tryptic digests. Fig. 3 
shows chymotryptic peptide patterns representative of 
the three super-families of the order Primates. The 
peptide patterns observed in all four of the Hominoidae 
species were identical. All eight members of the Cerco- 
pithecoidae family were alike in peptide composition, but 
their peptide patterns differed from those observed with 
the Hominoidae group. The two members of the Ceboidae 
family had identical peptide patterns which were different 
from those seen in either the Hominoidae or the Cerco- 
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Fig. 4 Schematic diagram of a composite chymotiypain peptide “‘finger- 

pane representative ofall three super-famules of the primates. The solid 

ines indicate peptides which are common to all three super-famulies. 

Dotted lines represent those peptides which are common only to the 

super-family indicated by the initials: HOM, Hominoidae; OER, 
Cercopithecoidae; CEB, Ceboidae 


pithecoidea super-families. Specific stains for histidine 
also revealed variations ın the amino-acid composition 
in some of the peptides between the three super-famulies 
(Fig. 3). 

Both tryptic and chymotryptic digests of apo-myoglobin 
derived from all the tested primates were utilized for 
“finger-print” analysis. Peptide spots were subjected to 
high voltage electrophoresis at pH 6-4 and then to descend- 
jing chromatography for 20 h with a mixture of butanol, 
acetic acid, pyridine and water. A composite picture of 
the chymotryptic peptide ‘‘finger-prints’’ of the primates 
is presented in Fig. 4. This reveals the many peptides 
which are invariable between the three super-families and. 
demonstrates the variable peptides between the three 
groups studied. Tryptic digests of apo-myoglobin exam- 
ined by “‘finger-print’’ analysis revealed essentially the 

T same differences as described for the chymotryptic 
“finger-prints”. Although we have not completely 
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characterized the amino-acid sequences of the myoglobins 
derived from the three super-famulies of the primates, we 
believe there is ample evidence that there are composi- 
tional differences between the myoglobin molecule of the 
Hommoidas, Cercopithecoidae and Ceboidae groups. 
Moreover, it would seem that the identical peptide 
composition of myoglobin within each super-family 18 
of umportance. 

The pattern of molecular evolution between the three 
super-famulies of the primates included in this investiga- 
tion reveals consistency of structure within a super-family 
but definite variations of molecular structure between 
super-families of the order Primates. This pattern appears 
to be a reflexion of the relative evolutionary stability 
of the myoglobin molecule as compared with many 
of the other proteins. According to Simpson’, there 18 
evidence to support the conclusion that the gibbon, 
for example, has been distinct from the other apes since 
early Oligocene (35 million years) and certainly since the 
Miocene (28 million years). The evolutionary pattern of 
myoglobin demonstrated by this investigation would seem 
to be one of the most definitive correlations of molecular 
structure and phylogenetic systematics so far reported. 
A recent paper dealing with the antigenic correspondence 
of serum albumin among the primates demonstrated a 
high degree of correlation within super-families, but 
as a result of the nature of the technique used there was 
some overlapping between the various super-families of 
the order Primates*. The many variations in the haemo- 
globin molecular structure within super-families of the 
order Primates make it difficult to asseas these interesting 
changes so far as the orientation of thew phylogeny is 
concerned. The homogeneity of myoglobin structure 
within super-families and the heterogeneity of myoglobin 
structure between super-families of the order Primates 
offer a useful system for the anthropological evaluation’ 
of the primates. 

This investigation was supported by U.S. Public Health 
Service research grants from the Division of General 
Medical Research and from the Division of Research 
Facilities and Resources. 


1 Buettner-Janusch, J., and Hill, R. L , Setence, 147, 886 (1965). 

? Goodman, M., and Poulik, E., Nature, 190, 171 (1961). 

* Hafleigh, A. 8., and Willams, O. A., Jun., Scrence, 151, 1530 (1066). 

t Ingram, V. M., Nature, 189, 704 (1061). 

* Theorell, H., and deDuve, O., Arch. Brochem., 12, 118 (1947) 

* Berman, M. 0., and Kench, J. E., J. Clin Path., 16, 385 (1983). 
Theorell; H., and Akeson, A., Ann. Acad. Sct. Fennicas Sei., A, 11, 808 
* Chernoff, A., and Liu, J. C., Blood, 17, 54 (1981). 

, Suen G. G, Classification and Human Evolution (Aldine, Chicago, 


INFLUENCE OF ANTISERA REACTING WITH DEOXYRIBONUCLEIC ACID 
ON THE EXPRESSION OF THE INFECTIOUS ACTIVITY OF THE 
SINGLE-STRANDED PHAGE |Ọ7 DEOXYRIBONUCLEIC ACID 


By VY. D. TIMAKOV, A. G. SKAVRONSKAYA, B. N. ILIASHENKO, 
Ju. N. FAVORSKAYA and N. B. BORISOVA 


Institute of Microblology, Academy of Sclences of the U.S.S.R , Moscow 


Ir has frequently been suggested that antibodies exist 
which react with various kinds of deoxyribonucleic acid’. 
_w Such antibodies aro the products of mmunization of 
animals with artificially obtamed antigens? and with 
antigenic complexes containng DNA extracted from cells 
of higher animals‘, bacteria’? and bacterial viruses®:’. 
Antibodies which react with DNA are also found in the 
sera of patients with systemic lupus erythematosus 
(SLE sera)'*-1*. The mode of expression of DNA anti- 


genic activity and 1ts determinants, the role of denaturation 
in the release of active groups and the influence of tho 
antibodies on the genetic functions of DNA are un- 
known. 

Investigations of these problems could well provide 
results of theoretical and practical value. Of particular 
importance ıs the influence of DNA antibodies on the 
infectivity of viral DNA. The possibility of the mactiva- 
tion of viral DNA is also of considerable interest. This 
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article reports the preliminary results of experiments 
aimed at resolving some of these points. 

Antisera were obtained by immunization of rabbits 
with bacterial lysates prepared ın the following way. 
An 18 h culture of Salmonella typhimursum LT2 was 
collected in 3 ml. of saline. 0-1 ml. of the suspension was 
inoculated into peptone broth (MPB) and mcubated in a 
shaker for 2-5-3-5 h at 37° ©. Growth was terminated 
when an optical density corresponding to 2x 10° viable 
bacteria in 1 ml. was reached. The broth oulture was 
diluted 1:2 with a medium containing 100 mi. MPB, 
20-0 ml. sucrose, 0'2 ml. magnesium sulphate and 500 
u/ml. penicillin. The suspension was incubated for 
3-35 h at 37° C without shaking. Spheroplasts which 
formed were precipitated by centrifugation at 7,000 
r.p.m. for 15 min. The sediment was resuspended in 
chilled 0-5 molar sucrose and precipitated by centri- 
fugation. The precipitate was resuspended in an equal 
volume of distilled water containing sodium citrate 
(5:3 g/l.). The spheroplasts were lysed in a hypotonic 
medium and a viscous substrate was obtained; this was 
used for immunization. During lysate formation, the 
spheroplast concentration increased by a factor of ten 
and now l ml. of the lysate contained approximately 
2 x 10° lysed cells. We estimate that a cell of S. typhs- 
murium contains 3-6 x 10-8 yg DNA. These data are 
confirmed by the results of investigations on Mscherichia 
colit” M, Thus 1 ml. of lysates contained no more than 
60 ug of DNA. 

Rabbits were immunized by intravenous injection with 
1 ml. of lysate three times a week (two immunizations 
with a day between, and the third after two more days). 
Before immunization, and after ten, twenty and twenty- 
seven immunizations, and also ten days after the final 
injection of antigens, heart blood was sampled. Sera from 
two rabbits, obtained before immunization and at various 
times after immunization, were tested for interaction with 
DNA of homologous bacteria and with infective prepara- 
tions of phage 197 DNA}. 

The bacterial DNA used as antigen in the ring precipi- 
tation reaction was extracted from lysates of protoplasts 
obtamed by phenol deproteinization using the penicillin 
method. 

In our sera we demonstrated antibodies not only to 
homologous DNA, but also to the single stranded phage 
lọ7 DNA. Table 1 shows that rabbit sera obtained before 
immunization do not react with DNA. The process of 
immunization involves an increase in the reactivity of 
sera to homologous DNA. There was a feebly positive 
reaction with phage 197 DNA after twenty and twenty- 
seven immunizations. Experiments were carried out to 
find the effect of the sera obtained on the infective DNA. 
Samples of sera were diluted 1:50 with sodium citrate 
and heated for 45 min at 70° C to inactivate the serum 
nucleases. 0:1 ml. of infective DNA was added to 1 ml. 
of serum. The mixture was incubated for 2 h at 37° C 
and diluted 1: 50 with 0-01 molar érts buffer pH 7-8-8-0. 
0-2 ml. samples of the mixture were added to samples of 
lysozyme spheroplasts**. The spheroplasts were treated 
with this mixture and 1-6 ml. of medium 199, consisting 
of 0:5 molar sucrose, was added after 8-10 min, together 
with a culture of FE. coli O. The agar layer procedure was 
then carried out; the results are shown in Table 2. These 
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Table 2, ACTION oF i eee oN ee One oF THs [NFEOTIOUS 


OTIYITY OF PHAGE 197 
No. oe No. of Dilution No. of 
of of immuni- of the infectious 
experiment rabbits zations sora centres 
I DNA not treated with seram 210 
612 - 0 1/50 180 
612 20 1/50 16 
H DNA not treated with serum > 1,000 
612 0 1/50 > 1,000 
612 0 1/100 > 1,000 
612 6 1/200 > 1,000 
612 10 1/50 178 
612 10 1/100 > 1,000 
612 10 1/200 > 1,000 
612 20 15o 10 
812 20 1/100 50 
612 20 1/200 > 1,000 
47 0 1/50 > 1,000 
47 0 1/100 > 1,000 
47 0 1/200 > 1,000 
47 10 1/50 84 
47 10 1/100 > 1,000 
47 10 1/200 > 1,000 
47 20 1/50 8 
47 20 1/100 82 
47 20 1/200 61 
It DNA not treated with seram 96 
612 0 1/50 22 
612 10 1/50 12 
812 20 1/50 2 
612 27 1/60 1 
Iv DNA not treated with serum 310 
612 0 1/50 127 
612 0 1/100 229 
612 0 1/160 221 
612 0 1/200 190 
612 20 1/50 2 
612 20 1/100 2 
612 20 1/150 68 
612 20 1 205 


results show that the mfectivity of the tested prepara- 
tions decreases under the influence of antisera reacting 
with DNA. The rate at which the investigated sera were 
mactivated, which characterizes the infectivity of un- 
treated DNA. preparations, was not constant for all 
experiments. This may have been caused by the experi- 
mental procedures. Absolutely standard conditions could 
not be maintained because the protoplasts which were 
used varied in competence. One trend was revealed by 
these experiments; there was a marked decrease in the 
infectious activity as immunizations were increased. 

In experiments in which the activity of untreated DNA 
was insignificant there was some inactivation caused by 
sere from non-immunized animals, and it is possible that 
this resulted from unspecific adsorption of DNA molecules. 
In such cases, the sera of immunized rabbits produced a 
markedly stronger inactivation of DNA infectivity, which 
increased with the number of immunizations. This was 
demonstrated by a decrease in the number of infectious 
centres in the presence of sera from the animals receiving 
up to twenty-seven immunizations, at the same or at 
different dilutions. This decrease in the infectious activity 
of phage DNA was probably a consequence of interaction 
with specific antibodies. 

Bowman and Patnode observed a similar interaction 
of antisera and DNA (SLE sera). They investigated the 
effect of sera on the residual infectivity of phage » x 174 
after treatment with an antiphage serum!*. We are also 
pieceteptnt: the interaction of DNA with specific anti- 

odes. 

The mechanism of inactivation of DNA infectivity 
brought about by the antisera has yet to be described. 
Seral influence on the competence of protoplasts is un- 


Table 1. DYNAHIOS oF INCRHASE OF ANTIBODINS TO DNA AFTER IMMUNIZATION OF LYSATBS OF PENICILLIN SPHEROPLASTS OF S. typhimurium LTL INTO 
amare 


Antigen concentration (ug/ml.) 
DNA of S. typhiumersum B72 P 197 DNA 
Not than 2, 6, 
com uted on the basis 
No. of No. of e initial phage 
rabbits immunizations 800 100 30 10 8 0-8 irek 
612 0 - - - - - _ - 
612 10 +++ ++ + - ~ - 
812 20 +444 +++ +++ ++ ++ + + 
612 27 ++++ ++++ ++++ +++ +++ + ++ 
47 10 ++ ++ + -~ - ~ - 
47 20 +ttt+ +++ +++ ++ ++ + + 
47 27 ++++ ++++ +++ +++ +++ ++ ++ 


Ba 


—_ 
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likely because the lysates used for immunization were 
obtained from S. typhimurium and the spheroplasts on 
which the infectivity was tested were derived from E. cols. 
Defferent species of the Enterobacteriacea, imcluding 
E. colt and Salmonella, release common proteinaceous 
antigens during extraction. Thus antibodies of common 
bacterial cell components may be able to affect the com- 
petence of protoplasts. We are now working on these 
problems. The effect on the expression of DNA infectivity 
demonstrated here is of interest, in that it represents 
influence on the active infectious principle, which causes, 
for example, variation in the competence of the recipients. 
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ASSOCIATED NUCLEAR CHANGES IN THE INDUCTION OF FLAX 
GENOTROPHS 


By G. M. EVANS, Dr. A. DURRANT and Dr. H. REES 
Department of Agricultural Botany, Unlversity College of Wales, Aberystwyth 


Haupirasie changes are induced in flax plants of the 
variety ‘Stormont Cirrus’ grown in different environments. 
Plants of the original variety (plastic genotroph) are 
changed into a large stable genotroph Z or into a small 
stable genotroph S according to the nutriente supplied; 
plants treated similarly yield similar uniform progeny 
which breed true. Z is six or more times the size of S and 
both varieties have remamed unchanged for ten genera- 
tions irrespective of the nutrients subsequently supplied. 
They behave as two distinct genetic types in giving equi- 
linear inheritance when they are reciprocally crossed and 
there is no transmission through reciprocal grafts, so 
that it is likely that nuclear changes have occurred in 
the course of induction. The varieties differ from normal 
genotypes, however, in the comparatively large increase 
of the variation ın the F, of their reciprocal crosses; this 
variation is inherited by the 7’, and succeeding generations 
with the occurrence of a range of types (epitrophs) 
varying in size from L to S (refs. 2 and 3). Presumably 
when the nuclear factors responsible for the difference 
between L and S are brought together in the F, they 
become unstable, the degree of instability bemg influenced 
by the external and cytoplasmic environments. Geno- 
trophs varying in weight between L and S can also be 
induced directly from the plastic genotrophs by varying 
the environments in which the plastic plants are grown. 

Induction and inheritance. The balances of environmental 
factors necessary for induction of L and S were not all 
known so that induction experiments were not always 
successful. All recent investigations show, however, that 
induced changes will occur if the plastic plants are grown 
in conditions which promote rapid growth—fertile soul, 
high temperature and a day about 14 h long. Nitrogen 
(ammonium sulphate fertilizer) is added to induce L, 
and phosphorus (triple superphosphate fertilizer) is added 
to soil with a lower pH to induce S. Certain other com- 
binations are also effective. 

Large and small genotrophs have been induced from 


, another variety of flax, ‘Lyral Prince’. The differences of 


plant weight, height and general appearance between 
L, S and the original plastic form are similar to those 
between the genotrophs of ‘Stormont Cirrus’. A diallel 
cross between L and S of both varieties gives no comple- 
mentation and no pronounced reciprocal differences. 
There is increased F, variation with F, mstability in 
crosses of L and S both between varieties and within 
them, but not between large genotrophs of the two 


varieties or between the two small genotrophs. The 
implication is that similar induced changes occur in both 
varieties, that they probably have @ nuclear basis, and 
that the genotrophic differences override the genotypic 
differences between the varieties at least with respect 
to plant weight. 

The differences of plant weight between genotrophs and 
between epitrophs are essentially quantitative, and the 
range of variation observed would normally be attributed 
to several genes or to polygenes. The variation may 
alternatively arise from changes at one locus, existing 
in many states. Because of the unstable nature of the 
F, there is no certamty that linkage investigations to 
determine whether chromosomal factors are responsible 
for the difference between L and S would give a positive 
answer, and such investigations have so far been in- 
conclusive. In the F, of crosses between L and S of 
‘Stormont Cirrus’ with the mauve flowered variety ‘Man- 
darin’, Tyson found normal segregation of flower colour 
and no evidence of linkage with plant weight. One other 
useful marker, a white flowered mutant, has been obtained 
by irradiating L of ‘Stormont Cirrus’ with gamma rays 
from a cobalt-60 source. In the F, and F, of crosses of this 
mutant (denoted Lw) with S, flower colour segregated 
normally and there was a significant association with 
plant weight in the opposite direction from that expected 
from linkage. In another experiment with plants grown 
under different conditions, no association was obtained 
in the F,. Examination of the chromosomes with the 
ordinary light microscope, like the linkage experiments, 
failed to confirm the suspected nuclear basis for the 
induced changes, but other methods have been more 
successful, 

Genotrophs and varieties. Estimates of nuclear DNA 
were made in 4C resting nuclei in apical meristems by 
Feulgen photometry of the L, S and plastic genotrophs 
of ‘Stormont Cirrus’ and ‘Lyral Prince’ and of other flax 
and linseed varieties which for the past seven or eight 
generations had been grown under ordinary field con- 
ditions not likely to induce inheritable changes. The data 
are given in Table 1. It will be seen that, according to 
this method of analysis, there is 16 per cent more nuclear 
DNA in L of ‘Stormont Cirrus’ than in S, and that the 
plastic form has an intermediate amount. Sunilarly, in 
‘Lyral Prince’ L has 10 per cent more DNA than S and the 
plastic form agein has an intermediate amount. These 
differences are statistically highly significant and imply 
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that the environments which first induced the permanent 
mheritable changes in the weights of plants have also 
=o permanent changes ın the amount of nuclear 
Although these estimates were made under uniform 
conditions of fixing and staining, and wıth extensive 
replication, it is possible that differences ın the amounts of 
DNA could be due to differences ın the penetration of 
fixatives or stains in the morphologically distinct tissues 
of the different genotrophs. To rule out this interpre- 
tation, the nuclei were extracted from the cells and 
stained and analysed in isolation. The results were in 
complete agreement with those given in Table 1. 


Table 1. NUOLRAR VARIATION BRETWHBN FLAX GENOTROPHS AND FLAX 
AND LINSEED VARIETIES 


DNA 
(arbitrary 
units) 
Genotropbhs 
8. Plastic 85-8 
L 99-7 
80 5 
L. Prince Plastic 90 6 
L 96 3 
k 86-3 
Flax vaneties 
ercello 913 
L. Monarch 88 5 
8. Gossamer 88:2 
Hollandia 878 
8. Motley 87-7 
Rembrandt 87-0 
N. Princess 86 5 
Mandarin 85-3 
Linseed varieties 
Dakota 048 
Royal 87-6 


Other measurements of nucle: confirm the nuclear 
change inferred from photometric estimates of DNA. 
First, the nuclear volumes are larger m L than in 8S. 
Second, total dry mass of nuclei as measured by inter- 
ference microscopy differs sgmificantly between geno- 
trophs and runs parallel to the variation in the amount of 
DNA. Third, a chemical analysis of nuclear DNA in 
germinating seedlings by Holdgate* showed 10 per cent 
more DNA in L than 8. Although this last result agrees 
reasonably well with expectation, it must be regarded as 
an approximation because the method used did not fully 
exclude the effects of the size of cells or differences of 
mitotic rate between the tissues of the different geno- 
trophs. Tests were also carried out to determine whether 
the differences might be due to a faster metabolic turnover 
of L compared with S; we measured the nuclear DNA 
m. plants grown in environments conducive to different 
growth rates, but the results were again the same as in 
Table 1. 

There are also differences of nuclear DNA between the 
flax varieties ın Table 1. They are smaller than those 
between the genotrophs and are not significant. Even so, 
‘Mandarin’ and ‘Percello’, which have the smallest and 
largest amounts of DNA respectively, are also character- 
ized by the smallest and largest plant weights; therefore it 
is possible that inherited differences between some of 
these varieties are in part genotrophic, or environmentally 
induced. The two linseed varieties are larger and taken 
together have significantly more nuclear DNA than the 
varieties of flax, although ‘Royal’ has a larger plant weight 
than ‘Dakota’. 

Further confirmation of the correlation between nuclear 
change and phenotype was obtained from an analysis of 
the derivatives of a cross between LV and S. Large 
and small plants (epitrophs) were selected in the F, 
and in subsequent generations up to the F, where there 
were obvious differences of size between the large and 
amall epitrophs even though these were still somewhat 
less than. the difference between LW and S. Nuclear DNA 
estimates for F, plants with blue and white flowers of 
the selection lines and of L, LW and S are given in Table 2. 
L has about 16 per cent more DNA than S as before, and 
Dw is almost identical with L. The differences between 
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the large and small epitrophs are significant and in the 
expected directions; that is, large epitrophs have more 
nuclear DNA than the small, but, as with the weights of 
the plants, the differences are not as great as those between 
Lw and &. Variation in DNA between F, plants de- 
scended from different F, plants was significantly greater 
than between plants descended from the same F, plants 
and also greater than the variation between plants within 
any one genotroph descended from different parent plants, 
so that ıt is probable that further divergence can be 
expected between the epitrophic lines, with the possi- 
bility that it may eventually be possible to detect epi- 
trophs with the same DNA content and intact weight as 
the L and S genotrophs. 


Table 2. VARIATION IN NUOLEAR DNA BBTWSEN GENOTROPHS AND 


EPITROPHS 
Nuclear DNA 
(arbitrary units) 
Genotrophs 
L 84-5 
Iw 855 
S 752 
P, of the cross S x [Lr 
Selection for plantiveight 
Blue flo 77-2 
White flowered 823 
Solection for low plant weight 
Blue flowered 767 
White flowered 766 


Induction of nuclear change. Several observations 
have shown that the first five weeks of growth is the 
critical period durmg which the environments induce 
heritable changes. The question arises as to whether the 
nuclear changes occur at this time and, to answer this, 
plastic plants of ‘Stormont Cirrus’ were grown m the 
contrasting environments, with high nitrogen for the 
induction of L and high phosphorus for the induction of S. 
Estimates of nuclear DNA were then made on plants 
sampled at weekly intervals. The estimates, in Fig. 1, 
are expressed as percentages of the amounts ın plastic 
plants grown in a normal, non-inducing environment 
and sampled at the same time. This ratio shows gradual 
changes of nuclear DNA in the expected directions 
during the five weeks. At the end of this period the 
difference m nuclear DNA is practically identical with 
that already described between L and S genotrophs. 
Not only do nuclear changes take place during this period 
of five weeks but they are also apparently completed in 
that time. 
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Fig. 1. Changes in DNA ın the nuclei of plastic plants grown in inducing 


environments during the first flve weeks of gro The two points show 

the percentage values of large and small genotrophs. As judged by 

changes tn nuclear DNA the induction 1s complete by the end of the 
first five weeks. 


No. 5o63 NOVEMBER 12, 1966 

Nature of nuclear change. The differences of nuclear 
DNA demonstrated by Feulgen photometry are probably 
in the main located in the chromosomes. The best evidence 
for this is that the DNA differences apply not only to 
4C interphase nucle: but to metaphase chromosomes as 
well. Any differences associated with nucleolar or other 
extra-chromosomal material in the nucleus must therefore 
be small or non-existent because such matter is entirely, 
or almost entirely, absent at metaphase. It is therefore 
pertinent to consider how the differences could arise in 
the chromosomes. Flax has 15 pairs of chromosomes of 
approximately equal length. If only one particular pair 
of chromosomes were involved ın the change, then, with 
an overall 16 per cent DNA difference between L and S, 
the F, of L x S would contain one chromosome twice the 
size of its homologue. At metaphase 1 of meiosis, this 
feature would be obvious ın the form of a grossly asym- 
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metrical bivalent. No such difference has been observed 
and it is reasonable to suppose that the DNA changes 
are spread over several, perhaps all, of the chromosomes 
in the complement. 

It is not known how the DNA changes are brought 
about. They may involve chromosome material which is 
not part of the permanent DNA helix or helices or they 
may, alternatively, result from an altered polynamy 
of whole chromosomes or segments of them. Our evidence 
does suggest, however, that they are induced at a particular 
and specifie stage of development and that the quanti- 
tative changes in nuclear DNA are associated with the 
quantitative changes in plant weight. 


1 Durrant, À., Heredity, 17, 27 (1862). 
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‘Holdgate, D P., thesis, University College of Wales, Aberystwyth (1064). 


PERSISTENCE OF ALTERED EXPRESSION OF ALLELIC yG-IMMUNOGLOBULIN 
ALLOTYPES IN AN “ALLOTYPE SUPPRESSED” RABBIT AFTER IMMUNIZATION 


By ROSE G. MAGE and Dr. SHELDON DRAY* 


Laboratory of Immunology, National Institute of Allergy and Infectious Diseases, 
National Institutes of Health, Bethesda 


Wuun heterozygous rabbits (for example, b‘b* heterozy- 
gotes)+ are exposed during foetal or neonatal life to isoanti- 
bodies directed against a given immunoglobulin allotype 
(for example, anti-b4 or anti-b5 anti-allotype isoantibodies) 
they develop a substantially lower proportion of immuno- 
globulin molecules of the specific affected type than do 
normal heterozygotes'. This alteration in phenotypic 
expression (‘‘allotype suppression”) persists throughout 
the life of the animals, although the relative amount of the 
“suppressed” type generally rises with time’. The 
phenomenon appears to be the result of an effect of anti- 
allotype antibodies on a basic mechanism which controls 
the relative quantities of the allelic allotypes maintamed 
in the serum. In animals “suppressed”’ for the b4 or b 
allotypes, the total concentrations of yG-immunoglobulins 
appear normal, and a compensatory increased level of the 
alternative allelic allotype accounts for most of the yQ 
in their sere’. 

In the present experiments, we investigated the allotype 
content of anti-hapten antibody produced by a rabbit 
suppressed for the b4 allotype. The b4 allotype was 
“suppressed”? by injecting the newly born animal with 
anti-allotype antibody? directed against the b4 antigenic 
determinants on the hght polypeptide chams of rabbit 
immunoglobulins. At 12-5 months of age the animal was 
producing strikingly less immunoglobulin of the b4 type 
than. its control littermate (Table 1). We wished to determ- 
me whether or not the population of cells producing 
antibody which presumably would differentiate and 
proliferate in response to immunization with an artificial 
antigen would remain subject to the control mechanism 
maintaining the abnormally low levels of the b4 allotype 
in the serum of the adult “allotype suppressed” animal. 

In a previous investigation® seven preparations of anti- 
benzenearsonate antibodies raised in btb! heterozygous 
unsuppressed rabbits and recovered from specific precipi- 
tates had relatively more b4 molecules and legs b5 molecules 
than the bulk of the immunoglobulins from which they were 
separated. This suggested that such antibodies are made 
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preferentially from b+ molecules. For this reason an animal 
suppressed for the b‘ allotype was chosen for immunization 
with a protein conjugated to benzenearsonic acid, because 
we believed this might favour the production of b4 type 
antibodies. Furthermore, we chose a benzenearsonate 
hapten because a method was readily available for isolating 
purified antibodies in large yields and with a wide spectrum 
of binding activity for the hapten‘. Unfortunately, the 
number of animals suppressed for the b4 allotype was 
limited by the scarcity of b*b* mothers. Two animals, one 
with the b4 allotype suppressed, 76 F Z-4 (injected at birth 
with antiserum containing 5 mg precipitable anti-b4 
protein)and its control httermate 76F Z-3, were available’. 

The two rabbits were immunized with edestin azo- 
benzenearsonic acid and the anti-hapten antibody was 
purified on a hapten-cellulose adsorbent‘. Intravenous 
injections of 5 mg of edestin azobenzenearsonic acid were 
given three tumes a week for four weeks. Sera obtained 
from each animal on the fifth, sixth and seventh days 
after the final injection were pooled. The two antisera 
gave almost identical precipitin curves® with bovine serum 
albumin azobenzenearsonic acid (forty-eight arsenic atoms 
per molecule of bovine serum albumin)‘. The amount of 
antibody protem in each mullilitre of serum which could 
be precipitated was 0-818 mg (76FZ-3) and 0-836 mg 
(162 Z-4). This showed that the ‘‘allotype suppressed” and 
contro] animals were equally capable of producing precipit- 
able anti-hapten antibody. 

For the preparation of purified antibody, 50 ml. 
of antiserum from each rabbit was dialysed against 
10 per cent borate saline buffer at pH 7-8 and then applied 
to individual columns (1:8 x 16 om) of hapten-cellulose 
absorbent equilibrated with this buffer‘. The serum 
proteins which were not bound to the adsorbent were 
removed with a 10 per cent borate saline buffert. About 
90 per cent of the recovered anti-hapten antibodies were 
eluted with a solution contaimng 1 mole/l. of sodium 
chloride and 0-05 mole/l. of phosphate, pH 3-0. An 
additional 10 per cent of protein was recovered by elution 
with 0:1 normal hydrochloric acid. The eluates were 
immediately adjusted to a pH of about 7-5. The amounts 
of protein capable of binding hapten recovered, 44:1 and 
46-2 mg, were somewhat greater than the 40-8 and 41-6 mg 
of precipitating anti-hapten antibody applied to the 
columns. Moreover, 24 and 31 per cent of the anti-hapten 
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Table 1. TOTAL yG-, b4- AND b5-IMAUROGLOBULIN CONTENT OF SHEA AND PURIFIED ANTIBODIES FROM NORMAL AND “ALLOTYPR SUPPRESSED” RABBITS 


TotaltyG* 


76FZ-8 Control ittermate 
+bb5 bå 
(mg N/mL) (%t) 


76FZ-4 “Allotype suppressed” for b4 
Rass Ns b4 


bö Total yQ* ba+ bs 
(AD Gnas fest) (mg N/m.) 


(mg N/m.) (D (%f) 
Pre-immunization serum (age: 12-5 months) 2 08 2-21 89 81 2-08 1-82 16-7 88-3 
Antiserum (age: 14 months) 2-49 2-63 70 80 1-76 1-78 22-6 77-4 
Non-antubedy fraction of antiserum 2-80 27 67 83 1-60 151 17-3 82-7 
Antibody eluted with 1 molar sodimm chloride, 0 05 0-164 0:172 O74 826 0170 0-187 19:8 80-2 
molar in phosphate, aig 38-0 
Antibody eluted with 6-1 normal hydrochlorio acid 0-018 0-017 59 41 0-018 0 020 10 90 


* Determined by aeinnoheratoel analysis with goat anti-Fc. 
torrig % 100 or pay ps * 100. 


antibody protein recovered in the major peak at pH 3-0 
could be precipitated by bovine serum albumin azo- 
benzenearsomec acid. These results are similar to those of 
Vannier, Bryan and Campbell‘, who attribute the large 
quantity of anti-hapten antibodies of low precipitability 
recovered to the presence of fairly large amounts of non- 
precipitating antibody in the sera. These latter enrich the 
major peak because of lower affinity for the adsorbent. 
By free boundary electrophoresis in the presence of excess 
antigen, they showed that all the eluted protein formed 
specific complexes with the bovine serum albumin 
azobenzenearsonate*. This was confirmed with our two 
antibody preparations (the major peaks eluted at pH 3-0); 
unbound globulins were not found by similar free boundary 
electrophoresis experiments. Quantitative precipitin 
analysis with a goat antiserum specific for rabbit yG- 
immunoglobulin showed that the yG concentrations of the 
two antibody preparations were 0-164 and 0-170 mg of 
nitrogen/ml. compared with the total protem concentra- 
tions of 0-163 and 0-166 mg of nitrogen/ml. determined by a 
Kjeldahl method*:’. Thus, practically all the proteins in 
the antibody preparations were immunoglobulins. 

The amounts of b4 and b5 as well as the total yG- 
immunoglobulins in the sera before and after immuniza- 
tion, and m the column fractions (Table 1) were determined 
by the quantitative precipitin method previously des- 
eribed*. The total yG was determined with a goat antiserum 
(G-12) directed against the crystallme papam fragment, 
Fo, of yG-immunoglobulm. This goat antiserum gave 
identical precipitin curves with yG-immunoglobulins of 
various different allotypes. The b4 and b5 yG concentra- 
tions were determined with the anti-b4 and anti-bb 
antisera used previously’. The concentration of b4 or b5 
yG was converted to the percentage of the concentration 
of b4 plus b5 yG in Table 1. The sum of b4 plus b5 yQ, 
indicated for each preparation in Table 1, corresponds 
closely with the total value for yG immunoglobulin deter- 
mined with the goat antiserum. 

The allotype distribution was essentially the same 
(about 19 per cent b4 and 81 per cent b5) in the pre- 
immunization serum, antiserum, non-antibody fraction 
and major fraction of eluted antibody from the allotype 
suppressed rabbit. Similarly, no significant difference in 
allotype distribution (about 68 per cent b4 and 32 per cent 
bö) was found for these same preparations from the control 
rabbit. For both rabbits, a shght shift of the allotype 
distribution toward the b5 allotype was found for the 
antibody eluted with 0-1 normal hydrochloric acid. 
Clearly there is a consistent relatively large difference in 
allotype content between the control and the allotype 
suppressed animal. 

Although the total concentrations of yG immunoglobulin 
in an individual rabbit are found to vary considerably from 
month to month, the percentage of the total yG of a given 
allotype remains relatively constant m normal animals. 
Heterozygous rabbits of genotype btb: generally have 
approximately twice as much immunoglobulin with the 
bf antigenic type as with the b5**-1°, In the “allotype 
suppressed” animals, the percentage of yG with the 
suppressed allotype rises slowly during the life of the 
animal, although it never reaches the normal range*. Our 

results do not support the idea that the slowly increasing 
percentage of the suppressed type represents specific 


antibody production by differentiated cells released from 
the suppression. It may be, however, that other antigens 
or other immunization procedures could give different 
results. 

There are reports*:11:13 that antibodies purified from the 
sera of individual heterozygous unsuppressed rabbits 
showed allehe allotype ratios different from those in 
normal serum or yG. Our finding that the anti-ben- 
zenearsonate antibodies recovered from the rabbits were 
not preferentially of the b4 allotype was different from 
previous results with seven rabbits in which a preference 
for the b4 allotype was found*. In the previous study, 
however, only 10-35 per cent of the precipitable serum 
antibody was recovered from specific precipitates. Selec- 
tion of allotypes might possibly have occurred during the 
purification procedure’, We have found that the more 
strongly bound antibody (10 per cent of the recovered 
protein), which required 0-1 normal hydrochloric acid for 
elution, had a slightly higher percentage of b5 than the 
major portion of antibody eluted at the higher pH. 
Consequently, antibody purified by elution from specific 
precipitates might possibly be relatively rich in the b4 
allotype®. This suggested difference in binding affinities 
among antibodies of different allotypes requires further 
investigation. In the present investigation our yields of 
recovered specific antibody protein (108-111 per cent) 
were greater than the demonstrable precipitable serum 
antibody and it is unlikely that allotype selection during 
purification significantly affected our date. 

The evidence presented here suggests that a mechanism 
controlling the phenotypic expression of the b4 and bë 
allotypes, which was altered at birth by mjection of anti- 
allotype antibody, remained altered and was unaffected 
by immunization with an artificial antigen. De novo 
antibody synthesis resulting from immunization of an 
adult “allotype suppressed”? animal had no significant 
effect on the mechanism of allotype suppression; both the 
purified anti-hapten antibodies and the non-antibody 
portion of the antiserum had the same abnormal allelic 
allotype ratio. Allotype suppression did not appear to 
affect the quantity of anti-hapten antibodies produced. 

We thank Dr. W. E. Vannier for the generous gift of 
immunizing and test antigens and for permitting us to use 
the hapten-celloluse adsorbent and purification method 
before its description was published. 

This work was supported in part by a U.S. Publio 
Health Service postdoctoral fellowship to R. G. M. 
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LETTERS TO THE EDITOR 


ANTHROPOLOGY 


jaw of an Intermediate Type of 
Neanderthal Man from Czechoslovakia 


On July 30, 1965, in the course of the archaeological 
investigation of the Kålna Cave in the Moravian Karst, 
the right part of the upper jaw of a Neanderthal man was 
found. The Kůlna Cave is situated about 45 km to the 
north of Brno. Moravia is probably one of the richest 
palaeolithic regions in Europe. Apart from rich finds of 
the skeletal remains of Upper Palaeolithic man, it has 
also provided the well known find of the neanderthaloid 
jaw from the Šipka Cave, and of the “Ochoz jaw” from 
the SvédtivstGl Cave!. The new find from the Kůlna 
Cave has, however, the best stratigraphic dating and is 
substantiated by a wealth of archaeological and palacon- 
tological evidence. It is thus important not only for the 
solution of questions relating to the palaeolithic populations 
of Central Europe, but also for the explanation of the origin 
and formation of modern man Homo sapiens. 

Research workers in Moravia have long been aware 
of the prehistoric settlement of the Kůlna Cave. As early 
as the turn of the century, Dr. Martin KfiZ, followed by 
Jan Knies, worked here and made a number of archaeo- 
logical finds, especially of palaeolithic stone implements. 
It was clear that these finds belonged to more than one 
palaeolithic layer and the most ancient of the implements 
bore clear Mousterian characteristics. In 1961, after the 
question of the origin of these Mousterian finds in Moravia 
had been considered, the Anthropos Institute of the 
Moravian Museum began a systematic investigation of 
the cave. Over a period of four years the entrance into 
the cave was excavated. 

At the entrance, the following sequence of layers was 
ascertained : 


Rock bottom (depth 7 m) 
No. 12, Gravel terrace. 

No. 11, Grey layer with Micro-Mousterian (“Tayacien”). 

No. 9, Layer of brown soil with isolated artefacts deeper in the cave. 
No.8. Layer of reddish brown loam with microfauna, 

No.7 ¢. Layer of dark brown loam with Lower Mousterian. 

No. 76. Layers of sterile loess soils disturbed by solifluction. 

No.7 a. Dark brown layer with Upper Mousterian (with (Homo)). 


Hiatus resulting from the destruction of layers by denudation. 

No. 6. Latest Wiirm loess in the upper part of which we found 
remains of Magdalenian culture. 

Nos. 8-4. Post-glacial to old Holocene layers with EpiMagdalenian. 

Nos. 1-2. Holocene layers with prehistoric finds. 

In 1965 the work progressed deeper into the cave, and 
on July 30 at a distance of 29 m from the entrance part 
of a human upper jaw was found, in a layer of the latest 
Mousterian, chronologically placed at the end of the first 
stadial of the last Ice Age (end of W I, Hauptwirm). 
It was found in entirely undisturbed layers, fossilized 
and coloured like the other animal bones found in the same 
layer. It is difficult to explain the isolated find, but 
because it was made shortly before the end of the year’s 
work, the possibility cannot be excluded that next year 
the work may bring to light more bones of this individual. 

The find (Fig. 1) consists of the right part of the upper 
jaw with the canine, premolars and the first molar teeth. 
Empty sockets remain from the two missing incisors and 
all teeth present are “permanent”. The second premolar 
is quite unworn and the occlusal biting surface shows per- 
fect cups. It seems that this tooth was not completely cut 
which, together with the condition of the other teeth, 
indicates that the jaw belonged to an adolescent of 14-15 
years of age. On the preserved bone we can trace the lower 
edge of the nasal opening and the morphology of the 
alveolar process. It is clear that the jaw was comparatively 


strong and high. The height from the alveolar edge to the 
nasal opening would be unusual even for an adult Homo 
sapiens, let alone for an adolescent. epee 

The shape of the preserved part of the jaw suggests 
that originally a slight curve was present, the so-called 
fossa canina, which is typical for Homo sapiens and appears 
only rarely in Neanderthal finds. We may say, therefore, 
that the find is an interesting mixture of primitive and 
advanced features. Primitive features include the: size 
and robustness of the bone, the great height of the jaw, 
the absence of the nasal spine, the presence of the fossa- 
praenasalis, the size of the teeth and the small metaconule 
on the first molar (which some authors consider. to. be: 
characteristic of Neanderthal man). Pes 

Progressive features are the indication of the. fossa 
canina, the morphology of the canine and, above all, 
of the two premolars, as well as the general shape of the _ 
first molar. The striking size of the jaw and size of the. 
teeth are similar to the features of the Sipka jaw, even 
though this is also a case of a child (a boy about 10 years 
old). The Sipka jaw dates from a somewhat later period, 
interstadial W I/II, and we again have the interesting 
mixture of primitive and progressive features. AREF 

The Kůlna find is not typical of Western. European 
Mousterian from the archaeological point. of view... 
(Recently some authors have drawn attention to the lack of 
homogeneity even in the Western European Mousterian.) 
Among the wealth of archaeological finds in this layer, 
quartzite implements of the Mousterian type prevail; 
however, here and there we also found implements which 
can be assigned to the Acheul tradition, and isolated 
examples of implements approaching the type of tools 
found in Upper Palaeolithic cultures. This collection of 
finds is perhaps nearest to the Mousterian culture of the 
Micoque tradition. 

We already have a number of Neanderthal skeletal finds 
from Central and East Central Europe. Important 
discoveries for a correct interpretation of this new find 
are those of the frontal bone from Sala in Slovakia, the 
endocranial cast from Gánovce in Eastern Slovakia, 
the parietal bones from Ehringsdorf’, the jaw from 
the Subalyuk cave in Hungary’, the Teshik Tash find in 








Fig. 1. Maxilla of a Neanderthal man {Homo sapiens nea 
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Uzbekistan, Soviet Union, the classical 
find from Krapina and the find from Staro- 
selje in the Crimea. In comparison with 
skeletal remains of Western European 
Neanderthal man, it appears that the 
former finds have a much greater breadth 
of variation. It must be borne in mind, 
however, that there have been no finds in 
Western Europe of more than one indivi- 
dual of the same population. Only in 
Spy in Belgium and La Ferrassie in France 
are there incomplete finds of two or more 
individuals. 

“The finds from Central and Eastern 100 
Europe, together with those from Pales- 

tine, therefore give a more ee 
picture. They show a striking variety in 
the morphological features of a population 

and the presence of individuals with a I 
characteristic mixture of primitive and 
progressive features, especially in the | 
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period of the transition from stadial WI to 
interstadial WI/TI. This is also the period 
that has been assigned to the transforma- 
tion of Neanderthal man to Homo sapiens 
sapiens, The find from the Kůlna Cave 
thus.adds to the picture provided by other 
finds, especially those from Central, Eastern 
and South-Eastern Europe, that it is scarcely possible to 
consider populations older than Upper Palaeolithic as 
morphologically homogeneous, represented by one or 
several morphologically exact and definable types. On 
the contrary, it appears that the facts would agree more 
closely with the opinion that these populations had a 
considerable morphological variability and that, at least 
outside Western Europe, they provided, on a broad base. 
the ‘possibility for a gradual transformation to the later 
primitive type of Homo sapiens sapiens. 





Fig. 1. 


J. JELÍNEK 
Anthropos Institute, 
: Moravian Museum, 
Brno, Czechoslovakia. 
i Kiva, B., Musil, R., 
(1062). 
= Behra-Blancke, G., Au-Thiiringen, 4, 97 (1980). 
* Bartosz, L.. Geol. Hung. ser, Paleont., 14, 352 (1939). 
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RADIOBIOLOGY 


Zirconium-95 and Niobium-95 in Human 
Lungs and Atmospheric Dust during 1963 


Tue International Commission on Radiological Protection 
(L.C.R.P.) model for the human lung involves caleulation 
of pulmonary contamination by measurement of insoluble 
atmospheric radioelements. Recently, Rundo et al. 
measured zirconium-95 and niobium-95 in several human 
lungs. He modified the I.C.R.P. coefficients in order to 
obtain agreement between the theoretical model and the 
experimental results. 

In Nancy we have studied the activity of zirconium-95 
and niobium-95, in atmospheric dust collected daily on 
filters, and in post-mortem human lungs from people who 
lived in the area. We wished to compare our experimental 
data with the values calculated from the I.C.R.P. theoreti- 
eal model for pulmonary contamination. Since 1964 the 
eoncentrations of radioactive material in the atmosphere 
have been too low to draw any conclusions. In 1963, 
when we made forty-four autopsies there were variations 
in the level of radioactivity and we selected this year for 
our study. We divided the year into two periods; the 
first January- -August (twenty- four autopsies), the second 
September-December (twenty autopsies). During the 
first period radioactivity levels were high, but during the 
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Comparison between zirconium-95-niobium-95 radioactivity measured in the 
atmosphere and radioactivity of two models of pulmonary contamination. 


second period they were low. Gamma spectra were taken 
each week from dust filters (changed daily); the results 
from each filter were combined and one spectrum was 
prepared. Gamma spectra were also obtained from 
ground human lung samples (dried for 48 h at 120° C). 

Covell’s method? was used for the quantitative determ- 
ination of zireonium-95—niobium-95 in a complex mixture 
from the powdered lungs and the fall-out dust spectra. 
This method uses the emergence of the total absorption 
peak above the Compton background. 

The theoretical L.C.R.P. model follows this equation: 


t 
q = J.V X Ce-0-eoayr 
a 


q is the lung content in picocuries (pe.); f is the fraction 
of the inhaled material which is not exhaled or removed 
rapidly by ciliary action from the upper respiratory 
tract; V is the breathing rate in m3/day; C is the activity 
in pe./m® of air; ¢ is the time expressed in days (to 
account for the daily variations of C); T is the effective 
half life in days and is equal to 





where T'e is the biological half life in days, and 7’, is the 
physical half life in days. 

The L.C.R.P. recommended coefficients are: f= 
J-V = 2-5m5/day; V = 20m/day; 
42 days. 


0-125, 
T = 120 x 65/185 = 


Rundo used different coefficients as follows: f.V = 
5-0 m*/day and T = 65 days (not taking into account the 
biological elimination). 

In both cases, the calculations were made using the 
sum of the atmospheric radioactivity for a 180 day period. 
The data are presented in Fig. 1 and Table 1. 

The average activities, calculated using the ILC.R.P. 
formula agree with the average lung radioactivities 
measured in our study. The correlation between our 
measured radioactivities and the radioactivities calculated 
separately (I.C.R.P.) for each lung was less satisfactory 
during the first period (January to August) (r = 0-22) 
than during the second (September to December) (r = 
0-49). This may result from the great fluctuations in the 
radioactivity, particularly as a result of the heterogeneity 
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Table 1. COMPARISON BETWEEN ZIRCONIUM-95-NIOBIUM-95 RADIO- 
ACTIVITY MEASURED FROM THE ATMOSPHERE WITH RADIOACTIVITY ESTIM- 
ATED FROM TWO MODELS OF PULMONARY CONTAMINATION 


January 1963 September 1963 
August 1963 December 1963 


Average measured pulmonary radioactivity 209-5 72:8 

(pe.) (o = 93-5: (o=45-0: 
24 cases) 20 cases) 

Average theoretical pulmonary radioac- 296-2 69-4 
tivity (taking into aecount biological (o= 117-8: (o= 20-3: 
elimination) 24 cases) 20 cases) 

LC.RB.P, calculation (pe.) 

Average theoretical pulmonary radioac- 783-5 253-8 
tivity (without taking into account bio- (e=3142: (g = 893 : 
logical elimination) 24 cases) 20 cases) 


Rundo ealeulation (pe. 


of the samples and of the importance of the “hot spots” 
in pulmonary contamination. 

Our results are on average 3-5 times weaker than those 
obtained using Rundo’s coefficients*. This disagreement 
can probably be explained by the difference in techniques 
used (whole body-counter against dried lung sample 
counts) and by the variations in the physico-chemical 
nature of the fall-out. Our results are in agreement with 
those of Wrenn et al.‘ (five post-mortem lung studies with 
activity calculated using the LC.R.P. model and an f.V 
value of 2-0 m*/day), and with those of Osborne? (six 
post-mortem studies using an f. V value of 2-8-3-8 m3/day). 
The coefficients used by these authors are within the range 
of values recommended by the I.C.R.P. 

Coefficients f and T are considered constants, but are 
really variables which depend on the physicochemical 
nature of the contamination. One of us* has demonstrated 
that the values of f and T cannot be determined separately 
as a function of the pulmonary and atmospheric radio- 
activity levels, which will only give a relationship between 
the two coefficients. 

L. DUTAILLY 


Service Central de Protection J. MARTIN 
contre les Radiations Tonisantes J. ROBERT 
(S.C.P.B.L.), and C. Bure 


Faculté de Médecine, 
Laboratoire de Physique Médicale, 
30 Rue Lionnois, Nancy. 


1 Intern. Comm. Radiol. Protection, Rep. Committ. II (Pergamon Press. 
London, 1959). 

* Rundo, J., and Newton, D., Nature, 205, 37 (1965). 

* Covell, D. F., Anal, Chem., 81, 1785 (1059). 

* Wrenn, M. E., Mowafy, R. and Laurer, G. R., Health Phys.,10, 1051 (1964), 

* Osborne, R. V., Nature, 199, 143 (1963). 
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Soft Tissue Retention of Strontium-90 in 
the Beagle 
PREVIOUS investigations'-* have led us to conclude that 
in the beagle, strontium-90 is deposited almost exclusively 
in the skeleton. This report concerns the retention of 
strontium-90 by non-mineralized tissue. The tissues 





Table 1. DISTRIBUTION OF STRONTIUM-90 RETAINED IN CERTAIN TISSUES OF THE BEAGLE 
Interval: Percentage of injected dose e! , qos S 
Identification injection to death gram of tissue 19 Relu) RALES) x yon 
No, (days) Liver Kidneys Spleen Rew) 
T1485 9 66 190 50 0-344 74 
T1682 9 44 240 350 0-380 89 
P1585 30 12 100 56 0-242 32 
M685 35 20 30 18 0-3187 27 
FASS 960 27 56 1-6 Q-128* O7 
M1085 990 56 731l 0-2) 0-136 18 
MESHA 1,021 2-1 6 24 0126" 9-9 
F735 1,129 Vl 10 21 0-164 52 
31285 1,165 0-31 2: 1-0 0-113 3-8 
P4385 1,448 O19 26 0-37 0-0844 24 
F885 1,469 1-2 76 1-2 0-129 6. 
FULSS 1,667 0-25 0-32 67 0-102 2 
M255A 1,740 í 3-0 Ld 0-121 3 
M234 2,093 +7 0-58 0-113 43 
F884 2,206 47 O46 0-137 3- 
M385 2,256 3-8 0-52 0-102 3 
M384 2,781 53 0-61 00712 ca 
FiS 3,682 2-8 1-1 0064 2 
Average (960 days through 3,682 days) 5 
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selected for analysis were limited to the liver, kidneys 
and spleen, paralleling the investigations of the soft 
tissue retention of radium-226 (ref. 5). 

Strontium-90 was given to the dogs by means of a 
single intravenous injection in early adulthood (527 + 53 
days) as described previously‘. Whole body retentions 
were measured in vivo? with a scintillation counter 
(8 in. x 4 in. Nal) and a multi-channel (400) analyser. 
Weighed fractions of the soft tissues involved were 
obtained at autopsy and wet ashed with concentrated 
nitrie acid and hydrogen peroxide. Appropriate samples 
were taken, and yttrium-90 was extracted into.a tel 
mixture of di(2-ethylhexyl) phosphoric acid (EHPA) 
and toluene containing 8 g 2,5-diphenyloxazole (PPO): 
and 0-2 g 1,4-bis-2(5-phenyloxazolyl)-benzene. (POPOP)/l. 
The extracts were collected in 50 ml. Erlenmeyer flasks 
which were placed on a photomultiplier tube connected to 
an amplifier and a sealer for measurement of radioactivity’. 

The distribution of the injected dose (correeted for 
radioactive transformation) between the three tissues 
investigated is shown in Table 1. The tabulation is ar- 
ranged in order of increasing time intervals to death and 
it is apparent that the concentration of strontium-90 
in the tissues tends to decrease with increasing time. 
The concentration in the spleen and the liver is about 
the same, while that of the kidney appears to be higher. 

In agreement with preliminary investigations*®, «tho 
soft tissue retention of strontium-90, as indicated by its 
retention in the liver, kidneys and spleen, is very small 
and decreases with time. Perhaps the most. interesting 
feature of the data presented here is that the contribution 
which these three tissues make to whole body retention. 
seems to remain constant from about 1,000 days onwards.: 
As whole body retention of strontium-90 is ‘essentially 
retention by the skeleton and because there is a rapid 
“wash out” of strontium-90 from soft parts, it appears 
that the association of strontium-90 with soft tissues for 
long intervals following injection is controlled “by the 
strontium-90 reservoir (the skeleton) and diminishes as 
this is depleted. 

For comparative purposes, data relating to the soft 
tissue retention of radium-226 are also presented in Table 
2. In this investigation the retention of radium by the 
liver, kidneys, and spleen relative to whole body retention 
was 0:052+0-034 per cent for twenty-two dogs which 
survived for various periods of time (590-2,955 days) 
after injection. This is about nine times greater than for 
strontium (Table 2). i 

If, as seems likely, the soft tissue retention of these two 
alkaline earth elements at times long after injection ‘is a 
reflexion of bone metabolism, it would be interesting to 
compare the behaviour of these two elements with that of 
calcium. Unfortunately, calcium measurements have 
only been made by us on mineralized tissue. The LOR. P. 
Task Group on the Revision of the Standard Man’, 





Re( m) is the measured fraction of whole body retention strontium-90 at or near time of death. 
RAT KS) is the measured percentage of strontium-90 retained in the liver, kidneys and spleen. 


« Whole body retention estimated from previously published equation for retention of strontium-90 In. the beagle (ref. 8), 
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Tis 2, COMPARISON OF ALKALINE Earn SOFT Tissue FETENTIONS 





: Percentage of whole body ; 
in. Hver, kidneys Relative 
and spleen values 
Calelum (human) 0-014 1-00 
Strontinum-90 (dog) 0-0059 0-42 
Radium-226 (dog) 0-052 37 


however, has collected data on tissues in the standard 
man, and the calcium concentration in these tissues has 
been published”; the mean calcium concentration in soft 
tissues was 6446-5 ug calcium/g of wet tissue. This is 
essentially the same as the calcium found in the liver, 
kidneys, and spleen of the standard man which was 
found to be 0-134 g calcium or 72 ug calcium/g wet tissue. 
The total body calcium was found to be 960 g; therefore 
‘the contribution of the three tissues of interest to total 
“body calcium is 0-014 per cent. These data are sum- 
marized in Table 2. In addition to the fact that calcium 
isa “normal” metabolite there are two other differences 
to be considered when comparing the radium and strontium 
results with the calcium data: (1) radium and strontium 
were. investigated in dogs whereas the calcium was 

pi investigated i in humans, and (2) the radium and strontium 
were. given to the dogs only once whereas calcium is 
ineleded i in the daily diet of the normal human. 

a Davin R. ATHERTON 

Betsy J. Stover 
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PHYSIOLOGY 


Pyroelectric Effect in Bone and Tendon 


Investicarions have recently been made into the 
generation of electric potentials in bone subjected to 
mechanical stress!-. Shamos, Lavine and Shamos® and 
Fukada and Yasuda? have suggested that the potentials 
are the result of a piezoelectric effect in the collagen of 
the bone. Fukada and Yasuda have also found a piezo- 
electric effect in the collagen of the Achilles tendons of a 
horse and a cow’. Other workers}? have suggested that 
the electric potentials in bone may be generated either by 
the bending of mucopolysaccharide molecules such as 
hyaluronic acid or by stress at the interface between 
collagen and hydroxyapatite. The polar crystal structure 
of the collagen molecule means that it could exhibit a 
pyroelectric effect as well as piezoelectricity. We have 
therefore investigated the existence and magnitude of the 
pyroelectric effect, and tried to find the origin of the 
electric potentials in stressed bone. 
The pyroelectric effect is a result of the dependence on 
‘temperature of the polarization of certain crystalline 
solids—-a charge or a voltage difference appears between 
certain faces of a crystal when its temperature is changed. 
Pyroelectricity can exist only in solids which lack a centre 
of symmetry and do not have more than one axis of 
symmetry. Tourmaline and barium titanate are typical 
pyroelectric materials. Quartz is not centrosymmetrical 
and so it is piezoelectric, but it is not pyroelectric because it 
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has jour d axes sof syenaey. The two prineipal deeiaitine 
components of bone are the mineral hydroxyapatite and 
the protein collagen. Hydroxyapatite’ has the centro- 
symmetrical erystallographic point group 6/m, which 
means that there is a sixfold axis perpendicular to a 
mirror plane, and thus can be neither piezoelectric nor 
pyroelectric. The collagen molecule’ has the point group 
3, and can exhibit both piezoelectricity and pyroelectricity. 
In both bone and tendon, the long chain helical mole- 
cules of collagen lie together, parallel to the axis of the 
bone or tendon. It can be shown that this arrangement 
of collagen molecules randomly rotated about their three- 
fold axes of symmetry should exhibit the following 
piezoelectric coefficient matrix a: 


0 0 0 du dis 0 
0 0 0 dis TE di, 0 
ds, day das 0 0 0 


This matrix corresponds to a texture of the type (oo) T 
that is, a texture which has a symmetry axis of infinite 
fold’. This material should also show pyroelectric effect 
in the axial direction. Fukada and Yasuda‘ found that 
the femur of a man and of an ox showed the piezoelectric 
matrix b 


0 0 0 dy 0 9 
0 0 8 0 ~ dia 0 
0 o 0 0 9 9 


This matrix corresponds to a texture (co : 2) T, which 
means that there is an infinity of twofold axes normal to 
the infinite axis along the length, and so this bone cannot 
be pyroelectric’. Their measurements on the Achilles 
tendons of a cow and a horse yielded the matrix a. 

Pyroelectric measurements were made on samples of 
the femur, on one of the phalanges and on the hoof tendon. 
of a cow. The bones were degreased, and disk shaped 
samples, 6 mm in diameter and 3mm thick, were prepared, 
some with the flat faces normal to and some with them 
parallel to the bone axis. The tendon was dehydrated in 
absolute aleohol, and samples were cut which were orient- 
ated both normal and parallel to the tendon axis. Samples 
were oven dried at temperatures ranging from 50° to 
105° C. After drying, all samples had resistances greater 
than 10‘ ohms. Several samples from one of the phalanges 
were placed in 2 per cent nitric acid to dissolve all material 
other than collagen. About 75 per cent of each sample 
was removed by this process. Silver paint or colloidal 
graphite electrodes were placed on the samples. No 
effects of the electrodes were observed. The samples were 
placed in a tubuler container between spring loaded, gold 
plated electrodes. The sample holder could be heated by 
a heating coil or cooled by radiation to an outer concentric 
tube immersed in liquid nitrogen. The temperature was 
measured by a platinum resistance thermometer placed 
inside one of the electrodes. The pyroelectric voltage was 
measured with a vibrating reed electrometer shunted with 
a 101° ohm resistor. The pyroelectric coefficients were 
measured while the sample holder was heated or cooled 
uniformly at rates as great as 14° C/min, according to the 
method of Lang and Steckel’. The pyroelectric nature of 
the voltages measured was verified by the following 
observations: (a) the sign of the voltage was different, 
dependent on whether the sample was being heated or 
cooled; (b) the polarities were reversed when the sample 
was inverted in the sample chamber; and (c) calculations 
showed that any piezoelectric voltage produced by a 
change in electrode pressure on the sample would have been 
much smaller than the observed voltages. 

The pyroelectric coefficients in samples cut with the flat 
faces normal to the axis are given in Table 1. There was 
no pyroelectric effect in any sample which was cut with 
faces parallel to the axis. The standard deviations were 
large because the pyroelectric voltage was only slightly 
greater than the noise level of the measuring instrument. 
These values are the smallest values of any pyroelectric 
coefficient reported, being three orders of magnitude 
smaller than the previous lowest value!, and five orders 
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Table 1. PYROELECTRIO Comrricrents (AT CONSTANT STRESS) OF BONE 
d AND TENDON 


Temperature Pyroelectric coefficient 


Materials range and standard deviation 
{° ©) (coulomb cm-* ° C-) 
Phalanx — 85 to 55 (2-5 +18) x 107? 
Phalanx treated with nitric acid — 35 to 60 (3-8 + 1-8) x 1073 
Femur ~ 25 to 60 (3-6 + 2-1) x 107 
Hoof tendon — 35 to 85 (4:1 42-0) x 10-8 


of magnitude smaller than the value for barium titanate". 

The existence of a pyroelectric effect in bone indicates 
that the texture type should be (co) T rather than 
(co : 2) T, and therefore the piezoelectric matrix of bone 
is a, rather than b as found by Fukada and Yasuda‘. 
The pyroelectric coefficient is very small and so d,, and 
dy, might also be expected to be very small. The pyro- 
electric coefficient of the bone treated with nitric acid (the 
coefficient is based on the area of the sample before acid 
treatment) is about the same size as those of the un- 
treated specimens. This indicates that the pyroelectric 
effect is caused by the crystallographic structure of the 
collagen molecule. Piezoelectricity and pyroelectricity 
are closely interrelated and so it would be reasonable to 
assume that the electric potentials in mechanically stressed 
bones are of a piezoelectric origin. The very small size of 
the pyroelectric effect in collagen containing materials 
probably precludes any physiological significance of the 
effect. There may be other biological materials in which 
the pyroelectric effect is of such magnitude as to be 
physiologically important. 

I thank Prof. Charles H. Norris, of the University of 
Colorado, for his help, and Mr. Art Kayser and Mr. 
Wayne Frank for obtaining the specimens. This work 
was conducted when I was a U.S. National Academy of 
Sciences—-National Research Council resident research 
associato. 
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Permeability Factor in Human Lymphoid 
Tissue 


We recently described a permeability factor (or factors) ex - 
tracted from lymph node cells of mice, rats and guinea-pigs'. 
This factor has been shown to be active in increasing 
vascular permeability, causing emigration of leucocytes? 
and bringing about the deposition of a material closely 
resembling connective tissue fibrinoid’. It has been 
suggested that this material might be responsible for 
delayed hypersensitivity reactions in rats and guinea- 
pigst®. The present investigation was undertaken to 
determine whether a similar factor (or factors) was 
present in human lymphoid tissues. 

Human lymph nodes were obtained at operation from 
patients undergoing surgical procedures for conditions 
other than those associated with “collagen” diseases. A 
few lymph nodes were also removed during routine 
autopsies, but this method of obtaining material was 
abandoned after some preliminary experiments because 
of the difficulty of obtaining fresh material. Lymph 
node cells were teased out of the lymph nodes in Hanks 
solution. The cells were then washed twice in Hanks 
solution to remove any blood. The cells were disrupted 
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using an ‘MSE’ ultrasonic disintegrator at. 20,000: ¢/s. 

The disrupted cells: were. then centrifuged at. 12,0009 
in a refrigerated centrifuge and the supernatant dialysed 

against distilled water at 5° C for 48-72 h, after which it 

was dried by freezing. 

The dried material was found to increase vascular 
permeability in the skin of rats and guinea-pigs as measured 
by the leakage of circulating azo dye bound. to protein’. 
The material enhanced permeability in doses down to 
35 ug, and a maximal response was obtained at 300. ug. 
Comparison with extracts of animal lymph node cells 
showed that the dose response curves were ‘similar 
regardless of the species from which the lymph node cells 
were obtained. Pere one 

It was also found that the effect of enhancing permea- 
bility obtained with human or animal lymph node cells: 
(LNPF) could be differentiated from the effects of a 
variety of other permeability factors by the use of antago- 
nists. Thus mepyramine maleate (1-0 mg/kg body weight) 
abolished the response to histamine but did not reduce 
the effect of LNPF. Similarly, 2-bromo-d-lysergic acid 
diethylamide (BOL 148) (1 mg/kg body weight) abolished 
the response to 5-hydroxytryptamine but did. not signifi- 
cantly affect the action of LNPF. Indomethacin given 
intravenously (10 mg/kg body weight) reduced. the 
response to LNPF but had no effect on the response 
to RNA’*. Guinea-pig plasma injected locally with the 
solution under test caused suppression of LNPF: as did- 
local salicylate 2-5 mg/ml. Glucocorticosteroids failed 
to reduce the effect of LNPF on vascular permeability. 

Human LNPF could be differentiated from globulin 
permeability factor by pretreating animals: with DFP 
(2-5 mg/kg) or by prior incubation with soya bean trypsin 
inhibitor (100 yg/ml.). Both these treatments abolish 
the activity of globulin permeability factor in enhancing 
permeability!®, but they do not affect either human or 
animal LNPF. ee 

Further points of similarity between LNPF of human 
origin and that of animal origin were found by injecting 
colloidal carbon intravenously into the test animal. to 
determine the site of the vascular bed that was in a state 
of increased vascular permeability. It was confirmed 
that most permeability factors exert their action mainly 
on the venules.“ LNPF initially caused an accumulation 
of carbon within both capillaries and venules; within 5 
min, however, this effect. was restricted to the venules. 
The state of increased permeability persisted for up to 30 
min, longer than histamine, 5-hydroxytryptamine and 
bradykinin. gy 

Further interesting properties of human LNPF were 
found when the injected site was examined histologically.: 
Within 45 min of injection, large numbers of polymorpho- 
nuclear leucocytes could be seen in and around the. 
vessels with masses of an eosinophilic material closely 
resembling connective tissue fibrinoid™. Skin examined 
24 h after injection showed a massive emigration, of 
mononuclear cells with a slight condensation of ‘the 
eosinophilic material. These effects on leucocyte emigra- 
tion made it easier to differentiate LNPF from other 
permeability factors which have been shown to have 
no effect on cellular emigration’. 

Extracts of splenic tissue from four patients undergoing 
therapeutic splenectomy for various conditions were 
extracted. Without exception these all had a high con- 
centration of LNPF activity. 

Recent work has shown an association between LNPF 
and delayed hypersensitivity reactions in animals, includ- 
ing experimental allergic thyroiditis'*, and it seems 
possible that this factor may play an important part. in 
autoimmune disease in man. 

We thank Prof. W. G. Spector and Dr. H. Wykeham 
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Isolation of Poly «-L.-Glutamic Acid from the 
Oviduct of the Domestic Fowl and a 
Possible Role in Maintenance of Fertility 


Ir has been known for a considerable time! that avian 
sperm, while in the oviduct, is capable of survival and 
of fertilizing ova for periods of wp to 3 weeks in the domes- 
tie fowl and for longer periods in the turkey. In vitro, 
its fertilizing capacity is lost within a few hours. Examina- 
tion of the oviduct of the domestic fowl after insemination 
has shown that sperm are congregated at two points, the 
infundibulum and the utero-vaginal junction?-*, the sperm 
being found in invaginations known as ‘‘erypts” or sperm 
nests”, where they are apparently also protected from the 
action of spermicidal agents?. 

Though the mechanism of storage remains unclear, 
it-maust nevertheless include both protective and immobi- 
lizing factors. Early observations* had suggested that 
extracts or secretions from the infundibulum were capable 
of reversibly arresting the motility of avian sperm. Thus 
at41°-C (the body temperature of the fowl) motility was 
arrested, and was regained on cooling to 37°C. Such 
extracts. were presumed to contain an immobilizing 
factor, and attempts were made to isolate materials 
fromthe oviduct capable of immobilizing sperm at 41° C 
én vitro for considerable periods of time and yet permit the 
resumption of motility on cooling to 37° C. 

Extracts of the infundibulum and upper magnum were 
made in 0-13 molar sodium phosphate at pH 7-2 and, 
after centrifuging, were fractionated on columns of 
carboxymethyl! cellulose to yield a material which was 
extremely effective in arresting motility for several hours 
at 41°C. The material was purified by way of the silver 
a ad led finally to the isolation of the sodium salt 
io of poly a-t-glutamic acid. The molecular weight was 

73,600 as determined by end group analysis and 81,500 
-cas determined by viscosity. The isolated material gave a 
positive biuret reaction and on acid hydrolysis yielded 
glutamic acid only. The material was exclusively in the 
i-form, as was shown by quantitative decarboxylation 
with L-glutamic decarboxylase. The polymer was hydro- 
lysed by papain at pH 5-0 but not at pH 8-0. When 
further fractionated on columns of DEAE cellulose? 
a single peak was obtained which appeared close to the 
region at which authentic poly «-L-glutamate with a 
molecular weight of 90,000 was eluted. Antisera to the 
isolated material prepared in rabbits by a recent tech- 
nique!® cross-reacted with authentic specimens of poly- 
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«-L-glutamate (molecular weight 2,500-90,000) but did 
not react with specimens of poly-y-glutamate prepared 
from culture filtrates of Bacillus licheniformis®. These 
properties are taken as establishing that the isolated 
material is poly «-L-glutamic acid. 

The polyglutamate is not uniformly distributed through- 
out the oviduct, but is found only at the utero-vaginal 
junction and in the infundibulum and upper magnum. 
In an average oviduct the quantities isolated represented 
0-4 mg and 3-4 mg for these regions respectively. No 
polyglutamate was isolated from the vagina, the shell 
gland, the isthmus or the lower magnum. Thus the 
materia] appears to be present only in those regions in 
which sperm are stored, That it is an intrinsie compo- 
nent of the oviduct was shown by isolating it from the 
oviduct of virgin hens. The material is not therefore 
introduced by the cock semen. Purified poly «-u-gluta- 
mate tested against cock semen arrested motility for 7-5 h 
at 41° C, although at least half the original motility was 
regained at cooling to 37° C. This compares with a period 
of 1-1-5 h for a similar phenomenon with raw semen alone. 
This effect appears to be specific for poly «-L-glutamate, 
and no effect is obtained with poly D,L-y-glutamates, 
poly «-L-aspartic acid, phosvitin, polygalacturonic acid, 
polyglucuronic acid, pectins, chondroitin sulphate, various 
mucopolysaccharides, dextrans of different molecular 
weights, cerebral gangliosides, RNA and DNA, and 
heparin. Poly bases such as poly-L-lysine and calf thymus 
histones were immediately toxic. Furthermore, the effect 
depends partly on the molecular weight of the poly- 
glutamate, is non-existent with material of molecular 
weight 2,500, and becomes increasingly marked up to 
molecular weights of 90,000, the highest molecular weight 
tested. 

Although well known as a synthetic chemical’, poly 
a-L-glutamic acid has not apparently previously been 
isolated from a natural source. Its location in the oviduct 
of the domestic fowl and its apparent. specificity of action 
as judged by its effects on motility strongly suggest that 
such material plays a part in the preservation of the 
viability of sperm in vivo. This or similar substances are 
probably widely distributed in the reproductive organs 
of other species, where they may play a similar part in 
fertility, and the distribution of polyghitamic acid and 
evaluation of its possible role are being investigated. 
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Biological Half-life of Mouse Transferrins 


Mouse transferrins, like those of the ratt, are represented 
in serum by two prominent $-globulins which bind iron 
and have slightly different electrophoretic mobilities on 
starch gel”. A mixture of these transferrins can readily 
be isolated? from serum by ion exchange chromatography 
on DEAE ‘Sephadex’. These transferrin preparations 
contain about 10 per cent 7S y-globulin as a contaminant. 
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Transferrins isolated from strain A mice were labelled? 


_with jodine-131 and portions were injected intraperi- 


toneally into ten male and ten female strain A mice. 
The in vivo breakdown of the labelled protein was fol- 
lowed by measuring the radioactivity of the transferrin 
fraction separated from the serum by starch gel electro- 
phoresis. This starch gel method has the advantage over 
the more commonly used techniques that the breakdown 
of a specific labelled protein can be followed even in the 
presence of labelled contaminants. 

The measurements of radioactivity were corrected for 
isotopic decay and for each mouse a graph was constructed 
of the logarithm of the residual radioactivity against time. 
These graphs were linear over the 12-day period of the 
experiment. The biological half-lives calculated from the 
graphs ranged between 1-3 and 1-7 days, with a mean of 
1-5 days. Similar results were obtained with C57BL mice. 
No significant difference was observed between the cata- 
bolic rates of male and female mice. 

From. this work it appears that transferring have a 
rapid turnover rate in the mouse. Values in the literature 
for the biological half-lives of transferrins of other species 
range from about 4 days in the ratë to about 8 days in 
man’, 

Sedimentation velocity experiments revealed no aggre- 
gation of the mouse transferrins which could account 
for the short half-life’. The mean biological half-life of 
1-5 days therefore appears to be genuine. This value 
is similar to that of 2-1 days reported for albumin in 
normal mice’. 
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Minerals in the Livers of Protein Deficient 
Rats 


Specivic protein deficiencies can be induced in animals 
kept on a striet diet lacking protein but otherwise com- 
plete. There is little information in the literature about 
the mineral content of the organs of such animals, especi- 
ally concerning trace elements. The present work com- 
pares the mineral content of the liver of protein deficient 
rats with that of control rats fed a non-deficient diet. 


Table 1. 


* Average statistically different from that of animals on control diet. 
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Mineral analyses were conducted as follows. Samples 
of liver from animals on normal and experimental diets 
were decomposed by boiling with sulphuric acid. and 
nitric acid in a reflux apparatus. The extracts were 
evaporated. A reagent blank was prepared using a known 
volume of potassium sulphate which was spectrographie- 
ally pure. Trace elements were estimated by a semi- 
quantitative spectrographic method using external stan- 
dards'. The dried extracts were mixed with powdered 
graphite and placed in a graphite electrode which was 
placed in a continuous are of 10 A. The spectrum was’. 
photographed in the regions from 2500 A to 4000 A with 
a Hilger spectrograph with quartz opties, and from. 
4000 A to 9000 A using a Huet spectrograph with glass 
optics. Samples were compared with appropriate stan- 
dards. pane 

Potassium and sodium were estimated by flame spectro- 
metry. A Hilger medium spectrograph with an electron 
photomultiplier receiver was used. 

In the first experiment, which lasted 50 days, the 
animals were separated in ordinary metallic cages. Three 
animals received the protein deficient diet and three were 
fed one of the control diets? Liver analyses showed a 
higher content of rubidium and molybdenum in animals 
fed the control diet. A second experiment was carriéd out 
on a larger scale; ten rats were given the deficient. diet 
and nine the control diet, while four were allowed to eat 
as much as they could. In addition, they were kept. in 
individual glass and hard plastic cages to avoid any 
contact with metal. After 50 days the mean body weight 
of the deficient rats fell from 163 to 103 g, the haemoglobin 
concentration from 84-4 to 66-1 per cent, and the total 
protein serum from 65-6 g/l. to 42-7 g/l. The livers were 
analysed for mineral content and the results aré given in 
Tables 1 and 2. SEES 

Only three results show a statistically significant differ- 
ence between the animals on protein deficient and control 
diets with regard to sodium molybdenum and rubidium 
content. Analyses.of the diets showed that the differences 
in molybdenum and rubidium were not due to a different 
intake of these elements. The minerals were estimated in 
whole fresh liver and so we cannot deduce the relationship 
between sodium and water content. The small but: sig- 
nificant difference in molybdenum. contentis. easily.. 
explained by the decrease in xanthine oxidase concen: 
tration, which is known to accompany the. protein 
deficiency*. The differences in rubidium concentration 
are important; there is about four times as much in the: 
livers of control rats as in those of protein deficient: ones, 
and the potassium content remains about the same. 

The observed differences are difficult to interpret. 
Relman‘ and other workers have noticed in their experi- 
ments a preferential retention of rubidium compared with 
potassium. In the present work the turnover in protein 
deficient animals is likely to be slower than in controls, 
which could explain, assuming the hypothesis of prefer- 


TRACE ELEMENTS IN LIVERS OF ANIMALS FED PROTEIN DEFICIENT AND CONTROL DIETS (p.p.1m.) 


Number Trace elements 
Experimental diet Man- Molyb- Vanad- Chrom- Rubid« 
animals ganese denum Tin ium Copper Silver Nickel Cobalt ium Lithium ium 
No protein 10 3-70 O57* O74 <005 3°88 <0-05 0-81 <007 049 <0:05  0-38* 
Control, fed to the first nine rats of deficient 9 3-76 0-79 0-57 <0-05 398 <0-05 033 <0-06 0-46 <005 148 
grou 
control, fed freely as much as they wanted 4 3-63 0-84 0-51 < 0-05 3:96 < 0-05 0:27 <0°05 0:59 < 0-05 1-12 
* Average statistically different from that of animals on control diet (variance analysis). 
T he method used is not sensitive enough for the determination of caesium. 
Table 2. ALKALI ELEMENTS IN LIVERS OF RATS FED DEFICIENT AND CONTROL DIETS 
Sodium Potassium Rubidium 
Fresh Total Inliver/ Fresh Total Inliver/ Fresh ‘Total Inliver/ Ratio of Raubidium/ 
Experimental diet No. of liver liver 100g of liver liver 100g of liver liver 100 gof potassium/ potassium 
animals  (°/sa) (mg) animal (fae) (mg) animal (p.pan.) (y) animal sodium x 1,000 
j No protein i 10 0-088* 3-55 3-44 0-298 12-00 11-65 0-38* 1-60 1-55 33 0:42 
. Control. fed to. the first nine rats of the 9 0:079 376 229 0-311 1465 8-93 1:48 685 417 3-9 0-47 
deficient group Beggs 
Control, fed freely. as much as they wanted 4 0-098 7-92 2-63 OB317 25:39 8-43 142 8-90 2-96 32 OBB 
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ential retention of rubidium, the lower level of rubidium 
compared with potassium in protein deficient animals. 
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Uptake of Labelled Alloxan in 
oe the Pancreatic Islets 
To explain the diabetogenic action of alloxan it is necessary 
to decide whether it is specifically taken up by the beta 
cells. Investigations of rats and toadfish have shown no 
specific uptake, and recent attempts to explain the mode 
of action of alloxan are based on its non-selective distri- 
- bution!, We have investigated the distribution of alloxan- 
2-4C In mice by whole body autoradiography and micro- 
autoradiography and have found an accumulation in the 
islet tissue. 
Thirty microcuries of labelled alloxan with a specific 
activity of 5 mc./mmole was dissolved in 1-2 ml. of saline, 
and 0-2 ml. of the resulting solution was injected intra- 
venously into mice. Each animal was given 5 ue. corre- 
sponding to 0-14 mg of alloxan. Four male albino mice of 
weight about 20 g and two female mice, advanced in 
“pregnancy, of weight about 40 g were used. The male 
muce were killed 5 min, 15 min, 60 min and 24 h after 
injection and the females 30 min and 4 h after injection 
-= Dy immersion into hexane cooled with solid carbon dioxide 
“(= 75°C). Sagittal sections about 20u thick were cut 
_ through whole animals. Autoradiograms were made by 
“placing the sections against X-ray film for 3-4 months. 
~The method. has previously been described in detail**. 
For semiquantitative estimation of the autoradiograms a 
comparison was made with the results obtained from 
standards containing known concentrations of the 
isotope’. Pancreatic specimens were removed from rats 
injected with labelled alloxan in the same way as the 
first set. The specimens were frozen with isopentane, 
cooled with liquid nitrogen, and then freeze dried. The 
“dry” microautoradiographic method used is described 
in detail elsewhere’. 

The concentration of radioactivity in the blood was 
relatively high 5 min after the injection of labelled alloxan, 


Specific 
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: Fig, Tẹ Autoradiogram of a mouse 4 h after intravenous injection of labelled alloxan. 
W areas correspond to high concentration of radioactivity. Accumulation can 
þe aseen, in the pancreatic islets, aortic wall, bone and visceral yolk sac epithelium. 
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Fig. 2. Detail of Fig.41 showing pancreas and surrounding tissues, 


Pancreatic islets 


but had decreased to a low amount after 30 min and was 
hardly detectable after 24 h. The concentration in most 
tissues—such as skeletal muscles, liver and exocrine 
pancreas—-never exceeded that of the blood. There was 
an accumulation of radioactivity in pancreatic islets, the 
renal cortex, arterial walls, bone, tendons and apparently 
in cells of the pleural and peritoneal cavities. In pregnant 
animals there was also a rather strong accumulation in 


the epithelium of the placental visceral yolk sac. Radio- ‘sas 


activity did not build up in the placenta, but the con- 
centration in the foetal tissues was uniformly low. There 
was no accumulation in foetal pancreatic islets. During 
an initial phase of excretion the concentration in the renal 
cortex was very high, but later decreased to a concen- 
tration only slightly above that of the blood. 

The accumulation in the pancreatic islets far exceeded 
that in any other tissue with the exception of the initial 
renal concentration. The accumulation in the islets had 
apparently reached its highest level 5 min after injection 
and then persisted unchanged for the following 4 h. 
After 24 h the radioactivity had decreased considerably 
but was still significantly higher than that in the blood. 
The disappearance of radioactivity was more rapid from 
blood and most other tissues than from the islets. The 
ratio of concentration in the islets to that in other tissues 
was highest at 1 and 4 h after injection. After 1 h the 
concentration in the islets was about thirty times as great 
as that of the blood and about a hundred times that of the 
skeletal muscles. 

The detailed autoradiographic investigation of pancreas 
showed that the radioactivity was accumulated almost 
exclusively in the pancreatic islets. Most of the islet cells 
were labelled. 

The diabetogenic dose of alloxan is twenty to twenty- 
five times greater than the dose used in the present in- 
vestigation, so that accumulation in the pancreatic islets o 
can be assumed to have occurred in cells which are 
morphologically and functionally unchanged. 
A high concentration was reached by 5 min 
after injection, which suggests that the 
uptake in the islets represents that of 
unchanged alloxan rather than a metabolite, 
It also indicates that the first morphological 
changes, the degranulation of the beta cells, 
observed after administration of larger doses 
of alloxan are probably preceded by an 
accumulation of alloxan in the beta cells. 
The relatively long persistence of the radio- 
activity of the islets is surprising in view of, 
the rapid breakdown of alloxan in blood, an” + 
it may indicate that alloxan or its labelle@ 
metabolites are bound in the beta cells. 

Further work‘ suggests that accumulation 
is much less pronounced when high doses of 
alloxan are given. This may explain why 
Landau and Renold? found no specific 
uptake in the islets. The affinity for the 
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Pancreatic islet 
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Fig, 3. Microautoradiogram of pancreas 1 h after intravenous injection of labelled 
alloxan. Black grains show the localization of the radioactivity. Accumulation can be 


seen in most cells of the pancreatic islet. 


beta cells seems to be specific for alloxan and its non- 
diabetogenic degradation products were not accumulated 
there. 
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Prognostic Indices in Hydrocephalus 


No statistically significant correlation between severity 
of hydrocephalus and long term prognosis has been 
established. Hydrocephalic children with large heads or 
large ventricles do not necessarily suffer more than those 
with smaller heads and ventricles. 

The lack of reasonable guides to prognosis and some 
evidence which indicates that an operation can improve 
the condition? have dictated our policy, which has been to 
shunt the cerebrospinal fluid of hydrocephalic infants. 
The outcome of hydrocephalus ranges from death to 
normal mentality, and it seems that other factors, at 
present unidentified, determine the development of these 
patients. 

We think that other features of hydrocephalus could be 
used as guides to prognosis, and in our investigation the 
following factors were considered: (a) Average thickness 
of the cerebral mantle, measured by air study; (b) absolute 
head circumference; (c) theoretical total volume of 
cerebral mantle; (d) the proportion of the cranial cavity 
occupied by cerebral substance; and (e) the presence of a 
particular pattern of thinning or sparing of a particular 
part of the cortex. For (c) and (d) the volume of the head, 
considered as a sphere, can be calculated from 4/3zr°, 
the radius being calculated from the circumference (277). 
The scalp and bone thickness can be ignored. If the 
average thickness of the pallium is then subtracted 
from r, the new radius, 7,, can be used to calculate 
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the volume (V,) of a smaller sphere consisting 
primarily of ventricles, thalamus and basal 
ganglia, included in the larger sphere. The 
difference between these volumes can, be con- 
sidered to be the (theoretical) volume of cere- 
bral substance. V,/V expresses the per- 
centage of total cranial volume occupied by . 
mantle substance. 

We investigated forty-seven hydrocephalic 
infants who fulfilled the following criteria: 
(a) the presence of an enlarged ventricular 
system; (b) there had been no surgical 
treatment; (c) there was no other major 
defect; (d) poor prognosis on clinical grounds 
given at the time of original observation, and: 
(e) follow-up of surviving patients of not 
less than four years. (The average follow-up 
time for this group was eight years.) Almost 
all the infants were considered to have 
progressive hydrocephalus when first seen 
and at that time an air study was performed 
in each caso. Measurements of the pallium 
were obtained from the radiographs, and 
head circumferences which were also measured 
were usually greater than the ninetieth 
percentile for age**. 

For the follow-up the patients were placed in two 
categories: dead or alive. Twenty-three dead cases. were 
considered. Air study was carried out on the oldest 
patient at twelve months and the average age of the group 
was five months. The average age at death was 3-2 years, 
but the oldest patient lived until the age of ten. ‘The. 
average mantle thickness in this group was 1-0 em (range 
0-3-3-5 em) and average head circumference was 60 om- 
(range 40-55 em). Two infants were in the fiftieth per- 
centile for head circumference in spite of marked internal 
hydrocephalus. The theoretical volume of cerebral sub- 
stance varied from 145 c.c. to 1,787 c.c. (average 686 LESA 
The percentage of the cranial cavity filled by cerebral 
substance varied from 10 per cent to 82 per cent (average 
32 per cent). When pallial thicknesses of frontal, parietal, 
temporal and occipital areas of each patient’s brain were 
compared there was up to 2 em variation in one individual; 
no areas were spared and none was regularly thinner 
than the others. There seemed to be no relationship 
between the mantle width of a given area and the final 
neurological condition. 

Twenty-four patients were alive at the end of this 
investigation. At the beginning the oldest was thirty-six 
months old, but the average age of this group was seven 
months. Surviving patients were divided into three 
groups; those who were clinically well (nine patients); 
those who were clinically fair (six patients), and those 
who were in a poor condition (nine patients). In these 
patients no brain areas were spared and there was no 
particular area of mantle which was thinner than the rest. 
We had thought that the temporal area was somewhat 
spared, but our results did not substantiate this idea. 

In the patients who were clinically well the average 
mantle thickness was 21 em, and varied from 0-4 cm to 
4-25 cm. The average head circumference was 50 cm and 
varied from 40 em to 58 cm, but three patients had head 
circumferences of less than the 90 percentile. Intelligence 
quotients (I.Q.) in this group ranged from 45 to 101 and 
some of the higher I.Q.s were associated with thin mantles 
(for instance a 0-75 em thick pallium and an T.Q. of 100). 
The calculated volume of the cerebral substance varied 
from 2,205 to 191 c.c. and the average was 1,185 c.c. The 
percentage of the cranial cavity filled varied from 17:7 
per cent to 93 per cent and the average was 54 per cent. 

The six patients designated as clinically fair had an 
average mantle thickness ranging from 0-4 cm to 2-2 em 
(average of 1-1 cm). Head circumferences ranged from 


47 em to 62 cm (average of 52 cm). 1.Q.s ranged from 42. cS 
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to 72 (only three patients were tested). The volume. of 
cerebral substance varied from 361 to 1,183 c.e: (average 
of 774 c.c,). The percentage of the cranial cavity filled 
varied from 13 per cent to 64 per cent (average of 37 per 
cent). ; 

Nine patients were considered to be in a clinically poor 
condition. Mantle thickness varied from 0-4 em to 3-5 em 
(average of 1-8 em), and head circumferences varied from 
42-5 em to 64 em (average of 50-5 em); in one infant the 
measurement was at the fiftieth percentile. Intelligence 
quotients could not be determined in these patients. The 
volume of cerebral substance varied between 235 e.c. and 
2,104 c.c. (average of 1,009 c.c.). The percentage of cranial 
cavity filled ranged from 16 per cent to 87 per cent and the 
average was 46 per cent. 

None of the proposed prognostic signs can be correlated 
with the final outcome of hydrocephalus. Although certain 
trends may emerge from the average measurements within 
the groups, none is statistically significant. A thick 
cerebral mantle in hydrocephalus does not necessarily 
give a more intelligent child nor does a thin mantle pre- 
clude near normal development. Any surgical criteria 
related to our proposed correlations appear to be invalid. 
We must still conclude that shunting should be carried out 
on all-infants with hydrocephalus which is uncomplicated 
-by an associated major abnormality because the prognosis 
-vof the infant is unknown, and the diversion of cerebro- 

spinal fluid appears to ease the condition, and finally 
because even without treatment some of the most severe 
hydrocephalics survive’. 
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Cholinergic and Monoaminergic Systems of 
the Brain 


Recent applications of histochemistry to the study of 
neurology, supplemented where necessary by appropriate 
surgical or pharmacological procedures, have led to the 
discovery of two major projection systems, both arising 
in part from the reticular formation of the brain stem. 
Neurones of one system, described and illustrated by us 
in the rat brain!-?, contain acetylcholinesterase (AChE) 
throughout their length and are believed to be cholinergic, 
releasing acetylcholine as a transmitter substance from 
their terminals. Those of the other system, described in 
the rat by Dahlstrom and Fuxe?*, contain monoamines 
(MA)—either a catecholamine CA (noradrenaline NA or 
dopamine DA) or 5-hydroxytryptamine (5HT)—and are 
believed to be monoaminergic. The cholinergic neurones 
are evident in formalin-fixed frozen sections treated by the 
thiocholine method, and the monoaminergic neurones 
become fluorescent in freeze-dried material exposed to 
formaldehyde gas. Now that the findings of the Swedish 
workers have been published in full, it is possible to 
compare in detail the extent and distribution of the two 
systems, and to consider their inter-relationships. 

` Tt is clear that most of the regions which we have found 
to be occupied by the cell bodies of cholinergic neurones, 
that is those which stain heavily for AChE and give rise 
to axons containing AChE, do not possess monoaminergie 
cells. The monoaminergic system is not so extensive as 
the cholinergic system. The cells containing MA are 
located mainly in the brain stem, in groups which are 
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given the following code names: Al to A13 for cells 
containing CA and B1 to B9 for cells containing 5HT?. 
Many of the groups are situated in the ventrolateral 
reticular formation (A1,7,8), in the ventral part of the 
midline raphe (410; B1-3,5,7~9), or in the ventral part 
of the periventricular and central grey and along the 
course of the dorsal longitudinal fasciculus (46,11,12; 
84,6). In these regions, and in all other sites where cells 
containing MA have been described, cells can be seen in 
thiocholine preparations which stain lightly for AChE. 
It is not always possible to be certain that such cells are 
identical with those which contain MA, but in one place, 
the nucleus raphe pallidus (B1), all the cells appear to 
contain AChE. We have found that cells which stain 
lightly in our version of the thiocholine technique do not 
give rise to axons containing AChE, and we presume 
them to be not cholinergic but, probably, cholinoceptive. 
In other words, the enzyme is present in limited amounts in 
the cell body because the cell is acted on by cholinergic 
neurones. In some areas, as for example in the hippo- 
campal formation which has been proved to be cholino- 
ceptive’, we have found that AChE is either absent, as 
in the case of the granular cells of the dentate gyrus, or is 
present in amounts which are only detectable by electron 
microscopy, as in the case of the hippocampal pyramidal 
cells®, 

Only four sites of neurones containing MA are occupied 
by cells which stain heavily in thiocholine preparations 
and can be regarded as cholinergic. These are the peduncle 
of the flocculus (44), the retro-olivary region (45), the 
nucleus coeruleus (46) and the pars compacta of the 
substantia nigra (49). The retro-olivary cholinergic cells 
give rise to crossed fibres, containing AChE, in the olivo- 
cochlear bundle*7, and these have been shown? not to 
contain MA. It therefore seems that the fluorescent retro- 
olivary cells are not those which are rich in AChE in this 
region. Not all the cells in the floceular peduncle stam 
heavily for AChE, and it seems likely that there are also 
two cell populations in the nucleus coeruleus and in the 
substantia nigra compacta. In these latter areas the cells 
are very closely packed, and in each only about half the 
cells stain heavily for AChE, the others staining only 
lightly. The substantia nigra compacta has been shown to 
contribute fibres containing AChE to the ventral teg- 
mental pathway of ascending fibres, and to be responsible 
for part of the cholinergic innervation of the caudate and 
putamen’. It has also been found to send an innervation 
containing DA to the caudate and putamen® °, Probably, 
the dopaminergic fibres, if so they be, spring from non- 
cholinergic, cholinoceptive cells of the substantia nigra 
compacta. 

The terminal distribution of the monoaminergi¢ system, 
as revealed‘ by the location of terminals containing MA, 
also differs from that of the cholinergic system. In a 
number of regions there is a rich monoaminergic innerva- 
tion but relatively few cholinergic terminals. These 
include the hypothalamic nuclei, the central nucleus of 
the amygdaloid, the lateral septal nucleus, and the 
“interstitial nucleus of the stria terminalis” (not the 
cholinergic cells which give rise to the amygdalopetal 
fibres of the stria'). Conversely, regions which receive a 
rich cholinergic innervation but contain relatively few 
monoaminergie terminals include certain cholinergic 
nuclei associated with the hippocampal fornix projection 
system—-the nucleus of the diagonal band and medial 
septal nucleus, the interpeduncular nucleus and dorsal 
tegmental nucleus, and the anterodorsal thalamie nucleus 
for example. Other cells containing AChE which are 
liberally supplied by cholinergic fibres but receive few 
or no monoaminergic fibres include those of the islets of 
Calleja in the olfactory tubercle, the stratum griseum 
intermediale of the superior colliculus, the nucleus of the 
basal optic root and certain cranial nerve nuclei—the 
oculomotor nucleus, salivatory nucleus? and the nucleus 
ambiguus. There is evidence that the nucleus of the basal 











no, 5063 NOVEMBER 12, 1966 


J optic root and the oculomotor nucleus, which both lack a 
omonoaminergie innervation, are functionally connected, 


since a lesion involving the former results in total dis- 
appearance of the cholinergic terminals surrounding the 
cells of the latter’. 

Non-cholinergic regions, or those devoid of cells con- 
taining AChE, which are strongly cholinoeeptive but not 
markedly monoaminoceptive, include the lateral amyg- 
daloid nucleus, the mammillary nuclei, the midlme and 
intralaminar thalamic nuclei, the ventral nucleus of the 
lateral geniculate body, the pretectal nuclei and the pon- 
tine nuclei. The two components of the lateral geniculate 
body evidently possess different types of innervation, 
since the ventral nucleus is richer than the dorsal nucleus 
in AChE but poorer in MA, 

A few regions are rich in terminals containing AChE 
and one containing MA. These include the caudate, 
putamen, nucleus aceumbens and olfactory tubercle, 
which receive fibres containing DA, and limbic structures 
such as the dentate gyrus, hippocarnpus and cingulate 
cortes. The distributions of cholinergic and mono- 
aminergic fibres within the limbic structures are, however, 
dissimilar. In the retrosplenal portion of the cimgulate 
cortex, cholinergic terminals are predominantly in layers 
i and iii, whereas the monoaminergic terminals are mainly 
in layer i. In the hippocampus, cholinergic terminals are 
more numerous in the stratum oriens than in the stratum 
radiatum, while the reverse is true of monoaminergic 
terminals. In the dentate gyrus, cholinergic terminals are 
predominantly supragranular and monoaminergic ter- 
minals subgranular. The excess of MA in area CA, of the 
dorsal hippocampus suggests that the monoaminergic 
fibres enter via the alveus and fimb Their origin, 
unlike that of the cholinergic fibres which spring mainly 
from the medial septum and diagonal band, is from the 
midbrain (area A410). Lesions involving the medial fore- 
brain bundle at the mammillary level deplete the hippo- 
campus of MA‘ but not of AChE. 

From these observations the following conclusions can 
be drawn concerning the relative status of the cholinergic 
and monoaminergic systems. The monoaminergic 
s from cells which form part. though not the whole. 
of the non-cholinergie reticular formation. The mono- 
aminergic system is less widespread than the cholinergic 
system, and its cells, unlike the cholinergic ones, do not 
extend forwards into the telencephalon. Since it has no 
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massive projection to neocortex, the monoaminergie 
system, unlike the cholinergic system}, is unlikely to be 
concerned directly in electrocortical arousal. The mono- 
aminergic system is probably more strongly influenced by 
the cholinergic system than vice versa. The hippocampal 
formation is a region of functional overlap between the 
two systems, as also is the neostriatum. There is physio- 
logical evidence that two pathways to the hippocampus 
have different effects on its electrical activity“. In some 
doubly innervated areas of the brain, the monoaminergic 
and cholinergic systems may exert a mutual antagonism, 
since Parkinsonism, which is accompanied by a loss of 
dopamine from the caudate, is relieved. by anti- 
cholinergic drugs. ; 
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Mechanism for the Stimulation of Breathing: 
produced by Ammonium Chloride 


Tas stimulant action of ammonium chloride on respira- 
tion was originally ascribed to the acidaemia which this 
salt is known to produce!*. The alleged mechanism, at 
least by implication, was the stimulation of the chemo- 
recept sensitive to acidaemia®. Anichkov® and Joels 
and Neilt were unable to demonstrate such an effect of 
ammonium chloride on the perfused carotid sinus region. 
Later, other workers®™ë concluded that the stimulation 
of respiration was the result of an action of ammonium 
chloride on certain areas of the central nervous system 
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am ¢yanide (0-01 per cent solution), ammonium chloride (10 per cent solution, pH 4) 
iration (upper trace) and blood pressure of a cat anaesthetized with chioralose (70 
mgjkg. a, Normal responses: b, after acute bilateral adrenalectomy. 
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because they obtained: a stimulation of respration after 
intracisternal injection of small quantities of this salt. 
‘It is still not clear whether ammonium chloride does 
produce a stimulatory effect on ventilation by either or 
both of these mechanisms, but this communication puts 
forward evidence for an entirely distinct, indirect mecha- 
‘nism for this hyperpnoea, involving the release of sym- 
pathomimetic amines. 
Intravenous injection of ammonium chloride (25-50 
mg) into cats anaesthetized with chloralose caused an 
increase in the rate and depth of breathing that did not 
occur after acute adrenalectomy (Fig. 1). The hyperpnoca 
was often preceded by a transient inhibition of respiration, 
and this inhibition was potentiated by adrenalectomy. 
Intravenous injection of adrenaline in the same animals 
also produced an increase in ventilation, which suggested 
that the salt was acting by causing the release of sym- 
pathomimetic amines. This possibility was further 
investigated by the injection of ammonium chloride into 
eats in which a nictitating membrane had been denervated 
“by removing the superior cervical ganglion 10 days 
before the experiment. Such a preparation is sufficiently 
sensitive- to adrenaline and noradrenaline to reflect 
changes in the blood concentration of these substances 
released- endogenously. In these animals, injection of 
‘ammonium chloride caused a contraction of the denervated 
nictitating membrane. Smaller doses of ammonium 
chloride produced this effect when injected into the adrenal 
glands by retrograde injection through a cannula tied into 
the stump of the coeliac artery in an animal from which 
the stomach and intestine had been removed and the liver 
tied out (Pig. 2). The effect on blood pressure and nie- 
titating membrane was similar to that obtained after 
intravenous injection of adrenaline in these animals. In 
such experiments injection of ammonium chloride or 
adrenaline produced a decrease in the depth of breathing. 
‘Young? also noted that in extensively operated animals 
the byperpnoca due to adrenaline was absent. The 
.Stiraulant action of adrenaline on breathing has been 
described by Young’. This action can be inhibited by 
administering -adrenergic receptor blocking drugs such 









KON 
200 we 


Adren. 
2 ug 


NHC! 
40 mg 


MATURE 


NOVEMBER TA. 


E 
z 
fa 
E 
ba 





50 mg 20 mg 10 mg 
iv. Lv. ča. 
Fig. 2. Effect of ammonium chloride on the blood pressure and 


chronically denervated nictitating membrane of a cat anaesthetized with 
chloralose. Figures refer to doses of ammonium chloride administered by 
intravenous injection (i.v.) or arterially to the adrenal glands (CAJ 


as pronethalol. As additional evidence for the participa- 
tion of sympathomimetic amines in the stimulant action 
of ammonium chloride on breathing, it has been shown 
that this effect is also blocked by pronethalol (Wig. 3). 
The transient inhibition that usually preceded the hyper- 
pnoea was increased by pronethalol as after adrenalectomy. 
In all experiments the inspired gas was air. 

The mechanism of the releases of sy mpathomumetic 
amines from the adrenal glands by ammonium chloride is 
being Investigated further. This action is also observed 
with ammonium carbonate and ammonium lactate, but 
not with solutions of sodium chloride isotonic with, 
or acidified to have a pH equal to, the solutions of am- 
monium chloride used. 
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Effect of potassium cyanide, adrenaline and ammonium chloride before (A) and after (B) injection of 


pronethalol 6 mg/kg. 
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Tt is felt that the action of ammonium chloride here 
described is important not only in the assessment of 
experimental work on the respiratory actions of this 
- Compound, but also in providing a basis for the recognition 
of possible contraindications for the therapeutic use of 
ammonium. salts. 
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Synchronizing Mechanisms in the Release 
of the Rhombencephalic Phase of Sleep 


Jovuvet!? has shown that the rhombencephalic phase of 
sleep is induced by the activity of the limbic midbrain 
“system, which is functionally associated with the n. 
reticularis pontis caudalis. The mechanism which triggers 
this system is unknown. 
This communication puts forward evidence for the 
> hypothesis that besides their influence in suppressing the 
reticular activating system**®, the synchronizing mecha- 
“nisms have at the same time a facilitating influence on 
the limbic midbrain system. This hypothesis is suggested 
by the observation that the rhombencephalic phase of 
-sleep is always. preceded by the telencephalic phase’, 
owhich is characterized by a high synchronized activity. 
In order to verify this hypothesis we used bulbocapnine, 
which induces isolated periods of synchronization®. As a 
“measure of the level of activation of the synchronizing 
mechanisms we used the value of the amplitude of the 
synchronized activity in the neocortex, hippocampus and 
mesencephalic reticular formation. A further indicator 
of the functional level of the synchronizing mechanisms 
was the time of onset of sleep cycles? and the duration of 
the telencephalic and rhombencephalic phases of sleep. 
The experiments were carried out on rats with elec- 
trodes implanted in the neocortex, the dorsal hippo- 
campus and the mesencephalic reticular formation. 
Bulbocapnine hydrochloride. in- doses of 5, 15, 30 and 
60 mg/kg was injected intraperitoneally as a 1 per cent 
solution in water after taking control electroencephalo- 
grams. The control and experimental electroencephalo- 
grams were recorded continuously from 8-00 a.m. to 
2-00 p.m. 
Injection of bulbocapnine produced a relatively pro- 


2 


longed absence of sleep cycles (Table 1)*. 











Table 1, TIME OF ONSET OF SLEEP CYCLES 


y Time of onset of cycles 
No. of animals (mean + S.E., min) 


9 50-55 + 10-35 


Treatment 


None 
60 mg/kg bulbocapnine 
intraperitoneally 9 


These results are significant, P < 0001. 


150-88 + 14:33 


Before the onset of sleep cycles, periods of synchronized 
< eleetroencephalograph activity appeared in all leads and 
iin all experimental groups. These periods are not followed 
by activity corresponding to the so-called rhombence- 
- phalie phase of sleep, but pass over into wakeful activity 
- (Figs. 1 and 2). The behaviour of the animal shows 
-corresponding alternations of sleep and wakefulness. 

“We compared the amplitude of the synchronized 
‘activity in the interval before the onset of sleep cycles 
with that in the interval between sleep cycles. These 
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values have significant differences (Fig. 3). It should be 
pointed out that the rhombencephalic phase of sleep 
begins only when the amplitude of the synchronized 
activity reaches a value ‘characteristic of the telence- 
phalic phase of sleep. After sleep cycles have begun, tho- 
frequency and duration of their phases do not differ ~ 
significantly between the control and experimental 
groups of animals. 

These findings confirm the hypothesis that. the: level. 
of activity of synchronizing mechanisms plays an important ` 














Fig. 1. Control electroencephalograms showing wakeful activity (zero 
min), telencephalic (22 min) and rhombencephalic phase of sleepin an 
infactrat. The rat was given an Intraperitoneal injection of physiological 
solution in an amount equivalent to a dose of 30 mg/kg bulbocapmine 
fat zero min). The second and third recordings represent an uninterrupted 
continuation of the first recording. ‘The beginning of the rhombencephalice 
phase can be seen in the middle of the second tracing. The rhombence-~ 
Phalic phase passes again to the telencephalic phase. RC, Right cortex; © 
iH, left hippocampus; RF, mesencephalic reticular formation. Calie 
bration; 100 uV, 10 sec, 
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Fig. 2. Period of successively rising synchronized activity, disrupted: by © 
wakefulness after the injection of 80 mg/kg bulbocapnine (at zero mb 
The telencephalic phase of the ried eyele can be seen at 83 min. 
then passes to the rhombencephalic phase and later to wake 
Calibration as on Pigi booo o ceg ae 
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Fig. 3. Changes in the synchronized cortical electroencephalogram 
after a 60 mg/kg dose of bulbocapnine, recorded before and after the 
onset of sleep cycles, Scale gives amplitude values in uV, x, Time interval 
before the onset of sleep cycles; 1, first sleep cycle; 5, fifth sleep cycle. 
The white columns show the value of the amplitude of synchronization 
in-control animals (mean + S.E. n = 9). The black columns show the 
vahie of the amplitude of synchronization in experimental animals 
iw =°10) The hatched columns give the values of amplitude of de- 
synchronized wakeful activity in experimental animals (n = 10). 
part in the releasing mechanism of the rhombencephalic 
phase of sleep. 
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BIOCHEMISTRY 


Structural Proteins of Microsomal 
Subfractions from Sheep Brain 


STRUCTURAL proteins from mitochondrial and microsomal 
fractions of sheep brain? are similar to those prepared 
from beef heart mitochondria*. Some results of the sub- 
fractionation of microsomal sources of structural proteins 
are presented in this communication. 

Fresh sheep brains were homogenized in 0-25 molar 
sucrose solution. The supernatant from centrifugation 
at. 13,0009 was subfractionated by means of discontinuous 
density gradient centrifugation in sucrose solution con- 
“taining caesium or magnesium ions*, The fractions 
obtained consisted of a white fluffy layer that bound 
neither magnesium nor caesium (I) and yellow sediments 
‘which. bound magnesium (II) and caesium (IIT) respec- 
tively. On the evidence of succinic dehydrogenase activity, 
mitochondrial contamination was negligible. 

“Most of the phospholipids contained in the original 
homogenate sedimented at 13,000g. The opposite trend 
has been noted in the ease of rat liver’ 5, but the sedimen- 
tation. of myelin with mitochondria’ may explain our 

“findings. 

In other respects, qualitative differences between 
corresponding fractions of rat liver? and sheep brain are 
slight: the distribution of RNA and phospholipid among 
the three microsomal subfractions; the RNA: protein 
ratio is highest for (III) and the phospholipid : protein 
ratio for (I). The supernatant left after removal of (1), 
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(II) and (IH) contains much RNA and phospholipid, 
but some of the latter forms a sediment after a few days 
at low temperature. 

Treatment of (III) with deoxycholate alone does not 
greatly affect the RNA : protein and phospholipid : protein 
ratios, but subsequent treatment with ribonuclease 
reduces both ratios and gives a product closely similar 
to a preparation from embryonic chick liver obtained by 
a similar procedure’, 

Structural protein was prepared from (I) and (IL) by 
the standard method’. Treatment with deoxycholate 
and centrifugation at 40,000g for 25 min left 60 per 
cent of the protein in the supernatant; half of this precipi- 
tated at 12 per cent saturation with ammonium sulphate. 
The solubilized sediments gave particles with weights in 
the range 120,000-300,000 (determined by ultracentrifugal 
analysis and filtration on ‘Sephadex’ gel). 

The samples were inhomogeneous, but it seemed 
desirable to compare them with similar polymers obtained 
either from total microsomes of sheep brains or from the 
products of subfractionation by means of deoxycholate. 
Fig. 1 is a plot of frictional ratios against particle weights 
for such products; two different mitochondrial structural 
proteins are included for comparison. If the tolerably 
good fit of the regression line (from a computer programme 
designed by Dr. J. N. Baxter) may be taken as evidence 
of linear aggregation, multiples of particle weight 30,000 
would correspond to axial ratios of oblate ellipsoids, at 
least from the trimer upward. This is suggested as a 
heuristic regularity rather than as proof of some definite 
pattern of aggregation. On the contrary, there is evidence 
that sub-multiples of the particle weight 30,000 are signifi- 
cant. 

Polymers with particle weight in the range from 
154,000 to 320,000 were broken down by snake venom 
(from Crotalus adamanteus) to material with particle 
weights in the ranges of 25,000-29,000 and 52,000-60,000 
respectively, The effect of snake venom was qualitatively 
the same in each case: Sepe values and frictional ratios 
decreased and diffusion coefficients increased; this 
indicates a change of conformation. 

The residue of (IIT) after treatment with deoxycholate 
and ribonuclease was also treated with snake venom. 
Some protein was solubilized in this manner; the particle 
weight of 132,000 and Sy... of 7-6 were similar to values 
found for untreated protein, but its diffusion coefficient 
of 5-7 x 10-7 resembled that of samples of (1) and qn) 
treated with snake venom. 

Analysis of gel filtration? was found appropriate to 
assess the results of snake venom treatment. In Fig. 2 
the inhomogeneity of the original sample of particle weight 
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Fig. 1. Frictional ratio (fifa) of structural protein preparations as a 
function of particle weight; the scale on top shows axial ratios, the 
subscript O refers to oblate ellipsoids. 
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Fig. 2. Bffect of snake venom on unfractionated microsomal structural 

protein. Frontal analysis on ‘Sephadex G-100’ column in 0 025 molar 

tris-hydrochloric acid buffer of pH 86 containing 005 molar sodium 

chloride. , Untreated sample; ... . after treatment with 
snake venom. 





100,000 is indicated by the asymmetry on tho side of the 
trailing edge. Exposure to snake venom gives a main band 
corresponding to a small particle weight of about 3,000; 
intermediate particle sizes are demonstrated by the 
asymmetry on the side of the advancing edge. Similar 
evidence has been obtained from all the microsomal 
subfractions mentioned before. A preparation from (IIT) 
with particle weight 290,000 gave bands corresponding 
to 120,000 and 5,000 on treatment with snake venom. 


. Leaving aside the question of exact values’, depoly- 


merization of microsomal structural proteins to much 
smaller peptides 1s demonstrated. 

Control experiments show that the evidence for small 
peptides does not come from snake venom itself. It is 
most likely that the phospholipase A activity of the snake 
venom brings about depolymerization. Although albumin 
was not affected by the snake venom used, the possibility 
of the involvement of proteinases cannot be ignored. 
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Occurrence of Xylose in Human Glycoproteins 


XYLOSE has not previously been identified in the prosthetic 
groups of human mucopolysaccharides and glycoproteins 
from urine and serum, although the monosaccharides 
galactose, mannose and fucose do occur. Our work has 
now shown, however, that xylose can always be found m 
the glycoproteins isolated from the urine of patients with 
inflammatory processes, tumours, plasmacytomas and, 
indeed, from normal persons. 

The glycoproteins were hydrolysed with ‘Amberlite’ 
OG 120 m 0-1 N hydrochloric acid at 100°C for 4 h. 
This was followed by passage through an ‘Amberlite’ 
column to remove amino-acids, amino-sugars and salts. 
The sugars were finally separated by the M N-cellulose 
thin-layer chromatography method of Vomhof and 
Tucker!. A mixture of ¢-butanol, ethyl-methyl-ketone, 
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formic acid and water in the proportions 8:6:3:3 was 
used as a solvent. Xylose was identified by repeating the 
paper chromatography, as well as by thin-layer chromato- 
graphy of plates, using Rr values and spray reagents with 
various colour reactions. The xylose was further confirmed 
by gas chromatography using a column OS 138 poly- 
phenylether, and a maximum temperature of 220° C. 

The thin-layer chromatogram zones developed by 
using anilin hydrogen phthalate were eluted and the 
various sugars were quantitatively determined by colori- 
metry using the modified method of Wilson*. As well as 
the xylose, which made up 2 per cent of the total glyco- 
protein of the urine, we also found galactose (9:5—10-5 per 
cent), mannose (4—4:5 per cent), fucose (2:5 per cent) and a 
small amount of glucose (0:2-0-4 per cent) as well as a 
lactone of glucuronic acid (a by-product of the hydro- 
lysis). Xylose was also found in the fraction of human 
In the mucopoly- 
saccharides of gall bladder bile obtained by direct aspira- 
tion, xylose was ın fact the main sugar component. 

These findings are of interest because xylose has not 
been assumed to be present in the carbohydrates linked 
to proteins m humans. It is possible that natural xylose 
could be formed from glucose by the formation of gluc- 
uronic acid followed by fermentative decarboxylation. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft, Bad Godesburg. We thank the research 
laboratory of the Badische Anilin und Soda-Fabriken, 
Ludwigshafen, for carrying out the gas chromato- 
graphy. 
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Adrenal Catecholamine Concentration 
after Partial Hepatectomy 


PARTIAL hepatectomy! and carbon tetrachlomide ad- 
ministration? cause similar acute changes in the mor- 
phology of the liver of rats which are much like the focal 
necrosis ın the centrilobular and midzonal lobular areas, 
the centrilobular fatty infiltration and the glycogen loss, 
all of which are later followed by cellular regeneration. 
It has been suggested! that in the case of hepatectomy or 
carbon tetrachloride treatment the changes result from 
a massive release of catecholamines which involves a 
drastic reduction of blood flow in the liver, an accumula- 
tion in the cells of lipids mobilzed from the peripheral 
depots and the breakdown of the glycogen stores’. 

Chemical blockage or surgical interruption of the sym- 
pathetic supply to the liver prevents the damage produced 
by carbon tetrachloride poisoning? but not that produced 
by partial hepatectomy!. This suggests that the sym- 
pathetic nervous system does not participate in the 
pathogenesis of the liver which follows partial hepatec- 
tomy and that this pathogenesis has two explanations— 
either (a) that the release of catecholamines is not 
increased after partial hepatectomy or (b) that such 
increased release does occur but ıs unable to cause liver 
injury, and thus differs from the consequences of carbon 
tetrachloride administration. 

We investigated this problem by the determination of 
the catecholamine behaviour in animals subjected to 
partial hepatectomy. 

Fifty-six male Wistar rats, weighing about 200 g each, 
were used. Twenty-one were hepatectomized according 
to the method of Higgins and Anderson‘ and killed by 
decapitation, seven at a time, 3, 6 and 24 h after surgery 
(groups 4-1, A-2 and A-3); twenty-one more rats were 
sham-operated and killed as above (groups B-1, B-2 and 
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B-3). The remaining fourteen animals, killed without 
any previous surgical treatment, formed two control 
groups (A-4 and B-4). The adrenal glands were frozen 
between blocks of solid carbon dioxide immediately after 
removal and kept frozen until analysis. Catecholamines 
were extracted as suggested by Drujan e al.§ and determ- 
ined by the trihydroxyindole method of Euler and 
Floding’. The samples were oxidized according to the 
procedure of Bertler e al.7; epimephrine and norepi- 
nephrine concentrations were differentially estimated by 
comparison with fluorescence ratios of standard solutions? 
and expressed as ug of catecholamine in each adrenal pair. 

Histological tests were carried out on paraffin and 
frozen sections of liver stained respectively with haema- 
toxylin and eosin, with Best’s ammoniacal-carmine for 
glycogen and with Sudan II. Livers which regenerated 
showed the usual sequence of morphological and histo- 


chemical alterations, while livers from sham-operated . 


rats were normal. 

The results of the chemical determinations, sum- 
marized in Table 1, were subjected to an analysis of 
variance which showed that, at any time, neither the 
epinephrine nor the norepmephrine content in each 
adrenal pair of the partially hepatectomized rats was 
statistically different from that of sham-operated animals. 
All the data referring, at any time, to the treated and to 
the normal rats were pooled (4-1+B-1; ...A-44B-4) 
and examined by the multiple range test of Duncan’. 
This showed that the adrenal catecholamine levels of the 
operated animals decrease significantly at 3 h (P< 0-01) 
and 6 h (P<0-01), but no further at 24 h after surgery, 
which does not oceur in the controls. 


Table 1. OCATECHOLAMINE LEVELS IN HACH ADRERAL PAR 


Hours after Epinephrine Norepine- 
Experimental treatment surgery (ua) phrine (ug) 
Partial hepatectomy up an 3 130410(7 2-4+08 (7 
Sham-o' 10n up B-1 8 14-808 (7 2540-6 (7 
Partial hepatectomy (group 4-2) 6 134+11(7 29418 (7 
Sham-operation up B-2 8 11-9409 (7 21404 (7 
Partial hepatectomy (group 4-8 24 15918 3741-2 
Sham-operation up B-8 24 20-7 + 1-9 (7 4741-9 
None (norma! rata) up A-4 — 21-118 4841-3 
up B-4 — 20821 (7, 42409 (7 


Each value is given as mean +S.%. Numbers in parentheses represent the 
number of determinations. 


It therefore seems that partial hepatectomy stimulates 
the early release of catecholamines from the adrenal glands 
to the blood, but that such release is not specific, and is 
probably caused by the surgical stress, for it occurs to the 
same extent in sham-operated rats. 

These results seem to rule out the possibility that the 
focal necrosis of the regenerating liver may be caused by 
anoxia after a reduction in blood flow, like that of carbon 
tetrachloride poisoning. Such a pathogenic mechanism 
should also be operative in the sham-operated animals, 
but their livers show no necrosis. Furthermore, in the 
regenerating liver the above pathogenic mechanism may 
be hampered by the marked increase of blood flow and 
tissue perfusion rate’4 which keep the vessels so dis- 
tended that their lumen cannot be significantly restricted 
by sympathetic stimuli. Such stimuli could, however, be 
important in the liver poisoned by carbon tetrachloride 
where the circulation is definitely normal". 

The presence of a fatty infiltration in the livers of 
partially hepatectomized rats and 1ts absence in the livers 
of sham-operated rodents suggest that in both seta of 
circumstances the mobilization of lipids from peripheral 
regions may not be attributed to the stimulation of the 
sympathetic nervous system, which would differ from the 
outcome of carbon tetrachloride poisoning*. These con- 
clusions seem to support the findings’*“ that adrenaleo- 
tomy does not prevent the accumulation of fat in liver by 
steatogenic treatment, carbon tetrachloride treatment 
included. 

Our data suggest that adreno-medullary hormones do 
not play an important part in the pathogenesis of the 
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alterations observed in the regenerating liver; they are 
consistent with the results of our previous observations of 
sympathetically denervated and then partially hepatec- 
tomized rats'. 

It seems that the similarity of the pattern of the liver 
lesions after partial hepatectomy and carbon tetrachloride 
poisoning is comcidental; in both cases the role ascribed 
to the sympathetic nervous system 1s doubtful. Also 
doubtful! is the suggestion of Calvert and Brody? that 
sympathetic discharge could be responsible for the 
development of the hepatic lesions seen after carbon 
tetrachloride poisoning, because adult rats, sympathec- 
tomized immunologically at birth, were by no means 
protected against the hepatotoxic properties of the 
steatogenic poison. 
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Metabolism of Progesterone and 
17c-Hydroxypregnenolone by the Foetal 
Human Testis in vitro 


Tm biosynthetic pathways of androgens in the adult mam- 
malian testis have recently been fully described’. The 
pathways include the formation of testosterone from 
pregnenolone through progesterone, 17a-hydroxypro- 
gesterone’, 17a-hydroxypregnenolone and dehydroepi- 
androsterone*. Although androstenedione was thought to 
be the common precursor for testosterone in both path- 
ways, the importance of androstenediol as an alternative 
intermediate step in the latter pathway has been seen in 
the rabbit testis‘. 

We investigated tho relative importance of various 
biosynthetic pathways in the human foetal testis; in- 
cubations were carried out with tritiated 7a-progesterone 
and tritiated 17a-hydroxypregnenolone. The testes of 
four human foetuses with crown rump lengths 9-0 cm, 
14:4 em, 15-5 cm and 17-3 cm were prepared immediately 
after a therapeutic interruption of pregnancy. They were 
kept in ice for 45-90 min, after which they were sliced 
and incubated in 2 ml., 0-1 molar Krebs—Ringer phosphate 
and glucose buffer (pH 7-4) at 37-5° C for 75-120 min. 
Three of the testes were incubated with tritiated pro- 
gesterone (specific activity 30-0 uo./mg) and three with 
tritiated 17a-hydroxypregnenolone (specific activity 13-3 
¢c./mmole). A control mcubation using boiled tissue from 
foetal testis was performed with both substrates. 

The incubations were stopped by the addition of 2 ml. 
of acetone, after which 50 pg each of the following 
unlabelled carrier steroids was added: progesterone, 
l7a-hydroxyprogesterone, androstenedione and testo- 
sterone, with tritiated 7a-progesterone as substrate, and 
17a-hydroxypregnencione, 17a-hydroxyprogesterone, de- 
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Table 1. THB CONVERSION OF PROGRSTERONE BY FONTAL HUMAN TESTIS in vtiro 
Crown ramp tg of 17-Hydroxy- 
length C) Testicular Amount of Incubation Progesterone rogesterone Androstenedione Testosterone 
of the foetus foetus tissue substrate tıme (Coun pate ( ta/ (Counts; {Counts/ 
(om (weeks) (mg) (uc.) (ug) (h) 100 seo) Percent 100 rr Percent 100800) Percent 100 sec) Percent 
14:4 18-6 620 0 25 0:0083 2 70:755 41-7 76:325 444 4271 8-1 18-374 10-8 
156 196 28:5 10 0-083 125 381-691 47-4 271-016 83-8 11:247 16 85-143 12:2 
17-8 214 813 0-6 0017 2 127-372 418 128 440 40-5 6-981 23 46-544 16°38 
28 2 0-5 0-017 1 275 545 98-4 1-787 0 64 1-516 0-54 1-209 0-43 
(boiled) 
Table 2. CONVHRSIOX OF 17o-HYDROXYPREGNHNOLONE BY THE FOBTAL ‘Testis in vitro 
Crown rump Age of 17a-Hydroxy- 17a-Hydroxy- Dehydroep- ane Andfostene 
le: of the Testicular Amountof Incub. enolone groses romesterone: anaretarane Testoaterone 
the foetus foetus tissue substrate we spi Per ¢ ynte Per Counta Per (ounta per (Count Per r Ga Per 
(cm) ¢ (mg) (#0) (g) cent 100 sec) cent 100gec) cent 100 sec) cent 100sec) cent 100 seo) cent 
90 14-2 219 1:0 0-024 D Toa 837-4 48-3965 19 0 53 242 11-1 29:593 62 17282 86 152082 31:7 
166 196 B4 05 0012 1-25 $8018 22-6 40-700 184 77684 256 10258 84 28680 78 82-820 27-2 
178 214 38-4 10 0-024 2 107-475 221 102-810 a. 1 43-717 90 9820 20 47-708 8 174-708 oy 
26-0 01 00024 1 66231 91:8 261 04 1194 19 195 0-3 8-087 49 741 
(boiled 
hydroepiandrosterone, androstenedione, androstenediol Inhibition of Tomato Pectinesterase by 


and testosterone, with tritiated 17«-hydroxypregnenoclone 
as substrate. The incubation mixture was filtered and 
the precipitate washed twice with acetone. The acetone 
was evaporated from the filtrate in vacuo and the residue 
extracted with 10 ml. of ethylene dichloride. After the 
water phase had been discarded, the residue was washed 
with 2 normal potassium hydromde and distilled water. 
The ethylene dichloride was evaporated under nitrogen 
flow. The hpids were extracted with a mixture of petro- 
leum ether (60°-80° C) in 70 per cent methanol. After 
evaporation of the methanol the extract was chromato- 
graphed in two dimensions by the thin layer method on 
“Kieselgel @ using first a chloroform and ethylacetate 
(80: 20) solvent system and then chloroform and acetone 
(80:20). Zones of carrier steroids were detected by a 
vaniline reagent. The radioactivity of the spots was 
measured by a zinc fusion technique’. 

The results are given in Tables 1 and 2. They are in 
general agreement with the results of two previous in 
viro investigations on human foetal testis. Bloch® 
has shown that progesterone is readily converted to 
l7a-hydroxyprogesterone, 16a-hydroxyprogesterone and 
testosterone, and Acevedo et al.? showed that androstene- 
dione and testosterone are formed from both progesterone 
and pregnenolone through 17«-hydroxyprogesterone, 17%- 
hydroxypregnenolone and dehydroepiandrosterone. Our 
results indicate the presence of the same pathways. They 
also show that the yield of testosterone was much higher 
when 17a-hydroxypregnenolone instead of progesterone 
was used as the starting material. This finding is in agree- 
ment with the observation that dehydroepiandrosterons 
was converted to testosterone more rapidly than 17g- 
hydroxyprogesterone in the canine testis’. The results also 
indicate that 17«-hydroxypregnenolone is metabolized 
through the 17«-hydroxyprogesterone and dehydro- 
epiandrosterone by the human foetal testis tn vitro. They 
also demonstrate that the interconversion of dehydro- 
epiandrosterone to testosterone can proceed through 
androstenediol in foetal testis. 
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Tannic Acid 


THERE have been several reports of the effect of phenolic 
compounds on pectinesterase activity. Pollard et al. 
found apple and pear phenolics to be inhibitory to pec- 
tinesterase, and Ramaswamy and Lamb’ found that the 
activity of the enzyme was partially mhibited by tea 
polyphenols. Kew and Veldhuis? found that citrus 
pectinesterase was inhibited by grape leaf extract. Porter 
and Schwartz‘ consider the active principle of the extract 
to be a tannin, and Wulliams® has reported this to be an 
extremely efficient inhibitor of pectic enzymes (macerating 
enzymes and polygalacturonase). 

I have investigated the effect of tannic acid on tomato 
Ppectinesterase, and have also tested several other phenolic 
compounds for inhibitory activity. Peotimesterase was 
extracted from the pulp of frozen pericarp tissue previously 
washed with water, using 5 per cent sodium chloride 
solution. The salt extract was dialysed against distilled 
water and after centrifugation the precipitate was ex- 
tracted with a 1 per cent solution of sodium chloride. This 
extract contained an activity of 2,390 x 104 pectinesterase 
units (PEu)/ml.- which was about a six-fold increase in 
concentration over the original material. The enzyme was 
diluted to give an activity of 50 x 104 PEu/ml.-?. 

Pectinesterase activity was determmed by a modi- 
fication of the method of Kertesz’ using a Beckman auto- 
matic titration machine, adapted for use with a water 
bath. The reaction was carried out at 30° C with an initial 
total volume of 100 ml. The reaction mixture (pH 7:0) 
contained citrus pectin, sodium chloride (0-1 molar), 
the inhibitor and the enzyme. 

One milliltre of the enzyme was mixed with 9 ml. of 
inhibitor of the desired molarity and after five minutes 
was added to the reaction mixture, which contained the 
inhibitor at the same molarity as that used with the 
enzyme. Stock solutions of pectin and phenolics were 
adjusted to pH 7-0. Fresh phenolic solutions were pre- 
pared daily. 

The degree of mhibıtion of tomato pectinesterase by 
tannic acid was dependent on the concentrations of 
both the inhibitor and the pectin substrate (Tables 1 and 
2). A tannic acid concentration of 5 x 10° molar gave 
complete inhibition with 0-05 per cent pectin as substrate, 


Table 1, INHIBITION OF TOMATO PROTINESTHEASA BY TANRIO AOID WITH 
PHOTIN A3 SUBSTRATH 

Tannic acid concen- Inhibition 

tration (moles/1.) (per cent) 
1x10? 100 
5x10+ 83 
1x10- 52 
5x107 48 
1x10% 83 
6x10° 34 
1x10 7 
5x10- 10 


The concentration of pectinesterase was 50x10 PEu/ml.-*. Pectin was 


1 per cent, pH 7 0. 


718 
Table 2, EFFECT OF PECTIN SUBSTRATE CONCENTRATION ON THE INHIBITION 
OF TOMATO PROTINESTERASH BY TANNIO ACID 
Pectin concentration Tnhibitton 
(per cent) (per cent) 
10 46 
06 56 
08 61 
02 80 
01 91 
005 100 


The concentration of pectinesterase was 50x10‘ PEu/ml.~, tannic acid 
was 5x 10 molar and peotin substrate was pH 7 0. 


while 1 x 10- molar was required to inhibit 1-0 per cent 
pectin. The degree of inhibition was directly proportional 
to tannic acid concentration (Table 1). Some inhibition 
occurred at a tannic acid level as low as 5 x 10-7 molar 
with 1:0 per cent pectin. 

The reversibility of the inhibition is indicated ın Table 2, 
where the effect of changes of the substrate concentration 
is shown. The enzyme and the tannic acid (5 x 10- 
molar) were mixed ın the absence of pectin for 5 min 
before being added to the pectin substrate (which in all 
cases contamed tannic acid at 5 x 10-* molar concentra- 
tion) and so, 1f the inhibition was irreversiblo, the enzyme 
should have been inhibited to the same degree whatever 
the substrate concentration. Pectin mhibition was com- 
plete only at the 0-05 per cent substrate concentration. 
With the increase ın the pectin substrate concentration, 
the inhibition decreased. 

Several other phenolics were tested for imbibition 
(Table 3). None was as effective as tannic acid. These 
results are similar to those cited by Wuliams* for low 
molecular weight phenolic compounds. Chlorogenic acid, 
caffeic acid and ferulic acid were found by Walker’ as 
free acids in tomato fruit tissue, and were at their greatest 
concentration in ripe fruit when pectinesterase is also at 
its greatest concentration. 


INHIBITION OF TOMATO PEOTINESTERASE BY SONB PHRNOMIO 


Table 3 
COMPOUNDS WITH PECTIN A8 SUBSTRATE 


Compound Percentage inhibition 
Tannic acid 100 
Gallic acid 11 
Shikimic acid 11 
Chlorogenic acid 10 
Caffeic acid 18 
Vanillic acid 14 
Ferulic acid 6 
Phiondxine 16 


The concentration of pectinesterase was 50x10 PEu/ml., the phonolic 
compounds used were all 1x 10-* molar and the pectin solution was 0 6 per 
cent, at pH 7 0. 
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Formation of “Black” Lipid Membranes 
by Oxidation Products of Cholesterol 


Tue so-called bimolecular hpid leaflet', postulated as a 
basic structural component of natural membranes, has 
only recently become available for direct experimental 
investigation? The formation and properties of bilayer 
hpid and proteolipid membranes, separating two aqueous 
phases, have been investigated*-’. The thickness of these 
membranes in aqueous solution is of the order of 70 A, 
and they appear “black” when viewed by reflected hght*. 
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For this reason they are called “black” lipid membranes 
(or films) to distinguish them from the well known black 
soap films in air’. 

Hitherto the black lipid membranes have only been 
obtained from either a mixture of brain lipids or lecithins. 
This investigation was undertaken to investigate whether 
compounds other than classical phospholipids were also 
capable of forming stable black membranes. This com- 
munication reports the formation of black hpid mem- 
branes by oxidized cholesterol and its derivatives such as 
7-dehydrocholesterol. 

Initially, the techniques developed earlier were used!®; 
however, they were found unsatisfactory for the estab- 
lishment of the composition of lipid solutions and for the 
investigation of the formation charactenstics of black 
membranes. 
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Fig. 1 Diagram of cell assembly. 


Our observations were carried out in a simple apparatus 
(Fig. 1) consisting of two rectangular chambers arranged 
one inside the other. The space between the chambers 
serves as a constant temperature bath through which the 
temperature of the inner cell can be effectively maintained. 
The membranes are formed on & highly polished “Teflon’ 
“O” mng (4 mm in diameter). The lipid solution 1s intro- 
duced using an infusion-withdrawal pump. Openings are 
provided for the inner cell so that the aqueous solution is 
able to flow continuously during a run. The whole appara- 
tus, with the exception of two port-holes for hght path, is 
painted black to minimize stray reflexions. The reflected 
light from the membrane ıs observed with a wide-field 
microscope which has a side-tube for a photomultiplier 
attachment for reflectance measurements. A detailed 
description of the complete expormental apparatus will be 
given elsewhere". 

In our search for compounds other than phospholipids 
for black membrane formation, we examined a number of 
compounds including cholesterol obtained from various 
commercial sources. Two bottles of cholesterol {one from 
Eastman and the other from Merck) had been opened and 
left for more than a year. Both were found to give stable 
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black membranes; however, fresh cholesterol did not 
give stable membranes. The aged samples also failed to 
give stable membranes after recrystallization from ethanol. 
It was, therefore, apparent that prolonged storing of 
cholesterol even at room temperature had a “‘beneficial’’ 
effect as far as the formation of stable black membranes 
was concerned. The ageing effect on cholesterol has been 
described by Fieser!*, who found the presence of di- 
hydroxycholesterol, 7-ketocholesterol, 26-hydroxycho!l- 
esterol, and other unidentified products. To accelerate 
the “agemg” effect, samples of cholesterol were heated at 
various temperatures (65°-170° C) in the presence of air or 
oxygen. Under these conditions, the reaction is rapid in 
hexadecane (7—9 min), but slower in tetradecane (15-18 
min) and does not proceed at all in hexane (after 120 min). 
The most reproducible and convenient method for pro- 
ducing solutions for black lipid membrane production is 
to reflux a 4 per cent cholesterol solution (in n-octane) 
for 6-5 h at its boiling point, while molecular oxygen is 
bubbled through the solution. It should be mentioned 
that similar runs carried out in the presence of dry 
nitrogen did not produce the desired effect. The possi- 
bility that solvent molecules might be oxidized during the 
reaction, which might contribute to the stability of the 
membrane, was ruled out as no stable films could be 
obtained from pure solvents treated under identical 


conditions. When a small quantity of oxidized cholesterol - 


was added to a cholesterol solution which otherwise would 
not form black films, highly stable black membranes were 
obtained. 

Although the exact composition of oxidized cholesterol 
is still being analysed, the compounds mentioned above 
together with their dehydration products are believed to 
be responsible for producing these ultra-thin structures. 
The ease of oxidation of cholesterol by molecular oxygen 
under suitable conditions has been discussed in detail by 
Bergstrom". The mechanism of oxidation of cholesterol 
ın colloidal state (in aqueous solution) postulated by 
Bergstrom may be extended to the present case. Based 
on this information, a number of compounds derived 
from the superficial oxidation of cholesterol (including 
the ones mentioned earlier) was examined. To date, it 
has been shown that 7-dehydrocholesterol in a hydro- 
carbon solvent can form stable black membranes. 

Experimentally, a saturated solution of 7-dehydro- 
cholesterol in a straight chain hydrocarbon solvent 
(C, to C,,) was first prepared at 36° C. After cooling to 
25° C, it was filtered to remove any suspended particles. 
The membrane was formed on the ‘Teflon’ loop described 
earlier, while the latter was immersed in 0-1N sodium 
chloride buffered at pH 7 with phosphate. For most runs, 
the temperature of the inner cell was maintained at 
30° + 02° C. Under the conditions tested the mem- 
branes made of 7-dehydrocholesterol usually give a highly 
liquid appearance. Even a very slight shock would set 
the membranes into vibration. Thinning took place 
gradually and spontaneously; however, unlike phos- 
pholipid membranes previously investigated, lower-order 
interference colours were not always observed during the 
transition to the black state. 

The thickness of these membranes is evaluated by 
quantitative measurements of reflected light intensities 
when membranes are in the silvery and black states. A 
simplified Rayleigh equation, is used": 


a aged a ee 


where I is the reflected intensity, r is the Fresnel co- 
efficient, N the refractive index, t the membrane thickness, 
ð is the refracted angle in the membrane, and à is the 
wavelength of light used. Subscripts s and b refer to the 
membrane in the silvery and black state, respectively. 
The refractive indices of the membranes are determined 
by observing reflectance at the Brewster angle. The 
thickness of these membranes is found to be 40 + 10A. 
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The large uncertainty of the value is due to the error in 
the Brewster’s angle measurements using our apparatus. 
It is interesting to note that the reflected light from these 
ultra-thin lipid membranes was completely plane-polarized. 

For the past 40 years a number of models of the mole- 
cular architecture of natural membranes has been pro- 
posed!*, It seems, however, that the bimolecular lipid 
leaflet is crucial in all these models. In general, the 
compositions of the lipid bilayer have been assumed to 
be composed of cholesterol and/or phospholipids'*. The 
present finding shows that the oxidation productes of 
cholesterol and their derivatives such as 17-dehydro- 
cholesterol alone can also form stable bimolecular leaflets. 
The presence of phospholipids is evidently unnecessary. 
The physiological significance of this finding, if any, 
remains obscure. It should be pointed out, nevertheless, 
that cholesterol is easily oxidized under very mild con- 
ditions'*; that traces of these oxidation products may be 
present with cholesterol in cell membranes must not be 
entirely ruled out. In fact, 7-dehydrocholesterol, a pre- 
cursor of vitamin D which is needed for calcium ad- 
sorption and citrate oxidation, has been found closely 
associated with cholesterol as extracted from living 
tissues!’. 

This investigation was supported in part by grants from 
the U.S. Public Health Service and the Research Cor- 
poration, New York. 
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BIOPHYSICS 


Extension of Keratin in Ethanol at Low 
Temperatures 


Dynamic mechanical measurements on «-keratin in water? 
have recently indicated that the matrix—which becomes 
swollen in water—behaves like a polymer with an effective 
glass transition temperature probably in the region of 
— 20° C to — 30° C. In an attempt to include the presumed 
glass transition behaviour in the working range, further 
experiments were carried out on wool fibres immersed in 
ethanol. An unexpected feature of this work was that the 
extensibility in ethanol remained high (>30 per cent) 
even at temperatures as low as — 75° C. The glass transi- 
tion region was still inaccessible, and was elevated from 
below the freezing point of water to above the boiling 
point of ethanol. This communication outlines some of the 
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results from the dynamic experiments as well as from 
conventional tensile tests which are of interest for the 
light that they throw on the structure of keratin. 
Fibres of Lincoln wool of about 50u diameter were 
selected for uniformity, washed in petroleum ether and 
then in distilled water, and ummersed in ethanol (A.R. 
grade) for several days before subjecting them to testa. 
Testa were also carried out in water, with a preliminary 
period of immersion for 1 h. Force-extension measure- 
ments were first undertaken. In these, 5-cm lengths of 
fibre were stretched to the breaking point at the constant 
rate of extension of 5 per cent/min. The dynamic measure- 
ments were made with small displacements so that the 


response was approximately linear. A fibre was stretched _ 


to the extension required, that is 1 or 15 per cent, and 
allowed to relax for 1 h at 20°C. Small extensions of 
0-1 per cent were then imposed and removed, the tempera- 
ture being increased and an interval allowed for relaxation 
between successive extensions. Values of E, and Es, the 
dynamic modul at the extension levels of 1 and 15 per 
cent, respectively, were then calculated for each tempera- 
ture, 

Qualitatively sunilar stress-strain curves (that is with 
Hookean, yield, and post-yield regions) were obtained 
from the force—extension tests in water and in ethanol, 
and typical results are shown in Fig. 1. It can be seen that 
a fibre is stiffer in ethanol at 20° C than ın water at 20° C, 
and is even more stiff in ethanol at — 75° C. Nevertheless 
it still extends by more than 30 per cent, and it is probable 
that much higher extensions are attained locally in the 
matrix where inhomogeneous deformation is to be 
expected. This high extensibility at such low tempera- 
tures appears at first to contradict the concept of the 
matrix as a cross-linked polymer; however, a polymer 
may show high extensibility at temperatures well below 
the glass transition point if there is already some con- 
siderable degree of orientation in the direction of exten- 
sion. This phenomenon was observed in specimens of 
natural rubber which were stretched by several hundred 
per cent, cooled below their glass transition temperature, 
and then extended to break?; it is conceivable that 
similar orientation in the matrix could be produced during 
the biogenesis of the fibre, and evidence of such orientation 
has been provided by infra-red measurements*. 

It is difficult to draw any detailed conclusions as to the 
structure of keratin from the apparent moduli or slopes 
of the different regions of stress-strain curves such as 
those in Fig. 1 because of the complicated finite strain 
history involved in the measurements of force—extension. 
The small strain dynamic moduli are more suitable for 
this purpose, and values of E, and E, for the conditions 
of rate and temperature already considered are given in 
Table 1. 

At low rates of extension the value of E, would consist 
of a term of the order of 10 dynes/em*, which represents 


c 
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Fig. 1. Stress-strain curves for wool fibres extended to break at 5 per 
cent/min. A, In water at 20° S; Bn ethanol at 20° C; O, in ethanol 
at — x 
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Table 1. DYNAMIO ELASTIO MODULI OF WOOL FIBRES BXTEXDAD AT 5 
PER OHNT/MIN 


Modulus, units of 101° dyne/om* 


Environment Temperature At 1 per cont At 15 per cent 
°0 extension (E,) extension (Ey) 
Water 20 1-8 07 
Ethanol 20 2-9 21 
Ethanol -75 5:0 8-85 


the elastic response of the intact «a-helices, together with 
a much smaller contribution from the non-crystalline 
matrix; the value of #,, would have a similar contribution 
from the matrix, but no contribution at all from the 
a-helical material, which at this extension is involved in 
the «=B phase transition at a constant level of stress. 
The high values of #,, in Table 1 must therefore be non- 
equilibrium values which arise from the disruption of 
«-keratin because there is insufficient time to achieve the 
corresponding crystallization of 8-keratin, and from the 
viscous forces which develop in the dynamic extension of 
the matrix. Evidently 5 per cent/min is & high rate of 
extension for keratin, even in water at 20° C. 

Two other features of the results in Table 1 are of 
special interest, namely: (1) The change from water to 
ethanol at 20°C produces increases in both moduli, but 
there is a greater proportionate increase in H, than in H,. 
This change involves greater swelling in the crystalline 
regions but a reduction in the swelling of the matrix‘, 
and for this reason it can be supposed that the observed 
net increases in the moduli reflect the behaviour of the 
matrix, and furthermore that Æ, is a measure of the visco- 
elastic stiffness of the matrix. (2) The change in both 
moduli on cooling in ethanol by 95°C is remarkably 
small—it co: onds to apparent activation energies of 
about 0-7 kcal/mole. By contrast, the activation energy 
of E, for testa in water over the range 0°-90° C was 4 
kcal/mole, which is in agreement with the value obtained 
by Rigby* from measurements of stress—relaxation on a 
similar time scale. This emphasizes the conclusion that 
the non-crystalline matrix in a keratin fibre in ethanol is 
effectively in a glassy state although, for the structural 
reasons already considered, the fibre is still extensible. 


P. Mason 


Division of Textile Physics, 

C.8.1.R.O. Wool Research Laboratories, 

Ryde, Sydney. 

1 Manon, P., Kolloid-Zevtechr., 202, 189 (1965). 

* Mason, P., J. Polymer Sor., 31, 530 (1958). 

> Bendit, E. G. (to be published). 

+ Feughelman, M., and Snaith, J. W., Biochim. Biophys. Acta, 79, 208 (1964). 
* Rigby, B. J., Austral. J. Phys., 8, 176 (1955). 


Hydrothermal Shrinkage and the Ageing 
of Collagen 


Native collagen fibres are held in an extended, crystalline 
position by hydrogen bonds between the adjacent chains 
of a polypeptide helix with three strands. These hydrogen 
bonds rupture when collagen is heated in water and the 
structure collapses into a randomly coiled form. The 
length of a collagen fibre after complete contraction is 
only about a quarter of its mitial extended length. This 
hydrothermal contraction of collagen occurs because of 
an internal molecular re-arrangement. This has been use- 
ful in studying collagen structure, and has also been 
studied to examine the effects of ageing on collagen. A 
tendon fibre from a rat 2 years old will contract on heating 
and hft a weight of 5 g, but a tendon fibre from a rat 
4 months old fails to contract at all under such a load. 
The temperature at which shrinkage begins, 7's, has 
occasionally been reported to increase with age, but the 
finding is not consistent. 

Fibres of rat tail tendon can readily be obtained as 
single filaments of substantially pure collagen with uni- 
form diameter, long enough to permit handling. The 
hydrothermal shrinkage of the fibre has usually been 
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investigated by a gradual heating in isotonic sodium 
chloride solution until contraction begins and a few tiny 
nodules appear on the fibre. This occurs as the tempera- 
ture approaches 60° ©. The nodules produced are shrink- 
age foci which enlarge and finally coalesce as contraction 
progresses. The rate of shrinkage is determmed by 
measurmg changes in fibro length agamst time and 
temperature. But, when changes in length are plotted 
against temperature, the point of inflexion is not always 
sharp and the rate and extent of contraction are markedly 
altored by variations of pH, ionic strength, rate of heating, 
and by the previous treatment of the fibre. The second 
shrinkage of a native fibre begins at a lower temporature 
than does the muitial shrinkage, which shows either that 
forces exist ın the fibre to inhibit the initial hydrothermal 
contraction or that the recrystallzation of the fibre on 
cooling is incomplete. The origin of these inhibitory factors 
remains uncertain and their relationship, if any, with tho 
normal intermolecular bonds in collagen 1s not known?. 
Additional reheating of native collagen fibres produces a 
shght but progressive decrease in the shrmkage tempera- 
ture and, ultimately, incomplete shrinkage. Spurr and 
Flory* attributed this decrease and failure to solvation, 
but this fails to explam why repeated hydrothermal 
shrinkage tends to destroy the native fibre. Although 
other mechanisms have been proposed to account for 
hydrothermal shrnkage‘, it seems clear from the studies 
of Flory*, Spurr’, Weaver’, and Dumitru’ that the hydro- 

-thermal shrinkage of collagen ıs a first order phase tran- 
sition identical with, or closely similar to, ordmary 
melting. 

The isometric measurement of hydrothermal shrinkage? 
has several advantages over the customary methods of 
investigation, which allow the length of the fibre to change. 
The most important advantage of the isometric technique 
18 that forces can be mvestigated after reaching equi- 
librium at each temperature, provided both crystalline 
and amorphous phases co-exist in the fibre. The isometric 
method also minimizes changes in the volume of the fibre. 
Within these limitations, the method allows investigation 
of the characteristic and reproducible force exerted at 
every temperaturo by each fibre. Moreover, solvation 
effects can be minimized if the collagen is lightly tanned 
with an agent such as p-benzoquinone which artificially 
cross-links the structure. 

The effects of tanning are shown in Fig. 1. As the 
concentration of p-benzoquimone is increased, the shrink- 
age temperature of the tendon also moreases. This eleva- 


* tion of shrinkage temperature reflects the larger number 


of oross links introduced into the collagen structure at the 
higher concentrations of p-benzoquinone. Figs. 2 and 3 
present data obtained at equilibrium conditions of force 
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Fig. 1. Rat tail tendon fibres tanned for 20 h with constant stirring at 
room temperature (25° C) in aqueous y-benzoquinone. The concentra- 
tuon of the tanning agent is plotted the shnnkage perature 
determined 1n isotonic (0 9 per cent) um chloride solution at a rate of 
heating of 1° C every 2 min. 
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Temperature (° C) 
Fig. 2. Eequilfhiimm measurements of force and temperature of tall 
tendon fibres from rats 1—4 months old. The fibres were tanned for 20 h 
ın 01 per cent p-benzoguinone. Each dot represents a force that 
Temeined constant for 30 min at constant temperature. Extrapolated 
to zero tenmon, the ideal melting temperature 1s 55° C. 
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Fig. 3 Equilibrium measurements of force and temperature of tag 

tendon fibres from rats 18 months old. The fibres were tanned for 20 h 

m 0-1 per cent p-benzoquinone. Extrapolated to zero tension, the ideal 
melting temperature is 55° C. 


and temperature on fibres taken from young and old rats 
respectively. Extrapolated to zero tension, the melting 
temperature was 55°C in every instance. Experiments 
using fibres tanned with dilute p-benzoquinone gave the 
same results. These results show that ageing is not asso- 
ciated with any axial alteration of the collagen polypeptide 
that interferes with the collapse of its structure. But this 
leaves the well documented age differences still un- 
explained. 

In an effort to find why the fibres of old rats contract 
with a greater force than the fibres from young rats, we 
decided to find the amount of collagen in fibres from rats 
of different ages. Single tendon fibres were teased from 
the tail without pulling. Each fibre was suspended in 
0-9 per cent sodium chlonde solution and attached to a 
strain gauge transducer, adjusted to a tension of 0-1 g. 
The diamoter of the immorsed fibre was measured under 
the microscope and the wet weight of the fibre measured 
after blotting on absorbent paper. In Table 1, groups of 
twenty fibres are compared from each of five rats 2 months 
old and five rats 2 years old. The mean diameters and 
wet weights of the fibres were closely similar in both 
young and old animals, but the weights after drying ın an 
oven of the fibres from the old animals were twice as much 
as those from the young animals. The dry material con- 
tained nitrogen and hydroxyproline in the same amount 
as collagen. 

Enough collagen was found in the tendon filaments of 
old rats to account for a two-fold increase in the force of 
contraction, but the force of thermal contraction in the 
fibres of old animals is approximately five times that of 
fibres from young animals. The remainder of this increase 
in force seems related to solvation. Banfleld’® found that 
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Tablo 1. MEAN VALUS OF TWENTY TAIL TENDON FIBRES FROM EACH OF 
TEN RATS 


Sample Age Wet diam- Dry weightt Nitrogen $ Hydroxy- 
group (months) eter* (mm) Pona (%) prone (%)§ 

1 2 0 204 0-455 16 23 10-19 

2 2 0-207 0-205 

8 2 0 207 0 675 16-55 10 47 

4 2 0 212 0 3907 18 51 10 45 

5 2 0219 0 250 16 81 1078 

6 24 0 219 0 604 17-25 11-54 

7 24 0-238 0 699 16-99 11-92 

8 24 0-218 0 989 16-81 11 46 

9 24 0-211 0 604 

10 24 0 215 0-508 17 75 12 50 


* Measured under tension of 0-1 g and immersed ın 1gotonie sodium chlonde 
solution. All flbres were 5 0 cm long. 
Dried to a constant weight tn vacuo at 80° O for 12 h. 
Performed in duplicate by combustion (Coleman nitrogen analyser). 
mi by the Woessner D method (Arch. Brochem. Biophys., 08, 440, 


the swelling and extractability of human tendon decressed 
with age. This is evidence for an increased number of 
cross links in the native collagen of the old as compared 
to the young subjects. Tendon fibres from young animals 
are also more susceptible to destruction than tendon 
fibres of old animals because hydroxyproline is released 
more readily during hydrothermal shrinkage from the 
fibres of young than of old animals". 

Confusion about hydrothermal shrinkage persists be- 
cause of the lack of a conceptual framework: Flory and 
his associates have now assembled abundant evidence to 
confirm that the hydrothermal shrinkage of collagen is a 
firat order phase transition comparable to ordinary 
melting. When the phenomenon of hydrothermal shrink- 
age is investigated under equilibrium conditions, as was 
done here, age makes no difference. The present investiga- 
tion confirms, on a gross scale, the simuamty of collagen 
polypeptide chains derived from young and from old 
animals. Therefore, the effects of ageing can best be 
described as the result of forces lateral to the axis of the 
chain. It is interesting that, although tail tendon fibres 
from young and old rats had the same mean diameter in 
the wet state, there was twice as much collagen in the 
fibres from the old animals. 

This work was supported in part by a grant from the 
National Institutes of Health, U.S. Public Health Service. 
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Fluorescent Properties of the 
Non-collagenous Components of the 
Intervertebral Disk 
Ir has previously been shown, chiefly by X-ray diffraction, 
that the intercellular matrices of connective tissues 
contain four main non-collagenous proteins in addition to 
collagen fibrilst:?. Three of these proteins occur as major 
components of the intervertebral disks. They have been 
provisionally desorıbed as: (a) An immature ĝ-protem, 
which is present in infants and young chidren. (b) A 
mature f-protein, present in adolescents and in increasing 
proportions in middle age. This protein is also produced 
in quantity in prolapsed disk tissue. (c) A dense B-protein 
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which, in normal disks, 18 present in increasing quantity 
from about age 45-50 onwards. In other tissues, auch as 
the ligamentum flavum, elastic tissue is also present. 
These non-collagenous proteins have boen satisfactorily 
distinguished by therr X-ray diffraction patterns, but this 
method involved using samples about 1 mm in diameter. 
The non-collagenous proteins fluoresce with ultra-violet 
light, and we decided to investigate this property further. 
Fluorescent examination, both macroscopic and micro- 
scopic, 1s potentially a quicker, easier and more specific 
method of investigation. The ultra-violet source used was 
a ‘Philips H.P.W.’ 125-W lamp, type 57236 F/70. The 
fluorescent radiation from each of the proteins was 


observed to have a slightly different colour. These are 
tabulated in Table 1. 
Table 1 
Protein Colour under ultra-violet light 

Immature A-protem Purplish-bluo 

Mature f-protein Blue 

Dense §-protein Whitish-blue 

Elastic tissue Greenish-blue 


When the specimens were allowed to dry, the intensity 
of fluorescent radiation produced by the immature and 
mature 6-protein decreased. A further observation was 
that disk tissue from young individuals, which contains 
the immature §-protein, shrank considerably more than 
the tissue from older individuals. 

It was uncertain how much these different swelling and 
shrinking properties were associated with the proteins, 
and how much was due to the accompanying polysac- 
charıdes; but the fact that the two compounds which give 
the less well ordered X-ray diffraction patterns are in 
tissues which shrmk more, and which also tend to lose 
some of their fluorescence on drying, suggests strongly 
that the loss is a concentration quenching effect. This 
would mean that the protein molecules could only have a 
very loose cross-linking, and that it would be more correct 
to consider the tissues as resilient gels, although the 
more ordered mature §-protein almost certainly has 
properties like those of rubber. The lack of a quenching 
effect in the other two proteins, the dense f-protein and 
elastic tissue, would suggest a smaller molecular re-order- 
ing on drying, which is in accord with their rubber-like 
physical properties. Elastic tissue has already been 
shown to contam many cross-linkages*. 

This interpretation, that the tissues in the inter- 
vertebral disk are in the form of a resilient gel in the 
younger age groups, and undergo a change to a rubber- 
like structure in middle age, would account for the fact 
that prolapse of lumbar disks is a disease of the young 
adult. Cell death m a gel type of matrix, with lack of 
production of the essential polysaccharide components of 
the gel, would lead to collapse of the gel structure, and so 
to the onset of prolapse; a similar event in a tiasue with 
a rubbery texture would not be expected to affect the 
basic structure of the matrix. 


A. Mosonr 
K. LITTLE 


Nuffield Department of Orthopaedic Surgery, 

Oxford. 
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Dependence of the Oxygen Effect on the 
Energy of Fast Neutrons 


Tus extent to which oxygen enhances radiation damage 
in biological systems ıs known to depend on the type of 
radiation used'*. Quantitatively, this effect may be 
represented by the oxygen enhancement ratio (OER), 
which is defined as the ratio between the doses of radia- 
tion required to produce equal degrees of damage in 
anoxic and oxygenated cella’. High values of the OER, 
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Fig. 1. Survival curves for cnitured cells of human origin irradiated in 

oxygenated and anoxic conditions with “fission spectrum” fast neutrons 

with a maximum intensity at 1-5 MeV (a) and with 15 MeV neutrons (b). 

Closed symbols refer to oxygenated ae and open symbols refer to anoxic 
cells. 


that is, between 2-5 and 3-5, are usually observed for 
radiations of low mean linear energy transfer (LET), for 
example, X- or -y-rays, while with radiations of high mean 
LET, lower OER values are measured. In a series of 
experiments reported recently, the variation of the OER 
with LET has been investigated for deuterons and 
a-particles of different energies, using the capacity for 
clone formation as a test of the survival of cultured cells 
of human origin®. An experimental design which allowed 
selected segments of the tracks of these particles to pass 
through the cells enabled energy dissipation patterns with 
narrow LET distributions to be obtained. It was shown 
that the OER values decrease with increasing LET from 
2-6 at 5-6 keV/u of unit density tissue to a value of 2-05 
at 61 keV/u, followed by a more rapid decrease to 1-0 at 
165 keV/p. 
: Fast neutrons dissipate energy in biological material 
-mainly by elastic collisions with hydrogen nuclei, although 
at energies in excess of 10 MeV, interactions with other 
nuclei, such as C and O, gain importance. Neutrons of 
energy En produce protons of energies distributed with 
equal probability between En and zero, and consequently 


oc even with monoenergetic neutrons the total dose is 


-delivered over a wide range of LET values. Although no 
satisfactory procedure is available for the calculation oj 
mean LET values relevant to the phenomena con- 
sidered, it is clear that the LET distribution of fast 
neutron radiation depends on the neutron energy. This 
implies that the OER should vary with neutron energy. 
¿© In recent experiments we have measured the OER 

values of fast neutrons of different energies with a cell 
culture system for T-1 cells. In these experiments mono- 
energetic fast neutrons of 3 MeV and 15 MeV and fast 
neutrons from the fission of uranium-235 were used. The 
--monoenergetic neutrons were produced by the deuterium- 
deuterium and the deuterium-—tritium reactions, respec- 
tively, using a 400 kV Van de Graaff electrostatic generator 

for the acceleration of the deuterium ions. Fission spec- 
trum neutrons, with a maximum intensity at about 
1-5 MeV, were obtained by exposure of a uranium-235 
eonverter plate to thermal neutrons from the Low Flux 
Reactor of the Reactor Centre Netherlands, at Petten. 
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(We are indebted to Dr. J. A. G. Davids, of the Reactor ; 
Centre Netherlands, at Petten, for his co-operation in 

putting this facility at our disposal.) The cells were 

irradiated in dishes from which the medium was removed, 

and air or nitrogen was passed over the cells for 10 min 

before and during exposure. Details of other procedures 

have been described elsewhere’, The survival curves 

obtained for 15 MeV neutrons and for fission spectrum 

neutrons are presented in Fig. 1. The OER values 

obtained from these data are 1-6 + 0-2 and 15 + Ol, 

respectively. The results obtained with 3 MeV neutrons — 
are only preliminary, because the low dose rate of about. 
l rad per min obtained with our generator necessitated. 
long irradiation times. The cells cannot remain- in: equi- 

librium with nitrogen for periods longer than half an hour 

without being damaged, and consequently the results 
varied from experiment to experiment. It was therefore” 
not possible to combine the data obtained in different 
experiments and with different irradiation times in order 
to construct survival curves, but an OER value of 1:5 + 
0-3 was derived as the mean value of all individual results 
obtained. 

In addition to the values presented here, earlier experi- 
ments with the same cell system have yielded OER values 
of 26 + 0-2 for 250 kVp X-rays and 1-6 + 0-2 for fast 
neutrons with an energy spectrum with maximum inten- 
sity at about 6 MeV, which were produced by bombarding 
beryllium with 16 MeV deuterons from a cyclotron**. — 

In Fig. 2 the data obtained have been summarized. It 
appears from the solid line drawn through the data 
obtained in our experiments that the OER is little 
dependent on the neutron energy. This result differs from 
the impression given by data published by others which, 
as shown by the dotted line of Fig. 2, suggest a strong — 
dependence of the OER on the neutron energy in the 
interval between 1-5 and 6 MeV?! The discrepancy 
between these two relations may be attributed at least 
in part to the fact that the dotted line is based on data 
obtained with different systems each irradiated with 
neutrons of one energy only, while for the data represented. 
by the solid line, the same cell system has been investi- 
gated with a wide range of neutron energies. For different 
systems, different OER values have been measured for 
radiations of low LET such as X-rays, and this indicates 
that the OER values of fast neutrons must also be ex- 
pected to depend on the test system*?.4. Even if the 
ratios of OER values obtained with fast neutrons and 
with X-rays, respectively, are plotted as a function of the 
neutron energy, the discrepancy is not resolved. Other 
differences between cell systems and experimental. con- 
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Fig. 2. Oxygen enhancement ratio as a function of the neutron energy, 
The solid line is drawn according to the data presented here; the dotted 
line is drawn through points given in various publications: x (ref. 3), 
“Fission spectrum” fast neutrons with a maximum intensity at 1-5. MeV. 
Cj (ref. 11), Fast neutrons with a bimodal energy distribution with. 
maxima at about 1-5 and 6 MeV, produced by bombarding Be with 
3 MeV deuterons. A (ref. 2), Fast neutrons with maximum intensity al 

about 6 MeV, produced by bombarding Be with 16 MeV deuterons, 
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ditions must therefore be assumed to 
can only be understood if the other. systems are also 
investigated with different neutron energies. — 

An explanation of the remarkable constancy of the 
OER as a function of neutron energy shown in our 
experiments may be found by considering the LET 
spectra associated with the various neutron radiations 
used. The contributions to the total damage of different 
parts of the wide LET spectra associated with these 
neutrons, which may extend from a few keV/u up to 
1,000 keV/u, will have to be considered separately. From 
the data on OER values obtained with deuterons and 
x-particles, it is known that at LET values in excess of 
about 60 keV/u, the OER decreases considerably. It may 
be deduced that the relative contribution of very high 
LET components in spectra associated with fast neutrons 
must be larger for damage to anoxic cells than for oxy- 
-.genated cells. This was confirmed by experiments in 
-which cells, cultured in monolayer on 6u thick ‘Melinex’, 
were irradiated with 15 MeV neutrons. Underneath the 
dishes, carbon disks 3 mm thick were mounted, instead of 
the musele equivalent plastic normally used to provide 
proton equilibrium. The carbon disks eliminate the low 
LET component of the spectrum and energy deposition 
in the cells is caused mainly by the interactions of neutrons 
“with carbon, oxygen and nitrogen atoms in the cells, 
which produce particles with LET values of more than 

100 keV/u, and with ranges of only a few u. For this 
experimental arrangement, an OER value of only 1-1 
was measured. 

It is clear that the OER of radiations with wide LET 
spectra must be a complicated function of the LET dis- 
tribution. A more detailed analysis will have to await 
accurate calculations of LET spectra, or, better, the 
availability of experimental data about the distributions 
of “event size” frequencies’. 

Finally, it is possible that fast neutrons may be useful 
in the radio-therapeutiec treatment of tumours with 
anoxic cells, and these results indicate that the advantage 
of a low OER is little dependent on neutron energy. For 
depth dose characteristics of fast neutrons, it is known 
that high energy neutrons, in excess of 10 MeV, are 
preferable’)*, 15 MeV neutrons seem to offer good pros- 
pects in both cases?, i 
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CYTOLOGY 


Chromosome Pattern of Canine 
Transmissible Sarcoma Cells in Culture 


THE. canine transmissible sarcoma (venereal tumour) is 
a naturally transplanted tumour of the dog which is 
transmitted from one animal to another by coitus. The 
tumour will also grow after parenteral injection of viable 
tumour cells, Chromosome analyses of the spontaneous 
and transplanted tumours have shown that the stemline 
cell has a consistent number of 59 or 60 in contrast to the 
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normal 78 of canine somatic cells'*. My investigations of 
tumours have given similar results. _ 

Cells of the transmissible sarcoma were first grown in 
eulture by Bloom, Paff and Noback‘, and I have demon- 
strated some of the specific nutritional requizements for 
monolayer cultures>, I found that high concentrations of 
cysteine inhibit cell implantation and later growth,-but_., 
that the addition of this amino-acid to established cultures 
had no adverse effect. It was now doubtful whether the 
cells in established cultures were the identical progeny of 
the implanted tumour cells. 

Monolayer cultures of tumour cells were prepared in 
Leighton tubes as deseribed previously’. Chromosome 
preparations were made by the exposure of cells to col- 
chicine for 3 h after which they were scraped from the 
surface, suspended in hypotonic citrate solution and. 
fixed in a mixture of methyl alcohol and acetic acid. 
Smears were made and acetic orcein was used to stain the 
chromosomes. Other specimens were fixed at different 
times after implantation and stained with Giemsa stain 
in order to examine cell morphology. 

Cells of the typical transmissible sarcoma are recognized 
by their chromosomes. In addition to the hypodiploid 
number approximately sixteen metacentric elements are 
present, in contrast with normal canine cells of which all 
except the sex chromosomes are acrocentric. Cells from. 
the primary tumour cell suspension and 24-, 72- and 192-h3 
cultures were screened and counts made (Table 1). Slides 
prepared from three separate tumours were used and 
selected at random for counting. After 24 h the cultured 
cells are of normal karyotype, for no metacentrics were 
observed in addition to the normal complement. 

The appearance of cells at 24 h after they were implanted 
is shown in Fig. | and Fig. 2. Chromosome analysis shows 





Fig. 1, Twenty-four hour culture of transmissible sarcoma ceils ( x e. 180). 





Fig. 2. Twenty-four hour culture of transmissible sarcoma cells (x e. 408). 
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- almost all cells to be characteristic of tumours. The cells 
appear to be viable on morphological grounds in both 
-stained and unstained preparations, and some are clearly 
in division. At 48 h, many cells are spindle shaped, a 
morphological type which persists throughout the life of 
the culture (Fig. 3 and Fig. 4). At 72 h of cultivation 
there are only a few cells with the chromosome charac- 
teristics of the parent cell. 

Between the sixth and eighth days of cultivation, and 
sometimes earlier, at least two morphological types are 
apparent. One is the original spindle shaped cell, and the 
other is a shorter cell.with a larger nucleus and more 
abundant cytoplasm (Fig. 5 and Fig. 6). At this time, 
essentially no cells remain with the chromosome arrange- 
ment of the original tumour cell. The logical conclusion 
from these observations is that the majority of implanted 
tumour cells survive no longer than 48-72 h, and that it is 
the normal stromal cells which persist. This is consistent 
with the cysteine sensitivity present in early implants, 
and absent from established cultures. 


Table 1. DISTRIBUTION OF CELLS OF TRANSMISSIBLE SARCOMA IN CULTURE 
ACOORDING TO CHROMOSOME NUMBER 


Percentage of cells in each group 


Time in No. of cells of chromosome number 
culture screened 45-50 51-61 62-84 
Primary cells 122 15 74 11 
24h 40 8 72 20 
72h 28 9 10 90 
192h 42 8 2 98 


This conclusion is not certain, for it has been shown that 
a 72 h culture of cells can be transplanted to a susceptible 
host and develop into a tumour. Yet at this point in 
culture time, relatively few tumour cells with the typical 
chromosome arrangement remain, and it is doubtful 
whether they are sufficient in number and viability to 





Fig. 8. Forty-eight hour culture of transmissible sarcoma cells (x e, 180). 





Fig. 4. Forty-eight hour culture of transmissible sarcoma cells ( x e. 408). 


NATURE 


725 





Fig. 5. One hundred and ninety-two hour culture of transmissible sar- 
coma cells (x e. 180) 





Fig. 6. One hundred and ninety-two hour culture of transmissible sar- 
coma cells { xe. 408). 


initiate a neoplastic process. Previous behaviour of 
somatic cells in culture suggests that it is unlikely that 
the relatively few normal cells that are initially present 
are sufficient to initiate monolayer cultures. This is par- 
ticularly evident in Fig. 1 and Table 1, in which the 
normal cells constitute an extremely sparse population. 
These few cells could, however, have an unusual potential 
for survival and growth, unlike normal canine cells in 
similar conditions of nutrition and environment. 

It is difficult to explain how the hypodiploid cells 
could be superseded by the few proliferating norma} cells. 
They must comprise the primary stemline of the spon- 
taneous neoplasm and, unless the culture environment is 
uniquely adverse, they should persist in im vitro culture. 
Other canine tumour cells have developed a persistent 
hypodiploid characteristic with the formation of meta- 
centric members after serial culture in vitro, and this 
conversion is not associated with lethality’. It is also 
unreasonable to assume that the original tumour cells 
which were implanted had, between 24 h and 72 h, been 
converted from hypodiploid to diploid cells, because this 
would presume an instability of genetic characteristics. 
It is, however, possible that the persistent cells, although 
diploid, are not normal, and represent a secondary tumour 
stemline which occurs occasionally in the neoplasm. 

Malignant conversion of the transmissible sarcoma 
occurs spontaneously®, but the mechanism of the change 
is unknown. Weber has found (personal communication) 
that the cells of the malignant tumour have the typical 
chromosome characteristics of those of the more usual 
spontaneously regressing type. A comparison of the 
culture characteristics of the cells of both types of neg: ” 
plasm has not been made, but malignant sarcomata of a 
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this type can be induced experimentally®, and so a method 
for such an investigation is available. 
J. E. PRIER 
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Electron Microscope Evidence for Nerves in 
the Mandibular Stylets of the Green Peach 
Aphid 
From his morphological investigation of the black bean 
aphid, Aphis fabae Scop., Weber! concluded that the 
_Stylets do not contain nerves, and he showed the central 
mandibular duct to be empty. Weber’s interpretation 
has been implicitly accepted and aphid stylets have been 
considered merely as needle-like, non-living, chitinous 

bristles, 

On the basis of feeding behaviour, however, at least 
one earlier worker* concluded that the stylets must have 
innervated chemoreceptors. Without better evidence 
this view had little support until Bradley* found that 
amputation of the tip of a single mandibular stylet or 
insertion of the intact stylet tip into various solutions 
such as nitric acid, formalin, or procaine prevented 
feeding but greatly increased larviposition. He suggested 
that mandibular stylets have nerves and observed that 
their central duct is filled with a material which can 
sometimes be pulled as a thread from the cut end of the 
stylet. He was unable to stain or otherwise investigate it. 
Further work’ failed to produce electrophysiological 
evidence for nerves within aphid stylets, but the idea was 
not abandoned. 

Electron microscopy was necessary, but there were 
"many technical difficulties involved in fixation and 
sectioning of these small hard structures with central 
canals, Van Hoof! published electron micrographs of 
fixed and sectioned stylets of Myzus persicae (Sulzer), 
but the mandibular ducts appeared empty. Several 
attempts have been made to investigate sections of 
aphid stylets at Vancouver, and from hundreds of sections 
we have at last obtained about thirty acceptable electron 
micrographs. We present here conclusive morphological 
evidence for nerves within the central duct of the mandi- 
bular stylets, 

Heads were dissected from apterous viviparous females 
of M. persicae, fixed in Palade’s fixative or in glutaral- 
dehyde, embedded in ‘Epon’ or ‘Araldite’, and the sections 
were stained with uranyl acetate. Cross-sections from the 
proximal, middle and distal regions of mandibular stylets 
showed two round bodies in each central duct. Often 
these appeared uniformly dense, but sometimes they had a 
lighter core. They were surrounded by granular material. 
These structures resembled dendrites, but the fixation 
was not good enough to be sure. 

When one mandibular stylet was slightly damaged 
during dissection, adequate penetration of the fixative 
was allowed and resulted in good fixation of the contents 
of the central duct. Sections clearly show two dendrites 
ach with a distinct plasma membrane enclosing two 
neurofilaments (Fig. 1). The dendrites are surrounded 
by granular material, which is probably the coagulated 
fluid of the mandibular duct. 

No sections suggest how the dendrites contact the 
molecules of odorous material; however, in several ex- 
cellent recent electron microscope investigations?! of 
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Fig. 1. Cross-section of a mandibular stylet of Myzus persicae (Sulzer) 
showing the central duct containing two dendrites, 
insect olfactory dendrites, such mediation is by way of 
extensions, like microvilli, of the dendrite plasma mem- 
brane and these enter minute pores in the wall of the 
sensory structure. No evidence was obtained for nerves 
in maxillary stylets. 

The mandibular stylets of aphids have a structure 
consistent with that of known chemosensory hairs". 
The walls of mandibular stylets are thicker than those of 
chemosensory hairs; this is necessary to give strength, 
but it does not preelude the presence of thin walled pores. 
The proof of innervation of the stylets is of fundamental 
importance to the investigation of host plant and feeding 
site selection by aphids. 
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GENETICS 


Autosomal Trisomy in a Discordant 
Monozygotic Twin 
TURPIN et al.’ investigated a patient with Turner’s 
syndrome who was found to have an apparently normal 
twin brother. Analysis of blood groups, plasma proteins 
and secretor status showed that they were probably 
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monozygotic (P= 0-0075), and reciprocal transplants of 
_ skin tissue showed no signs of rejection after 78 days. 
Chromosome analysis revealed an XO karyotype in the 
patient and an XF sex chromosome constitution in the 
normal brother. Since then, five other cases of mono- 
zygotic twins with discordant karyotypes have been 
P described?=7. This communication describes a case of 
autosomal trisomy in an amorphous monozygotic twin. 

The mother was 29 years old. Her third pregnancy was 
uneventful and she gave birth to a normal male infant 
weighing 3,800 g. Attached to the foetal surface of the 
placenta by a separate cord was a spherical mass of tissue, 
10 cm in diameter. It was completely covered by normal 
skin containing hair follicles and sebaceous glands overly- 
ing superficial fascia. The bulk of the mass consisted of 
connective tissue containing scattered neural and vascular 
elements with sheets of striated muscle and islets of bone 
and cartilage. There was no evidence of even rudimentary 
organogenesis. The placenta was diamniotic and mono- 
chorionic. The cord contained three vessels, the largest a 
dilated umbilical artery and the others a large umbilical 
vein and another atrophic umbilical artery. There was a 
large superficial anastomosis between the umbilical veins 
of the two cords. 

The chromosomes of the foetal mass were investigated 
by Harnden’s technique’. Forty-seven cells were counted 
= and thirty-eight of these had forty-seven chromosomes. 
_. Visual analysis of the aneuploid cells and seven karyotypes 

showed an extra chromosome similar to members of 

group C (Fig. 1). No sex chromatin could be seen either in 
epidermal cells or in cultured cells. 

Chromosomes were prepared from the other twin and 
both parents using peripheral blood. All had normal 
karyotypes. 

The monochorial placenta, concordant sex and pro- 
Jninent vascular anastomoses suggest that the twins were 
monozygotic. Furthermore, in all well documented cases 
of acardiac foetus, the sex of both twins has always been 
concordant®, and monozygotism is widely assumed in 
this condition. 

This is an example of heterokaryotypic monozygotism 
where the chromosome anomaly must have occurred 
during the early cleavage divisions. One possibility is 
non-disjunction during the second or subsequent divisions, 
with loss of the non-viable monosomic cell. Another 





mechanism proposed to explain these cases is asynchronous 

endoreduplication’’ of a single chromosome resulting in 

the gain of a chromosome in one cell without reciprocal 

loss from another cell. The actual mechanism is uncertain, 

. but this finding indicates that errors in postzygotic mitoses 
ean produce trisomic states. 


s 






o 





Fig, 1. Analysis of chromosomes from a cell of the acardiac monster 
showing an extra chromosome similar to members of group C. 
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This case may throw light on the genesis of acardiac 
monsters. This condition occurs only in monozygotic 
twins, and it has been assumed that the cause of the 
malformation eannot be inherited but must be acquired 
during early embryogenesis. A reversal of circulation in 
the abnormal twin has been suggested as the essential 
lesion!!; however, it is almost certain that the autosomal 
trisomy was directly responsible for the malformation in 
this twin. Chromosome analysis of one other acardiac 
foetus showed that the foetus had a normal karyotype™; 
however, this foetus showed a considerable degree of 
organogenesis and the karyotype was determined in only 
four cells, so that the possibility of mosaicism could not 
be excluded. The totally amorphous group of acardiac 
foetuses, of which this twin is an example, may represent 
a different aetiological group, marked by the complete 
absence of organogenesis and with major chromosomal 
anomaly as its immediate cause. 

Trisomy of a group C autosome is rare. Only five cases 
have been recorded in adults as trisomy C/normal mosaic- 
ism in association with multiple congenital abnor- 
malities*-17, In two patients with myeloproliferative 
disorders, an extra chromosome similar to a group C 
autosome was found in a small proportion of cells in the 
peripheral blood’**, Three other cases have been 
described in spontaneous abortuses*?*!, It seems likely 
that full trisomy of a large autosome is incompatible with 
normal embryogenesis. 

The case reported here was remarkable for the presence 
of well marked differentiation of tissues, for example, 
skin with its normal appendages, but the total absence of. 
organogenesis. These features are reminiscent of a typical 
ovarian teratoma™. This suggests that a major autosomal 
aberration may interfere with the normal activity of. 

rimary organizers. 
P ii MerLrvirre G. KERR 
M. NABIL RASHAD 
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Isochromosomes in the Chicken 


Recent reports on the chromosomes! and total DNA? 
of the chicken cell nucleus show that they differ from 
those of typical placental mammals in an unusual pattern 
of chromosome sizes and a DNA content equal to half 


that of most mammals. These reports can be interpreted) 


so as to illuminate some anomalies of the genetics of fowl. 
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-These anomalies include incomplete dominance of the 
trait barred®5, ticking’, and alteration of phenotypic sex 
. without visible alterations in the karyotype’. One ex- 
planation of these anomalies could be that three-fourths 
of the normal genetic dose occurs fairly frequently in the 
chicken. 
~Three-fourths of the normal gene dose could occur if 
each of the arms of the major chromosomes in the chicken 
were isochromosomes (with two identical arms) which 
double back on themselves for transcription but straighten 
out and are apposed in the orthodox manner for meiosis. 
In this arrangement, a sequence of messages on one arm 
_of an isochromosome is repeated on the other arm. A 
chromosome pair would provide four readings of the 


“Message, and a cell with three out of four of the normal 


readings might well be viable. 
> Koecke and Müller? counted the lampbrush chromo- 
somes of oocytes from foetal gonads of the hen. The count 
showed five pairs of large autosomes, one pair of large Z 
chromosomes, five pairs of middle sized chromosomes, 


o twenty-one pairs of small chromosomes, and one small W. 


There were also two to seven chromocentres and two to 
_ four microchromosomes. Studies of the labelling of chicken 
chromosomes with tritiated thymidine®®9 show early 
_ eessation of labelling of a population of microchromosomes 
-s fa the nucleus, and late heavy labelling of the W in the ZW 

female. The Z chromosomes replicate and cease replication 
‘with the other macrochromosomes. These investigations, 
together with reports of six linkage groups? in the fowl, 
make it possible to postulate a model system for chicken 
chromosomes (Fig. 1). 

In this system, the ‘functional’? autosome, corre- 
sponding to a linkage group. consists of the two members 
of a pair of homologous “morphological” chromosomes 
(4. and A’) and either one chromosome looped back on 
- itself and serving as a bridge (C in type I) or two apposed 


=- ehromosomes, also serving as a bridge (D in type I). 


A, Cand D chromosomes make up the five large and five 
- middle sized pairs. 


Oo 48 Bi ge AUTOSOMES -? AND of 
A A MITOTIC PROPHASE 
o ° 4 OF TYPE T 





o o 
: + OF TYPETL 
c 4 4 D,D o a) 
o oO 
oO [e] 
a A 
o o o On- MICROCHROMOSOMES 
TYPE I TYPE I 
Pe. ge 2 4 SEX CHROMOSOMES 
aes | x 5 Q ZW = XxY 
E ae o o ə of I2 = xXXYY a) 
Bue 
eS o ° 
ere 
; Y 
Hegde tg o o 
TYPE. Z TYPE W 
: MEIOTIC PROPHASE (3) 





wou How mg 


: AN cc xx’ Yr 00 
“oS PAIR 3PAIR  TPAIR IPAIR | 2 PAIR 
a H H H ! H io) 9 
AA cc xx 7o Y oo 
5 PAIR 3 PAIR 1PAIR TL ONLY 2 PAIR 
Fig. 1. A model system for chick chromosomes. 
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Of the sex chromosomes, Z consists of X, Y and O 
arranged as in the autosomes, and W consists of X and C. 
The Z chromosome of Koecke and Müller would corre- 
spond to the X of this scheme. 

The report of forty pairs of chromosomes at malo 
meiosis in the domestic fowl! leaves twenty-eight pairs 
of chromosomes to be accounted for. These would be the 
twenty-one pairs of small chromosomes and the two to 
seven chromocentres and two to four chromosomes cited in 
ref. 1. If the microchromosomes were to be placed at each 
end of each chromosome arm as well as at the places where 
one morphological chromosome is joined to another to form 
a functional chromosome, there would be a need for just 
twenty-eight of these chromosome pairs in the male. The 
difference between the count of forty pairs of chromo- 
somes at male meiosis and seventy-eight individual 
chromosomes at male mitosis (seventy-seven at female 
mitosis)? may be due to the premature replication of 
chromosomes D and D’ which are already apposed, while 
the other large and middle sized chromosomes are looped 
back on themselves and must straighten out before they 
can meet in meiosis. 

One evolutionary advantage of the looped isochromo- 
some system proposed here might be that such a chromo- 
some would be better able to withstand the damage to 
the DNA which might be caused by the relatively high). 
internal temperature of birds. This scheme also offers an 
explanation for the production of infertile hybrids from 
even quite close crosses in birds’®, Mitosis may proceed 
normally in such cases, but meiosis fail because of the 
doubling of each misfit between homologous chromosomes. 
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MICROBIOLOGY 


Separation of the Spores and Crystals of 
Bacillus thuringiensis 


Tae isolation of the protein crystals of Bacillus thurin- 
giensis, which are toxic to the larvae of certain 
species of insects, has been described previously! ’, 
and involves phase separation in which an aqueous phase 
consisting of a suspension of spores and crystals is emul- 
sified with a variable volume of an organic solvent such 
as trifluorotrichloroethane. When the two phases. arè 
mixed, most of the spores and some of the crystals: are 
removed from the aqueous phase into the organie phase 
and crystals are left in the aqueous phase. An ideal 
method would recover 100 per cent of crystals complotely 
free from spores. This has not yet been achieved; usually 
the greater the degree of crystal purity required, the 
lower is the yield of crystals. aza 
Angus! described a phase separation method using 
trifiuorotrichloroethane as the organic phase and obtained 
erystals of 95 per cent purity after five successive treat- 
ments of the aqueous phase with the fluorocarbon. A 
modification by Bateson? reduced the number of treat- 
ments with fluorocarbon to two and increased the purity 
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< of crystals to not loss than 99 per cent. The yield of pure 
- erystals from the suspension of spores and crystals is only 
one sixth of the original at each stage in Bateson’s method, 
and the remaining five sixths of the crystals is lost with 
the spores in the fluorocarbon. That is, after two separa- 
tions, only one thirty-sixth of the original weight of 
we orystals is recovered (personal communication from Bate- 

son). 

The method described here gives a much higher yield 
of crystals of purity comparable to that achieved by 
Angus! and Bateson?, It has a considerable advantage in 
industrial microbiology in that it uses a cheap organic 
solvent, carbon tetrachloride, rather than the expensive 
trifluorotrichloroethane. The success of the method 
depends on the removal of most of the spores in the 
aqueous suspension of spores and crystals by flotation 
before mixture of the aqueous suspension with organic 
solvent. The flotation process described here allows 99-100 
per cent pure spores to be prepared. This eliminates the 
possibly injurious solubilizing treatment of the protein 
erystals with alkali which Angus suggested in his method 
for obtaining spores free from crystals’. Although the 
concentration of alkali used (0-05 N sodium hydroxide) to 

- dissolve the crystals may not be sufficient to affect the 
viability of the spores, it certainly causes changes in their 
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tetrachloride was used as before. After mixing in the 
homogenizer, the mixture was allowed to stand overnight 
instead of the previously mentioned 15 min, and satis- 
factory yields of crystals in the aqueous phase were 
obtained. The purity of the crystals was 96-98 per cent. 
A grant to one of us (I. R. P.) from the Agricultural 
Research Council helped to support this work. 
I. R. PENDLETON 
R. B. MORRISON 
Department of Bacteriology, 
University of Glasgow. 
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Replication Cycle of the Blue-Green Algal 
Virus LPP-I 


THE infection of the blue-green alga Plectonema boryanum 
by a virus was first recorded by Safferman and Morris!, 
and we have described methods of culture for the alga 
and the virus and also the mode of infection of the cell, 
The virus has a long “tail” by which it attaches itself to 
the cell wall’; the DNA is then apparently injected into 


«serological properties*. Since this could conceivably affect 
` pathogenicity, it may be desirable to prepare spores, 
_ without the use of alkali, for insect pathogenicity experi- 


the cell after the manner of some bacteriophages. This 
communication deals with what happens after the injec- 
tion of the DNA, and deseribes the replication eyele of 


ments. 

In our method, B. thuringiensis is grown on ‘Lab-Lemco’ 
agar at 30° C until sporulation is complete. This requires 
10-20 days and varies from strain to strain. The growth 
is collected, washed three times im. distilled water and 
once in normal saline, and resuspended in distilled water 
to give a suspension containing 0-07 g wet weight/ml. of 
the mixture of spores and erystals. 

To prepare spores, a convenient volume of the sus- 
pension is shaken vigorously by hand for 5-15 sec and 
allowed to stand. The froth which appears on the surface 
is held back on filtration with Whatman No. 1 filter 


the virus as far as this ean be elucidated by electron 
microscopy. 

A section through an algal cell 16 h after infection 
shows masses of the fully formed and nearly spherical 
virus particles (Fig. 1). A similar section through a cell’ 
l h or less after infection shows numbers of particles with. 
an elongated profile instead of the virus (Fig. 2). At 
higher magnification these are seen to be helices (Figs. 3 
and 4) in which the diameter of the coil is approximately 
180 A and that of the threads composing the coil about 
20 A. The number of loops in the helix has not been 
definitely ascertained, but there seem to be three. (One 


paper, or can be removed mechanically. This process can 
be repeated several times, so that the percentage of spores 
in the suspension is reduced from 50 to 20 per cent. Spores 
(99-100 per cent pure) are prepared by floating the spore - 
froth on a large volume of distilled water which is stirred 
gently so as to wash out most of the contaminating crystals. 
The purified spores in the froth may be resuspended in 
water by the addition of 1 or 2 drops of the antifoam 
agent ‘Octan-2-ol’ and then collected by centrifugation to 
i ‘give a yield of approximately 60 per cent. 
Crystals are prepared from the suspension left after 
removal of spores in froth by a modification of the phase 
“separation method of Bateson?. This suspension contains 
»80 per cent crystals and 20 per cent spores. To 35 ml. of 
the suspension of 80 per cent crystals and 20 per cent 
: ‘spores are added 30 ml. of 1 per cent sodium sulphate and 
. 85 ml. of carbon tetrachloride, and the whole is mixed at 
.7,000-8,000 r.p.m. for 2-5 min in a homogenizer. The 
mixture is then allowed to stand for 15 min while the 
organic phase settles. The aqueous phase which contains 
a mixture of 98-99 per cent crystals and 1-2 per cent 
spores is separated by a siphoning process. The yield is 
25-45 per cent of the crystals present in the original spore 
and crystal mixture with a mean value of 35 per cent. 
This method has been applied successfully to ten 
out of twelve strains of B. thuringiensis tested, but it was 
not successful with the finitimus strain where the crystal 
is firmly attached to the spore. In the case of the dendro- 
“timus strain, the following modification was used since 
the spore flotation method was not successful and no 
“froth appeared on the surface of the shaken spore and 
erystal suspension. Instead of removing spores by flota- 
tion the 50:50 spore and crystal mixture at a concen- 
tration of 0-05 g wet weight/ml. was mixed in the same 


: Fig. 1, 
volumes as were used for the previous method and carbon 4 


Z _ Section through part of a cell of Plectonema boryanum. ; 
after infection. Note the fully formed virus particles. (x 82,000. 
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of the loops in Fig. 4D (arrow) suggests a second helical 
formation.) Still earlier in the process of infection, 
numerous small particles are visible between the photo- 
synthetic lamellae of the cell and appear to be helices in 





Fig. 2. Similar section to Fig. 1 but 1 h after infection. Note the 

elongated helices and also the developing helices between the photo- 

synthetic lamellae (arrows); some empty spaces from which helices 

have migrated can be seen. The encircled helices in Fig. 2 are shown 
enlarged in Fig. 4, A, Band D. (x 64,920.) 








Fig. 3. Section similar to Fig, 2, but at a higher magnification; some 
details of the helices are visible. (x 122,700.) 








Fig. 4. Helices at high magnification; three loops of the coil can be 

seen (C). A, B and D, Sections of two particles after formation of the 

protein coat with the loops of the helix still visible. (4, x 1,000,000; 
B, x 1,000,000; C, x 310,000; D, x 1,000,000.) 


process of formation (Fig. 2); at this stage many fine 
threads can also be seen in the nucleoplasm. 

We tentatively suggest that the replication cycle of the 
virus consists of the following sequence of events. After 
injection of the DNA into the cell, viral DNA is formed 
in the nucleoplasm whence it migrates to the photo- 
synthetic lamellae where the helices can be seen in the 
course of formation (Fig. 2, arrows). The next step seems ay, 
to be the movement of the helices into the virogenic 
stroma; in Fig. 2 can be seen some empty spaces from 
which helices have migrated, as well as one or two 
helices still in situ. At a later stage all the helices seem to 
have moved into the virogenic stroma, leaving only 
empty spaces. In the virogenic stroma further changes 
take place: the helix becomes enclosed in its protein coat 
and condenses into a nearly spherical particle. In sections 
of particles at this stage of formation the loops of the 
helix are still visible (Fig. 44, B and D). 

We thank Mr. David A. Goldstein for a sample of 
purified virus, and Mr. Henry Threm for assistance with 
the electron microscopy. 
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 Safferman, R. S., and Morris, M, E., Science, 140, 679 (1963). 
2? Smith, K. M., Brown, jun., R. M., Goldstein, D. A., and Walne, P. L., 
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influence of Anti-inflammatory Agents on 
Experimental Atherosclerosis 


ADDITION of 1 g of cholesterol to the diet of a 
rabbit results in plasma lipid concentrations ten and 
twenty times higher than normal and in extensive lipid 
deposits, or atherosclerotic plaques, in the thoracic aorta 
within about 12 weeks (Fig. 1). Oppenheimer and Bruger 
first. showed that simultaneous administration of cortisone 
inhibited plaque formation’. The inhibition is produced 
despite a cortisone induced increase in the dietary hyper- 
lipaemia (Table 1}. The mechanism of the protective 
effect is unknown, although it has been suggested by a 
number of workers that it may be related to the changes 
induced by cortisone in the serum lipid pattern‘. 
Recent electron microscopy of rabbit aortae in the early 
stages of plaque development has shown that the primary 
lesion results from uptake of cholesterol and other lipids 
by smooth muscle cells in the subendothelial layer’. This 
is followed by degeneration of the cells containing lipid 
and by further cellular invasion of the dead area. Possibly 
cortisone, because of its anti-inflammatory properties, 
inhibits the early stages of plaque development. Similar 
conclusions have been reached by Friedman eż al.*, who 


» demonstrated prevention of the intimal hyperplasia by 


cortisone administration. The influence of other anti- 
inflammatory agents on development of atherosclerotic 
lesions was examined. A preliminary experiment showed 
that a dietary supplement of the hormone was an effective 
method of administration. Addition of 5 mg of cortisone 
acetate daily to the diet of animals fed on cholesterol 
prevented atherosclerotic plaque development over a 12 
week period, but in control animals plaques covered about 
30-40 per cent of the thoracic aorta. 

Sixty-three New Zealand white male rabbits of weight 
5-6 Ib. were divided into the groups shown in Table 1. 
All groups were fed a diet of commercial rabbit pellets, 
100 g/day, supplemented with I per cent cholesterol and 
with the addition of 1 or 5 mg of cortisone acetate, 100 mg 
of phenylbutazone (Geigy), 100 mg of aminopyrine 
(Merck) and 0-5-2 g of acetyl salicylate or 100 mg of 





daily for 12 weeks, 
group. 


on the right. 


NATURE 


Five milligrams of cortisone acetate was added to the diet of one 
The aortae of the control animals are shown on the left and are covered by heavy 
deposits of lipid plaques in the upper part of the aortic arch and at the junctions of the 
intercostal arteries. There are almost no plaques in the cortisone treated animals, shown 
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vitamin C. Vitamin C was included because of its involve- 
ment in adrenal function and connective tissue formation, 
and also because of disputed claims? that it inhibits the 
development of atherosclerotic plaques in the rabbit. (The 
rabbits were bled from the ear vein and plasma lipid levels 
were measured at intervals of 2-3 weeks.) After 12 
weeks on the experimental diet the animals were killed 
and the thoracic aortae were removed. The aortae were 
slit up one side (Fig. 1) and intensity of atherosclerosis 
was scored by tracing the plaques on to a standardized 
grid stencils. Average plaque grade was expressed as 8 
percentage of the aorta surface covered by plaques. 








Table 1. INFLUENCE OF ANTI-INFLAMMATORY AGENTS ON EXPERIMENTAL 
ATHEROSCLEROSIS IN THORACIC AORTA OF RABBITS 
Average No. of 
Plasma lipid (mg per cent)* plaque animals 
Dietary supplement Total coverage with 
lipid Cholesterol (per cent) plaques 
Controls 2,2844310 1,0894121 80-7451 19/20 
Cortisone 5 mg 4,217 +700 1,8594225 1521-2 1/6 
Cortisone 1 mg 2,796 + 266 2842-6 1/85 
Phenylbutazone 100 mg 1,901 +253 122444 5/9 
Aminopyrine 100 mg 1,853 + 331 O25 + O6 afd 
Vitamin © 2,680 + 267 324+ 7-3 10/11 
Aspirin 0-5-2 g 1,902 + 306 9264175 475+ 11-8 7/8 


* Normal plasma concentrations before cholesterol feeding averaged 44.45 
mg per cent for cholesterol and 205416 mg per cent for total lipid. All 
determinations + SEM. 

_ New Zealand white male rabbits (6-6 Ib.) were fed a diet of 100 g commer- 
cial pellets and 1 g cholesterol daily, supplemented with the additions shown. 
After 12 weeks the animals were killed. Plasma lipid concentrations and 
intensity or atherosclerosis in the thoracic aorta were measured as described 
in the text. 


Table 2, FAILURE OF CORTISONE TO INFLUENCE REGRESSION OF ATHERO- 
SCLEROTIC PLAQUES 


a Controls (4) Cortisone (6) 
Plasma total lipids mg per cent 167 +40 505 +106 
Plasma cholesterol mg per cent 542412 7148 
Atherosclerotic plaque coverage per cent 4249 39410 


Table 1 shows that cholesterol produced the expected 
increase in total plasma lipids and cholesterol concen- 
trations. The lipid increases were higher in animals fed 
cortisone. Only 17 per cent of the animals on the 5 mg/day 
cortisone régime and 20 per cent on the 1 mg/day régime 
developed plaques as compared with 95 per cent in the 
control group. The hyperlipaemic effect of 
the 1 mg/day dose, however, was much less 
than that for the 5 mg/day dose (Table 1). 
The inhibitory effect of cortisone was 
partially duplicated by phenylbutazone, 
which produced a 60 per cent decrease in 
plaque intensity, and 44 per cent of the 
animals developed no plaques. In contrast 
to cortisone, this decrease was not associated 
with any significant change in the serum 
lipid patterns (Table 1), Intensity of athero- 
sclerosis in animals treated with amino- 
pyrine was slightly less than in the controls. 
The concentration of plasma cholesterol in 
the aminopyrine treated group was also 
considerably lower. Intensity of athero- 
sclerosis is related directly to the concentra- 
tion of plasma cholesterol, so that any 
inhibitory effect of aminopyrine (in contrast. 
to that of cortisone) may be caused by the 
hypocholesterolaemia. Vitamin © produced 
no decrease in the number of plaques, and 
acetyl salicylate in doses of 0-5-2 g/2-0-5 kg 
of rabbit per day produced an increase in 
the intensity of atherosclerosis (47-8 per 
cent in comparison with 30-7 per cent with- 
out salicylate). 

It has been shown that the formation of 
atherosclerotic plaques in rabbit aortae is 
essentially irreversible under normal diet- 
ary conditions’. The influence of cortisone 
treatment on regression of plaques already 
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Fig. 2.. Slit aortae of ten New Zealand white male rabbits which were 
fed a diet of 1 per cent cholesterol for 12 weeks and then transferred to a 
diet free of cholesterol. 
then received a dietary supplement of 5 mg of cortisone acetate daily. 


The six lower aortae are those of rabbits which 


present was therefore examined. A group of ten rabbits 
was fed a diet of 1 per cent cholesterol for 12 weeks, suffi- 
cient for production of extensive plaques (Fig. 1). The rab- 
bits were divided into two groups and transferred to a chol- 
esterol free dict consisting of 100 g of plain pellets/day. 
The daily diet was supplemented with 5 mg of cortisone 
-acetate for one group, and the other group was main- 
tained as controls. After a further 12 weeks the plasma 
lipid. concentrations had fallen to almost normal in the 
control group, but remained slightly larger in the animals 
fed cortisone (Table 2). Fig. 2 shows that there was no 
significant regression of plaques during the following 12 
weeks in rabbits on a cholesterol free diet. Cortisone 
treatment also failed to induce any significant regression 
of plaques as compared with animals on the control diet. 
“These experiments indicate that the inhibitory action 
-of cortisone in experimental atherosclerosis is not directly 
related to the accompanying plasma lipid changes and 
ean be partially duplicated by a second anti-inflammatory 
agent (phenylbutazone) with no significant changes in the 
serum lipid pattern. These findings, together with the 
failure of cortisone to influence regression of plaques 
already deposited, support the idea® that the hormone 
acts in the early stages of plaque formation through its 
anti-inflammatory properties rather than through its 
lipaemic effects. 
This work was supported by a U.S. Public Health 
Service grant. 
J, Marryn BAILEY 
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Culture of Human Leukaemia Cells 


Tus communication describes the culture of four addi- 
tional cell lines derived from the buffy coats of patients 
with leukaemia. Iwakata and Grace! provided key 
information for culturing leukaemia cells and reported the 
establishment of a cell line, R.P.M.I. No. 6410. Fifteen 
cell lines were subsequently derived from the buffy coats 
of four patients with acute and chronie myelocytic 
leukaemia and reported?. 

We have lately been able to establish cell lines from 
four additional patients with myelocytic leukaemia. 
Table 1 summarizes data concerning the human leukaemia 
cell lines which have been started at this institute. 

Practical aspects of the successful culture of leukaemia 
cells include: 

(1) The initial cell population should be approximately 
4x 10%/ml. and the volume of medium about 50 ml. 
(depth 4-7 mm) in bottles maintained as stationary 
cultures or hover cultures because the cells do not adhere 
to the glass in most instances, 

(2) The media used should be supplemented with 20 
per cent foetal calf serum or a combination of 10 per cent 
human serum and 10 per cent foetal calf serum. 

(3) Media should be added fractionally (but not re- 
placed) for the first week when required because there is 
an increase in acidity. 


Table 1. CULTURE oF MYELOCYTIO LEUKAEMIA 
Interval RPM. 
fnitials Diag- Date of before Initial eulture 
nosis* culture growth medium + serum No. 
S.K. AML 2-14-64 46 days 1629 + 30FCS 4 6410 
EM. AML 3-15-84 ? 1629 + 30FC8 9154 
ALP. CML 4-20-85 41 days MecCoy’s+20FCS8 4205 
(A total of 8 cell lines established at different times) 
M.C. AML 8-19-65 89 days 1630 + 20FC8 8195 
(A total of 6 cell lines established) 
AL. CML 10-19-65 35 days 1640 + 20FCS 1245 
N.B. CML 11-15-65 72 days 1603 + 20FCS i115 
MJ. AML 12-8-65 47 days 1630 + 20FCS 1285 
M.B. CML 12-10-65 51 days 1630 + LOFCS +10 1210 
Horse 


* AML, Acute myelocytic leukaemia. CML, Chronic myelocytic leukaemia, 
t FCS, Foetal calf serum. ‘The numbers refer to media developed at 
Roswell Park Memorial Institute, 


(4) The cell population should be maintained above 
5x 10°/ml. by combining cultures as necessary. 
(5) The cells of the supernatant fluid should be centri- 


fuged and retained and 50-80 per cent of the medium“ 


replaced with fresh medium at intervals of 14 days after 
the sixth week of culture. Fractional additions of media 
should be made between these intervals. 

(6) There should be a rapid feeding and subculturing 
schedule as soon as the initial restoration of growth is 
noted. This usually occurs between days 40 and 80. 

Characteristics of all the cell lines include a lack of 
adherence to glass, the formation of clumps shaped like 
disks or doughnuts, adaptation to suspension cultures, and 
a predominant morphological appearance of primitive 
lymphoblasts with smaller numbers of immature myeloid. 
cells. The morphology of the cells, both lymphoblasts and 
myeloblasts, has been confirmed by electron microscopy. 

In two cell lines herpetic-like viruses have been ob- 
served. 

These cell lines are available to qualified investigators. 


G. E. Moorn 
E. Iro 
P. CITRON 
Roswell Park Memorial Institute 
(New York State Department of Health), 
Buffalo, New York. 
t Twakata, S., and Grace, J. T., jun., N.Y. State J. Med., 64, 2279 (1064). 


* Moore, G. E., Tio, E., Ulrich, K., and Sandberg, A. å., Culture of Human 
Leukemia Celis (in the press). 
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Cancer and Arylsulphatase Activity 
Turer arylsulphatases (arylsulphate sulphohydrolases 
B.C.3.1.6.1.) are known. Their distribution in the animal 
- kingdom is very wide and their activity is low in such 
_ tissues as muscle and skin"? and high in liver and kidney? 
‘There are some indications that arylsulphatase activity is 
modified in tumours?-45, 
‘We have investigated the activity of arylsulphatase in 
: cancers of the skin, stomach, colon and mammary gland. 
250 mg of cancerous tissue extracted at operation were 
== homogenized in 25 ml. of 0-5 molar acetate buffer, pH 5-8, 
- for 3 min. 0-4 ml. of the homogenate was incubated for 24 h 
: at 37° C with 0-4 ml. of 0-016 molar dipotassium 2-hydroxy- 
5-nitrophenyl sulphate as substrate. The reaction was 
stopped by adding 3 ml. of 2 per cent phosphotungstate 
and the liberated 4-nitrocatechol was estimated colori- 
metrically after adding 5 ml. of a 10 per cent solution of 
> sodium hydroxide containing 0-2 per cent quinol and 
+5 per cent sodium sulphite. The activity of arylsulphatase 
was expressed in moles of 4-nitroeatechol per 0-4 ml. of 
1 per cent homogenate (4 mg of wet tissue). Identical 
estimations on normal tissue of the organ from which the 
cancer originated were used as controls. 
¿© The cancerous character of the tissues was confirmed 
cby histopathological examination. We have examined a 
#* total of nine cases of cancer of the stomach, nine cases of 
cancer of the colon, seven cases of cancer of the breast, 
four cases of malignant melanoma and one case of cancer 
coef the skin. 
< Table 1 shows that in all cases of cancer 
examined the activity of arylsulphatase 
was elevated compared with the activity of 
the control tissue. The most marked in- 
crease occurred with malignant melanoma, 
which had a mean arylsulphatase activity 
“more than eighty times higher than that of 
-normal skin. The activity of arylsulphatase 
in one case of spino-cellular carcinoma of the 
“skin was only ten times higher than the activity in normal 
skin. 





Ed x 
Table 1. ARYLSULPHATASE ACTIVITY OF SOME CANCEROUS TISSUES EX- 
PRESSED IN “MOLES OF 4-NITROCATECHOL/4 MG OF WET TISSUE 


Stomach Colon 
Skin mucous mucous Breast 
membrane membrane 
Normal tissue 25 250 230 30 
& Melanoma cancer 
. ¿v Cancerous tissue 2,150 250 540 670 400 


K: 

¿oc Arylsulphatase in tissue from cancer of the stomach 
"Was about twice as active as in normal gastric mucous 
- membrane and five times as active as in the normal muscle 
= layer. The activity of arylsulphatase in cancer of the 
. eolon was three times as high as the activity in normal 
-mucous membrane of the colon and about fourteen times 
_ as high as that of the muscle layer. Cancer of the breast 


pw-X, Pie 
Be Pa 
C= x 
"4 Nat 
Ph Q Fz 
Ha Hg Ha He 
2-79 3-33 3-54 2-91 2-91 
78 3°30 3°55 2-92 2-92 
2-79 3-29 3-51 3-01 3-37 
we) 3°02 324 2-90 2-98 





: <i Huy Aromatic protons adjacent to the ethylenic double bond. Hpg, Aromatic proton adjacent to the substituent. 


* Multiplet, 
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had an arylsulphatase activity which was about four - 
times higher than the activity of normal mammary tissue. — 
: L. M. DztanoszyNsx1 
A. FRÖHLICH i 
J. KROLL 
Department of Animal Physiology, 
College of Agriculture, 
Poznań, Poland, and 
III Clinic of Surgery, 
Medical Academy, LES 
Poznan, Poland. A 
1 Działoszyński, L. M., Nowak, J., and Frohlich, A. (unpublished resulta). 
* Huggins, C., and Smith, D. Re, J. Biol. Chem.: 170, 801 (1947) 0 O US 
* Dodgson, K., $., Spencer, B., and Thomas, J., Biochem, J.; 36, 177 (1956), 
‘ meets E., Wallace, D. M., and Williams, D. C., Brit. J. Cante! ; 


* Działoszyúski, L, M., and Zawielak, J., Acta Biochem. Polon., 2, 429 (1955), a 





PHARMACOLOGY 


Preparation and Identification of cis and =. . 
trans Isomers of a Substituted Triarylethylene 


We have prepared a series of 1-(p-dialkylamino alkoxy- 
phenyl) 2 alkyl-1,2-diphenylethylenes' and in many in-.. 
stances have isolated the respective isomers’. The 
differences in biological activity of one pair of cis and 
trans isomers, 1.C.I. compounds Nos. 47,699 and 47,644, 

respectively, have already been deseribed’. Eee 


(CHa) N(CH, 0 Sx in (CH,),N(CH,),0Z A fe : 
Css i C ges: 


ES NE SN LF oe 

pore N= om CA, o 
L.C.1. 47,699 LC.1. 46,474 

(cis-) (trans-) 


A mixture of these isomers was obtained by dehydration ~ 
of 1 - (4-8 - dimethylaminoethoxypheny)) - 1,2 - diphenyl- 
butanol by heating the latter under reflux with ethanolic: 
hydrochloric acid and converting the resulting mixed — 
hydrochloride to base. ‘The erude mixture was slurried — 
with petroleum ether (boiling point 40°-60° C) and the ~ 
insoluble material erystallized from the petroleum ether 
(b.p. 60°-80° C). In this way the trans isomer (melting 
point 96°-98° C) was obtained. The cis isomer (m.p. 72°— 
74° C, after crystallization from methanol) separated from. 
the petroleum ether liquors (b.p. 40°-60° C). The pre- 
ferred method of preparation of the intermediate butanol 
is by the reaction of phenylmagnesium bromide or phenyl 
lithium with 4-§-dimethylaminoethoxy-a-ethyldesoxy-_ 
benzoin. ee 


Table 1. CHEMICAL SHIFTS (t) OF THE Two ISOMERS 


: Aromatic Phenyl 
NMe, N.CH,CH, CH.CH,O A, By singlets 
LC.1. 46,474 7°80 7-46 617 333 354 2-91 2°79 
L.C.1, 47,699 P72 7-32 5-98 289 317 203 B42 
Ph Srp X, 
C= 
s Et 
p—X, 
u Ph Pa Fa E 
Ha He He Ha 
312 2-89 317 2-93 2°93 
3-14 2-88 3-21 2-04 2-04 
3-09 2-91 3-21 3-00 3-40 
2-80 3-06* 271 2-88 2-04 2-98 


(UET ais ti : 
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The identity of the isomers was established by a com- 
bination of proton magnetic resonance spectroscopy and 
dipole moment measurements. The proton magnetic 
resonance spectra of the two isomers, recorded for 10 per 
cent solutions in deuterochloroform on a Varian Associates 
A-60 spectrometer, showed significant differences (Table 
1). 

While I.C.I. 46,474 shows resonances for the basic 
side-chain at somewhat higher fields, the effect on the 
aromatic protons is much more pronounced with the 
centre of the A,B, pattern of the disubstituted ring moving 
to a higher field by 0:4 p.p.m. This result can be rational- 
ized if it is considered that the aromatic ring and side-chain 
sandwiched between two other rings experience a double 
shielding effect from their ring-currents. This argument 
assumes a range of orientation of the rings with respect 
to each other such that their places begin to approach an 
angle of 90° to the plane of the ethylene bond. 

The consequent prediction that I.C.I. 46,474 has trans 
unsubstituted phenyl groups was confirmed by correlating 
the proton magnetic resonance spectra of the foregoing 
pair of isomers with those of certain related pairs (Table 2). 
These included a specially devised pair, of which one was 
found (as expected) to have a much smaller dipole 
moment than the other, and could thus be assigned a 
trans configuration in respect of the substituted phenyl 
rings. 

We thank Mrs. R. M. Canadino, Imperial Chemical 
Industries, Ltd., Petrochemical and Polymer Laboratory, 
for measurement of dipole moments. 


G. R. BEDFORD 
D. N. RICHARDSON 


Imperial Chemical Industries, Ltd., 
Pharmaceuticale Division, 

Alderley Park, 

Macclesfield, Cheshire. 

1? U,K. patent No. 1018907. 

2 U.K. patent application No. 30755/65. 

4 Harper, M. J. K., and Walpole, A. L., Nature, 212, 87 (1966). 


ANATOMY 


Specialization of Schwann Cell Membranes 


Sracks of desmosomes in successive layers of Schwann 
eell cytoplasm have been reported in the sheaths of nerve 
fibres in the earthworm Hisenia foetida? and in the rat? and 
also in the myelin sheath of the eighth nerve ganglion of 
the goldfish’. In each case the stacking occurred in loose 
myelin where narrow layers of Schwann cell cytoplasm 
were contained within the spiralling of the mesaxon. It 
was thought that the desmosomes in both nerve sheaths 
functioned as bonds between successive Schwann cell 
lamellae. 

In human foetal nerves the plasma membranes of 
Schwann cells frequently exhibit paired thickenings, with 
increased electron density extending into the underlying 
cytoplasm, where two processes of the same cell come 
together in the formation of mesaxons. The mesaxon 
may be short and related to a large bundle of communally 
invested axons, but desmosome-like structures are more 
frequent, often several at a time, on the elongated mes- 
axons of myelinating nerve fibres‘. More rarely small 
stacks of these structures are arranged perpendicularly to 
the axis of a myelinating axon (Fig. 1) when the electron- 
dense material largely fills the cytoplasmic interval 
between two plasma membranes. The intercellular interval 
between adjacent plasma membranes may be slightly 
increased in the specialized regions where, occasionally, 
the outer surface of the membrane may bear small 
swellings which project into the extracellular space. Also, 
occasionally, each of the pair of membranes making up 
the desmosome-like body appears to be double, when the 
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thickening with increased electron density is limited to the 
inner lamina. 

In normal adult human and rat nerves stacks of 
desmosome-like bodies have not been seen in our material 
although they occur frequently, close to nodes of Ranvier, 
in regenerating rat nerves as has already been reported’. 
Individual desmosome-like bodies have, however, been 
seen in normal nerve fibres in the dorsal nerve roots of 
adult rats on the mesaxons of unmyelinated nerve fibres 
and on the external mesaxons of myelinated nerve fibres. 
They also occur on the ‘‘mesaxon” formed by Schwann 
cells when pockets of collagen are invaginated into the 
cell’. 

The function usually attributed to desmosomes, and, 
indeed, attributed to those found in Schwann cells’, is 
that of bending one cell to another. In the loose myelin 
sheaths of myelinating nerve fibre some form of bonding 
is clearly necessary, but if fixed and permanent would 
prevent growth of the contained axon. Similarly, per- 
manent bonding in the mesaxons related to bundles of 
unmyelinated foetal axons would impede the shifting 
relationships between Schwann cell and axon which lead 
from multiple to single axonal invagination. 





Fig. 1. Electron micrograph from human foetal ulnar nerve (14 weeks of 
intra-uterine life) showing axon (aa) cut longitudinally with desmosome- 
like thickenings (d) in the investing lamellae of Schwann cell plasma 


membrane. The Schwann cell nucleus is marked. (x 48,000.) 


In adult myelinated nerves the need for bonding of the 
Schwann cell lamellae is less apparent, because the 
apposition of successive turns of the spiralling mesaxon 
is in some ways comparable with the zonula occludens. 
At the nodes of Ranvier, however, paranodal myelin 
lamellae are less compactly wound and a case for bonding 
might more readily be made out. 

There is evidence that ionic interchange between the 
cytoplasm of a cell and its environment is much impeded 
by the plasma membrane, except where this is specialized® 
either as a zonula oechidens or as a desmosome. The 
mesaxon formed by a Schwann cell may thus be, in 


effect. an elongated barrier to ionie interchange between ™ 


two parts of the cytoplasm of the cell. It is suggested 
that desmosome-like structures occurring on mesaxons 
may function as shunts to this barrier to ionic interchange 
and that their stacking in the paranodal regions of mye- 
linated nerve fibres may result in the formation of path- 
ways especially favourable to the ionic interchange which 
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is known to be associated with the nodal region in saltatory 
conduction of nerve impulses. © 
H. J. GAMBLE 

J. M. GOSSET 
Department of Anatomy, 

HR St. Thomas’s Hospital Medical School, 

x London, S.E.1. 
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BIOLOGY 


Preputial Gland as a Site of Nematode 
Parasitism 


Tue number of sites of nematode infection recorded in 
both plants and animals is already great, and in mamma- 
lian hosts, at least, most parts of the body providing a 
moist, well vascularized medium and ready access to the 
body surface have been identified with nematode para- 
sitism. This communication reports nematode invasion 
of the preputial gland of a south-eastern Australian murid 
“rodent. 

Paired preputial glands occur in certain murid rodents 
as large accessory sex organs capable of copious secretion 
in both males and females. The histology of the glands 
has been described by Montagna and Noback? for “the 
rat” (presumably a laboratory strain of Rattus norvegicus). 
Quay and Tomich? have noted these glands in Rattus 
exulans from Hawaii. We have found well developed 
preputial glands in both sexes of all species of Rattus 
native to continental Australia’, and the glands are 
comparable in both gross and microscopie structure with 
those described by Montagna and Noback for the labora- 
tory rat. 

In 237 individuals of all species of native Rattus caught 
in the field in Australia, including specimens from every 
state and territory of continental Australia, three rats 
had nematodes in their preputial glands. The three hosts 
were Rattus fuscipes assimilis from the localities 12 miles 
S.W. of Terang, Victoria, and Wyong, New South Wales', 
and were represented by one adult female and two adult 
males. Thirty-four other Rattus fuscipes assimilis trapped 
in the field in south-eastern Australia had preputial 
— glands free from nematodes. Of 123 preputial glands 
* > taken from the offspring of rats caught in the field, in- 

cluding six born of parasitized parents, none contained 
nematodes. Either the life-cycle of the nematode is 
interrupted under laboratory conditions, or, alternatively, 
there is insufficient time for completion of the life-cycle 
under the laboratory conditions of 3-4 months between 
exposure and autopsy. 

The preputial glands of Rattus open directly on to the 
lateral surfaces of the penis of the male or clitoris of the 
female near the urethral opening. The excretory ducts 
from each gland, through which the secretion is conducted 
to the surface of the genitalia, open directly on to the 
surface epithelium of the skin. The duct expands proxi- 
mally into a wider central channel in the core of the gland 
and from there to lateral ducts and to the vicinity of the 
acini, the regions of active secretion’. The preputial 
gland is highly vascular. The external openings of the 

¿o exeretory ducts of the preputial glands are exposed to the 
™ soil in which the rat burrows and to the moist mucous 
= membrane of the mouth when the animal grooms. Intro- 
duction of the nematode may be direct by one or both of 
these means if, indeed, it is not by the more usual route of 
ingestion and migration of the parasite through the body 

of the host. There is the additional possibility of direct 
transmission during copulation. A parasitized male, 
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however, which sired one litter from one female and two 
litters. from another, did not transmit: the nematodes to 
cither female. This suggests that transmission is not 
effected through copulation even though the preputial: 
gland is probably secreting actively at this time. 

In the three parasitized animals examined, the pre- 
putial gland harbours gravid female nematodes and their 
eggs. Furthermore, the adults and their eggs are restricted 
to the system of ducts and to degenerating acini in the 
process of becoming hollow by eliminating their central 
disintegrating cells of secretion into the duct system. 
These acini are in a transitional stage between functioning 
as secreting areas and forming the lining of new ‘accessory 
ducts'. The nematodes are apparently incapable of 
penetrating primordial acini or fully formed acini before 
their central cellular hypertrophy and disintegration. Nor 
are the parasites capable of invading the blood vessels. 
Rather, they seem to be confined strictly to the mature 
and developing ducts of the gland and to lodge in the 
narrow channels and crevices of smaller lateral ducts and 
metamorphosing acini. The parasites are thus in direct 
contact with secretions of the gland. 

We were unable to obtain whole specimens of the adult 
nematodes. The adults are present in sectioned preputial- 
glands only as fragments in cross-section or short oblique 
section, and the diameter of gravid females in: these 
fixed materials is approximately 754; however, the eggs 
which have been deposited can be seen in their entirety 
in serial section. Each egg has two polar opercula which 
are flattened to slightly concave distally (Fig. 1). The 
thickened tough shell of the egg proper terminates at the 
base of each operculum and provides a gap of Tg through 
which the operculum protrudes. The operculum is: 6y 
long and its distal portion is 10% wide. From an average 
of ten specimens, the total length of the egg invested by 
shell, exclusive of the opercula, is 56y and it is 24u wide. 
Although the nematode has not been specifically identified; 
the morphology of the egg indicates that the nematode is 
a member of the order Trichuridea* and probably of the 
genus Capillaria or Trichuria. Its life-cycle is unknown. 
Capillaria has been recorded in the liver of Rattus norvegi- 
cus and the spleen of Rattus rattus, two rats introduced by 
man to the Australasian region®. No livers or spleens were 
examined histologically in the present investigation. 

Trichostrongyles (Mastonema melomyos) are known from 
the mammary glands of another native Australian rodent, 
Melomys lutillus of Queensland’. Like the mammary gland 
the preputial gland is also a derivative of the skin and 
throughout life it maintains its connexion with the 
surface of the skin by way of the excretory duct. In many 
respects it is closely allied to the sebaceous gland and is 
generally considered to be a specialized sebaceous gland}. 
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Fig. 1. Preputial gland of Rattus fuscipes assimilis showing cross-sections | 

of gravid female nematodes and lateral view of a deposited egg, Mate 

fixed in Bouin’s solution, stained with Delafield’s haematoxy! 
eosin, and sectioned at 7u {x 120). ees 
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Sebaceous glands have only recently been associated with 
nematode infestation. Lyne and Sommerville! have found 
nematodes (Capillaria) in the sebaceous glands of the 
hair follicles bordering the upper and lower lips of the 
bandicoot (Perameles nasuta). Although Beaver*! has 
demonstrated by histochemical and ultrastructural 
methods that the preputial gland is much more complex 
than a sebaceous gland and secretes both lipid and protein- 
aceous components, the branched alveolar structure of 
the two glands offers nematodes similar routes of access 
and similar lodging places. 

There is fragmentary evidence of other parasitism in the 
preputial gland of rodents. Tumours in laboratory mice 
(Mus musculus) have been reported on two occasions}2:33, 
and may be carcinomata induced by viruses; Beavor!® 
remarks on the frequent presence of bacteria in the lipid- 
protein secretion of the gland. To our knowledge, however, 
this is the first report of nematode parasitism in the 
preputial gland. 

This: work was supported by a grant from the U.S. 
National Science Foundation to two of us (J. M. T. and 
B. E. H), and research facilities were provided by our 
institutions and by the C.S.I.R.O. Division of Wildlife 
Research, Australia. 
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Spawning Behaviour of Rudd, Scardinius 
erythrophthalmus infested with Plerocercoids 
of Ligula intestinalis 


Tux plerocercoid of Ligula intestinalis is found in the 
body cavity of cyprinid fishes, where it causes castration}. 
Kerr” in 1948 showed that the presence of the plerocercoid 
reduces the number of basophils in the pituitary of 
infested roach, with consequent virtual elimination of 
gonad stimulating hormone of the pituitary, and this 
work was afterwards confirmed?*, More recently, it has 
been shown that this occurs not only in roach parasitizod 
by Ligula plerocercoids, but in other cyprinids as well. 
At present observations are being made on an infestation 
of Ligula plerocercoids in rudd, Scardinius erythrophthal- 
mus, in Ravensthorpe Reservoir, Northamptonshire. The 
adult, rudd gather into large shoals before spawning in 
shallow weedy areas in the months of March, April and 
May. To determine whether the castration caused by 
Ligula plerocercoids affects the behaviour of the adult 
rudd, netting was carried out at spawning time while the 
adults were exhibiting courting behaviour. Adults were 
netted at random throughout the reservoir and by 
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specific netting in the shoals of rudd showing courting 
behaviour. 

Among 200 adult rudd removed from a courting shoal 
in shallow water there was only a single infected rudd, 
while the 75 adult rudd netted at random throughout the 
reservoir included 56 infected fish. 

The behaviour of the infected fish is thus different. from 
uninfected fish which spawn naturally. The part played 
by “natural stimuli”, such as light, water temperature 
and water level, is not fully understood. A substantial 
part, however, is played by sterohormones* which are 
secreted into the water to stimulate spawning—male fish 
secrete copulin which brings females into a state of 
readiness to spawn. It is possible that the presence of 
the plerocercoid of Ligula intestinalis, by reducing the 
development of the gonads, inhibits the capacity of male 
fish to produce this hormone and the capacity of females 
to be stimulated by it. 

T. 8. C. Orr 


Wellcome Laboratories for Experimental Parasitology, 
University of Glasgow, 
Bearsden, Glasgow. 
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Oval Disk of Echeneid Fishes 


TuE oval disk on the dorsal surface of echeneid fishes has 
frequently been described as an adhesive apparatus or 
sucker. This may be partly correct, but the main function 
of the disk seems to be the collection of information from 
the surroundings, concerning such factors as temperature, 
pressure, the activities of other members of its own 
species, its hosts and enemies, and the availability of food 
and suitable breeding places. Adhesion is only a secondary 
function. In addition to riding on its host, the fish could 
actually be guiding the host in a particular direction, 
without the host being aware of any urge to secure the 
information which it is being directed to obtain, 
Several minute structures on the disk have been over- 
looked. The little flap with a slit along its anterior border 
has led to the discovery of further structures. There is 
a tiny finger-like body, which I have called the “‘tactilo- 
dact”’, in a pit in the centre of the triangular front shield 
of the disk. It has a sensory function. Similar finger-like 
bodies, the subtractilodacts, are buried in tissue along the 
middle region and have sensory coverings which they can 
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Fig. 1. Cross-section of the disk and vertebra of Echeneis. A.C., Ali- 

mentary canal; B.P., basal plate; B.S., basi struts; C., centrum; G.N., 

gap in neural arch; L., lamella; M., muscles; N.A., neural arch; P., 

partition; S.C., spinal cord; C.T., suspensory connective tissue: 

S.L.. sensory layer; T., tendon cate transverse process; U.C., upper 
chamber, 
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raise and. lower. 
above the skin. 

John’s account? reveals that the young do not have 
this disk when they hatch. In our specimens it is fully 
formed. The course of ontogeny is unknown, but the eggs 
probably hatch out in deep sea far from the shore, like 
eels, and so do not move towards the shore until they have 
developed functional disks. In an investigation of fluid 
movements controlled by a pump! we found channels, 
blood sinuses and lymph spaces in the disk. Houy® 
deseribed minute channels connected with the sense 
organs on the marginal flap of the disk. 

Tn an investigation of the source of the fluid which is 
supplied to the disk, cross-sections of the disk together with 
the skull and vertebral column were made, and the neural 
arch was found to have two compartments separated by 
a transverse partition (Figs. 1-3). Such an arrangement 
appears to be unique. The upper chamber is connected 
to the disk by suspensory connective tissue and the 
vibratory movements of the disk seem to be communi- 


Their tips may or may not protrude 





Fig. 2. Cross-section of disk. 





Fig. 3. Enlargement of cross-section of disk region. 
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cated directly to the spinal cord. The lamellae of the 
disk which have innumerable sense papillae probably rise 
and fall as the fish swims about and adjusts its apparatus 
to secure the information it needs. 

The fluid in the upper chamber of the neural arch can 
move forward and supply what is normally needed by the 
disk, which is immediately above the skull. Sewell* 
reports that when Echeneis is attached to an object all 
movement except that of the mouth and gills—-necessary 
for respiration—seems to be inhibited in the fish. It is 
reasonable to assume that the normal fluid supply in. the 
upper chamber is diverted to the disk during periods of 
attachment, and that consequently the lower parts, 
being poorly supplied, lose their sensitivity. 

The disk receives its nerve supply from the tenth 
cranial nerve and from the spinal cord through the first 
five sets of spinal nerves*. It is well known that a fish 
pulled by the tail would rather leave its sucker behind 
than release its hold. The explanation is simple. When 
a tail of a fish is pulled the tension affects the lateral 
nerves which are branches of the tenth cranial nerves. 
Although the adhesion seems to be a reflex action under 
the control of the spinal cord, release of the sucker must 
be sanctioned by the brain, and while tension on the 
lateral nerves is maintained there will be no signal for 
release. If fluid accumulates between the disk and the 
skull when the disk attaches itself, this fluid will help to 
force the two apart. 

This investigation was aided by a grant from. the 
C.S.LR., and was carried out in New College, Madras. 


B. Bowne 


‘Bonanza’, 
Tambaram East, 
Madras-59. 


1 Bonnell, B., Nature, 196, 1114 (1962). 

2 John, C. M., Bull. Cent. Res. Inst. Univ. Travancore, 47 (1950). 
3 Houy, R., Zool. Jahrb., 29, 108 (1909). 

* Seymour Sewell, R. B., Nature, 115, 48 (1925). 


Heat Sensitivity of Developing Embryos of 
Tribolium confusum 


Tue effect of temperature on the incubation period. of 
poikilothermic animals is usually considered in terms of 
constant or uniformly fluctuating temperature. Under 
constant conditions the rate of development is slightly 
less at the maximum temperature which permits hatching 
than at slightly lower temperatures. In an attempt. to 
elucidate the factors involved in this lengthening of the 
embryonic period, developing eggs of Tribolium confusum 
Duval were exposed to high temperatures for brief periods 
during their development. Although the data obtained 
show considerable variation, periods of increased sus- 
ceptibility were evident. 

Eggs were collected over a 12-h period and divided into 
batches of twenty-five. Except for a short period at a 
higher temperature they were maintained at 29° + 0-5° C. 
In eighteen control groups an average of 18-3 (S.D. 5-01) 
eggs hatched after 180 h and 19-2 (S.D. 1-61) hatched 
after 204 h at this temperature. Eggs exposed for brief 
periods to 40-0° + 1° C hatched in about the same time as 
the controls. Those exposed to 45-0° + 1° C hatched much 
more slowly. The percentage hatch at 180 h was much 
reduced and some reduction in the hatch was also found 
at 204 h (Fig. 1). The variation in the data probably 
results from the use of eggs of age from 1 to 12 h, and from 
the fact that the eggs of this species normally show a large 
variation in development time even in inbred strains. 

Between 0 and 15 h the embryos are particularly. sen- 
sitive. Most of these eggs fail to hatch and those that 
do so show considerable delay. Extrapolation from a 
chronology of development at 25°5°+0-5°C (ref. l 
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‘Suggests that during this period intravitelline multiplica- 
tion and migration of the energids are occurring. In the 
period of increased resistance which follows, the energids 
-multiply at the periphery and form a cellular blastoderm. 
The next period of sensitivity may be associated with 
gastrulation and the formation of the embryonic mem- 
branes. The peak of tolerance, between 40 and 50 h, 
= eorresponds with the occurrence of blastokinesis. 
_ | More work is necessary to substantiate the relationships 
- between periods of susceptibility to thermal stress and 
> the embryonic stages, but it is clear that all stages of 
. development are not equally sensitive. Different stages of 
embryogenesis should not necessarily be considered 
_ together in attempts to express the rate of development by 
means of a logistic curve. Sensitive embryonie periods 
may also serve as tools for the study of developmental 
- processes. The determination of temperatures adequate 
-for the heat sterilization of cereal products against insect 
= pests must take into consideration not only the fact that 
the lethal maximum is much higher for short periods of 
: exposure than for long periods, but that it also varies with 
the embryonic stage. 
.. This work was aided by a U.S. National Science Founda- 
tion science faculty fellowship and a University of Utah 
research fellowship. 
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Factors affecting Blood Clotting from Salivary 
o Glands and Crop-of Glossina austeni 
| Lester and Lloyd! deseribéd an enzyme in the tsetse 
flies Glossina morsitans and Glossina tachinoides which 
- Causes rapid coagulation of the blood meal, and results 
in the formation of a clot. They suggested that the 
function of this clot was to enable blood to be retained for 
assimilation. It was of interest, therefore, to examine 
these insects for their ability to lyse blood clots, especially 
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- because this kind of activity is known to 
occur in the blood-sucking Hemipterans 
Rhodnius prolixus? and Eutriatoma. macula- 
tus®. SRS es ; 
The presence of anticoagulant activity 
in salivary glands of tsetse flies is well 
known. It was first suggested by Stuhl- 
mann‘, and described by Yorke and Macfie? ` 
and Lester and Lloyd!. The mechanism of 
action of this anticoagulant has’ not been 
elucidated, however, although Lester and 
Lloyd suggested that it is an ‘‘anti-kinase” 
rather than an antithrombin’. Since that 
time, knowledge of the mechanism of blood 
clotting has greatly increased and more’. 
sensitive tests have been devised to deter- 
mine the stage or stages affected by anti- 
coagulants. Some of these tests have been 
used in the present experiments to examine 
the mechanism of action of the tsetse fly 
anticoagulant. 

The tsetse flies used in these experiments 
were Glossina austeni of both sexes. The 
insects (kindly sent to me by Dr. T. A. M. 
Nash) had been fed in the morning and 
were dissected immediately on arrival the“ 
same afternoon. The method already 
described for other blood-sucking insects" 
was used to prepare extracts of the salivary glands and 
gut. The tsetse flies were dissected on a freezing micro- 
tome stage and the tissues placed into ice-cold saline 
(0-9 per cent) allowing 0-1 ml. /insect. 

At first the entire gut (crop, midgut and hindgut) was 
removed as one preparation, but later the crop was 
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removed separately, and two extracts were made: one = 


of mid and hind gut and one of the crop. The tissues were 
homogenized, and the resulting emulsions tested for 
fibrinolytic and anticoagulant activity. The fibrin plate 
technique’ was used to determine the fibrinolytic activity. 
Plates were prepared using 0-5 per cent fibrinogen of 
bovine or human origin, and clotted with 50 v/ml, bovine 
thrombin. Bovine fibrin plates were used either unheated. 
or heated at 85° C for 40 min in order to destroy the 
contaminating plasminogen*. The human fibrinogen was 
free of plasminogen, and when this was used the samples 
tested on these plates were mixed with human plasminogen 
(0-5 U per sample) or with a control volume of saline. The 
final volume of sample applied to the plate was 0-05 ml. 
Any lysis which resulted after the standard period of 
incubation (18 h at 37° C) was measured and the results 
expressed as the product of two diameters measured at 
right angles. Urokinase was used at a concentration of 
20 Ploug units/ml. to compare the activity of the extracts. 
Soybean trypsin inhibitor was mixed in equal volumes 
with gut extracts in some experiments because trypsin is 
known to occur in the midgut? and it was necessary to- 
inhibit this enzyme in order to distinguish proteolysis due 
to trypsin from fibrinolysis as a result of specific fibrinoly- 
tic substances’. The trypsin inhibitor was used at a 
concentration of 1 mg/ml. 

Several tests were used to examine the extracts for 
clotting function, the first of which was the recalcification 
time of oxalated horse plasma. When this was prolonged, 
more specific tests were used. These were (1) the clotting 
of fibrinogen (0-5 per cent) by thrombin (5 u/ml.), (2) the 
“one-stage prothrombin time’™, and (3) the ‘kaolin- 
cephalin clotting time’}* which tests the earlier stages of 
the clotting mechanism. This last method varied from 
that described by Margolis in that the kaolin and cephalin 
were added as a mixture instead of individually. 

Pibrinolytic activity. All the extracts, that is, the 
salivary glands, entire gut, crop, and the mid/hind gut, 
lysed the unheated bovine fibrin. The area of lysis 
produced by a test sample of the entire gut was larger 
than that produced by other extracts. Only two extracts 
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. these extracts act on thrombin. 
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the entire gut and the mid/hind E ER heated 
ovine fibrin, however; like urokinase, the salivary gland 
and crop did not show any activity: 

“Extracts active on heated fibrin, that is, in the absence 
of plasminogen, were then tested after incubation with 
The inhibitor was mixed with 
the entire gut and the mid/hind gut extracts, and samples 
re-examined on unheated and heated plates. It was 
found that after incubation the entire gut sample had 
lysed the unheated fibrin in an area equivalent to that of 
the crop sample, but that it had not had any action on the 
heated fibrin. The mid/hint gut extract did not exhibit 
any activity, and neither unheated nor heated plates were 
lysed. Thus incubation with trypsin inhibitor had 
inactivated the gut enzyme, but had not affected the 
activator in the crop (this being present in the entire gut 
sample). 

With human fibrinogen free of plasminogen, only the 
extracts of the entire gut and of the mid/hind gut caused 
lysis, as was expected from results with bovine fibrin. 
The salivary gland and crop extracts only lysed fibrin 
when plasminogen was added to the test sample; the area 
of lysis was then about the same as that produced with 
bovine fibrin. 

Table 1 shows the results with bovine fibrinogen. They 
indicate that Glossina austeni has a plasminogen activator 
in the salivary glands and crop. The rest of the gut 
lyses fibrin because of its proteolytic enzyme, trypsin, 
and has no plasminogen activator activity. 


Table 1. Lysis of BOVINE FIBRINOGEN BY EXTRACTS OF Glossina austeni 


Zone of lysis tam) 
eated 


Sample Unheated 
fibrin ion 

Entire gut 649 400 

ad and hindgut 400 324 

Cro) 462 Ne lysis 

Salivary gland 361 No lysis 
> Entire gut +soybean trypsin inhibitor 272 No lysis 
o Midgut +hindgut + soybean trypsin inhibitor N o lysis No lysis 

Urokinase control 1 Y 520 No lysis 


Entire gut-crop + midgut + hindgut. 


Extracts from both the salivary gland and crop lysed 
bovine and human fibrin to the same extent, and therefore 


-sactivation of plasminogen must be direct (as with uro- 


kinase) rather than indirect by way of the hypothetical 
proactivator (as with streptokinase). It seems likely that 
the activity originates in the salivary gland and that it is 
sucked back to the crop with the blood meal. This is also 
supported by the findings of Lester and Lloyd?, who 
showed that removal of the salivary glands resulted in 
blood clotting in both the proboscis and the crop. If the 
crop fibrinolytic activity was produced in situ, then any 
elot formed might be expected to be lysed. 

The presence of a plasminogen activator in the salivary 
glands of blood-sucking animals has not been previously 


» described. In the Hemipterans Rhednius prolixus: and 
Eutriatoma maculatus? this activity is restricted to the gut. 


Bier described an activity capable of dissolving a blood 
clot extracted from the salivary gland of the blood-feeding 
bat Desmodus rufus. He expressed doubt, however, as 
to whether this activity was in fact produced by the 
glands, and there is no evidence to show whether it resulted 
from a fibrinolytic enzyme, plasminogen activator, or 
was the result of non-specific proteolysis. 

Anticoagulant activity. The recalcification time was 
increased when samples of the crop and salivary gland 
were added to oxalated horse plasma. The addition of 
0-1 mi, of both these extracts caused an increase in the 
clotting time of fibrinogen by thrombin. It can be 
expected that the one-stage prothrombin time and the 
kaolin-cephalin clotting time will be prolonged because 
In order to determine 
whether there was another component which prevented 


_ the earlier stages of thrombin formation as had been found 


for Rhodnius prolixus, extracts were diluted with saline 
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until no antithrombin activity could be detected, ad then ; 
re-tested on the one-stage prothrombin and the kaolin- 
cephalin clotting times: No increase in clotting time was 
found. 

Lester and Lloyd’ considered that the anticoagulant 
acts at a stage in the clotting cycle before the reaction 
between thrombin and fibrinogen. They did, however, 
find some antithrombin activity which they attributed to 
possible impurities in their solutions. In the present. 

experiments, all the anticoagulant activity can. be 
accounted for by its antithrombin action. 

The extract from the mid/hind gut, when tested on | 
oxalated plasma, shortened rather than prolonged the. 
recalcification time. This of course is to be expected if a. 
coagulant enzyme is present in the gut as stated by. ‘Lester 
and Lloyd’. The presence of trypsin in the gut, however, ; 
would also result in a similar finding and samples were 
therefore tested after they had been mixed with soybean 
trypsin inhibitor. The recalcification time was found to 
be normal, which indicates that trypsin was responsible a 
for the coagulation observed with this extract. 

I thank Dr. T. A. M. Nash of the University of Bristol 
for the tsetse flies, and Dr. Margaret E. Mackay of the 
Lister Institute, Elstree, for the purified human fibrinogen 
and plasminogen. 
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Biosynthesis of Ascorbic Acid in the Tree 
Shrew and Slow Loris 


Ir is well known that man and certain monkeys are unable 
to synthesize ascorbie acid and depend on an exogenous 
supply of the vitamin. Experimental scurvy has been 
induced in the rhesus monkey (Macaca mulatta), in the 
Formosan long tailed monkey (AMacacus cyclopsis swinhoi)! 
and in the capuchin monkey (Cebus fatuellus)? by feeding: 
them diets deficient in vitamin C. Stone emphasized? 
that no systematic investigations into the ability of 
primates to synthesize ascorbic acid have been reported. i 
The criterion of the ability to synthesize the vitamin may 
be a useful taxonomic key to aid in the assessment of tho 
evolutionary position of various lower primates. a 
Animals able to synthesize ascorbic acid have bean A 


found to do so mainly in the liver and kidney, and there. oe 


are probably no other sites of synthesis. In all the species 
investigated, the immediate precursor of ascorbic acid is | 
L-1,4-gulonolactone, and the enzyme effecting the con- 
version of the gulonolactone to ascorbic acid is lacking in 
those species which require exogenous ascorbie acid. 
Grollman and Lehninger* and Roy and Guha’ showed, in 
the reptiles, amphibians and certain birds which they 
studied, that the enzyme system was localized in the kidney, | 
whereas in most mammals and some birds it is peculiar 
to the liver. 
the common myna, have the enzyme in both liver 
kidney. Thus, evolution. appears to have involved. 


Two transitional birds, the house crow and 
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of the enzyme from the kidney to the liver, and certain 
species have lost it completely. Other than the primates 
already listed, only three species appear to have been 
identified without the ability to synthesize ascorbic acid. 
Roy and. Guha‘ could not find the enzyme in either the 
liver or the kidney of a bird, the red vented bulbul, and the 
Indian fruit bat. The guinea-pig is well known to require 
vitamin C and lacks the complete enzyme system in 
either liver or kidney*, 

The taxonomic status of the tree shrew has been 
debated by students of biological systematics. Most. con- 
temporary opinion agrees with Simpson® and Romer’, 
who classify the tree shrew as a primate; however, a few 
workers maintain the older theory that it is an insecti- 
vore**, The persistence of this debate suggests that the 
tree shrew may be a transitional form confounding the 
borderlines of taxonomy. Recent work has involved the 
application of biochemical techniques to the classification 
of tree shrews", 


Table 1. ASCORBIC ACID SYNTHESIS 


Ascorbic acid per 


Animal Tissue incubation flask, ne* 
A Range Average 
Tree shrew (Tupaia glis) 
1 Liver 132-192 182 
2 Liver 156-198 176 
Kidney Q Q 
3 Liver 210-234 218 
Kidney 6 6 
Slow loris (Nycticebus coucang) 
1 Liver 108 108 
2 Liver 42-48 46 


*10 mg of L-1,4-gulonolactone incubated for 120 min at 37° C under air in 
5 mil. of a5 per cent homogenate in 0-15 molar phosphate buffer (pH 7-2) 
containing 0-13 molar sucrose. 


Data are now available for tree shrews (Tupaia glis) and 
slow loris (Nycticebus coucang), and these show that the 
livers of these animals can convert gulonolactone to 
ascorbic acid and presumably do not require vitamin C in 
the diet, The animals were obtained in Malaya, during 
a feld investigation into their ecology and behaviour 
{report in preparation), by O. and M. Elliot. Three tree 
shrews were killed and the livers and kidne ys were removed. 
The slow loris was subjected to operative biopsy and a 
portion of liver sufficient for analysis was excised. Homo- 
genates of the organs were incubated with u-1,4-gulono- 
lactone"! and the ascorbic acid produced after 2 h of 
incubation was determined by the method of Roe and 
Kuether™, 

Table 1 shows that both the tree shrew and the slow 
loris synthesize ascorbic acid in the liver. There appeared 
to be no synthesis in the kidneys obtained from two of 
the tree shrews. 

The relationship, within the insectivores, of the tree 
shrews to the elephant shrews (Maeroscelididae)® was 
investigated previously. Later research was intended to 
determine whether the tree shrew could be placed in the 
primates", More recently it has been considered that 
the existence of the tree shrew eliminates the necessity 
of a division between insectivores and primates and forms 
a continuous line with the other mammals. The results of 
the present investigation indicate that continuity with 
mammals other than primates may not stop at the tree 
shrews but may include the slow loris and perhaps other 
prosimians as well. Possible taxonomic divisions marked 
by various traits such as the synthesis of ascorbic acid 
may be present in several members of the primate order. 

Results such as these complicate classification for 
taxonomists, but they also show the necessity for further 
investigation of ascorbic acid synthesis in the primates. 
Lemurs and tarsiers, as well as other prosimians, should 
now be investigated. 

This work was supported by a grant from the U.S. 
National Science Foundation to Prof. William W. Howells, 
Harvard University, which made it possible to ship the tree 
shrews and slow loris from Malaya, and by grants from the 
U.S. National Institutes of Health and the Fund for Re- 
search and Teaching, Department of Nutrition, Harvard 
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Pentamerism in Echinoderms and the Calcite 
Skeleton 


One of the many puzzling features of the Echinodermata 
is their pentameral symmetry. The theory put forward 
by Nichols’ goes far towards accounting for the origin of 
pentamerism. Taking as his starting point a young 
echinoderm with its aboral surface covered only by an 
anal plate and a surrounding ring of plates, Nichols 
reasons that a strong outer covering (test) would be best 
developed if there were as few plates as possible in the 
circum-anal ring, with short sutures between each plate. 
An even number of plates would have a long suture of 
weakness cutting across the resultant test. With three 
plates, the sutures would be at 120°, again a weak arrange- 
ment. With five plates of uniform size, however, the 
sutures are few and short and each suture is opposite a 
solid plate. 








Fig. 1. 


Model of five rhombs arranged in a pentameral stay, 























no. 5063. NOVEMBER 12, 1966 


_ Unfortunately, with this arrangement 
there are two sutures at 144° and therefore 
“nearly the same weakness as is seen with 
the three plate test. | Nichols’s general 
argument is sufficiently convincing to 
encourage one to look for additional reasons 
favouring a pentameral arrangement. 

Each plate of an echinoderm test is 
made of a single crystal of calcite. The 
orientation of the erystal in echinoid plates 
has been studied by Raup*-*, among others, 
who finds that while it remains constant 
throughout ontogeny in most species, in 
some it is variable; the animal has the 
ability to determine the orientation of the 
calcite crystal. The angle between the 
faces of the cleavage rhomb of calcite is 
about 75° (ref. 4). It is therefore possible to arrange five 
calcite rhombs in a five-rayed star (Fig. 1). Naturally, 
the fit is not perfect, since the interfacial angle of the 
rhombs is greater than 72°. With the rhombs arranged 
in this way, one cleavage direction is parallel to the 
surface of a plate. This would be advantageous to the 
animal in that only two cleavage directions cut across 
each plate, reducing the chance of breakage. 

Pentameral symmetry may therefore have originated 
as a unique solution to the problem of constructing a rigid 
test from a few calcite crystal plates. This suggestion, 
together with Nichols’s theory, accounts for the presence 
of five-fold rather than three-fold symmetry in this 
phylum and provides a link between two features peculiar 
to Echinodermata, namely pentamerism and the single 
erystal plates. 
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Once-yearly Reproduction in Xiphinema 
vuittenezi 


CURRENT studies of the biology of certain nematodes of 
the sub-family Tylencholaiminae (Order Dorylaimida), 
several of which are known to be vectors of plant viruses, 
have revealed unexpected features of their life-cycle. 

The age structure of a population of Xiphinema vuit- 
tenezt in a pear orchard at East Malling, Kent, has been 
studied since May 1964 by taking samples of soil at 
intervals of 3 to 4 weeks. Nematodes are extracted by a 
modified Cobb screening technique, and for each sample 
the four larval stages and the adult females (males are 
very rare) are counted separately and expressed as per- 
centages of the total population. Eggs when present are 
clearly visible in the female genital tract, and are recorded 
as a total number of uterine eggs in a sample of 200 ml. 
of soil (Fig. 1). 

The proportion of adults remained more or less con- 
stant at about 30 per cent until February 1965, when it 
began to rise slowly, falling again after June. Uterine 
eggs wore visible only in the early summer. The pro- 
portions of the first larval stage (L1) and of adults were 
roughly the same, and showed comparable seasonal 
fluctuations but in opposite senses; the former increased 
in July and August of each year and decreased slowly 
from February to June 1965. In contrast, the proportions 
of each of the other three larval stages remained fairly 
constant at 10-15 per cent throughout the study. For 
clarity, the data for stages L2 and L3 are omitted from 
the figure. 

The most striking feature revealed by this analysis is 
the restricted egg laying period, shown by the marked 
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Fig. 1. The population structure of Xiphinema vuittenezi in pear soil, East Malling, Kent. 


peak in the uterine egg count each year in May and June, 
coupled with the complete absence of such eggs: from. 
late July to late April. Clearly, in X. vuittenezi repro- 
duction occurs only once a year, and it is probable that 
this is the case for two other Xiphinema species and two 
Longidorus species which are also being studied in Kent, 
This contrasts markedly with the approximately 25 day 
life-cycle from egg to adult found in X. index in Cali- 
fornia’. 

The absence, in all other stages, of an annual cycle cor“ 
responding to that of the uterine egg count poses some 
problems. If eggs hatched promptly and if the length of 
life of each active stage were fairly short, the peak in egg 
production would be followed by a large peak in L1-and, 
successively, by peaks in the other stages. . Yet the 
recorded Ll peak is not distinctive, and no real peaks 
are apparent for the other larval stages, suggesting that 
the length of each individual stage is several months. 
Support is lent to this interpretation by data on the rate 
of moult now being obtained from cultures of each stage 
kept in isolation, which indicate that the L1 stage may 
live at least 4 months and that the other stages may live 
progressively longer. 

Extraction of eggs from the soil by means of sugar 
centrifugation indicates that nearly all have hatched. by 
early October, so that the L1 found in April must be at 
least 6 months old. Possibly, those hatching from eggs 
laid early have sufficient access to actively growing roots 
to enable them to moult to £2 before the winter, while 
those hatching later overwinter as L1, which accounts for 
the high pereentage of this stage found just before the 
subsequent breeding season. 

It is, therefore, difficult to see how the life-cycle from 
egg to adult can be completed in less than 2 years. The 
full life-cycle can be even longer, and on present evidence 
it is possible that individual females may survive’ to 
reproduce in more than one year. 

J.J. M. Fruece 
East Malling Research Station, 
East Malling, 
Maidstone, Kent. 
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Leaf Area Estimation by Linear Measurements 
in Ricinus communis 


THE measurement of leaf area is often important in agri- 
cultural investigations, but the lack of a simple method 
means that the measurements can rarely be obtained. 
Linear measurements of leaf dimensions have been used 
for leaf area estimations in tobacco, grass crops’, 
tropical forest vegetation‘ and other crops®*. A similar 
method has been. used in an attempt to derive a simple 
regression equation for the estimation of the leaf are. 
of Ricinus communis. oe 
Fig. 1 shows the leaf dimensions which are used for the 
estimation of leaf area. The correlation between the 























ee '. Castor leaf showing the characters measured for empirical 
_ derivation of leaf area. D-E, Length; A-R, base to apex; A-C, width; 
$ : 1-8, number of lobes. 
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different linear measurements of the leaf obtained with a 
«planimeter and the actual leaf area is shown in Table 1. 
; © coefficient for a genoral relationship between leaf 
area and length from the base to the apex has a value 
0-929 which is the mean of the values of L in 
2. 
rticular leaves, equations can be derived with 
curacy for the estimation of leaf area, provided a 
ear relationship between area and length (L) or width 
: (W) is assumed. The constants derived for the different 








ize of the leaf group Value of r using measurements of 
based on the mean of 

length and width Length (L) Width (W) Lx Ww 
0-10 em 0-958 0-963 0-971 
10-20 cm 0-954 0-866 0-998 
20-380 cm 0:878 0-935 0-937 
> 30 om 0-926 0-952 0-975 
Total 0-929 0-929 0-970 


} a single equation could 

ed i e measurements of base to apex. 

For different groups of leaves the product of maximum 

length and maximum width has given values closest 

to the actual leaf area, and the constants derived show 

close resemblance and range from 0:54 to 0-58. The 

following equation has been derived for the estimation 

of leaf area (A) from the product of maximum length 
(L) and width (W). 


A = 0:55 LW 


A significant correlation between the estimated and 
actual leaf area of the order r = 0-997 was obtained as 
can be seen from Fig. 2. 
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Effect of Biological Conditioning of Sea Water 
on Development of Larvae of a Sedentary 
Polychaete 


Ir is known! that differences in sea water which are 
presumably of a biological nature affect the development 
of larvae of several marine animals, and it has been 
suggested by Lucas? that “‘ectocrines’’ or “external 
metabolites” released by animals into the surrounding 
medium may so modify the environment as to make it 
either suitable or unsuitable for the survival of other 
organisms. The effect of such conditioning of sea water by. 
adult sessile animals on the development of larvae has 
not been investigated so far and would be of interest in 
connexion with the “larval settlement problems’’!, 

The artificially fertilized eggs and larvae of the serpulid 
Hydroides norvegica Gunnerus forming dense encrustations 
on wooden, iron and stone surfaces in the Madras harbour 
area were used for assay purposes in these experiments. 
Sea water (500 ml.) from the Chepauk shore at Madras 
was conditioned by 50 ml. of adult Hydroides norvegica 
(with their calcareous tubes) which were placed in it for 
1,2 and 4h. Development of artificially fertilized eggs of 
Hydroides norvegica in this water was watched until the 
ninth day (after which the larvae begin to settle). Observa- 
tions on development were also made on larvae of 
Hydroides reared in sea water similarly conditioned by 
two other common sedentary animals; the bivalve 
Mytilus viridis Linn. and the barnacle Balanus amphitrite 
Darwin. The “unconditioned” natural sea water served 
as a control material. 

Table 1 shows that larvae development in water con- 
ditioned by Hydroides was slightly faster than in uncon- 
ditioned sea water, and many examples attained the 
advanced larval stage (the stage just before they settle). 
With increase in the time of conditioning, the number of 
larvae which reached this advanced stage also increased. 


Table 1. RELATIONSHIP BETWEEN LENGTH AND WIDTH oF LOBES AND LEAF AREA 


Value of K in equation A = KX 








Lobes Length (1) Width (W) Lxw 
0-541 4-00 4:35 0-58 
0-335 8-36 8-91 0-56 
0-253 12-0 12-80 0-54 
0-266 19-5 21-30 0-56 
0-345 = = 0-53 
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08 Hydroides norvegica IN NATURAL AND CONDITIONED SEA WATER 


‘ oS Daration of 
— Water sample -conditioning (h) Remarks 


Natural sea water (un- — A few larvae reach the advanced larval 


conditioned) __ stage 
Hydroides conditioned 1 Slight acceleration on the sixth day; 
water otherwise similar to that in natural sea 
water 
oe Hydroides conditioned 2 Slight acceleration on the sixth day; 
ll water many, larvae reach the advanced larval 
S stage 
Hydroides conditioned 4 Slight acceleration from the sixth day; 
water very many larvae attain the advanced 
p larval stage 
Mytitus conditioned 1 Slight retardation; a few larvae reach the 
water advanced larval stage 
Mytilus conditioned 2 Retardation; some larvae in late trocho- 
water phore stage are still found on eighth 
Mytilus conditioned 4 day; a few larvae reach the advanced 
water larval stage 
Balanus conditioned 1 Acceleration from the third day; a few 
water larvae reach the advanced larval stage 
Balanus conditioned 2 Acceleration from the third day; a few 
water abnormal larvae develop after the fifth 
Balanus conditioned 4 day; a few larvae reach the advanced 
water larval stage 


* The larvae settle only after reaching this stage. 


In contrast, the development of larvae reared in water 
conditioned by Mytilus was retarded. For example, some 
of the larvae in water conditioned for 2 h and 4 h were 
found to be in the late trochophore stage even on the 
eighth day, but larvae at this stage of development were 
not found after the fifth day in natural sea water. The 
larvae developed in water conditioned by Balanus, even 
for only 1 h, and exhibited a considerable acceleration of 
development; however, some of the larvae began to 

‘show abnormal development when reared in water con- 
ditioned for longer than 1 h. 

It is clear that conditioning of sea water brought about 
by the release of excretory and secretory products of 
animals considerably alters the speed and pattern of 
development. The conditioning of water by adult 
Hydroides appears to promote normal development of their 
larvae and is more beneficial than natural sea water, while 
conditioning by Mytilus retards development and that by 
Balanus accelerates the development to such an extent 
that abnormality may result. This in turn may influence 
the settling of these larvae’. 

I thank Prof. 8. Krishnaswamy for his help. This 
work was carried out during the tenure of a senior 
research scholarship from the Indian Ministry of Scientific 
Research and Cultural Affairs. 
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a Influence of Soil Organic Nitrogen on 
i Stem Rot and Leaf Scorch in Broccoli 


Wirurams?! has shown that susceptibility to stem rot and 
leaf scorch in broccoli is an inherited characteristic which 
ean be influenced by the use of nitrogenous fertilizer. 
Toosey and Smith? have also shown that stem cracking 
and lodging in kale is aggravated by high concentrations 
of inorganic nitrogen. 

In 1963-64 a new venture in broccoli production was 
_ begun near Midleton, County Cork. The area involved 
was small, but the incidence of stem rot and leaf scorch 
< varied widely and was often severe. It was considered 
that a probable cause of this variation was a difference in 
organic matter content which affected the available 
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Table 1. ‘Tun PRINCIPAL DIFFERENOES IN THE DEVELOPMENT OF LARVAE 


gaa 





nitrogen of the soil. Assessments of leaf scorch and stem 
rot were recorded for nineteen crops of broccoli and — 
samples of the soil and the plants were taken for analysis. — 
The usual horticultural procedures for broccoli were 
followed. The varieties used were of the Angers type, | 
mainly ‘Royal George’ and ‘May Queen’. A: compound 
fertilizer containing 6:6: 18: 0-22 per cent nitrogen, 
phosphorus, potassium and boron was applied: broadcast 
at 12-15 cwt./acre. The crops were grown in. an, area 
where most of the soils were acid brown earths: derived 
from mixed Old Red Sandstone (Devonian) drift. Soil 
fertility was generally high. Plant establishment and crop: 
growth were excellent until October, when the crops v 
infected with ringspot (Mycosphaerella brassicicola 
March and April, the crops were inspected for ste 
and leaf scorch and plant and soil samples were taken for 
analysis. Leaf scorch was assessed by placing the ps oo 
in one of five categories (ranks) according to the è tent of 
the disorder. Stem rot was assessed on a percentage basis 
by counting the total number of stems and recording the. 
number affected. One soil sample and two plant samples 
were taken from each erop. Plant samples were taken by- 
selecting fully expanded leaves from: (a) healthy plants; 
(b) scorched plants, that is those showing sharply defined. 
marginal necrosis of the young leaves. poe 
Soil and plant samples were analysed by the methods 
used in the Soil Laboratory, Johnstown Castle’. Mean and 
range values for some of the variables determined are given 
in Table 1. These figures indicate the severity and wide 
variation of stem rot. The values for soil organic matte 
range from 3-1 to 12-6, which, when compared with th 
organie matter levels in Irish mineral soils, represent the 
range from lew to high content. : a 















Table 1. MEAN AND RANGE VALUES FOR STEM Rot, Lear Scorcu, Son. pH, : 
TOTAL Som NITROGEN, Som ORGANIC CARBON AND NITROGEN IN HEALTHY 
AND SCORCHED PLANTS : 


Variable Unit Mean Range 
Stem rof Percent 22-1 0-568 
Leaf scorch Rank 32 1-6 
Soil pH pH units 7-6 58-7- ; i 
Total soil nitrogen Per cent* 0-26 0152-0370 ; 
Soil organic carbon Per cent 3-36 (5:8)}  1-80-7-30 (9-1-12-0)F 
Nitrogen, healthy plants Percent} 622 5:46-7:08 Bod 
Nitrogen, scorched plants Per cent 6-47 §-71-7-48 


* Air dry basis. 
} Soil organic matter computed as soil organic carbon x 1-725, 
} Dry matter basis. 


The data were evaluated by multiple and simple regres- 
sion analyses. Most of the significant equations determined. 
were simple and usually indicated no interdependence of 
the variables used in this investigation. Logarithmic and 
semilogarithmic transformations were used to improv 
fit. Some of the significant relationships found. are gis 
in Table 2. eee 





Table 2. THE CONSTANT AND REGRESSION TERMS FOR A NUMBER OF SIMPLE `; 
REGRESSION EQUATIONS TOGETHER WITH LEVEL OF SIGNIFICANCE. AND — 
COEFFICIENTS OF DETERMINATION AND CORRELATION (9000 


Coeff- Coeff: Coeff. | 





Variable Signifl- Con- cient cient cient: 
Dependent Independent cance stant of of of 
level reg- determ- corre." 
per ression ination lation » 
cent) a b rt l ita 
Stem rot Leaf scorch 10 —8-58 
Stem rot Log. soil organic carbon 0-1 — 23-48 
Stem rot Log. total soil nitrogen O-1 101-52 
Stem rot Nitrogen, healthy plants 10-0 — 89-01 
Stem rot Nitrogen, scorched plants N.S. — 64:60 
Leaf scorch Soil organic carbon 5-0 1-79 
Leaf scorch Total soil nitrogen 16-0 1:22 
Leaf scorch Log. nitrogen, healthy 50 -13-49 
plants 
Leafscorch Log. scorched plants 50 13°55 
Log. soil Nitrogen, healthy plants 50 -—7-35 
organic 
carbon 
Log. soil Nitrogen, scorched plants 0-1 -961 201 0497 @707 
organic 
carbon 


The results show a highly significant relationship — 
between soil organie carbon, total nitrogen and the in- 
cidenee of the stem rot condition. This agrees 
previous findings':* that stem rot is caused by 
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nitrogen. conditions, the assumption being that soils with 
high organic matter have much available nitrogen. These 
results also agree with previous work carried out in the 
greenhouse! and show that determination of soil organic 
matter or total nitrogen can be used to evaluate the 
available nitrogen potential of a soil. The results show that 
61-6 per cent of the variation of stem rot is directly 
attributable to the variation in soil organic carbon. This 
represents considerable accuracy in measurements of this 
nature. The results also show that nitrogen content of 
plant. tissue is significantly related to that of soil organic 
carbon. 

‘The incidence of leaf scorch is correlated with stem rot, 

_ but although stem rot and soil organic carbon are related 
(P=0-001) the influence of soil organic carbon on leaf 

“seoreh is not so pronounced, Similarly, although leaf 
scorch and nitrogen content in plant tissue are significantly 
related (P=0-001-0-05), the relationship between stem 
rot and plant nitrogen is not so pronounced (P = 005-0- 10). 

< Williams, in a personal communication, has shown that 
leaf scorch is genetically controlled. Commercial brassica 
crops are genetically variable and as a result may vary in 

the incidence of leaf scorch. Nitrogen content of the 
healthy and leaf scorch tissue was 6-22 and 6-47 per cent 
respectively (Table 1). The difference is marginal. Prob- 
ably the relationship between soil organic carbon and leaf 
seorch was not highly significant, for the amount of leaf 
seorch in a crop would be under greater control from the 
variable genotype than from differences in soil nitrogen 
availability. The reason for the difference in degree of 
relationship between stem rot and leaf scorch with plant 
nitrogen content is unknown. 

The results of this survey suggest that stem rot in 
broceoli is associated with a high content of nitrogen in 
the soil and that chemical methods are useful for predict- 
ing the nitrogen requirements of broccoli in order to 
gontrol the occurrence of stem rot. 


P. A. GALLAGHER 


Horticulture and Forestry Division, 
The Agricultural Institute, 
Kinsealy, Malahide, 

Co. Dublin. 


* Williams, A. M., Rep. Rosewarne Exp. Hort. Sta, for 1960 (1961); ibid. (1963); 
ibid. (1965). 

* Toosey, R. D., and Smith, R. F. Y., Nature, 202, 924 (1964). 

= Methods of Analysis (Johnstown Castle, An Foras Taluntais, 1964). 

* Gallagher, P. A., and Bartholomew, W. V., Agron. J., 56, 179 (1964). 


VETERINARY SCIENCE 


Possible Contribution of Phenolic 
Components to Boar Odour 


Tar muscle and particularly the fat of adult male pigs 
(boars) are known in many cases to develop a nauseating 
odour when heated. This characteristic, which precludes 
its widespread use as a source of bacon and pork, appears 
to be confined largely to the boar, since meat from the 
castrated animals (hogs) and the virgin females (gilts) 
does: not generally exhibit this “taint” or odour during 
_ cooking. A survey of the incidence of boar odour, or 
sex odour!, showed that it was detectable in only 64 
-per cent of the boars tested and also in 5 per cent of the 
barrows (hogs) and gilts, indicating that the component 
or components responsible for the odour may be present 
not only in the boar but also to a much lesser extent 
in hogs and gilts. If these latter two do produce the 
odorous compounds or their precursors, presumably 
they do so in quantities which would normally result, 
except in the 5 per cent, in an odour below the average 
threshold of detection. 

During an investigation into the nature and cause of 
taint in boar fat and the physiological importance of the 
odour to the female pig in oestrus, an examination of the 
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contents of the preputial diverticulum is being carried 
out here. Previous work?* has shown that the odour is 
strongest in the fatty tissue surrounding the penis and 
prepuce. Heated subcutaneous fat from boars of live 
weight from 200 lb. was distinguished subjectively by - 
odour from that of hogs or gilts with ease, but preliminary 
gas chromatographic analyses of volatile products from 
the heated fats failed to show any significant differences 
which could be responsible for the characteristic boar 
odour. This was in accordance with the work of Pearson 
et al.4, 

The preputial diverticulum, situated near the orifice of 
the penis, may become filled with secretions and residues 
of urine and semen. The volume of fluid which collects 
can range from a few drops to about 150 ml. It is an 
opaque, dark brown liquid, frequently with a strong 
ammoniacal odour and a pH between 8-5 and 9-5, Urine 
sampled directly from the bladder of a boar at slaughter 
has a lower pH (6 to 7) and an entirely different appearance 
and smell. 

Samples of preputial fluid have been chemically sepa- 
rated into acidic, phenolic and residual fractions. After 
extraction with ether and subsequent concentration, 
the phenolic fraction exhibited a strong characteristic 
phenolic smell, suggestive of a piggery. 

This fraction was analysed by gas-liquid chromato- 
graphy, using a 4 ft. glass column packed with 15 per cent 
phenyldiethanolamine succinate on ‘Chromosorb W’ at 
135° C with a flow of argon carrier gas of 30 ml./min. 
One major peak and five smaller peaks were recorded. 
The major component, comprising 90 per cent of the 
sample, which corresponded in retention with the meta 
and para isomers of cresol, was present in sufficient quan- 
tity to permit trapping from the chromatograph. Mass 
spectral analysis showed an intense parent ion peak 
(P) at mass 108 (eresol C;H,O = 108), accompanied by a 
slightly higher peak at (P-1), resulting from the character- 
istie loss of a hydrogen atom from a methyl group. Loss 
of the elements of water from the molecule resulted in a 
strong peak at mass 90 (P-18), which confirms the presence 
of a hydroxyl group. The ratios of the P/(P-1) peaks 
differ for the three isomeric cresols depending on the 
relative positions of the methyl and hydroxyl substi- 
tuents®. The ratios of P/(P—1) are 1-327, 1-250 and 0-926 
for the ortho, meta and para isomers respectively; the 
ratio for the experimental material was 0-966, indicating 
that the compound was almost exclusively p-cresol. 
This was confirmed by comparison of the infra-red spec- 
trum of the isolated material with those of authentic 
samples of the three isomers. The spectra of the isolated 
material and p-cresol corresponded exactly. Considering 
the three cresols, the para isomer would be anticipated 
since it could be theoretically explained as a metabolite 
of the amino-acid tyrosine. 

The identification of the five other phenolic components 
detected by gas-liquid chromatography and the analyses 
of the acidic and residual fractions are incomplete at 
present but will be considered in a subsequent communica- 
tion. 

The presence of an odorous compound such as p-cresol 
in the preputial fluid of a boar will contribute to the 
general smell of the animal and its environment whenever 
any of this fluid is expelled from the pouch, either as a 
result of urination or physical compression of the sac 
during copulation or repose. Preliminary trials indicate 
that the smell of p-cresol itself is not of great physio- 
logical importance or interest to a sow in heat, although 
it eannot be ruled out that, in the presence of other odours 
emanating from the boar, the combined or synergistic 
effect may be quite different. Similarly, p-cresol does 
not appear to be directly responsible for the smell of 
heated boar fat, but again its contribution to the overall 
odour is unknown at this stage. 

I thank the Department of Chemistry, University of 
Cambridge, for the mass spectral analyses and the National 
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Pig Progeny Testing Station, Stotfold, and Cambridge 
and District Cattle Breeders, Ltd., for supplying the 
experimental material. 
R. L. S. PATTERSON 

Meat Research Institute, 

Low Temperature Research Station, 

Downing Street, Cambridge. 
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CHEMISTRY 


; Cation Effects on the Fluorescent Solution 
Spectra of Europium Tetrakis Benzoyltrifluoro- 
acetonate Salts 


Laser action in acetonitrile solution has now been 
reported for a number of salts of europium tetrakis 
benzoyltrifiuoroacetonate (Eu(BTFA),)- at room tem- 
peratures'*, This communication presents the results of 
a spectroscopic investigation of several Eu(BTFAY, salts 
at room temperature in solvents of low polarity. Cor- 
relations between the spectra and the nature of the cation 
are also considered. 

The fluorescent spectra of the complexes in benzene 
solution are given in Table 1. The spectra in chloroform 
and, where solubility permitted, carbon tetrachloride 
show no significant profile changes from the corresponding 
benzene solutions. 

The spectra fall into two distinct groups, group (a) 
where C = A, M, Pz and P, and group (b) where C = TEA, 
BYMA, TPA and TPP. Representative spectra are given 
in Fig. 1. A marked difference is found in the *Dy>'F, 
band, a broader and more intense band at lower frequency 
in group (b) replacing the narrow band with a well resolved 
shoulder characteristic of group (a). The ‘DaF, transi- 
tion is broad and poorly resolved in all eases. The 
5D o—7F, transition in group (a) gives a band at 5800 A 

“which is asymmetric on the high frequency side; in group 
(b) a weaker symmetrical band occurs at 5798 A. 


Table 1. 
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Intensity (a) 


Intensity (b and-¢} 





(A) ; 


Fig. 1. Fluorescent emission spectra of 0-0025 M solutionsof Eu(BTPA),C.- 
(a) C=P in benzene; (b) C=TPP in benzene; (c) C=P in acetonitrile, 


In contrast to the non-polar solvents, the acetonitrile 
solution. spectra of these salts are not cation dependent 
and conductivity measurements indicate complete. ionic 
dissociation of the type ; 

MeCN 
Eu(BTFA),C —— Eu(BTFA); + C> 

Molecular weight measurements recently reported by 
Filipescu et al.* support this view. s 

On the basis of these arguments, it is expected that the 
use of a sufficiently bulky cation will give a species In 
non-polar solvents spectroscopically indistinguishable 
from Eu(BTFA);}. Comparison of Eu(BTFA),Ph,P, or 
the arsonium analogue, in benzene solution and- the 
piperidinium salt in acetonitrile shows this to be the case 
(Table 1 and Fig. 1). There is, however, a significant 
decrease of the decay time, +, in the benzene solutions. 

Lempicki ef al.* have suggested that a nine co-ordinate 
complex (Eu(BTFA),MeCN)- exists in acetonitrile soli- 
tion at — 180°C. The present results do not indicate the 
existence of a strongly co-ordinated acetonitrile molecule 
at room temperature. The available data are insufficient 
to explain the asymmetry of the *D j->’Fy band found 
with group (a) cations in benzene. 


FLUORESCENT SPECTRA OF Eu(BTPA),C IX BENZENE (0-0025 M) at 20° C 


: - Transition (A) { ] equals half width 13* Relative* 
Cation (C) ‘Deo Fe Dy > Ft Daet F: +60 «3s intensity tö 
Ammonium (A) 5800 [6} 5890 sh., 5914, 5950, 5970 sh. 8111, 6130 sh. [18 420 

Morpholiniam (M} 5800 [7] 5887 sh., 5917, 5949, 5972 sh. 6111, 6129 sh. [20 420 35 
Piperazinium (Pz) 5800 [7] 5880 sh., 5018, 5952, 5974 sh. 6111, 6129 sh. [20 410 41 
Piperidinium (P) _ 5800 [7] 6887 sh., 5916, 5949, 5974 sh. 6111, 6130 sh. [21] 410 42 
Tetraethylammonium (TEA) 5798 [5] 5854, 5884, 5952 6126, 6130 inf., 6152 sh. [32] 370 54 
Benzyl trimethylammonium (BTMA) 5798 tel 5857, 5883, 5952 6118, 6130 inf., 6154 sh. [32] 410 67 
Tetraphenylarsonium (TPA) 798 [5] 5885, 5910, 5940, 5972 sh. 6117, 6133 inf., 6153 sh, [33] 320 96 
Tetrapheny!phosphonium (TPP) 5798 [6] 5885, 5910, 5941, 5971 sh. 6117, 6133 inf., 6153 sh. [33] 310 100 
Piperidinium (P) } 5798 [5] 5886, 5909, 5940, 5970 sh. 6117, 6133 int., 6153 sh. [33] 450 104 


* Refers to Dar! Fs. + Some of these bands may be 'D,->"Fs. 
The symmetry of the europium ion environment cannot 
be evaluated as a result of the poor resolution of the ligand 
field split components at room temperature. The results 
do, however, indicate a change in environment on going 
from group (a) to group (b). Determinations of the 
molecular weight of the complex salts in boiling benzene 
are consistent with ion pair formation—this configuration 
is energetically favourable in non-polar solvents. The 
"spectral changes are interpreted as a function of cation 
“size. In group (a) the charge on the cation can approach 
‘the anion Eu(BTFA)j to form a close ion pair with 
consequent ionic perturbation of the europium energy 
levels, whereas with the bulky cations of group (b), 
although ion pairing still occurs, close approach of the 
charge centres is sterically restricted and the perturbing 
effect of the cation is minimized. (Compare, for example, 
the intensities of the TPA and TPP solutions with those 
of the smaller TEA and BTMA cations in Table 1.) 


t 0-0025 M acetonitrile solution. 


These results indicate the possibility of obtaining laser 
action with europium tetrakis benzoyltrifluoroacetonate 
salts in solvents of low polarity by suitable choice of 
cation. 

I thank Dr. F. W. Bultitude and W. A. Fort for provid- 
ing the compounds studied. 


T. M. SHEPHERD 


Atomic Weapons Research Establishment, 
United Kingdom Atomic Energy Authority, 
Aldermaston, Berkshire. 
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cyanate and carbon disulphide were purified by distillation 
| n vacuo until their high pressure infra-red spectra showed 
_ the absence of impurities. The flash photolysis apparatus 
used was identical to that described elsewhere! and 

| Spectra were recorded on Ilford Q and Ilford ‘Selochrome’ 
- plates using a Littrow type spectrograph (Hilger #.742). 
sorption spectra obtained at short delay times after 
/ Mixture:of carbonyl sulphide, nitrogen trifluoride and 
argon (in the ratio 1; 2:20) had been flash photolysed— 
< using 5 mm mercury partial pressure of carbonyl sulphide 

< showed strong S, absorption which was observed to 
- Teach its maximum intensity at the shortest delay time 
used, that is, 15 usec. In addition, a new complex series 
-of weak bands was obtained in the region 3300-4200 A. 
“As a result of the weak nature of these bands, it was 

. difficult to obtain accurate measurements of the wave- 
lengths. Attempts to improve the intensity of the system 
by varying the ratio of the mixture were unsuccessful. 
Table 1 lists the band head wavelengths and intensities 













E [ (scale of ten)——all bands were degraded to the red. 


__ Tt was not possible to fit all the bands into one vibra- 
< tional scheme; however, they could be arranged in two 


systems, that is, 3286-5-3655-7 A and 3703-1-4189-4 A. 


a The mean differences in the 3286-5 A system are 440 cm- 
_ and 644 om~, while those of the 3703-1 A system are 


412 em and 634 cm~, Photometric measurements on 





: the strongest. bands of the 3703-1 A system showed that 


ce it reached its maximum intensity at about 60-70 usec 


delay, while the 3286-5 A system seemed to reach its 
_ Maximum intensity at about 50-60 usec. It was not 


¿ possible, however, to carry out accurate photometry on 


the latter system because of its weak nature. Both 

systems decayed to zero intensity after 500 usec. 
Investigation of the spectral region 2200-2800 A when 

a mixture of carbonyl sulphide, nitrogen trifluoride and 


argon (in the ratio 1; 2:25) was flash photolysed—using 


; 2 mm mercury partial pressure of carbonyl sulphide— 
_ showed in addition to S, the presence of an appreciable 


concentration of NS in the reaction mixture even at 

< I3 psec delay. The NS reached maximum intensity at 
about 50 usec and had disappeared by 250 usec. 

A range of mixtures each containing 5 mm mercury 

I pressure of carbonyl sulphide but varying amounts 


. WAVELENGTHS OF BAND HEADS OBSERVED DURING THE FLASH 
YSIS OF MIXTURES OF CARBONYL SULPHIDE AND NITROGEN TRI- 
FLUORIDE 


Relative intensity Relative intensity 


dairy 202A 





Wavelength 
(visual estimate) (in airt0-2 À) (visual estimate) 
8286-5 8 3703-1 7 
Kta 8 3761-6 T 
3 5 3818-5 3 
384: 8 3854-7 7 
5 3878-4 5 
8 3916-5 10 
8 3942-8 5 
8 3950-2 3 
7 3979-5 10 
8 4008-0 10 
6 4042-0 3 
8 4083-0 
8 4145-3 3 
4189-4 4 
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of nitrogen trifluoride (between 0 and 15 mm merc 
-were flash photolysed isothermally, and spectra recor 


at 80 usec delay. Although the complex system of ba 
in the region 3300-4200 A were too weak for acew 
photometry to be carried out, a visual examination of 
strongest bands at 3979-5 A and 4008-0 A showed t 
their intensity at 80 usec was increased by increasing 
partial pressure of nitrogen trifluoride. The intensity 
Sa, however, was only decreased very slightly by increas 
the partial pressure of nitrogen trifluoride. 

All spectra obtained during the experiments w 
closely examined for the presence of NF, absorption? 
2600 A, but no banded absorption other than $, s 
observed in this region at any delay time. 

An increase in the partial pressure of nitrogen trifluor 
only resulted in slight suppression of the S, intensi 
and because of this the reaction of 8 (1D) with nitro; 
trifluoride must be slow compared with the reaction 
S (1D) with carbonyl sulphide. The initial reaction 
S (1D) with nitrogen trifluoride could result either 
abstraction to give SF and NF, radicals or addition 
give a “hot? SNF,* molecule which could then 1 
energy by decomposition to species such as SNF, a 
SNF. The absence of NF, absorption must result eit] 
from the slow nature of the abstraction reaction or fr 
some fast reaction of NF, with carbonyl sulphide, 8, 
S CD). 

The new transient 3300-4200 A system could therefi 
either arise from unstable fluorides of nitrogen and sulpt 
(for example, NF., NF, SF, SF,, SF) or from spec 
such as SNF;, SNF, and SNF. The species SNF, a 
SNF have been reported to be relatively stable molecu 
although their ultra-violet spectra have not been report 
in the literature. The ultra-violet spectrum of the N 
radical has been reported’. From the nature of t 
3300-4200 A bands it would seem likely that they belo 
either to two different transitions of a diatomic radic 
or to a triatomic radical. They might therefore ar 
from one of the species SF, SF, or NF. 

W. D. MCGRATH 
T. Morrow 


Department of Chemistry, 
The Queen’s University of Belfast, 
Belfast. 


* McGrath, W. D., and Morrow, T., Trans, Farad. Soe. (in the press). 
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Vibrational Spectrum of Liquid Crystalline 
Methyl! Stearate 


METHYL STEARATE, CH,(CH,),,COOCH;, occurs in t 
form of liquid crystals between 22° and 38°C (ref. | 
Optical examination of the textures exhibited by t 
mesophase indicated that the structure is smeet 
The infra-red absorption spectra of this compound we 
reported by Jones et al.*:3 for thin films and also in carb 
disulphide solution. We have investigated the spectru 
of methyl stearate in the liquid crystalline state to asce 
tain the distinctive characteristics of the spectrum 
this phase. 

Fig. 1 shows the infra-red spectra of the liquid. (a 
liquid crystalline (b) and crystalline (c) phases recordi 
with a ‘Zeiss UR-10’ spectrophotometer. The importa: 
features of the spectrum of the liquid crystalline pha 
are summarized here. It was found that these featur 
become increasingly pronounced the lower the temper 
ture of the liquid crystal. 

(1) Sharp peaks appear at 764, 785 and 813 em~ j 
the spectrum of the liquid erystal. These peaks are abser 
from the spectrum of the liquid, but present in that of tl 
solid with greater intensity and sharpness. 

(2) The peak at about 888 cm-! is broad in the liqui 
but becomes progressively sharper on passing from tł 
liquid through the liquid crystalline to the solid phase. 
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_ (3) The peak at 1,020 cm-t in the liquid is resolved into 
a number of sharp components between 976 and 1,028 cm~? 
in the liquid erystal and into sharper components in 
approximately the same region in the crystal. 

(4) A band structure begins to appear in the region 
1,200-1,350 em- in the liquid crystal. It is absent in the 
liquid but present as sharp peaks in the solid. 

It is now well established from investigations of the 
spectra of hydrocarbons in the solid phase? that, owing to 
the coupling between the different CH, units of the chain 
of the molecule, the CH, rocking vibrations manifest 
shemselves as well defined peaks in the region 720-1,000 
m? and the CH, wagging and twisting vibrations in the 
egion 1,180-1,360 cm~. In each region the peaks are 
approximately equally spaced but diminish rapidly in 
ntensity with increasing wavenumber, Such a structure 
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is not observed in the liquid because of the freedom of: 
rotation about the C—C bond and the resulting non- 
linearity of the zig-zag chain. The appearance of the 
peaks at 764, 785 and 813 cm-t and the structure in the | 
region 1,200-1,350 em-! in the liquid crystal points to the 
orientation of the molecules as linear zig-zag chains as a 
first step to the formation of the solid phase. 

The frequency at 888 cm- has previously been, inter- 
preted as arising from the rocking motions of the terminal 
C-—-CH, bonds in the case of long chain n-paraffins*. This 
frequency can also be assigned to the C—C skeletal stretch- 
ing vibration of the chain, which becomes active in ‘both 
Raman effect and infra-red absorption because of the 
asymmetry of the methyl stearate molecule. The latter: 
identification readily explains the pronounced sharpening . 
of the 888 cm-t peak in the mesophase since a straightening - 
of the chain takes place and the rotations about the C—C 
bonds tend to diminish, The 1,020 em- peak also corres- 
ponds to the C—C skeletal stretching mode® and the 
finding that a number of discrete components is observed 
in the liquid erystal is again in agreement with this 
explanation. : 

In favourable cases, it might be expected that. the 
interactions between neighbouring molecules and the: 
consequent phase correlations between the vibrations. of 
successive chains would give rise to a splitting. of the 
frequencies of the CH, groups even in the liquid erystal, 
as is observed, for example, for the rocking mode (724— 
733 em~) in the crystal: es 

Further details of the investigation for this and other _ 
substances will be published elsewhere. DAE es Bae 

We thank the Director of the Indian Institute.of Science, 
Bangalore, for permission to use the infra-red spectro- 
photometer and Mr. P. T. Rajagopalan for help in re- 
cording the spectra. 
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Investigation of Homogeneous Isotope 
Exchange by Continuous Measurement 
of the Self-diffusion Process 


Homocernrous isotope exchange is usually investigated’ 
by methods in which after a certain time both chemical 
forms of a given element are separated, specific activities 
of fractions are measured, and the dependence. on time 
of the exchanged mole fraction is examined. There are - 
many suitable methods of separation, but all have consider- 
able drawbacks—for example, incomplete separation, 
need for long time intervals for separation during which ; 
supplementary exchange can occur, and zero-time ex- 
changes as a result of exchange induced by co-preci- 
pitation or separation}. : 

Tt is obvious that the indicated drawbacks could be 
avoided by a method which is not based on analytical 
separation of components. This communication is con- 
cerned with such a method. During the investigation of. 
the self-diffusion process of thallus and thallie ions in 
perchloric acid medium by the continuous scintillation 
method?, we realized the possibility of using this process. 
It can be assumed that, during the simultaneous self: 
diffusion of two kinds of ions of considerably di 
diffusion constant which are subject to isotope exch: 
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er chemical form in the solution in the capillary 
is labelled by a radioactive isotope. During self- 
sion from the capillary into a large volume of the 
but inactive solution it is possible to follow the 
This change 
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self-diffusion coefficients, k, = 3 
ange rate, c, and c, the concentrations of active forms, and 
and cf the total concentrations of active and inactive 
S (ey < cf se. Kf). Using the Laplace-Carson 
sformation of functions c¢,(z,), ¢2(x,t) and respective 
ematical operations, we obtain for the situation 
ere c? = ef = c° the following expression for the 
ition between average activity A and initial activity 
n the capillary cell 
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time of isotope exchange we can also determine in one 4 
by this method the self-diffusion coefficients D, and D 
we know reliably the value of the exchange rate. .Th 
are further possibilities. ie 

I thank Academician F. B&hounck and Prof. V: Me 
for their constant interest in the present work. 
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Distribution of Copper lons between an 
Aqueous Phase and a Toluene Phase 
containing Cyclohexanone Oxime 


AN investigation of the abilities of some simple monoxi: 
to extract metal ions into organic solutions has shown t 
most of the oximes examined, including n-octaldoxt 
n-dodecaldoxime, a-benzaldoxime, methyl n-hexyl | 
oxime, di-n-butyl ketoxime, and acetophenone oxi 
were able to extract copper (II) into a toluene phase . 
green complex when small additions of alkali were m 
to the aqueous phase. Usually, copper (IT) was n 
easily extracted by aldoximes than by ketoximes, but 
systems exhibited unfavourable physical proper! 
including poor kinetics and formation of emulsions 
precipitates, which rendered thorough investiga 
difficult. . 
Cyelohexanone oxime was exceptional in its behavi 
and readily extracted copper into toluene as a colou 
complex. Some results of distribution experiments 4 
this oxime are shown in Fig. 1, in which the logaritha 
the distribution ratio q of copper between the two ph 
is shown, for various total concentrations of oxime, 
function of the equilibrium aqueous pH; with & 
hexanone oxime it was necessary to add small amount 
dilute acid to regulate the pH level. 
slope of these log q versus pH relations} 
which corresponds to the charge on 
aqueous metal ions’, has an average valu 
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0-97 over the straight portions of the cw 
This value cannot result from either hydy 
sis of the aqueous metal ions, because 
pH is too low’, or the presence of copper 
ions complexed by oximate anions, w 
potentiometric experiments have shown 
not formed substantially until higher 
regions are attained. It is therefore infe 
that copper in this system exists in 
monovalent state. It was found that varie 
of the total metal ion concentration use 
these experiments did not affect the dist: 
tion coefficient, and thus.it seems that 
extracted complex is monomeric®. The + 
of the relationship at constant pH bet: 
log q and the logarithm of the free œ 
concentration in the toluene phase, dej 
from Fig. 1, is 1-25; this quantity, y 
multiplied by the degree of association o 
oxime in the toluene phase, for whicl 
average value of 2-7 was found over the r 
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ig. 1. The distribution of copper between an aqueous phase and a 
sluene phase containing various concentrations of cyclohexanone oxime. 
aitial aqueous concentration of copper, 2 mmoles/}. V, 1:743 mmoles/t.; 
4, 1-036 mmoles/i.; O, 0-666 mmoles/l.; ®©, 0-354 mmoles/l.; A, 0-203 
mmoles/i, 
concentration considered, gives the number of oxime 
ecules associated with each molecule of extracted 
nplex‘, namely, about 3-4. It was therefore concluded 
it the copper complex extracted by cyclohexanone 
ime is essentially of the form Cu.A, where A represents 
} oximate anion, with which slightly more than two 
yer oxime molecules are associated, and in which the 
pper is monovalent. 
Further investigations of these systems are in progress. 
We thank Prof. S. G. Ward for his continued interest 
d encouragement in this work. 
W. J. HarrenpEen* 
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‘ansition State in the Inversion of Cycfohexane 


(RISTIANSEN! has objected to the “‘half-chair’’ conforma- 
m (C; symmetry) of cyclohexane as the transition form 
¢ inversion of the chair conformation (presumably 
rough the twisted boat) as proposed by one of us’. 
wlier calculations? had already indicated that the route 
rough the boat (or twist-boat) form would permit 
version of the chair form of cyclohexane with lower 
tivation energy than that of the planar hexagon. 
Christiansen argues that “it is very questionable 
iether such non-symmetric structures can be formed 
ym the highly symmetrical Sachse hexagon by stressing 
rces from isotropic surroundings: and finally, if the 
wtition of strain is skew, tho internal molecular forces 
nnot balance each other, as they must”. Neither of 
ese objections is valid. Molecules are readily excited 
unsymmetrical’ vibrating states and, eventually, to 
symmetrical transition states by such mechanisms as 
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absorption of photons or molecular collisions. Indeed, — 
collisions involve obviously anisotropic surroundings. — 
All internal forces of a molecule balance only in an equili- 
brium configuration. In a vibrating molecule, it is the- 
net force which causes the acceleration in the vibrational 
motion, Since a transition state is reached by a large — 
amplitude vibration, it is not expected that all internal 
forees will balance. i 

Furthermore, Christiansen objects that the two sides 
of the half-chair form “do not fit”, but this objection 418 
only valid if tetrahedral angles are retained on one side. 
of the ring while the other side goes coplanar with 120°. 
angles. In actual fact, of course, in the particular minimum — 
energy half-chair cyclohexane quoted*, the bond angles 
are all altered (within C, symmetry), only four carbons 
are coplanar (only one fully eclipsed bond), and ti 
conformation does represent a closed ring. ee 

Finally, Christiansen concludes that another explana: 
tion should be sought for the results of the nuclear magnetic 
resonance temperature investigations‘ which indicate an oe 
activation energy of about 11 kcal/mole for the transition. — 
As these results are consistent with the calculation for 
the half-chair form and as there is much chemical evidence 
that the inversion is indeed fast at room temperature, the 
Baeyer form for the transition state is very unlikely and 
no re-evaluation of the spectral evidence is required. 
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THE SOLID STATE 


Lattice Contractions in Microcrystals of 
Nickel-Iron 


Continuous direct recording of electron diffraction 
patterns as specimens are prepared inside the diffracto- 
meter!? increases the sensitivity of observations possible 
with thin films. Diffraction profiles can be obtained with 
good signal to noise ratio from films of average thickness 
equal to a single layer of atoms. aoe 

There are two reasons for the improvement in sensi- 
tivity. First, the materials are vacuum evaporated in 
good conditions’, with landing parameters up to 108 
Ajsecjtorr. Films of the thickness in question, up to 
30 A average value, can rarely be exposed to atmosphere 
without the danger of oxide forming. Second, the changes 
on the diffraction profiles are directly observed: The 
diffraction pattern of the support film is initially recorded,- 
and then successive traces are run as the specimen material 
is deposited. The material can either be evaporated | 
continuously, in which case thickness alters in the course 
of recording any given profile, or it can be evaporated 
in bursts, and the profile measured between each burst.. 
These experimental conditions give similar results in both’ 
cases. 

Many metals which grow on amorphous substrates 
have been investigated by this means’. Under good 
vacuum conditions the face-centred cubic metals appear 
to nucleate by a process of sintering together of minute 
crystals. At the earliest stages of observation in gold, 
silver, nickel, 80/20 nickel-iron and lead, the “crystals” 
contain less than ~ 20 atoms. As the metal is continuously 
deposited the size of the crystals increases; by the time 
the average film thickness reaches 20-30 A, the erystals 
contain 500 atoms or more, diffraction patterns are. 
similar to those of large crystals (for the range 1<: 
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-oOo Novofatoms {111} maximum 
TURD RS a enti fsa) 
z carey 4 : 15655 
dral axes oo 8 1-676, 
S t Donrs, hexagon with two 
triangles o 13 1:699; 
ooe 8 on tetrahedral axes 27 1-728, 
¿oo Unfinite crystal æ 17321 
EEAS Table 2 
‘Growth baja dala 
oat bering (Sttobwerved"80 w) 8 atom crystals 13 atom crystals 
kh (per cent) (per cent) 
202 +0041 56 43 
Ju 1 0-030 49 35 
7da t 0-016 44 2-8 
2308 0-013 3-9 2-6 
§Jn 30 0-033 5-1 38 
2Ju 1 0-011 38 25 
8Ju 1 0-019 4:3 2-0 
3Jn30 O-O11 38 25 
<44> <32> 


Where @ = 2sinj8/A, a = lattice spacing); and, at about 
his stage, islands became visible during in situ electron 
hicroscope. growth. 
Yo interpret the measured profiles, models of the 
specimen consisting of randomly oriented similar crystals 
have been used, the Debye interference functions have 
been computed for the models*, and recently the full 
theoretical scattering profiles for various face-centred 
cubic metals have become available in considerable 

ail’. The features of the growth can be interpreted 
- qualitatively from these theoretical profiles. It is clear 

` that layers 10-20 A thick contain a high proportion of 

_ twenty-seven atom crystals, distinguished by three diffuso 
|| rings, where the {111} and {200} pair, the {220}, and the 

{811} and {222} pair will eventually develop. Thirteen, 
or eight, or four atom crystals, however, show only two 
- diffuse rings, as observed in the thinnest layers’. 

_ Theoretical profiles of nickel have been used to deter- 
ine lattice spacing changes during the nucleation of 
0/20 nickel~iron. The first diffuse maximum of nickel 
curs at the values of sa shown in Table 1 against the 
odel assumed. Thus, if the lattice spacing were un- 
anged, the maximum of the observed profile should 
ove inwards as crystal size is reduced. 

Fig. I shows a typical plot (the data are taken from Fig. 
of ref.-1). The position of the first maximum is found at 
_Inereased scattering angle in the profiles from very 
nall crystals, compared with the profile observed from 
the larger crystals that later develop (containing more 
_ than 10? atoms in each, and with a lattice spacing which 

agreed with bulk, from calibration with aluminium). 

“Fable 2 shows the measurements, and the contraction 

according to the model assumed. 
If the nickel~iron consisted of randomly oriented 

_ eight-atom crystals, the lattice contraction would be 4-4 

per cent; if thirteen atom, 3-2 per cent. 

; ` The inner ring, however, is not so diffuse as predicted 
"by the thirteen atom model. Its relative sharpness may 
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‘result from several possibilities: (i) initial orients 
_ effects, although the intensities in the full grown 
-show little evidence of orientation; (ii) it may be 


erystal models can be devised containing more a 
and having only two diffuse rings, but twenty-seven i 
crystals have three rings; (iii) the initial layers ma 
amorphous in the liquid-like sense, erystallizing out 
twenty-seven atom nuclei, and having the relati 
sharp inner ring observed in X-ray diffraction from ¢ 
liquid metals. 
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Levitation Melting Apparatus for Phase 
Equilibria Studies 


THE technique of levitation melting of reactive m 
has been known for some years, and mostly applie 
the investigation of a particular property such as der 
or the reaction of a metal with a gaseous environmen 
In contrast, the apparatus described here can be use 
a general tool for the investigation of high tempera 
phase equilibria under high purity conditions combi 
the advantages of melting without the use of a cru 
with the rapid quenching of splat cooling*®. It is at 
moment being used for the investigation of phase e 
libria in iron alloys, but it can be used for any mets 
alloy which is a susceptor. A list of metals which | 
been levitated is given by Peifer’. 

The power is supplied by an 11 kW, 450 kejs ` 
frequency generator to the levitation coil (Fig. 1), w 
consists of a conical lower gection, with the bottom 
turns coplanar, and an upper stabilizing coil of two t 
wound helically in the opposite direction to those be 
Inside the coil is a ‘Pyrex’ glass tube open at one end 
connected through a vacuum “O” ring seal to the “‘s 
quencher” at the other. The “splat quencher” essenti 
consists of two heavy copper plates which are very rap 
brought together‘as the drop falls between them. 

A gas stream is passed over the levitated drop at q 
high flow rates and this provides an inert atmosphere 
also makes it possible to control the temperature i 
pendently of the power settings. The power require 
levitate a metal often raises its temperature above 1 
desired; levitation in a stream of a high thermal « 
ductivity gas, for example, helium or hydrogen, can : 
a metal drop by many hundreds of degrees centigra 
When scarcely any cooling is required the high ther 
conductivity gases are diluted by a low thermal conc 
tivity gas (for example, argon) in order to maintain 
flow rate at such a level as to prevent contamination f 
the open tube end. 

Temperature is measured by a pyrometer sigl 
through the open end of the tube. Many workei 
use the twin wavelength ratio pyrometer because of 
insensitiveness to metal fume in the line of sight and 
somewhat less stringent emissivity requirements. Beč 
of the high cost of this instrument, however, temperat 
is determined at present with a total radiation pyrome 
This method is quite satisfactory provided that the m 
is not fuming and the surface is free from oxide. 
latter condition is obtained when working with iron 
introducing a small partial pressure of hydrogen du 
the initial stages of levitation, which removes any 0: 
fim. The kinetics at 1,600° C are such that any si 
amount of dissolved hydrogen is soon removed on turr 
off the hydrogen stream to give a wholly inert gas ati 
sphere®. Calibration of the pyrometer is readily obtai 
by observing the melting point arrest in the heating 
cooling curves traced out on a recorder connected to 
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Fig. 1. Levitation melting and “splat” quenching apparatus. (Scale 
approx. $.) 


pyrometer. This ability to monitor temperature con- 
inuously offers an obvious advantage over disappearing 
filament pyrometry. 

< One of the copper plates of the splat quencher is driven 
against the other by a large solenoid. A simple time delay 
is connected to the power generator on/off switch, so that 
Switching off the current in the coil activates the time 
delay, which eventually triggers the solenoid which 
results in the molten metal drop being “splattered” 
between the two copper plates. The quench is started in 
less than 0-2 sec and quench rates of 108-108 °C/see have 
eon claimed for splat cooling®. 

‘Slow cooling can be achieved by steadily increasing 
the helium/hydrogen flow rate. If this results in solidi- 
fication, then the drop can be released into a liquid 
quenchant which replaces the splat cooler. Cooling to 
ower temperatures necessitates bringing up the refractory 
tipped rod to support the drop and decreasing the power 
input to the coil. 
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Photoluminescence of Irradiated Plastics 

Ir is well known that plasties become coloured to various 
degrees by irradiation. The change in optical density at 
a suitable wavelength can be used for radiation dosimetry | 
in the higher dose range. In clear plastics the ultra-violet 
absorption edge extends toward the longer wavelength, 
producing a yellowish brown discoloration. Os 

We investigated the applicability of various types of 
polymethyl methacrylate (PMMA) to radiation dosime 
We found that besides the discoloration induced 
radiation (which has already been extensively in 
gated’), the irradiated PMMA exhibits. ph 
escence. Several types of PMMA were investiga 
an analytical mercury lamp. Table 1 summarizes sor 
characteristics of a few samples of photoluminescen 
PMMA. ; EES 












Table 1 a 
Material Colour of light emitted Intensity of light em t 
'Piaeryi P Yellowish Strong - ee 
‘Aerylac’ Yellowish Medium o 
Paragon’ White Weak. a 
“Bexoid’ Blue Very strong o 


Exact measurements were carried out with a spectro- 
photofluorimeter. Specimens were irradiated with light 
from a high pressure xenon lamp at wavelengths of 320 nm 
and 360 nm. The fluorescence spectra of irradiate 
‘Piacryl P’ are shown in Fig. 1. ASS 
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Fig. 1. W, 320 nm; @, 360 nm, 


It is hoped that the photoluminescence of PMMA 
induced by radiation will provide information on the 
mechanisms of reactions induced in solid plastics by 
radiation. Further investigations are in progress to 
clarify the observed phenomenon. oe 

We thank Prof. L. Kesztyiis, director of the Patho 
physiological Institute, Medical University, Debrecen, 
permitting us to obtain the spectrophotofluorimetri 
measurements, and Dr. 8. Damjanovies for his help. 
during investigations. eee 
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Measurement of the Cross-section for 
Stimulated Emission in Neodymium Glass 
A KNOWLEDGE of the cross-section of a laser material for 
stimulated emission is essential for calculations of the 
expected performance because it determines the relation- 
ship between the gain and the energy stored. Until now 
the stimulated emission cross-section at the peak of the 
line for the tF} tlia transition in hosts doped with 
neodymium has been estimated from the fluorescent 
lifetime, +t, and the fluorescent linewidth, Av, using the 
Fuchtbauer-Ladenburg formula for a transition with a 
depleted lower state 


1 2? 
T 8n? Av 





Op = 


(1) 


where Av is defined by op Av = fody, n is the refractive 
index of the material and à is the wavelength. The main 
difficulty in using this formula is that + represents the 
Auorescent lifetime for the decay rate of the *F3,.~*Iy1)4 
State alone, whereas the observed decay rate of the 
fluorescence at 1-06u includes the rates for non-radiative 
_ decay and for fluorescence at other wavelengths. 
< This article reports a more direct measurement of the 
fross-section by measuring the change in gain coefficient 
associated with a change in stored energy density. The 
S peak gain coefficient, ap, giving rise to a gain of exp(/ap) 
-an a length l can be expressed as 


%p = Gp Ny = op Ey /hy (2) 
where N, and E, are the number of excited ions and the 
-gtored energy per unit volume, respectively. From 
#quation (2) we see that 
dap 
= Alhy —* 3 
Sp NY ae (3) 


- where. # is the energy stored in the section of glass of 

cross-section A, length l 

_. = A commercial laser of neodymium glass was used with 
S spinning prism. The prism spun at 3,000 r.p.m. to 


z “produce an output pulse of three “spikes” 200 nsee long, 


» L ms apart with a total energy of 0-2 J. By measuring the 
fraction of the energy of the beam passing through a 
diaphragm immediately beyond the output mirror, I was 
- able to establish the distribution of energy across the 
~ beam and to use only that part of it which gave an 
intensity uniform to within 20 per cent. Similarly, a 
- Wariable diaphragm placed at the focus of a 100 em lens 
established the directional energy distribution and allowed 
othe. production of a beam of about 0-1 J with a distribu- 
tion of intensity which was known both with varying 
position and direction and was uniform to within 20 per 
ent. A lens system transferred the beam through a slab of 
glass, 10 em long which contained 6 per cent of neodymium 
‘oxide, to a 90° prism which returned the beam along 
the same path. The beam diameter within the slab was 
everywhere within 10 per cent of 0-12 em. The slab was 
sandwiched between square spiral flash tubes to provide 
pumping. 
‘The beams entering and leaving the slab were monitored 
toan absolute accuracy of 6 per cent by two detectors 
calibrated against a carbon cone calorimeter which had 
itself been calibrated by discharging a capacitor into it. 
Each detector used an uncoated glass beam splitter 
(slightly wedged to prevent variations in mean reflectivity 
as a result of wavelength variations of the laser) which 
deflected a fraction of the beam on to a diffusing screen. 
< Asmall fraction of the light from the screen passed through 
-apin hole to a silicon photo-diode with a 4 nsec response 
‘time. The large attenuation of the laser beam ensured 
-that the diode operated in its lincar range. The output 
from each photocell was integrated electrically and the 
traces recorded for a variety of excitation energies of the 
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neodymium glass slab. The relative timing of circuits 


which triggered the flash tube was arranged so that the 
Q-switched pulse reached the glass slab when its inversion 
was at a Maximum. 

Analysis of the traces together with a knowledge of the 
detector sensitivities and transmission of the lenses, beam 
splitters and slab gave both the gain in energy and the 
energy removed from the part of the slab within the beam 
as functions of time. Typically, a gain coefficient of 
0-07 cem- was reduced to 0-04 cm-t by the removal of 
76 mJ of stored energy from the 0-42 c.c. of slab being 
used. Small corrections were made to allow for the con. 
tinued pumping of the slab during the laser pulse and the 
effects of the known non-uniformity of the beam intensity. 
If the experimental data for the gain coefficient are plotted 
against energy removed and the slope of this plot is 
substituted into equation (3) a value of 3-6 x 10-2° em? 
for the cross-section for stimulated emission at the peak 
of the fluorescence line can be calculated. The equivalent 
value in terms of stored energy is 5:20 J/e.e. per cm~ gain 
coefficient. The uncertainty of 20 per cent in these values 
arises almost entirely from our poor knowledge of the 
beam diameter at all points in the slab. The repro- 
ducibility of the results at all stages is within 4 per cent. 
It should be noticed that this method of measuring. the 
peak cross-section assumes that all the excited ions cans 
be stimulated into emission by the particular wavelength 
of the laser pulse. The line is not completely homo- 
geneously broadened! and thus this is equivalent to 
assuming that very rapid cross relaxation can occur within 
the line width. The results of Boyden and Clark? show 
that this relaxation occurs within 5 nsec. It is therefore 
probable that this value of cross-section gives the relation- 
ship between gain and the total energy stored correctly ; 
however, it will always give the correct relationship 
between gain and usable stored energy in a laser generator 
or amplifier. 

It is of interest to compare this directly measured value 
of the cross-section with that predicted using the Fucht- 
bauer-Ladenburg equation (1). For the glass used in this 
experiment the lifetime of the fluorescence at 1-06. was 
430 usec and the equivalent half-width, Av, was 8-3 x 
10? c/s (310 Å). This value of fluorescent lifetime cannot 
be used, however, in the formula as it does not correctly 
represent the strength of the Fyt uje transition. 
Measurements made by DeShazer and Komai? on a similar 
glass give a quantum efficiency for fluorescence of 43 per 
cent with 60 per cent of this fluorescence appearing at 
1-06u. Assuming that these figures apply to the present 
glass, we have to choose between one of two assumptions : 

(1) That all the excited ions have substantially the 
same possibility of losing their energy by fluorescence. In 
this case we have the relationships 


1 1 1 RE. 
— = — E — + E- (4) 

Tobs Ttrue n ta y Ty 
N = Tobs/ Ttrue (5) 


where ty are the lifetimes for non-radiative decay mech- 
anisms and +, for fluorescence at wavelengths other than 
1-064. Thus, assuming that ttrue does not vary greatly 
from glass to glass, we would expect to find the observed 
fluorescent lifetime proportional to the quantum efficiency, 
This has been experimentally confirmed by Harper‘ for 
2 per cent glass. 

(2) That the excited ions are of two types: those that 
nearly always decay with fluorescence and those that 
nearly always decay non-radiatively. The two sorts of 
ion will lose their energy at independent rates so that 
equation (4) becomes 


1 1 , i 
—— SH LE (6) 
Tobs Tirue y Ty 
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The correlation between quantum efficiency and observed 


fluorescent lifetime will not then be so marked as, indeed, 
was found by Harper for 6 per cent glass. 
The true situation presumably lies between these two 


“extremes. DeShazer and Komai’s figures show that 


1 1 1 c l 
ES + x D = 0:26 
Ttruel ~ Ttrue n Tn Y Ty 
and that 
L fl SIN 
T A ie — } = 0:60 
Ttrue: Ttrue x z/ 


The value of the fluorescent lifetime which most correctly 
represents the strength of the 4F,.~‘l,,;, transition is 
thus either 1,650 usec or 720 psec, depending on which 
of the assumptions (1) and (2) is adopted. The predicted 
cross-section at the peak of the line is thus in the range 
1-4-32 x 10° em*. This has to be compared with our 
direct measurements which put the cross-section in the 
The overlap of these two 
ranges suggests that the second assumption of independent 
radiating and non-radiating populations is nearer the truth. 
This question could only be settled by very accurate 
measurement of fluorescent lifetime, linewidth, cross- 
section and absolute quantum efficiency, on a series of 


~ samples. 


I thank R. W. E. Cook for providing the apparatus, 
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Unsteadiness of the Circulation Pattern 
in a Confined Liquid Jet 


WuEN a turbulent jet flows through an enveloping fluid. 
the interface breaks up into vortices. The development 


= of such vortices for the flow of a confined jet issuing from 


a sluice-way and diffusing into water downstream has 
previously been described?. The vortices grow as they flow 
downstream, and eventually extend throughout the entire 
height of the circulation zone. The mixing produced 
by these vortices causes the jet to expand until its upper 
limit momentarily reaches the free surface, where it divides 
and a stagnation point develops. 

These vortices or large scale eddies occur randomly, and 
therefore some fluctuation in the position of the stagna- 
tion point is to be expected. Observation of the movement 
of fluid particles along the free surface indicated that these 
fluctuations were large and had far-reaching results; 
often they coincided with changes in form of the flow 
pattern, Fig. 1. Pattern (c) is like an ordinary hydraulic 
jump, and also shows the unsteadiness characteristic 
of hydraulic jumps. At first, the change in form of flow 
was thought to occur only in semi-submerged patterns, 
but careful observations showed that the phenomenon is 
present, though it differs in magnitude, in all patterns. 
It was therefore very important to establish whether or 
not the fluctuation is the source of disturbance to the 
flow. 

Jets of dye were injected into the flow through two 
tubes, formed of two L-shaped lengths of hypodermic 
tubing placed back to back with injection openings 2 in. 
apart. The instrument was mounted on a carriage so that 
the dye jets were situated about 0-5 in. below the water 
surface of the flow pattern under examination. It was 
moved up and down the stream to search for the position 
of the momentary stagnation point, where a local hump 
formed on the free surface. Continuous observations 
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over a period of about five minutes (Fig. 2) showed that the 
fluctuations were random, in the range from 0 to a maxi- 
mum of +15 per cent of the distance of the mean stagna- 
tion point from the start of flow (that is, +15 per cent of 
the length of the circulation zone), obtained by averaging 
the distance of the maximum and minimum positions, 
This range of fluctuations is confirmed by photographs of 
the flow patterns, a set of which is shown in Fig. 3. The 
photographs are for different times under the same 
experimental conditions. The minimum and maximum 
positions of the stagnation point from the gate are about 
22 and 30 in., respectively ; the latter position is shown in 
photograph (a). 

One consequence of the movement of the stagnation 
point is a variation in the size and shape of the circulation 
zone, and this in turn causes changes in the form of flow. 
The actual mechanism by which a change in form occurs 
is not clear, but a possible explanation can be given: 
at first sight, on the basis of continuity, the quantity of 
fluid carried along by the jet must be equal to the quantity 
recirculated. Indeed, this balance is approximately 
maintained during those periods when the large eddies 
of the flow form a nearly steady pattern, and during 
which the length of the circulation J remains unchanged. 
This pattern is, however, often followed by another 
pattern in which the overlaying circulation is ‘either 
shorter or longer than J. : 

When the shorter recirculation pattern forms, some of 
the water which would previously have been recirculated. 
now passes downstream, causing simultaneously a de: 
crease in the level of the water surface and a temporar 
increase in discharge. The lower water level also causes 
the velocity of the jet to increase, and if the mixing 
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Fig. 1. Fluctuating forms of flow in the transition state of the sluice-way 
jet. Gate opening 2 in. Exposures 0-2 sec. 
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Fig. 2. Variations in length of circulation zone with time, 
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process remains unchanged, the amount of water entrained 
from the circulation zone increases. The shortening 
therefore leads to further reduction in the volume of the 
circulation, as shown by the deep trenches in Fig. 2, 
and consequently the form of recirculation successively 
passes through a sequence shown in Fig. 1. The flow 
‘pattern in photograph (c) resembles that of the hydraulic 
jump, and since the overlying circulation of the jump 
is shorter than that in the submerged flow, this observa- 
tion lends further support. to the suggested interpretation. 
i Attempts were made to reduce the jet oscillation while 
_Yetaining the general character of the flow. Essentially, 
‘this search was for simple ways of inducing permanent 
separation in such a way that it would deflect the diffusing 
jet away from the bed and towards the end of the circula- 
| tion zone. Three methods were tried: (1) suction of the 
boundary layer, (2) application of an artificial bed rough- 
ness and (3) the use of sills as deflectors. 
Experimentally, suction was applied in two ways. In 
the first, water was allowed to escape through five holes 
-in the bed of the channel. These holes were of 0-2 in. 
_internal diameter and were uniformly located across the 
dth of a 1 ft. flume. To make use of these holes, experi- 
tal conditions were needed in which the circulation 
nes extended as far downstream as the holes. In the 
md technique, water was sucked away through a slit 
in. deep made in a | in. diameter brass tube which was 
_ held on the bed with the slit facing upstream. Both 
< techniques were investigated for a wide range of flow 
ms, but the suction applied did not influence the 
flow in the boundary layer enough to reduce the oscillation 
-of the jet. 
The. second method used a coarse bed roughness to 
control separation by artificially varying the velocity 
_ distribution. In the presence of such a bed, it was expected 
-that the point at which the thickness of the boundary 
layer is sufficient to become unstable and to cause the 
jet to separate from the bed and pass permanently over a 


























Fig. 3. Flow near the nominal end of the circulation zone. Depth 4-8 in, 
Exposures 0-2 sec. 
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bottom: circulation zone- might be- reached. sooner. 
Examination of the patterns in- this flow, however. 
indicated no appreciable change in the state of the jet. 

The principle of the third method is to create a perma- 
nent circulation on the bottom by lifting the jet away 
from the bed by means of a sill. 

For this purpose, square and rectangular sills were first 
tried. These varied in height from 6 to 10 per cent of the 
downstream depth of the flow. Each sill was in turn held 
on the bed at a point towards the end of the circulation 
zone. Surprisingly, the presence of these sills had no 
influence whatsoever on the unsteadiness of the jet. 
A larger sill with a height of 20 per cent of the downstream 
depth was then tried. This sill created a zone of separation, 
in the region immediately upstream, and at the separation 
point the jet was deflected away from the bed and passed 
permanently over the sill and then continued over a bot- 
tom circulation downstream of the sill, The oscillation 
of the jet was thus reduced, but the original pattern of 
flow was largely altered; because of this, this method was 
not pursued. 

The failure of the smaller sills placed towards the end 
of the circulation zone to deflect the jet is understandable, 
because the boundary surface of the jet must have already 
been distorted by the convection of the large eddies, 
particularly those in the second half of the circulation 
zone. The small sills would, therefore, prove effective 
only when located at a point where the flow is undistorted 
by large seale eddies with their associated pressure 
systems. Several points between the gate and the half-way 
point in the circulation were tried. In each case, the jet 
was deflected away from the bed, passed over a permanent 
bottom circulation, and created a noticeable hump 
in the water surface, except perhaps in the extreme case 
when the sill was placed at the half-way point in the 
circulation, and the hump was hardly detectable. 

8. K. A. NAIB 
Fluid Mechanics Laboratory, 
West Ham College of Technology, London. 
1 Naib, 8. K. A., Nature, 210, 694 (1966). 


Open Channel Siphon with Viscoelastic Fluids 
ViscorELastic fluids show many remarkable phenomena}, 
the best known of which is probably the Weissenberg 
effect?. Because such fluids produce normal stresses in a 
plane perpendicular to that in which shear takes place, 
they will climb up a rotating shaft (for example, a stirring 
rod) immersed in the liquid. A more direct illustration of 
the elastic properties of the fluid is provided when a 
rotating flow comes to rest; tracer particles within the 
flow indicate that the fluid first stops and then flows in the 
opposite direction for a short duration. An apparently 
unreported but equally spectacular effect with this type of 
fluid is the open channel siphon. The sequence of pictures 
in Fig. 1 illustrates the phenomenon; the upper 41. 
beaker was originally filled with a viscoelastic fluid, and 
it was then tipped slightly to start the liquid flowing over 
the lip of the beaker. Once established, the stream 
continued. The flow rate initially increased, then slackened 
off and finally stopped when the distance up the beaker 
wall became too great. 

The fluids used for these experiments were solutions of 
polyethylene oxide in water, the concentrations ranging 
from 0-1 to 0-4 per cent by weight. The weight-average 
molecular weight of the polymer determined from the 
measured intrinsic viscosity in water according to the 
experimental relations of Shin? was 38x 10°. This cor- 
responds to approximately 10° units of the monomer 
—CH,CH,O—. The polymer is commercially available 
as ‘Polyox’, a product of the Union Carbide Company. 

In order to determine the parameters which control the 
siphon phenomenon, the elevation between the beakers 
was varied, and Fig. 2 presents the results for a 0-3 per 
cent solution. The “climb” is the maximum distance 
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Fig. 1. The open channel siphon. The viscoelastic fluid is a 0-5 per cent 
{by weight) solution of polyethylene oxide in water, the polymer having 
a mean molecular weight of 3-8 x 10%, The viscosity of the liquid at 23° C 
is 80 centipoise. The scale on the 4 litre beakers is in inches, and one 
revolution on the clock is 10 sec, the entire sequence shown taking 13 sec. 
A dye has been added to the fluid to show the effect more clearly. 
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Fig. 2. Dependence of the maximum “climb” (corresponding to costa 

tion of flow) on the head in the open channel siphon. The fluid is a 0+ 

per cent (by weight) solution of polyethylene oxide in water, the polymer 
having a mean molecular weight of 3-8 x 10°. 





from the free surface to the lip of the upper beaker, that 
is, when flow stops, and the “head” is the final difference 
in elevation between the fluid levels. The graph indicates 
the contrast with a regular siphon: the flow terminates 
when the climb becomes too great, and not when the two 
free surfaces reach a common level. It should be men- 
tioned that, in an additional run with a 0-4 per cent solu- 
tion at an elevation of 11 ft., the open channel siphon 
emptied the upper 4 1. beaker. 

The concentration of the solution was also varied, and 
Table 1 presents the results for a fixed head of 11 in. 

It was somewhat puzzling that the 0-2, 0-3 and 0-4 per 
cent solutions should be very effective in producing an 
open channel siphon, while the phenomenon disappeared 
altogether at 0-1 per cent concentration. This aspect of 
the problem was investigated further by a supplementary 
experiment using a standard tube siphon. It was 
found that, once the siphoning process had started, the 
end of the tube could be lifted above the free surface of 
the upper beaker with the siphoning action still continuing. 
Fig. 3 illustrates this remarkable result, which is another 
consequence of the elasticity of the liquid, and which 
lends itself more readily to systematic investigation. ‘This 
phenomenon, which could be termed a “suspended flow- 
inlet”, was mentioned to us by Dr. J. W. Hoyt in a private 
communication. We have since found that Fabulat has 
also observed the same phenomenon. Using a plastic tube 
with an inside diameter of 0-19 in., and at a head of 12 in., 
the maximum value for “S” was 1-3 in. for both the 0:2 
and 0-4 per cent solutions. But with the 0-1 per cent solu- 
tion, the distance S was reduced to 0-1 in., and would. 
probably have been zero except for surface tension. | 
When the head was increased to 60 i in., however, the flow. 
was noticeably faster, and values of 1 in. for S could then 
be obtained for the 0-1 per cent solution. It can be con: 
cluded from these observations that the deformation rate 
resulting from the faster flow was high enough to induce 
the necessary elastic stresses which allow the siphoning to 
continue when the tube end is suspended above the liquid. 
This fact, that the elasticity of the liquid depends on its 
rate of elongation, also explains why the open channel’ 
siphon will not work with the 0-1 per cent solution; 
when the beaker is initially tipped, and the fluid starts 
over the lip, the flow rate under gravity is too small to 
create the elasticity necessary for the open channel siphon 
to continue. 

The experimental data refer to a material with molecular 
weight 3-8 x 10°. Further solutions were prepared with the 


Table 1. EFFECT OF SOLUTION CONCENTRATION ON THE MAXIMUM “CLIMB” 
(CORRESPONDING TO THE CESSATION OF FLOW) AT A FIXED HEAD OF 11 IN, 


Concentration Viscosity Maximum 
{per cent by weight) (23° C, centipoise) climb (in.) 
0-10 3-9 0-0 
0-20 105 3-4 
0-30 36 42 
0-40 60 47 


The mean molecular weight of the dissolved polymer (polyethylene oxide) 
is 3:8 x 10°. The dynamic viscosities were measured with a size 200 Cannon” 
Fenske viscometer. (Viscosity of water at 20° C is 1-0 centipoise.) 
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; Fig. 3. The suspended flow-inlet with a viscoelastic fluid. 
- same polymer at the lower molecular weight of 0-5 x 10°. 
=o Two solutions with concentrations of 1-0 and 2-0 per cent 

were tested, but neither would flow as an open channel 

siphon. 
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PLANETARY SCIENCE 


-Magnetic Polarity and Igneous Petrology 


INVESTIGATIONS of the magnetic properties of Cainozoic 
rocks have revealed that the remanent magnetization is 
usually nearly parallel or anti-parallel to the present 

Earth's: field. 

_ Several lines of evidence’ have been used in the past 
to indicate that, for the majority of rocks magnetized 
opposite to the present field, a field reversal rather than a 
self reversal mechanism is the more plausible. Recently, 
the establishment of “world-wide magnetic polarity 
epochs’*, by radiometric dating, has provided convincing 
proof of the hypothesis of field reversal. The validity of 
the polarity—epoch sequence has since been independently 
confirmed by data from deep-sea cores. 
°Tteis of considerable interest, therefore, that several 

-workera‘~® have recently shown a correlation between 
magnetic polarity and petrology in basaltic rocks. Rocks 
which now possess normally directed magnetism are usually 
‘observed to be much less oxidized than those which 
exhibit reversed magnetism. Assessment of the degree 
< cof oxidation was based primarily on the state of develop- 
_. ment of ilmenite lamellae in the (111) planes of titano- 

“magnetite. The development of ilmenite is the result of 
high temperature auto-oxidation of the ulvospinel com- 
ponent of titanomagnetite solid solution (Fe,O,Fe,TiO,). 
The volume of ilmenite lamellae present increases with 
increasing oxidation: after a maximum has been reached, 
further oxidation entails progressive alteration of the 
ilmenite and magnetite to pseudobrookite, rutile, and 

haematite. 

- The purpose of this communication is to point out that 
the.correlation that has been observed between petrology 
and polarity is probably fortuitous. 

The oxidation of a lava is dependent on the availability 
of water’. Most lavas initially contain a small percentage 
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of water, and because of this most cooled lavas ‘should 
show the effects of partial oxidation. In some flows or 
parts of flows where water content is low, or hydrogen or 
sulphur is present, however, the effects of oxidation may 
be very slight. If, as seems likely, there were no demon- 
strable correlation between the composition of a ma 
and the direction of the Earth’s magnetic field during 
eruption, then during each polarity epoch, whether normal 
or reversed, there should be two main groups of basic 
lavas—a smaller one composed of essentially unoxidized 
rocks and a larger one containing oxidized rocks. In the 
geological record, therefore, normally magnetized rocks, 
both oxidized and unoxidized, and reversvly magnetized 
rocks, both oxidized and unoxidized, must be present. 
If an investigation is limited to only two of these four 
possible variations, an apparent correlation between 
petrology and polarity exists. Previously cited investiga- 
tions, purported to show a correlation, have been restricted 
to unoxidized normally magnetized or to oxidized reversely 
magnetized rocks. 

Furthermore, rocks containing abundant unoxidized 
homogeneous titanomagnetite grains are known to contain 
a large component of “soft”? magnetization. It is possible, 
therefore, for these samples to acquire a normal viscous 
magnetization parallel to the present Earth’s field. The 
apparent correlation between polarity and state of oxida- 
tion is emphasized by the inclusion of such magnetically 
unstable samples. 

It is also clear that a correlation based on the presence 
of ilmenite lamellae is only applicable to basic igneous 
rocks, because acidic lavas characteristically contain 
insufficient titanium’? for the oxidational lamellae 
structure to be developed to any extent. Acidic rocks, 
however, also include about equal proportions of normal 
and reversely polarized components. 

To test the validity of the postulated four groups, 
polished sections of basaltic samples from Oregon, New 
Mexico, Arizona, California, and Japan were investigated 
microscopically and under oil at magnifications up to 
1,600. The degree of oxidation was established by ob- 
servation of the state of development of ilmenite in the 
magnetite and the presence of pseudobrookite, haematite, 
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Fig. 1. Distribntion of high temperature oxidation for stable normally 
and reversely magnetized lavas and shallow basic intrusions from New 
Mexico, Arizona, South Central Oregon, and Japan. 
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and rutile, and by observation of the degree to which 
iddingsite and hamatite rims were developed around 
olivine. Of ninety original samples investigated, eighteen 
were found to be unstable or of intermediate polarity 
and were excluded from the investigation. The results for 
the remaining seventy-two samples are summarized in 

: Fig. 1. As shown, the samples we have investigated fall 

into four groups, thereby indicating no correlation between 

oxidation and petrology. As expected, highly oxidized 
rocks of both polarities are more abundant than un- 
oxidized rocks. 

We conclude that there is no correlation between 
igneous petrology and magnetic polarity in young volcanic 
rocks when sampling is carried out on a comprehensive 
basis and when magnetically unstable samples are re- 
jected. Limited sampling could lead to an apparent 
correlation because superimposed lavas of opposing 
polarity are also of different age, and thus could have a 

-different petrology. The inclusion of unstable samples 

would also lead to an apparent correlation as these are 

probably magnetized in the present field. 
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Co-operative Science Program. 
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Effect of Co-ordination Number on 
Lanthanide Abundance Variation 


LANTHANIDE geochemistry has been attracting increasing 
-. attention’? because the lanthanide elements are expected 
to provide earth science with a powerful tool. This is 
based partly on the fact that the effect of ionic size can 
© be seen in lanthanide abundance patterns, and ionic size 
‘js one of the critical parameters in physical chemistry, 
especially crystal chemistry. Basic research into lanthan- 
ide geochemistry, however, has just started, and there are 
< many important problems to be solved or explained. 
When the lanthanide abundances in terrestrial and 
meteoritic materials are compared with those in the 
“average chondrite” and the ratios are plotted against 
atomic number or ionic radius, simple curves are obtained. 
The lanthanide patterns obtained in this way may be 
classified by the presence or absence of a break in the 
smooth curve into inflexional and monotonic (non- 
inflexional) lanthanide patterns (Figs. 1 and 2). The 
latter pattern has been attributed to the replacement of 
x ferro-magnesium. cations’ by lanthanides in the crystal, 
< and the former to the effect of calcium®:*, This is because 
“the inflexion or break of the smooth curve usually appears 
at a certain point between terbium and holmium, and the 
jonie radius of calcium, 1-06 A, is very close to the ionic 
O radii of these elements. Goldschmidt’ gives ionic radii 
~~ for terbium and holmium of 1-09 and 1-05 A, respectively. 
© I think that the interpretation of the monotonic 
lanthanide pattern (Fig. 1), in terms of the replacement of 
ferro-magnesium cations by lanthanides, is quite reason- 
- able, because the silicate minerals responsible for the 
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Table 1. Ionic RADII OF LANTHANIDES (A) 
= b a b 
Lanthanum 122 T14 Terbium 109 003: 
Cerium 118 1:07 Dysprosium 1-07 0-02 
Praseodymium 1-16 1:06 Holmium 1-05 Ir 
Neodymium 115 1-04 Erbium 1-03 0-89 
Samarium 1-13 1:00 Thulium 101 O87 
Europium 1:12 0-98 Ytterbium 1-00 O86 
Gadolinium 1-11 0-97 Lutetium 0-99 O85 


a, Goldschmidt’; b, Ahrens’, 


generation of the monotonic pattern are thought to be 
ferro-magnesium minerals and becauso the partition co- 
efficients pertaining to the monotonic pattern have been 
found to be closely connected with the ionic radii of 
magnesium and ferrous iron’. On the other hand, I 
question that the break in the lanthanide pattern shown in 


Fig. 2 can be attributed exclusively to the effect of calcium. : 





Tt is well known that the partition of minor elements 
into crystals depends on their ionic radii. One of the 


simplest and most fundamental ideas in crystal chemistry ue 


is that of co-ordination number. Geometrical considera- — 
tions show” that ideal oxide compounds corresponding to 
co-ordination numbers 4, 6, 8 and 12 should be formed 
when the ionic radius ratios of cation to anion are 0-22, 
0:41, 0°73 and 1, respectively. “Idea” is used here. to 
imply that the sphere of the relevant cation fits exactly 
the opening in the oxide crystal structure. Because of 
their size, most metallic cations exist in silicates with 
six- and/or eight-fold co-ordination. That is, cations with 
cation—anion size ratios of 0-41 to 0-73 generally occur in 
six-fold co-ordination, while cations with size ratios of 
0-73 to 1 generally occur in eight-fold co-ordination. This 
is no more than a qualitative expression, however, for it. 
specifies nothing about the ease with which an ion. may 
enter a crystal lattice. For cations with size ratios greater 
than 0-73, the closer the size ratio is to 0-73, the more. 
likely the cation is to enter a site of eight-fold co-ordina- 
tion in the crystal structure, For cations with size ratios. 
of less than 0-73, the chances of entering eight-fold co- 
ordination are thought to be influenced by chemical 
conditions. Considerations of this sort strongly suggest 
that metallic cations with cation—-anion size ratios in the 
range 0-41-1 do not always show a linear dependence on 
ionic radius, but may sometimes show a break in the size- 
dependence curves at an ionic radius corresponding toa 
cation-anion size ratio of 0-73. es 
It is, however, somewhat difficult to define the cation 
size corresponding to ideal eight-co-ordination, because 
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Fig. 1. Lanthanide abundance compared with “average chondrite’; 
monotonic pattern of lanthanides in basalt, Kilauea Iki-22, Hawaii”: 
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Fig. 2. Lanthanide abundance compared with “average chondrite 
inflexional pattern of lanthanides in eclogite, Roberts Victor. ming! 
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the size of the oxygen anion itself is not 2. 
: necessarily definite. The effective size of | 
‘the oxygen anion may depend on the charge 
of neighbouring cation, the pressure and the 
< temperature; but is generally considered to 
be 1-32 or 1-40 A. The ideal sphere size 
for a co-ordination number of eight should 
_ then be 0-96 A or 1-02 A. In spite of un- 
`" eertainties in the size of the oxygen anion 
and those of the lanthanide cations (Table 
1), it seems reasonable to speculate that the 
‘position of the break in the inflexional type 
-of lanthanide pattern can be related to an 
ideal cation size for eight-fold co-ordination. 
‘his suggests that the inflexion is caused by 
structure of the anion silicate network 
. rather: than by the presence of calcium 
< gations, although the structure of minerals 
oes depend on their chemical content of 
tallie cations. This interpretation also 
xplains the more or less distinct discon- 
inuity between the monotonic and in- 
o: flexional patterns. 
= The monotonic lanthanide pattern is then 
interpreted as an indication of the absence 
_ of eight-fold co-ordination sites in the crystals, and the 
-occupation by lanthanides of sites which were mainly of 
_ six-fold co-ordination, and were predominantly occupied 
‘by magnesium and ferrous iron. Aximasa MASUDA 


Goddard Space Flight Center, 
Greenbelt, Maryland. 
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it Masuda, A., Nature, 205, 971 (1965). 
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* Coryell, C, D., Chase, J. W., and Winchester, J. W., J. Geophys. Res., 68, 
Meee BBD (1963). 
ooo E Masuda, A., Nature, 205, 1098 (1985). 
- T Goldschmidt, V, M., Skrifter Norske Videnskaps-Akad., Oslo, I: Math.- 
< Nature RL, No. 2 (1926). 
Ahrens, L. H., Geochim. Cosmochim, Acta, 2, 155 (1952). 
-oS Mason, Bi, Principles of Geochemistry (John Wiley, New York, 1960). 
‘Schmitt, R. A. Smith, R. H., Lasch, J. E., Mosen, A. W., Olehy, D. A., 
and Vasilevskis, J., Geochim, Cosmochim. Acta, 27, 577 (1983). 
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_ Nature of Ultra-violet Absorption of Sea Water 
Tv has already been suggested that ultra-violet absorption 
_ of natural water is a useful index of water quality?-*. 

_ Armstrong and Boalch* showed that the ultra-violet 
absorption of sea water is about twice that of a solution 

- containing the same concentration of inorganic salts, and 
_ they attributed the difference to the presence of organic 
-© matter. They also recognized that absorption by nitrate 
ig likely to be important in deep water. The nature of 
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Fig. 1. Absorbance of sea water. i 
185° 55’ E., 5,050 m); B, Sagami Nada (34° 26’ N., 139° 40° EL, 1,120 m}. 


A, Western North Pacific (28° 00’ N. 
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Fig. 2. Model of ultra-violet light absorption by sea water. Ordinate, absorbance (E); 


abscissa, wavelength (my). 


ultra-violet absorption of sea water, however, has not 
been investigated in detail until now. 

Samples of sea water from the western North Pacific 
and Sagami Nada were collected during June and July, 
1966. They were filtered through HA-type ‘Millipore’ 
filters and stored in the cold. Ultra-violet absorption |. 
between 210 and 300 my. was measured with a cuvette 
1 cm across in a photoelectric photometer; distilled water 
was used as the reference. The absorption was expressed 
in terms of the absorbance coefficient (£). Dissolved. 
organic carbon was determined by Menzel’s method*, 

Absorption inereases. with depth but dissolved organie 
carbon decreases with depth. Analogy with lake water 
suggests that organic matter (which is usually in the form 
of fulvic acid or related substances) in sea water has the 
following relation, Eaz (absorbance) /organie carbon 
(mg/l.) = 0-02. From this relation, absorbance at 220 
mu by organie matter was estimated. Nitrate absorbs 
light in the short ultra-violet range below 230 my. The 
concentration of nitrate, which is less than 0-10 ug 
atom nitrate—nitrogen/l. in surface water, increases with 
depth. The greatest concentration amounts to about 
40 ug atom nitrate—nitrogen/l., the absorbance of which 
is equivalent to 0-15 at 220 mu. Bromide has a very similar 
absorption spectrum to that of sea water which is free 
from organic matter and nitrate. The concentration of 
bromine in sea water is nearly constant and amounts 
to 67 mg bromine/l. (compare with 19 parts per thousand 
of chlorine); the absorbance of bromide is 0-11 at 220 mas 
Absorption by bromide would account for the absorption 
not attributed to organic matter and nitrate. Strong 
absorption of sea water at less than 230 my disappears 
completely on addition of concentrated sulphuric acid 
to sea water in the proportion of 1 : 1 by volume. Absorp- - 
tion by bromide also disappears under these conditions: 
Fig. 1 shows the absorbance of ultra-violet light. ; 

The absorption of ultra-violet between 210 and 230 
my. by sea water can thus be attributed almost entirely 
to organic matter, nitrate and bromide, as shown in Fig. 3. 

N. OGURA 
T. HANYA 
Department of Chemistry, Faculty of Science, ; 
Tokyo Metropolitan University, 
Setagaya-ku, Tokyo, Japan. 
‘Hanya, T., and Ogura, N., Proc. Intern, Meeting in Milan, Ytaly (1962); 
Adv. Org. Geochem., 447 (Pergamon Presa, 1964). 
* Ogura, N., J. Chem. Soe. Japan, 86, 1282 (1965); ibid., 86, 1286 (1965). 
* Ogura, N., J. Oceanogr. Soc. Japan, 21, 237 (1965). 
‘Armstrong, F. A. J, and Boalch, G. T., J. Mar. Biol. Assoc. U,K., 4 
591 (1961). 
* Menzel, D. W., and Vaccaro, R. F., Limnol. Oceanogr., 9, 138 (1964). 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 





Monday, November 14 


SOCIETY OF CHEMICAL INDUSTRY, PESTICIDES Group (at J4 Belgrave 
Square, London, §.W.1), at 5 pm.—Dr. G. 8. Hartley: “Emulsions as 
Carriers for Pesticides”, 


UNIVERSITY COLLEGE LONDON (in the Physiology Theatre, Gower Street, 
London, W.C.1), at 5 p.m.—Prof. K. Wallenfels (University of Freiburg): 
“Enzyme Transformations at Carbon-1 of Galactose and Galactosides”’. 
(Further lectures on November 17 and 21.)* 


UNIVERSITY OF LONDON, INSTITUTE OF EDUCATION (at St. Gabriel's 
College, Cormont Road, London, 8.0.5), at 5 p.m.—Prof. Owen Chadwick: 
“Science and Divinity” (last of three lectures on “The Origins of Conflict 
between Religion and Science’’).* 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Mr. H. Hoel, Dr. W. D. Humpage and Mr. C. P. Chapman: 
“Composite Polar Characteristics in Multizone Syatems of Phage-Comparison 
Distance Protection”. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Industrial 
Market Research Association, at Savoy Place, London, W.C.2), at 5.30 p.m. 
(S Discussion meeting on “Market Research in Relation to Electronics 
1 Design” opened by Mr. A. J. Wilson and another speaker. 


PLASTICS INSTITUTE, LONDON SECTION ENGINEERING SuB-Grovr (at the 
“Coachmakers Arms”, 88 Marylebone Lane, London, W.1), at 6.30 p.m.— 
Mr. C. Smith and Mr. S. F. Townsend: “Injection Moulding Systems”. 


Tuesday, November I5 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, London, 8.W.1), 
at 5.30 p.m.—Mr. Jasper Kell and Mr. Gordon Ridley: “Blackwall Tunnell 
Duplication”. 


INSTITUTION OF ELECTRICAL ENGINEERS (joint meeting with the Auto- 
matie Control Group of the I.Mech.E., at Savoy Place, London, W.C.2), at 
5.30 p.m.—Mr. F. G. Helps, Mr. D. Pentelow and Mr. A. Wilkinson: “Com- 
puter Control of Scheduling and Biending in Biscuit Manufacture”. 


PARLIAMENTARY AND SCIENTIFIC COMMITTEE, GENERAL COMMITTEE (in 
Committee Room 11, House of Commons, Westminster, London, $.W.1), at 
5.30 p.m.—Discussion meeting on “Storage, Abstraction and Retrieval of 
Technica) fe aia initiated by Sir Frank Francis, K.C.B., and Mr. 

ie Wilson. 


University or LONDON (at the Institute of Child Health, Guilford Street, 
London, W.C.1), at 5.80 p.m.—Dr. A. A. Glynn: “Lysozyme: Antigen, 
Enzyme and Antibacterial Agent”. (Eighth of fifteen lectures on “The 
Scientific Basis of Medicine” organized by the British Postgraduate Medical 
Federation.)* 


UNIVERSITY or LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.-—Sir 
Graham Wilson: “The Hazards of Immunization. IH. Allergic Manifesta- 
tions, Neurological Sequelae, and Acute Anaphylaxis”. (Third of four Heath 
Clark Lectures.)* 


SOCIETY OF CHEMICAL INDUSTRY (joint meeting of the Heavy Organic 
Chemicals Group and the London Section, at 14 Belgrave Square, London, 
§.W.1), at 6 p.m.—Mr. G. D. Owen: “Investment in the Chemical Industry”. 


UNIVERSITY or LONDON (at the Postgraduate Medical School of London, 
Du Cane Road, London, W.12), at 6 p.m.-——Dr. S, Galloon: “The Anaesthetics 
and the Electrocardiogram’’.* 


RADAR AND ELECTRONICS ASSOCIATION (at Mullard House, Torrington 
Place, London, W.C,1), at 7 p.m.--Film Evening: “Electrons in Harness”; 
“The Electroneers”; “Thin Film Microcircuits”. 


Universirry OF HuLi (in the University Assembly Hall, Hull), at 8 p.m.—- 
Prof. R. B. Hunter: “Drug Safety and the Public”.* 


Tuesday, November 15—Wednesday, November 16 


LABORATORY ANIMAL SCIENCE ASSOCIATION (at the Zoological Society of 
London, Regent’s Park, London, N.W.1), at 10.15 a.m, daily—-Meeting on 
“Diseases of Laboratory Animals ‘transmissible to Man”. 


PLASTICS INSTITUTE (at the Connaught Rooms, Great Queen Street, 
London, W.C.2)—-Conference on ‘The Coating of Plastics with Metals”. 


Wednesday, November 16 


INSTITUTE OF PHYSICS AND THE PHYSICAL SOCIETY, CARBON AND GRAPHITE 
Group (at 47 Belgrave Square, London, $.W.1) —Meeting on “Physics of 
Newer Forms of Carbon”. 


INSTITUTION OF ELECTRICAL ENGINHERS (at the Royal Aeronautical 
Society, 4 Hamilton Place, London, W.1), at 9.30 a.m.—Colloquium on “Is 
Constant Frequency Power Generation Worthwhile ?” 


BRITISH INSTITUTE OF RADIOLOGY, ISOTOPE STUDY SECTION (in the Reid- 
Knox Hall, 32 Welbeck Street, London, W.1), at 10.15 a.m.—Meeting on 
“Developments in Instrumentations and Data Analysis”. 


INSTITUTE OF METALS (at 17 Belgrave Square, London, $.W.1), at 10.15 
a.m. Discussion on “Metallurgy of Electronic Materials”. 


Universiry or LONDON (at the Postgraduate Medical School of London» 
Du Cane Road, London, W.12), at 2 p.m.—-Prof. C. H. Gray: “The Chem- 
istry, Biochemistry and Chemical Pathology of the Bile Pigments”.* 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 8.W.7), 
at 5 pm-~Mr. R. T. H. Collis: “Lidar—a New Atmospheric Probe”; Mr. 
C.D. Rogers and Mr. C. D. Walshaw: “The Computation of Infra-Red 
’ Cooling Rates in Planetary Atmospheres”. 


ROYAL STATISTICAL SocreTy (at the London School of Hygiene and 

Tropical Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.15 
.m.—Mr. A. S. ©. Ehrenberg and Mr. W. A. Twyman: “On Measuring 
elevision Audiences”. 
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INSTITUTE OF MATHEMATICS AND TTS APPLICATIONS (in the Botany Theatre, : 
University College, Gower Street, London, W.C.1), at: 5.30 pim—Mr. He: 
Kestelman: “Symmetrical Patterns ina Plane’, oo 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Mr. G. Millington; “Reflections from Thin Layers”. ; 


PNSTITUTION OF ELECTRONIO AND RADIO ENGINBERS (joint LER EJLEE, 
Medical and Biological Electronics Group) (at the Middlesex Hospital Medical 
School, Cleveland Street, London, W.1), at 6 p.m.— Colloquium on “The Use. 
of Closed Circuit Television in Medicine and Biology”. : 


SOCIETY OF ENVIRONMENTAL ENGINEERS (in the Mechanical Engineering 
Department, Imperial College, Exhibition Road, London, §.W.7), at 6 pmo 
Mr. K. Spong: “The Measurement of Mechanical Environments ‘During 
Ground Transportation of Missiles”. 


SOCIETY OF CHEMICAL INDUSTRY, OILS AND Fats GROUP (joint meeting 
with the British Society of Rheology, at 14 Belgrave Square, London, 8.W.1), 
at 6.15 p.m.—Dr. B. O. Shorthouse: “Measurement of Rheological Para- 
meters and their Application to some Common Foodstuffs”. i 


INSTITUTION OF ELECTRICAL ENGINEERS, LONDON GRADUATE AND STUDENT: 
SECTION (at the South-East Essex Technical College, Dagenham, Essex), at 
6.45 p.m.—Mr. L. R. F. Harris: “Electronic Telephone xchanges””. Srs 


Thursday, November 17 ; 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at:9.45 aan. n 
—Prof. George Porter, F.R.S.: “Molecules” (Civil Service Lecture), 


Royat Society (at Burlington House, Piccadilly, London, W.1), at 10.80 
a.m.—Discusgion Meeting on ‘Plasma Physics and Nuclear Fusion Research 
at Culham Laboratory” organized by Sir William Penney, F.R.S.,-and Mr. 
J.B. Adams, F.R.S. 


SOCIETY FOR ANALYTICAL CHEMISTRY, AUTOMATIC METHODS GROUP 
(at 14 Belgrave Square, London, §.W.1), at 2.15 p.m.—Annual General 
Meeting, fi ‘ollowed by a Meeting on “Automatic Analytical Systems in Water 

nalysis”. ` ; 

INSTITUTION OF MINING AND METALLURGY (at the Geological Societys 
Burlington House, Piccadilly, London, W.1), at 6 p.m.—Mr. 8. H. U, Bowies- 
Mr. J. Dawson, Dr. M. J. Gallagher and Mr. D. Qstle: “Potassium-Rich 
Sediments in the Cambrian of Northwest Scotland’; Dr. lan Nichol, Dr. 
J, D. James, and Dr. K. A. Niewing: “Regional Geochemical Reconnaissance © 
in Sierra Leone”; Mr. H. K. Taylor: “Ore Valuation and Underground Metal 
Accounting at Bancroft and other Zambian Copper Mines”. 5 


LINNEAN SOCIETY OF LONDON (at Burlington House, Piccadilly; London, 
W.1), at 5 p.m.—Mr. D. Leatherdale: “Some Experimental Approaches to). 
the Study of the Induction of Plant Galls by Insects”; Prof. B. G. Peters: 
“Plant Galis Caused by Nematodes”. E ccs 


LONDON MATHEMATICAL SOCIETY (at the Royal Astronomical Society, 
Burlington House, Piccadilly, London, W.1), at 5 p.m.—Annual General : 
Meeting, followed by Prof. K. F. Roth: “Irregularities of Sequences Relative 
to Arithmetic Progressions”. eee 


INSTITUTE OF PETROLEUM, EXPLORATION AND PRODUCTION GROUP (at 61 
New Cavendish Street, London, W.1), at 5.30 p.m.—Mr. W. Oliver: “Today's 
Drilling Contractor and What the Operator Expects from Him"; Mr. B. D. 
McCampbell: ‘The Role of the Drilling Contractor in the World Oil 
Industry”. : 

INSTITUTION OF CIVIL ENGINEERS, TRANSPORTATION ENGINEERING GROU 
(at Great George Street, London, 8.W.1), at 5.30 p.m.-——Informal. Discussion 
on “Driver Behaviour on Urban Motorways with particular reference to the 
M4”, introduced by Mr. A. G. P. Way. 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Discussion meeting on “Aluminium Conductors for ‘Small 
Wiring Installations” opened by Mr. E. H. Reynolds and Mr, F. G: Taylor. 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, W.C.1), at 5.30 p.m.—Prof. C. A. Clarke: “Prevention of Rh 
Haemolytic Disease’. (Ninth of fifteen lectures on “The Scientific Basis of 
Medicine” organized by the British Postgraduate Medical Federation) o = 


UNIVERSITY OF LONDON (at the London School of Hygiene and ‘Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.—-Sir 
Graham Wilson: “The Hazards of Immunization. IV. Miscellaneous Com- 
plications, Foetal Damage, and Provocation Disease. Conclusions”, 4 


CHEMICAL SOCIETY (in the Chemistry Lecture Theatre, Imperial Collega of 
Science and Technology, London, S.W.7), at 6 p.m.-—Prof. S. Shibata (Unis 
versity of Tokyo): “Chemistry and Biosynthesis of some Fungal. Meta- 
bolites” (Centenary Lecture). The 


SOCIETY or CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS: 
GROUP (at 14 Belgrave Square, London, §.W.1), at 6 p.m.—Mr. R. G, Groeger: 
ee and Sealants—Their Evaluation from the Point of View of a Major 
Contractor’, : 


ROYAL SOCIETY OF TROPICAL MEDICINE AND HYGIENE (at the Liverpoor 
School of Tropical Medicine, Pembroke Place, Liverpool, 3), at 7.30. prn. 
Laboratory Meeting. Chairman: Prof. P. ©. ©. Garnham, C.MLG,, PRB. 


UNIVERSITY OF LONDON (at Wye College, near Ashford, Kent), at 8.16 
p.m.~-Prof. A. Nove: “Soviet Agriculture’’.* 


Friday, November [8 i 


SOCIETY FOR LOW TEMPERATURE BIOLOGY (at the Royal Society of Medi- 
cine, 1 Wimpole Street, London, W.1), at 2 p.m.—Dr. Irving 5. Cooper (New 
York): “Cryogenic Surgery”. 


NUTRITION SOCIETY (at the Sir John Atkins Laboratories, Queen Elizabeth 
College, Campden Hill, London, W.8), at 4.30 piui eeng on “The Part 
the International Biological Programme will Play in Increasing World Food 
Supplies”. 

INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Discussion meeting on “Limitations on the Operating Tem- 

raturo ie Electrical Equipment Imposed by Insulation” opened by Mr. H.8. 

cNaughton. 


SOCIETY FOR ANALYTICAL CHEMISTRY, THERMAL ANALYSIS GROUP (at the 
Geological Society of London, Burlington House, Piccadilly, London, Wi), 
at 6.30 p.m,—Annual General Meeting, followed by Mr. F. W. Wilburn: fe 
Quantitative DTA Possible 7” sed 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 8 
Dr. K. Mendelssohn, F.R.S.: “Dewar at the Royal Institution’. 
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Saturday, November 19 


INNER LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, 8.E.23), at 3.30 p.m.—Dr. D. A. Allan: 
“Volcanoes—The Windward Caribbean Islands’’.* 


Monday, November 21 


ROYAL GEOGRAPHICAL SOCIETY (at 1 Kensington Gore, London, S.W.7), at 
5 p.m.~Prof. S. Leazezycki (Poland): “800 Years of Polish Geography”. 


Farapay SocierY (in the Chemistry Department, University College, 
London, Gower Street, London, W.C.1), at 5.80 p.m.—Prof. Harden M. 
Bocannell (Stanford University): “Spin Labelled Biomolecules” (Bourke 

ecture), 


INSTITUTION OF ELRCTRICAL ENGINEERS {at Savoy Place, London, W.C.2), 
at 5.30 p.m,—Dr. R, Levy: “Broad-Band Matching”. 


UNIVERSITY OF LONDON (at the London School of Hygiene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 5.30 p.m.—Prof. 
G. M. Edington (Ibadan): “The Pathology of Malaria in West Africa’’,* 


ROYAL SOCIETY OF ARTS (at John Adam Street, Adelphi, London, W.C.2), 
at 6 p.m.—Miss Joan Woodward: “The Study of Industrial Behaviour” (first 
of three Cantor Lectures on “Human Problems in Industry”). 


APPOINTMENTS VACANT 


~ APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LECTURER/ASSISTANT LECTURER IN PSYCHOLOGY—The Secretary, Uni- 
versity of Stirling, Stirling (November 18), 

Assistant LECTURER or LECTURER (with wide and extensive training in 
virology, including tissue culture techniques, and some years experience in 
virus laboratory work) IN VIROLOGY IN THE VIRUS UNIT, DEPARTMENT OF 
BactERIOLOGY—The Registrar and Secretary, The University, Leeds, 2 
(November 21). 

UNIVERSITY LECTURER (interested in physical metallurgy with emphasis 
onthe correlation of structure with mechanical properties, and preferably 
experience in electron microscopy) IN THE DEPARTMENT OF METALLURGY— 
Secretary of the Appointments Committee of the Faculty of Physics and 
Chemistry, Chemical Laboratory, The University, Lensfield Road, Cam- 
bridge (November 23). 
`- LECTURER/ASSISTANT LECTURER (preferably with teaching and research 
interests in mycology/microbiology) IN BIOLOGY—The Secretary, University 
of Stirling, Stirling (November 26). 

Cripps PROFESSOR and HEAD OF THE DEPARTMENT OF METALLURGY— 
The Registrar, The University, Nottingham (November 28), 

LADY TRENT PROFESSOR and HEAD OF THE DEPARTMENT OF CHEMICAL 
ENGINeerina—The Registrar, The University, Nottingham (November 28). 

CHAIR OF Logic AND METAPHYSICS—The Secretary, The Queen’s Uni- 
versity, Belfast, Northern Ireland (November 30). 

TEACHING FELLOW IN PuRE MATHEMATICS at Rhodes University, Grahams- 
town, South Africa—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, S.W.1 (South Africa and 
London, November 30). 

Cua OF PHYSICAL ELECTRONICS—The Registrar, The University, Liver- 
pool quoting Ref. 284 (December 3). 

LECTURER (with a good honours degree in geography with postgraduate 
experience and specialization in climatology or meteorology, and preferably 
the ability to teach some aspects of oceanography) IN GEOGRAPHY at the 
Faiveruity of Hong Kong—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Hong Kong 
and London, December 5), 

LECTURER/SENIOR LECTURER (with special training in neurology including 
both clinical and research) IN MEDICINE at the University of Sydney, Aus- 
tralla—-The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, $.W.1 (Australia and London, 
December 9). 

SENIOR LECTURER (with at least good experience in both teaching and 

fesearch) IN PURE MATHEMATICS at the Australian National University—The 
Association of Commonweulth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, December 12). 
o LECTURER/SENIOR LECTURER IN Puysics (in the fleld of Theoretical 
Physics) at the University of Sydney, Australia—The Association of Com- 
monwealth Universities (Branch Office), Marlborough House, Pall Mall, 
London, 8.W.1 (Australia and London, December 14). 

SENIOR LECTURER with a postgraduate degree in veterinary science, or in 
scienee with anatomy, physiology or biochemistry as major subjects) IN 
ANIMAL HUSBANDRY (Meat Production) at the University of Queensland, 
Australia—The Association of Commonwealth Universities (Branch Office), 
Marlborough House, Pall Mall, London, 8.W.1 (London and Brisbane, 
December 15). 

READER (with a higher degree in mathematics and experience in university 
teaching and research) IN MATHEMATICS at the University College of Towns- 
ville; University of Queensland, Australia—The Association of Common. 
‘wealth Universities (Branch Office), Marlborough House, Pall Mall, London, 
‘8.W.1 (London and Australia, December 16). 

LECTURER IN THE HISTORY OF SCIENCE—The Secretary of the University 
Court, The University, Glasgow (December 17). 
|, LECTURER or SENIOR LECTURER IN HUMAN OR MEDICAL GENETICS—The 
Registrar and Secretary, The University, Leeds, 2 (December 17). , 

-~ LECTURER (with a degres in pure science or agricultural science) IN PLANT 
PATHOLOGY at Lincoln College (University of Canterbury), New Zealand— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
Honse, Pall Mall, London, S.W.1 (New Zealand and London, December 31). 

ASSISTANT LEOTURER/ LECTURER (microbiologist or biochemist, with a 
Ph.D, degree and experience in plant biochemistry and preferably previous 
virological experience) IN THE DEPARTMENT OF MICROBIOLOGY, to develop 
an interest in research and teaching, in plant virology, especially the bio- 
chemical basis for host and tissue specificity——The Assistant Registrar 
(Science and Engineering), The University of Birmingham, P.O. Box 363, 
Birmingham, 15. i 

LECTURER IN ZOOLOGY—The Secretary, Wolverhampton College of 
Technology, Wolverhampton, quoting Ref. 01525. 

LECTURERS and ASSISTANT LECTURERS (with a good honours degree in 
electrical or electronic engineering or an honours diploma in technology and 
appropriate industrial experience) IN THE DEPARTMENT OF ELECTRICAL AND 
ELECTRONIC ENGINEERING—The Assistant Academic Registrar, The City 
University, St. John Street, London, E.C.1, quoting Ref. No. 7/EL. 
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PROFESSORS OF ELECTRICAL ENGINEERING (including Departmental Head- 
ship)}—The Staff Officer, The University of Aston in Birmingham, Gosta 
Green, Birmingham, 4, quoting Ref, 515/2. 
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Assistant Registrar (Science and Engineering), University of Birmingham, 
P.O. Box 363, Birmingham, 15. 

VICE-PRINCIPAL—The Principal, North Staffordshire College of Tech- 
nology, College Road, Stoke-on-Trent, Staffs. 
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BEYOND THE MOON 


Tus end of the Gemini programme is not the only 
reason why this is a good time to ask what the United 
States should aim at after the Moon. It is also becom- 
ing clear that decisions will have soon to be made if 
there is not to be an awkward hiatus in the programme 
of rocket developments which should reach its climax 
with the landing of two Americans on the Moon in 1969 
—at least if all continues to go well. The difficulty, of 
course, is that the budget which the National Aero- 
nautics and Space Administration is now negotiating 
with the United States Government, and which it 
must put to Congress in the new year, runs until the 
middle of 1968. Long before then, NASA will have 
had to make arrangements with its contractors and 
employees for the period after 1969. As yet, it seems, 
NASA and the Government have not decided what 
the distant future holds. Although it should be 
possible to glean a little more of what NASA itself 
would like to happen when it presents its proposals 
to the House Astronautics and Space Administration in 
December, there is no assurance that wishes will be 
turned quickly into decisions. Mr. James Webb, the 
Administrator of NASA, not to mention his 200,000 
employees, will have to contain themselves in patience 
for some months yet. 

But what should the programme be? The climate 
in Washington has changed a lot since it was plausible 
to assume that Project Apollo would be followed by 
some similarly identifiable and ambitious programme 
of operations—a flight to Mars or Venus, for example. 
For one thing, it is becoming increasingly difficult 
to sustain the view that only a succession of spectacular 
successes—such as Apollo promises to be—will assure 
the United States of international prestige. Opinion 
on matters like this is notoriously fickle, but everybody 
—even NASA—will gain if there grows up in the United 
States an enduring conviction that circus tricks are 
largely irrelevant to the process of winning friends 
and keeping them. The past few years have also 
brought disenchantment with some of the argument 
and enthusiasm on which the Apollo programme was 
launched four years ago. The incidental industrial 
benefits of manned space flight, or the spin-off as they 
are called, while not entirely negligible, are a meagre 
return for the cost of the whole enterprise, and much 
the same is true of the harvest of scientific discovery 
promised at the beginning of the programme. A great 
deal will undoubtedly be learned about the Moon and 
about phenomena within the Solar System, but few 
people would now pretend that this would justify the 
spending of $20,000 million. But the overriding 
reason why NASA is cutting an almost ostentatiously 


modest figure in Washington these days is that it is 
an open secret that money is going to be hard to come. 


by in the months ahead. NASA would no doubt be __ 


happy to settle for some programme that would keep _ 
its establishments in being and for a chance to fight 
for more distant targets in 1968—which has the 
dubious attraction of being an election year. a 

Such a policy of wait and see makes common sense 
as well. Although Apollo is going well, it is far too 
soon to be sure that everything will work as planned. 
So many are the obstacles still to be overcome that 
nobody will be surprised if the first venture to the 
Moon is an outright failure. And so may be the second. 
Yet the programme of rocket procurement and trial 
flight now planned by NASA has been pruned so as 
to leave very little room for readjustment of the 
programme. Obviously it would be a great advantage 
if there were more Saturn rockets in reserve, and 
this is one obvious need in the budget year ahead. 
But it is even more important that there should be room 
in the budget for a programme of lunar exploration 
extensive enough for the astronauts to bring back more 
than just a random collection of travellers’ tales. It 
would be folly to bring-the Apollo programme abruptly 
to an end when the costly process of development. is 
complete but before any worthwhile use has been made 
of it. There is a case for saying that the United States 
Moon programme should have been mounted with 
greater care and less exuberance; but that milk ‘is 
spilt. The problem now is to reap such benefits as 
there may be from what must be the largest expendi- 
ture there has ever been on a single technological 
enterprise. An annual journey to the Moon would 
seem a sensible sequel to Apollo. With such modest 
numbers, there would be time to plan expeditions 
properly to win the greatest benefits from them. 
NASA would no doubt say that a greater rate of firing 
would be more economical, but that is not the chief 
consideration. And at this stage, there can be no 
intrinsic justification of expeditions to more distant 
places. 

Even if the negotiations in Washington in the months 
ahead arrive at a decision along these lines, that will 
only take care of the immediate future. At some stage 
there will also have to be a decision about the eventual 
contribution of manned space flight to the pattern of 
technological activity in the United States. In num- 
bers, will NASA continue to spend some $2,500 million 
a year on activities of this kind—roughly half its 
budget—or more, or less? And what will happen to 
the facilities which have been created in the pas 
years—the centre at Houston, the launching rar 
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Florida and the various installations for building 
rockets and assembling them which are scattered over 
much of the United States? And what is to happen 
to. the astronauts? Are some of them to be made 
redundant without ever having left the ground? No 
doubt NASA has been hoping to find answers to some 
of these questions in the wave of speculation there has 
been about the ways in which people could help to 
make good use of extra-terrestrial telescopes and other 
scientific equipment launched into orbit about the 
Earth or elsewhere. The trouble, alas, is that there 
has emerged no compelling reason why people should 
be preferred to automatic instruments, at least when 
due account is taken of their relative cost and lack of 
endurance. If purely technological considerations 
were the only ones at stake, NASA would find itself 


with a much straitened budget for manned space 
flight in the early seventies—and would probably put 
- more energy into the development of novel kinds of 


rocket propulsion instead. 


_ Such a shift to predictably useful tasks is probably 
too much to hope for. Manned space flight is already 
a kind of industry in its own right, and it will be hard 


for the Administration to hold NASA to a strictly 
ascetic course. In the end, in 1968 and not in 1967, 
there will probably be a compromise of some kind, 
with more circuses than the purists would like but 
fewer than the enthusiasts have set their hearts on. 
In itself, that need do no harm, although it is important 


‘that everybody should recognize that the case for 
continuing more than a modest programme of manned 
-space flight is not technological but economic. From 
this point of view, of course, what Congress will have to 
-decide is not what NASA and its astronauts should do, 


but what the country and its taxpayers can afford. 


_Keynesians in the Administration may think it ironical 
that a programme of development originally advocated 
-as a kind of economic regulator to bring prosperity to 
<an economy which showed signs of flagging in the 


early sixties, and to parts of the country which were 


especially depressed, should be hard to cut back to a 


reasonable size when the real danger is seen to be 
inflation, not slump. The long-term moral is, of 
course, that technological programmes like Apollo 


should stand or fall by their own merits, and not by 


external considerations, economic or political. It 
will be something gained if this lesson is now learned in 


the United States. It applies elsewhere as well, as 
- the recent history of organizations such as ELDO has 
< made quite clear. 


GOVERNMENT 
_ LABORATORIES 


THERE is great virtue in the steps which the British 


Government seems to be taking to forge closer links 
between its research laboratories and the universities. 
A number of patterns are being tried out by different 
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government departments, and it will be interesting to 
see how successful they are in meeting the clear need 
for much easier interchange of people and ideas between 
the two kinds of establishments. It is not perhaps 
surprising that the most common form of interchange 
at present is the process whereby research students 
are allowed to work for a postgraduate degree at a 
public laboratory, and under the supervision of a civil 
servant, for research students are easily uprooted. 
(The University of Warwick, for one, has broken new 
ground by making such an arrangement with industrial | 
research laboratories.) Another mechanism, typified 
by the arrangement now concluded between the Royal 
Aircraft Establishment and the University of South- 
ampton, involves joint appointments of staff and the 
sharing of facilities in such a way that universities 
have access to equipment they would not otherwise be 
able to afford. A third, with which the Ministry of 
Overseas Development appears to be toying (see this 
issue, page 766), is the outright transfer of a research 
establishment to a university, presumably in such a 
way that the scientists concerned contribute fully to 
the teaching programme of the university. It is only 
natural that the question should arise of which way is 
best. 

Enough is already known of the placing of research 
students in government laboratories for some of the 
advantages and disadvantages to be plain. Although 
such arrangements add to the stock of highly qualified 
people and thus to the national assets, there is a fecling 
that the government laboratories have the better half 
of their bargain with the universities. Sometimes it 
seems as if they take the cream off the crop of graduates 
without contributing to the hard teaching of the 
universities in return. Then it is possible that time 
spent in a government laboratory in isolation from a 
university is not the most educative way of winning 
a postgraduate degree; everything depends on the 
laboratory. Schemes which involve joint appoint- 
ments are obviously an improvement, in that govern- 
ment scientists are drawn fully into the academic world, 
though it would be unfortunate if the result were to 
sanctify the view that universities should go begging 
to the establishments for really expensive equipment 
instead of owning it for themselves. Here, too, every- 
thing will depend on the establishment—and on the 
university—but the difficulties are potentially great 
enough to make the pattern in which the Ministry of 
Overseas Development is interested particularly attrac- 
tive. By moving establishments physically and 
constitutionally to a university, the government can 


-hope to increase their effectiveness in research and their 


contribution to teaching. It is true that there are not 
many establishments small and self-contained enough to 
be dealt with in this way, but if the Ministry of Overseas 
Development is successful in moving two of its labora- 
tories to the University of Reading, there should be 
set in train a thorough search for other public labora- 
tories to be dealt with in the same way. There could 
hardly be a more effective way of inoculating the 
universities with the technological spirit. 
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NEWS AND VIEWS 


Trouble at Euratom 


Tue Euratom organization seems to be deeply involved 
in a dispute of a kind now familiar at Brussels, which 
is also the headquarters of the European Economic 
Community. At the beginning of November the 
Commission of Euratom set a ten-day deadline for 
the resolution of a dispute between France and the 
other five members of the organization over the 
delivery of 180 kg of plutonium from the Euratom 
plant at Karlsruhe to the fast reactor experiment at 
Cadarache which is being operated jointly by France and 
Euratom. But time has run out without a settlement. 

The immediate cause of the dispute is financial. 
The five-year programme to develop a fast reactor 
system on which France and Euratom embarked in 
1963 was costed on the assumption that the plutonium 
for the project would be rented from the United States 
at a total cost of $3-2 million, with France paying 
$1-2 million. In the event, the United States AEC 
decided that it would prefer to sell this plutonium 
outright, and at a total cost of $8 million. French 
delegates to Euratom have been taking the line that 
outright purchase ought to be financed by Euratom 
itself, on the grounds that the plutonium will remain a 
permanent capital asset in Europe long after the fast 
reactor experiment is over. Other members reply 
that France has called the tune and should therefore 
pay the piper. The French argument has been under- 
mined by the German decision to pay the full cost of 
purchasing reactor fuel when the United States AEC 
asked for an outright sale instead of a rental agreement. 

Underneath this dispute over the plutonium lies 
the mounting discontent of the French Government 
with the conduct of Euratom’s operations. For one 
thing, the French argue that the cost of the research 
and development which is sponsored, or at least 
co-ordinated, by Euratom is needlessly great, particu- 
larly for those member countries which support sub- 
stantial research programmes of their own. Then 
there is a feeling that the projects which interest 
Euratom are not those primarily of interest to countries 
such as France and Germany in which substantial 
nuclear industries already exist. Most probably, 
however, at least a part of the French discontent 
springs from some of the supra-national features of the 
Euratom organization. That is a bitter pill to swallow. 


New Animals to Eat 


Unper the unpromising title “Comparative Nutrition 
of Wild Animals”, a symposium at the London Zoo 
on November 10 and 11 was devoted to the details of 
the relative success with which various large herbivores 
convert a range of forage into a high protein product 
(meat). Underlying this theme was the assessment 
of the merits of various meat animals as supplementary 
or alternative sources of food for human beings. The 
conference organizer, Dr. M. A. Crawford of the 
Nuffield Institute of Comparative Medicine, set the 
scene by quoting from the report of the Director- 
General of the FAO for 1966. 

The conversion characteristics of wild animals kept 
in captivity on a balanced diet, of semi-domesticated 
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animals that are protected and systematically cropped, 
and of wild animals that are merely harried by man 
were discussed. ` All the evidence points to the same 
conclusion: despite a huge range of starting materials 
and the variety of routes through which these are. 
utilized, there is little difference in the protein quality 
of the meat from wild and domestic species... A. bio- 
chemical comparison between the Cape buffalo and 
domestic ox, the wart-hot and farmyard pig, has 
shown a slight protein advantage in the wild species 
and a much lower volume of excess fat. The wart-hog 
may be thought to score over the domestic pig since 
its flesh combines the flavours of roast pork and turkey, 
and because it is resistant to swine fever. 00. 
Current world specialization in sheep and cattle- 
meat production and in land use for grazing emerged 
as both short sighted and wasteful. The loss of ground 
cover and subsequent erosion in Africa due to. the 
preferential introduction of grazing herds to areas well 
adapted to support browsing animals was illustrated. 
The use reindeer can make of marginal ‘arctic lands 
and that the Lapps can make of reindeer was emphas- 
ized by Dr. Eliel Steen of Uppsala. 
According to Dr. Kate Bertram of the Cambridge 
Zoological Laboratory, the more exotic ecological 
niche occupied by the dugong and manatees would 
take decades to bring into productive balance because 
of the depletions already made by human: beings. 
They are still liable to be treated as a sport animal. 
The Sirenia convert otherwise unwelcome marine, 
estuarine and riverine underwater plants into high 
quality “steak”. ee 
Soviet zoologists have had the longest experience 
anywhere of the deliberate introduction of wild species 
for domestic production. Unfortunately no Soviet 
speaker was present, but a striking paper by V. D. 
Treus and D. Kravchenko (Askaniya-Nova Zoo Park) 
described the herd of African eland now farmed for 
their milk as well as their meat on the Ukraine steppe. 
408 eland have been reared from four pairs brought 
from Africa in 1892. Twenty-one have been trained 
for milking, and the Russians claim that the milk has 
exceptional qualities and that it is especially long 
keeping. Dr. J. Morton Boyd of the Nature Conserv- 
ancy described the experimental production of red 
deer on the Scottish island of Rum which, together 
with some other areas in Scotland, is being diversified 
from a sheep mono-culture. 


Computers on the March 


Rapip advances in the use of computers throughout 
British industry were promised by their most: tireless 
advocate, Professor Gordon Black, when he announced 
plans for the membership of the National Computing 
Centre, of which he is the Director. Thirty thousand 
invitations to membership have been produced, labelled 
and posted—all by computer—to industrial firms 
likely to be interested. At least five thousand are 
expected to reply and Professor Black hopes that five 
hundred will send their first year’s subscription. 

The market for computers in Britain is expanding 
more rapidly than any other in the world, and. com- 
mercial companies are beginning to profit. International 
Computers and Tabulators, Ltd., has orders for 680 
computers, a figure hardly credible a few years ago. The 
Computing Centre itself has ordered two machines 
English Electric KDF 9 and an ICT 1904, whic 
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installed by next April, less than twelve months after 
the creation of the centre was announced in the House 
of Commons. By then the staff of the centre will 
number 45, and will be limited only by the money 
available. 

Professor Black said that the Government had 
estimated that by 1970 there would be a national 
shortfall of between 12,000 and 15,000 systems analysts. 
This was a desperate situation, which could not be 
remedied by crash courses in computer programming ; 
only a radical change in the school system could fill the 
gaps. The computing centre has set up two working 
parties to examine the problem. Apart from this, the 
centre will advise any company which contemplates 
using a computer, and hopes that by standardizing 
software, considerable reductions in cost will be 
possible. This will be of particular advantage to 
utilities such as the Gas and Electricity Boards, which 
have until now worked in complete independence of 
each other. 

Another possibility, more speculative, is that of a 
National Computer Grid. This would use a number of 
similar computers in different centres connected by 
high speed links, and each with an on-line console. The 
operator at the console would have no idea where his 
work was being solved—it might be in Newcastle, 
London, or Oxford. Such a system would be able to 
absorb peak loadings which would occur, for instance, 
each week before pay day. Experiments will be 
carried out at the centre in Manchester to see if such a 
grid is feasible; if they are successful, a grid could be 
in operation by 1972. 

In the academic world, things move more slowly— 
at times, indeed, almost imperceptibly. The supply of 
computers to academic institutions is handled by the 
Computer Board, under the chairmanship of Professor 
B. H. Flowers. The Board was set up by the Depart- 
ment of Education and Science on August 3, and 
has been looking at installations in Science Research 
Council laboratories and universities. There have been 

-some complaints of delays in reaching decisions at the 
Computer Board, though the backlog of work which it 

inherited is probably half the trouble. Much will 

depend on how quickly this Board can appoint a 

oe secretary at its headquarters at Regent’s 
ark. 


Cost of Oblivion 


Tux British price freeze notwithstanding, the cost of 
anaesthesia is also rising. Administering an anaesthe- 
tic involves a whole complex of operations all of which 
contribute to the cost, but many of them, like the cost 
of heating operating theatres, are difficult to separate 
from the other incidental costs of surgery. In an 
article in the British Medical Journal (ii, 1190, 1966), 
Dr. A. Murray Wilson analyses the details of the costs 
of the two major items—the drugs and the anaesthetists 
involved. 

“The prices of drugs have remained fairly stable since 
1960, but there has been a great increase in the use of 
halothane. In 1964, 18 per cent of the total drug bill 
was spent on anaesthetic drugs, 45 per cent of it on 
nitrous oxide, oxygen, carbon dioxide and cyclo- 
propane. Halothane, at a cost of 6d. per ml., took 
37 per cent of the money spent on anaesthetics. This 
drug has definite advantages over conventional 
anaesthetics, being relatively free from side effects, 
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but it is costly and anaesthetists have to keep wastage 
to a minimum. 

Dr. Wilson goes on to consider the costs of the 
anaesthetists. themselves, and comes to the startling 
conclusion that each anaesthetist deals on average 
with only two patients at a session. This figure is a 
misleading measure of productivity, however, because 
it takes no account of the study sessions, teaching 
periods and leave inevitable in a teaching hospital, 
nor does it take account of operations under local 
anaesthesia or with<sut anaesthesia. Nevertheless, 
productivity is too low, and Dr. Wilson finds that the 
cost of medical staff in anaesthesia is twice the cost of 
the drugs. Putting everything together, the average cost 
of anaesthetizing a single patient is £3 11s. (£3-55). 


Botany of Teesdale 


Tue dispute about the reservoir at Cow Green in 
Teesdale has stimulated botanists to search through 
the literature so as the better to understand why the 
proposal is worth fighting. 

A vegetation similar to that of the Late Glacial 
Period has survived in several parts of the world; 
there are particularly fine examples in Scandinavia, 
but in Britain the best is in Upper Teesdale. Fossil 
remains of almost every member of the Teesdale flora 
have been found in European Late Glacial deposits, 
which suggests that this assemblage of plants has 
survived in an area left unglaciated and since 
unchanged. Professor H. Godwin has considered how 
certain areas could have become isolated in this way. 
When the ice retreated, habitats became available and 
plants extended their distribution until their spread 
was checked in the ensuing period of afforestation. 
The plants of Teesdale are essentially those of treeless 
areas, and so barriers would have been set up against 
their further spread, and isolated refuges of Late 
Glacial flora would have formed in places where 
climatic and soil conditions have remained suitable, 
as at Teesdale, where there is now a “remarkable 
assemblage of arctic-alpine species” (J. Ecol., 37, 140; 
1949). 

It is doubtful, however, whether these are a survival 
from the Ice Age. In Britain certain species are known 
to have survived south of the ice—south of a line 
joining the Severn and the Thames-——where there was a 
tundra flora which contained many contemporary 
mountain species. It is uncertain whether any species 
could have survived in small unglaciated areas within 
the main region of glaciation, such as those found in 
some areas of Greenland which are largely covered by 
ice today. Such areas are considered to be the sites of 
origin of the present day mountain flora in parts of 
Scandinavia. As Meldens reported (Proc. Bot. Soc. 
Brit. Isles, 1953), refuges of unglaciated land are 
thought to have existed in two main areas; one is in 
southern Norway, where there are several endemic 
forms which could not have immigrated to their present 
locations on or near the sea shore, from south or east; 
the other area is in northern Norway, where there are 
endemic forms including Taraxacum tornese and a 
variety of Poa arctica in the flora occupying areas near 
the sea. 

There are about thirty-seven species common to the 
British and Scandinavian mountain floras of today 
which are not found in southern or central Europe, 
which perhaps suggests similarity of origin; but as 
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Raven and Walters remark in their Mountain Flowers, 
_ there is little evidence that areas which on geological 
“grounds are considered to have been unglaciated in 


Britain have rare or endemic species now. Further- 
more, fossil remains show that trees were once wide- 
spread in Teesdale, which suggests that the present 
flora, essentially a treeless one, did not survive the Ice 
Age, but came in from Europe after the forests had been 
cleared. 

The main interest of this area is in the unusual 
nature of the present vegetation. In his ecological 


. investigation of Upper Teesdale (J. Ecol., 44, 545; 


1956) Professor Pigott described hummock formations 
on the swampy gravel patches on Widdybank Fell; 
one member of the rich moss flora, Haplodon, is known 
elsewhere in Britain only in Breadalbane in Perth- 
shire; in one of the formations is the rare Minuartia 
stricta (bog sandwort) which can withstand little compe- 
tition and which is found nowhere else in Britain, 
although it occurs often in Scandinavia. Professor 
Pigott has pointed out that the arctic-alpine element 
in the marshes of Teesdale is poorly represented when 
compared with central and northern Europe, although 
by British standards it is very rich. 

There are unique races of some species in the area, 
and these are of interest to the ecological geneticist who 
wants to know about the origin and spread of plants. 
On Mickle and Little Fells there is a dwarf mountain 
race of Myosotis alpestris which otherwise grows only 
on Ben Lawers and neighbouring mountains. This 
race remains unchanged when raised in cultivation, 
which indicates that it is genetically distinct from the 
other members of the species, and provides the sort of 
information which can reveal the processes of evolution 
at work. Viola rupestris (Teesdale violet) growing 
here resembles the sub-species stricta found in the 
Norwegian mountains, which has been interpreted as a 
survivor of the Ice Age by reason of its isolated occur- 
rence. 

Apart from unique individuals, there are assemblages 
of plants in Teesdale which are known nowhere else in 
Britain. The grazed turf of the sugar limestone of 
Cronkley Fell provides a peculiar habitat for plants 


:= typical of calcareous ground. On the sugar limestone 
.. grassland of Widdybank Fell there is a different 
~ collection of species which is unique to the area. Such 


communities are of considerable interest to the ecologist. 

In her address to the British Association this year, 
Dr. Margaret Bradshaw outlined the value of Teesdale 
to the botanist. The academic questions concern the 
conditions which have prevailed to preserve these rare 
collections of plants which are adapted so well to their 
environment, the genetic constitution of the indigenous 
species, which will give information about their evolu- 
tion, and the history of this flora since the Ice Age. 
There could also be some practical value in these highly 
adapted species; plants tolerant to low phosphate 
content in the soil might aid in the development. of 
tolerant crop plants, and research could reveal further 
examples of agricultural interest. 


Policy for Ireland 


Tue Republic of Ireland may soon lore its status as 
one of the few countries not to be blessed with at least 
one official committee planning a formal science policy. 
The creation of a National Science Council is the most 
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tangible and the most immediate of the recommenda- 
tions of the research and technology team under 
Mr. Patrick Lynch of University College, Dublin, 
which has for the past two years been brooding on the 
condition of scientific research and development. The 
team has produced an enthralling and detailed survey 
of the balance of effort in Ireland (Science and Irish 
Economic Development, Stationery Office, Dublin, 
7s. 6d.). The setting up of the team of self-analysts was 
prompted by the O.E.C.D., which has urged similar 
tasks on other member nations including Greece, 
Italy, Spain and Portugal. i 

The investigating team seems to have been influenced ; 
most obviously by the comparatively small proportion 
of the Irish GNP spent on research and development, 
and by the recognition that the bulk of what Ireland 
does spend goes on applied research, mostly in agricul- 
ture. In 1963 a total of £3-83 million, or 0-58 per cent 
of the Irish GNP, was spent on research and develop- 
ment. The contribution of the Irish Government 
amounted to just over two-thirds of the total, and an 
extra £1-12 million of public money was spent on what 
are described as “supporting services”—the meteoro- 
logical service, the geological survey and a number 
of similar organizations. Agricultural research takes 
half of all that is spent on research and development 
and 68 per cent of what the Government spends. 
Fundamental research—which includes the somewhat 
novel activity described as “oriented fundamental 
research” —takes 3 per cent of the grand total. Re- 
search and development at the universities cost 
£347,000 in 1963, but a third of this came from outside 
Ireland, most of it from foundations in the United 
States. or. 

The investigating team has been sharp to point out 
that in absolute terms the international comparisons 
are even more unflattering than the proportions of the 
GNP would suggest; Ireland has only a modest 
GNP to start with. In the immediate future, the team 
would like to see expenditure increase to £5 million, 
with industry contributing more than its present third. 
As well as a disproportionately large increase in the 
amount spent on university research, the team wants 
to see a more effective concentration of research 
people in the universities, for it has been found that 
Trish academics are often isolated frem colleagues in 
similar fields of study and are also burdened by too 
much teaching. 

The report is weakest on education and manpower. 
The distribution of skilled manpower in the Irish 
economy differs substantially from that in countries 
such as the United Kingdom. The team estimates 
that 882 graduates (and twice as many technicians. 
and other staff) were engaged on research and develop- 
ment in 1963, but this figure has been adjusted because 
academics spend two-thirds of their time teaching. 
There seems to be only the most tenuous link between 
the disciplines followed by university students (6,323 
of them, including roughly 300 postgraduates) and 
the distribution of graduates in different branches of 
research and development, apparently because large 
proportions of science graduates from Trish universities 
choose careers outside research and development. 
The report offers no explanation, but school-teaching 
may easily be one of the beneficiaries of this neglect of 
research and development. If so, it will be interes 
to see whether the Government will be able to ex 
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teachers in the schools. 


research and development without creating a dearth of 


Marriage by Consent 
‘THE greater co-operation between British government 
research establishments and universities which the Mott 
committee recommended has found some enthusiastic 
advocates. The Royal Aircraft Establishment at 
Farnborough, with the blessing of the Ministry of 
Aviation, has just concluded an agreement with the 
University of Southampton which provides for collabo- 
ration in teaching, planning and execution of research 
` in the Faculty of Engineering and Applied Science. In 
practical terms the agreement means that some of the 
Scientists at Farnborough will be co-opted on to the 
university staff, will receive university titles, and will 
- Spend one day each week at Southampton. University 
_ Fesearch workers will get the benefit of the experience 
and skill of the Farnborough workers, and will be able 
| to use some of their advanced equipment. Happily, 
-they will not need to obtain security clearance, as the 
collaboration will cover only unclassified work. 
_ To some extent the agreement only puts into writing 


informal contacts which have long existed. It would. 


in fact, be more logical for Farnborough to link up with 
nearer universities, such as Reading, Oxford and more 
particularly the new University of Surrey at Guildford, 
and it is hoped that this will indeed happen in the 
future. 
The General Post Office is also hoping to work in 
harness with the University of Essex when the Post 
Office Research Establishment moves to Martlesham 
in 1969. Already it is conducting a joint research pro- 
gramme with the Medical Research Council’s Applied 
Psychology Unit at Cambridge to discover why people 
are afraid of the telephone. Co-operation, it seems, is 
_ to be encouraged. 
-It may also be encouraged by the Ministry of Over- 

seas Development. The possibility of a link between 
` the research departments of the ministry and the 
_ University of Reading, reported in some British news- 
© papers, is real but as yet unconfirmed. The ministry 
explains that a decision has not yet been reached about 
the moving of two of its research establishments, the 
Tropical Products and Anti-Locust research centres; 
both of these are at present in Central London. The 
move contemplated would link them with the Depart- 
ments of Agricultural Botany, Food Science, and Soil 

Science at Reading, although it is emphasized that 
_ the two centres would retain their identity. 


< Best Buy in Insulin 

Draperies are sometimes affected by sharp falls in their 
`- blood sugar concentrations even though they take their 
< insulin regularly. These incidents are unpleasant and 
' could ‘even be fatal in certain situations, as when 
driving. Most of the cases can be explained as the 
‘result of excessive exercise or other known causes, 
but some of these hypoglycaemic episodes remain 
unexplained. The medical advisory committee of the 
_ British Diabetic Association has now issued a warning 
about one possible cause of sudden hypoglycaemia. 
In a letter to The Lancet (ii, 910, 1966) the committee 
states that “Patients previously treated with ox 
insulin may, for immunological reasons, respond with 
increased hypoglycaemia if they are changed unknow- 
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ingly to the same dose of the same pharmacopocial 
preparation of pig insulin”. ; 

The risk arises because ox insulin differs from pig 
(and human) insulin at the eighth and tenth amino- 
acids of its A chain. Pig and human insulin have 
threonine and isoleucine in these positions, but ox 
insulin has alanine and valine. The human serum 
forms antibodies against ox insulin and a proportion 
of each dose is taken up in neutralizing the antibodies. 
If the patient transfers to pig insulin, the antibodies 
have no effect and the same dose of insulin produces a 
larger hypoglycaemic effect. 

The committee recommends that patients should, 
as far as possible, be kept on the same brand of insulin. 
What the advertising agents in other fields call brand 
loyalty would seem to be a safeguard for diabetics. 
In Britain, however, nearly all the supply of insulin is 
taken from cattle, and such pig insulin as there may 
be comes from abroad. Thus there may even be virtue 
in that xenophobic slogan “Buy British”, at least until 
the immunology of insulin is better understood. 


Lister and Jenner 


Some quixotic streak prompted Lord Florey to begin 
his lecture on the seventy-fifth anniversary of the 
foundation of the Lister Institute by talking about 
Jenner. There was no national memorial to Jenner: 
although the Lister Institute itself had once been 
called the Jenner Institute, it had had to abandon the 
name when it was pointed out that a commercial 
organization had a prior claim to it. Jenner’s house 
in Cheltenham was about to be demolished. But Lord 
Florey did suggest a remedy—that international 
vaccination certificates should show their debt to 
the inventor of vaccination by carrying Jenner’s name 
and a short description of his work. They are impor- 
tant documents, said Lord Florey, much more impor- 
tant than passports. 

The work of Lister, he said, was a great experiment 
with man as the subject; no preliminary experiments 
with animals were ever carried out. This was justified 
by the appalling mortality rate and by the despair 
of the surgeons. No one now would wish to return to 
the simple-minded trials of Lister’s day—his controls 
were the patients who died without his antiseptic 
treatment. The “sophistication factor” had made 
modern research very expensive, but advances in 
understanding were always the result of advances in 
technique. Medical research workers should not 
hesitate to spend money—physicists spend more on 
figurative nuts and bolts than biologists do on electron 
microscopes. 

It was difficult to talk about the influence of Lister 
on modern thought, he confessed, because he was no 
longer conversant with all the literature—how could 
one be ? Even Lister had on occasion missed important 
papers, and the problem nowadays was even more 
serious. The simple solution was not to read too much. 
It always seemed as if everything had already been 
done; we were too conscious of the literature, too 
overwhelmed by the priority of discovery. Computers 
could help by supplying at least the titles of published 
articles, but conferences were even better. Lord 
Florey said that scepticism about the value of confer- 
ences in exotic places was a thing of the past; we should 
not be niggardly in supporting small gatherings at 
which ideas could be exchanged at a personal level. 
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‘This kind of support had a habit of disappearing at 


times of austerity. 


„Jenner Museum 
Hore of saving Jenner’s house at Cheltenham now 


seems to be fading. When it became clear, earlier this 
year, that the building of a new road through the 
centre of the town would entail the demolition of the 
house, Jenner’s family, local people and the Society of 
Apothecaries banded together to keep the bulldozers 
away. The council was persuaded to postpone demoli- 


, tion for six months, largely by the energy of the North 


American Jenner House Preservation Society, which 
has its roots in Cheltenham. The Society of Apothe- 
caries asked its members for support, and opened a 
fund for that purpose. But now it seems that there 
is more to be done than to prevent the road from being 
The house itself is in a bad condition, partly 


through natural decay and partly because of vandalism. 
Saving the house may be easy compared with the job 
of putting it in order and keeping it that way. 





Jenner's hut in the grounds of Berkeley Vicarage where he carried out 
his first vaccination. 


This is why the Faculty of the History of Medicine 


= and Pharmacy at the Society of Apothecaries has 








_ decided to transfer its energy to an alternative project 


for creating a Jenner Museum at Berkeley, Gloucester- 
shire, where Jenner carried out his first vaccination on 
May 14, 1769. The intention is to use the hut in the 
grounds of Berkeley Vicarage from which Jenner carried 
out his first experiments as the base for a permanent 
museum. What with the new bridge across the Severn, 
which is nearby, and the ambitious plans for new motor- 
ways in the neighbourhood, it may not be at all un- 
reasonable to build a museum in the country rather 
than in Cheltenham, fifteen miles to the north. 


Parliament in Britain 


ASKING a question in the House of Lords on November 


10 about the Food and Agriculture Organization and 
world hunger, Lord Brockway said that the plan 


presented to the Council of Organization in Rome in 
‘November covered the decades 1965-85, in which 


period it was estimated that world population would 
increase from 3,400 million to 5,000 million. Even 
if the target of the plan was achieved, serious malnutri- 
tion would remain, and, in three-quarters of the 
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earth, the per capita domestic product: would be less 
than £100 per year, compared with £1,000 in the richer 
countries. Lord Brockway thought that birth control . 
might make some contribution to mitigating the 
problem and this was strongly pressed by Baroness 
Summerskill. Lord Brockway himself stressed the 
major importance of increased production in the 
developing countries themselves, and of the expansion 
of trade between developed and developing countries, 
and between developing countries themselves. Lord 
Beswick, replying for the Government, pointed out 
that the annual report, which was also considered in — 
Rome, emphasized that last year food production 
in the developing countries fell, although it had in- — 
creased in North America and, to a lesser extent, in 
Western Europe. The Indicative World Plan, to 
whieh Lord Brockway referred, was not yet complete, — 
but it had been fully encouraged by the British Govern- 
ment, and Lord Beswick thought it should facilitate 
discussions which would assist the fuller utilization 
of world resources. He also referred to the research © 
carried out by the Ministry of Overseas Development 
through its Overseas Liaison Unit at the National — 
Institute of Agricultural Engineering at Silsoe, particu- 

larly in designing and developing a simple hand 

operated paddy transplanter which could promote a 

really significant increase in rice cultivation invmany 

areas. He agreed as to the importance of fisheries 

research and of resources of the arid regions, and the 

work of the United Nations Educational, Scientific 
and Cultural Organization and of the Food and 
Agriculture Organization in both these fields had the 
full support of the British Government. 


In a written answer on November 9, the Minister 
of State at the Department of Education and Science, 
Mr. G. Roberts, said that Science Research Council 
grants to Scottish universities, including the Heriot 
Watt College, totalled £2,630,000 at September 30, 
1966. In replying to questions in the House of Com- 
mons on November 10, the Secretary of State for- 
Education and Science, Mr. A. Crosland, said that. the 

Science Research Council’s policy on postgraduate : 
training, with particular reference to closer collabora- 
tion between universities and industry, was: being 

revised by a working party under Lord Halsbury, 

and that he, the minister, was asking all the research ` 
councils for their views on the Swann report, some ` 
parts of which had already been anticipated by. the 
Science Research Council. He also hoped that, with 
the help of the Council for Scientific Policy, it might 
soon be possible to reach decisions on allocations of 

research grants for a three year period, Questioned _ 
regarding progress in implementing the recommenda- 
tions of the Flowers Committee, Mr. Crosland said that- 
the Computer Board had now been established under 
the chairmanship of Prof. Flowers. The universities 
with KDF9 computers had ordered up-graded machines, 
some of which had been installed and were working. 
The allocation of £3 million for 1966-67 was almost 
entirely committed, as well as £2 million of the alloca- 

tion for 1967-68. The Computer Board was discussing 
with the universities the programme for the years 
ahead, the principles which should govern the proposed 


regional centres, and the provision of adequate soft- 


ware for the computers now being installed in univer 
ties. $ 
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University News: — ee -Aberdeen 
Mr. R. E: H. MELLOR has been appointed to the chair 
of geography. 

Edinburgh 


Dr. A. 8. Duxcan has been appointed to a personal chair 
of medical education, the first chair of its title in Britain, 
and Dr. C. B. Wilson, at present head of the Building 
Climatology Research Unit in the University of Liverpool, 
has been appointed to the new post of director of building 
physics in the Department of Civil Engineering. 


Kent 


Dr. D, J. BARTHOLOMEW, senior lecturer in statistics in 
the University College of Wales at Aberystwyth, has been 
appointed professor of statistics. The following titles have 
also been conferred: professorships, Dr. E. F. Caldin 
(physical chemistry); Dr. G. Rickayzen (theoretical 
physics). 
Miami 
. Pror. W, J. WHELAN, at present professor of biochemistry 
in the University of London and head of the Department 
of Biochemistry at the Royal Free Hospital School of 
Medicine, has been appointed chairman of the Depart- 
ment of Biochemistry in the University of Miami, Florida. 


Reading 


‘Tag establishment of a chair in applied optics has been 
made possible by a £105,000 donation from the Taylor 
‘Hobson Division of the Rank Organization. It is hoped 
* the first appointment will be made from October 1, 1967. 


Strathclyde 


Dr. D. 8. Ross, senior lecturer in production engineering, 
has been appointed to the new chair of production 
engineering in the Department of Mechanical Engineering. 


Appointments 


Dr. J. V. BYRNE, professor of oceanography at Oregon 
State. University, has accepted a one-year appointment 
as programme director for oceanography in the Divisien 
of Environmental Sciences at the National Science 
Foundation in Washington, D.C. 


Announcements 


Tut Bristol College of Science and Technology at Bath 
is to establish a Marine Geophysics Unit under Dr. W. D. 
Chesterman. The Unit will be chiefly concerned with 
ultrasonic studies of the continental shelf around the 
British Isles, and hopes to collaborate with other univer- 
sities and with the Admiralty Hydrographic Service. 


A COMMITTEE on Public Engineering Policy has been 
formed to provide policy guidance to the U.S. National 
Academy of Engineering in its official capacity as adviser 
to the Federal Government on matters of national interest 
- pertinent to engineering, and also to initiate studies dealing 
- with major policy questions in all fields of engineering, 
and to review reports prepared by other committees 
“organized by the National Academy of Engineering 
that deal with matters of public policy. Dr. C. STARR, 
'-viee-president of North American Aviation, Inc., is 
chairman of the committee, and the following members 
-chave also been appointed: L. L. BERANEK, president of 
© Bolt Beranek and Newman, Inc.; P, E. Haccerry, presi- 
‘dent of Texas Instruments, Inc.; H. T. HEALD, partner 
in Heald, Hobson and Associates; F. A. L. HOLEOWAY, 
= president of Esso Research and Engineering Company; 
J. R. PIERCE, executive director of research, Communica- 
tions Seiences Division, Bell Telephone Laboratories, 
Ine.; 8. Ramo, vice-chairman of the board, TRW, Inc. 
Dr. Starr has also been appointed dean of engineering 
in the University of California as from January 1, 1967. 
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Kopak, Lrp., is to make a new series of awards in the 
form of financial grants to individuals for advanced 
studies in photography and its applications. The purpose 
of the awards is to stimulate original thought on problems 
relating to the photographic process and to extend the 
use of photography in other fields. Further information 
can be obtained from the Administrator, Kodak Awards, 
Kodak House, Kingsway, London, W.C.2. 


A NEW international journal, entitled Mathematical Bio- 
sciences, is to be published quarterly by American 
Elsevier Publishing Company, the first issue appearing 
in January 1967. The journal will publish mathematical 
papers of both research and expository type devoted to 
the formulation, analysis and numerical solution ef 
mathematical models in the biosciences, including biology. 
physiology, bioengineering, ecology, as well as psychology. 
A CENTRE for documentation on crystal structure was 
established last year at Montpellier by the Centre National 
de la Recherche Scientifique. The first task undertaken 
by the centre has been the establishment of an index of 
university or industrial laboratories concerned with the 
production of different types of crystal not only in France 
but also abroad. The centre wishes to extend its contacts 
with other countries, and further information can be 
obtained from Madame le Professeur A. M. Vergnoux, 
Département de Physique Cristalline, Faculté des 
Sciences, Chemin des Brusses, 34-Montpellier. 


THE first summer rencontres in mathematics and physics 
will take place at the Battelle Seattle Center during July 
16-31. The chief topics in 1967 will be differential geo- 
metry, topology, relativity and Feynman graphs. Further 
information can be obtained from C. DeWitt, Department 
of Physics, University of North Carolina, Chapel Hill, 
North Carolina 27514. 


Erratum. On p. 557 of the November 5 issue of Nature 
the name of Prof. P. W. Brian, whose appointment as a 
member of the Agricultural Research Council and election 
as an ordinary member of Council of the Royal Society 
of Edinburgh were both announced, was twice mis-spelt 
and appeared as Prof. P. W. Brain. 


CORRESPONDENCE 


Men in Wrong Places 


Sir,—The publication of the Interim Report of the Work- 
ing Party on Manpower Parameters for Scientific Growth 


(Swann Report) will doubtless spark off, in all sorts of ” 


minds, all sorts of bright ideas and gimmicks for resolving 
the apparent conflict between the ‘‘wishes of the indi- 
vidual and the needs of society” (your leader of 15th 
October 1966). 

To how many of them will it occur that the most 
economical, quick and effective way of doing this is to 
use existing machinery, namely, university appointments 
boards, which need just a little better tools to do a much 
better job ? 

Lest this should seem a novel idea to any of your 
readers, I ought perhaps to explain that a university 
appointments officer spends most of his days not in 
compiling statistics of what has happened historically 
to graduates for the Manpower Resources Committee to 
misconstrue, but in explaining the needs of society to 
undergraduate and graduate students (if they don’t think 
it beneath their dignity to consult him); and that the 
great majority find that the supposed conflict was only 
apparent after all. 

Yours, ete., 
H. V. WALTERS 
The Appointments Board, 
Universities of Newcastle and Durham. 
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FIFTY YEARS OF GLASS TECHNOLOGY 


By Pror, R. W. DOUGLAS 
Department of Glass Technology, University of Sheffield 


At the outbreak of war countries Invariably find themselves without internal supplies 


of many essential commoditles. 


In Britain In 1914 this was certainly so for optical 


glass and glass for chemical apparatus. Under the Initlative of the active W. E. S. 
Turner an advisory committee was set up by the University of Sheffield to give 


scientific help to industrial concerns in sudden need of glass. 


In [915 a Department 


of Glass Manufacture was established at that unlversity, and in 1916, again under 
Turner’s Initiative, a Society of Glass Technology was created. On November 9 In 
Sheffield, its birthplace, the society celebrated its jubilee. 


Wuaw the First World War broke out, Britain found 
herself without internal supplies of many essential com- 
modities, among which optical glass and glass for chemical 
apparatus were prominent. One result was that a research 
commuttee under Dr. Herbert Jackson was set up jointly 
by the Institute of Chemistry and the Society of Public 
Analysts. At the same time the National Physical 
Laboratory had a department working on glass problems. 
The most enduring move in this field, however, was made 
by the University of Sheffield, which formed an advisory 
committee to give scientific help to industrial concerns in 
sudden need of it. The initiative came from the late 
W. E. 8. Turner, then lecturer in physical chemistry, 
who had shown great interest in the application of science 
to industry since his appointment in 1905, and who had 
already written a series of articles on this topic in The 
Sheffield Telegraph'—articles which have by no means 
lost their freshness today. 

Turner became Secretary of the advisory committee, 
and from the enquiries dealt with, it soon became evident 
that many glass manufacturers in Yorkshire and, indeed, 
further afield, were in great need of scientific help. In 
1915 a Department of Glass Manufacture was established 
in the University of Sheffield with Turner as its head; 
its name was soon changed, at Turner’s suggestion, to the 
Department of Glass Technology. The department was 
established with the co-operation and support of the 
industry and its functions included research for, and 
advice to, the industry in addition to those traditional to 
a university department. A separate Glass Research 
Association, which had been established in 1919, came 
to an end m 1926 and the department was soon the only 
public co-operative body serving the glass industry. 
Its unique dual function continued for forty years. It 
was not until 1955 that changed circumstances, particu- 
larly financial pressures, led to its division between the 
present University department at the University of 
Sheffield and the British Glass Industry Research Associs- 
tion. Even so, the two institutions continue to be closely 
associated both geographically and in their work. 

Turner was a men of vision who saw very clearly how 
industry should grasp and apply the knowledge of pure 
science and, in turn, should feed back to the scientist 
problems which might stimulate further scientific ad- 
vances. Clearly one of the first needs for his department 
and for the industry was a means of communication, and 
in 1916, on his initiative, the Society of Glass Technology 
was created. 


Fifty Years of Advances 


The period of fifty years nearly coincides with the 
development of the industry from a primitive craft, 
almost unchanged for 2,000 years, to an industry which 
is as mechanized as any other and on which other highly 
mechanized industries depend. At one end of the plant 
the raw materials, mainly sand, limestone and soda ash, 


are unloaded into silos from which they are withdrawn 
and weighed automatically, mixed, and conveyed mechani- 
cally to an automatically controlled furnace. A typical 
furnace will hold 300 tons of molten glass if it is in a 
container factory or up to 2,000 tons if sheet glass 18 
being drawn from it. 

In the container factory, “gobs” of glass, each weighing 
a few ounces and sufficient to make one container—a 
glass bottle, perhaps—will be dropped from the furnace 
at a rate equivalent to about 100 tons a day. They fall 
into the forming machines from which the finished con- 
tainers are transferred mechanically to the annealing 
lehr. Not until inspection at the end of that lehr is the 
ware touched by hand and increasing effort is now being 
exerted to mechanize even the final states of inspection 
and packing. 

Such a complex industrial system is operated most 
efficiently in a constant environment. The raw materials 
must be uniform in composition and particle size, the 
mixing must be efficient and the furnaces must be con- 
trolled to give a supply of glass of constant composition 
at a constant temperature. Preferably the system must 
operate for long periods, producing containers of the same 
size and shape. 

The suppliers of raw materials have made their contribu- 
tions to the efficient operation of a glass manufacturing 
system. Management techniques have also advanced to 
assist in the planning of production programmes, and 
improvements of refractory materials, furnace control, 
machines and the design of annealing lehrs have all played 
essential parts in the changes of recent years. Much 
development has been helped by modern instrumentation: 
to give but one example, cobalt-60 is now used in a device 
which measures the level of glass in a tank furnace and 
which can be arranged to adjust the rate at which the 
batch is fed to the furnace. 

This progress would not have been possible if there had 
not been commercial markets and capital as well as 
scientific ideas and improved equipment. Almost any 
part of the pattern of development can be shown to have 
been influenced by many factors. In what follows, I 
shall take one simple detail and trace its influence on the 
history of research and development in glass technology 
during the past fifty years; the source books for this 
story are the volumes of the Journal of the Sooiety of 
Glass Technology. 


Sands for Glass 


Nearly half the pages of the first volume of the Journal 
for 1917 are taken up with articles on sands for glass 
making. Boswell* summarized the results of a geological 
survey he had made of the sand deposits in the United 
Kingdom which might be used for making glass but, in 
retrospect, it can be seen that he took an optimistic view 
of the quality of British sands. Nevertheless, develop- 
ments in the treatment of suitable sands have made 
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possible at least a partial supply of this important raw 
material from British sources. In the same volume, 
Peddle*® wrote on the preparation of glass making sands, 
and in the discussion of his paper it was pointed out that 
sand merchants could not possibly find money to finance 
the installation of even the simplest equipment for 
washing the sand with water as well as actually to win 
the sand. 

The quality of the finished product, however, had to be 
kept to an increasingly high standard. Glass has often 
to be as nearly colourless as is economically possible. 
But iron causes an undesirable greenish colour and there- 
fore supplies of sand with low iron content were in demand. 

The first version of specification of sand for glass making 
produced by the Society of Glass Technology, published 
in 1935 (ref. 4), defined the desirable limits of iron oon- 
tamination as follows. 


Maximum content 
of Fe,0, (per cent) 
Sand for best colourless glass 0 02 
Sand for colourless bottles 0-04 


In addition titanium dioxide was not to exceed 0-1 per 
cent, cobalt was to be absent and all other colouring 
oxides were not to exceed 0-01 per cent. 
The 1954 revision of this specification’ suggested the 
following limits 
Maximum content 


(per cent 

reds hno, 
Sand for fine grade optical 0-008 0-0001 
Sand for te phon glam 0-018 0-0002 
Sand for colourless containers 008 0-0005 


Sand is a relatively cheap commodity, and so it cannot 
carry high freight charges. It therefore became cheaper 
to purify certain indigenous sands than to carry purer 
sands for a considerable distance. In the United Kingdom 
the processing of sand for glass making, as distinct from 
simple water washing, is almost exactly thirty years old; 
the first plant for chemical processing was erected at the 
King’s Lynn quarries of Joseph Boam, Ltd., in 1936. 
This process was developed by F. Adams—a metallurgist 
working as a chemist in a container glass works. The 
war years of 1939-45 gave a stimulus to the production of 
glass sand, and by suitable treatment much sand otherwise 
useless for high quality glass was obtained from home 
sources, but it was not until after the Second World War 
that new developments in large scale processing became 
possible. 

In 1956 Segrove® described the plant at the Red Hill 
sand quarries. Over-sized and under-sized impurities 
which are liable to lead to inhomogeneity in the glass 
melt have first to be removed. Next, the iron and chrom- 
ium oxides, the impunties likely to impart undesirable 
colours to glass, have to be reduced to tolerable propor- 
tions. The chief problem is iron, some of which is carried 
in clay matter which 1s removed by a settling process in 
water; the clay dispersion is carried away and the 
washed sand left behind, but even so the sand always 
carries some minerals other than quartz. These form the 
“heavy mineral’? fraction, which consists usually of 
particles of iron oxide, ilmenite, rutile, zirconium minerals 
and sometimes chromite and pyrites. After water-wash- 
ing, the Red Hill sand contains between 0-06 per cent and 
0-07 per cent of iron and 10-20 parts per million (p.p.m.) 
of chromium oxide, Cr,O;. It is then treated with sodium 
hyposulphite and hydrofluoric acid to remove iron held 
in the surface layer of the quartz grains, known as iron 
stains. After this treatment the content of iron will lie 
between 0-04 per cent and 0-05 per cent while the chrom- 
ium content is unchanged. The sand is then treated by a 
froth flotation process which reduces the iron content to 
between 0-025 per cent and 0-03 per cent, and the chrom- 
ium to 2-6 p.p.m. 

The contributions to these developments from sources 
outside the-industry have been conspicuous. The econo- 
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mic growth of the sand winning companies themselves, 
usually as parte of larger companies with other major 
interests, meant that they could then afford to spend 
money on cleansing plant; the discovery of froth flotation 
and the development of instrumentation, such as pH 
meters, have all been necessary to make the processing 
of sand feasible. 


Glass without Colour 


Even with the iron in sand reduced to 0-025 per cent, 
the glassware which results has a greenish tint which is 
undesirable in the food container market, and it is custom- 
ary to add amall amounts of ingredients collectively known 
as “‘decolorizers” to the glass. Selenium is an mpor- 
tant component in these decolorizers. 

In 1951 there was a great shortage of selenium. The 
British industry was using between 20 and 25 tons a year 
and prices rose to nearly £20/lb., so that the industry 
had to spend more than £1 million on selenium, which 
gave edge to the desire to economize in the use of selenium. 
At that time competition from rival containers such as 
metal cans and plastics was also beginning to increase, 
so that loss of quality and of consumer sppeal was 
unthinkable. 

A paper published in 1952 describes the measures taken 
by one large manufacturer of containers to reduce the 
consumption of selenium’. Starting with sand containing 
0-025 per cent Fe,O,;, it was found that contamination 
during the preparation of the batch and during the 
melting process led to an increase of the iron content to 
0-044 per cent. Clearly, if any advantage is to be found 
from the use of the decolorizing agents, good housekeeping 
is necessary to keep the iron content low. 

Small quantities of arsenic and sodium nitrate are also 
added to the batch, not only because they have an impor- 
tant part in the decolorizing but also because they act as 
refining agents in helping to lessen the number of small 
bubbles in the finished glass. 

Arsenic is a redox oxide—an oxide which can exist m 
the glass ın two states of oxidation—and can act as a 
kind of reservoir of oxygen during the melting process; 
sodium nitrate is added to mamtain oxidizing conditions, 
and the amount used varies with the content of organic 
matter in the batch. These additions ensure that the 
majority of the iron is in the ferric state. It has been 
found that if too much arsenic is used the consumption of 
selenium increases; for each ton of batch, 1 Ib. of arsenic 
and 0-2 oz. of selenium are found to be desirable. Selenium 
must be kept in a reduced state if it is to provide the 
pink coloration necessary to neutralize the green due to 
the residual iron; an excess of nitrate would also increase 
the amount of selenium necessary. About 10 1b. of sodium 
nitrate/ton is desirable. If the oxidation conditions are 
not correct, the selenium may be converted to selenium 
dioxide, which is colourless, or it may be lost by volatiliza- 
tion. It must be said, however, that a really quantitative 
understanding of the colouring due to selenium has not 
yet been worked out. 


Transition Metal lons in Glasses 


So much for the direct practical approach; can more 
be learnt from a more fundamental or theoretical ap- 
proach ? Although the theoretical approach as yet has 
contributed little new to the commercial decolorization 
of glass, it has led to a deeper understanding of other 
aspects of the making and use of glasses. 

It may be asked why the solution of the problems which 
are clearly concerned with absorptions as a result of 
colouring ions and with the oxidation-reduction conditions 
in the glass was not readily to hand. Chemical determina- 
tions of the amount and state of oxidation of iron in glass 
were being systematically made. In the early fifties, 
under H. Moore, the second professor of glass technology 
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in Sheffield®-°, work was being carried out on the mag- 
netic susceptibility of glasses containing iron, and quanti- 
tative studies of the absorption in the visible range of 
the spectrum were begun. One of the first double beam 
spectrophotometers available (the “Hardy” instrument) 
was used; however, the instrument depended for its 
operation on polarizing prisms and was therefore limited 
in operation to the range 4,000-10,000 A. A little later, 
spectrophotometers with much greater ranges became 
available, so that the absorptions of glasses could be 
studied from the ultra-violet cut-off to the infra-red 
vibrational absorptions. 

Coloured glasses were traditionally prepared by includ- 
ing various ions of transition metals in the recipes, an 
Weyl, in his book on coloured glasses, interpreted the 
colours in terms of the various valence states of the ions 
and their co-ordination by oxygen. This interpretation, 
based on analogy with the colours of crystals and solutions, 
met with considerable success, but the quantitative inter- 
pretation of the absorptions was not possible until ligand 
field theory became available. This theory gave good 
guidance as to where in the spectrum to look for the 
absorption bands, and an indication of how intense the 
bands might be, while the new instruments made it pos- 
sible to find them. 


(Crt*/Or*+) 





80 
Mol. per cent alkali oxide 


Chromium is present ın simple alkalı-silicate glasses as both 
hexavalent and trivalent ions. proportion of these, one to the 


Fig. 1. 


es according to the r, of alkali oxide preseni. The 
lusteation hone that the content of the hexavalent lon increases with 

increasing proport on ot alkalide oxide and as the alkali is changed 
lithium to otasmum. (The were founded at 1,400° O 
and brought tosd oah rium with air. measurements were made at 
room temperature.) 


During the past decade ligand field theory has become 
an established part of inorganic chemistry, but a brief 
summary of the relevant results may be helpful. The 
theory predicts certain absorption bands which may be 
characterized by extinction coefficients measured at the 
absorption maxima and defined as follows. 


I = I, exp (—ecd) 


where J and J, are the transmitted and initial intensities, 
o is the concentration of the absorbing ion in g moles/l., 
d is the optical path in cm, and e is the extinction coefficient 
in 1./mole om. 

With this definition, the bands predicted for octahedral 
and tetrahedral complexes can be grouped according to 
the order of magnitude of s expected as in Table 1. 


Table 1 
Transition metal ion in Order of magnitude of = 
Octahedral co-ordination Bpin forbidden 107 


Spin allowed 10 
Tetrahedral co-ordination Spin forbidden 1 


Spin allowed 10° 
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The absorptions dealt with by ligand field theory are 
subject to selection rules. Some also involve levels of 
different spin multiplicity. But all that matters here 
are the magnitudes of e. (Fuller accounts of this work, 
much of which has been done in the Department of Glass 
Technology at Sheffield, can be found in the Journal of 
the Sooiety of Glass Technology and Physics and Chemisiry 
of Glasses!) 


Transmission (per cent) 





600 
Wavelength (my) 


Fig. 2. The presence in glasses of traces of some metallic ions, mole 


700 


chromiam and tron, can have a considerable effect on clearness and 

colour. Ripa effects can be compensated for by the addition of various 
“Tefining agents”. The tra shown in the illustration are for glasses 
founded at 1,400° © which contain 0-10 per cent Cr,0, and various 


inations of refining agents: 
As,0, added Na,O added as 
Melt No. (per cent) NaO (per cent) 
870 0 9 
871 0 60 
872 0-5 50 
873 05 0 
400 05 10 


Most reduced glasses show olear 
parent as troughs) at about 
chromium (TH) ion. As the 
the very intense absorption of chromium lons at 360 my masks tho 
450 myi band: of the chromium (IUO) ions but the 650 mu ba: band remaina 
unaffected. A small spin forbidden band can be seen superimposed on 
650 my absorption. (All specimens were of the ia 


By way of illustration, some absorption curves for 
chromium will be considered. Chromium exists in 
normal glasses partly in the hexavalent and partly in the 
trivalent forms. Fig. 1 shows how in the simple bi 
silicate glasses brought to equilibrium with air at 1,400° C, 
the hexavalent chromium increases in proportion as the 
alkali content is increased and as the alkali changes from 
lithium through sodium to potassium. In Fig. 2 ıs shown 
a series of absorption curves for different ratios of hexa- 
valent and trivalent chromium in glasses, obtained by 
adjusting the redox conditions during melting. The 
absorption in the region 600 myp—700 my results from 
trivalent chromium alone. Hexavalent chromium has 
strong absorption in the ultra-violet and the tail of this 
absorption is shown in glasses 372 and 371. The absence 
of this absorption in glass 373 shows that the chromium 
it contains 1s predominantly trivalent. There is excellent 
agreement between the absorption spectrum of the glass 
and a suitably chosen acid solution as shown in Fig. 3. 
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Fig. 3 also shows two spin allowed absorption peaks at 
450 mu and 650 mu and, superimposed on the 650 mp 
peak, two spin forbidden peaks at 636 my and 686 mu. 
The extinction coefficient of the 650 peak is found to be 
18-5 l./mole cm and it is clear that the spin forbidden 
extinction coefficient must be between 0-1 and 1. The 
relative position of the peaks is as predicted for chromium 
(II) in octahedral co-ordination. 


Transmission (per cent) 
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. 3. The absorption of glasses can be simulated suitably chosen 
ith solutions to which chromium lons have en added. The 
iustration shows a comparison of the absorption curves of chromium 

in soda-lime silice glass with a solution of 20 per cent water and 

per cent sulphurio acid, each containing the same concentration of 

chromium (MI). The spectra indicate re the chromium is in oota- 
ation. 


Hexavalent chromium has no d electrons and the absorp- 
tions to which it gives rise fall outside hgand field theory. 
They are typical of charge transfer bands with extinction 
coefficients of 10°-10‘, and are situated in the ultra- 
violet region. 


Iron Absorption Bands 


This is a suitable preparation for considering the 
absorptions due to iron. The ligand field theory suggesta 
that for ferrous iron there will be a “spun allowed” band 
in the near infra-red, which should therefore have an 
extinction coefficient between | and 100. In fact a band 
with an absorption maximum at about lu and with an 
extinction coefficient of 29 1./mole cm 18 found in soda- 
silica and soda-lime-silica glasses. 

For the ferrie ion, the ground state is of different spin 
multiplicity from the other levels and any ligand field 
bands will have very small extinction coefficients of 
about 0-1 l./mole cm. Because the ferric ion can be in 
either octahedral or tetrahedral co-ordination, two possible 
sets of bands have to be considered, but because the ion 
has five d electrons two bands are common to both sete as 
shown in Table 2. 

Fig. 4 gives the optical density as a function of wave- 
length for a simple soda-silica glass containing 0-028 per 
cent ferrous and 0-23 per cent ferric iron (expressed as 
FeO and Fe,0,, respectively). The most obvious features 
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are the broad absorption centred at lu due to ferrous iron, 
and the sharp increase in absorption in the ultra-violet 
which is the edge of a very strong charge-transfer absorp- 
tion centred at 230 my with an extinction coefficient of 
about 7,000 1./mole cm (ref. 13). 

The small absorption peaks at 380 mp and about 430 
mp are the predicted ligand field peaks. It appears 
that the peak expected for tetrahedral ferric iron at 500 
mp is absent, but there is also little evidence of a peak 
at 570 mp that would arise from octahedral ferric 
iron; any small absorption at 730 mp will be masked by 
the ferrous band. 


Table 2, LIGAND FIELD PREDICTIONS FOR FHRRIO TRON 


Calculated poaltlon Valence Co-ordination 
(eV) (ma) state Transition symmetry 

1887 785 Iron (ID TT. (@ Octahedral 
2:175 570 a6: TT, (@) ” 
2908 427 » Ti—T, ‘T, (G) ” 
8-263 880 ” TtT (D) ” 
2-48 500 a TL. T. (@) Tetrahedral 
266 446 es *T'—T, (@) ” 
2008 427 ù TT, T, (G) » 
8-263 380 as T-T, (D) » 
The additional evidence necessary to unravel this 


problem may come from observations from electron spin 
resonance, but already it is clear how this information 
illuminates technological practice. So far as colours 
caused by iron in commercial glasses are concerned, it is 
only the tail of the charge transfer band ın the ultra-violet 
and the tail of the broad band at lu due to ferrous iron 
which are important. Quantitative figures show that the 
contribution from ferrous iron is stronger than that due to 
ferric over most of the visible spectrum, which confirms 
the view that oxidizing conditions are desirable for the 
decolorization of glass (Steele, F. N., unpublished work). 


900 
4 (mu) 


Fig. 4. The illustration shows the effect of fron 10ns on the optical 
density of a soda—lime~ailica glass containing 0 028 per cent FeO and 0 28 
per cent Fe,0,. The broad al tion centred at 1,050 my (here it appears 
at a peak) ig due to ferrous iron. apparent cut-off at short wavelength 
18 the of a very intense band due to iron (OT) 10ns at 200 my Super- 
am on the cut-off are small spin forbidden bands at my and 
480 my which are due to iron ( ons. In a more detailed absorption 
curve the spin forbidden band indicates that the iron (III) is in tetra- 
hedral co-ordination altho 1n some it is present ın both tetra- 
hedral and oo! co-ordination. 


800 500 700 1,100 1,800 1,500 


The other contributions of redox oxides, such as As,O;, 
to the melting of glass and the so-called refining action, 
although at present not great technological problems, are 
also being investigated in the laboratory. Two such 
more or leas indirect benefits of the investigations of iron 
can be quoted by way of illustration. 


The Light Pipe 
Theoretical and experimental studies!‘ indicate that a 
composite fibre of glassy materials, with one glass forming 
@ core with a diameter roughly equal to the wavelength 
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and covered by another glass to bring the overall diameter 
up to about 100 wavelengths, may be a practicable 
optical waveguide with important potentiality as a new 
medium of communication. The refractive index of the 
core needs to be about 1 per cent greater than that of the 
cladding. The radiation travels outside the core, but the 
change of refractive index causes the wave front to bend 
towards the axis so that it is guided along the pipe. If 
optical radiation is used as the carrier frequency in such 
a device, the information capacity of the cable would be in 
excess of 10° c/s, so that it would be possible to convey 
simultaneously several bundred thousand telephone 
conversations. Unless the iron content of the glass could 
be made extremely small, however, the beam would be 
too rapidly attenuated. From the data available about 
the extinction coefficients of the ferrous and ferric irons 
as functions of wavelength, it is possible to estimate 
that if the iron content of the glass can be reduced to 
about 1 p.p.m., then the light cable may be a practical 
proposition. There are also scattering losses to be con- 
sidered, but again information which has become avaiable 
from studies of the nucleation of crystals in glass suggests 
that these may not be insuperable. 


Heat Transfer Problems 


A second example of the use of this more fundamental 
study of the absorptions due to iron is from the glass 
industry iteelf. Glass is normally melted in tank furnaces 
which may contain between 300 tons and 2,000 tons of 
glass and in which the melt may be between 3 ft. and 
5 ft. deep. Normally such tanks of glass are heated by 
oil or gas flames which burn above the surface of the glass, 
and, therefore, to raise the temperature, heat must be 
transmitted through the glass itself. It was soon clear 
that convection and normal thermal conduction could not 
account for the heat flux which obviously exists. The 
solution to this conundrum was readily available. The 
efficiency of the energy transfer is due to the phenomenon 
known as radiation conductivity, by which is meant the 
transfer of radiant energy by partial absorption in a layer 
of the glass and the subsequent radiation of energy 
according to the temperature which it has acquired. Sir 
Arthur Schuster gave the necessary mathematics in 4 
discussion of the radiative transfer of heat in hot stars 





Fig. 5. Investigations of the 
temperature have led to the fin that the thermal conductivi 
with the thickness. From this it appears the eneak ie manami ted hrough 
the glass not merely by convection and normal thermal condustion but 
aleo—and more effectively—by the process rocess of “radiation conductivity”. 
When the temperature mses above about 600° O radiative transfer occurs 
in glass by the absorption of radiation and re-emussion according to the 
local temperature tion bathe gtd Increases as the cube of the 
absolute perature and Inversely as the absorption coefficient. The 

boundary conditions result in normal thermal conductivity taking over, 
thus giving neo rise toa ead steep temperature lent near surfaces. The 
effect can be seen in the illustration, in which the vertical axis represents 

temperature and the horizontal axis the thickness of the slab. 


go of heat through glass at high 
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published in 1903 (ref. 17). It was not until the early 
fifties that similar mathematical treatments were applied 
to the problems of the glass industry. 

An approximate expression for the radiation conductiv- 
ity inside a mass of glass is 8rn%c0*/a where n is the 
refractive index, o is the Stefan constant, 6 is the absolute 
temperature, and « is the absorption coefficient defined 
by I = I exp (—ad), where d is the thickness. The 
ene of maximum black body radiation approaches 
the short infra-red at temperatures of about 1,400° C 
so that the absorption due to the ferrous iron is of great 
unportance in the process of radiation conductivity. 
which decreases as the absorption coefficient increases. 
This has led one large manufacturer of flat glass to control 
the amount of ferrous iron by optical measurement as a 
matter of routine; if it seems that the state of oxidation 
is changing, suitable adjustments to the batch are made. 

Radiation conductivity mcreases roughly as the cube 
of the temperature, and therefore it is not important 
until fairly elevated temperatures are reached, although 
it has an appreciable effect at temperatures as low as 
600° C. Associated with the phenomenon of radiation 
conductivity is an important contribution from boundary 
effects. To be equal in radiative flux, two different 
materials will usually have to be at different temperatures, 
and if only radiation is considered, there must be a dis- 
continuous change of temperature at any boundary 
between two materials. Such a discontinuity of tempera- 
ture cannot exist because of the ordinary processes of 
thermal conductivity; thus even in the steady state, the 
thermal gradient is much steeper near the boundaries of a 
piece of hot glass than at the centre (Fig. 5). At tempera- 
tures where radiation is important, measurements of 
thermal conductivity from the difference of temperature 
on the two sides of a block of glass and the heat con- 
ducted through the glass will give apparently different 
values as the thickness of the glass changes. The thicker 
the glass, the higher will be the apparent thermal con- 
ductivity, and this is indeed what is found as can be seen 
from Table 3, which is a collection made by Gardon?! of 
results obtained by various workers. 


Table 8. APPARENT THERMAL CONDUCTIVITIES OF PLATS GLASS at 600° U 


k (cal/em °0) 
et True thermal conductivity (assumed) 0 002 
B) Radiatrve conductivity in interior of a large 0-0124 
mass of glass (calculated 
O) A nt conductivities found from 
(1) Steady-state ents with a 
0-45 cm wall thickness cylinder 0 0022 
0-5 om thick plate 0-088 
0-9 cm wall thickness cylinder 0-0039 
1-8 cm wall thickness cylinder 0 0055 
2 zoe om preg pito 0:004 0 905 
(2) Periodo “heat Bow ow experiments with 8-3 em 0 0088 
radius cylinder 


Science and Technology 


Probloms of heat transfer are fundamental to glass 
fabrication processes, which may be said to be designed 
to take advantage, through the agency of heat transfer. 
of the manner in which the viscosity increases rapidly 
with decreasing temperature. The hand craftsman in 
making a jug or & vase does not so much control the 
removal of heat as adjust his blowing and shaping to a 
pattern dictated by the rate at which the glass cools. 
In the machine, the temperature of the mould and its 
surface condition largely determine the removal of heat; 
much remains, however, to be discovered about heat 
transfer across the contact surface between glass and 
metal. 

This account of iron in glass is meant to illustrate and 
emphasize the interaction of science and commerce in 
the shaping of technology. Other technologies could 
provide their own examples. The ever increasing subject 
matter of science and the growing size of industrial units 
make it imperative that some people shall feel it thoir 
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vocation to stand as interpreters and users of scientific 
discoveries on one hand, and as discoverers of the funda- 
mental scientific problems of the industry on tho other. 
Although these tasks may now appear to be drawn on & 
larger canvas, they are really not very different from those 
which were apparent to Turner fifty years ago. In the 
absence of men willing to accept these challenges, much 
of the new knowledge must le unused. 

Perhaps Turner’s greatest gift to glass technology was 
the Journal of the Society of Glase Technology. It was 
natural that Volume 1 should be confined to the topics of 
immediate interest ın 1917. As well as the papers on sands 
for glass making, there were articles on the actions of 
chemical reagents on glass surfaces, the annealing of glass 
and refractory materials. The Journal continued to appear 
in the original format until 1960 when it was decided to 
split it into two parts which came to be called Glass 
Technology and the Physics and Chemistry of Glasses, the 
first devoted chiefly to manufacturing processes and the 
second to the study of glasses as materials. To mention 
only a few titles taken at random from the 1965 volumes, 
Glass Technology contained papers on the corrosion of 
refractories, furnace operation, devitrification and batch 
reactions, while subjects included in Physics and Chemis- 
try of Glasses were the diffusion of sodium ions in silicate 
glasses, the interpretation of the infra-red spectra of 
boron oxide and alkali borate glasses, the volume relaxa- 
tion of zino chloride glass and the densification of glass 
at very high pressure. 

It is fortunate that frequently the subject matter of the 
two new journals appears to overlap, for although their 
division has proved to be advantageous in most respects, 
no opportunity should be lost to remind readers that the 
use of the fundamental sciences to understand the proper- 
ties of this fascinating class of materials will not make 
its full umpact on the technology unless specific attempts 
are made to use the results of the laboratory and theoreti- 
cal investigations. Individuals who have both a know- 
ledge of the science of the materials and of the needs of 
the technology are necessary to ensure the full achievement 
of the research work. These were the kind of people 
whom Turner had in mind when he vented the term 
“glass technologist”. 
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BOOK REVIEWS 


ASTRONOMY OLD AND NEW 


Vistas in Astronomy 

Vol. 7: Prehistory, Spectroscopy, Statistics, Evolution. 
Pp. viit+ 208. 84s. net. Vol. 8: Aspects of Stellar Evolu- 
tion. Edited by Arthur Beer and K. A. Strand. (Pro- 
ceedings of a conference held in honour of Ejnar Hertz- 
sprung at Flagstaff, Arizona, June 22-24, 1964.) Pp. 
xi +232. 1008. net. (London and New York: Pergamon 
Press, Ltd., 1966.) 


STONEHENGE and Callanish have made us realize that 
Neolithic society contained an élite of astronomers. Not 
only did they understand the sequences of Sun and Moon 
rising and setting at varying points on the horizon, and 
the relation of star rise times to the solar time throughout 
the year; thoy were able also to relato eclipses occurring 
many years apart, and to predict further occurrences. Bo 
say the latest computations of Hawkins (Nature, 202, 
1258; 1964) and of Hoyle (ibid., 211, 424; 1966). We are 
left to worry about the means of transmutting numerical 
information from generation to generation, and some may 
be led to doubt that any astronomical significance at all 
should be attached to these megaliths. Might it not be 
mere chance that the number of holes in the Stonehenge 
Ting is 56, the first mteger close to a multiple of the 
eclipse cycle of 18-6 years? Is there really anything but 
chance ın the various sighting lines, apart from the well 
known midsummer Sun rising ? 

The eclipse prediction may be debatable, but the 
presence of the sighting lines must now be undeniable. 
Prof. Thom, m the most important contribution to 
Volume 7, Vistas in Astronomy, gives an analysis of more 
than one hundred sites in Britain with standing stones in 
rings, or lines, or related to distant prominent peaks or 
islands. The intersection of the sighting lines with the 
horizon defines the dechnation of a msing or setting 
heavenly body, and Prof. Thom has shown that these 
declinations are grouped astonishingly well around those 
of the Sun at equinoxes and solstices, and of the bright 
stars, at an epoch near 1800 B.o. The accuracy is such 
that there are separate groupings on the left and right 
limbs of the Sun; such precision allows one to date the 
sites within a few hundred years because of the necessary 
corrections for precession, or again to demonstrate the 
extinction angle of the bright stars as they rose and set. 

By a happy chance, Volume 8 begins with an equally 
readable and enjoyable account of modern astronomy by 
Prof. Schwarzchild. This is an introduction to the pro- 
ceedings of a conference held in 1964 in honour of Ejnar 
Hertzsprung, aged 91 at the time. In the course of 4,000 
years positional accuracy has improved from about one 
quarter of a degree to a few hundredths of a second of arc; 
one reflects on the continuity of intellectual spirit over so 
many generations and under such differing conditions. 

It is surely the spirit of modern astronomy which 
inspires Arthur Beer to edit this series. One finds here 
authoritative reviews, for example, 8. W. McCuskey on 
the stellar luminosity function, or the spectroscopic topics 
treated by Yoshio Fujita and Margherita Hack, or 
“Problems of Star Formation”, by V. C. Reddish. Again, 
there are detailed working papers, particularly in the 
conference report (Volume 8), invaluable to observers and 
theorists alike. 

Neolithic man would have been glad of any means of 
written communication. We, who can afford to be 
selective, welcome another two volumes in this most 
enjoyable and useful series. F. G. STEH 
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FLAMSTEED REVISITED 


An Account of the Revd. John Flamsteed and a Supple- 
ment to the Account 

1835/7 facsimile, with an added Author Index 1966. By 

Francis Baily. Pp. bexiii+ 759. (London: Dawson’s 

of Pall Mall, 1966.) 252e. 


THERE is nothing so pathetic as a scholar who cannot 
afford to buy the books he needs, unless it is a university 
which is in the same predicament. Because early (and not 
so early) scientific books are becoming increasingly col- 
lectors’ items, it 18 fortunate that relatively inexpensive 
methods of reprinting old books are available to meet the 
needs both of professional historians and of scientists 
themselves. There are many who would have been 
eternally grateful for a reasonably priced reprmt of Baily’s 
Life of Flamsteed. At last, un some strange economic 
principle, they have been offered a perfectly ordinary 
reprint of a shortened version of the book, ın a binding 
which 1s not the sort which springs to mind when the price 
of twelve guineas ıs mentioned. New books, it seems, must 
not be brought m to redress the prices fetched by the old. 

The Reverend John Flamsteed was the first Astronomer 
Royal. Had not a scrap of his writings survived, he would 
nevertheless have been remembered as the astronomer 
whose careful observations, in Newton’s hands, provided 
a basis for planetary (and, in particular, lunar) gravita- 
tional theory. In 1832 Francis Baily gathered together a 
large collection of letters and manuscript material in 
Flamsteed’s hand. He classified them, saw that they were 
carefully preserved, and from them compiled his Lafe. 
The biographical parts are composed almost wholly out of 
Flamsteed’s own words, and the sections which follow 
comprise nearly three hundred letters to and from Flam- 
steed. ‘This correspondence”, wrote Baily, ‘embraces a 
variety of subjects: but the principal, the most novel, and 
the most interesting, is the account of the repeated diffi- 
culties and impediments which delayed and almost 
prevented the publication of the Historia Caelestie; and 
the new hght which it throws not only on the history of 
that transaction, but also on the whole of Flamsteed’s 
labours in the science of astronomy.” 

Both sides of the great quarrel between Flamsteed, 
Newton and Halley are now well known; but when Baly 
was writing, one of his most difficult tasks was that of 
showing that the flaws were not only in Flamsteed’s 
character. Many of his own comments, especially m the 
Supplement of 1837, here reprinted, were designed to give 
Flamsteed a fair hearing in an overwhelmingly Newtonian 
world. Baily also believed that by making a careful study 
of Flamsteed’s computation book, which in turn allowed 
him to publish in the Life a revised version of the British 
Catalogue of stars, ‘much additional light might ... be 
thrown on the history of Flamsteed’s life and labors ...’’. 
The present publisher, however, in defiance of Baily’s 
wishes, omits this section completely ‘“‘as irrelevant to a 
biographical work”. This is high-handed and pre- 
sumptuous: editorial liberties are apparently not thought 
to carry concomitant duties, for not a word of explanation 
18 given which will allow the twelve-guinea reader to form 
an idea of the nature of the missing tables. Baily, of course, 
was right. The historian who wishes to penetrate the thin 
crust of personal anecdote which covers all great men is 
bound to look for evidence of Flamsteed’s worth as the 
sort of astronomer he set himself up to be. Even his 
catalogue, standing alone, would have been valuable to 
the historian. But in Baily’s original edition the catalogue 
was accompanied by 160 pages of critical notes, and pre- 
faced by an invaluable introductory essay of 43 pages. 
Little service is done to Flamsteed by omitting all this, 
less is done to Baily, and least of all to those who want to 
read Baily’s critique of the work of one of the greatest 
observers in the entire history of astronomy. 

J. D. Norra 
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DIFFICULT MATERIAL 


Beryllium 

Its Metallurgy and Properties. Edited by Henry H. 
Hausner. Pp. 322. (Berkeley and Los Angeles: University 
of Cahfornia Press; London: Cambridge University Press, 
1965.) $9; 72s. net. 


A BOOK based on a single metallic element may have one 
or even two authors, or may be compiled by a selected 
band of specialists led by an editor who is himself one of 
the specialists. This volume falls into the latter category, 
and appears none the worse for this treatment, particularly 
as it 18 based on an extension course at the University of 
California, Los Angeles. 

From the start, beryllium 1s treated as a material of 
construction which has really arrived, although its present 
disadvantages are not glossed over, and the need for 
future research and development is adequately emphas- 
ized. The editor, in his mtroduction, emphasizes the 
outstanding physical properties of this low density metal 
in the aircraft and nuclear fields, and its use as a valuable 
alloying element in combination with more conventional 
metals. Inevitably, the more recent mterest in “space 
applications” has increased the effort in research, par- 
ticularly where space programmes exist. The table of 
world production of concentrates stops short at 1962, with 
a peak in 1960, the pomt at which the nuclear interest 
became most obvious in Britain, France, the United 
States and the Soviet Union. The volume of production 
may well now be even greater. 

A single chapter is devoted to the extraction of beryl- 
lum oxide, and another to the reduction of the omde to 
the meta]. This latter chapter gives the full thermo- 
dynamic argument for the two major commercial pro- 
cesses, namely, magnesium reduction of the fluonde, and 
low temperature electrolysis of the chloride. Comparative 
analyses of metal produced by these processes are given. 

The fabrication of berylhum covers a very wide field, 
and Chapter 4 is accordingly divided into eight separate 
sections, mostly by separate authors. Powder metallurgy 
and melting methods are discussed, followed by the usual 
fabrication processes, joining and surface treatment 
methods. One section deals with the forging of beryllium 
powder contamed in a sealed steel can, and shows thé 
reduction in weight of metal required by this process, for 
a number of components, over the press-sintered block 
forged in the conventional way. Detailed data, including 
the resultant mechanical properties, are given for a 
number of possible shapes. The section on forging of solid 
billets discusses the effect of preferred orientation, and 
indicates that dispersion hardening by beryllium omde 
may eliminate variations in mechanical properties of such 
forgings when tested at room temperature. 

Joining processes are obviously of considerable import- 
ance in the use of a metal such as beryllium, as only 
portions of an airframe, space vehicle, or nuclear assembly 
can be manufactured from this metal. Joining is taken 
here to include mechanical fasteners, such as screws, 
studs or rivets, and adhesive bonding with synthetic 
resins, in addition to the more common brazing, soldering 
and welding. Photographs of components jomed by all 
such methods are included in the text, together with a 
table of approximate mechanical strength achieved by 
each at ambient temperature. 

The influence of the surface on the mechanical strength 
of beryllium products is of considerable importance. 
Surface treatments and coatings are very useful in pre- 
venting brittle failure or in achieving optimum utilization 
of properties, so that etching, electroplating, anodizing, 
and cementation processes have been studied more exten- 
sively for beryllium than for some more conventional 
materials. The economic value attached to these rare 
metals so recently exploited (or to components made 
from them) is such that a full knowledge of the chemical, 
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physical and mechameal behaviour is not only desirablo 
but also essential to the extension of their use as materials 
and the success of the components in service. This book 
cig this aspect abundantly clear with respect to beryl- 
ium. 

The section on alloys includes a short account of dis- 
persed phase material and of intermetallics. One has the 
feeling that very little useful mformation is given here, 
perhaps because of commercial secrecy. Such a criticism 
cannot be levelled at the chapters on physical, mechanical 
and nuclear properties, which are fully reported. Again, 
it is interesting to see that as much information is avail- 
able on the thermal proporties of beryllium as on copper 
or aluminium, and much more than that on many steels 
of commercial importance. The duotility problems of 
beryllium metal deserve and receive a distinct chapter to 
themselves. This could well form an ideal basis for any 
lecture on the effects of a hexagonal lattice on duotility 
and brittle behaviour. The effect of surface condition is 
once more emphasized. 

A very short account of the properties of beryllia com- 
pletes the factual data, but the book does not end here. 
The future trends in beryllium metal research re-emphasize 
the limitations of an anisotropic lattice, and the health 
hazards create additional problems. Two appendixes, on 
microprobe analysis and metallography, are useful mn- 
clusions. This is a valuable contribution to beryllium 
literature, and of some value in any teaching programme 
which includes reference to modern metallurgical trends. 

O. R. Torris 


POINT SET TOPOLOGY 


Topological Spaces 

By Eduard Čech. Revised edition by Z. Frolik and M. 
Katetov. Pp. 893. (Prague: Publishing House of the 
Czechoslovak Academy of Sciences; London and New 
York: Interscience Publishers, a Division of John Wiley 
and Sons, 1966.) 146s. 


Tis book is mainly for the specialist in point set topology, 
and seems certain to become a classic in the field. Cech’s 
original book of the same title was published ın Czech in 
1959 and it arose out of a topology seminar which he 
conducted in Brno from 1936 to 1939. In the present 
translation the original has been rearranged, enlarged and 
modernized “in a manner which was felt to be in agree- 
ment with the views of E. Cech as he had expressed them 
on numerous occasions’. Although the original version 
was a textbook, there is no special attempt in the trans- 
lation to make the book accessible to students: however, 
it starts from scratch (the concept of “property” is left un- 
defined) and is self-contained—as is clear from an almost 
complete absence of bibliographical references in the text. 
It should be useful to a good student. On the other hand, 
as is customary nowadays, great emphasis is given to the 
development of concepte in their fullest generality and 
refinement. Thus, for example, “sets” give way to 
“classes” whenever possible, “topological spaces”? to 
“closure spaces” and “‘single-valued relations” are dis- 
tinguished from “mappings”. Moreover, special classes 
of spaces receive scant treatment; thus, compact spaces 
are confined to an appendix and function spaces are not 
even mentioned. The first three chapters deal with 
classes and relations, algebraic structures and order 
(dealing with groups, modules, ote., by way of the unifying 
concept of struct), and topological spaces, which are 
introduced as a special class of closure space, namely, a 
set with a closure operation u which is topological if 
ut = u. Chapter 4 deals with uniform and proximity 
spaces, including uniform continuity in its fullest gener- 
ality, proximities and the Stone-Weierstrass theorem 
formulated for proximity spaces. Chapter 5 is concerned 
with separation, in which closure spaces are analysed 
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according to ther separation properties. A sample topic 
from Chapter 5 is normal spaces, which are treated as a 
generalization of the usual concept for which the Tietze 
extension theorem holds. Chapter 6 deals with generation 
of topological spaces, and Chapter 7 with generation of 
uniform and proximity spaces. These last chapters con- 
cern the theory of projective and inductive generation of 
various spaces—essentially, inverse and direct limits; 
characterization of closure spaces by convergence of nets; 
presheaves considered from the general topology stand- 
point—homology is excluded. In an appendix on com- 
pactness and completeness, complete spaces are defined 
as subspaces of uniform spaces; various topics are 
covered, including Cech-Stone compactification. Finally, 
all the exercises are put mto a forty-eight page section at 
the end. In view of its price and size, the book may be 
considered a reference work. Its index appears to be 
exhaustive, and a very useful index of notations is 
included. The occasional inevitable departure from stand- 
ard terminology may, however, cause trouble to someone 
using the book for the first time. The quality of printing 
18 excellent and the book has been produced with great 
care. It is to be hoped that a new edition will be printed 
on better paper and have a stronger binding—the quality 
and price deserve it. C. B. RAYNER 


PHYSICS AT OXFORD 


A Prophet in Two Countries 

The Life of F. E. Simon. By Nancy Arms. (The Com- 
monwealth and International Library of Science, Tech- 
nology, Engineermg and Liberal Studies: History 
Division—Biography Section.) Pp. vilit+-171. (London 
and New York: Pergamon Press, Ltd., 1966.) 12s. 6d. net. 
Mrs. Arms has written an unusual and interesting 
biography. Sir Francis Simon, like many other dis- 
tinguished Jewish scientists, left Germany in 1938. 
At that time he was a full professor in the well equipped 
Technische Hochschule at Breslau. In the previous 15 
years he had become one of the leading figures in low 
temperature physics, not only in Germany but in the 
world. Then, like many others of his countrymen, he 
saw that it was necessary to uproot himself and his family 
from their well established background. 

Lord Cherwell and Imperial Chemical Industries made 
Simon welcome and found him a research post at the 
Clarendon Laboratory, Oxford. The laboratory was much 
smaller in those days than it is now, and indeed had 
less equipment and facilities than Simon had been 
used to in Germany. Having established himself in 
Germany, Simon had now to start all over again in 
England, and with far fewer resources. Lesser men 
might have been deterred, but very soon Simon put 
the Clarendon in the forefront of scientific development. 

Mrs. Arms paints a fascinating picture of Simon’s 
early life in Germany, his wartime experiences on both 
the Eastern and Western fronts, and the extraordinary 
rapidity with which he established himself as a scientist 
in the course of the work for his thesis. Included in the 
early days is an absorbing picture of life ın Berlin in the 
cultured atmosphere of the well to do middle class milieu 
in which Simon was brought up. We are shown how 
Simon foresaw that life in Germany would soon become 
impossible for himself and his family. (His clear sighted 
political view of the future is referred to in the somewhat 
elliptical title of the book.) 

More than half the book is devoted to the varied aspects 
of Simon’s subsequent life in England. Or perhaps one 
should say as an Englishman, for few men who have gone 
to live in another country can have felt more loyalty or 
identified themselves more completely with their new 
home. The book ranges briefly over his many activities. 
One chapter is devoted to the work on the atomic bomb 
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project, and other chapters to his post-war concern with 
the application of science. In addition, Mrs. Arms has 
succeeded admirably in drawing & picture of the very 
human and warm hearted person that Simon was to all 
his colleagues. 

Mrs. Arms had left the laboratory by the end of the 
war, and therefore scarcely does full justice to the last 10 
years of Simon’s life. These 10 years saw a remarkable 
development of physics at Oxford based on the group 
which Simon had set up before the war. Nearly all this 
work was a continuation and development of lines of 
research developed by Simon in the pre-war years. (The 
only conspicuous exception was the work of Prof. Bleaney’s 
group on paramagnetic resonance, a topic that never 
really appealed to Simon !) 

Simon’s interest covered the traditional field of low 
temperature physics, including liquid helium, super- 
conductivity, thermal conductivity, the attainment of 
very low temperatures by magnetic cooling, and the 
attainment of the micro-degree region by nuclear cooling. 
After the war his group made important contributions 
in all these fields. His own part is not to be measured 
solely by the number of his published papers, although 
that is considerable. From time to time it happens 
that, because of one man, a particular laboratory becomes 
for a few years an exceptionally exciting and stimulating 
place in which to work. Such was the Cavendish under 
Rutherford, and so for the low temperature physicist 
was the Clarendon under Simon. J. WOKS 


INHARMONIOUS QUANTUM 
CHEMISTRY 


Advanced Quantum Chemistry 

Theory of Interactions between Molecules and Electro- 
magnetic Fields. By Hendrick F. Hameka. (Addison- 
Wesley Series in Advanced Physical Chemistry.) Pp. 
x+277. (Reading, Mass., and London: Addison-Wesley 
Publishing Company, 1965.) 104s. 


In spite of the spate of new textbooks on chemistry one 
rapidly developing subject, the electric and magnetic 
properties of molecules, has not been treated adequately 
since Van Vleck’s classical treatise in 1932. The develop- 
ment of new fields like laser spectroscopy now makes it 
desirable for chemists and physicists alike to approach the 
interaction between molecules and radiation through the 
quantum theory of the radiation field. Chemists would 
certainly welcome & simple and clear account of this 
theory with examples of its applications. If Prof. 
Hameka’s book succeeded in a modest way in fulfilling 
either of these aims it would deserve a warm reception; 
unfortunately it does neither, being disconnected in plan 
and erratic in execution. 

By far the most useful chapters are 1, 6, 7, 11 and 12, 
which form a logically self-contained exposition of radia- 
tion theory in the style of Heitler. The step by step 
explanation of the quantization of the radiation field and 
of Heitler’s integral equation 18 at first glance clear and 
convinemg. It leads on gently from first order emission 
and absorption through second order processes, to radiation 
damping and line width theory. On careful reading, 
however, one’s understanding is thwarted on almost every 
page by careless slips, inconsistencies of notation and even 
seriously misleading statements; although the task of 
checking these may be an educational exerciso for the 
reader, they can scarcely be welcomed. More seriously, 
the author’s decision not to discuss the Dirac equation or 
the logical relation between the Coulomb interaction and 
the quantized transverse electromagnetic field is regret- 
table. It makes the treatment of the Fermi contact 
interaction unconvincing (page 53), causes him to miss 
the connexion between the equivalent forms of the 
Kramers—Heisenberg dispersion formula (pages 205, 213), 
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and makes him omit the important resonance energy shift 
for the two identical atoms in an excited state. The later 
chapters particularly lack any overall review of recent 
work on the applications of the theory, apart from 
frequent references to further papers by the author 
himself. 

Attached to the main framework we have chapters on 
perturbation theory, spin resonance, magnetic suscepti- 
bilities and the triplet state, which are patchy and do not 
reflect the relative importance of their topics. For 
example, Chapter 10 on triplet states is almost exclusively 
about the author’s own work on spin-orbit interaction 
and forbidden transitions—a subject of limited interest. 
Nowhere in the book is there any coherent account of such 
fundamental topics as oscillator strengths and spectro- 
scopic selection rules. There are, however, one or two 
illuminating accounts of isolated topics, like gauge 
invariance and the Thomas spin precession. 

A convention, which is ripe for abolition, rules that texts 
on quantum chemistry must include a chapter on quantum 
mechanics. Hameka’s 1s disastrous. There is no logical 
thread; the usual cookbook of wave packets, electrons in 
boxes, and harmonic oscillators is presented chock full of 
inconsistent notation and inaccurate detail. The poor 
student who hacks his way through the jungle of spherical 
harmonics in the concluding section on angular momentum 
(page 36) would have done better to stick to Dirac. 

A. D. MoLACHLAN 


BIOLOGY OF THE SOUTHERN OCEAN 


Biology of the Antarctic Seas II 

Edited by George A. Llano. (Antarctic Research Series, 
Vol. 5. Publication No. 1297.) Pp. xi+280. (Washington. 
D.C.: American Geophysical Union of the National Acad- 
omy of Sciences—National Research Council, 1965.) $12. 


Tms elegant fifth volume maintains the high standard of 
presentation of this series and is devoted to a collection of 
papers on recent biological studies in the Southern Ocean 
and adjacent waters. 

The first paper deals with the environment and presents 
a year’s observations at a small field station on floating 
sea ice at the south-west corner of the Ross Sea. Tempera- 
ture and salinity evidently remain very homogeneous 
throughout most of the year, but from October to Decem- 
ber a dense growth of diatoms develops on the under- 
surface of the sea ice and profoundly affects the more 
variable properties of the water. The growth is such that 
the radiant energy is heavily attenuated and there is little 
development of phytoplankton until the ice melts and the 
settled diatoms become dispersed. The concentrations of 
dissolved oxygen in the upper 75 m increase signifi- 
cantly during the short summer season. 

The second paper is concerned with the common starfish 
of the same region, and examines the reproductive period- 
icity in several populations of this organism in the Ant- 
arctic; an appendix re-evaluates some earlier observations 
on an Arctic Ophiuroid. 

The oocytes of both species seem to take about 2 years 
to grow and evidently they spawn only once in the year. 
The main difference is that the Arctic species seems to 
spawn ın spring and summer, whereas the Antarctic species 
spawns in winter. Wider aspects of the biology are also 
examined and ıb seems that differences in the availability 
of food to two populations some 20-30 km apart in the 
Antarctic are reflected not only in greater abundance but 
also in better condition at the more northerly locality. 

The third paper examines primary production and 
phytoplankton abundance in the Scotia Sea and Weddell 
Sea and emphasizes once again the organic richness of the 
Scotia Sea. The observations were made on a single 
cruise and of course it is always possible that the position 
of the ship at a given time did not coincide with the 
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maximum of the annual cycle of phytoplankton produc- 
tion. It is particularly interesting to note, however, that 
even in these high latitudes (77° S.) the phytoplankton 
seem to show a diurnal variation m pigment content and 
photosynthetic ability, although this is evidently less 
marked than in the tropics. 

The fourth paper deals with the systematic composition 
of the phytoplankton in the Weddell Sea and it appears 
that diatoms predominated in the populations. The 
Tintinnids are also dealt with and the following paper 
examines the distribution of Radiolaria, this time in 
bottom sediments. These are examined in the light of the 
geological history of Antarctic seas, as their distribution is 
closely influenced by the Antarctic Convergence. The 
onset of glaciation in Antarctica may have intensified 
ee circulation, and thus affected the distribution of the 

auna. 

The final three papers in the volume deal diversely with 
midwater fishes and monogenetic trematodes, respectively 
from the Peru—Chile trench and New Zealand waters. 
The distribution of fish taken in Isaacs Kidd trawls in 
the Peru-Chile trench shows a faunal boundary at about 
20° £., which affects some 20 per cent of the species present; 
other species evidently extend from tropical waters into 
the Antarctic. The monogenetic trematodes were col- 
lected from fish and several new species are described. 
The family Microcotylinae is completely reviewed. 

The papers in this book cover diverse fields, but they 
exemplify some of the present activity in biological work 
in Antarctic seas and show the application of new tech- 
niques which are beginning to answer some of the prob- 
lems posed by earlier studies. The papers from adjacent 
waters emphasize the continuity of the Southern Ocean 
and its biology with the adjacent seas to the north and 
show an important appreciation of the need to look at the 
polar waters not as an isolated entity but as a boundary 
region of the world’s ocean. R. I. CURRIE 


ECOLOGY OF DIPTEROCARP FORESTS 


Ecological Studies in the Mixed Dipterocarp Forests 
of Brunel State 


By P. 8. Ashton. (Oxford Forestry Memoirs, No. 25.) 
Pp. 75+37 plates+17 tables+70 figures. (Oxford: 
Clarendon Press; London: Oxford University Press, 1964.) 
45s. net. 

Tu extensive lowland forests of the small state of Brunei 
in Borneo are rich in Dipterocarpaceae, which is the prn- 
cipal timber producing family of the area. The richness 
of the Brunei forests is demonstrated by the estimated 
2,000 species of tree which exceed 12 in. in girth in the 
forests of Brunei. Until Dr. Ashton’s studies in Brunei, 
the immense floristic richness of the area had been practic- 
ally unsampled, a situation which made the work of the 
ecologist especially difficult. As a specialist in the taxonomy 
of the Dipterocarpaceae, Dr. Ashton is well equipped to 
tackle the formidable complexities of the Dipterocarp 
forests, especially since it is possible for the specialist to 
recognize species of this family from foliage characters 
alone—even from fallen leaves on the forest floor. Three 
years of intensive fleld work laid the basis of this pub- 
lication, and during this period some 30,000 trees were 
enumerated and 13,000 specimens collected. The author 
nevertheless emphasizes that this is only a preliminary 
survey of this neglected territory. 

The most mteresting point about the methods used is 
that a quantitative analysis of the Dipterocarp forests was 
carried out using coefficients of similarity betweon 
different stands—a method originally developed by Bray 
and Curtis for forests in Wisconsin. Two areas were 
chosen, one on clay rich soils and the other on sandy soils. 
An acre was taken as the basic size of a plot and fifty plots 
were studied in each area. Only trees more than 12 in. in 
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girth were recorded, because the field and shrub layers, 
which consist mainly of saplings and seedlings, vary with 
the time since the last flowering of the trees above. An 
enormous amount of material is presented in the form of 
tables and figures, but much of this will only be under- 
stood by those already acquamted with the method used, 
and a previous knowledge of this is optimistically assumed. 

Dr. Ashton emphasizes the important correlation 
between soils and the species which grow on them. 
Most species of Dipterocarpaceae seem to be restricted to 
certain soils. Special attention 1s therofore given to the 
soils of the Dipterocarp forests and other types of soul aro 
mentioned for comparison. Differences in the soils are 
shown to affect the pH of leaf oxtracts as well as the 
reactions produced by precipitating agents on tho proteins 
of fresh leaf extracts. The altitudinal distribution of 
Dipterocarps, at least below about 1,300 m, appears to be 
determined more by the soil than by other factors; 
anomalous altitudinal records of species result from the 
presence of suitable soils at those altitudes. Dr. Ashton 
therefore suggests that some “‘microtherm” species (as 
van Steenis has called them) may be confined to high 
altitudes on tropical mountains because their edaphic 
environment is confined to those regions. Edaphic factors 
in Brunei, as well as ın Sarawak, have apparently obscured 
the altitudinal floristic zonation below 1,300 m such as that 
described by van Steenis for Java, where the floristic 
transitional zone coincides with edaphic transitions. 

In classifying the forests Dr. Ashton found that the 
scheme applied by Symington to the Malayan forests in 
which mam climax formations are distinguished does not 
apply to Brune: forests. A classification based on com- 
munities, although arhtrary for Brunei, appears to be the 
most useful type for practical purposes. A hierarchic 
system adopted from Braun-Blanquet eriteria and based 
on fidelity and constancy rather than dominance is 
advocated. a 

There is an interesting discussion on the distribution of 
Dipterocarpaceae in relation to soils and geological history. 
Dr. Ashton opposes the view of Foxworthy and Merrill 
that the family ormginated in Borneo. The present 
abundance of Dipterocarp species in Borneo is con- 
sidered a result of a secondary burst of evolution. Dr. 
Ashton supports Croizat’s proposal that the Dipterocarps 
had an origin in Gondwanaland. The text ends with 
valuable recommendations on silviculture land use and 
especially on the establishment of permanent reserves in 
undisturbed primary forest for the purposes of future 
research and the conservation of rare species and for 
educational purposes. Three named areas are suggested 
for immediate preservation. It is to be hoped that these 
recommendations will not fall on deaf ears. , 

Dr. Ashton has produced a valuable and stimulating 
book on a highly complex subject. Several of the themes 
introduced deserve further development. He has demon- 
strated especially that the close correlation between the 
composition of rain forest and the underlying soils means 
that plant ecology, given a secure taxonomic basis, can 
be very important to surveys of the soils of large areas of 
jungle. L. L. Forman 





Pests of Stored Products 

By J. W. Munro. (The Rentokil Library.) Pp. 234. 
(London: Hutchinson and Co. (Publishers), Ltd., 1966.) 
428. net. 


Tms book, written by one of the first entomologists to 
acknowledge the importance of insect damage to stored 
products, is a fully illustrated account of the history and 
practice of pest control in this field. It directs attention 
to the effect of insect infestation on good-will in inter- 
national trade and is of interest in tracing the development 
of this branch of economic entomology in Britain. It 
surveys steps taken abroad which have led, not only to a 
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reduction ın loss of food in producing countries, but also to 
improvement in the quality of goods shipped overseas. 

It 1s surprising to find a chapter on general entomology 
which is elementary to the specialist and of limited value 
to the layman, but useful descriptions are given of many 
species which can attack stored products and breed in 
premises where these are stored and processed. 

The sections on the prevention and control of infesta- 
tion summarize those aspects of hygiene and chemical 
measures which are necessary to minimize insect attack. 
They also direct attention to physical means whereby 
damage can bo avoided, including recent advances in 
preventing infestation of grain by storage at low tem- 
peratures. In reference to grain storage in airtight con- 
ditions, however, useful observations such as those of 
8. W. Bailey are omitted. 

The book does not always go mto great detail but has 
the advantage of an extensive bibliography on which the 
reader can draw for further information. Although there 
18, perhaps, a tendency to dwell on early work, occasionally 
at the expense of later developments, this publication 1s 
undoubtedly a valuable and interesting contribution to 
the literature in this field of study. It should find a 
receptive audience, not only among students of entomo- 
logy, but also among specialists responsible for the inspec- 
tion and treatment of produce and members of the ware- 
housing and manufacturing trades. G. C. WILIAMS 


Proceedings of the [965 Heat Transfer and Fluid 
Mechanics Institute 


Held at the University of Calfornia, Los Angeles, Cah- 
fornia, June 21, 22, 23, 1965. Edited by Andrew F. 
Charwat. Pp.1x+372. (Stanford, Califorma: Stanford 
University Press; London: Oxford University Press, 
1965.) $10; 80s. net. 


Tars book starts off with a brief abstract of the three 
invited lectures, each with an adequate bibliography. 
These are followed by eighteen contributed papers, well 
illustrated but without discussion. Almost all the papers 
are concerned with the rather extreme conditions of heat 
and mass flow connected with space research and come 
from space research laboratories or universities working 
on grants from such laboratories. There are some cases, 
however, in which useful results are available from this 
work for ground engineering, particularly m the fields 
of viscous pipe flow, of suspensions flow through porous 
matrices, problems of all oscillation in boiling fluids and 
advanced studies in radiation from non-grey gases. 
The papers in these flelds will be useful reference papers, 
the others mamly of interest in connexion with plasma 
parts, hypersonic facilities and very low gas pressures. 
M. W. Tariwa 


Inelastic Scattering of Neutrons 


(Proceedings of the Symposium on, Inelastic Scattermg of 
Neutrons held at Bombay, December 15-19, 1964.) Vol. 1. 
Pp. 460. 199.50 schillings; 57s.; $9.50. Vol. 2. Pp. 574. 
241.50 schillings; 69s. ; $11.50. (Vienna: International 
Atomic Energy Agency; London: H.M.S.O., 1965.) 


Tassa volumes cover the proceedings of the third Inter- 
national Atomic Energy Agency conference in this 
series, the previous two bemg held in Vienna (1960) 
and Chalk River (1962). The conferences, which are 
concerned with the dynamical properties of solids and 
liquids as measured by neutron scattering, are very well 
organized and are therefore attended by representatives 
of most of the laboratories working in this fleld. Full 
texts of all the contributions are circulated to delegates 
before the conference and this encourages lively discus- 
sions which are also fully reported in these proceedings. 
The contributions are presented under five headings, 
Volume 1 containing papers on “Dynamics of Solids and 
Magnotic Systems” and Volume 2 “Dynamics of Liquids, 
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Molecular Dynamics and Experimental Techniques’. 
The first paper ın each section is an invited review paper. 
With the exception of the paper on experimental tech- 
niques, which confines itself to work performed at the 
laboratory of the author, these review papers are most 
interesting and informative and adequately survey their 
respective branches of the subject. The quahty of the 
other papers is variable. Most of the papers set quite a 
high standard, but here and there it is possible to detect 
& paper written to justify the attendance of the author 
at the conference. This does not, however, detract too 
much from the value of these volumes, which should be 
required reading not only for those interested ın neutron 
scattering but also for those interested in the dynamics 
of the liquid and solid state. The books themselves are 
well produced, and in this and in the speed of production 
the International Atomic Energy Agency has set an 
example which might well be followed by other organiza- 
tions. B. C. Haywoop 


Introduction to Polymer Crystallization 

By Allan Sharples. Pp. iv+138+18 plates. (London: 
Edward Arnold (Publishers), Ltd., 1966.) 32e. net, 
boards; 168. net, paper. 


As a class, crystalline polymers are capable of a far 
greater variety of practical applications even than the 
amorphous polymers (rubbers and organic glasses). This 
versatility is a direct result of the wide range of physical 
properties which can be obtained by varying the state of 
crystallization or local ordering of the long-chain molecules 
of which the polymer is composed. This state is a function 
not only of the chemical constitution of the polymer, but 
also of the mechanical and thermal treatments to which 
it is subjected. It is therefore rmportant to learn as much 
as possible about the processes of crystallization which 
occur and the way in which they can be controlled. 

Introduction to Polymer Crystallization gives an excellent 
account of the various methods which have been developed 
to study the morphology of crystallime polymers and the 
kinetics of the processes of nucleation and crystal growth. 
The available techniques include optical and electron 
microscopy, small angle and wide angle X-ray diffraction, 
light scattering and dilatometry. The evidence derived 
by these methods is presented clearly and discussed in & 
critical but eminently readable manner, and the directions 
ın which further development appears most desirable are 
indicated. 

The book is a genuine introduction in the sense that it 
covers the subject in a broad and balanced manner, but 
is not overloaded with detailed discussion. Its value is 
greatly enhanced by striking photographs of single crystals, 
spherulites, microfibrils, lamellae and other growth 
structures. It will be useful not only to undergraduates, 
for whom it is primarily intended, but also to more mature 
workers, who will find it informative and stimulating. 

L. R. Q. TRELOAR 


OBITUARIES 


Professor E. E. Turner 


Proressor E. E. TURNER, emeritus professor of chem- 
istry in the University of London, died at his home 
in Tonbridge on September 8. He was born in London 
in 1893 and attended the Coopers’ Company School before 
entering East London College (now Queen Mary College); 
here he came under Professor J. T. Hewitt, whom he 
remembered with gratitude and affection throughout 
his life. By the age of twenty-one he was a fellow of the 
Chemical Society and published his first paper, in collabo- 
ration with his student contemporary, G. M. Bennett. 
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For a year he was lecturer at Goldsmiths’ College, 
and then (1916-1919) research assistant to Sir William 
Pope in Cambridge, working on problems of chemical 
warfare. From there he went to the University of Sydney, 
where his research lay in the field of arsenic stereo- 
chemistry. He came home to a post in Woolwich Arsenal, 
and in 1923 returned to his old College as a senior lecturer 
and carried out the experimental work which established 
the linear axis of the biphenyl molecule. 

In 1928 he became head of the Organic Chemistry 
Department at Bedford College for Women, as a reader 
in the University of London. He began a fruitful research 
partnership with Dr. Mary Lesslie, and the encouragement 
which he had received in his youth was in turn lavished 
on his many research students. Nearly half his long 
list of publications contain the names of women as 
collaborators. He was a racy, stimulating lecturer, with a 
fund of chemical anecdotes, a phenomenal memory, and & 
gift of practical insight. 

In 1939 he was elected a fellow of the Royal Society; 
in 1944 the title of professor was conferred upon him, 
and in 1946 he became head of the Department of 
Chemistry. At this time he began to write his Organic 
Ohemisiry. 

His research covered s wide field—biphenyls, chemo- 
therapeutic agents, petroleum hydrocarbons, labile optical 
activity, the stereochemistry of heterocyclic systems and 
bridged biphenyl systems, to name the most outstanding. 
He was a pioneer in the development of molecular models. 

He served for forty-two years on the Board of Studies 
m Chemistry in the University of London, was a fellow 
of Queen Mary College, a Freeman. of the City of London 
and a Liveryman of the Coopers’ Company. In 1921 
he married Miss Beryl Osborne Wyndham who, with their 
daughter, survives him. His enthusiasm, his lightning 
wit and his encyclopaedic fund of chemical knowledge 
will be sadly missed. M. M. Harris 


Dr. R. H. Boyer 


Deg. Ropurr HAMILTON BOYER, whose work in general 
relativity theory brought him an international reputation, 
was one of those shot to death on the University of Texas 
campus on August 1. His death, at the age of 33, inter- 
rupted a career still approaching its height. 

Robert Boyer was born on December 11, 1932, in 
Johnstown, Pennsylvania. He studied mathematics and 
physics at the Carnegie Institute of Technology, and went 
in 1953 as a Rhodes Scholar to Oxford, where he worked 
on quantum field theory under Dr. Handel Davies, 
receiving the D.Phil. in 1957 for his contributions to the 
theory of the photoelectric effect. He then returned to 
Pittsburgh as research mathematician at Westinghouse 
Research Laboratories, where he solved a variety of 
problems, mainly in diffusion theory. Here also he began 
a study of the discrete analogue of Bessel’s equation, 
which has recently attracted renewed interest. 

Boyer decided to return to academic life, and after a 
year at McGill University was appointed to a lectureship 
in applied mathematics at the University of Liverpool in 
1961. While at McGill he had turned his attention to 
general relativity, which occupied him for the rest of his 
life. He first developed techniques for studying gravita- 
tional fields in terms of @ preferred congruence of time- 
like curves. Later he applied these techniques, which 
resemble Meller’s “frames” and Cattanso’s “‘method of 
projections”, to the relativistic theory of rigid motion. He 
clarified the relations between various conditions on the 
motion of a relativistic rigid body, and gave sufficient 
conditions for the extension of the classical theorem of 
Herglotz and Noether to general relativity. 

Boyer’s major contributions were to the theory of 
rotating gravitating systems. In a series of papers, he 
investigated the general properties of rotating fluid 
masses, and contributed largely to the physical under- 
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standing of an exact solution of Einstein’s field equations, 
discovered in 1963 by R. P. Kerr, which appeared to 
represent the exterior gravitational field of a rotating body. 
On a visit to Texas in 19864-65, as research associate at 
the Center for Relativity Theory, Boyer collaborated with 
R. W. Lindquist on a detailed analysis of the Kerr metric, 
which is outstanding among global studies of particular 
gravitational fields. 

At the time of his death, he was returning to Liverpool 
from Mexico City, where he had been for some weeks 
collaborating with G. Plebanski at the National Institute 
of Technology. 

Boyer’s able teaching and lecturing were complemented 
by the writing of a number of valuable expository articles, 
which, with his discriminating research papers, will leave 
a clear mark on his subject. His colleagues and students 
will remember him not only for his work but also for his 
gentle and unassuming manner. He was a ready listener 
and an honest and patient critic, always willing to take 
pains to see another point of view. 

He married in 1957 Lindsay Robinson, of Liverpool, 
who, with two young children, survives him. 

F. A. E. PRANI 


J. K. Zbrozek 


Tum sudden death on September 25 of Jerzy Kazimierz 
Zbrozek, at the early age of 53 years, came as a great 
shock to his many friends. He collapsed and died on 
arrival at Kennedy Airport, New York, at the start of a 
visit for discussions with specialists in the United States 
and Canada on atmospheric turbulence in relation to 
aircraft. 

Zbrozek was born in Poland, and studied mechanical 
and aircraft engineering at the University of Warsaw. He 
came to Great Britain following the mvasion of Poland 
at the start of the Second World War, and became & 
fighter pilot in the Royal Air Foree. At the end of the 
War he joined the Royal Aircraft Establishment, Farn- 
borough, as a member of the staff of the Aerodynamics 
Flight Division, with which he later moved to Bedford. 
He was concerned with a wide range of aeronautical 
research, and early on devoted much of his efforts to 
helicopters. He then took up the study of gust loads on 
aircraft, and this proved to be the line of work which he 
developed, to become a leading authority on atmospheric 
turbulence and its effecte on aircraft. He was promoted 
senior principal scientific officer on an individual merit basis 
in 1956. Zbrozek always prided himself on a thoroughly 
practical approach, but the fundamental importance of 
the research he fostered was well exemplified in the 
Proceedings of the Symposium on Atmospheric Turbulence 
which he organized at Farnborough in 1961, and in his 
paper on ‘“‘Gust Research’’, for which he was awarded the 
Busk Prize of the Royal Aeronautical Society in 1965. 

While actively pursuing his specialist line of research, 
Zbrozek continued to maintain a close interest in all 
aspecta of aircraft flight, covering as well as stability and 
control, aeroelasticity and loading actions, the study of 
pilote’ activities and of environmental influences. In 
addition to being a member of the Gust Research, Loading 
Action and Oscillation Committees of the Aeronautical 
Research Council, he was active on Committees of the 
Electrical Research Association and of the Motor Industry 
Research Association. 

Zbrozek was a colourful and warm-hearted personality, 
universally known as “‘George’’, who was capable when 
he chose of being bluntly forthright and provocative in 
discussion, without ever fear of giving offence. The 
interest and enthusiasm he brought to his work were a 
great stimulus to all who worked with him, and particu- 
larly to junior staff, to whom he showed the greatest 
understanding and consideration. 

He is survived by his widow and a son and daughter. 

F. O'Hara 


a 


N 2d 


no. 8064 NOVEMBER 19, 1966 


NATURE 


78! 


A SEARCH FOR RADIO EMISSION FROM BLUE STELLAR OBJECTS 
AND SEYFERT GALAXIES 


By K. I. KELLERMANN and I. I. K. PAULINY-TOTH 
National Radio Astronomy Observatory*, Green Bank, West Virginia 


Bracosst et al.! have found that the mean flux density of 
fifteen blue stellar objects (BSO) at 408 Mo/s is 0-12 
flux units (1 flux unit = 10-** W m~? (c/s)-1). This value is 
about fifteen times less than those for the weakest known 
quasi-stellar radio sources. A red-shift has been measured, 
however, for only one of these objects, BSO 1, while 
according to recent evidence? most, if not all, of the 
remaining blue stellar objects are probably galactic stars 
and not therefore expected to be sources of radio emission. 
The flux density of BSO 1 was found to be less than 0:6 
flux units at 408 Mc/s, which is only slightly less than the 
weakest known quasi-stellar radio source. 

Shklovsky? has suggested that the blue stellar objects 
which are optically similar to the quasi-stellar radio 
sources‘ but which do not appear in the radio surveys 
made at metre wavelengths might have significant radio 
emission at centimetre wavelengths. This may also be 
true of the Seyfert galaxies. CTD 93 (ref. 5) and Parkes 
1934-63, which has been identified with a peculiar galaxy 
containing a bright nucleus®’, are two examples of 
sources which have detectable emission at centimetre 
wavelengths but not at metre wavelengths. Sources 
with anomalously high flux densities at centimetre 
wavelengths include 30 84 (NGO 1275) and 3C 120 (a 
galaxy with a bright central nucleus) as well as a number 
of quasi-stellar radio sources. 

At centimetre wavelengths, upper limits of 2 flux 
units and 0-5 flux units at 2 cm and 3-75 cm, respectively, 
have been reported? for the blue stellar objects TON 730, 
TON 256 and BSO 1, all of which have significant red- 
shifte* and can therefore be considered to be quasi-stellar 
galaxies. 

We have observed these three objects and a number of 
other blue stellar objects in order to determine whether 
these upper limits can be reduced. Our observations were 
made at wavelengths of 1:95 om and 6 cm with the 
National Radio Astronomy Observatory 140 ft. telescope 
between February and June 1966. For measurements 
at 6 cm, a low-noise parametric amplifier, cooled by 
nitrogen, followed by a wide band tunnel diode amplifier 
and detector, was used for some of the observations; 
the tunnel diode system was used for the remainder 
after a failure of the parametric amplifier. The root mean 
square noise for a period of observation of 1 min was 
equivalent to a source of 0-06 flux units with the para- 
metric preamplifier and 0-15 flux units with the tunnel 
diode system alone. The observations were made by 
observing the source and a reference region 30 min of are 
away for alternate periods of 30 sec. At 2 cm, a wide 
band tunnel diode t.r.f. radiometer gave root mean 
square noise equivalent to 0-15 flux units for an observ- 
ing period of 1 min. The observations were made by 
positioning the antenna so that the source was alternately 
in the main beam or in a reference beam 6-5 min of are 
(three half-power beamwidths) away. 

The results are shown in Table 1. The flux density 
scales at the two wavelengths are based on a number of 


+ Operated by Associated Universities, Ino., under contract with the 
National Scfence Foundation 


sources the spectral properties of which at centimetre 
wavelengths are reasonably well known. The errors 
quoted are standard errors and include the effect of 
random noise and the estimated uncertainties of the flux 
density scales. The expected root mean square level of 
confusion is about‘0-01 flux units at 6 cm and 0-002 
flux units at 2 cm. The apparent magnitudes ( for 
the Seyfert galaxies and V for the blue stellar objects) 
are also given in Table 1. 


Table 1. 

Object S: Se mpor V 
NGO 1068 09 +02 18 +02 0-6 
NGO 1275 82 +4 165 +165 13-3 
NGO 8227 0-028 + 0-017 0-038 + 0-070 11:8 
NGC 3516 0-063 + 0-041 0-065 + 0-057 125 
NGO 4051 0 089 + 0-089 10-8 
NGO 5548 0-082 + 0-085 —0 045+ 0 040 18-5 
NGO 7469 0-062 + 0 033 0:08 +0-05* 12-7 
BSO 1(z=1 241) 0-000 + 0-028 — 0 018 + 0 028 17-0 
2 0 008 + 0-041 18-6 
8 — 0 069+ 0-073 173 
9 0-028 + 0 020 — 0-042 + 0-056 19-1 
u — 0115 0 040 184 
12 0-010 + 0-015 17-5 
13 0-024 + 0:020 17-3 
14 — 0:002 + 0 020 14:6 
15 0-010 + 0-021 17-8 
16 0-002 + 0 025 16-1 
TON 256 (2 =0:1807) 0-081 + 0-022 0-000 + 0-023 159 
TON 780 (z= 0 0877 — 0-006 +0014 — 0-002 + 0 027 15-9 


* Value obtained by De Jong (private communication). 


No significant radiation was detected from any of tho 
objects investigated except the Seyfert galaxies NGC 
1068 and NGC 1275 which are both well known radio 
galaxies, and possibly NGO 7469 as well. The measured 
flux density in the latter case, however, is not appreciably 
greater than what might be expected from the free- 
free emission of ionized hydrogen in the galaxy. Unlike 
NGC 1275 (ref. 9), NGO 1068 was found to have no excess 
emission at centimetre wavele : 

The upper lmit of the measured flux densities for tho 
blue stellar objects is appreciably less than the extra- 
polated flux density of any known quasi-stellar radio 
source at either 6 cm or 2 cm. This seems particularly 
significant for the quasi-stellar galaxies TON 256 and 
TON 130, which have relatively small red-shifts and, if 
the cosmological interpretation of the red-shift is accepted, 
must therefore be closer than any quasi-stellar radio 
sources. The distribution of absolute radio luminosity 
at 6 cm is plotted in Fig. 1 for forty-five quasi-stellar 
radio sources which we have observed at 6 cm and for 
which red-shifts have been measured. We have taken 
the luminosity to be proportional to the measured quantity 
(red-shift)* x (flux density at 6 cm) without making any 
corrections for relativistic effects. Blackening has been 
used to indicate those sources where most of the flux 
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at centimetre wavelengths comes from a region smaller 
than 3 sec of arc. These show a small dispersion in absolute 
luminosity; they are systematically stronger than the 
larger quasi-stellar radio sources and show a well defined 
relation between flux density and red-shift as would be 
expected if the red-shift were indeed a true indicator of 
distance’*, Because of their high surface brightness 
quasi-stellar radio sources of small diameter are often 
optically thick at decimetre or even centimetre wave- 
lengths and thus tend to have flat or positive spectral 
indices over part of their radio frequency spectrum. The 
larger quasi-stellar radio sources do not show this relation 
between flux density and red-shift; however, this is 
probably a result of observational selection because no 
sources have been observed below a limit of about 0-4 
flux units at 6 cm. These would presumably show large 
red-shifts. An obvious interpretation of Fig. 1 is that 
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intrinsically powerful sources of small diameter with flat 
spectra are relatively young and that as they expand 
they become optically thin, their luminosity decreases, 
and their spectra steepen with time. 

The upper limits on the luminosity of the quasi-stellar 
galaxies TON 256, TON 730 and BSO 1 are shown as 
arrows. These limits are based on twice the standard 
error and correspond to the 95 per cent level of confidence. 
TON 266 and TON 730 are thus weaker by a factor of at 
least fifteen than any known quasi-stellar radio sources. 
These observations confirm the existence of quasi-stellar 
galaxies, which are similar to the quasi-stellar radio 
sources in their optical properties and red-shifts, but 
which are at least an order of magnitude less luminous, 
even at centimetre wavelengths, than any quasi-stellar 
radio source and at least two orders of magnitude weaker 
than the typical quasi-stellar radio source. 

Recent observations of the Seyfert galaxy NGO 1275 
and several quasi-stellar radio sources show that their 
radio emission at centimetre wavelengths may vary 
significantly in a time scale as short as a few weeks'1*. 
On the basis of these variations in the radio spectra, it 
has been suggested that expanding clouds of relativistic 
electrons are periodically created in these objects and 
produce intense short lived sources of radio emission". 
It seems plausible that the “radio quiet’’ quasi-stellar 
galaxies and Seyfert galaxies are at present in a quiescent 
state and that continued observations of these objecte 
at millimetre or centimetre wavelengths may well detect 
radio emission at some future time. 

We thank B. G. Clark, D. Hogg, and F. Bash for pro- 
viding estimates of the angular sizes of some of the quasi- 
stellar sources, and D. 8. Heeschen for helpful comments 
on the manuscript. 
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FORBUSH EFFECTS AND THE POSSIBILITY OF THE INTERACTION 
' OF MAGNETIC BOTTLES PRODUCED BY SOLAR FLARES 


By S. GOPASYUK* and L. KRIVSKY 


Astronomical Institute, Czechoslovak Academy of Sciences, Ondrejov 


Ir 1s well known that certain large flares are followed by 
an observable Forbush effect ın the cosmic rays. It was 
suggested first by Piddington! and later by Gold? that 
streams of solar plasma ejected during the flare pull out 
the magnetic lines of force from the active region, and that 
in the interplanetary space these lines of force form a 
huge “magnetic bottle” which causes the Forbush effect 
in the neighbourhood of the Earth. Although large solar 
flares frequently occur in years in which there is high 
solar activity, observations of the Forbush effect are 
relatively rare*. As these observations follow flares which 
appear near the east solar limb; in the model of a “‘magnetic 
bottle” the arrival of solar plasma is highly improbable 


* On leave from Astrophysical Observatory, U.8.9.R. Academy of Sciences, 
mea, Nanchny. 


because of the position of the flares and their interaction 
with the magnetic field in the region of the Earth. In 
order to determine what part solar flares play in the 
production of Forbush effects, we investigated the relation 
between them and the location of large solar flares. 

An attempt was made to correlate the intensity of 
cosmic rays detected during 1959-64 by the neutron 
monitor at the Deep River station? with a published list 
of solar flares‘. During the period studied, eighty typically 
shaped Forbush effects were found, and for fifty-one of 
them the related solar flares were identified with a 
relatively high degree of certainty. The study led to the 
following conclusions: (1) flares which occur near the 
east solar limb are relatively important in producing the 
Forbush effect (this relation has never been observed 
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near the solar east lunb and connected with Forbush effects following simular flares in the western 
osition of individual flares, the large numbers designate their time sequence, the number in the numerator 
enominator the date of the beginning of the Forbush effect. The fi 


line connecting the circles indicates 


the soquence of flares belonging to one active region 


for polar cap absorption or the production of cosmic rays)*; 
(2) flares which occur in the northern hemisphere are 
more effective in producing Forbush effects compared 
with those m the southern hemisphere (forty-four events 
in the northern and only seven events m the southern 
hemisphere). Our material also confirms the observation 
that Forbush effects often appear in connexion with 
recurrent flares‘. At the same time, however, some 
Forbush effeots follow one after another at time intervals 
of several days which are caused by flares from different 
active regions. Eight such complex situations were found 
during the time interval examined. It is these situations 
that are of the greatest interest. In all eight cases the 
last of the sequences of Forbush effects was usually pro- 
duced by a flare situated to the east of all the preceding 
flares involved m the production of the Forbush effects. 
The distances in heliographic longitude between the last 
flare and the preceding one can vary considerably. In 
some extreme cases (of which there were three) the For- 
bush effects related to the flares near the east solar limb 
follow unmediately after Forbush effects caused by flares 
situated in the western hemisphere (Fig. 1). 

These results may be explained by the following hypo- 
theses: (1) the connexion of interplanetary magnetic 
bottles with the solar atmosphere lasts for a relatively 
long period of time; (2) during the period of the recovery 
of the intensity of the cosmic rays to its normal value, 
magnetic bottles associated with flares which develop 
later and to the west of the first bottle will not have any 
influence on the intensity of the coamic rays in the neigh- 
bourhood of the Earth because of the screening action of 
the first magnetic bottle produced in the series. Bottles 
connected with flares which occur eastwards, however, 
may cause a new Forbush effect. The flares located on 
the western hemisphere of the Sun are probably less 
important in the production of the Forbush effect than 
those in the east, and this may be connected with a 
screening effect similar to that which prevents more 
westerly situated flares from influencing the recovery of 
the intensity of cosmic rays. Only durmg the initial 
phase in which the intensity of the cosmic rays in such a 
system of magnetic bottles decreases to 8 minimum value 
will the amplitude of the intensity changes brought about 
by the next western bottle be greater than that for the 
eastern bottle. We would mention here, however, that 
during this decrease phase of the Forbush effect the 
influence of magnetic bottles 2 and 3 on the measured 
intensity of cosmic rays reaching the Earth (Fig. 2a) 
depends strongly on the mutual position of the Earth 
and the boundary of magnetic bottle 1. 

It can be seen from Fig. 2 that only when the velocity 
of expansion of a magnetic bottle is less than the expan- 
sion velocity of a bottle which develops later and to the 


east will the boundaries of both these bottles touch one 
another after a certam time. It 14 highly probable that 
the magnetic lines of force have opposite directions on 
the surfaces where contact 1s achieved. In this case, the 
powerful process of the reconnexion of magnetic lines of 
force of both magnetic bottles can take place according 





Fig 2. 


Scheme of geophysical activity of magnetic bottles from flares 
located ın active solar regions at different heliographic longitudes. The 
direction of co-rotation of magnetic bottles 
the Bun. Bottle No. 1 ler related to the first Forbush effect, bottles 


e arrows indicate the 


Nos. 2 and $ are caused by la ter flares (Fig. 2a). In Fig. 2b the new 

Forbush effect 1s produced oniy by bottle No. 3, while bottle No 2 cannot 

produce any effect as a res eae saroenlng and blocking action of 
e No. 
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Fig. 8. Scheme of the proposed conjunction of two magnetic bottles in 
the ecliptic plane where the western flare us the earlier of the two. The 
direction of magnetic lunes of force is Indicated by arrows. N desig- 
nates the region of the “neutral” point, the position of the Earth is 
pven by the circle Æ. The arrows represent the direction of motion of 

es of forces from both bottles; the dashed line indicates the possible 
form of magnetic lines of force from the huge bottle which resulta. 


to Sweet’s mechanism’ and Syrovatsky’s criterion®. This 
process will result in the formation of a very large mag- 
netie bottle with a large effcctive space angle (Fig. 3). 
At the same time, the mechanism allows for the connexion 
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of two solar active regions widely separated on the soler 
surface by means of the magnetic lines of force extending 
through the deep interplanetary space. This picture is in 
good agreement with direct measurements of the sector 
ase of the orientation in the terplanetary magnetic 

Ids®. 

As a result of the motion of the magnetic field, the 
particles start to move in two directions (arrows labelled 
a and b in Fig. 3) from the region of the “neutral” point 
N. The straightening of the lines of force in the outer 
part (a) will result in an increase in the rate of motion of 
particles in this direction. In the interval region (b) the 
shortening of the lines of force and their motion towards 
the Sun will lead to drag of the particles and to tho 
rectification of their motion in the direction of the Sun. 
A. stream of particles directed towards the Sun is thus 
produced at quite large distances from the Sun. 

One of the consequences of the conjunction of magnetic 
bottles is the increased effectiveness of flares located in 
the east solar hemisphere to produce Forbush effects. 
There is no doubt that an increase of mass density and 
field intensity occurs ın this region of conjunction. It is 
even probable that in certain situations where there 1s & 
favourable ratio of magnetic to kinetic energy, shock 
waves will develop which will lead to the complementary 
acceleration of particles accompanied by radio emission 
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COMPUTER INTERPRETATION OF HIGH RESOLUTION MASS SPECTRA* 


By M. BARBER, P. POWERS, M. J. WALLINGTON and W. A. WOLSTENHOLME 
Consultant Laboratory, Associated Electrical Industries, Ltd., Manchester 


At the 1965 meeting of Committee H-14 of the American 
Society for Testing Materials, results were presented?-? 
which showed that complete high resolution mass spectra 
could be recorded electrically in 10 sec and the data then 
processed using computing techniques to give, if desired, 
an element map*. The sensitivity of the system 1s such 
that a useful spectrum can be obtained from 0-2 ug. 

Fig. 1 shows diagrammatically the arrangement of such 
& system. A reference sample, usually perfluorokerosene, 
is admitted to the mass spectrometer together with the 
unknown sample which may be a single organic compound 
or the effluent coming directly from a gas—liquid chromato- 
graphy column. 

The element map 18 now a well known way of tabulating 
in a digestible form the large amount of precise data which 
is obtained from a complete high resolution mass spectrum. 
For many compounds, however, the size of such a map 
becomes unwieldy. For example, for a compound con- 
taining four nitrogen atoms and six oxygen atoms, the map 
would contain thirty-five columns. Moreover, the nter- 
pretation of such maps can become time consuming and 
tedious. The next logical step would, therefore, seem to be 
to programme the computer to carry out at least a partial 
interpretation of the data. 

Two possible approaches to this task are (a) to get the 
computer to generate all possible structures for a given 
molecular formula and to check each structure against the 


* This paper was pene at the fourteenth annual meetang of the 
ATA Committee E-14 on Masa Spectrometry and AUied Topicsin Dallas, 
y . 


mass spectrum, and (b) knowing the compound type, to 
programme the computer to look for specific fragmenta- 
tion processes for structure determination. This article 
describes some of the results which we have obtamed using 
the second method. For the mitial study we have chosen 
peptides which, because they are built up from relatively 
sımple units, lend themselves readily to this type of 
approach. Examples of linear, cyclic and cyclodepsi- 
peptides have been considered. All spectra were obtained 
using a high resolution, fast scanning mass spectrometer. 
The basic logic and operations in the programme are 
shown in Fig. 2. The programme has been written so that 
it can be connected directly to the element map programme 
and so that an interpretation can be made before or instead 
of the mapping process. The peaks in the mass spectrum 
are stored as atomic compositions and the first operation 
of the computer ıs to find the molecular formula of the 
compound. Once this has been done there are, in the case 
of peptides, several deductions which the computer can 
make by consideration of the molecular formula alone. 
(a) If mono-amino mono-carboxylic acids only are 
considered, by analysis of the numbers of nitrogen 
and oxygen atoms and the number of double bond equiva- 
lents in the molecular formula, the type of peptide can be 
determined. For example, for acyclic peptide the number of 
nitrogens ıs equal to the number of oxygens, and if the 
number of double bond equrvalents is equal to the number 
of oxygens minus one, the peptide is linear. In this part 
of the programme ıt is necessary to consider the presence 
of phenylalanine which, although mono-amino mono- 
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carboxylic, does contain four “extra” double bond 
equivalents. The computer, therefore, is programmed 
during this operation to determine the number of phenyl- 
alanine units present. 

(b) It 13 also possible for the computer to carry out an 
amino-acid analysis, again by consideration of the number 
of nitrogens, oxygens and double bond equivalents in the 
molecular formula. The computer has been programmed 
to consider nmeteen amino-acids and to print all possible 
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Fig, 2. Peptide analysis programme. 
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combinations of these which will give the molecular for- 
mula. This can be done directly for cycle peptides, but 
for lmear peptides the N-acyl group and the C-terminal 
group, usually OCH, must first be subtracted. With 
cyclodepsipeptides a knowledge of the hydroxy acids 
present would be necessary. 

Another important point m connexion with the amino- 
acid analysis is that the computer will accept any known 
chemical evidence; for example, any qualitative and/or 
quantitative analysis of the ammo-acids present. This 
information, if any, can be read in and the computer will 
check it against the molecular formula determined by the 
mass trometer and, if necessary, correct it. An 
example of this type will be given. 

When an amino-acid analysis has been performed, the 
computer will then only consider those acids for subse- 
quent sequence determination. 

The sequencing part of the programme varies slightly 
depending on the type of peptide bemg analysed. The 
main features in each case are as follows: ; 

- (i) Linear peptides. One of the main fragmentations in- 
linear peptides is simple cleavage of the peptide bonds‘ 
which results in the successive loss of amino-acid units. 
This type of fragmentation also occurs after ring opening 
in cyclic and cyclodepsipeptides. The ammo-acids are, 
therefore, stored m the computer as peptide units; for 
example, valine is stored as C,H,NO VAL. 

With linear peptides, the computer is programmed so 
that after the molecular ion has been found, the C-terminal 
group (OCH, for peptide methyl esters) is subtracted from 
it and the residue is stored. Each peak in the mass 
spectrum (stored as an atomic composition) 1s then sub- 
tracted from the molecular ion minus OCH, and the 
residue is compared with the amino-acid units in the 
store. When an amino-acid unit loss is found this unit is 
subtracted from the molecular ion minus OCH, and the 
new residue is stored. Each peak in the spectrum is then 
subtracted from this residue and the result compared 
with the amino-acid units as before. Each acid unit loss 
For the reason that a 
peak is not always observed im the spectrum which 
corresponds to the acyl ion iteelf the computer 1s pro- 
grammed to print out the residue containing the N-ter- 
munal amino-acid if the acyl ion (contaming no nitrogen) 
is not observed. 

(1) Cyclic peptides. Two types of fragmentation‘, 
differing in the mode of initial mng opening, have been 
considered for cyclic peptides. The first, which we have 
called type A, occurs when the peptide ring opens by 
way of a McLafferty type rearrangement. The sumple 
cleavage of a peptide bond following this then involves the 
loss of an amino-acid umt+NH,. In this case, therefore, 
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the computer is programmed to find the initial amino- 
acid logs by testing each peak in the mass spectrum to see 
if it is deficient with respect to the molecular ion by NH, 
plus an amino-acid unit. All such “‘initial losses’? are 
looked for and stored because the peptide ring can open 
at more than one place. These residues (M+-NH,-amino- 
acid unit) are then taken in turn and used for further 
sequencing in the same way as for linear peptides. In this 
case, the completion of sequencing is recognized when the 
total amino-acid units found equal the molecular formula. 
If the sequencing is incomplete using one initial loss, that 
is, the computer cannot find a peak corresponding to the 
further loss of an amuno-acid unit, the residue at that 
stage is printed out and the next initial loss in the store 
is considered. 

The second fragmentation (type B) we have considered 
for cyche peptides is that involving ring opening by loss 
of an amine fragment (that is, an amino-acid unit mmus 
CO). In this case, therefore, the initial losses are found by 
subtracting CO from the molecular formula and then 
testing every peak against the residue as before. Further 
sequencing 18 carried out as for type A fragmentation. 

(ii) Cyclodepstpepitdes. These peptides contam hydroxy 
acid as well as amino-acid units. There are present, 
therefore, ester bonds as well as the usual amide or peptide 
bonds. The fragmentation of these peptides has been 
studied in some detail’, and three types are predommant. 
The type we have used so far for this work 1s that in which 
the ring opens at the ester bond and mvolves the loss of CO,. 
The resultant ion can then lose a hydrogen atom and 
further fragmentation proceeds by simple cleavage of the 
amide and ester bonds, successive units of ammo and 
hydroxy acids thus bemg lost. The first step in the 
sequencing 1s for the computer to find all mitial losses by 
looking for a peak deficient with respect to the molecular 
ion by an amino-acid unit plus OH (the first loss after ring 
opening will always be an amino-acid unit). Cyclo- 
depsipeptides may contain regularly alternating units of 
amino-acids and hydroxy acids, or the arrangement may 
be irregular. The computer 1s programmed, therefore, to 
look for amino-acids and hydroxy acids alternately, but if 
a hydroxy acid cannot be found, another amino-acid unit 
is searched for. The hydroxy acid units are recognized as 
OnHin-,O,, because only mono-hydroxy acids have been 
considered at this stage. If the computer can find neither 
acid type unit, it will say so and try an alternative mitial 
loss. The end of a complete sequence 1s recognized if the 
residue contains no mtrogen, that 1s, after the final amino- 
acid unit has been found, as this will be the part of the 
hydroxy acid volved in the initial ring opening. For 
completeness of prmt-out, OH is added to this residue and 
the unit is then printed out as it occurs in the ring. 

Fig. 3 shows the computer output obtemed when the 
high resolution spectrum of (Gly-Ala-Phe), was read mto 
the computer. In this case, an incorrect amimo-acid 
analysis was deliberately fed in. It can be seen that the 
computer first finds the molecular formula. The amino- 
acid analysis was read in incorrectly as one unit of glycine. 
two units of alanine and three units of phenylalanme. The 
computer, of course, finds that this does not add up to the 
molecular formula and prints “ammo acid analysis 
incorrect”. It then proceeds to correct ıt 
by subtracting one unit of glycine, alanine 
and phenylalanine from the molecular 
formula and at this stage ıt prints the 
residue as “new molecular formula”. All 
possible combinations of ammo-acids which 
could add up to this formule are then found 
—in this example only one, namely, one 
unit each of glycine, alanme and phenyl- 
alanine. This 1s printed and the amino-acid 
analysis is now corrected, that is two 
units each of glycine, alanine and phenyl- 
alanine. Only theso three amino-acids 
aro now used for sequencing. The 
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initial losses found are alanine and phenylalanine. The 
sequencing is then completed using the initial loss of 
alanine—the amino-acids are m this case listed vertically, 
and ‘‘cyclo”’ is printed when the sequence is complete. The 
initial loss of phenylalanine 1s next taken and in this case 
only a partial sequence is found—Phe. Since no other 
initial losses are avaiable, the sequencing using fragmen- 
tation type A is completed. 

Fig. 4 shows the output obtained using the complete 
high resolution spectrum (containing about a hundred 
peaks) of the regular cyclohexadepsipeptide enniatin A’. 
The first amino-acid unit lost was methyl leucine (MLU) 
and in this case any other initial losses are stored but not 
printed at this stage. A C5 hydroxy acid is next found 
and then another methyl leucine unit, etc. The sequence 
is complete when the final hydroxy acid unit is found. 
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Fig. 5 shows an example of an irregular cyclohexadepsi- 
peptide, isariin®*, which contains five amino-acids and one 
hydroxy acid. This figure shows an example of the 
determmation of the peptide type after the molecular 
formula has been found. In this case no phenylalanine 
units are found to be present. The first amino-acid unit 
lost is valine and the sequence is completed when the one 
hydroxy acid umt present at the end is found, that is 
C1.H,,0,. 

It should be pointed out here that in these two cases of 
cyclodepsipeptides, it was found that the computer could 
fail to complete the sequence, or even give an incorrect 
sequence, mainly as & result of peaks being present in the 
spectrum, particularly at low mass, which corresponded 
to the loss of CaHyx-,O, after the previous loss of an 
ammo-acid. An incorrect hydroxy acid was thus found. 
To overcome this, we found it necessary, ın the case of 
these depsipeptides only, to read into the computer a 
qualitative acid analysis, for example, that which would 
be obtained after hydrolysis of the peptide. 
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Fig. 6 shows an example of a linear N-acyl 
tetrapeptide methyl ester. Here the acyl ion 
itself was present and the complete sequence 
together with the acyl group 18 printed. It 18 
worth noting that in our first programme for 
linear peptides the technique which we adopted 
was to make the computer start with the acyl ion 
and work upwards in mass. When this was done, 
the computer printed the acid sequence Ala-Val- 
Gly-Gly. A second unit of glycine not present in 
the peptide had been found by the computer 
because the peak in the spectrum corresponding 
to loss of the leucine side chain by way of a 
McLafferty rearrangement had the atomic com- 
position corresponding to this sequence’. This 
anomaly is avoided if our present technique of 
starting at high mass is adopted. 


Conclusions 


The results we have obtained with these peptides show 
great promise. Computer interpretation of the complete 
high resolution mass spectrum can completely remove the 
necessity for a quantitative amino-acid analysis. Further, 
for linear peptides the use of the complete high resolution 
sean obviates the necessity to acylate with a long chain 
fatty acid. An acetyl group is sufficient since the com- 
puter identifies all peaks by their atomic compositions. 

This type of work will be continued with other types of 
compound using specific fragmentation processes where 
the compound type is known and also using the “‘structure 
generation”’ method for the more general case. 

Senn and McLafferty!® and Biemann et al. have also 
investigated the computer interpretation of the mass 
spectra of peptides; however, they have considered only 
linear peptides and have not used the computer to per- 
form any amino-acid analysis or “peptide type” deter- 
mination. 
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RELATION OF SUB-ACUTE COMBINED DEGENERATION OF THE CORD TO 
VITAMIN Biz DEFICIENCY 


By Dr. J. WILSON 


Medical Research Council Clinical Genetics Research Unit, at the Institute of Neurology and Institute of Child Health, 
London, W.C.1 
AND 
Dr. M. J. S. LANGMAN 


Medical Research Council Statistical Research Unit, University College Hospital, London, W.C.1 


EXAMINATION of animals subjected to repeated heavy 
exposure to cyanide has revealed a variety of lesions in 
the central nervous system}-*, while recent investigations 
into Leber’s hereditary optic atrophy, which is character- 
ized by retinal ganglion cell degeneration, optic atrophy, 
and diffuse central neuropathological changes in advanced 
cases*)°, suggest that these changes may result from an 


inborn error of cyanide metabolism. Other experi- 
mental!? and clinical evidence’ * indicates that the 
metabolism and detoxication of cyanide may be intimately 
linked to vitamin B,,, and the data of Wilson and Mat- 
thews'* suggest a reciprocal relationship between cyanide 
or thiocyanate, and vitamin B,, concentrations in plasma. 
This has prompted us to investigate the possibilty that 
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some of the neurological complications of vitamim B,, 
deficiency may result from the neuropathic effects of 
cyanide. 

There 1s a small metabolically active pool of cyanide 
present normally!* and this 1s probably formed from the 
action of thiocyanate oxidase present ın red cells!81° on 
thiocyanate in plasma’. Thiocyanate m body fluids is 
mainly derived from the diet (for example, milk, beer, 
green vegetables®®*!) and also from the detoxication of 
inhaled or ingested cyanide, of which tobacco smoke, 
containing up to 1,600 p.p.m.*%, and infections**»* are 
important sources. In healthy subjects, a high proportion 
of such cyanide 13 metabolized by way of the 1-C pathway, 
probably through its ready combination with hydroxo- 
cobalamin!*, and it is possible that plasma cyanide 
concentration may tend to rise excessively in vitamin 
B,,-doficient subjects. This hypothesis is supported by the 
evidenco that oven in normal subjects there 1s a reciprocal 
relationship botweon tho concentration of plasma cyanide 
and vitamin By, (ref. 16). 

It would also be oxpected that the rate of accumulation 
of cyanide 18 a function of thiocyanate oxidase concentra- 
tion (and therefore red cell mass) and of thiocyanate 
concentration. Factors determiming red cell mass im 
B,.-deficient states are obscure, but ıt has been suggested 
that ın addition to a block in folate metabolism’, patients 
with uncomplicated pernicious anaemia have a lower 
serum folate concentration than patients with sub-acute 
combined degeneration, and may well have a lower 
dietary intako of folate**. Dietary intakes of both folate 
and thiocyanate will be roughly parallel because the 
vegetable distributions of folate and thiocyanate are simi- 
lar, and both will be similarly affected by the anorexia 
which 1s often a prominent symptom in vitamin B,, dofi- 
ciency. Thus relatively low red cell mass (from low folate 
intake) and relatively low thiocyanate concentration will 
tend to coexist; in such patients there would be a relatively 
low rate of formation of endogenous cyanide, and they 
would be spared the neuropathological consequences of a 
conditioned inability to metabolize cyanide normally. 

In smokors, tho presence of a raised thiocyanate con- 
centration as a result of the detoxication of inhaled 
cyanide would be an additional determinant. A schematic 
illugtration of this hypothesis is shown in Fig. 1. 





Smoking CNT Vrtomin 82 (-C metabolism 
Infections j 
thiocyanate eg rhodanese 
oxidase 
Diet SCNT 
Fig. 1. 


To test this hypothesis, we have examined tho caso 
records of the thirty-three patients diagnosed as suffering 
from sub-acute combined degeneration at the National 
Hospital for Nervous Diseases, Queen Square, during 
the period January 1954—June 1965, and the records of 
tho patients indexed as suffering from pernicious anaemia, 
vitamin B}, deficiency, and sub-acute combined degenera- 
tion at the Central Middlesex Hospital during the same 
period. Details of the clinical state, sex, duration of 
symptoms, smoking habits and the concontrations of 
haemoglobin were obtained, and cases were subdivided 
into three clinical categories—(a) definite sub-acute 
combined degeneration, in which neurological abnormali- 
ties were the presenting clinical features; (b) mild 
sub-acute combined degeneration, where neurological 
abnormalities were present but inconspicuous; (c) 
pernicious anacmia without nourological signs. 
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The sex distribution of patients (excluding those cases 
where there is no information about the neurological 
status) is shown in Table 1. 


Table 1. SEX INOIDENOR OF PERNICIOUS ANAEMIA (P.A.) AND SUB-ACUTE 
COMBINED DEGENERATION (8.A.C.D.) 


Males Females 
P.A. C.M H.)* 25 67 
8.A.C.D. (C.MLH.) 14 19 
8 A.O.D. (N.H.Q.8.) 18 14 


* C.M.H., Central Middlesex Hospital, N.H.Q.8., National Hospital for 
Nervous Diseases, Queen Square. 

These results are further subdivided according to 
smoking habits in Table 2; however, sixteen males and 
fifty-one females have been excluded as there was no 
relovant information. 


Table 2. SEX INCIDENCE WITH SMOKING HABITS OF PATIENTS WITH BTB- 
ACUTE COMBINED DEGENHRATION AND PERNICIOUS ANARMIA 


Males Females 
Non- Non- 
Smokers smokers Smokers smokers 
P.A. C EY 7 12 5 42 
8.A.C.D. (C.ALH. 8 4 3 11 
8.4.0.D. N.H.Q.8.) 14 2 2 6 


* Abbreviations as in Table 1. 


Unfortunately, the populations from which the patients 
at the two hospitels are drawn may not be the same and 
therefore the results from each source cannot be com- 
bined, but certain trends are evident. There are more 
men and more smokers among patients from the Central 
Middlesex Hospital with neurological disease compared 
with those with anaemia only, but despite the marked 
differences ın proportions between the two disease 
categories, the numbers of patients are insufficient for 
the differences to be statistically sigmficant. The results 
obtained in patients with sub-acute combined degeneration 
at the National Hospital for Nervous Diseases, which 
show a greater tendency than those from the Central 
Middlesex Hospital to include men and smokers, sup- 
port the suggestion that the differences noted are real. 
Data from Oxford patients with pernicious anaemia and 
sub-acute combmed degeneration show a similar trend 
(Wangel, A., personal communication). It should also 
be recognized that these differences are unlikely to be 
accounted for by erroneous diagnostic critena of vitamin 
B,, deficiency sinco such errors should act randomly. 

Ihe distribution of the concentrations of haemoglobin 
ın the various groups 1s shown in Table 3, with mean values 
and standard errors of the means. 


Table 8. HABMOGLOBIN CONOENTRATIONS IN UNCOMPLICATED PERNICIOUS 
ANAEMIA AND IN SUB-ACUTE COMBINED DEGENERATION 


Smolong 
Non-smokers Smokers habits unknown 
P.A. (C.3LH } 39 44 44 
(£13; 51) (+3-3; 12) (+2 6; 26) 
NEA OD. (O.M.H.) (+45, 6) (+8 2, 6) (+11:2; 8) 
PRAGD. (EE) (H45, 9) (46 5; 5) (+3 2, 3) 
8.A4.C.D. (N H.Q.8.) 78 82 88 
(+59; 8) (+ 8-1; 16) (+1 8; 8) 


Data from sexes combined, and presented as percentage (14-8 ¢/100 ml. 
100 per cent) with standard error of mean, and number of observations. 

Thero 1s an obvious difference in the distribution of 
haemoglobin concentration ın patients with sub-acute 
combined degeneration and in those with uncomplicated 
anaemia. None of the pationts at the National Hospital 
for Nervous Diseases, and only two out of seventeen with 
marked nourological abnormalities at the Central Middle- 
sex Hospital, had concentrations of haemoglobin of less 
than 60 per cent. This marked dissociation between 
severity of anaemia and the occurrence of sub-acute 
combined degeneration is also apparent, although not 
commented on, in the data of Waters and Molin. 
There was no evidence that severely anaemic pationts 
had either transient or ingravescent sub-acute combined 
degeneration, and patients with sub-acute combined de- 
generation tended to have a longer duration of symptoms 
before diagnosis than patients presenting with anaemia. 
There was no correlation between concentrations of haemo- 
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globin and-duration of symptoms in patients with sub- 
acute combined degeneration. It could be argued from 
these findings that severe anaemia conferred “protection” 
from neurological complications. 

There may, therefore, be a direct relationship between 
total red cell mass and the occurrence of sub-acute 
combined degeneration; it 1s usually accepted that the 
adverse neurological effects of treating pernicious anaemia 
with folic acid occur after the haematological remission. 
Moreover, the differing sex incidence already noted can 
be accounted for entirely by the numbor of smokers in 
the groups with sub-acute combined degencration. 

We are examining retrospective epidemiological data 
at the Hammersmith Hospital, and investigating tho 
biochemical problem directly in new patients with 
pernicious anaemia and sub-acute combined degeneration. 
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A PHYSIOLOGICAL CONCEPT OF CHOLESTEROLAEMIA 


By RAHMAT U. QURESHI and ADRIAN J. SALTER 


Department of Nutrition, Queen Elizabeth College (University of London), Sir John Atkins Laboratorles, 
Campden HIH, London, W.8 


Srvox the original discovery of cholesterol in the body by 
Boudet in the early part of the nineteenth century the 
presence of this compound has been demonstrated, 
mostly in a dynamic state, as a normal constituent of all 
living cells. Many workers have observed that the levels 
of cholesterol in tissues are altered by changes in the diet, 
environment and a number of diseases. We believe that 
two main factors influence the formation of cholesterol: 
first, the demand for the products of its catabolism, and 
second, an abnormality in lipid metabolism. 

Formation of cholesterol in the body. It was considered 
by Anitschkow!-* and others? that exogenous cholesterol 
alone was responsible for a rise in serum cholesterol ın 
rabbits, but later evidence demonstrated the endogenous 
synthesis of cholesterol in mice from small carbon units‘. 
Shortly afterwards Bloch and Rittenberg*.*, in 1942 and 
1945, identified acetate as the precursor substance in the 
biosynthesis of cholesterol. Since then successive dis- 
lanosterol® and mevalonate? 
as precursors of cholesterol have been important events. 
Now it is known that cholesterol 1s readily synthesized 
in the body from acetate through these intermediates. 

Kempner" in 1949, and others!!~13, all showed that low 
fat diets depressed the serum cholesterol content of persons 
with hyper-cholesterolaemia. In his investigation of 
different racial groups in 1956, Keys!‘ observed that in 
areas where fat intake was high hyper-cholesterolaemia 
was common, and where fat intake was low serum choles- 
terol values in the population were aleo low. Kinsell 
et al.5 in 1952 showed that the consumpticn of vogetable 
oils lowered the serum cholesterol whereas animal fats 
raised it, and this was subsequently confirmed by other 
workers'*-1°, Furthermore, of the vegetable oils, those 
containing poly-unsaturated fata were found to be more 
effective for reducing serum cholesterol**-#3, As a result 
of this the attention of the later workers was mainly 
focused on the amount and type of dietary fat with respect 
to cholesterolaemia. 

Evidence is now rapidly accumulating to show.that the 
amount and type of carbohydrate have a profound influ- 
ence on cholesterol metabolism™-**. Carbohydrates 
through pyruvate, proteins after deamination, and fatty 
acids after oxidation, are all catabolized to acetyl coen- 


zyme A (CoA). The major portion of the acetyl CoA pool 
satisfies basal requirements and energy needs of the body, 
and its smaller portion goes towards the biosynthesis 
of substances such as cholesterol. As will be seen from 
Fig. 1, the glycogen and adipose tissue formed are in 
dynamic equilibrium with the acetate pool but cholesterol 
formed from the acetate pool is not. This is supported 
by the fact that cholic acid labelled with tritium is not 
converted into cholesterol in the rat% and that cholic acid 
24-MC is not changed into less hydroxylated bile acids**. 
On this evidence ıt has been suggested that the conversion 
of cholesterol to cholic acid in the intact animal progresses 
in only one direction*. 


Protein Fat Carbohydrate 


a ae 


ACETATE | __ Blood t Adipose 
—~—z lipids —» tissue 


Carbon Dioxide Cholesterol 
and Water 


Bile acids, 
ete. 
Fig. 1. 


Formation of bile acid from cholesterol. Bloch et al.3* 
were the first to investigate the conversion of cholesterol 
to bilə acids. Later, Zabin and Barker’? proved the forma- 
tion of cholic acid from cholesterol in the bile-fistula dog, 
and Byers e al.** confirmed the breakdown of cholesterol 
to bile acids in the rat. Siperstein et al.*? showed that bile 
acids are the final end-products of cholesterol metabolism, 
as much as 95 per cent of the administered radioactive 
cholesterol being recovered from the faeces, and of that 
more than 80 per cent was in the form of bile acids. Later, 
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it was reported* that m a man with a biliary fistula 
98-5 per cent of the cholesterol-4-“C excreted was present 
as bile acids, mainly cholic acid, and the same authors 
have pointed out that cholesterol 1s probably the only 
precursor of bile acids. 

Quality of fat and cholesterolaemia. If the amount of 
fat present in the diet increases there will be correspon- 
dingly greater need for bile acids for ita emulsification 
and absorption; because bile acids are the catabolic 
products of cholesterol there will be indirectly a greater 
need for cholesterol to deal with the increasing dietary 
fat load. Increased synthesis of cholesterol as a result of 
high fat mtake ıs, therefore, a matter of physiological 
necessity, but ıt has been observed that saturated fats 
Bay hyper-cholesterolaemic compared with unsaturated 
ats. 

Gordon eż al.?5 in 1957 found that unsaturated fats in- 
creased the rate of bile acid excretion, and other workers** 
discovered that butter oil decreased and corn oil increased 
faecal sterol excretion, this being confirmed later”. 
It was found** that linoleic acid supplementation increased 
the faecal excretion of bile acids and sterols which could be 
precipitated by digitonin. It has also been hypothesized’ 
that the accumulation of cholesterol in the liver in fat 
deficiency results from a lack of lnoleate for proper 
esterification and transport of cholesterol from the liver. 
The bulk of evidence favours the fact that polyunsaturated 
fate, particularly linoleic acid, in the diet lower the serum 
and liver cholesterol by increasing the rate of its catea- 
boliam to bile acids and neutral sterols. 

On the other hand, the stimulatory effect of poly- 
unsaturated fats on cholesterol biosynthesis has been 
demonstrated in ratst®41, and it has also been found‘? 
that cholesterol synthesis from acetate tn viro m liver 
slices 18 highest in rats receiving cottonseed oil or methyl 
linoleate and reduced to about one-tenth as much in 
animals receiving a diet containing hydrogenated coconut 

oil. 

The Concentration of cholesterol in the blood will 
depend on the resultant of both synthesis and breakdown. 
It has been seen that dietary fat, of whatever kind, 
increases synthesis of cholesterol. Unsaturated fats, 
however, decrease the level of cholesterol in blood by 
increasing its rate of catabolism and the excretion of its 
breakdown products in faeces. As a result, this will 
induce the increase in the rate of cholesterol synthesis 
which has in fact been observed. This increase is clearly 
not sufficient, however, to match the rate of breakdown 
and excretion, so that it must be postulated that un- 
saturated fats mcrease breakdown of cholesterol more 
than they increase its synthesis. A few exceptions have 
been reported where the concentration of cholesterol 
does not drop despite feeding certam unsaturated fats, 
such as mustard seed o11?* in which erucic acid forms 45-50 
per cent of its total fatty acids. In this case breakdown 
does not exceed synthesis, probably as a result of the 
presence of a long chain fatty acid. It appears that 
esterification of cholesterol and therefore its subsequent 
disposal proceeds more favourably with unsaturated fatty 
acids rather than saturated or long chain fatty acids. 

Cholesterolaemia after feeding cholesterol and bile acids. 
Feeding of cholesterol, cholic acid and deoxycholio acid 
has been shown to affect serum and liver cholesterol. 

It has been demonstrated“* that cholesterol feeding 
inhibits cholesterol synthesis both in vivo and tn vitro, 
and Alfin-Slater e? al.45 have suggested that this results 
from an increase in the concentration of liver cholesterol. 
Feeding with cholesterol, therefore, increases liver 
cholesterol and because of this the concentration of serum 
cholesterol is elevated and remains high until the rate of 
its catabolism is sufficiently increased. 

Feeding with cholic acid has been shown to raise serum 
and hepatic cholesterol whereas some workers have shown 
that deoxycholec acid has an opposite effect. This may be 
due to the possibility that different bile acids have different 
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cholagogue intensities and different rates of excretion. 
Bile acids act as cholagogues and thus increase the rate 
of their own enterohepatic cycle. If there were no ex- 
cretory losses of bile acids there would be no need for 
catabolism of cholesterol, but it is known that reabsorption 
of bile from the gut is never complete and in addition there 
18 some excretion in the urine. At a faster turnover rate, 
therefore, one would expect greater losses of hile acids, 
and greater catabolism of cholesterol from the liver. 

It is thus evident that the rate of catabolism of choles- 
terol into bile acids and neutral sterols will directly affect 
the rate of synthesis of cholesterol by altermg the physio- 
logical concentration in the hver. That 1s to say, the faster 
the rate of catabolism the faster will be the rate of ana- 
bolism. The level of cholesterol in the ver and serum of 
an animal will, therefore, depend on dietary factors such 
as the total amount of fat, quality of fat, the amount of 
cholesterol and certain bile acids and structurally related 
sterols. 

Lipogenesis and cholesterolaemia. Under physiological 
conditions cholesterolgenesis takes precedence over lipo- 
genesis in 1ta demands from the acetate pool, so that the 
rate of cholesterol formation is at 1ts maximum while the 
rate of lipid formation, other than cholesterol, lags behind. 
This has been supported by the experiments of Hill et al.** 
and Williams e al.47 in vivo and tn vitro. 

If there 18 an abnormality or fault in normal lipogenesis, 
then (see Fig. 1) it 1s reasonable to assume that some of the 
acetate units will be used for the formation of more 
cholesterol in the liver and serum. 

In conclusion, dietary fat—particularly saturated fat-— 
partial or complete biliary obstruction, sluggish or faulty 
mechanism for clearing blood lipids—be it from stress, 
smoking or some other reason—all result ın higher con- 
centrations of serum and liver cholesterol. 

We thank Prof. J. Yudlan, Dr. D. Robinson and Dr. 
A. E. Bender for constructive criticism. 
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HOMOREACTANT: A NEW SERUM FACTOR IN “NORMAL” RABBITS 
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Porter and Nisonoff et al. have shown that the rabbit 
7S gamma globulin (IgG) molecule* can be fragmented 
z with proteolytic enzymes in the presence of sulphydryl 
reagents. With papain, two fragments, Feb and Fe 
(ref. 2), are produced which differ in their antigenic and 
biological properties. With antibody gamma globulin, the 
Fab fragment possesses the antigen-binding activity of 
the parent molecule and is univalent. The Fe fragment 
which can be crystallized possesses most of the other 
biological properties of the parent molecule?. When pepsin 
and a reducing agent are used, univalent Fab fragments 
are also formed but the Fe portion of the molecule 1s 

digested to smaller peptides’. i 

The digestion of rabbit antihuman erythrocyte anti- 

bodies (anti-HA) with papam or with pepsin results im 

the formation of Fab fragments, pap Fab or pep Fab, 
respectively, which react with, but do not agglutinate, 
human erythrocytes‘. Cells sensitized in this manner are 
similar to the 0 Rh+ erythrocytes sensitized by an incom- 
plete anti-Rh antibody in that they can be agglutinated 
by certain antiglobulin reagents, but differ in that a high 
protein environment’ or enzyme treatment of the colls* 
does not cause agglutination‘. 
We recently observed that erythrocytes sensitized with 
the pap Fab were agglutinated by pooled or individual 
This agglutinating activity was 
attributed to a factor which was stable at 63° C (4 h), 
could not be dialysed, was resistant to mercaptoethanol 
and which resided among the IgG portion of rabbit serum 
proteins. All thirty-six rabbit sera previously tested and 
an additional nmeteen which are reported here contained 
varying amounts of this agglutinatimg factor. 

We assigned the term “homoreactant’’ (HR) to this 
factor to distinguish it from other commonly used terms 
such as anti-antibody, antiglobulin reagent, rheumatoid- 
factor and anti-allotype antibody’. This term is intended 
to designate a gamma globulin factor present in “‘normal”’ 
rabbit serum which reacts with a fragment (Fab) derived 
from gamma globulin of the same species by means of an 
enzyme. 

In this report, we show that HR from normal rebbit 
sera also agglutmates cells sensitized with the pep Fab. 
By fractionating the sere on DEAE-cellulose*, we found 
that this activity was also associated with the gamma 
globulin fraction of rabbit serum. Table 1 lists the HE 
titres of nineteen rabbit sera tested against cells sensitized 
with pap Fab or with pep Fab. The results support our 
previous belief that all rabbits so far tested have HR 
activity in their serum. 


Rabbit anti-sera were raised in several rabbits by intra- 
venous injections of washed human 0 Rh (+) erythrocytes. 
A pool of rabbit sera was inactivated by heating at 56° C 
for 20 min. After treatment with sodium sulphate and 
chromatography on DEAE cellulose’, the purified gamma 
globulin anti-HA at a concentration of 10 mg/ml. had 
an agglutmating titre of 1: 1,024. One portion of the 
anti-HEA was digested with papam according to the 
method of Porter! and the pap Fab was_isolated and 
purified as described by Mandy e al.1°. Another portion 
was digested with pepsin according to the procedure of 
Nisonoff e al.. The resulting 5 S protein was then 
reduced with 0-01 M mercaptoethylamine and alkylated 
by addition of iodoacetamide to a final concentration of 
0-01 M. About 95 per cent of the 5 S protein was converted 
to the 3-5 S pep Fab. A small amount of 7 S and 5S 
protein which is present as a contanunation was removed 
by gel-filtration on ‘Sephadex G-200’. No agglutinations 
resulted when dilutions of these fragments were mixed 
with 0 Rh (+) erythrocytes in saline. The fragments did 
sensitize the erythrocytes as the latter were agglutinated 
by an antiglobulin reagent (gost anti-rabbit gamma 
globulin). In each case, an antiglobulin titre of 1: 1,024 
was obtained. Equal volumes of a 2 per cent suspension 
of washed erythrocytes and solutions of pap or pep Fab 
anti-HEA, containing 0-16 and 0-32 mg/ml., respectively, 
were mixed and incubated at 37° C for 1h. The sensitized 


Tablo 1. AGGLUTINIX TITRES OF NORMAL RABBIT SERA 


Agylutinin titres* 
Normal colls sensitized with: 
rabbit pap Fab pep Fab 
Mra antı-HEA ant-HEA 
1 1 8 1 16 
2 1°8 1:64 
3 1°8 1:128 
4 1:8 1:128 
5 1.16 1:4 
6 1.16 1°32 
7 1:16 1 Ot 
8 1 16 1: 64 
9 1 16 1° 128 
10 1:32 1:16 
11 1°82 1:82 
12 1°32 1:32 
13 1:32 1:64 
14 1.64 1.4 
15 1:64 1. 64 
16 1. 64 1:128 
17 1:128 1:8 
18 1: 256 1:8 
19 1 : 266 1:64 


* Highest dilution of normal rabbit sera giving a 1+ agglutination or 
better when mixed with an equal volume of human 0 Rh (+) erythrocytes 
sensitized with pap Fab anti-HEA or with pep Fab anti-HEA. Saline 
controls and unsensitized cells were not agglutinated, 
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cells were then washed three times with saline and recon- 
stituted in saline to a 2 per cent suspension. 

All sera were heated at 56° C for 30 min and were 
absorbed with unsensitized human 0 Rh (+) erythrocytes 
to remove heteroagglutinating antibodies. Equal volumes 
(œl ml.) of each serial twofold dilution of serum and 
sensitized erythrocytes were mixed and mwncubated at room 
temperature for 15 min. Agglutinations were scored as 
0-4+ after the cells had been centrifuged at 1,000 r.p.m. 
for 1 min. The results listed m Table 1 are the greatest 
serum dilutions which gave a 1+ agglutination or better. 
The data are arranged according to increasing HR titres 
which were obtained with the pap Fab sensitized cells. 
All agglutinations were performed at the same time and 
with identical reagents. 

As shown in Table l, all nineteen rabbits exhibited a 
measurable amount of HR activity. HR titres ranged 
from 1:8 to 1: 256 and 1:4 tol: 128 for the pap and 
pep Fab sensitized cells respectively. In a previous com- 
munication’ we noted higher HR titres with sera that 
possessed allotypic determinants in common with the pap 
Fab sensitizer. Thus we postulated that the range in 
titres could well be attributed to differences in the anti- 
genic nature of the reactive sites on the Fab which was 
used to sensitize the cells. We also postulated that these 
antigenic differences might be genetically controlled as 
with allotypes. Whether similar correlations will be found 
with the pep Fab is at present being investigated. 

Ten of the rabbit sera possessed higher HR titres for 
the pep Fab sensitized cells than for the pap Fab sensitized 
cells, ‘The reverse was true for six of the other sera; in 
three sera the HR titres were identical. 

Frequently. the difference in titres was one dilution 
which we do not consider significant. In a few instances, 
however, the differences were significantly greater than 
one dilution. The lack of a correlation between the HR 
titres obtained from pap Feb sensitized cells and those 
from pep Fab sensitized cells suggests that the HR which 
reacts with the two different Fab fragments differs in 
specificity. This argument implies that the determinants 
on pep and pap Fab fragments are different. Despite 
the evidence for their similarity*, such differences between 
these two fragments and their respective HR have been 
demonstrated by selective inhibition and adsorption 
techniques?*. 

In the previous report! we found that the HR activity 
of rabbit serum could be inhibited by adding the pap Fab 
of normal rabbit gamma globulin to the serum before the 
sensitized cells were added. Furthermore, no agglutina- 
tions by HR could be demonstrated with cells that were 
sensitized with sub-agglutinating doses of intact 7S anti- 
HEA. We postulated, therefore, that the reactive site on 
the pap Fab fragments is usually hidden in the intact 
molecule, that it 1s exposed by papain digestion, and that 
HR reacts with the Fab anti-HEA sensitizer and causes 
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the sensitized cells to agglutinate. Similar resulta were 
obtained with pep Fab inhibitor and pep Fab anti-HEA 
sensitized cells. 

This report extends the earlier findings that a factor is 
present in all rabbit sera so far tested which is capable 
of reacting with the pap Fab of rabbit gamma globulin. 
Moreover, an agglutinating factor is also present in normal 
sera which is capable of agglutinating cells sensitized with 
the pep Fab anti-HEA. The variations in titres obtained 
with the pap and pep Fab possibly indicate that the two 
systems operate mdependently. 

Osterland et al.1* have demonstrated a serum factor in 
human sera which reacts with the pepsin fragment of 
human incomplete anti-Rh antibodies; however, only 
20 per cent of normal human sera and 60 per cent of 
pathological sera possessed this unique antiglobulin-hke 
behaviour. Since then, Williams and Kunkel have shown 
that rabbits immunized with autologous papain digested 
gamma globulin produce precipitating antibodies which 
are reactive with native rabbit and human 7S gamma 
globulin. We, as well as others'-15, are using this and 
similar systems to provide evidence for buried antigenic 
sites on human and rabbit gamma, globulin. 

A number of differences between anti-antibody and 
rheumatoid factor have recently been reviewed by 
Milgrom}*, Homoreactant differs from these in that ita 
production is not based on artificial immunization but is 
found ın all normal rabbits so far tested. 

We thank Dr. H. H. Fudenberg for providing much of 
the equipment, materials and space essential to the 
success of this project, which was supported in part by 
U.S. Publio Health Service grants. 
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In the course of a population investigation in Cape Town 
for haemoglobin variants, a Cape coloured woman was 
found to possess haemoglobin A and a “fast moving” 
variant with the electrophoretic mobility of haemoglobin J 
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Unit, Department of Blochemlstry, University of Cambridge 


suggesting an additional negative charge on each half 
molecule (Fig. 1). 

An investigation of her family (Fig. 2) revealed haemo- 
globin J in eight individuals in four generations. The 
propositus was almost certainly of mixed Hottentot and 
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Western-European descent, and although Asian or- 
South-east: Asian admixture in the past is a possibility, 
‘there was no knowledge. of any Asian ancestry. The 
‘husband, a Cape Malay, possessed haemoglobins A and E. 
Both children of the marriage were found to possess 
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fable 1, PERCENTAGE DISTRIBUTION OF THE HAEMOGLOBINS IN SOME 
MEMBERS OF THE FAMILY DESCRIBED IN FIG, 2 





Generations 
(see Fig. 2) 
Hb-A Hb-E Hb-J 
per cent per cent per cent 
u (1) 68-7 31-3 - 
HI (1) 63-8 36-2 - 
(2) 68-2 31:8 - 
(3) 69-9 30-1 - 
I (4) 91-6 - 84 
It (2) 93-3 - 6-7 
IH (11) 93-8 - 6-2 
IV (2) 61:6 297 87 
(3) 67-2 22-6 10-2 





It will be noted that in the children of the propositus the fraction with the 
mobility of haemoglobin A amounts to about two-thirds of the total haemo- 
globin. 
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Fig. 8. Paper electrophoresis at pH 8-6 (barbiturate) of the haemog 
from one of the children of the propositus. Three iat ene ean ar 
guished with the electrophoretic mobility respectively of E-A and 


Fig. 1. Paper electrophoresis at pH 8-9, tris buffer’. Right: Haemoglobin associated wi naemi N 
of the propositus showing haemoglobins A and J. Left: Haemoglobin A Nob- AARON with a pinta DOr Was there any dif ere : 
control. between the haemoglobin J trait carriers and individuals 
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Fig. 2. Two families showing, in addition to haemoglobin A, haemoglobins E and J respectively. The arrow 
indicates the propositus, ; y : 5 
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Fig. 4. Fingerprint of the soluble tryptic peptides of haemoglobin A. 





Fig. 5. 
Cape Town. 
missing. (3) Indicates where a new peptide aT pX-XI can be seen. 


Fingerprint of the soluble tryptic peptides of haemoglobin J 
(1) Indicates where a4TpX, and (2) where a*TpX-XI are 


with only haemoglobin A, as regards the concentration of 
haemoglobin, haematocrit and mean concentration of 
corpuscular haemoglobin. Table 1 shows the proportions 
of A, E and J determined in various combinations by 
scanning of electrophoretic patterns. 

The isolated haemoglobin J Cape Town was hybridized 
with canine haemoglobin?:*. The hybrid of the «'-chains 
with canine 8-chains was found to move faster on electro- 
phoresis at pH 8-6 than the corresponding hybrid obtained 
from canine haemoglobin and haemoglobin A. Thus 
haemoglobin J Cape Town carries its additional negative 
charge in the «-chain. This could be surmised from the 
electrophoretic pattern of the children’s haemoglobin 
which resembled that found when the slow moving 
haemoglobin S («,88) and the fast moving haemoglobin 
Hopkins-2 («%-°8,) are inherited together, when in ad- 
dition to these two haemoglobins haemoglobin A («,8.) 
was also found’. It was shown laterè that this haemo- 
globin A arose from the combination of normal «-chains 
from haemoglobin § with normal $-chains from haemo- 
globin Hopkins-2, and that the fraction with the electro- 
phoretic mobility of haemoglobin A also contained a 
“hybrid resulting from combination of the slow moving 
B8-chains of haemoglobin § with the fast moving «#-?- 
chains of Hopkins-2. A similar in vivo hybridization can 
be expected to take place between haemoglobins E and J 
Cape Town. 

Haemoglobin J Cape Town was purified by repeated 
‘electrophoresis. Globin was prepared and digested with 
trypsin as summarized previously*. After the pH had 
been lowered to 6-4 the digest was heated for a few minutes 
zion a waterbath at 90° C, to complete the precipitation of 
the insoluble “core” peptides before they were removed 
by centrifugation. The soluble tryptic peptides from 8 mg 
samples of globin were separated by prolonged electro- 
phoresis and chromatography, to give a two-dimensional 
peptide map—the “‘fingerprint’”-—which was stained with 
0:02 per cent ninhydrin in acetone. 
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Table 2. AMINO-ACID ANALYSIS (MOLAR RATIOS) OF a? TPX-XIAND oATpX-XI 


oT pxX-XI oATpX-XI 

Asp 0 22 
Glu 1-0 9 

Pro 0-9 0-8 
Val 1:8 23 
Leu 1-0 0-6 
Phe 1-0 0-9 
Lys 1:0 13 
Arg 0 07 


The peptide map of haemoglobin J (Fig. 5) differed 
from that of haemoglobin A (Fig. 4) in that «TpX and 
aTpX-XI were missing, and that a new peptide could 
be seen in the neutral area. «TpX is composed of residues 
91 and 92, and «TpXI of residues 93-99 of the 141 residues 
of the a-chain of human haemoglobin‘. 





veer 


oe a Tp X-XT 
<-- aT pX —— >e TXI aaea 


91 92 93 94 95 96 97 98 99 
Leu Arg Val Asp Pro Val Asn Phe Lys 


The new peptide was eluted with constant-boiling 
hydrochloric acid’, and after hydrolysis at 108° C for 
20 h the amino-acids were estimated on an automatic 
analyser®. The analysis (see Table 2) showed that this 
peptide differed from «4TpX-—XI by having the arginine 
replaced by glutamic acid. The electrophoretic mobility 
of the peptide (No. 3 in Fig. 5) indicated that the glutamic 
acid was originally present as a glutamine. During the 
analysis for amino-acids glutamine is converted to glutamic 
acid. Substitution of an arginine residue by one of gluta- 
mine would cause the loss of one positive charge from 
each a-chain, and this is compatible with the variant 
being a haemoglobin J. 

The isolated peptide was digested with leucine amino 
peptidase, an enzyme which removes sequentially residues 
from the N-terminal but is blocked by proline. At pH 
8-4 and 38° C, leucine, glutamine and valine were liberated 
within 2 h. 

Although we had found «TpX and «TpX-XI in the 
fingerprint of the soluble tryptic digest of haemoglobin A, 
we observed that with our preparative procedures these 
peptides are also part of the insoluble core. The cores of 
haemoglobins A and J Cape Town which had remained 
insoluble after tryptic digestion were washed with pH 6-4 
buffer’? and with water, dissolved in a minimum of 0-1 N 
hydrochloric acid, reprecipitated and washed with 
acetone’, The dried precipitates were oxidized with 
performic acid. This procedure converts cysteine and 
any possible cystine residues into cysteic acid, and thereby 
increases the solubility of the tryptic peptides. The re- 
action products were lyophilized twice with water, 
digested with trypsin and peptide maps prepared as before. 
In the peptide map of the oxidized core of haemoglobin A 
two peptides (1 and 2 in Fig. 6) were found by analysis 
to be aTpX and «TpX-XI, respectively. They were 
missing in the peptide map of the oxidized core of haemo- 
globin J Cape Town (Fig. 7), but a new peptide (marked 3) 





Fig. 6. Fingerprint of the tryptic peptides from the oxidized “core” of 
haemoglobin A; (1) indicates a4TpX, and (2) atTpX-XI 
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Fig. 7. Fingerprint of the tryptic peptides from the oxidized “core’ * of 

haemoglobin J Cape Town. (1) indicates where aaTpX, and (2) where 

asTpX-XI are missing, and (3) indicates where a new peptide a/TpX-XI 
can be seen. 


was present in the neutral area. This peptide had the 
same amino-acid composition as the «’TpX-XI isolated 

from the soluble tryptic peptides of haemoglobin J Cape 
: Town. 

The formula of this haemoglobin variant can therefore 
be written as «,92Arg—-Gln 8,. The substitution of 
glutamine for arginine has been reported for haemo- 
globin Shimonoseki!®, but a mutation Arg—>GIn has not 
been described before for human haemoglobin. As in 
previously described substitutions of amino-acids in 
haemoglobin variants, the substitution of glutamine 
for arginine can arise from a single change in a nucleotide 
triplet according to the genetic code derived from work 
on micro-organisms", 

Perutz! has summarized the points of contact between 
unlike chains of mammalian haemoglobin. In human 
haemoglobin one of these is likely to involve the «92 
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arginine which occupies position 4 in the non-helical — 

FG segment of the «-chain. Another substitution in posi- 

tion «92 has been found in haemoglobin Chesapeake! tt, 
Here the mutation Arg->Leu was associated with con: 
siderable biological changes, namely with polycythaemia, 

and an increased oxygen affinity of the haemoglobin. 


aTpX-XI 
91 92 93 wees 99 
Haemoglobin A Leu Arg Val Lys | 
Haemoglobin Chesapeake Leu Leu Val wee Lye: 
Haemoglobin J Cape Town Leu Gin Val wee Lys: 


The oxygen affinity of haemoglobin J Cape Town i 
being investigated. 
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INFLUENCE OF THE A TRANSFER FACTOR ON THE PHAGE 
SENSITIVITY OF SALMONELLAE 


By Dr. E. S. ANDERSON 
Enteric Reference Laboratory, Public Health Laboratory Service, Colindale Avenue, London, N.W.9 


It has been established that the A transfer factor, associ- 
ated with the transfer of drug resistance in a strain of 
phage-type 29 of Salmonella typhimurium, exercises a 
precise influence on the phage-sensitivity patterns 
~(phage-types) of S. typhimurium). For example, phage- 
type 36 is sensitive to all thirty of the S. typhimurium 
typing phages. When infected with A it is converted into 
type 6, which is sensitive to only nine of the phages. 
Phage type 14 of S. typhimurium is converted into a 
type resembling type 29. The effect of A is always to 
reduce the sensitivity of S. typhimurium to the same 
phages, and its effect on a phage-type depends on the 
original range of phage sensitivity of the type. Results 
suggest that it will infect most strains (and therefore 
phage-types) of S. typhimurium. We have already identi- 
fied factors similar to A in other wild drug-sensitive 
strains of S. typhimurium, and the possible influence of it 
and other transfer factors on the apparent incidence of 
naturally occurring phage-types of the organism requires 
assessment. 

Knowing that the transfer factors can infect a wide 
range of Enterobacteriaceae, we decided to examine the 
effect of A infection on the phage-types of salmonellae 
other than S. typhimurium. Strains of S. paratyphi B 
and S. typhi were chosen as recipients for this purpose. 

The A transfer factor was present in the wild strain of 
S. typhimurium phage-type 29, resistant to ampicillin, 
streptomycin, sulphonamides and tetracycline, and in 


the following artificially produced ‘‘states’’!»?: (a) associ- 
ated with the resistance determinants for ampicillin 
(A’), streptomycin-sulphonamides (S’) and tetracycline © 
(T”), singly and in all combinations, in Escherichia coli: 
K12F— (=K12) and in S. typhimurium; (b) in the pure 
state, that is, not associated with any known genetic 
determinants, in K12 and S. typhimurium. 

Two types of association between A and the resistance 
determinants were postulated’. The first is loose and 
reversible and results in a relatively low frequency. of 
resistance transfer to recipient strains; in the transfer of 
A alone to most of the recipient cells; and in the frequent.. 
introduction of the resistance determinant without A 
into recipient cells. This type of A activity is found in 
the A'A and S'A resistance factors (R-factors), and 
resembles the transfer of characters by the F factor from 
F+ strains of K12, although it has been suggested that 
the transfer activity of the F factor in the F+ system 
is caused by its integration into the chromosome to pro- 
duce Hfr clones? and that, in its non-integrated state, 
F can transfer nothing but itself. No evidence is available 
of chromosomal integration of the A factor, and the 
resistance determinants it transfers are probably located 
in the cytoplasm. 

The second type of association between A anda 
resistance determinant is shown by the 7’ A resistance: 
factor. In this case A is closely associated -with 


resistance determinant, so that..the ZUA cony 




































resistance factor resembles genetically marked F factors 
such as F-lac, in which a close association exists between 
-F and the genetic determinant for 6-galactosidase syn- 
thesis’, Although 7’ A can be used to mobilize cyto- 
plasmie non-transferring determinants such as <A’, 
however, an analogous operation does not seem to have 
been demonstrated with F-lac and determinants for 
“metabolic characters, except in relation to chromosomal 
transfer. 
“There are obvious differences between A'A and S'A 
none hand, and T” A on the other, and in order to ensure 
full investigation of the effect of A on S. typhimurium, 
. paratyphi B and S. typhi, A'A, T’’A and A were trans- 
rred separately to each of these serotypes from K12(A‘A), 
KI2(T”A) and K12(A), respectively!. The recipient 
strains were: S. typhimurium phage-type 36, sensitive to 


all the thirty typing phages of Callow’; S. paratyphi B 


© phage-type 1 var. 2, which is sensitive to all eleven of the 
8. paratyphi B typing phages; and S. typhi Vi-type A, 
sensitive to all eighty-one Vi-typing adaptations of 
`= Vt-phage IT of Craigie and Yen‘, 

‘In all references to typing phages it is implied that the 


phages concerned are used in the routine test dilutions 


- used in phage-typing the respective salmonella serotypes. 
= The Fi-typing phages for S. typhi are given the same 
symbols. as the corresponding type strains, but the 
-symbols of the phages are italicized; thus, phage A is 
specific for Vi-type A of S. typhi. The techniques of 
- transfer used were those described earliert. 
‘The results are given in Table 1, and show that transfer 
of A, A'A and T” A occurs with highest frequency to S. 
typhimurium and lowest to S. typhi, while that to S. 
paratyphi B is of intermediate frequency. The transfer 
frequency of A is identical with that of 7’’A in each 


> salmonella. Acquisition of A causes a change of phage- 


| type in each salmonella, but whereas A and A’ A produce 
- the same change as T” A in S. typhimurium and S. para- 
-typhi B, the change they produce in S. typhi differs from 
- that caused by T” A. 
. Tt has already been mentioned that A restricts the 
phage sensitivity of type 36 of S. typhimurium so that the 
_ organism remains sensitive to only nine of the thirty 
- typing phages. Phage-type 1 var. 2 of S. paratyphi B 
< is sensitive to all the eleven S. paratyphi B typing phages; 
< on infection with A, A'A and 7’’A it is converted into 
 phage-type Beccles var. 2 which is sensitive to only three 
| of the phages. 
oA and A'A render Vi-type A of S. typhi resistant to 
the eighty-one Vi-typing adaptations of Vi-phage IT, 
while T” A converts type A into type 29, which is sensitive 
‘to thirteen of the adaptations. The effects of A and 
A'A on S. typhi will be discussed later. That of T”A is 
-of considerable interest, because the Vi-type which is 
- produced already exists in the S. typhi Vi-typing scheme, 
and normally owes its Vi-type specificity to the carriage 
of 8 temperate type determining phage, which is desig- 
ted f2 (refs. 7-9). Vi-type 29 is type A carrying phage 
2 which has been given the structural formula A(f2) 
efs. 10, 11). The reactions of the type 29 in which 
\ is the type determinant, and which may conveniently 
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ansferred with high frequency, and the transfer of either 
A or the resistance determinant alone is rare. The TA 
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be given. the formula A(P A), are identical ‘in pattern 


with those of A(f2), although the degree of lysis with the 
Vi-typing phages to which the type is sensitive is slightly 
less in the strain carrying T’A than in that carrying 
prophage f2. Thus, T”A exerts a restricting effect 
qualitatively identical to that of phage f2 on the sensi- 
tivity of type A of S. typhi to Vi-phage II, and later 
experiments showed that this observation could be 
applied to all Vi-types of S. typhi which could be lyso- 
genized with phage f2 and infected with T” A. 


P 


Several unadapted Vi-phages are used in the routine 


examination of strains of S. typhi. These are designated 
Vi-phages I, III, IV, V, VI and VII. They are not used 
for primary type discrimination, which is entirely depen- 
dent on the pattern of sensitivity of a strain to the typing 
modifications of Vi-phage Il, but the unadapted Vi- 
phages are sometimes useful for the subdivision of common 
types. Vi-type A of S. typhi is fully sensitive to all these 
phages. When lysogenized with phage f2, in addition to 
being converted into Vi-type 29, it loses sensitivity to 
unadapted Vi-phages IV, V, VI and VII but remains 
sensitive to Vi-phages I and III. When type A is infected 
with T”A it is also converted into type 29, but becomes 
insensitive to Vi-phage I as well as to phages IV, V, VI 
and VII; it thus remains sensitive only to Vi-phage IIT. 

An unadapted non-Vi-phage, designated phage Ol 
(ref. 12), is also used in the routine examination of strains 
of S. typhi. This phage lyses most salmonella serotypes, 
and V-type A of S. typhi is fully sensitive to it. Phage f2 
greatly diminishes this sensitivity, whereas T” A does not. 
There are thus two differences between the effects of 
carriage of T” A on one hand, and that of phage f2 on the 
other, on type A. The first is that T” A eliminates sensi- 
tivity of its host cells to Vi-phage I, whereas f2 does not; 
the second is that phage f2 eliminates sensitivity of its 
host cells to phage 01 whereas T” A does not. 

Obviously, Vi-types of S. typhi carrying phage f2 are 
insensitive to that phage. Type A carrying T” A was also 
insensitive to phage f2. T” A, however, could infect type 
29 (=A(f2)), although the frequency of transfer to this 
type was about a log unit lower than that to type A, 
which suggests that the determining prophage f2 already 
present in type 29 exerts an exclusion effect on T” A. 
The culture resulting from this experiment, which can be 
given the formula A(f2)(T” A), retained the reaction pattern 
of type 29 but with a general quantitative reduction of 
lysis, so that its reactions resembled those of type A 
carrying T” A only. It is again apparent that the pattern 
of restriction of multiplication of Vi-phage II in S. typhi 
is the same with 7’’A as it is with phage f2, but that 
T” A has a quantitatively greater restrictive effect on the 
multiplication of those Vi-phage II adaptations to which 
the host strain remains sensitive. 

Vi-typing phage A is the wild type of Vi-phage IT 
(ref. 13), and phage 29 is the host-range mutant of Vi- 
phage II corresponding to Vi-type 29 of S. typhi. Phages 
A and 29 were titrated on the following strains of S. 
typhi: type A, type 29 (=A(f2)), and type A carrying 
resistance factor T”A (=A(T”A)). In these tests the 
efficiency of plating of phage A on both A(f2) and A(T” A) 
was 10-* of that on type A, that is, 7’’A and phage f2 
lowered the plaque-forming ability of phage A on their 


Table 1. TRANSFER OF 4, A'A AND T”A INTO S. typhimurium, S. paratyphi B AND S. typhi 


Cross 
K124) x S. typhimurium phage-type 36 
KIA A) x ” » » » 
KIUT” A) x ” n oe 
KIX A) x &. paratyphi B phage-type 1 var. 2 

SKIRA’ A) x ” » ” ” 

Ki?" A) x 2 ” 
K12( 4) x S. typhi Vi-type A 
Ki2z(A’ A) x ” n a 
KIRT” A) x ” n 


* Mean frequencies. 


Frequency of transfer 
(in terms of final recipient population) 


Final phage-type 
of recipient 
§x107* 6 
“A: 2x10% 6 
A: 5x107 6 


6 
Beccles var, 2 

” 

» 


Resistant to all Vi-phages 


oo ys os 


” vitlype 294” 


} Vi-type 29 of S., typhi has no relationship to type 29 of S. typhimurium. 


we 


a 


a 
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host strains to the same extent. The efficiency of plating 
of phage 29 on A, A(f2) and A(T” A) was 1. Phage 29 
is a host range mutant of Vi-phage II, selected and pro- 
pagated on A(f2). Thus, so far as plaque-forming ability 
is concerned, this mutant cannot distinguish strains of 
S. typhi carrying the determming phage f2 from those 
carrying the R-factor T’’A. 

Individual plaques cut from a titration of phage A on 
culture A(T” A) were propagated on A(T” A) and the 
phenotype and genotype of the resulting phages were 
identified by methods described earlier1‘:1*. These phage 
lines were all identical with phage 29, the host range 
mutant of Vi-phage IT selected by strain A(f2). Cultures 
of S. typhi carrying the R-factor T”A, therefore, select 
the same host range mutant of Vi-phage II as those 
carrying the type determining phage f2. 

Phage titres resulting from growth of phage 29 on 
A(T” A) were about 2 log units lower than those resulting 
from growth of the same mutant on type A or A(f2), and 
plaques produced by phage 29 on A(T” A) were uniformly 
amaller than those on A and A(f2). This suggests that the 
burst size of V+-phage II in A(T” A) cells is smaller than 
that in A or A(f2) cells. The reason for the close similarity 
in phage restricting activities of T’’A and phage f2 in 
S. typhi is not yet known. 

The R-factor T”A can infect many salmonella sero- 
types, and in all cases so far examined it exerts a specific 
effect on the phage sensitivity of the organisms it infects. 
It is reasonable to suppose that this effect is always 
similar. 2’ A interferes with the multiplication of a 
number of phages in different organisms, and probably 
the same step in phage multiplication is obstructed in each 
case. This is easy to understand in the typing adaptations 
of V+-phage I, which are all descended from a single phage, 
but, apart from the fact that they all require the Vi 
antigen for adsorption, the unadapted Vi-phages I, IV, 
Y, VI and VII are distinct from Vt-phage O and from each 
other. The S. typhimurium and S. paratyphi B typing 
phages are also quite different from the Vi phages and are 
themselves heterogeneous. 

Adsorption of the restricted phages is apparently not 
reduced by carriage of T*A. The block in phage multi- 
plication must thus affect some stage beyond adsorption. 
The A transfer factor is fi—, that is, it does not inhibit 
fertility in strains of E. colt K12 carrying the F factor. 
Watanabe et al.1* observed restriction of phage multi- 
plication in Æ. colt and S. typhimurium by fi— R-factors. 
This could be overcome by phenotypic modification of 
the phages concerned. It is believed that the multi- 
pleation which yields phenotypically modified phage 
takes place in exceptional cells of the host culture which 
can support growth of any particle of the infecting 
phage!’1*, The inhibition of multiplication of the wild 
type of Vi-phage II by T” A in S. typhi, is overcome by 
host range mutation. Thus, the heterogeneity in this 
instance lies not in the host cells but in the phage. 

Differences between the effects of A and T” À on S. typhi. 
I have mentioned earlier that acquisition of A or A’A 
rendered S. typhi Vi-typo A (hereafter referred to as 
S. typhi) resistant to all the typing adaptations of Vi- 
phage II. As the effects of A and A’A were identical, 
it can be assumed that the phage restriction was entirely 
due to A. It was also found that S. typhi carrying A was 
resistant to Vt-phage ITI, the only unadapted V+-phage 
to which 9. typhi carrying T” A remained sensitive. 

All the factors under examination were derived from a 
wild strain of S. typhimurium phage-type 29, resistant to 
ampicillin, streptomycin, sulphonamides and tetra- 
cyoline’*. This strain, which we designate R1, transferred 
ampicillin resistance (A’) to K12 with a frequency of 
2x 10-4, streptomycin and sulphonamide resistance 
(S°) jointly with a frequency of 10-*, and tetracycline 
resistance (T~) with a frequency of 2x 10-*. This estimate 
of the frequency of T” transfer proved to be inaccurate, 
because the cross Rl x K12F— showed this transfer once 


NATURE 


797 


only, and it was not demonstrable in further identical 
crosses. Furthermore, a derivative of R1 which had 
spontaneously lost ampicillin and streptomycin-sulphon- 
amide resistance but had retamed tetracycline resistance 
did not transfer T” although ıt still carried A. 

Our routine technique of resistance transfer is sensitive 
to a frequency of about 10-’ (ref. 1). When the sensitivity 
was raised to 10- transfer of T” did not occur from either 
the original wild strain of type 29, resistant to ampicillin, 
streptomycin, sulphonamides and tetracycline, or from 
ites derivative which had spontaneously lost all resistance 
except that to tetracycline, but had retained the transfer 
factor A. It was thus evident that the original observa- 
tion of tetracycline transfer from R1 to K12 was fortuitous 
and did not reflect the true transfer frequency of T”. 

It was also found that, of 174 wild strains of type 29 of 
S. typhimurium resistant to tetracycline in addition to a 
vaniety of other drugs, only one, designated 1683, 
transmitted its tetracycline resistance with a frequency 
detectable by our route method. This strain, which was 
resistant to streptomycin, sulphonamides and tetra- 
cycline, transmutted its tetracycline resistance to K12 ata 
frequency of about 10+. Later work showed that, once 
mobilized, the tetracycline resistance of 1R683 was 
transmissible to K12 and to S. typhimurium with the same 
high frequency as T”A, and the R-factor concerned. 
proved to be identical with T”A in its effects on the 
phage-types of S. typhimurium and S. typhi. 

The streptomycin-sulphonamide resistance of 1R683 
was transferred to K12 with a frequency of 10-*, the same 
frequency as that of the streptomycin-sulphonamide 
resistance of RI. The transfer factor associated with 
streptomycin-sulphonamide resistance in 1R683 had the 
same effect on S. typhi as had A, that is, the S. typhi 
recipient became insensitive to all the V#-phages. It was 
therefore assumed that 1R683 carried A, and that the 
mobilization of ita tetracycline resistance was dependent 
on & process similar to that in Rl, but which occurred at a 
much higher frequency. 

The frequency of transfer of T” from R1 to K12 waa 
very low, and it was postulated that the tetracycline 
resistance of this strain was mutational and that its 
transfer marked the exceptional event of pick-up of the 
gene for tetracycline resistance from the chromosome by 
A (ref. 1). When A proved to have a greater phage- 
restricting effect on S. typhi than had T” A, it was apparent 
that, if the transfer factor m the R-factor T” A was de- 
scended from A, 1t had undergone a change as the result 
of its union with the T” determinant. The union with 
T” was so close that the frequency of transfer of T” A 
was virtually identical with that of A, and so stable that 
separation of A from the T” A complex was demonstrated 
only once in many crosses. This separation occurred in a 
strain of S. typhtmursum phage-type 14 to which T” A 
was transferred from K12 {T” A) (ref.1). One clone of the 
recipient culture was isolated which contained the transfer 
factor without the T” resistance determinant. This factor 
was transferred to K12 and thence to S. typhi, in which 
it produced a phage restricting effect identical with that 
of 7” A. Thus, if the altered transfer factor was A, modi- 
fied in picking up the tetracycline resistance determinant, 
the modification was retained when that determinant was 
lost. 

Falkow e al.1* observed that the percentage of guanine 
+ cytosine (G + C) in the deoxyribonucleic acid (DNA) 
of a f+ transfer factor was identical with that of the 
tetracycline resistance determinant it carried. This 
indicates a possible homology between the DNA of the 
transfer factor and that of the tetracycline resistance 
determinant. The same workers also established that 
f+ and fi— transfer factors have the same percentage 
of G + C in their DNA. If these observations can be 
applied to the system on which we have concentrated, the 
DNA of the fi— transfer factor A may have sufficient 
homology with that of the tetracycline resistance deter- 
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minant T” to permit recombination between the two. 
It could then be concluded that this mtegration of at 
least part of T” into the transfer factor DNA modifies A 
so that its phage restricting effect on S. typht is different 
from that of the origmal A. 

Because loss of T” does not affect the phage restricting 
properties of the modified A, ıt can be assumed that, if 
the suggestion concerning recombination is correct, the 
region of the resistance determinant which has become 
inserted into the A DNA ıs retained by A when T” is lost. 
Whether this region represents part of the resistance 
determinant itself, or part of the chromosome of the organ- 
ism which originally carried the determinant, 18 at present 
unknown. If T” was mutational ın strain RI of S. 
typhimurvum, the region integrated into A may represent a 
length of the chromosome of R1 adjacent to the tetra- 
eycline resistance gene. Other possibilities are: that T” 
in R1 was of exogenous origin and became chromosomally 
attached but would on rare occasions give up this attach- 
ment to link up with A; that the determinant T” was 
located ın the cytoplasm but only rarely accessible to A 
or accessible only to a rare mutant form of A; or that the 
whole complex of the transfer factor and T” already 
existed in strain R1 but was immobilized for some reason. 
In the last hypothesis the transfer factor concerned need 
not be A, but as no additional evidence of a fastor with 
activities similar to those of A has been found in Rl 
apart from the recognition of T”A, we are assuming for 
the present that T” is associated with a modified form of A. 
We have designated this modified form Am. Whatever 
its origin, it 18 evident that, once mobilized, the tetra- 
eycline #-factor in R1 1s profoundly changed and becomes 
highly transmissible, with a frequency of transfer similar 
to that of the A transfer factor alone. 

In earher experiments a fully drug-sensitive strain of 
S. typhimurvum type 29 which did not originally carry a 
transfer factor, was gwen ampicillin, streptomycin- 
sulphonamide and tetracychne resistances sequentially 
from K12 clones to which the corresponding single R- 
factors A'A, S'A, and T” Am had been transferred from 
Ri (refs. 1 and 2). This strain 1s numbered R154 and ıt 
has been shown to carry only the Am transfer factor; 
it can thus be designated type 29(4'S'T” Am). 

It was shown that tetracycline resistance alone was 
transferred from R154 to K12 with high frequency, and 
that, although ampicillin and streptomycin resistances 
were transferred separately and together with frequencies 
sinular to those in transfer from the wild strain RI to 
K12, they were almost always associated with tetra- 
cyoline resistance in crosses of R154 x K12 in which con- 
jagation was allowed to continue overnight!. It was then 
found that pure A’ or S’ transfer was usually detectable 
only when conjugation between R154 and K12 was 
interrupted early in the cross, and tests of limes which 
had received A’ or S’ established that they could not 
transfer their resistance. It has amce been observed that, 
when the R-factor T” Amis associated with other resistance 
determinants such as A’ or S’ in the donor cultures, crosses 
of S. typhimurium x K12, or K12 x S. typhimurium, 
interrupted at intervals up to 2 h, show that most recipient 
colonies selected on penicillin or streptomycin have ac- 
quired only A’ or S respectively. Such recipient lines 
lack the transfer factor and will not transfer their resistance 
further. It is therefore apparent that the T” marker is 
an. indicator of the presence of Am, additional evidence 
of the close linkage between T” and the transfer factor. 
It may be added that, m the cross K12(A’1’’ Am) x S. 
typhi, most S. typhé cells receiving A’ also acquire T” Am, 
however early the cross may be interrupted, and will 
therefore transfer their resistances. The reason for this 
difference in recipient behaviour between S. typhi on the 
one hand, and K12 and S. typhimurium on the other, 
has not yet been determined. 

Competition between A and Am. If T” Am is introduced 
from K12(T” Am) into S. typhi which already carries 
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A’ A, the original A is displaced by the modified form and 
1s lost, and the A’ determinant becomes associated with 
the T” Am complex. Thus, clones isolated from platings 
of this cross are all resistant to both ampicillin and tetra- 
cychne, and Vi-phage typmg shows them to have changed 
from Vi-type A to Vs-type 29, a change characteristic 
of the acquisition of Am. These lines can therefore 
be designated S. typhi(A’T*Am). There is evidently 
competition between Am and A, which, when Am 1s 
introduced last into a strain, usually manifesta rteelf m 
the loss of A. In contrast, when A’A is transferred from 
K12(A’A) into S. typh(T” Am), the competition between 
the two forms of the transfer factor has a number of 
results. Clonal selection from the original platings of such 
a cross reveals that a minority of colonies of the S. typhi 
recipient are resistant to ampicillin only and show the 
phage restriction pattern characteristic of A. In such cells, 
therefore, Am has been displaced by A and, because of 
the close linkage between T” and Am, T” has also been 
lost. The majority of linea resulting from the cross 
K12(A’A) x S. typhi(T” Am) are resistant to both am- 
pioilln and tetracycline, and are hybrid for the transfer 
factors A and Am. 

The transfer factor A abolishes the sensitivity of S. 
typhi to V4-phage III, one of the unadapted phages used 
in the routine V+%-typing of the typhoid bacillus. In 
contrast, Am reduces the sensitivity of S. typhi to Vi- 
phage IIT by no more than a log unit. Sensitivity to 
Vt-phage III thus proved to be a useful indicator of the 
proportions of A and Am present in clones carrying both 
transfer factors. This sensitivity is usually tested by 
spotting 0-01 ml. of the routine test dilution of Vs-phage 
IIT on to a lawn of the culture on the surface of a nutrient 
agar plate. Cultures carrying only A show no lysis, 
whereas those carrying only Am exhibit confluent lysis. 
The proportion of A to Am in a culture of S. typhi is 
inversely related to the sensitivity of the hne to V#-phage 
MI. Thus, ın the cross K12(A’A) x S. typh(T” Am), 
the class of S. typhi progeny carrying only A’ A waa totally 
resistant to V+-phage IO. A class showmg only a few 
discrete plaques with Vt-phage III carried both A'A 
and T” Am, and when such a culture was plated the 
majority of segregants carried A’ A only and were resistant 
to V+-phage LIL; a minority carried A'T” Am and were fully 
sensitive to V+-phage IIT; and a further minority were still 
hybrid for A'A and T” Am and gave intermediate re- 
actions with V+-phage IIT. A class showing a considerable 
number of discrete plaques with this phage, for example 
100 or more, yielded on plating a majority of segregants 
carrying A'T” Am and fully sensitive to Vt-phage III. 
A minority of segregants were resistant to V#-phage III 
and carmned A'A only. A third class, of intermediate 
frequency, remained hybrid for A'A and T” Am and re- 
tained a degree of sensitivity to Vt-phage IE. This class 
might on clonal selection again yield the segreganta and 
hybrids which I have already described, but usually 
remaimed hybrid for a considerable number of generations, 
although so far as could be determined A ultimately 
disappeared from such hybrids with growing frequency as 
the time after the primary hybridization experiment 
increased, so that the population finally became puro for 
the R-factor A'T” Am and fully sensitive to V+-phage III. 
This observation, in combination with that mentioned 
earlier, that when T” Am was introduced into S. typhi 
already carrying A’A the population was converted into 
A'T” Am, suggests that Am will generally triumph over A 
m cells carrying both transfer factors. Presumably, the 
multiplication of A is inhibited by Am, so that A is 
eventually diluted out of the population. 

As the ratio of A'A segregants to A'T” Am segregants 
may vary within wide limits in the progeny of cells 
initially hybrid for both factors, a considerable number of 
copies of each factor may be present in the onginal hybrid 
cells or their immediate progeny. It is known that free 
multipleation of the F factor occurs for a time after fresh 
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infection of F— cells*®*1, This may also be true of the 
transfer factor A when it has newly penetrated recipient 
cells of S. typht. Clonal analysis of colonies resulting from 
supermfection of S. iyph(T” Am) with A'A indicated 
that segregation could yield a predominance of colonies 
contaiming either transfer factor alone, and go it is assumed. 
that, for a time at least, the “resident” transfer factor 
Am is also released from cellular control and multiplies 
freely. An alternative explanation is that the replication 
of one transfer factor is partially inhibited by the other. 
This would result in a preponderance of the “dominant” 
factor in the progeny, so that most segregants would 
contain 1t alone. In this hypothesis it is unnecessary to 
postulate unrestricted multiplication of the dominant 
factor. 

The findmgs ın experiments on superinfection with A 
and Am presumably result from competition between 
the two factors for a common site in the cell, and are 
reminiscent of the result of mfection of F+ bacteria 
with the F-lac factor, in which either the resident or the 
mvading factor only is retamed**. 

It is noteworthy that when A was lost from the hybrids, 
the resistance determinant A’ invariably remained and 
became associated with the T” Am complex. In contrast, 
when Am was lost, T” was always lost simultaneously, 
s0 that the resulting cells carried only A’ A. These observa- 
tions support the hypothesis advanced earlier’, that the 
A’ resistance determinant is loosely associated with A, 
whereas T” is closely inked with Am. The looseness of the 
association between A’ and A is emphasized by the fact 
that, in the cross K12(T” Am) x S. typht(A’A), displace- 
ment of A by Am was never accompanied by loss of A’, 
sgo that recipient S. typhi cells retammg only Am always 
earned both A’ and T”. 

If Am is really a form of A, modified during the process 
of mobilization of the T” determinant, it would be in- 
teresting to know the nature of its difference from A. 
It is curious that, whatever change has produced Am, 
its manifestation is not in S. typhimurtwn, the serotype 
in which the modification occurred, but in S. typhi, in 
which it shows a phage restrictive effect closely sumilar to 
that of a known temperate phage. The two transfer 
factors have identical frequencies of transmission in 
salmonellae and E. coli. Am can carry both 4’ and S’ and 
it transmits them at the same frequency as does A. 
Both transfer factors are fi—. We have not yet isolated 
a strain which has lost Am but has retamed the T” 
determmant, but are endeavouring to do so. Once this 
is found it should be possible to mobilize T” with A to 
determine whether the transfer factor is thereby changed 
to Am. 

Olasstficaiton of transfer factors. Transfer factors can 
be primarily subdivided on the basis of their effect on the 
fertility of strains of E. cols K12 carrying the F factor. 
Those that inhibit fertility are categorized as fi + , and those 
that do not as fi— (ref. 16). This property is conveniently 
monitored by testing tho effect of infection with a given 
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transfer factor on the sensitivity of P+, F or Hfr 
strains of K12 to “male-specific phages’™; f+ factors 
reduce this sensitivity, while fi— factors do not. Ex- 
tension of our observations with A shows that, for the 
further subdivision of transfer factors, the determination 
of their “f” property may be supplemented by the 
examination of their effect on the sensitivity of K12 to a 
so-called “female-specific phage”, and on the phage- 
sensitivities of a range of salmonellae. S. typhimurium, 
S. paratypht B and S. typhi are suitable hosts for this 
purpose, because phage typing schemes exist for them 
which permit the phage restrictive effect of the transfer 
factors to be defined with precision. Other salmonellae 
which can be phage typed can also be used as hosts. 
Some transfer factors modify the phage sensitivity 
of any salmonella they infect. A seems to be an example 
of this class. Others alter the phage type of one salmonella 
but not of another. Different tranafer factors may produce 
the same change of phage type in one host, S. typht- 
murium for example, but different changes in another, 
for example, S. typhi. It is thus possible to extend 
the classification of transfer factors by investigating 
their effects on the phage sensitivities of selected salmon- 
ella serotypes. It should be remembered that part of 
the phage restrictive effect may be controlled by the 
linkage of resistance determinants to the transfer factor, 
as the case of T” Am suggests, and this aspect must be 
explored when. classification is attempted. A tentative 
scheme for the classification of transfer factors based on 
phage restrictive and other properties will be described 
in a later article. 

I thank Miss M. Burton, Dr. Dorothy H. Perret and 
Mrs. L. Ward for their assistance. 
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AXENIC CULTURE OF THE ARMYWORM Pseudaletia unipuncta 
(HAWORTH) ON A MERIDIC DIET 


By R. H. GOODWIN 


Division of Invertebrate Pathology, University of California, Berkeley 


To define the nutritional requirements of an insect it is 
necessary to grow several generations under axenic 
conditions. This technique eliminates the effects of asso- 
ciated intestinal microflora. Insects grown in this way 
are also excellent subjects for research in pathology. 
One or more pathogens can be introduced into the axenic 


environment in order to define the host-pathogen inter- 
action more closely, or to produce uncontaminated samples 
of the pathogen used. 

Few lepidopterous insecta which require ascorbic acid 
have been reared axenically through several generations, 
although many have been reared xenically on meridic 
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diets similar to those mentioned here. Successful axemo 
cultures have been obtained by Kamano and Fukaya? 
with Chilo suppressalis Walker and by Vanderzant et 
al.»*, with Heliothis zea (Boddie) and Estigmene acrea 
(Drury). Larval dieta tested by Vanderzant and Richard- 
son? with H. zea and H. acrea produced larvae the tissues 
of which had a lower content of this vitamin than those 
reared on their natural food, despite the higher initial 
amounts of the vitamin in the diets. These authors 
concluded that adults as well as larvae require ascorbic 
acid in their diet. In the present experiments, therefore, 
the ascorbic acid content was increased in both the larval 
and adult diets. The studies of Vanderzant et al.‘ and 
Rook et al.* indicated the benefit of both linoleic and 
linolenic acids in adult morphogenesis, and for this 
reason I have also used both linseed oil and soybean oil 
in the larval diet. 

The diet consists of five fractions: Fraction A contains 
2-0 g agar, 3-5 g soluble casein, 0-5 mg folic acid and 
72 c.o. water. Fraction B contains 26 mg «-tocopherol 
acetate, 0-5 g linseed oil and 0-3 g polysorbate-80. Frac- 
tion O consists of 3-0 g wheat germ flour, 1-3 g wesson 
salts, 1-8 g ‘Alphacel’, 3-5 g sucrose, 0-2 g B-sitosterol 
powder and 0:2 g cholesterol powder. Fraction D is 
1-5 o.c. of aterile 4 molar potassium hydroxide. Fraction 
E contains 2-0 g ascorbic acid, 20 o.c. vitamin solution 
and 8-0 c.o. water. The vitamin solution is a modified 
version of that prepared by Adkisson et al.*. Folic acid is 
practically insoluble, and is deleted here because it will 
not pass through the filter used in purifying the solution. 
The solution consista of 10 g choline chloride, 2-0 g inositol, 
100 mg nicotinic acid, 100 mg calcium pantothenate, 
50 mg riboflavin-5’-phosphate (a more soluble form), 
25 mg thiamine hydrochloride, 25 mg pyridoxine hydro- 
chloride, 20 mg biotin, and 0-2 mg cyanocobalamin, 
dissolved in 100 0.0. of water. 

To prepare 100 g of diet, fraction A is warmed and 
shaken to dissolve the casein and then mixed with fraction 
B in a blender for 1 min, and the blender container is 
afterwards covered with autoclave paper for sterilization. 
The ingredients of fraction O are first mixed dry, then 
bagged in autoclave paper for sterilization. After auto- 
claving these fractions and fraction D for 15 min at 
118° C, they are finally mixed in a sterile room or cabinet. 
Fraction O is immediately added to the sterilized portion 
in the blender jar and blended for 2 min. When this 
mixture cools to 40° C, fraction D and the fraction E (pre- 
viously filtered through a ‘Millipore’ filter) are added and 
slowly mixed in the blender. The finished medium is 
dispensed with a sterile flask in lots of 10 0.0. into auto- 
claved rearing dishes and bottles. 

The larval hatcheries are 125 ml. prescription bottles 
stoppered with cotton. A few strips of towelling placed 
in the bottles allow first instar larvae to feed. The medium 
is poured over the strips and the bottles are slanted so 
that most of the medium solidifies against the side. 

Deep glass Petri dishes (100 x 20 mm) floored with 
towelling circles and having cardboard disks 0-125 in. 
thick taped into the tops serve as larval rearmg chambers. 
Half-ounce wax paper cups within the chambers receive 
the medium. The medium can be refrigerated for a fow 
days if necessary, but best resulta are obtained with fresh 
medium, because ascorbic acid ıs gradually lost by 
oxidation’. 

Only eggs within 24 h of hatching are used for axenic 
work. Refrigeration of the eggs increases the mortality 
during sterilization, so the eggs should be fresh or less 
than 6 days refrigerated. About 100 eggs are removed 
from a wax oviposition paper folded like an accordion 
and washed through a small funnel into an organdy bag 
5 cm in diameter wired to the outside of the funnel tip. 
The bag is slipped off the funnel and the wire cinched 
tight. Between one and five organdy bags are passed 
together through each 100 c.o. of sterilization fluid 
containing 10 per cent formalin (20 min on shaker), 
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sterile 0-1 per cent “Triton X-100’ detergent (30 min on 
shaker), and 0-5 per cent sodium hypochlorite (10 min), 
and then rinsed three times in sterile distilled water 
(5 min each). The flasks containing formalin and “Triton 
&X-100’ are shaken at 300 r.p.m. on a gyratory shaker. 
After sterilization the organdy bags are cut open and 
transferred aseptically to the hatcheries. The periods of 
sterilization in the bath kill 25-30 per cent of the eggs. 
Although a reduction in the periods in formalin and 
hypochlorite would reduce the mortality, there is a greater 
likelihood of contamination. 

When the larvae have reached the third instar they are 
transferred in pairs to larval rearing chambers from the 
hatchery bottles. Larvae are shaken from a hatchery 
into a sterile Petri dish filled with small bits of paper. 
Because the larvae cling to the paper they can be trans- 
ferred aseptically to the rearing chambers without direct 
handling. The food is changed once in the rearing cham- 
bers when the larvae reach the early sixth instar. Rearing 
chambers are incubated in plastic boxes ventilated 
through a filter and cleaned with ‘Roccal’. The plastic 
boxes ere exposed beforehand to ultra-violet irradiation 
in a sterile room. All larval transfers are made in the 
sterile room. 

Axenic adults can be reared in sterile pint cardboard 
cartons in order to obtain axenic eggs which are used in 
rearing serial axenic generations. Pupae are sexed in 
sterile Petri dishes with a dissecting microscope, and one 
or two of each sex are transferred aseptically to the sterile 
cartons. The cartons are lined with tin foil and covered 
with Petri dish bases. Moistened vermiculite is added to 
ensure a high humidity. Small waxed paper cups filled 
with cotton are sunk into the vermiculite to serve as 
receptacles for the adult feeding solution. The feeding 
solution consists of 5 c.c. honey, 2-0 g ascorbie acid, 2-0 
c.c. larval vitamin solution and 1-5 c.c. 4 molar potassium 
hydroxide in 100 c.c. of water. An auto-pipette fitted with 
a ‘Millipore’ syringe filter holder allows direct sterile 
dispensing. A small hole in the side of the carton (which 
is taped over when not in use) allows the passage of the 
sterile cannula unit for adding solutions. Oviposition 
papers folded in an accordion shape are cut to fit easily 
into the hatcheries during aseptic egg transfer from the 
adult carton. When reared at 27°C and illuminated 
for 16 h daily, the insects complete their hfe cycle in 40 
days under axenic conditions. 

Four serial generations have up to now been reared 
axenically as larvae and xenically aa adults on the artificial 
diet using this system. In the original technique, the diet 
was not changed, but 0-5 c.c. of a sterile 2-0 per centascorbic 
acid solution was pipetted every 5 days on to the surface 
of the medium. Eight serial generations were reared 
using this technique. Three serial axenic generations were 
reared with the adult sterile cartons. The axenic condition 
described here refers only to microbes which can be 
cultivated. Occult cytoplasmic polyhedrosis virus was 
present in all lines so far tested. 

Spodoptera exigua (Hübner), Prodenia ornithogalli 
Guenée, and Pertdroma saucia (Hubner) have been reared 
xenically on the same diet. The rather high mortality of 
first instar P. saucia larvae which occurs on this diet 
can be prevented by substituting soybean oil for linseed 
oil. The addition of 1-5 per cent royal jelly to the soybean 
oil modification permits the growth of Oolias eurytheme 
Biosduval. 

I thank Dr. Y. Tanada for facilities and advice, and the 
U.8. Public Health Service for financial support. 


1 Kamano, 8., and Fukaya, M., Jap. J. App. Entomol. and Zool., 9, 80 (1065). 

1 Vanderzant, E. 8., Richardson, C. D., and Fort, 8. W., J. Econ, Kntomol., 
55, 140 (1962). 

* Vanderzant, E. 8., and Richardson, O. D., Science, 140, 989 (1988). 

j Vandetzant, E. 8., Kerur, D., and Reiser, R., J. Econ. Entomol., 60, 608 


* Rock, G. O., Glasa, EB. H., and Patton, R. L., Ann. Entomol. Soe. Amer., 

57, 617 (1964). 

* Adkisson, P. L., Vanderzant, E. 8., Bull, D. I., and Allison, W, B., J. Boon. 
Entomol., 53, 759 (1960). 


r 


bo 


No 5064 NOVEMBER 19, 1966 


NATURE 


801 


EFFECTS OF PHENYLMERCURIC ACETATE ON TRANSPIRATION AND 
GROWTH OF SMALL PLOTS OF GRASS 


By D. C. DAVENPORT 


Department of Horticulture, School of Agriculture, University of Nottingham, Sutton Bonington, Loughborough 


TRANSPIRATION is sometimes described as a “necessary 
evil” because the opening of stomata, without which 
leaves cannot take in carbon dioxide, may permit the 
loss of water at a hazardous rate under arid conditions. 
It would be of considerable agronomic interest to be able 
to reduce this hazard and to minimize loss of water 
through the stomata without restricting the entry of 
carbon dioxide simply by the application of an anti- 
transpirant. 

Zelitch! has listed a number of chemicals which are 
known to reduce the size of stomatal apertures, probably 
by preventing the guard cells from becoming fully turgid 
and thus likely to increase stomatal resistance. Slatyer 
and Bierhuizen? have shown that the increase in stomatal 
resistance (rstomata) produced by treatment with an anti- 
transpirant has more effect on the resistances which affect 
diffusion of water vapour (fair + stomata) than on those 
which affect diffusion of carbon dioxide (r’sir + r’stomata + 
Y’ mesophyll), because the latter includes an extra resistance 
which may be of considerable dimensions. It should 
be possible, therefore, to achieve a reduction of transpira- 
tion without substantially restricting the transfer of 
carbon dioxide, and thus without adversely affecting 
growth. Experiments have been carried out to determine 
whether any concentration of the metabolic inhibitor 
phenylmercuric acetate (PMA) would have this effect. 

Creeping red fescue (Festuca rubra S-59) was sown in 
non-porous containers, 9 cm in diameter and 8-5 cm deep, 
and grown under suitable conditions in a growth room 
until it had produced dense and uniform covers of grass. 
These small grass plots proved to be excellent “‘trans- 
pirometers”, providing a highly reproducible method of 
assaying both transpiration and growth under a variety 
of environmental conditions’. In the present work, each 
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plot was sprayed either with 1-3 ml. of the required con- 
centration of PMA, or with the same amount of distilled 
water as a control, and all the containera were then placed 
in a growth room at a light intensity of about 1,000 ft. 
candles and a temperature of about 25° C. Transpiration 
was assessed by weighing each container at intervals, 
and growth was measured both by the increase in the 
height of grass above the rim of the container and by the 
dry weight of clippings when the grass was cut back to 
the level of the container rim. 

A preliminary experiment had shown that PMA at a 
concentration of 10- moles/l. reduced transpiration by 
more than 30 per cent, but was toxic to the grass. On the 
other hand, 10~ molar PMA caused no reduction in 
growth, but gave only & 7 per cent reduction in transpira- 
tion. It therefore seamed that the critical concentration 
required for maximum reduction of transpiration without 
a serious effect on growth must lie between these two 
concentrations. PMA was applied at 10-*-, 10-5 and 
10-3 molea/l. in an attempt to determine this critical 
concentration. Investigations were also undertaken of the 
effects of soil moisture stress on the results of applying 
the various concentrations of PMA by keeping the soils 
in half the number of containers near field capacity 
(wet régime), but maintaining a deficit of at least 70 g 
of water below field capacity in the remaining containers 
(dry régime). Thus, the average moisture content of the 
full depth of soil in each container of the dry régime never 
exceeded 13 per cent of the available range. 

PMA was more effective under conditions of low soil 
moisture stress (that is, in the wet soil), where 10? 
moles/l. reduced transpiration by 30 per cent below that 
of the control, compared with a reduction of 20 per cent 
in the dry régimes (Fig. 1). The effects of the anti-trans- 
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Fig. 1. Effects of three conoentrations of phenylmercuric acetate in two soil moisture régimes on the 
transpiration of grass for a period of 28 days. A, Dry régime; B, wet régime. 
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Zig 2 Effects of various concentrations of phenylmercuric acetate on transpiration and growth of grasa 
under wet and dry soll conditions. The numbers on the curves show percentage decrease below the controls. 
O, Wet régime; @, dry régime. 


pirant could be detected within 24 h and transpiration 
continued to be reduced, though with diminishing in- 
tenmty, for as long as 4 weeks after application. For 
example, in the wet régime the decline in effectiveness of 
the weakest concentration (10-8 moles/l.) seemed to 
start about one day after spraying, whereas there was no 
fall in the observed effect of the moderate concentration. 
(10-* moles/I.) until about a week after spraying. The 
strongest concentration (10>? moles/].) was somewhat 
toxio to the foliage of the grass and caused a decrease in 
the area of actively transpiring leaves which no doubt 
accounted, at least in part, for the continued large re- 
duction in transpiration caused by this concentration of 
PMA. In the period between the second and fifth day after 
spraying the foliage, the control plants in the wet régime 
extracted almost two-thirds of the available water from 
the soil in their containers, whereas plants treated with 
the highest concentration of PMA had used as little as 
45 per cent of the available soil moisture (Table 1 a). 


Table 1, Bwyaors OV VARIOUS COROMNTRATIONS OF PMA, IN THE WET 
REGINE, ON (a) EXTRACTION OF SOIL WATER AND (b) TRANSPIRATION RATIOS 
Control Log molar PALA 
-8:8 -35 -32 
(a) Porceni of available sol water 
extracted between the second and 
fifth day after spraying PMA 68 57 52 45 


(b) Ratio of pea on to Inoren ii 
oe eligat days 2,052 1,48 1,734 2,218 

Eight days after spraying, the relative effects of PMA 
on transpiration and growth were assessed (Fig. 2). 
The greater effectiveness of PMA as an anti-transpirant, 
at all concentrations, in the wetter soil conditions was 
shown by a highly significant linear regression component 
in the interaction of PMA with moisture régimes, and the 
linear regreasion was also highly significant for the effect 
of the PMA concentration on transpiration (Fig. 2 a). 
In the wet soul 10~:* molar PMA caused a reduction in 
dry weight (Fig. 2 b) of the same order as that for trans- 
piration (33 per cent below control), but suppression of 
growth (as shown either in dry weight of the clippings or 
inorease in height of leaves above the container rims) was 
negligible at the two weaker concentrations. It therefore 
appears that spraying the grass with PMA at a concen- 
tration of 10-5 moles/l. would probably strike about the 
best compromise, giving & relatively high suppression of 
transpiration (17 per cent) and a low reduction in dry 
matter (2 per cent). 

In so far as the “transpiration ratio” (g transpiration/g 
dry weight produced) can be regarded as an index of the 
efficiency of water use, the greatest efficiency (lowest 
transpiration ratio) was achieved, in the wet régime, 
by spraying with 10-**§ molar PMA (Table 1 b). 


In other experiments porometer observations on intact 
wheat leaves, sprayed in the field with different concen- 
trations of PMA, indicated an increased stomatal resistance 
for treated leaves and thus substantiated the findings of 
others?-*.4.5 that metabolic inhibitors reduce transpiration 
by affecting stomatal aperture. It was also observed 
that dipping the intact leaves in the PMA solutions re- 
sulted in stomatal resistances that were greater than those 
of leaves sprayed with solutions of the same concentrations 
of PMA, and it seems likely that the amount of any par- 
ticular concentration of PMA applied to each unit area 
of foliage, up to the condition of run-off of the solution, 
will determine its effects on stomatal resistance. Following 
this observation, 5-in. pots with dense covers of well 
established grass (Agrostis tenuis) were sprayed with 
different amounts of 10-5 molar PMA. The effect of the 
anti-transpirant was significantly intensified as the amount 
of 10-*-5 molar PMA applied to each pot was increased 
from 0:3 to 1-2 g of solution (Fig. 3), although no toxic 
effects were observed even with the highest rate of appli- 
cation (4:8 g). 


oar 
ntage o 
reduction below 
control) 
= 
© 
b, 
e 


0 O6 12 2-4 48 
Amount of 10>'* molar Pats solution sprayed per pot (g) 


Fig. 3. Effects of the amount of 10-*** mola: phenylmerouric acetate 
applied on the transpiration of grass. 


In the course of other experuments it has also been 
observed that the effects of PMA differ with environ- 
mental conditions and also between plant species. Thus 
the reduction in transpiration caused by 10-** molar 
PMA was nearly 20 per cent for grass but about 50 per 
cent for lettuce plants grown in 6-in. pots. The time seems 
to have arrived when extensive field trials are urgently 
needed with chemical anti-transpirants to assess their util- 
ity on various crops in promoting a more efficient use of soil 
moisture under conditions where water is & scarce resource. 

I thank Prof. J. P. Hudson for his help and encourage- 
ment in this work. 

1 Zelitch, I , Connecitout A.E S. Bwll., 664, 18 (1068). 

* Slatyer, È. O., and Bierhwzen, J. F., Austral. J. Biol. Ser., 17, 181 (1964). 
* Davenport, D. O., Univ. Nottingham Sch. Agric. A. Rep. 1966, 54 (1988). 

i Shimshi, D., Plant Physiol., 38, 709 (1968). 

* Waggoner, P. E., Montieth, J. L., and Szelez, G , Nature, 201, 97 (1964) 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Decrease in the Intensity of Hydrogen Lines 
in the Solar Photosphere and Chromosphere 


In their study of the number of levels and the population 
of upper levels of bydrogen, Ivanov-Kholodnyi and 
Nikol’skii? state “in prommence and chromospheric 
spectra, it has been found that near the series limit the 
lines do not merge because of their broadening and con- 
vergence, but instead they disappear because of a rapid 
fall in intensity’. After reviewing the Inglis~Teller 
formula? and the Ecker—Weizel’ solution of the Schrodinger 
equation for an electron moving in a Debye field, they 
state ‘‘. . . that the problem of the drop in line mtensity 
toward the series limit has not been solved so far...”. 
This note will outline how this fall in intensity is in 

excellent qualitative agreement with my numerical solu- 
tions of the Schrodinger equation usmg the complete 
sereened Coulomb potential (CSCP) (ref. 4, and unpub- 
lished data) and photospheric densities obtained from the 
solar model’, provided an effective screening distance is 
identified with the radius of the mean atomic volume, fry. 
(2 = 3/4rNı, with N: equal to the ionio number density 
when a neutral atom is referred to as an “ion”’ with zero 
charge.) 

The radial Schrodinger equation is considered with the 
CSCP given by 


r 1 
V(r) | Lie Gs pa veraa 
| y) = -Z ry RP! re (1) 


where D is the screening radius and A is the mean mini- 
mum radius of the 10n atmosphere. After the standard 
transformations’, «= 2Zr/a,)i, and Hy= — Z*64/2h74%, one 
obtains the standard form of the Schrédinger equation 
in x-space with Ain place of n. In ref. 4 it is shown that 
for D> 0, the CSCP yields an eigenfunction with the shape 
of a Coulomb (n,l) wave function for all n,l, but with 
>n. 

The quantity that does decrease ın the CBCP solutions 
as D—0 is the normalization integral. This suggests that 
the probabilty of finding a bound eigenstate relative to 
the corresponding Coulomb state can be defined by the 
ratio of the CSCP normalization to the Coulomb normal- 
ization. For the n,l-state solutions, the relative probability 
of a state 18 derived‘ as 

22 +1N (0,1) 


Ont (4,D,A) = nUtIN (nl) (2) 


where the N’s are the magnitudes of the normalzation 
integrals in w-space and the A and n are the quantum 
numbers of the CSCP and Coulomb eigenfunctions, 
respectively. A good fit to the mean ®-function 1s given by 


15 anm 

Oni (XDA) = Oni (D) = oxp) -( 1] (a) 
with m=1 for Dz3am?/2Z; and 1<mz<3 for D< 
Bant /2 Z. 

Clearly, an effective maximum bound state, n*, is sug- 
gested which is given by that value of n— for a given 
D— for which ®=1/e. From the actual numerical solu- 
tions, this leads to 





n*? = O ZDJ% (4) 
with O=0-67 from solutions with A=D; O=0-54 from 
solutions with A=0; and O=0-59 from solutions with 
A=D/2. 

A photospheric profile has recently been obtained here 
by solar model calculations, and gives results similar to 


those previously reported’. The values of electron pres- 
sure, Pe, against temperature, T, from these calculations 
are in excellent agreement with the Utrecht model of the 
photosphere and low chromosphere’»* and with the model 
of the solar atmosphere given by Aller’. We consider only 
the last two photospheric pomte printed out in the solar 
model data and consider separately a donsity that 
approximates a P,— point in the Utrecht chromosphere 
profile through ionization equilibrium equation of 
state*-10.11 (TE EOS) calculations using a mixture of eight 
elements*™*, For these three points, the electron density, 
Nz, the electron pressure, Pe, the standard Debye radius, 
DR, and the radius of the mean atomic volume, fo, were 
caloulated. For this the current TEEOS code was used, 
modified by the CSCP partition function and ionization 
potentials‘. From the CBCP results the effective maximum 
bound state, n*, was calculated, using both r, and DR in 
the solution with 4=D/2. Finally, using the Inglis—Teller 
formula, we calculated the quantum number of the last 
discrete level, nm, where by definition, nm > n*. 

The theoretical results are shown in Tables 1 and 2. The 
Utrecht model values of P. and T are also shown in Table 
1. The values of n* computed with the Debye radius are 
about an order of magnitude greater than n* calculated 
with ro. 

The relevant solar hydrogenic observations are given in 
the literature’*-*, From the measurements" 4 and the 
equivalent widths?’ for the Balmer, Paschen, and Brackett 
lines, the level n= 12 indeed appears to be about the last 
level which is occupied to a significant extent, with the 
occupation of the levels to næ 16 falling off rapidly. In 
other words, the probability that the levels 12<n<16 
exist as unperturbed eigenstates is significantly leas, 
which agrees with the screened Coulomb definition given 
by equation (2) above. 

In the chromosphere, Thomas and Athey report 
reliable photometric observations up to n=31 in the 
Balmer series, with lines detected up to n= 35. They also 
report reliable observations up to n= 28 in the Paschen 
series, but do not comment on the maximum Paschen 
level detected. Thus, ın view of the uncertainties in the 
temperature and electron density as a funotion of height, 
there appears to be good agreement with the screened 
Coulomb results even in the solar chromosphere. 

Table 2 shows that the Debye radius leads to a very 
inaccurate series limit in both the chromosphere and the 
photosphere. In addition, the Inglis—Teller formula for 
the last distinct lme is about 17 per cent too high for the 
chromosphere and at least 50 per cent too high for the 
photosphere. 

In conclusion, these screened Coulomb results for the 
effective maximum bound state with the radius of the 
mean atomic volume as the effective screening radius are 


Table 1. THA EFFEOTIVB MAXDUM BOUND 8TaTB, n*, OALOULATHD AT 
Two Ports IN THE SOLAR PHOTOSPHBRE, ONB Port iw THR CHROMO- 
SPHERE 

h T Pa @ Te 
(km) (°K) (dynes/om’) (g/am*) (cm) n*(r0) 
R — 5,750 18-4 2986-7 123-4 12 
U 48 5,735 18-3 — — — 
R — 5,150 8-89 244-7 1-81-* 12 
U 104 6,100 8-36 — — S 
R — 5,150 O11 10> 8 224 81 
U 635 5,125 O-14 — 


The photoaphenio points are from a aon ome tb) man and are com with 
the Utrecht (1964) model of ; the photos radius of the mean 
atomic volume 18 ro, with n*' m 0:59 Zre/do 


Table 2. Taos EFFECTIVE MAXIMUM BOUND STATH CALCULATHD WITH THE 
DEBYE Raprus, DR; AXD THA Last DIBORBTH LHVAL CALOULATHD WITH 
THB INGLIS-THLLHR FORMULA, iw 


n* (r5) DR (om) n* (DR) Ne (electrons/o.c.) Am 
12 9-045 101 744 24 
12 1-504 180 54n 25 
31 9 08-+ 318 1-614 41 


The same points of Table 1 are used here, where n*(r,) is repeated. 
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in excellent qualitative agreement with the observed 
drop in line intensities of solar hydrogen in both the 
photosphere and chromosphere. This indicates that the 
definition of the relative probability of an unperturbed 
eigenstate derived in ref. 4 and given here by equation (2) 
is correct. This agreement also suggests that the observed 
variation of hne intensities from other radiating stellar 
objects can be used to calculate a reasonably accurate ion 
number density-—-including neutrala—of the material that 
is the source of the absorption or emission hnes. If the 
relative abundance of elements 1s found, the mass density 
could be calculated. 

This research was conducted while I was an E. O. 
Hulburt research appointee supported by the U.S. Office 
of Naval Research and the U.S. National Science 
Foundation. I wish to thank both organizations for the 
support that made this work possible. 

I also thank Dr. Kenneth Widing for interesting discus- 
sions, and the E. O. Hulburt Center staff for their 
hospitality. 

Note added ın proof. For the value of O in equation (4) 
to be equal to 1:0—as obtained by Ecker and Weizel as 
an upper limit on g*, their maximum bound state—would 
unply in the present screened Coulomb solutions that 
® rv 0-1 (see Figs. 4 and 5 in ref. 4). Calculations with 
D = r, and O = 1-0 yield values of n equal to 15, 16 
and 39 at the points shown in Table 1. The current solar 
profile (October 1966) obtained with the CSCP partition 
function and ionization potentials, however, yields 
densities about 10 per cent lower near the photospheric 
temperatures in Table 1, and leads to values of nm cqual 
to 16 at both points. Consequently, these values are in 
exact agreement with the maximum distinct levels in the 
photosphere and in good agreement with the maximum 
detected levels in the chromosphero. This 1s particularly 
noteworthy sinco 8. A. Mitchell (Ap. J., 105, 1; 1947) 
reports detecting lines m the Paschen series to n = 40 
in the chromosphere. (This also means that the Inglis- 
Teller formule gives good agreement with the maximum 
discrete level m the chromosphere.) 

Although the present correlations with the observed 
decreases in intensities are qualitative, the quantitative 
change in the mean -function between @ =~ lje and 
© = 0-1 as a function of u = ZD/an* appears to be 
confirmed. 

Cag. A. ROUSE 


E. O. Hulburt Center for Space Research, 
Naval Research Laboratory, 

Washington, D.C., and 

Space Sciences Laboratory, 

University of California, Berkeley. 
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Relation between Basic Components of Solar 
Radio Emission at Centimetre and Decimetre 
Wavelengths and the Solar Cycle 


Das Gupta and Basu have reported a new method of 
determining the basic component of solar radio emission 
(B component)?. The analyses were made at frequencies 
of 1,000, 2,000, 2,800, 3,750 and 9,400 Mo/s for the years 
1958 (sunspot maximum) and 1964 (sunspot minimum). 
The values obtained were in good agreement with those 
obtained experimentally by other workers. It was also 
shown that the factor by which the basic component 
changes from the sunspot maximum to the sunspot 
minimum depends on the frequency. The maximum to 
minimum ratio was found to be highest at 1,000 Mc/s 
and to fall off exponentially at higher frequencies. 

The analysis was, however, carried out for the two 
extreme periods, namely, when the Sun was in the most 
active and in the quictest state of tho last cycle. It 1 
logical to oxamine the data for each year corresponding 
to the intermediate periods of activity with the view of 
determining the exact nature of the annual variation of 
the quiet sun radio emission during a solar cycle. Further- 
more, it was suggested in the earlier communication that 
the variations in the B component with the solar cycle are 
confined to a specific waveband. The investigation on 
B component in relation to the solar cycle was therefore 
extended to as many frequencies as possible ın order to 
determine the width of this waveband. 

It is known that the slow daily variations of the solar 
radio flux at centimetre and decimetre wavelengths ex- 
hibit roughly a 27 day cycle and result from the presence 
of active regions on the solar disk. Most of these active 
zones are associated with sunspots. Regions are always 
present, however, on the solar disk, which emit centimetre 
and decimetre waves but which are in no way correlated 
to the visible sunspots. It is evident that uf the disk 
were completely free from all these active regions, visible 
or invisible, there would be no day to day variation of 
the daily values of the flux. Under such conditions, the 
recorded flux would correspond to the quiet sun radio emis- 
sion, and obviously the amplitude of the so-called 27 day 
variations would be zero. 

The method of analysis adopted ın the present investiga- 
tion is similar to the earlier one in which plots of the daily 
mean values of solar flux at five different frequencies 
were examined. All these plots exhibited pronounced 
maxima and minima following roughly the 27 day cycle. 
An additional striking feature exhibited by these curves 
was that the pronounced maximum to minimum ampli- 
tude of this variation changed markedly with the mean 
value of the flux. The amplitude of variation was found 
to be highest for 1958, when the mean flux was also 
maximum, lowestin 1964 when themean flux was minimum ; 
the situation in 1961 was intermediate between the two. 
A variation amplitude was defined for a particular fre- 
quency as the change from maximum to minimum 
recorded values of the daily mean flux corresponding to 
each of the 27 day cycles. The mean value of the solar 
radio flux for each of the periods corresponding to these 
cycles was also determined. A plot of the mean flux 
values against variation amplitudes for a particular 
frequency and for a particular year reveals e linear 
relationship between the two. On extrapolating the best 
fitting line to zero value of the variation amplitude, the 
positive intercept on the flux axis is identified as the 
B component of solar radio emission, which can be repre- 
sented by the equation 

F=f, + KV 


where F is the total flux, F, is the B component, V is 
the variation amplitude and K is the constant of pro- 
portionality. 

An analysis was carried out for each year in the period 
1958-1964—the declining phase of the last solar cycle. 
In order to explore the low frequency side still further, an 
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additional frequency of 600 Mc/s was included. Fig. 1 
shows the B component for the period with frequency as 
the parameter. It can be seen that the B component 
changes rather systematically in the course of the solar 
cycle. The annual variations in the B component tend to 
be parallel to each other. 

Fig. 2 shows the spectra of the B component obtained 
from the present analysis, in terms of apparent tem- 
perature for the two extreme periods. It can be assumed 
that the basic component at both the maximum and 
minimum years have uniform distribution, as is in fact 
shown by the more or less continuous lines through the 
two sets of points. On extrapolation the curves meet each 
other near 1-5 cm on one side and near 100 cm on the other. 
It is thus confirmed that the variation of the basic com- 
ponent of solar radio emission in course of s solar cycle 
is confined within a specific bandwidth only, roughly 
within 1 cm to 1 m. 

The ratio by which the B component changes from the 
sunspot maximum to the sunspot minimum at different 
frequencies is shown in Fig. 3. It will be seen that the 
ratio is greatest at 1,000 Mo/s. It falls off rapidly on the 
low frequency side but falls off in an exponential fashion 
on the high frequency side. Fig. 3 also shows the values 
of the ratio of the B component for 1958 to that for 1963 
obtained previously by Tanaka’, which show close agree- 
ment with the present values. 

It thus appears that the region in the solar atmosphere 
for which the apparent temperature increases from the 
sunspot minimum to the sunspot maximum is roughly 
confined to the region extending from the base of the 
chromosphere to that of the corona, that is, to the entire 
chromosphere whence the different centimetric and 
decimetric solar radiations emanate. The photosphere 
and the higher regions of the corona, where millimetre 
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10 component at sunspot maximum to that at sunspot um. 

The solid line (©) indicates the values obtained from the greon analysis 

(ratio: 1958 to 1964) and the dotted Line (x ) corr mds to the values 
of Tanaka (ref. 2) (ratio: 1958 to 1968). 


and metre waves originate, respectively, do not seem to be 
affected by the sunspot cycle so far as the basic component 
of solar radio emission is concerned. It is conceded, 
however, that the conclusions drawn here regarding the 
bandwidth over which the basic component of solar 
radio emission changes in course of a solar cycle depend 
solely on the nature of the curves shown in Fig. 2. It is 
evident, therefore, that both the low and the high fre- 
quency sides of the spectrum should be explored as 
closely as possible in order to determine more precisely 
this bandwidth. 

I thank Prof. J. N. Bhar for his interest and Dr. M. K. 
Das Gupta for guidance. Data on solar radio noise from 
the Observatoire Royal de Belgique, Uccle, from the 
National Research Council, Ottawa, and from the Research 
Institute of the Atmospherics, Nagoya, were used in the 
analyses. 

D. Basu 
Institute of Radio Physics and Electronics, 
University of Calcutta. 
1 Das Gupta, M. K., and Basu, D., Nature, 208, 739 (1965). 
t Tanaka, H., Proc. Res. Inst. Atmos., Nag. Unw., 11, 41 (1964). 


PLANETARY SCIENCE 


Rare Earth Abundances in an Anorthosite 
and a Mangerite 


Tue association of anorthosite and mangerite in Pre- 
Cambrian areas is well known. There is, however, con- 
siderable controversy concerning the consanguinity of 
these rock types and the problem has been reviewed 
recently by Philpotts!. We are at present carrying out 
investigations of the abundances of rare earths in anortho- 
site associations because we think trace element variations 
might be particularly illuminating. This preliminary com- 
munication reports determinations of these elements in an 
anorthosite from Tchitogama Lake, Quebec, and in a 
quartz—mangerite! from Grenville Township, Quebec. 

The analyses were performed by stable-isotope dilution. 
In this technique the sample was dissolved and isotopic 
“gprkes” of the rare earth eloments were added. Concen- 
tration of the rare earths was effected by passing the 
solution through an ion exchange column. No attempt was 
made to separate the rare earths from each other or from 
other elements with simular partition coefficients. A solid- 
source mass-spectrometer with a triple-filament was used 
in the isotopic analysis. 

Table 1 shows the results of the rare earth analyses. The 
precision (g) shown is the standard deviation of the mean 
of the number of determinations (n); each determination 
is calculated from two scans of the appropriate mass 
region. The data have been normalized to hypothetical 
chondritic abundances by a comparison of neutron- 
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Table 1. RARE EARTH ABUXDANORS IN AX ANORTHOSITE AND A ALANGERITE 
Anorthosite Mangerite 
“Chon- “Chon- 
dnte” = drite” 
P.p.m o normal- P.p.m o normal- 
n ined n ized 
Cerium 4:3 O-4 4 55 —_ — ~ _ 
Neodymium 2-16 004 8 831 50-1 0-20 8 76:8 
Samarium 0-85 0 009 5 167 108 0 21 12 621 
Europium 065 — 2 17 285 019 4 401 
Gadolinium 029 — 2 113 oe om a jase 
Dysproslum 016 0-018 6 0 5i 8 5+ 0 08 4 28 2 
Erblum — =e — — 505 005 4 278 
Ytterbium 0-028 0-002 6 0122 481 006 6 25 6 


activation analyses of rare earths in eucritic meteorites»? 
Mi our analyses, These normalized abundances are shown 
in Fig. 1. 

The anorthosite has a pattern of normahzed rare earth 
values of the non-inflexional, fractionated type expected 
for a liquid derived from material with a non-inflexional 
pattern by extreme fractional crystallization of a solid for 
which the partition coefficients differ regularly by a con- 
stant amount throughout the rare earth group‘. This 
pattern is of interest in view of Buddington’s* hypothesis 
of an anorthositic melt. No material, however, either 
terrestrial or meteoritic, has yet been found with abun- 
dances of rare earths appropriate to either the residual 
sold or the parent for such an anorthositic liquid. It 
therefore seems more probable that the anorthosite is an 
accumulation of crystals which m recent years has been 
called a “cumulate”. 

The distribution of rare earths in plagioclase probably 
controls the distribution of rare earths in anorthosites as 
anorthosites are composed largely (> 90 per cent) of 
plagioclase (An,,). The anomalously high value of euro- 
pium (caused by the presence of Eut?) found in both our 
own data and in the data for the San Marcos gabbro* 
supports this view. The data also indicate that the 
relative abundances of the heavy rare earths are about 
the same in a whole rock as in the constituent plagioclase. 
It therefore seems probable that the same relationship 
would hold between melt and plagioclase phenocrysts. If 
this were so, then the anorthosite would represent a 
cumulate from a melt with a non-inflexional, fractionated 
type of rare earth pattern. A pattern for such a melt is 
shown in Fig. 1. It was obtained by applying the rare 
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Fig. 1. Bare earth abundances normalized to thetical chondritic 
abundances in an anorthosite, a mangerite, a caloulated melt, and a 
com posite ample of North American sbale. The error bars Tepresent 
plus and minus two standard deviations of the mean. 
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earth partition coefficients between the whole rock San 
Marcos gabbro and its constituent plagioclase to the rare 
earth abundances in the anorthosite. Although the 
absolute abundances of the rare earths in this calculated 
melt are almost certainly in error, the relative abundances 
are probably reasonably accurate. Available data’ 
indicate that igneous rocks with such patterns are quite 
rare. Most igneous rocks display patterns with low slopes 
for the heavy rare earths, and many have inflexions in 
the region of gadolinium. Contimental rocks (for example, 
Columbia Plateau tholeiite*), oceanic rocks (for example, 
Kilauea, [ki-22 basalt*), and meteorites (nakhlites*), how- 
ever, have patterns similar to that of a parental melt 
capable of producing an anorthositic cumulative. 

The rare earth pattern of the mangerite is shown m 
Fig. 1. The pattern is of the inflexional type typical of 
most sedimentary rocks’. A composite sample of North 
American shale’ is shown for comparison. The mangerite, 
however, is clearly of igneous origin, as shown by the 
Carlsbad twins in the felspars and basal exsolution 
lamellae in the inverted pigeonite'. The large europium 
anomaly in the anorthosite and the lack of this anomaly 
in the mangerite indicate that a direct genetic relation- 
ship between the two rock types 1s unlikely, as does the 
dissimilarity in the overall distribution of rare earths. 
Mangerite and anorthosite may therefore belong to 
separate igneous suites, as suggested by Buddington'. 
Assimilation of considerable amounts of materiel with 
“normal” abundances of europium could, however, 
explain both the lack of an anomaly in the mangerite and 
the dissimilarity in rare earth patterns. If this were the 
case, the mangerite and the anorthosite could be co- 
genetic, as Philpotte has suggested. 

We thank Prof. A. R. Philpotts for donating the samples 
and for useful criticism. 
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Use of Sandstone Wanes and Weathered Basaltic 
Crust in Absolute Chronology 

It has been found! that the blunting of the edges of blocks 
of sandstone can be used to determine their age in a range 
of 200 to 108 years. The corrosion of basaliic fragments 
also follows a law, and it is possible to determine their 
age in a range of about 500 to 107 years. 

The sharp edges of sandstone blocks are rounded by 
the weathor. When the external influences have a uniform 
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< effect: the wane produced can be described by a hyper- 
--bolie curve. In practice, it is expedient to measure the 
distance A of its peak from the intersection of the asymp- 
totes (Fig. 1) which depends on the angle of the edge o 
and the time t as follows 
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Fig. 4. Section of basalt sample, showing the “orust”; : 
a For sandstone in the Český Ráj the constants@ = 1-01 

100 be PO rates 0-1 and b=0-20+0-02 were found experimentally: 7 
š t was substituted in millenia and h in centimetres. _ 
A weathered crust, which usually has a characteristi 
colour, is produced with time on the surface of fragments 
of some rocks. : 
Its thickness d is approximately related to the time in 
the following manner 
d = A log (1+ Bt) le 
A pronounced weathered basaltic crust can conveniently. 
be used for chronology. The constants A = 4-644 0:05 
and B=0-010+0-001 (for lengths in millimetres’ and 
times in millenia) were found for basalt for different 
deposits in Bohemia. 
Statistical evaluation of many measurements has shown 
that the two methods are accurate to within 10-20 per 
cent. Use of these methods has already provided valuable 
geological and archaeological results. 
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Fig. 2. Plot of age against height at various angles of the edge for the Černohouz, J., and Sole, L, Czech, J. Phys.,16 (1966), 
weathered edges of sandstone a 1} Sample from the collection of baroque 
statues in Český Raj (Bohemia Paradis) (age, about 200 years). (2) 
Sample from the ruins at Valečov, RotStejn, Kozlov. (3) Sample from 








near Podhájí. THE SOLID STATE 
10° 10° 108 108 
mani years mm years Mmm years Wu years A Dislocation-free Mechanism of Growth 
1,800 Ar present the explanation of the origin and growth of 
300 G 8,000 35,000 crystals from solutions at low supersaturation or from 
1,600 melts which have been supercooled involves various: 
250 7,000 30.000 aspects of the dislocation theory. There have: been, = 
1,400 i however, many reports of layer growth in crystals under 
b 200 6.000 these conditions but without any experimental data on- ~ 
ew! 1,200 , 25,000 the existence of screw dislocations on the surface of 
p,.7 180 E crystals (see, for example, ref. 1). 
2 160 5 8 5.000 The growth of real crystals at low supersaturation can 
1,000 3 be simply explained without postulating the existence. of 
140 4,500 20,000 serow dislocations by the “long range effect” of local 
120 900 active centres. This effect manifests itself in experiments 
E 800 4,000 on the chemical and electrical “decoration”? of crystal: 
100 surfaces*, These centres are aggregates of defects, mainly 
700 3,500 vacancies, and impurities. The long range effect means — 
C 80 15,000 that it is possible for elementary acts of crystallization: 
1 4 7 10 to occur at distances from the active centres. The 
60 600 3,000 mechanism for this may be a complicated superposition 
of molecular and electrostatic forces’. The occurrence 
40 500 of oriented overgrowth through sufficiently thick amor- 
2,500 phous intermediate layers deposited on crystal surfaces 
an F provides confirmation that the microgeometry of the 
B a 400 10,000 surface—microsteps, emergent points of dislocations— 
G 2,000 does not play a decisive part in nucleation because in this 
A> 0 347350 6 9 case the geometric factor is excluded. As a result of the 
long range mechanism of crystallization, nucleation on: 
Fig. 3. Agos of Meda basalt seme: er ge Trosky, 00years old. active sites has to be considered as a volumetrie process © 
ay early Warm. D. AAN Kamenec noat Munnae: about JA, D00 yenta MA which solves the problem of the origin of steps ‘bott 
From Hrádek near Lažany, Giinz-Mindel. F, From ŘKárovsko, directly on the growing surface and at a finite. 


; p; G, F Drahonovice near Hrubá 
Tarnov, abont 670,090 years old, Pliscene. tahonovicengar Mru from it. The experiments show that crystall 
















: _ long range effect of the centres. 
= active centres can exert an influence have been found to be 
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; initiated in many cases by active centres w 
not only directly on the surface but also in some layer 
adjacent to the surface. ‘The active centres arise and are 

: independent. from the microrelief; however, in some cases 
the microtopography of the active centres may bear some 
relationship to microrelief of the surface. 

: With the long range effect of active centres a picture of 
regularly alternating growth steps on the surface of crystals 
without any traces of spiral structure becomes quite 
comprehensiblet®, The formation of growth pyramids 

< which consist of successive steps of approximately equal 

width suggests the fulfilment of several conditions. First, 
the successively growing steps should arise under the 
influence of a single active centre which is located directly 
on the surface or in some layer adjacent to the surface 
nd may act throughout the entire series of steps already 








formed. Second, this active centre should not be in- 





activated during the elementary act of crystallization. 
hird, the initial moments of crystallization of the 


o successive steps should be separated by equal or almost 


equal intervals of time. 
-= The indicated conditions of layer growth have been 
confirmed experimentally. Investigations by means of 
‘decoration (on mica, quartz, sidalite, silicon, etc.) 
showed that only the local active centres on the crystal 
surface are sites of selective nucleation®:?. The active 
= @entres of the surface of a crystal (as well as those below 
the surface) appear to be created as fluctuations. As 
growth proceeds, new active centres which initiate layer 





crystallization may develop at other sites on the surface. 


‘The inactivation of active centres on the growing surface 


: : ‘during crystallization may occur only as a result of electron 


- exchange reactions. In most cases, however, crystalliza- 
-tion proceeds without any electron exchange of crystalliz- 
‘ing material with the active centres of the surface and 
therefore without their inactivation—thus preserving the 
The distances over which 


-= of the order of 1500-2000 A?*, This enables 200-250 
_ layers each 7-10 A thick to be formed under the influence 
of an active centre. 
Evidence for the rhythmical character of crystallization 
: is provided by the observed alternation of growth steps. 
< The frequency of the formation of steps seems to depend 
-on the activity of the crystallization centres, on one hand, 
-and on the degree of supersaturation of the solution (or 
_ supercooling of the melt), on the other. In the particular 
. ease of crystals with a layer structure, the elementary 
layers are growth steps of minimum height. If the growth 
“steps have a height which exceeds one layer and this is 


not conditioned by other factors like poly typy~polymor- 


phism, then two (or more) types of oscillations in the 
_ system growing crystal—melt (solution) exist which produce 
: an alternation of steps and elementary layers within the 
limits of the steps. 
_ It is thought that with solutions at low supersaturation 
; or with melts which have been weakly supercooled, rela- 
‘ively wide steps are formed which are one layer high. An 
nerease in supersaturation (supercooling) causes a decrease 
the step width. Where the formation of successive 
is more frequent the growth process may become 
regular because of local variations in the supersaturation. 
his should lead to the formation of layer packs separated 
<o by comparatively large and smooth areas as a result of 
the modulation of the basic oscillation by other oscilla- 











tions of lower frequency. 


=o The dislocation-free mechanism of growth of real 
_erystals seems to be the most universal one, because the 


-dislocations are thermodynamically unstable, whereas 


the point defects and their aggregates (active centres) are 
thermodynamically stable and are present in all crystals. 
This mechanism of growth of real crystals explains 
many phenomena of layer growth from solutions and 
melts without the necessity of postulating the existence 
of screw dislocations (or any other geometric microrelief 
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of the surface) and leads to the ‘conclusion that crystal- 
lization processes are rhythmical. 
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A Layer Structure with Unusual Symmetry 


Tue X-ray diffraction photographs of crystals of cadmium 
iodide, which is strongly polytypic (more than eighty 
polytypes have so far been reported’), frequently show 
“streaking” and “arcing’’*. 

In “streaking” the reflexions of constant A and k, but 
different 1 values run into each other, and the intensity 
of the streak varies from crystal to crystal; this can clearly 
be seen in Fig. 1, particularly on the first layer line. As 
a result of the structure of the crystal, four horizontal 
streaks are present corresponding to one layer line instead 
of the normal single streak. For comparison, Fig. 2 shows 
the X-ray photograph of a crystal of the same cell size 
but with no streaking. The phenomenon is also common 
with other layer structures, for example, silicon carbide’, 
cronstedtite**, etc., and it is attributed to the stacking 
faults which occur during the growth of the crystals. 
These faults consist of a random displacement of the 
layers from their normal positions; the direction of the 
displacements is parallel to the layers. With crystals of 
cadmium iodide, the effect is to destroy the regularity of 
the structure in the direction perpendicular to the layers, 
namely, the c axis. As this is also the direction of the 
c axis in the reciprocal lattice, the reciprocal points become 
smeared along this axis. The degree of streaking depends 
on the extent of the disorder, resulting from the stacking 
faults, and therefore varies from one type of crystal to 





Fig. 1. 
showing both * 


X- “ray, oscillation photograph of a faulted 4H Cdl,-crystal, 
‘streaking’ and ‘arcing’; 3 em camera; a-axis 15° 
oscillation, copper K a radiation. 
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another. Quanititative estimates of the degree of disorder 
have been made from streaking on X-ray photographs. 

“Arcing” consists of an extension of the diffraction 


_ spots into small ares on the X-ray oscillation or rotation 


photographs. Fig. 1 clearly illustrates the phenomenon. 
It can be seen that each spot (compare with Fig. 2) 
consists of a string of four spots such that the overall 
shape is that of an arc. When very short X-ray beams 
are used for diffraction work on deformed metallic er ystals 
a similar phenomenon is observed’, and the diffraction 
spots are found to spread into ares around the Debye- 
Scherrer rings. It has been suggested that dislocations at 
the boundaries between deformed grains are responsible 
for this; use has been made of the effect to estimate the 
degree of dislocation’. In the present instance the arcs 
were found not to lie along the Debye-Scherrer rings; 
however, it is probable that the phenomenon is related 
to some extent to that obtained with metallic erystals. 
A brief explanation of the phenomenon follows. 

Dislocations of the same sign, in order to reduce their 

elastic strain energy, may arrange themselves into one or 

“more walls, and thus form low angle grain boundaries. 
These could become further rearranged so that one or more 
groups of boundaries are formed with the members of one 
particular group in parallel orientation. X-ray diffraction 
effectively divides the crystal into two or more mosaic 
blocks, which results in the observed arcing; the mosaic 
blocks give rise to the spots on the are and the dislocations 
in the boundaries are responsible for the relatively weak 
string connecting the spots. Furthermore, a mosaic block 
may consist of sub-mosaics, but the range of misorienta- 
tion would usually be much smaller than that between 
the mosaics themselves. This could well explain the 
tangential breadth of the ares, which would otherwise 
have very fine diffraction spots. 

In extreme cases, when both streaking and arcing are 
present to an appreciable extent, a picture such as Fig. 1 
is obtained. The peculiarity imparted to the structure of 
the faulted crystal of Fig. 1 is really manifested in Fig. 3, 
which is a Laue photograph of the same crystal. This 





Fig. 2. X-ray oscillation photograph of a normal 4H-crystal (without 
“streaking” or “arcing’’), taken under the same conditions as Fig. 1. 
The first layer consists of a chain of 104 reflexions. 





The erystal was 
mounted with iis @ axis vertical and the X-ray beam incident in the 


Fig. 3. Laue photograph of the crystal in Fig. 1. 


e direction. 3 em camera; unfiltered copper radiation. 
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Fig. 4. Laue photograph of the crystal in Tig. = ya and taken under the 
same conditions as Fig. 3 


should be compared with Fig. 4, which is the Laue phot: oe 
graph of the crystal in Fig. 2. Benzene-like hexagonal 
rings of diffraction spots can be seen in Fig. 3, which cor 
respond to each reflexion in Fig. 4. 

Cadmium iodide is composed of molecular. sheets of 
cadmium and iodine ions (each sheet consisting of two 
layers of iodine ions with a layer of cadmium ions sand- 
wiched) held together by weak van der Waals forces. 
Cadmium iodide structures are therefore favourably. 
suited for layer displacements, which lead to stacking 
faults. Dislocations can equally well be created, because, - 
according to the slip picture of dislocations, ‘the f 
required to produce slip in a crystal is also. the. fi 
required to create dislocations in the crystal’. Fur 
experimental evidence in support of an easy layer 
placement in cadmium iodide will be presented else rhe: 
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CHEMISTRY 


Structure and Paramagnetism of Five- an 
Six-Co-ordinate N : N’! Bis-salicylidene 
Ethylenediamine Iron(Il) Chloride 


‘Tux reaction of ferric chloride with the Schiff base, 
N : N’ big-salicylidene ethylenediamine(salen), in aeeton 
solution produces the complex (Fe salen Cl). The behav 
iour of the magnetic susceptibility of powdered samples _ 
of this complex indicates that there is an anti-ferro- 
magnetic interaction between the iron atoms. This effect 
has previously been explained! in terms of either layer or 
binuclear structures, and the latter model gives a some- . 
what better fit between theoretical and experimental 
susceptibilities. The complex is monomeric in chloroform 
solution and non-conducting in nitromethane, however, so 
that any covalent association in the solid state does not: 
persist in solution. 

Recrystallization of the complex from nitromethane 
gave, in addition to the starting material, crystals of 
another compound. Analysis of the bulk of this material 
did not allow the formula to be determined unambigu- 
ously, but the presence of nitromethane, (Fe salen. Cl) 
(CH,NO,)z, was confirmed. The magnetic moment-of the 
bulk sample was about 5-9 Bohr magnetons (BM 
300° K—considerably hiho than the value of: 
observed for (Fe salen Cl)... The decrease in th 







interaction between the iron atoms suggests the presence 
-of monomeric units in (Fe salen Cl) (CH,NO,)z,. possibly 
with nitromethane as part of an octahedral complex. 
The crystals- of the compound show a large magnetic 
anisotropy, which is very temperature dependent. 

“We have determined the crystal structure of both (Fe 
salen Cl) and (Fe salen Cl) (CHNO) by X-ray methods, 
in order to ascertain the nature of the magnetic exchange 
in these systems. A preliminary structural investigation? 
‘of (Fe salen Cl) indicated an ionic layer structure, but the 

unit cell dimensions reported differ from those found by 
oo AAS 
{Fe salen Cl) crystallizes in the space group P2,/c, with 
“unit cell dimensions a = 11-37, b = 6-91, c = 19:16 A, 
‘and p = 90-5°. Least squares refinement of all co-ordinates, 
using anisotropic temperature factors for iron and chlorine 
atoms and isotropic ones for light atoms, has given a 
reliability index of 0-13 for 1,577 independent reflexions. 
The molecules are dimeric and centro-symmetric as shown 
in Fig. 1. This binuclear structure is similar to that 
observed in (Cu salen) (ref. 3); in both cases the oxygen 
bridging is asymmetric. The iron-oxygen bond length in 
_ the “monomer” is equal to 1-98 A, while that in the bridge 
` is greater, at 2-18 A. The magnetic interaction presumably 
‘occurs through a super-exchange mechanism involving 
‘the iron—oxygen—iron grouping, as the metal to metal 
distance in the iron complex is larger than in the copper 
complex (3:29 and 3-18 A, respectively) in which there is 
no significant amount of exchange (ver = 1:8 at 300° K 
and 9, the Weiss constant = 4°) (ref. 4). In agreement 
with this conclusion, the iron—oxygen bridging distance is 
smaller than the corresponding copper—oxygen distance 
(2-18 and 2-41 A, respectively). 

The crystal structure of (Fe salen Cl) (CH,;NO,); has 
been solved using the space group Pn2, a, with a unit cell: 
t= 13-00, b = 28-81,¢ = 9-78 A. There are two crystal- 
lographically independent molecules of both (Fe salen 
Cl) and CH,NO, in the asymmetric unit. Least squares 
refinement of all atoms is continuing, and the present. 
reliability index is 0-12. Fig. 2 shows one molecule of the 
=c monomerie (Fe salen Cl) unit, the nearest approach to an 

¿octahedral position of any nitromethane or other complex 





Fig. 1. The (Fe salen Cl) dimer. 





Fig. 2. 


The five-co-ordinate (Fe salen Cl) monomer. 
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molecule, being greater than 3-7 A: Ligand distortions 
in the two iron complexes can be seen in the figures, and 
may be explained partly in terms of the gauche con- 
formations adopted by the ethylenediamine linkages. 
Distortions in the (Cu salen) molecule may be explained 
in a similar way. 

It is very interesting to compare the structures of these 
five- and six-co-ordinate iron complexes. There appears 
to be a delicate balance between the dimeric structure of 
(Fe salen Cl), in which the bridging bonds are long and 
weak, and the monomeric form the lattice of which encloses 
nitromethane solvent molecules. This is reflected by 
the reerystallization product of (Fe salen Cl) from nitro- 
methane, which is invariably inhomogeneous. It appears 
that. five-co-ordination is a reasonably stable stereochemis- 
try for the iron(III) molecule. For example, in the case of 
the binuclear oxygen bridged complex (Fe salen),O, 
attempts to isolate six-co-ordinate compounds with bases 
such as pyridine give compounds which are unstable. 

The Fe—Cl bond lengths in the dimer and monomer, of 
2-29 and 2-25 A, respectively, are close to the value of 
2-27 A found in Fe(8,C.NEt,),Cl (ref. 5). As in (Co paphy 
Cl.) (ref. 6), the axial metal radii are close to the corre- 
sponding octahedral values’, unlike several other square 
pyramidal molecules which have very long axial bonds": 
These structures allow direct comparison to be made 
between the position of a metal ion in a five- and six- 
co-ordinate environment. As observed recently in other 
square pyramidal complexes®.®, the iron atom in the five- 
co-ordinate monomer is 0-5 A above the best plane defined 
by the basal donor atoms. A much smaller displacement 
is evident in the octahedral (Fe salen Cl) dimer. 

The magnetic anisotropy of the five-co-ordinate (Fe 
salen Cl) monomer can be satisfactorily explained, both 
in sign and order of magnitude, by the partial removal 
of the Zeeman degeneracy of the *S ground term. Zero- 
field splitting of this type can originate from the mixing 
in, by spin-orbit coupling, of low symmetry components 
of a split *7' term which lie a few thousand wave-numbers 
above the ground state’. The large temperature depend- 
ence of the anisotropy is also explicit in this approach. 
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Diffusion of Carbon Dioxide through Charged 
Monolayers at the Air/Water Interface 


In this communication we are concerned with the effect 
of positively and negatively charged monolayers on the 
diffusion of carbon dioxide out of water at a pH of 2-0. 

Princen and Mason! used a modified version of a known 
technique? to measure the permeability of various gases 
through bubbles in hexadecyltrimethylammonium bromide 
(CETAB) solutions. They were able to calculate a perme- 
ability for oxygen through the monolayer itself by study- 
ing the change of bubble radius with time. We have 
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carried out an Arrhenius plot from their data of the tem- 
perature dependence of the permeability and calculated 
an activation energy, # = 9 + 1 koal mole-. 

The technique used here follows that described fully 
by Hawke and Crawshaw? in which radioactively labelled 
CO, diffuses out of water and is continuously trapped 
above the surface by chemical means. The increase in 
radioactivity with time is measured by means of an end- 
window counter, rate meter and chart recorder. The 
compound was studied at high pressures, well above its 
¢.m.c. Hicosyltrimethylammonium bromide (ETAB) was 
spread on the active solution as the solid by evaporation 
from a heated wire, to a surface pressure of 30 dynes cm-}. 
The experimental curves expressing the percentage of 
CO, effused as a function of time yielded on analysis a 
transmission coefficient (7's, cm sec-') as calculated by the 
method of Hawke and Parts‘. 

Runs carried out at a series of temperatures enabled an 
Arrhenius plot to be made (Fig. 1). Each point is the 
mean of two runs. The activation energy so obtained was 
E = 8+ 1 koal mole, a value comparable with the 
value of 9 + 1 kcal mole calculated from Princen and 
Mason’s work!. Prelimmary work with sodium docosyl 
sulphate shows that the temperature coefficients at 5° C 
and 10° C are similar to those of the ETAB, but the 
activation energy has not been caloulated. as insufficient 
points were available. 





ee ee T 
—8-2 
—84 
 _ 36 

4 + 

—8-8 
-90 

3-5 36 

I/F (10? ° K>) 


Fig. 1. Plot of In Ts, versus 1/7' for the diffusion of carbon dloxide 
through a monolayer of ETAB at the air/water interface. 


These values fall some 3 kcal mole-+ below that found 
for water evaporation through alcohol monolayers (La 
Mer and co-workers*) and for CO, transport through 
hexadecanol by White* and by Hawke and White’ using 
the same technique, and may reflect the contribution of 
the head-group in uncharged systems since the charged 
head-groups repel each other. 

The value of the pre-exponential term (approx. 10* 
cm sec-') in the Arrhenius plot for ETAB is low in com- 
parison with the value calculated from the data of Princen 
and Mason}. Their results yield a value of about 108 om 
sec-! for the diffusion of O, through an adsorbed CETAB 
monolayer, which is of the same order as that found by 
White! for diffusion of CO, through long-chain alcohol 
monolayers. 

Work is proceeding on the dependence of the activation 
energy on pH and also on the nature of the double layer 
modified by suitable electrolytes. 
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Reducing and Basic Nature of Metallic Hydride 
Surfaces 


In the past, the physical properties of transition metal 
hydrides have been studied almost exclusively, because 
the chemical properties appeared to be very similar to 
those of the parent metals. No clear picture of the nature 
of the hydrogen species in these compounds has emerged, 
as there is evidence from the physical properties to support 
protonic, covalent and anionic models'. This com- 
munication describes the reactions of a number of trans- 
ition metals and their hydrides with organic acid—base 
and oxidation—reduction indicators. 

Samples of titanium, tantalum and zirconium were 
cleaned with acid, water, alcohol and ether, and degassed 
by heating under a pressure of 107 mm mercury. Pure 
hydrogen derived from the thermal decomposition of 
uranium hydride was admitted to the samples which 
formed hydrides when slowly cooled. The hydrides were 
decomposed thermally and the process repeated with 
fresh hydrogen in order to ensure that the samples were 
of high purity and that they had a high hydrogen content. 
Part of each sample of hydride was analysed by measuring 
the hydrogen evolved by thermal decomposition. The 
resulting pure metal was used in a direct comparison 
between the reactions of a transition metal hydride and 
its parent metal of similar history. Chromium hydride was 
prepared electrolytically*. 

The samples were transferred to serum bottles with 
rubber caps in a glove-box filled with pure argon. The 
indicators, which were dissolved in pure organic solvents, 
were injected from a hypodermic syringe through the 
rubber cap on to the samples. Neutral red, which reacts 
with very weakly acidic surfaces, and 4-phenylazo-1- 
naphthylamine, which reacts with slightly stronger acidic 
surfaces, were used as acidic indicators in solution in 
xylene. This procedure has been described by Benesi’, 
who showed that an anhydrous acidic surface will react 
by proton transfer with these indicators in such a solution. 
The basic indicators were alizarin in methanol (colour 
change from yellow to red at pH 65-6—7-2 and red to purple 
at pH 11-0-12-4) and curcumin in ethanol (yellow to red 
at pH 7-4-8-6 and red to orange at pH 10-2-11-8). Tri- 
phenyl tetrazolium chloride and N 2,5-diphenyl-3a-naph- 
thyl tetrazolium chloride dissolved in acetone were used 
as reduction indicators. These colourless salts react with 
very mild reducing agents in neutral or slightly basic 
solution to form intensely coloured formazans‘. The 
results are shown in Table 1. Each of the six indicators 
was reacted with two examples of each sample. 

The lack of reaction of any of the metals was expected, 
and precludes the possibility of adsorbed impurities being 
responsible for any of the positive reactions of the 
hydrides. The similarity in behaviour between TaHy..7, 
TiH,.,,, and to a lesser extent CrH,.,,, and the saline 
(anionic) CaH,.,,, indicates that the hydrogen in these 
three compounds may also have some anionic character, 
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Table 1. RHAOTIONS OF METALE AND HYDRIDES WITH INDICATORS 
Redustion Aad Basio 
Bample indicators indicators indicators 
Tantalum ~ m = 
n + - + 
Titanium ~ ~ = 
1e + Gan + 
ghromnmi = a = 
+ = a 
Zıroonlum ~ os = 
ZT 4s + ~ ~- 
Calo 4 ++ 
+ Positive reaction; + +, very strong ious , no reaction observed. 


while none of the hydrides studied shows protonic 
behaviour. 

A quantitative estimate was made of the proportion of 
hydrogen in TiH,.,, and TaH,.,, which is able to reduce 
tetrazolium salts by adding a measured volume of tri- 
phenyl tetrazolium chloride solution and recording the 
intensity of absorption at 510 my due to tri-phenyl 
formazan, with # colorimeter. The colorimeter was 
calibrated against standard solutions of tri-phenyl 
formazan in the range 0-5 x 10-* moles/l. It was found 
that 0-024 per cent of TiH,.,, and 0-0032 per cent of 
TaHy,.., reacted. To calculate the thickness of the layer 
which this represents, an estimate of the effective area of 
the sample must be made. The samples were in the form 
of flat plates and under these conditions of preparation 
the effective area may be taken as approximately twice 
the geometric area’. Using this assumption, the thickness 
of the layer is 1-2 unit cells for TiH,.,, and 2-3 unit cells 
for TaH,.,;. Tho early termination of the reaction could 
result from the adsorption of tri-phenyl formazan, un- 
reacted tri-phenyl tetrazolium chloride, or solvent on the 
surface of the metal, or to the inaccessibility of hydro- 
gen in lower layers of the metal lattice. In the latter 
case, diffusion of hydrogen in the metal lattice would be 
expected to give rise to a continued slow reaction which 
is not observed. Measurements of the optical reflectance 
have failed to show the presence of any adsorbed formazan 
on the metal surface, so the effect must have arisen from 
the adsorption of either solvent or tri-phenyl tetrazolium 
chloride. 

I thank Mr. P. Gianoukos for the sample of calcium 
hydride, Miss C. Chessin for help with some of the prac- 
tical work, and Prof. T. R. P. Gibb, jun., for helpful 
suggestions and advice. The work was supported by the 
U.S. Atomic Energy Commission. 
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Thermal Profiles in Gas Phase Oxidations 
of Low Molecular Weight Hydrocarbons 


Tue changes of temperature AT (exothermicities) in 
hydrocarbon—oxygen reactions, determined by the static 
technique, have been used as parameters in combustion 
studies by many workers in the past!-*. Continuously, 
recorded AT' over a range of temperatures was reported 
by workers at the U.S. Naval Research Laboratories‘, 
using flow methods. In a previous paper we described our 
thermal profile technique in which AT is measured in a 
flow system, and showed its application in a study of the 
combustion of gasoline range hydrocarbons’. We have 
now used this technique to study the effect of structure 
on low molecular weight alkanes and alkenes, and the 
effect of hydrogen halides on the combustion of n-butane. 

Our apparatus and method have been described’. 
Briefly, measured amounts of hydrocarbon, oxygen and 
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nitrogen (or halide) in a mole ratio of 3: 3: 1 were mixed 
and allowed to flow nto a heated reactor at a rate that 
allowed a 3-1 sec residence time (3-5 x 10+ moles/sec). 
Furnace temperature was increased at a rate of 10° C/min 
by a programmed controller. Reaction temperature was 
monitored by a thermocouple connected to & recorder and 
placed inside the reactor near the exit. Base-line tem- 
peratures were obtained by substituting nitrogen for 
hydrocarbon and halide in otherwise identical experi- 
ments. Thermal profiles were obtained by plotting the 
increase in temperature (AT) against the base-line tem- 
perature. The profiles can be reproduced to within + 5° C 
at any given base-line temperature. 

The thermal profile curves may be interpreted as follows: 

(a) The initial exothermicities, that is, those which occur 
at the lowest base-line temperatures at which a AT is 
observed, are not directly related to the ease of free 
radical initiation (for example, some molecules with 
tertiary or alpha hydrogen have higher initial exotherm- 
icities than molecules with only primary and secondary 
hydrogens). 

(b) The maximum exothermicity (AT max) is proportional 
to the maximum rate of degenerate branching in the cool 
flame region. 

(c) The initial exothermicity, the base-line temperature 
corresponding to ATmax and the corresponding areas 
under the thermal profiles bounded by appropriate base- 
line temperatures are all related to the ease of oxidation 
(oxidizability) of the hydrocarbons. 

The thermal profiles of CC, alkanes in Fig. 1 and 

C.-C, alkenes in Fig. 2 clearly show that the ease of 
oxidation increases as the number of carbon atoms in the 
molecule increases, and decreases as the branching of the 
carbon skeleton is increased. Comparison of Figs. 1 and 2 
shows that the presence of a double bond substantially 
decreases oxidizability. The position of the double bond 
in the molecule is also important (for example, butene-1, 
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butene-2). These effects of unsaturation are probably 
caused by inhibition of some chain reactions by the 
labile «-hydrogens of the olefine, and demonstrate the 
relatively minor role of initiation reactions as compared 
with those of propagation and branching. 

Although hydrogen halides have been suggested as the 
effective reactants when certain organic halides participate 
in gas phase oxidation®-*, there has not yet been a sys- 
tematic study of their individual effects under strictly 
comparable conditions (for example, temperature and 
reactant concentration’). The thermal profiles of Fig. 3 
illustrate the results of such a study. 

Hydrogen chloride has been reported as both an oxida- 
tion inhibitor for methane at 500° O (ref. 11) and an 
oxidation promoter for propane at 290°-310° C. (refs. 
9 and 10). We conclude from curve B of Fig. 3 that 
hydrogen chloride has only a small effect on the oxida- 
tion of butane. At high temperatures (about 500° C) 
hydrogen chloride depresses AT slightly, suggesting 
inhibition. The accelerating effect of hydrogen chloride 
which has been reported at low temperatures is readily 
explained by our data by the differences in the slopes of 
curves A and B in the cool flame region. Since the slopes 
are so steep at these temperatures, slight differences in 
the initiation and propagation reactions of curve B at a 
given temperature would greatly magnify apparent 
differences in reactivities. When one considers the whole 
range from 360° to 650° C, however, the difference in 
overall reactivities diminishes sharply. 

The low temperature promotional effect of hydrogen 
bromide has often been described, beginning with the 
important papers of Bell et al.1*. Our thermal profile with 
hydrogen bromide clearly supports this widespread view. 
In addition to enhancing initiation as shown by the lower 
temperature at which initial exothermicity is observed, 
hydrogen bromidealso promotes branching reactions, shown 
by the increase in maximum exothermicity. This latter 
effect may be caused by the hydrogen bromide—hydro- 
peroxide reaction which requires an activation energy of 
leas than 11 kcal against the usual activation energy for 
uncatalysed hydrocarbon oxidation of about 38-40 kcal?*. 

In our flow system, hydrogen bromide acts as an 
inhibitor in the high temperature region, which is similar 
to ite behaviour in flames*. This is undoubtedly caused 
in part by the lack of cool-flame branching species (for 
example, ROOR’) at temperatures above 400° C (ref. 14), 
but this high temperature inhibition is more likely to be 
caused by the removal of hydroxyl radicals, as suggested 
by Cullis’, 

There is, apparently, no literature dealing specifically 
with hydrogen iodide, but iodine is generally recognized 
to be an efficient inhibitor for many types of chain 
reactions. Iodine containing compounds were among the 
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first compounds discovered which possess anti-knock 
properties when mixed with petrol. The hydrogen iodide 
thermal profile from 360° to 500° C clearly shows the 
inhibiting effect of iodine. Elemental ioding must be 
present in the system because the equilibrium 


2HIi=I, + H, 


moves appreciably to the right temperature region (about 
20 per cent iodine at 600° C). Moreover, one would also 
expect an equilibrium of the Deacon type to be sig- 
nificant 

4HI + 0,2 H,O + 21, 


The promotional effect of hydrogen iodide above 600° 
was, however, quite unexpected. In this temperature 
region (that is, the region in which the rate of reaction 
decreases with increasing temperature) n-butane—-oxygen 
reactions are not strongly exothermic, so that the iodine 
atoms available facilitate or promote exothermic propa- 
gation and branching reactions. 

These effects of the hydrogen halides on n-butane 
oxidation over the temperature range 275°-650° C 
enable us to conclude that hydrogen chloride is nearly 
inert, hydrogen bromide is a strong promoter below 350° 
C, but is an inhibitor above 400° C, and hydrogen iodide 
is a strong inhibitor below 500° C, but a promoter above 
600° C. 

We thank the Advanced Research Projects Agency of 
the U.S. Department of Defense for financial support. 
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Reaction of the Hydroxonium lon with 
Metal Atoms in Flames 


THE hydroxonium ion H,O+ is the most abundant 
positive ion found in the reaction zones of unseeded 
hydrocarbon flames, where it is produced by ionization 

processes in amounts much greater than at equilibrium*. 
Downeteeath from the reaction zone in the region of burnt 
gas, a steady state of H,O+ is approached by the dis- 
sociative recombination process 


H,O+ + e-—> H,O +H; AH = 144kcal (1) 


In flames of hydrogen burnt with oxygen, with nitrogen 
as a diluent, there ıs a sumilar state of affairs because of 
small traces (about 50 p.p.m.) of hydrocarbon impurities 
in the commercial supplies of gas used’. The introduction 
of small amounts (about 10 p.p.m.) of potassium into such 
a hydrogen flame accelerates the rate of disappearance of 
H,O+ in the burnt gases*. There are two possible explana- 
tions of this observation. First, potassium partially 
ionizes in flames and the additional electrons so produced 
might be expected to accelerate the rate of disappearance 
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of H,O+ by way of the recombination process in equation 
(1). Alternatively, H,O+ might disappear by the charge 
transfer process 


H,O+ + K>K++H,0 +H; AH = 44kcal (2) 


This has frequently been considered‘ to be responsible for 
the excess ionization and electronic excitation of metals 
m hydrocarbon flames. 

These effects have been investigated by extracting ions 
from flames burning under atmospheric pressure and 
presenting them to a mass spectrometer so as to estimate 
the concentration of each ion at various points in the 
flame’. Flames which consisted of four different mixtures 
of hydrogen, oxygen and nitrogen were used; the tem- 
peratures ranged from 1,800 to 2,470 °K. In hydrogen 
flames without additives the umpurity H,O+ attains a 
maximum concentration of the order of 10? ions com> in 
the reaction zone and subsequently disappears in the 
region of burnt gas. The early part of the region of burnt 
gas is a good approximation to a one dimensional iso- 
thermal flow system, and therefore it is possible to study 
the kinetics of the decay of H,O+ by measuring the 
abundance of the ion along the axis of the burnt gases. 
These measurements in unseeded flames suggest that the 
rate of decay of H,O+ 1s a second order process so far as 
the H,O+ concentration is concerned. This confirms the 
view that H,O+ disappears by recombination with elec- 
trons, which are the only negatively charged species 
present. The recombination coefficient was found to be 
about 3 x 10-7 om? ions-! sec-!, and its value varied only 
slightly with temperature. 

The rate of decay of the H,O+ ion was accelerated by at 
least a factor of 10 when lead, thallium or sodium was 
added to any of these flames. The metals were added by 
atomizing an aqueous solution of a salt of the metal into 
the burner supplies. The rate of decay was no longer 
second order with respect to the concentration of H,Ot, 
but first order, and also was first order with respect to 
metal concentration. No stable compounds of the metals 
exist in the flames", so that the metals are present either 
as free atoms or ions. The total concentrations of metal 
added to the flame ranged between 4 x 101° and 2 x 102 
atoms om~. The ionization potentials of lead and thal- 
lium—7-42 and 6-11 eV, respectively—are too large for 
any significant ionization of either metal to occur at 
temperatures reached in the flame. Sodium, with an 
ionization’ potential of 5-14 eV, ionizes slightly in the 
hottest flame, but it was only considered in this investiga- 
tion where its degree of ionization was much less than 10 per 
cent. The increased rate of decay of H,O+ cannot result 
from an enhanced rate of recombination because the ion- 
ization of these metals is insignificant. A more likely 
process is the transfer of charge to a metal atom M 


H,O+ + M — M++ H,0 +H (3) 


Such a scheme is consistent with the observation that the 
decay rate of H,O+ is first order in both H,O+ and M. 
The profiles of H,O+ along the length of the flames have 
been used to calculate rate constants of the charge transfer 
process (equation 3) for lead, thallium and sodium. The 
values are shown in Table 1. 


Table 1, CHARGE TRANSFER RATA CONSTANTS x 10° (M° IONS S80-) 
Temperature 
u CK) 


1,800 2,005 2,270 2,470 
Lead 4441-2 85+10 81408 6818 
Thallium 78+28 6141-4 6041-9 THLB1 
Sodium 18 7458 974286 B6+25 118 +868 


Tt can be seen that there is little sıgnificant dependence 
of these velocity constants on temperature. The charge 
transfer process is endothermic by 27 kcal mole for lead, 
so that an activation energy might have been expected 
for the reaction in this case. For thallium and sodium 
the reaction is exothermic by 3 and 25 koal, respectively, 
and activation energies are unlikely to be associated with 
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the reaction. An alternative and indistinguishable scheme 
involving hydrated metal ions 


H,O+ + M- M+.H,0 +H (4) 


is possible, and has heats of reaction greater than those 
previously quoted by the first hydration energy of the 
metal ion. The foregoing rates are seen to increase with 
decreasing ionization potential of the metal. The mag- 
nitudes are large compared with the rates of reactions 
involving uncharged species, but are reasonable for ion- 
molecule reactions. 

We thank the Central Electricity Generating Board for 
financial support. 
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Fixed Area Mercury Electrode: a Sensitive 
Device for Electro Analysis 


Conosnrrations of electro-active species down to 10-4 
mole/l. can be determined by conventional polarography?. 
Though this method offers a renewable surface, it has the 
disadvantage that the area is both variable and rather 
small (about 0-02 cm). The potential sweep method? 
enables concentrations as low as 10-* mole/l. to be 
measured by increasing the area of the pool, but the area 
is not renewable and contamination of the pool electrode 
is therefore inevitable. This report describes a device 
combining the advantages of both techniques (Fig. 1). 
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The device consists of a platinum wire electrode, 
0-05 em thick and 1-35 cm long, fused to a ground glass 
jomt, plated with gold, amalgamated and fitted vertically 
in a cell (Fig. 1) designed for the purpose. Mercury 18 
dropped every 6 sec from a special capillary tube capable 
of producing large drops. The electrode is aligned so 


€ that the falling drop 1s directed on to the head of the 
w amalgamated electrode, renewing its thin film of mercury. 


The conditions for semi-infinite linear diffusion are there- 
fore achieved at a renewable cylindrical film of mercury 
which acts as the cathode. The anode is the pool of 
mercury at the bottom of the cell, with a siphon arrange- 
ment to expel the excess mercury accumulated in the cell. 
Any conventional polarograph is used to record the 
eurrent-electromotive force curves. 

It is necessary to minimize the heavy surge of condenser 
current and the disturbance of the concentration gradient 
near the electrode immediately following the renewal of 
the surface, so the circuit is designed to carry out measure- 
ments of current only during the latter half of the life of 
the drop. This is achieved by placing a platinum wire 
Just below the drop so that the cirouit is closed after about 
half the life of the drop by contact with it. The diffusion 
current is then recorded in a steble condition, and a 
sizable reduction ın the condenser current can be made. 
The condenser current can be further damped if necessary, 
by using conventional damping circuits. 

The experimental results for 0-1 mM Cdt! and Pbt? 
ions in 1 N potassium chloride are given in Table 1. 


=- This method is more sensitive than the polarographic 


method. because the diffusion current is about one order 
of magnitude larger, a result of the increased area of the 
present electrode. The solutions of Fick’s equations? for 
diffusion at a cylindrical electrode are available, but have 
not yet been widely used. The application of these 
equations to this method shows that the conditions for 
semi-infinite linear diffusion are satisfied. Details will 
be published elsewhere. 


Table 1 
Polarographic Observed 
System E, against KE, against Current 
SCE* (mV) SCH (mv) (amp) 
0-1 mM Cdt*1n 1 N potassium chloride — 642 — 645 66 
O01 mM Pbt* in 1 N potassium chloride — 435 — 445 65 


* Standard calomel electrode, 


It appears that this fixed area mercury electrode could 
replace the dropping mercury electrode and hydrogen 
dropping mercury electrode, and give an increase in sensi- 
tivity using standard polarographic equipment. The 
advantage of a fixed area for the study of kinetics of 
electrode reactions by relaxation techniques such as 


-&c. polarography, faradaio impedance and faradaic 


rectification is obvious. 

We thank Prof. K. 8. G. Doss, director, Central Electro- 
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Quantum Mechanical Repulsion of Filled 
Orbitals in the Basic Hydrolysis of Octahedral 
Complexes 
In the basic hydrolysis of the first co-ordinated chlorine 
from complexes of the type [M en,Cl,]*+, where M is cobalt 


=- or chromium, and en is ethylenediamine, the rate of 


reaction is very small for the chromium complex but 
the corresponding cobalt compound is hydrolysed about 
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105 times as fast. Pearson et al.1 explained this result 
on the basis of the repulsive n-type interaction between 
the filled p orbitals of nitrogen in the amido group and 
the filled dzy type orbitals on the metal atom. This 
repulsion, which is a quantum mechanical filled shell 
interaction rather than a purely electrostatic repulsion, 
provides the driving force for the departure of the chloride 
ion. The chromium complex, which has only half as 
many electrons in the dzy type orbitals, will supply less 
driving force for this process, and the reaction is conse- 
quently much slower. This explanation is based on the 
assumption that octahedral basic hydrolysis in aqueous 
solutions takes place by a conjugate base mechanism the 
validity of which has recently been criticized. The purpose 
of this communication is to examine the consequences of 
this assumption. 

The stereochemical aspects of the quantum mechanical 
interaction between the filled non-c-bonded p orbitals of 
the amido and the outgoing ligands and the filled dzy 
type orbitals of the central cobalt atom in octahedral 
systems are shown m Figs. 1 and 2. In both figures, the 
full lines represent the directions of the o-bonds joining 
the six ligands to the central atom, and the dashed lines 
define the edges of the geometrical figure. The outgoing 
ligand is assumed to be in the —z direction with the 
central atom as the origin, and one of its filled non-s- 
bonded p orbitals is shown normal to the direction of the 
o-bond. The filled dzy orbital of the central cobalt atom 
is non-orthogonal to the filled non-c-bonded p orbitals 
of the outgoing group, and is thus in a suitable position 
for the repulsive x-type interaction. Fig. 1 shows that 
the quantum mechanical repulsion can easily be trans- 
mitted from the amido group to the outgoing group when 
the former is trans to the latter. But when the amido 
group is cis to the outgoing ligand (Fig. 2), the repulsive 
n-type interaction cannot be developed and transmitted 
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to the appropriate position without extensive changes ın 
geometry. This results in a relatively slower reaction 
and a product with a configuration which differs consider- 
ably from that of the starting compound. In the trans- 
dichlorobis(ethylenediamine)-cobalt(III) cation, all the 
four donating nitrogens are cts to the outgoing chlorine 
ligand, but the case of the corresponding cis complex is 
different, because here at least one of the amino groups is 
trans to the outgoing chlorine ligand. Consequently, ifa 
conjugate base mechanism was operating in the basic 
hydrolysis of these cations, the trans complex would be 
expected to react more slowly than the cts cation and to 
give an appreciable amount of product with a geometrical 
configuration different from that of the original trans 
compound. The available results? show clearly that these 
predictions are not supported by experiment. First, the 
irane complex actually reacts 5-6 times fester than the 
ets complex at 0° C; and second, the main product 
obtainable from a trans complex also has a trans configura- 
tion. 

Our explanation is that the driving force for the breaking 
of the bond joining the cobalt to the outgoing chlorine 
ligand is not derived from the quantum mechanical inter- 
actions involving the amido group, but rather from those 
involving the chlorine ligand which is not replaced. This 
is a reasonable suggestion, because the chlorine ligand 
which is not replaced has two filled non-c-bonded p 
orbitals mutually perpendicular and also perpendicular 
to the direction of the c-bond. It would therefore be 
expected to produce a much more effective n-type repul- 
sion than the amidoligand, which has only onesuch 7p orbital. 
The observed discrepancies can be explained in this way 
because the trans-dichlorobts(ethylenediamine) cobalt (ITT) 
complex, with the non-replaced chlorine trans to the out- 
going ligand, is now expected to react with predominant 
retention of configuration at a rate greater than the corre- 
sponding cts cation. We further suggest that since an 
emptying bond orbital is not required for their trans- 
mission, these quantum mechanical repulsions affect not 
only dissociation processes but also displacement pro- 
cesses, provided that bond-breaking is more important 
than bond-making in the transition state. In the corre- 
sponding reactions with trans-[Co(4A),Cl,]* cations, 
where AA represents a C- or N-alkyl substituted ethylene- 
diamine ligand, it has been shown’ that when AA is so 
changed that the steric congestion at the reaction site 
is progressively increased, the rate of replacement falls 
at first and then rises. This relation demonstrates the 
co-existence of dissociation and displacament mechanisms, 
and this concept is also supported by considerations of 
activation energies. In the displacement processes of 
these systems also, loosening of the outgoing ligand 
constitutes the more advanced of the concerted changes 
m the bonds that lead up to the transition state. 

The discussion suggests that the basic hydrolysis of 
octahedral cobalt(II) complexes in aqueous solution does 
not involve the formation before equilibrium is reached 
of an amido conjugate base, which then dissociates rapidly 
with the eventual formation of the product. This sugges- 
tion is supported by other evidence, since no shifts to 
longer wavelengths in the visible and near ultra-violet 
regions of their absorption spectra can be observed in 
aqueous alkaline solutions of cobaltammine cations. 
Buch shifts are expected for the loss of a proton’. Instead, 
a shift was found in the far ultra-violet region®, indicating 
the formation of an ion-pair between the complex cation 
and the hydroxide ion. On the basis of this and other 
evidence*, an ion-pair mechanism was postulated for the 
basic hydrolysis of octahedral cobalt(III) complexes, 
the observed second order rate constant being equal to 
the product of the ion-pair association constant (K) 
and the rate constant for the rearrangement of the ion- 
pair (k). A low rate of reaction for chromium(III) 
compared with cobalt(III) complexes may be due to a 
reduction in the value of K or k. K depends mainly on 
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the sizes of the ions concerned, and should not be very 
different for the two elements; k, however, is governed by 
the quantum mechanical repulsion between the non-s- 
bonded p orbitals of the two chlorine ligands and the 
dzy type orbital of the central atom, and is probably 
considerably smaller for chromium. ‘This decrease in 
repulsive x-type interactions not only accounts for the - 
reduction in the rate of reaction from cobalt{ITI) to ~ 
chromium(III) complexes, but also explams the smaller 
trans/cts rate ratio for the chromium(III) cations (1-35 
at 25° C). 
8. ©. Caan 
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PHYSICS 


Improved Organic Scintillators in 2-Ethyl 
Naphthalene 


Tam photofluorescence and scintillation emission of liquid 
2-ethyl naphthelene (2-EN) is almost completely exci- 
meric?! at room temperature, but at higher temperatures 
the monomer emission is enhanced and that of the excimer 
is decreased because the excimer dissociates’*. 2-EN also 
meets most of the requirements’ for a good scintillator 
solvent; its density is high (16 per cent higher than that of 
toluene), its volatility and flammability are low, ite electron 
density is 15 per cent higher than that of toluene, and 
most of the efficient scintillator solutes and a number of 
scintillator loading materials dissolve in 2-EN at room 
temperature. The mode of action of naphthalene in loaded 
scintillators® and the possible role of solvent excimers in 
enhancing energy transfer and/or enabling the solvent to 
resist ‘‘quenching” of the solute by various materials, 
suggested that improved scintillators might be obtained 
by using solvents like 2-EN, in which excimer formation 
domunates in the liquid state and at room temperature. 
Various commonly used scintillator solutes were dis- 
solved in 2-EN. The solutions were free from dissolved 
oxygen, and were excited by 230 keV unfiltered X-rays. 
The emission intensities, I(¥), of the solutions were ob- 
served with a 500 mm grating monochromator. Fig. 1 
gives several examples of the data obtained. The inte- _ 
grated emission intensities* * 
Imt = SI(v)dv (1) 


from the present results were compared with those of 
two popular liquid scintillators measured under identical 
conditions’*: 8 g/l. of p-terphenyl in toluene (System 1), 
and 5 g/l. of p-terphenyl with 0-5 g/l. POPOP (2,2’- 
phenylenebis-[5-phenyloxazole]) in toluene (System 2). 
The value of Iint for 4°5 g/l. of PPO (2,5-diphenyloxazole) 
in 2-EN and di-n-butyl mercury (DBM) mixtures is a 
strong function of the DBM concentration. Fig. 2 shows 
the effect of DBM on the PPO (4:5 g/l.) emission in 2-EN 
solutions. Fluorescence emission from 2-EN itself is 
negligible in these mixtures. The inset of Fig. 2 shows that 
Jint is maximum when the percentage of DBM (by mass) 
in 2-EN is about 7 per cent. This maximum value of 
Iint is 1-65 times greater than that of System 2. Keeping 
the percentage of DBM in 2-EN constant at 7 per cent, we 
increased the concentration of PPO from 4:5 to 8 and to 
12 g/l. The value of In increased from 1-65 to 2-23 to 2-5 

* Tmt 18 probably a better physical quantity for a relative comparison of 


scintiliating systems than the usual parameter‘, 7’, defined as the number of 
photoelectrons released from the photocathode due to the ionising radiation. 
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5s Process (2) seems to be very fast. This is suggested by 

the fact that the Iit from POPOP in 2-EN solutions 

80 does not depend on temperature between 298° and 413° K, 
SCINTILLATOR although the 2-EN excimer dissociates much faster at 

P-TERPHENYL(8g1") IN TOLUENE 413° K than at 298° K1, The necessary matching of the 

+ 45 Proti2siin 2-EN(esxupemrny|  ORETEY levels of M and § for efficient transfer becomes 
eaveRilicnsieatiaeonce less important in view of the broadening of the electronic 

g (0 591) IN TOLUENE states caused by the interaction of M and M* in their 
40 bkis hin ENa ki mutual association. Enhancement of energy transfor 

+ DBM (7%) from a donor to an acceptor was observed in aromatic 


systems by Stevens?! and was attributed to the sensitiza- 
tion of the acceptor by way of the excimer of the donor. 
In solvents like 2-EN, in which the migration of excita- 
tion energy takes place and through the coupled system 
[MM]**, a substance (Q) which quenches the solute 
emission probably acts on the excimer of the solvent rather 
than the excited monomer, that is 
[MMy* + Q9——>+M+M+Q_ (3) 
Our experimental results (see Table 1) and those of others" 
show that Jing of PPO in solvents such as xylene and 
toluene, where little excimer is formed at room tempera- 
ture, decreases much faster with increasing concentration 
of Q (for example, chloroform, see Table 1) than in solvents 
where excimers dominate. This suggests that process (3) 
may be slower (and/or process (2) faster) than the corre- 
sponding ones for M*. In the past, the effect of Q on the 
efficiency of a liquid sointillator was quite generally 
attributed™-1* to the quenching of M* by Q. This very 
efficient quenching overshadowed any possible increase in 
Iint through the process 
Q* + S— Q + S* (4) 
200 where Q* 1s excited directly by the incident radiation. 


It is worth noting at this point that Systems 3 and 4 
ice ad containing a heavy atom have higher photoelectric absorp- 


Fig. 1. Direot comparison of the omission Intensities of liquid scintil- tion cross-sections for X-rays of low energy than the 
lators. 
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(relative to the It of System 2 which is taken as unity) 
respectively. A mixture of PPO (18 g/l.) in 2-EN (89-1 per 
cent) and DBM (10-9 per cent} (System 8) which has an elec- 
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Imt 2-4 times that of System 2. System 3 and System 4 

(12 g/l. in 93 per cent 2-EN and 7 per cent DBM) are 

seen to give more light out for a given exposure dose 
than other liquid scintillators in common use. 20 
Another scintillating system even more efficient than 
à -Bystems 3 and 4 has been found: 8 g/l. DPA (diphenyl 
anthracene) in 2-EN (93 per cent) and DBM (7 per cent) 
a-(Bystem 5). For System 5, Tint is 3-1 times larger than that 
of System 2, The emission maximum of DPA is at longer 
wavelength (4400 A) than the other systems in Fig. 1, 
and so a titanium dioxide reflector can be used which will 
have a greater reflectivity than aluminium at this wave- 
length. Preliminary results indicate that an optimum 
combination of DPA and DBM in 2-EN can give a scintil- 
lating system with an Jin, at least 3-5 times greater than 

that of System 2. 

The present results promise better liquid scintillators. 
In this connexion two points are important: (i) the role 
of the solvent excimer; (ii) the role of a quencher as energy- 
transfer agent. 

Energy transfer from the singlet excited solvent mole- 
cule (M*) to the emitting solute molecule (S) may be ó 
more efficient through the photo-associated excimer, 
that is, 


XN (MMy** + SM + M + S* (2) 


8 

D 
++ + He He + 

ö 





Iie VS DBM CONCENTRATION 
FOR 48 gI PPO IN 2-EN 
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where [MM]** is the solvent excimer with excess energy 
i- (not thermally stabilized), formed t by interaction of singlet 300 400 
excited (M*) and unexcited (M) solvent molecules. Wavelength ? (nm) 


+ MM* also reaults from triplet-triplet annihilation’. It has also been Fig. 2. 45 g/L PPO in 2-ethyl naphthalene and di-n-butyl mercury 
reported?® that Af+-M- annihilation results in the formation of an excimer. solutions. 
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19 per cent) and (u) xylene (66 per pent) naphthalene (23 per cent) and 
11 per cent) give 9 per cent and 14 per cent the intensity of same 
solate in xylene, ly (ref, 12). 
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reference Systems 1 and 2. Itis, however, unlikely that the 
total increase in Imt observed for the Systems 3 and 4 
is due to increased photoelectric absorption. Thus, the 
results shown in Figs. 1 and 2 (see also ref. 14) may be 
taken to suggest that process 4 is more efficient than 
process 3, thus resulting in an increase of Ijn¢ with increas- 
ing concentration of DBM up to a certain limit. The falling 
off of Dnt at high concentrations of Q in Fig. 2 is attributed 
to strong self-quenching of Q (that is, Q* + Q— Q + Q) 
which excludes the possibility of using Q alone as a solvent. 

In conclusion, it seems that the use of solvents which 
form excimers results in an moreased efficiency of energy 
transfer from solvent to solute. The solvent excimer 
acts as a secondary solute which 1s less readily quenched 
by impurities than the solvent excited monomer. Thus, 
organic liquid scintillators may be improved by the use of 
exoimer-forming solvents. Detailed investigations are in 
progress. 

This work was sponsored by the U.S. Atomic Energy 
Commission under contract with Union Carbide Corpora- 
tion. 
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Calibration of the Ferrous Sulphate Dosimeter 
by lonometric and Calorimetric Methods 


Tux ferrous sulphate dosimetric system was proposed m 
1927 (ref. 1) and has since been extensively investigated 
and applied in a number of dose estimation problems. 
Shalek et al.? showed that reliable and precise calibration 


factors (G t+ +++ values) have not been well estab- 
Fe — Fe 


lished over a wide range of radiation energies. Individuals 
or groups of workers have in the past given Git tt gt 


values for only & few radiation energies with aia poor 
agreement for the low-energy X-rays; f-rays have also 
received insufficient coverage ın the literature. In the 
work described here, dosimetric calibrations have been 
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carried out by ionometric, particle counting, and micro- 
calorimetric methods, and Gh nt values established 


with a reasonable degree of accuracy from tritium f-rays ` 
to 14 MeV X-rays. 

A summary of the results is given in Table 1. For the 
measurements of X- and y-rays, the dosumeter solution * 
was irradiated in a ‘Perspex’ cell sited in a wax phantom 
in order to achieve electronic equilibrium and reproducible 
and fixed geometrical conditions. The absorbed dose in the 
solution was estimated from measurements with a Baldwin 
Farmer ionization chamber calibrated at the National 


Physical Laboratory?*. The Gt ne values for 


14 MeV X-rays, cobalt-60 y-rays, and 220 kVp. X-rays 
were also m using an adiabatic calorimeter. In 
this case, the rise in the temperature of an equivalent 
volume of water when irradiated was used to estimate 
the energy absorbed by the dosimeter solution. The result 
for yttrium-90 B-rays was obtamed by irradiating ferrous 
sulphate solution in an open ‘Perspex’ dish, the depth 
being such as to absorb completely the B-rays. A flat 
ionization chamber with thin windows (calibrated at a 
known dose rate of cobalt-60 y-rays) was then used to 
estimate the surface dose rate and depth dose distribution 
of yttrium-90 B-rays within the solution. To obtain the 
Gt a values for phosphorus-32, sulphur-35 and 

tritium 6-rays, the radioactive sample was mixed with the | 
dosimeter solution and the subsequent change in ferric™ 
ion absorption measured with time. The energy emitted 

by the sample was estimated either directly by isothermal 


Table 1. EXPERIMENTAL G++ +++ VALUES 
Fe -> Fo 
Ga > Be’ Values 
Mean Ionization 
Radiation en or 
Qie counting Calorimetry 
8 radiation 
1. Tritium 000572 128404 127403 
2. Sulphur-85 0 00495 1433+04 
3. Phosphorus-32 0 693 1635405 1534+03 
4. Y¥ttrium-90 0 93 164404 
X- and rays 
5. 60 kVp. X-rays. Filtration 1 mm 0 035 141403 
bear (HVT 0:8 mm alu- 
6. 100 OW ie oe Filtrationi mm 0 045 142408 
pentan (HVT 18 mm alu- 
7. 220 kVp, X-rays. Filtrationimm 010 1464038 148404 
aluminium and 1 mm copper 
(HYT 1-5 mm copper) 
8. Indium-192 »rays 0 882 15:1+038 
9. Cassinm-137 y-rays 0 662 15:803 
10. Cobalt-60 y-rays 1-23 15. rea 16-5 +02 
+ 
11. 14 MeV X-rays 76 15-8403 157403 
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calorimetry or indirectly by comparison with National 
Physical Laboratory reference solutions using counting 
techniques, or by both methods. 

In the two types of calorimetric measurements a 

b matched pair of thermistors (100,000 Q) in a twin-bridge 
N apparatus constituted the temperature detector. The 
-Ņ temperature sensitivity was +2:5x 10> °C and drift was 
_ better than 1-0 x 10+ °C/h at room temperature. 

The 0:1 normal sulphuric acid dosimeter solution was 
chosen for these investigations partly for its purity and 
partly because its radiation absorption charactenstics 
are closer to those of water over a wider range of energy 
than the conventional 0-8 normal sulphuric acid dosimeter 
solution. Optical density measurements on ferric ion were 
made at the usual 304-305-mp absorption peak, although 
a case has been made for the 223-5-mp peak’. 

Fig. 1 is a plot of lmear energy transfer (LET) values* 
against the corresponding chemical yield mduced by 
radiation, which indicates that the LET of X-, y- and B-rays 


t varies with G t+ „+++ values ın an identical way. 
g Fe — Fo 






The variation of the Pan o values of these X-, y- 
and §-rays with energy ıs in reasonable agreement with 
= Burch’s theoretical values’ for X-, y- and B-rays, although 
some of the assumptions in his treatment are doubtful. 
Using the Gatt, ,itt values shown in Table 1, absorbed 
radiation doses can be estimated to an accuracy of some 
+2 per cent using a ferrous sulphate dosimetry system. 
Full expermmental details will be published elsewhere. 

I thank Prof. J. S. Mitchell and Mr. J. L. Haybittle for 
their interest and help in this work. 
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RADIOBIOLOGY 


Effect of «Particle Microbeam Irradiation 
on the Synthesis of Deoxyribonucleic Acid in 
Tissue Culture 


Data concerning the effects of irradiation on cell com- 
ponents are of considerable importance ın the elucidation 
of the role of possible toxio mediators in radiation damage’. 

; We have compared the formation of DNA in cells with 

> nuclei and cytoplasm separately irradiated in order to 

# estimate the contribution of toxic substances, formed 
after irradiation of cytoplasm, to nuclear damage. DNA 
synthesis was investigated because this process is known 
to be the most radiosensitive in e cell, and also because 
this high sensitivity 1s thought largely to be a result of 
the sensitivity of kinases located in the nucleus? and 
of DNA molecules themselves’. 

We investigated the dependence of the rate of DNA 
synthesis on the dose of irradiation given to a nucleus or 
to cytoplasm. We measured autoradiographically the 
incorporation of tritiated thymidine for 20 min 1 h after 
uradiation. Cells were grown for 2 days on mica films, 
3—4, thick in medium 199, supplemented with 20 per cent 
bovine serum and 100 v/ml. of penicillin and strepto- 

m&, mycin. The duration of the mitotic cycle was determined 
Sby the percentage of labelled mitotic figures at various 
times after a brief exposure to tritiated thymidine‘. The 
average times of the phases of the mitotic cycle were as 
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follows: T, 28h; G,, 85h; S,105h; Ga 8h. The 
average size of the cellular nuclei was 8-5 x 11-0p. 

Microbeam irradiation was carried out at room tem- 
perature with a special apparatus mounted on the stage 
of a phase contrast microscope’. The standard polonium 
source (10 me., 1-3 mm in diameter) was used as the 
source of «-particles. 

The narrow beam of «-particles was cut by a collimating 
system, the main part of which was a bronze disk 0-1 mm 
thick with a central hole 1-2u in diameter, made by 
bombardment of this disk with a narrow beam of acceler- 
ated ions*. With the collimating system we were able to 
obtain beams with a diameter of 44; however, in the 
present investigation we used a beam of 8~-85y in 
diameter. The calculation of the absorbed dose was based 
on the number of «-particles in the beam, their energy 
distribution and the thickness of the “typical” cell (8u ın 
nuclear region and about 4'õu in cytoplasm). To obtain 
the first two parameters, we measured the number of 
a-particles passing through mica sheets of different thick- 
ness covered with a nuclear emulsion. 

The estimation of the effect of irradiation on DNA syn- 
thesis was analogous to that described earlier”. A 
comparison was made of the rates of DNA synthesis in 
irradiated and control cells growing on the same mica 
film. Each dose was measured between sixty and eighty 
cells, and between three and ten irradiated cells were 
scored on a separate film. 

In experiments with microbeam irradiation the cells 

were synchronized in S by the addition of thymudine (for 
20 h) to the final concentration of 4 mmoles/l. (refs. 8 
and 9). Excess thymidine was removed 3 h before 
irradiation. Preliminary experiments have shown that 
the radiosensitivity of DNA synthesis m synchronized 
cells 1s about the same as that in normal non-synchronous 
cells. 
Durmg experiments with synchronized cultures the 
number of cells synthesizing DNA was increased to 70-80 
per cent of the total as compared with 30 per cent in 
normal cultures. The similarity of the rates of DNA 
synthesis ın the different cells in the culture made it 
possible to attam the same degree of accuracy but with 
fewer cells. 
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Fig. 1. The effect of a-particles on DNA oe in Hela cells. Data 


are plotted as the percentages of non-irradiated controls. (I) 1 h after 

UT: tion of cytoplasm; (I) 3 h after irradiation of cytoplasm; (ID) 

1 h after irradiation of nuclei; Ek aer radiation ottaa whole cell 

In the case of whole cell tion each pomt fs the average of four, 
five or six indfvidual determinations. 


Fig. 1 shows that the dose dependence curve of DNA 
synthesis is biphasic for whole cell irradiation and 
irradiation of the nucleus. Irradiation of up to half the 
cytoplasm also results in a significant (up to 18 per cent) 
inhibition of DNA synthesis 1 h after irradiation, but the 
absorbed dose needs to be ten times larger than that 
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which gives similar results with nuclei. The effect 
increases markedly 3 h after irradiation. 

We beheve that the inhibition of DNA synthesis 
observed after irradiation of cytoplasm mainly results 
from the formation of toxins. The influence of irradiated 
cytoplasm on intact nuclei has been reported in a 
number of papers?!*-* and can also be attributed to the 
formation of toxic substances in damaged cytoplasm and 
their diffusion into the nucleus. Proteins and nucleic 
acids of rat thymus nuclei readily bind in vitro ortho- 
quinones and orthophenols, which are known to be the 
essential components of the toxic substances produced 
by irradiation". 

These experiments indicate that toxic substances play 
an important part in the inhibition of DNA synthesis at 
doses above 1,000 r. These substances may not only 
bring about a decrease in DNA priming activity but also 
influence in some way the activity of DNA polymerase 
and the enzymes, necessary for the formation of ossential 
precursors. 


A. M. Kozm 
A. A. Warsson 


Institute of Biophysics, 
Profsouyznaya 7, 
Moscow B-133. 
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Strontium-90 Content of Deciduous Human 
Teeth 


Ir has been suggested that the radioactive content of 
deciduous teeth could be used as an index of the accumu- 
lation of various radionuclides in children!?. Rosenthal 
et al. compared the concentrations of strontium-90 for 
teeth of children born in St. Louis between 1949 and 
1957 with values obtained by Kulp et al.* for bone. The 
concentration of strontium-90 in teeth was in accord with 
average bone values. 

Our strontium-90 analyses were performed on teeth 
from two groups of children aged between 3 and 6 and 
between 6 and 10 years old. The teeth had boen extracted 
in the first half of 1964. The teeth of adults more than 
20 years old were analysed simultaneously and these acted 
as our controls. The greatest concentration of strontium- 
90 was in the group 3—6 years with 2-9 po. of strontium-90/g 
of calcium. The other group (6-10 years) contained on 
the average 2-5, while the adult group contained 1-4 po. 
of strontium-90/g of calcium. These valucs are of the 
same order as those for the concentration of strontium-90 
im bone in the United Statest> and Germany‘. 

Teeth from the various groups were ignited in 
an electric oven at 800° C and pulverized; 30 g samples 
were then weighed in centrifuge tubes. Strontium carrier 
(20 mg) was added and each sample was dissolved in 
50 mil. of 65 per cent nitric acid. After centrifuging, the 
residue was washed out with 5 ml. 65 per cent nitric acid 
and centrifuged again. The pooled supernatants were 
precipitated with 20 ml. fuming nitric acid, and the 
supernatant was discarded after centrifuging. Calcium 
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and strontium nitrate were dissolved and reprecipitated 
until the supernatant contained less than 5 mg of calcium. 
The strontium nitrate obtained was dissolved in water 
and 10 mg of barium carrier was added which caused 
barium chromate to separate. The strontium sulphate 
was precipitated, the average yield being 80 per cent. 

We thank Z. Sazamové and Z. Krčálová for the col- * 
lection and grouping of teeth. A 
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Plasma Minerals in Normal and Neutron 
Irradiated Burros 


Previous investigations have reported the biochemical 
and hacmatological changes produced by exposure of the 
burro (Equus asinus asinus) to y-irradiation’*. Concen- 
trations of plasma iron rise mmmediately after irradiation*-’, 
but concentrations of copper do not rise until death, and 
magnesium concentrations decrease’. When a small, un+ 
shielded and uncooled fast reactor became available, we 4 
exposed fourteen burros to neutron irradiation of either. ; 
the whole body or the torso only at various doses from 100 j 
to 440 rads. The constitution of each dose was about ; 
90 per cent fast neutrons and 10 per cent y-rays. (Details i 
of the radiation characteristics and dosimetry have already ': 
been doscribed’.) The clements analysed in duplicate ‘ 
in dried plasma, using an optical emission spectrograph, are . 
shown in Table 1; the data were processed in a com- 
puter using a Fortran system. Analyses for calcium, 
potassium, chlorine and sulphur were also made by the 
X-ray fluorescence methodi, 


Table 1. PLASMA CONOBNTRATION OF HLWMENTS IN BURROS 
Non-irradiated Irradiated concentrations 
Area of 









concentrations oi Ap ppear- , 
Element Mean + S.D. irradia- vale 
ton on time ce i 
Sodium © 266%10'+0-56x10' Torso only $77x10' 800 1 L / 
Whole body 2-00x10' 100 836 
Magnesium 189-6 +36 2 Torso only 208 800 1 
Whole body 266* 100 386 
Phosphorus 8-67 x 107+0:16«10* Torso only 13-6 x 10** 800 48 
7 Whole body 101% 10** 100 1 
Sulphur 1:01 x 104+0 0410 Torso only 1-05 x 104 300 1 
Whole body 1:18x10*" 100 48 
Chloride 3 78x 10'+081%x10* Torso o: 405x104 300 1 
Whole body 391x10* 100 72 
Potassium 1-87x10°+0 24x10 Torso only 160x10 300 1 
ole body 195x10 100 72 
Calcium 1:40x107+0 26x10" Torso only 134x109 800 1 
Whole body 146x107 100 336 f 
Iron 15 00 46:17 Torso only 41 3* 300 48 
Whole body 27-6" 100 168 5 
Copper 11114218 Torso only 16-5" 300 24; 
Whole body 16-2* 100- 168 - 
Zine 52141-1383 Torso only” 55 300 1 
Whole body 65 100 1 


* Significant at P=0 05 


The plasma concentrations of the elemonts determined 
by these procedures aro givon in Table 1. In 
of which only the torsos were irradiated, significant c 
in plasma concentrations occurred in phosphorus, iron an 
copper. The radiation dose and time interval shown 1m! 
Table 1 were characteristic of the dosage range 275-440 
rads and the plasma concentrations remained elevated 
until death. The slight changes seen with ‘the othe’ 
elements showed no significant relation to time or radiatiot, 
dose. Whole body fast neutron irradiation with doses o), 
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100-440 rads resulted m a significant elevation of the 
plasma concentrations of magnesium, phosphorus, iron 
and copper, but not of any of the other elements. Pro- 
longed study of plasma element concentrations was 
difficult because the burro is susceptible to fast neutron 
_ irradiation and all animals exposed to whole body doses 
~“ above 200 rads died within 16-49 h. In tho group in 
“ which only the torso was irradiated, throe died 72 h aftor 
440 rads and one died 5 days after 330 rads. The changes 
in the concentration of the plasma elements which wero 
observed after fast neutron irradiation involved the same 
three elements that were found to have been changed by 
y-ray irradiation. The chief difference was that magnesium 
was elevated, not depressed, by fast neutron irradia- 
tion. The changes in plasma concentrations of phos- 
phorus are to be expected because ionizing radiation 
disrupts many body processes involving high energy phos- 
phate bonds. Further investigations of the response of 
the burro to fast neutron irradiation are being carried out 
in an attempt to ascertain the mechanisms involved in its 
peculiar response to whole body irradiation. 
This work was supported by the U.S. Atomic Energy 
Commission and the University of California. 
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> Incorporation of Cobalt into Nucleic Acids 
of the Chick Embryo 


og elements have been found in nucleio acids of 
bacco mosaic virus!?, in RNA from yeasts and in DNA 
fom herring sperm and salmon sperm?. Significant 

ounts of copper, manganese, nickel, iron and chromium 
ound to yeast RNA have been detected by activation 
nalysis at concentrations of 40-150 p.p.m. (ref. 3). 
Repeated precipitation removed only a small propor- 


Jobalt injected per egg (ug) O1 51 
1t C1 
fol 
'orcentage of dose in embryo 6840-7 113449 
Tyi 0140-01 T+ 
160 168 
8-2 7-0 
1001 126408 
O79 1-18 
0-8+0-1 2640-4 
0 24 O47 
0-14 0°07 13402 


* Impuls per second. + Almost exclusively DNA. 


sven eggs were used in each 
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tion of these elements. Sodium and zino are present 
in higher concentrations but are exchangeable during 
precipitation. It is possible that these minerals play a 
part in stabilizing nucleic acids against heat denaturation‘, 
radiation damage and virus infection’. 

We have tried to obtam more information on the nature 
of the incorporation of trace elements by injecting 5 pc. 
of cobalt-60, in the form of cobalt chloride, into the yolk 
of chick embryos 11 days old. After incubation for 44 h 
the nucleic acids from between five and seven embryos 
from each group were prepared using the method of 
Zamenhof et al.*. The radioactivity in the embryo and 
in the first precipitation of nucleic acids was measured 
with a scintillation counter. The precipitates were thon 
dissolved in 180 ml. of standard buffer (0-14 molar sodium 
chloride, 0-015 molar sodium citrate, pH 7:1) and stirred 
for 45 min with 13 ml. of 5 per cent sodium dodecyl- 
sulphate in 45 per cent ethanol—water. Sodium chloride 
was added until a concentration of 5 per cent was reached ; 
the mixture was stirred for 15 min and then kept at 4° C 
for 18 h. The solution was then centrifuged for 1 h at 
31,000g and the nucleic acids in the supernatant pre- 
cipitated by adding two volumes of ethanol. The pro- 
cedure was repeated twice and the radioactivity of the 
nucleic acids of high molecular weight in the second, third 
and fourth precipitates measured in a well scintillation 
counter (efficiency 35 per cent). All operations were 
carried out at 2°-4° C. Before precipitation, the con- 
centration of phosphorus was measured with & spectro- 
photometer at 259 my. A previously determined con- 
centration of phosphorus of 7:8 per cent and an extinction 
coefficient ep of 6-1 were used to calculate the content of 
nucleic acids. No ninhydrin-positive substances could 
be detected after the third and fourth precipitations. 

The results in Table 1 show an uptake of cobalt of 
2-4-11-0 per cent in 44h. The smallest dose of cobalt-60 
which is nearly free of carrier (3,000 mc./mmoles, 0-1 pg 
cobalt) seems to have been taken up less officiontly than 
the next largor dose—probably as a result of fixation on 
proteins in the yolk. The first precipitation of nucleic 
acids contains mainly cobalt bound to proteins, which is 
removed by treatment with sodium dodecylsulphate. The 
specific cobalt content in the second precipitate increases 
with the dose of injection from 1 to 40 mug cobalt/g of 
nucleic acid. The wide variation in the results can be 
attributed to different amounts of residual protein, 
because the standard deviation is highest ın samples with 
an extremely high content of cobalt. During the third 
precipitation about 80 per cent of the cobalt is lost. The 
next purification removes about half the remaining cobalt. 
Exchange of cobalt with sodium ions in the buffer cannot 
apparently remove all cobalt atoms in the nucleic acids. 
The remainder are more firmly bound and are possibly 
located between the bases in the positions of hydrogen 
bonds?. 

There are only a limited number of places in the 
structure of a DNA in which cobalt atoms can be firmly 
bound. The increase of specific cobalt content (which is 
dependent on the dose) from 0-3-7-7 mpg cobalt/g (third 
prec.) and from 0-1-3-7 mug cobalt/g (fourth pres.) reaches 
a saturation point at a dose of 10 ug of cobalt per egg. 


Table 1. INCORPORATION OF COBALT-60 INTO CHICKHN EMBRYOS AND NUOCLHIO ACIDS 


10-1 201 60-1 100-1 
11-1 21-1 51-1 101-1 
5 2 3 3 
TIA1-7 Lito 36419 24b 104 
0740-2 O-9+01 1840-9 2441-4 
169 82 81 40 
11-1 5-6 25 16 
86-6+15 3 205 +1-3 40 9 + 20-4 46-6 410-1 
213 1-40 0 40 O28 
TIAVL 8-5 + 04 TOL22 87427 
0 84 0-60 
B7+04 4240-8 
+ S.D. Average cobalt content of eggs 1 ug. Between five and 
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Injections of 20, 50 or 100 ug of cobalt per egg do not 
increase this cobalt content of 8 and 4 mpgjg although 
the uptake of the total embryo increases further from 
0-7 to 2:4 ug cobalt per egg. The saturation points of 
8 and 4 mug cobalt/g correspond to an average distribu- 
tion of one cobalt atom in 23 x 10° and 46 x 10* nucleo- 
tides, respectively. 

This work was supported by grants from the Deutsche 
¥Forschungsgemeinschaft. 
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GENETICS 


Rhythmic Genetic Code of Ribonucleic Acid 
Bacteriophages 


BMALL bacteriophages which contain RNA and which 
specifically infect male Escherichia colt strains have been 
isolated in various places, as, for example, MS2 in Berke- 
ley!, R17 in Philedelphia*-and M12 in Munich’. They are 
all serologically related‘ and have similar amino-acid 
sequences in their coat proteins®. In each type the genetic 
information is carried by a single RNA chain with a 
molecular weight of 1-05-1-2 x 10* (refs. 6-9). 

We have made a quantitative analysis of the distri- 
bution of purine nucleotide sequences in the MS2 RNA 
(refs. 9 and 10), while Kaesberg et al.11:13 reported simular 
work on R17 RNA and on M12 RNA. When the viral 
RNA was hydrolysed with pancreatic mbonuclease a 
mixture of (purine nucleotide), pyrimidine nucleotide 
tracts resulted, and these were separated according to 
chain length by chromatography on a DEAE-cellulose 
column in the presence of 7 moles/l. of urea. 

The frequency of the different tracts did not completely 
agree with the distribution calculated for them in a poly- 
mer with a random sequence (with the same nucleotide 
composition). There was a regularity in the disagreement; 
the experimental values were too large for all odd num- 
bered tracts (n = 0, 2, 4, 6, 8) and too small for the even 
numbered ones (n = 1, 8, 5, 7). This has been called a 
rhythmic genetic code, and its significance and mmplica- 
tions have been discussed’. Wo have now made similar 
calculations for R17 RNA and for M12 RNA, based on 
the results published by Kaesberg et al.11+13, 

The data have been collected in Table 1. The per- 
centages of the different isopliths (tracts of equal chain 


Table 1. DISTRIBUTION OF (PURINE NUGLHOTIDE)n PYRDODINH NUCLEOTIDE S¥QUENORS 


MS2 BNA 


Percent Percent 
n Found Calculated 
a b at 
9 25°88 25 60 +0-88 
1 28-47 25 30 — 1:83 
2 19:45 18-74 +071 
8 12 08 12°35 — 0:82 
4 9-20 7-78 +142 
6 421 4:59 —0 88 
-8 3-07 2 60 +0°47 
7 0-90 1-47 —0 567 
8 1-01 0 82 +010 
9 0-65 O45 +020 
10 
12 
Number of nucleotides in a chain 3,039 
es : purines + p; dines 0 506 
The same by chemical a 0 501 (ref. 6) 


All values have been calculated on the basis of the reported frequencies of (purine nucleotide), pyrimidine nucleotide tracts in each viral RNA molecule}, 
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length) are in each case compared to the percentage 
expected from random distribution for MS2 RNA, R17 
RNA and M12 RNA. These respective random distribu- 
tions were calculated on the basis of the pyrimidine 
nucleotide content of the reported (purine nucleotide), 
pyrimidine nucleotide distributions. The relative pyrim- 
idine content is also shown in Table 1 and differs only 
slightly from the corresponding value found by direct 
chemical analysis. The estimate of the total number of 
nucleotides in a chain (Table 1) is also based on the 
experimentally determined isoplith distribution. This 
value, however, is based on several approximations, and. 
the molecular weights of the different RNAs should not 
be considered as significantly different from each other. 
We found less than. 5 per cent difference in target size for 
heat inactivation between MS2 RNA and M12 RNA 
(unpublished experiments). 

The rhythmic pattern of deviation from randomness 
(Table 1, columns a and 6) is evidently present in the three 
viral RNAs examined so far (no significance should be 
attached to the values for octanucleotides and higher, as 
too few of these tracts are present in a viral chain). This 
confirms the general interrelationship of these bacterio- 
phages. Several explanations for the rhythmic code have 
been considered before. It is possible, for example, that 
the viral RNA chain has evolved from a much shorter 4a 
nucleotide sequence by duplication and terminal addition, 
with independent mutational evolution of the redundant 
information. This repetition, with minor variations, of 2 
the same random pattern may appear as a regular devia- : 
tion from randomness, analogous to the picture seen 
in a kaleidoscope. 

It is interesting to speculate on the maintenance of a 
similar genetic code in spite of the very high mutation 
and reversion rates of RNA viruses. A possible explanation 
ig that the high forward and backward mutation rates are 
merely the result of transitions, which would not interfere { 
with the purine sequence distribution, but both spon- | 
taneous and induced mutants of tobacco mosaic virus 
which involve a purine—pyrimidine transversion have been 
described#*-5, The selective advantage of a particular 
amino-acid sequence may not constitute a sufficient safe- 
guard for a constant nucleotide sequence either, as in a code 
with free use of synonymous codons, many transversions 
would still be legitimate (they would still code for the same 
amino-acid). It therefore seems that the rhythmic genetic 
code itself may constitute a selective advantage. We 
have previously proposed an explanation, which almost 
quantitatively accounts for the observed rhythmic purine 
sequence distribution. It consists of a pseudo-doublet 
code in which all even numbered letters have a 60 per cent 
chance of being the same (that 1s, purine or pyrimidine) 
as the preceding letter, and all odd numbered a 60 per 
cent chance of being different. When an RNA chai 
forms random loops the two chain segments would be 
expected to slide along each other for a few units to fin 
the partners which give the most thermodynamically| 
favourable configuration. A characteristic of the pseudo 
doublet code is that the average length of the resultin 


y 




















R17 RNA M12 BNA 
Percent Per cent Percent Per cent 
Found Calculated Found Caloulated 
a b a-b a b at 
27 23 26-73 +0 50 27 87 27 25 +0-62 
23-76 25°82 — 2:08 24°00 26-05 — 205 
19:92 18-71 +121 10-78 18-68 +1-08 
12°18 12-05 +018 11:48 12 20 — 072 
8-58 7 27 +126 7°76 7 26 +0 61 
3°84 422 — 0°38 4-04 4-08 —0 04 
2 56 2 38 +018 2°66 2-27 +0 89 
078 1-81 ~0-58 1:17 124 = 
0-47 071 —~O-24 0-26 0-67 —0-41 
0-21 038 —0-17 0-28 0 85 —O-12 
0-23 %19 +004 
O44 0-15 +029 0-42 0 05 +037 
8,283 3,418 
0-517 0 522 
0-506 (ref. 7) 
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Random code 
Reading frame 
Numbering ın a pseudo-doublet code 1 2 1 2 1 2 T 
Mutation by selective pressure | 


Pu 
Rhythmic code 


1 2 1 2 1 


a 


Pu* 


Pu Pu Py Py Pu Pu Py Py Pu Pu Py Py Py Py Py Pu Py Py Pu Pu Py... 


Fig. 1 The change from ẹ& random code to a rhythmic cole Pu, purine; ay pyrimidine. (*An example of an illegitimate mutation because 
o -2en80. 


stretches with continuous and genuine Watson-Crick base 
pairing would be increased. (In this situation the two anti- 
parallel strands would be in register; for example, a 
purine-purine doublet opposite a pyrimidine—pyrimidine 
doublet and vice versa.) This means that if a higher 
degree of secondary structure gives a selective advantage 
(giving, for example, easier packing in the protein coat or 
more resistance to nucleases), a rhythmic code may be 
favoured by mutation pressure. This would not necessarily 
change the information content, as—assuming again free 
choice of synonyms—many purine-pyrimidine trans- 
versions are possible which do not even affect the codon 
meaning (for example, in codons of leu, val, ser, pro, thr, 
ala, arg, gly). Such a shift from random to rhythmic code 
is illustrated in Fig. 1. The proposed pseudo-doublet code 
18 a8 yet mere speculation, but it may gain support when 
the distribution of pyrimidine nucleotide sequences is 
known. It is also relevant that MS2 RNA and R17 RNA 
(and presumably M12 RNA) have an unusual and com- 
pact conformation®*®. The hypothesis implies that 
secondary structure may play a biologically significant 
part in RNA as well. 

The work was supported by a U.K. Public Health 
Service grant and the Fonds voor Kollektief Funda- 
menteel Onderzoek. 
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Age and Chromosomes 


Tms note refers to the communication from Dr. E. H. 
Kleisner de Galán! which contains evidence which is 
said to be contrary to our findings*~ that ageing in man 
is associated with an increasing frequency of lymphocytes 
with an abnormal sex chromosome complement, as 
determined from the examination of blood cultures. Our 
findings were substantiated by Hamerton et al.* from an 
examination of members of the population of Tristan da 
Cunha when, they were temporarily evacuated to Britain. 
More recently added support has come from the work of 
Kerkis and Rajabli? at the Institute of Cytology and 
Genetics at Novosibirsk. 


The most recent results from our laboratory are con- 
tained in a monograph’, which Dr. Kleisner de Galén 
may not yet have seen. The findings reported are from 
the blood cultures of 207 men and 231 women aged from 
15 to 90 years, randomly selected from the lists of general 
practitioners. We examined 6,194 male and 6,114 female 
cells, counting and analysing the chromosomes in every 
cell. Dr. Kleisner de Galán counted the chromosomes 
in 564 cells from five men and five women, but only 
analysed the chromosomes in thirty-five of these (6-2 per 
cent). She does not state the reasons why these particular 
cells were chosen for analysis, and consequently it is 
impossible to compare her findings with ours. 

We found a substantial increase of aneuploid cells in 
blood cultures from women from the sixth decade and 
older. Most of this was due to an increased frequency of 
cells containing forty-five chromosomes and lacking a 
medium-sized submetacentric chromosome. The remaining 
contribution to this change was from cells with forty- 
seven chromosomes and containing an extra medium- 
sized submetacentric chromosome. The frequencies of 
cells missing a chromosome from any other group in the 
Denver classification did not change with age, nor did the 
frequencies of cells with counts of less than forty-five 
or more than forty-seven chromosomes. Furthermore, we 
noted the change in cultures incubated for about 45 h, 
when virtually all dividmg cells are in their first division 
in culture, ag well as in cultures incubated for about 72 h 
or longer. From these facts we conclude that the change 
noted is not due to an increased tendency for the cells of 
older people to break during preparation, but that it is 
due to the appearance tn vivo of cells lacking or having in 
addition a medium-sized metacentric chromosome, at 
least from middle hfe onwards. 

In men we found that the frequency of cells lacking a 
Y chromosome mereased with age from the seventh 
decade onwards, but this mcrease was by no means 
as great as the change noted in women. We found no 
change with age in any other type of aneuploid cell, and 
in all these considerations we excluded cells seen to con- 
tain a structural chromosome rearrangement. 

We have put forward reasons for assuming that the 
change noted in the hypodiploid cells of females is ın the 
frequency of XO cells, as it appears to be in males. The 
increased numbers of cells with forty-seven chromosomes in 
women are presumed to be due to cells with an XXX com- 
plement. The main argument in support of this assumption 
is that to our knowledge there is no evidence that cells 
monosomio for a whole autosome are capable of survival, 
except in the unusual circumstances of neoplasia. We 
agree with Dr. Kleisner de Galán that there 1s evidence 
that chromosomes are not distributed at random in 
preparations of metaphase cells. Our analysis of those 
cells with forty-five chromosomes which do not lack a 
medium-sized submetacentric chromosome in women, or & 
Y chromosome in men, supporte the original obsérvations 
on the non-random distribution of metaphase’ chromo- 
somes?:*, 

In effect, our results are in keeping with the idea that 
XO cells, developing in vivo, are found with increasing 
frequency in blood cultures of men and women in the 
latter part of life, and that this change is additional to the 
proportion of aneuploid cells found in cultures from persons 
of all ages which are the result of preparative artefacts. 
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The level of artefactual cells appears to be unaffected by 
ageing. 
Parriora A. JACOBS 
W. M. Couret Brown 


Medical Research Council 

Clinical Effects of Radiation Unit, 

Wostern General Hospital, 

Edinburgh. 
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Genetic Differences between Cod Groups in the 
Lofoten Area 


VARIATIONS of the annual structure of the otoliths of cod 
(Gadus morrhua) have been reported!. Two principal types 
of otolith ocourred, one typical for Arctic cod from the 
Barents Sea and tho Bear Island—West Spitsbergen area, 
and the other typical for cod confined to coastal Nor- 
wegian waters. Rollefsen! suggested that the two types 
of otolith might be caused by different modes of life. 

In the spring, both Arctic and coastal cod spawn in the 
same areas along the Norwegian coast from Møre to 
Finnmark. The fishermen catch both types of fish simul- 
taneously with the same equipment, although the propor- 
tion of the two types ın the catch depends on the gear 
used’. 

Further knowledge of the types or groups of cod and the 
relationships between them has been obtained by studying 
genetically controlled variations. Sick*-+, using agar gel 
electrophoresis, found polymorphism m cod haemoglobins. 
He found a highly significant difference in the gene frequen- 
cies of the haemoglobin allele HbI? between cod samples 
from the Baltio Sea, the Belts and Kattegat. Meller’ estab- 
lished the system of co-dominant transferrin alleles by a 
modification of the same electrophoretic technique and by 
autoradiography. He also studied blood types, and 
detected eight different specific antigens of cod orythro- 
cytes‘. During the 1965 spawning season, five samples, 
containing 90-130 cod each, were collected in the Lofoten 
area. Each specimen was examined to discover its otolith, 
blood, transferrin and haemoglobin types. The samples 
were separated into two groups, Arctic and coastal cod, 
according to otolith type. For each of theso two groups 
the gene frequencies of the haemoglobin allele HbI}, the 


Table 1. 

Date Locality Group No. 
17.2.65 68° 11’ N 14° 8'E Arotlo cod ba 
25.2.65 68° 11’ N 14° 81’ E Arctic cod 54 

Coastal cod 89 
27.2.66 68° 08’ N 14° 20° E Arctic cod 40 
Coastal cod 49 
2.8.65 67° 58’ N 18° 06’ E Arotio cod ey 
5 3,65 68° 15’ N 15° 16’ E Arctic cod. 59 
Coastal cod 39 
Total/mean Arctic cod 208 
Coastal cod 279 

For comparso. 
19.11.64 Bear Island Arctio cod 150 
20.10,04 Bkjervøy Coastal cod 160 
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transferrin alleles Tf4, TfB and Tf, and the frequencies 
of the blood types A and E were calculated. 

The results are shown in Table 1. Corresponding results 
from two samples collected at Bear Island and at Skjervøy, 
near Lofoten, during the autumn of 1964 are given for 
comparison. Most of the frequencies of HbIt, THA, TB, 
Tf? and the blood types A and E of the Arctic cod groups 
deviate clearly from the corresponding frequencies of the 
coastal cod groups. The total means for the Arctic and 
coastal cod groups sampled in Lofoten correspond more 
closely with the frequencies of the samples from Bear 
Island and Skjervey, respeotively, than with each other. 

Thus the spawning stock of cod in the Lofoten area can 
be separated into Arctic and coastal groups on the basis 
of otolith structure. The two groups differ in the fre- 
quencies of genotically controlled characteristics, and the 
simultaneous spawning in the same area apparently does 
not result in any important exchange of genetic material 
between the two populations of cod. 


Daa MOLLER 
Institute of Marine Rescarch, : 
Bergen, Norway. 
? Rollefsen, G., FrakDir. Skr. Ser. Havunders., 4, 1 (1933). 
t Hylen, À., FiskDir. Skr. Ser. Havunders., 18, 27 (1964) 
* Bick, K , Cons. Perm. Intern. Explor. Mer., O.M. No. 128 (1961). 
‘Sick, K., Nature, 192, 804 (1961), 
* Moller, D., FiskDir. Skr. Ser. Havunders, (in the press). 
* Meller, D., Cons. Perm. Intern. Explor. Mer., O.M. No. 38 (1962). 


Sex-linked Yellow in the Syrian Hamster 


Tue sex-linked yellow gene of the cat is widely known 
because of its uniqueness. The domestic cat was, until now, 
the only known mammal to possess a gene on. the X chromo- 
some which produces a yellow (ginger) phenotype in the 
hemizygous male and homozygous female, and a mosaic 
of wild type and yellow (tortoiseshcll) in the heterozygous 
female. The tortoiseshell phenotype has been cited! in 
support of the hypothesis of the single inactivated X 
chromosome. 

A sex-linked yellow mutant gene has recently been 
found in the Syrian hamster (Mesocricetus auratus). The 
gene (designation tortoiseshell: symbol T'o) produces the 
following phenotypes: hemizygous males and homozygous 
females are orange-yellow in colour; the dorsum is darker 
than the venter, and a fine sprinkling of dark guard hairs 
is usually present. In a few specimens these may be so 
numerous as to give the superficial impression that the 
animal is a sandy-coloured wild-type agouti. In the young 
yellow hamster, the undercolour of the coat is pale cream, 
but this darkens to bluish with increasing age. The 
elimination of eumelanism applies only to the hair, for 
dark pigment develops in the skin in amounts comparable 
with that found in the agouti hamster’. The heterozygous 
female Toto is a parti-coloured mosaic of yellow and 
agouti (tortoiseshell), comparable with the corresponding 
phenotype of the oat. 


SAMPLES OF COD FROM THR LOFOTEN AREA COLLECTND DURING THE 1965 SPAWNING SHASON, SEPARATAD INTO GROUPS ACCORDING TO OTOLITH 
TYPE 


Gene frequencies Blood type frequencies 

mr T4 T8 Ty? A E 
01172 01154 0-1808 0-6462 0 5281 0-2808 
0-2981 012380 0:1393 0-6639 0-5204 0-6471 
0-0043 0-0982 02119 6864 0-7222 04074 
0:2778 0-0722 0-1883 0 6722 0 7861 0-5972 
0-1625 0:0952 0 2881 0 6548 0-4750 0-2750 
2558 0 0800 ©1500 0 7600 0-7209 0-7442 
©0568 0-1159 0:1648 0-6975 0-4750 0625 
0:2125 0-0500 0 2250 07125 0:6750 0-6000 
0:1600 0-1167 0-6833 0-4915 01186 
0 2170 0-0897 0-1410 0-7808 0 6154 0-6153 
0 0068 0-1157 0-1662 06758 0-4762 0 2018 
0-2607 0 0859 0 1887 0 6997 0-6619 0 6870 
01391 0-1554 01588 0-8385 0-3697 0-1008 
03878 0-0523 0-1878 ©7974 0-7679 0-0554 


Relative frequencies of the haemoglobin gone HDI, the transferrin genes Tf4, TIP, TF", and the blood types A and E are calculated for each group 


>. 
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The first. mutant animal to be observed was an agouti 
ith a small yellowish patch of fur. She was mated to a 
iormal male and produced three normals, one female 
with a small spot similar to the mother and a yellow male. 
_.. The latter was immediately recognized to be novel. A 
~ series of matings between yellow males and tortoiseshell 
females gave the following progeny: eighty-nine yellow 
“© males, eighty-two normal males, eighty yellow females, 
seventy-three tortoiseshell females and twenty normal 
females. Matings between yellow males and females have 
given a total of sixty-five young, all yellow. Matings of 
_ normal males with tortoiseshell females gave twenty-four 
yellow males, eighteen normal males, twenty-four tortoise- 
shell females and twenty-seven normal females. 
These data are sufficient to establish that the tortoise- 
shell gene is inherited as a sex-linked entity. The tortoise- 
_ shell pattern in the female is almost certainly due to the 
-inactivation of either one or the other X chromosome as 
postulated by the Lyon hypothesis!. The only discrepancy 
is the production of twenty normal females in the first 
crosses reported above. The occurrence of the exceptional 
< animals showed them to be unrelated to any particular 
== parent or to any particular combination of parents; how- 
<: ever, two explanations can be offered for their occurrence. 

: First, they are genetically tortoiseshell but phenotypically 
a normal. This could easily be the case because the tortoise- 
|. shell mosaic varies from yellowish animals to those with 

quite small streaks or spots of yellow. Second, these 
-could be males, mistakenly classified as females. This is 
thought to be the less probable explanation. 

A x? analysis for agreement between expectation and 
observation was undertaken on the results of the first 
_Beries of crosses. The expectation of the segregation is 
_ that the first four classes should occur in equal numbers. 
_ | On this basis, if the twenty females are ignored altogether, 

ce = 1-61. If the twenty females are placed into the 
< tortoiseshell class, = 1-28. Finally, if the twenty females 
are placed in the normal class, x$ = 5-48. None of these 
adjusted segregations departs significantly from expecta- 

tion, although the last has the poorest fit. 
An autosomal gene which can produce a yellow pheno- 

_type has been known in the hamster for some years*. 
Similar mutant genes are known in many other species of 

= Mammals. The occurrence of both a sex-linked and an 

-autosomal gene in the same species is very rare. The 

only exception is the cat, where Dyte? reported autosomal 

yellow; however, the discovery cannot be fully accepted 
as proven because the particular “yellow” phenotype 
Which he studied permits of alternative explanations 
which do not demand the existence of a new genet. 
The existence of both a sex-linked and an autosomal 
ne in the hamster gives added credence to a similar 
enetic situation in the cat. It has been considered that 
the presence of sex-linked yellow with the absence of 
autosomal yellow may result from a translocation of the 
segment of autosome containing the yellow locus to the 
eat, X chromosome. This concept is probably now less 
tenable than it was. Only future events can decide whether 
a few or many species will possess both sex-linked and 
autosomal yellow loci, that is, whether or not both loci 
ean be regarded as part of the normal gene complement 
of mammals. 
ee a oe Mr. P. W. Parslow for the collection of breeding 
<o data. 
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Evidence for Multiple Populations in Normal : | 
Erythropoiesis using Chromosome Length __ 
as the Criterion ES 


Ir was recently reported by Powsner and Berman! that = 
the No. 1 chromosome in megaloblastic erythropoiesis in 
humans was approximately one-third longer than th 
corresponding normal chromosome. It appeared to o 
of us (S. A.) that the length of normal chromosomes ma, 
be distributed bimodally and not unimodally.  ‘ 
the possibility that there may be multiple popul 
the fit of data to unimodal and bimodal normal di 
tion curves was determined by means of a special 
grammed IBM 7074 computer. Briefly, the dat 
divided into a series of population pairs, and the m 
and standard deviation were determined for each po 
tion of each pair together with its proportion and the | 
mean and standard deviation of the data considered as a 
single population?.*. We also calculated the likelihood  — 
that each of the population pairs could be represented as 
a single normal distribution and as a double normal dis- 
tribution®»*, Chi-square with three degrees of freedo 
was calculated from the maximum likelihood distributie : 
parameters? and the probability (P) of a single population =: 
was determined. Ee 

The results are given in Table 1. They are consisten 
with the hypothesis that on the basis of the length of the 
No. 1 chromosome, at least two populations of cells are 
present in normal marrow. This is not true of the megal 
blastic marrow cells, which are not significantly better. 
represented by two separate normally distributed popula- 
tions. The mean for the population with the longer — 
chromosomes in normal marrow is 7-2p, and for the | 
shorter is 4-4y. For the single population of megaloblastic _ 
marrow, the mean is 8-0, which suggests that normal 
marrow contains one group of cells the mean chromosome ~ 
length (7-2) of which approaches that in mogaloblastic cee 
marrow. Conversely, the data suggest that megaloblastic _ 
marrow does not contain a significant distinct population 
the mean chromosome length of which resembles that of = 
the shorter population of normal marrow. oe 





























Table 1. COMPUTER ANALYSIS FOR MULTIPLE ERYTHROPOIRTIC POPULA- 
TIONS IN NORMAL AND MEGALOBLASTIC MARROW USING CHROMOSOME - 
LENGTH AS THE CRITERION asl 


Computer analysis 





No. Actual Population 1 Population 2 
Group of observa- x? ngth Length. 
cells tions (x) % Gs) Yo MH) ; 
Normal 119 6-2(0-16)* 11-6F OL 33 44(05) 67 T2 t5) ja a ee 
Megaloblastic 62 8-0 (0-32)* 61+ <0-2t ee 


* Means and standard errors. Saar 

+ Chi-square with three degrees of freedom calculated according to the o 
formula z? = 2 (In L, — 1n L,) where £ is the likelihood of a bimodal and J, the » 
likelihood of a unimodal distribution®. i : 


ł These figures represent the probability that we are working with a single’ 
and homogeneous population. Inasmuch as the probability of this hypo- 
thesis is less than 0-01 in the normal sample, we conclude that we are dealing = 
with at least two populations of cells. Inasmuch as it is less than 0-2.in the. |” 
megaloblastic sample, we conclude that we aro dealing with a single popu- 
lation. 

§ Means and standard deviations, 


Our interpretation is that there are at least three 
populations, two of which occur normally and a third in. 
megaloblastic marrow. The alternative possibility, that 
megaloblastic anaemia is accompanied by loss of the 
shorter population of normal marrow rather than by the 
appearance of a new population, is not consistent with 
the classical observations of megaloblast morphology. 
After all, the megaloblast is recognizable because of its 
distinctive appearance. In any case, on the basis: of. 
the distribution of chromosome lengths, there appear to 
be two populations of cells in the normal bone marr 
No morphological distinction between these populatio: 
is indicated by this analysis. ; piner 
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Enzyme and Metabolic Properties of isolated 
Neurones 


Ir would be a considerable help in investigations of the 
nervous system if it were possible to isolate neurones in 
large numbers with reasonably intact processes and com- 
pletely free from contamination. Methods for the separa- 
tion of neuronal or glial cells have been based either on 
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the microdissection techniques of Lowry! and Hydén?, 
or on the dispersion of nervous tissue and subsequent 
isolation of cells by hand collection’ or differential centri- 
fugation‘, Hand dissection enables rapid isolation of a 
few selected nerve cells the biochemical and physiological 
properties of which appear to be normal**, whereas 
the mechanical process is lengthy and possibly too drastic. 

This article reports some observations on the morpho- 
logical, histochemical and metabolic properties of neurones 
isolated, in bulk, from ox cerebellum and spinal cord. 
The selection of particular brain-cell types such as Purkinje 
cells and spinal cord neurones is justified by the hetero- 
geneity of neurone populations’. 

Ox cerebellum and spinal cord were collected in plastic 
bags in ice, 6-30 min after death, and all operations were 
carried out in the cold. Cerebellar cortex and most of the 
anterior horn of the spinal cord were dissected out and 
filtered through a nylon sieve with apertures of about 
3504? into a solution containing 0-32 moles/l. sucrose 
producing a medium/tissue (v/w) ratio of 10. The coarse 
suspension which resulted was then filtered through two 
nylon sieves with apertures of about 160 and 110’. 
Enrichment in Purkinje cells and spinal cord neurones 
was obtained by three centrifugations in various ranges 
(50-35-20g and 30-20-13g) for 10 min. At each stage 
the supernatants were decanted, pooled, concentrated and 
examined microscopically, after a trace of nigrosin had 
been added to ensure that the loss of neurones was minimal. 
The supernatants contained the bulk of the cell debris, 
nuclei, red blood and glial cells, detached axons and. 
dendrites, capillary and myelin sheath fragments. Further 
purification was carried out by layering cell suspensions 
successively in 0:32 M sucrose media containing ‘Ficoll’ 
in concentrations of 5 and 10 per cent (w/v), respectively, 
centrifuging for 15 min at 300g and collecting the sediment. 





Fig. 1. Suspensions of Purkinje cells (a) and spinal cord neurones (b). Cells were fixed by addition of neutral buffered formalin and 

slightly stained with nigrosin. (x 160 and x 92, respectively.) (e) Suspension of spinal cord neurones which have been incubated for 

20 min with nitro-B7 as substrate for lactic dehydrogenase and fixed in formalin, Formazan deposition is intense only in glial clump. 

(x 148.) (d) Suspension of spinal cord neurones which have been incubated for 15 min with nitro-B7 as substrate for succinic 
dehydrogenase. Formazan deposition appeared to be concentrated in the eytoplasm. (x 148.) 
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edia were buffered’ at pH- T3 with tris-hydrochloric 
id CE = 0-007). 
On average, it took 4-5 h to obtain the final neurone 
| suspensions. Recoveries were determined as the amount 
of dry matter insoluble in trichloroacetic acid (final 
concentration 6 per cent)? and ranged between 16 and 
#54 mg (0-6-2-0 per cent) for Purkinje cells and 28 and 
84 mg (1:0-3-0 per cent) for spinal cord neurones. 

Under an ordinary light microscope the Purkinje 
cells (Fig. la) appeared almost completely to have lost 
their processes; the spinal cord neurones (Fig. 1b) retained 
the larger dendrites and part of the axon and most of 
them contained the lipochrome pigment. Glial cells in 
clusters of between six and thirty and a few capillary 
fragments were the only contaminants of the neuronal 
suspensions. 

Treatment with pronase® or short periods of ultrasound’ 
were effective in separating the glial clumps. Unfortun- 
ately, however, even when serum proteins (5 per cent) were 
added, neuronal cells were severely damaged by such 
treatment, and the addition of chelating agents to the 
medium did not improve cell separability. 

Lactic and succinic dehydrogenase (LDH and SDH) 
activities were estimated on the cell suspensions according 
to Nachlas et al. and Slater et al., respectively, and 
protein was measured by the method of Lowry et al.™. 
Of the original LDH and SDH activities, only 2-2 and 
6-9 per cent for the Purkinje cells and 1-6 and 8-3 per cent 
-for the spinal cord neuronal suspension, respectively, were 
recovered; however, the remaining LDH activity was not 
uniformly distributed among the neurones or the extran- 
eous matter. In fact, histochemical investigations showed 
that LDH activity was intense in the glial clumps but 
almost absent in the neurones (Fig. le), whereas it had 
about the same intensity in the original tissue. SDH 
activity was, on the contrary, slightly more intense in 
“the neurones than in contaminant cells (Fig. ld). The 

staining techniques used to detect LDH and SDH with 

nitro blue tetrazolium were those developed by Van 

Wijhe et al. and Nachlas et al.15, respectively. 

The possibility that neuronal cells might regain the 
potassium lost during the isolation procedure was in- 
vestigated by incubating the final neurone suspensions 
in oxygenated glucose bicarbonate saline. Cells were 
collected by centrifugation at 3,000g for 1 min at about 
30° © and homogenized in 5 ml. TCA; potassium was 
estimated in the supernatant!*. The results (Table 1) 
show that potassium was not taken up by the neuronal 
cells on incubation up to 40 min. 












Table 1. POTASSIUM CONCENTRATION IN OX PURKINJE CELLS AND SPINAL 
CORD NEURONES 





A Neuronesin Purkinje cells Spinal cord neurones 
` Sucrose 0-32 moles/L 0 0 
iN at 0°C 79 103 
Bienes Í at 37° C for 5min 79 101 
es (at 37° C for 40 min 91 14 
Original tissue 595 495 
(95) (80) 


The potassium concentration is expressed as wequiv./g dry tissue (and as 
pvequiv./g fresh tissue in figures in parentheses), 


Cell viability was also assessed by testing the cell sus- 
pensions with nigrosin (0-3 per cent)'7, Almost all the 
neuronal cells were stained after 30 min, although spinal 
cord neurones took up the stain more slowly than Purkinje 
cells. By this test, however, an average of 85-90 per cent 
of the glial cells was found to be viable. 

Neuronal cells, virtually uncontaminated, were isolated 
by the present procedure, but so far they appear to have 
been impaired and, according to the nigrosin test, should 
be considered to be “dead” cells. The loss of LDH is 
not surprising, because liver cells, which are comparatively 
easy to isolate, exude large quantities of glycolytic 
enzymes?®, 

The leakage of LDH from neurones can be related to the 
extensive disruption of their surface membrane*}*: 
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the loss of the membrane seems to occur, irrespective of 
the technique used®*, when neurones. are: isolated’ from. 
their supporting glia. Partial disruption of the cell 
membrane has also been reported in isolated rat liver 
cells??. Under the light microscope, I observed that until 
the isolated neurones were in cold sucrose solution they 
had a definite cell body boundary, but on successive in- 
cubation at 37° C in bicarbonate saline medium they were 
progressively denuded of their processes and cytoplasm. 

As morphological changes could not be detected. in 
Deiters’s nerve cells isolated by microdissection®, it seems’ ” 
reasonable to conclude that mechanical separation followed. 
by repeated centrifugation represents a more drastic 
treatment for the cells. iS 

A final comment is needed on the interpretation, of da 
obtained from enriched neuronal suspensions. LDH 
histochemical examination of cell fractions at several. 
stages of the procedure has shown gross differences in th 
enzyme activity between neuronal and glial cells; if the. 
leakage of LDH is taken to indicate abnormal perméa- 
bility?*, it can be concluded that neuronal cells are much: 
more sensitive to isolation than glial cells, and that even.a 
small glial contamination may induce erroneous evaluation 
of their enzyme content. : 
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Observations of the Binucleate Cells of the 
Liver 


Ir has long been known that a certain percentage of 
hepatic cells have a binucleate structure. Because mitotic 
figures do not occur in adult liver, the binucleate cells are 
usually assumed to be the result of amitosis, which implies 
splitting of the nucleus by constriction without the 
formation of a visible spindle and distinguishable chromo- 
somes. Amitosis has been associated both with the 
replacement of aged cells in normal adult tissue, and with 
regenerative growth after injury. 

Amitosis with unequal distribution of the chromatin 
material has been reported after radiation'*, and also as a 
probable mechanism of cellular differentiation’. 

The two nuclei of binucleate liver cells have been shown = 
to contain the same amount of DNA‘ 3. Amitotic division 
of the nucleus into two equal parts was filmed by Wi 
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after radiation, who reported that the nuclear. division 
was never followed by cell division. Many other workers 
report the same phenomenon, basing their conclusions on 
the shape of the nuclei®°. 

On the other hand, Beams and King’ failed to find 
evidence. of amitosis in regenerating rat liver, and con- 
eluded that binucleate cells are a result of mitotic division 
of the nucleus with subsequent cytoplasmic lag, that is, 





Fig. 1, Nuclei separate (x 1,280). 





Fig. 2, Nuclei touching (x 1,280). 





Fig. 3. Nuclei pressed together ( x 1,280). 





Fig. 4. Nuclei overlapping ( x 1,280). 
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Fig. 5. Field with mitotic divisions and binucleate cells (x ¢.480). 





Figs. 6 and 7, Binucleate cell in prophase (x 1,280). 


failure to form a cell wall between the two daughter 
nuclei. This opinion was supported by Wilson and Leduc}. 
Rondanelli et al. followed the formation of binucleate 
haemopoietic cells and showed that mitosis was normal 
up to the end of anaphase, but that the daughter nuclei 
were not separated by cell wall formation. 

While investigating the cytological effect of carbon 
tetrachloride on the mouse liver, Soliman et al.*? observed 
large numbers of binucleate cells both in normal adult and 
regenerating livers. The percentage of binucleate cells 
was not, however, related to the extent of regeneration. 

Extensive examination of the livers failed to reveal 
consecutive stages of constriction. The two nuclei of a 
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Figs. 8 and 9. Metaphase in adjoining cells ( x 1,280). 





Fig. 10. Cell with four nuclei (x 1,280). 


binucleate cell were either completely separate (Fig. 1), 
just touching (Fig. 2), pressed together (Fig. 3) or over- 
lapping (Fig. 4), but in all instances each nucleus had a 
continuous membrane. They occurred in areas where 
active mitotic division took place in regenerating liver 
(Fig. 5). 

In contrast with Ashworth and Reid!*, who reported 
that no mitosis took place in binucleates of regenerating 


~~ liver, we found many examples of binucleate cells in which 


both nuclei were in prophase of mitosis (Figs. 6 and 7), 
indicating the ability of the binucleate cells to divide 
mitotically. No metaphases or later stages of mitosis 
were seen in binucleate cells, although synchronized 
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division in adjoining cells was not infrequent (Figs. 8 and 9) 
Cells with four nuclei (Fig. 10) were very rare. This _ 
indicates that, if there is a stimultis for mitosis, the delayed > 
cell wall formation in a binucleate cell occurs shortly 
before metaphase of the daughter nuclei. : oe 
It must be concluded, therefore, that there was no 
evidence for amitosis in normal or regenerating liver, 
Under the stimulus of regeneration mononucleate as well 
as binucleate cells were able to divide mitotically. = 0> 
It may be added here that treatment with colchicine, | 
which does not stimulate mitosis! but arrests div: 
in the metaphase stage, resulted in an increased num 
mitotic figures in adult rat liver’. The rarity of mi 
in normal adult liver might therefore be caused. b, 
possibility that divisions which are in progress at th 
of killing are completed before fixation is effective, 
no new divisions are initiated. Mae 
H. A. pw Haw 
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Plasma Mast Cells 


Durie a histopathological examination of three hundred: 
canine mastocytomata fixed in formalin, cells were. re- i 
peatedly observed which presented characteristics of both ©: 
plasma cells and mast cells'. These cells were intermediate 
in size between mast cells and plasma cells and presented 
eccentric nuclei, paranuclear clear areas and a large — 
amount of clumped nuclear chromatin, all of which are 
characteristic of plasma cells rather than mast cells 
(Figs. 1 and 2). Unlike normal plasma cells, however, 
these intermediate forms contained cytoplasmic granules < 
which stained metachromatically with 0-1 per cent aqueous > 
toluidine blue (Figs. 2 and 3) and thus possessed the single, 
most outstanding, characteristic of mast cells. Various 
stages were observed ranging from typically appearing 
plasma cells with a few metachromatic cytoplasmic: 
granules (Fig. 3) to cells more nearly approximating 
mature mast cells but revealing such plasma cell features 
as paranuclear clear areas, eccentric nuclei and clumped. 
nuclear chromatin (Fig. 2). : 
These cells appear to be identical to the plasma mast 
cells observed by various early investigators. Krom- 
pecher? first described the differentiation of plasma cells 
into mast cells by the elaboration of metachromatic 
granules in 1898 and referred to these structures as plasma 
mast cells. In 1938 Michels? reviewed reports published 
by fifteen other investigators which substantiated this: 
observation. oe 
Although there has been no observation of plasma r 
cells reported since 1938, several recent reports 
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Fig. 1. A mast cell and a smaller plasma mast cell in a canine masto- 
cytoma, (Haematoxylin and eosin, x 1,200.) 


Fig, 2. Large plasma mast cell with clumped nuclear chromatin, 
paranuclear clear area and metachromatic cytoplasmic granules, 
(Toluidine blue, x 1,200.) 


Fig. 3. Small plasma mast cell with typical plasma cell morphology and 
size but containing five metar aaa pinnis granules, (Toluidine 
iue, x 1,400. 


mentioned morphological similarities observed between 
mast cells and plasma cells. Rask-Nielsen and Christen- 
sen‘ described a transplantable mouse mastocytoma 
which. resulted from the injection of tumour tissue from 
& mouse with plasma cell leukaemia. In discussing the 
need for special stains to identify mast cells, these authors 
stated that their tumour mast cells looked like plasma cells 
when stained with haematoxylin and eosin. This resem- 
blance of mast cells to plasma cells has been observed 
by others, and the ease of confusing these two cell types 
with ordinary stains has been emphasized’. “‘Plasma- 
eytoid cells” have been described which contain a nucleus 
like that of a plasma cell and metachromatic cytoplasmic 
granules, a description identical to that outlined by 
Krompecher for plasma mast cells. 

Other similarities have also been reported between mast 
cells and plasma cells. Electron microscopy has revealed 
distinct similarities in the ultrastructures of these two 
cells. Neoplastic mast cells contain the two characteristic 
ultrastructures of plasma cells, a granular endoplasmic 
reticulam? and a well developed Golgi apparatus’. 
Burnet’ suggested a common precursor for these two cells, 
stating that small lymphocytes may differentiate into 
either plasma cells or mast cells. Similar classes of bio- 
logical components have been identified in both cells. 
The cytoplasm of plasma cells contains two important 
substances, RNA! and acid mucopolysaccharide!!. Acid 
mucopolysaccharide is an established component of mast 
cell granules!*, and recently RNA was histochemically 
demonstrated in canine mast cell granules®. These cells 
may also share a functional relationship in the anamnestic 
response. The principal function of plasma cells concerns 
the synthesis of immunoglobulins, and sensitized mast cells 
have been shown to degranulate when re-exposed to 
antigens!?, 

The lack of description of plasma mast cells (“plasma- 
eytoid cells” notwithstanding) since 1938 is surprising 
considering the number of early descriptions of these 
“interesting cells and the persistent enigma of the origin 
‘and function of mast cells. Part of this problem may be 
the lack of a firm definition for mast cells and the dominant 
effect of metachromatic granules in the classification of 
cell types. Any connective tissue cell with metachromatic 
-eytoplasmic granules (except known phagocytes) can be 
-¢lassified as a mast cell. 

It is possible that plasma mast cells are transitional 
forms indicating that the cytoplasmic components of 
plasma cells can be condensed into metachromatic 
granules, thus forming plasma mast cells which, by 
diffusion of clumped nuclear chromatin, differentiate into 
mast cells. Conversely, it is possible that mast cells may 
differentiate into plasma cells by reversing the process. 
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Another interpretation is that plasma mast cells represent 
plasma cells that have phagocytosed mast cell granules 
released when sensitized mast cells degranulate on 
re-exposure to antigen. Plasma cells are reported to be 
incapable of phagocytosis”. The presence, however, of 
metachromatic granules in an otherwise typical plasma. 
cell (Fig. 3) raises the possibility that the histamine com- 
ponent of mast cell granules!? may increase the permea- 
bility of plasma cell membranes to these granules. In 
either event, material in sensitized mast cell granules 
could be transmitted to plasma cells which produce 
antibody. This suggests that the RNA in canine mast 
cell granules may be the antigen-complementary RNA 
which has been demonstrated to be essential for the 
secondary response“ and that mast cells may serve as 
immunological “memory cells”. 

Whatever their significance, cells meeting the descrip- 
tion of Krompecher’s plasma mast cells are present in 
canine mastocytomata. These cells together with the 
morphological similarities recently observed by others*~* 
suggest a mast cell—plasma cell relationship. 

This investigation was supported by U.S. Publie Health 
Service grants from the National Cancer Institute and a 
pathology training grant. 
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Fine Structure of an Insect-induced Plant Tumour 


Bup galls induced by a species of gall midge (Cecidomydae) 
on Stoebe vulgaris have been investigated anatomically 
and cytologically. The female lays the egg in the meris- 
tematic tissue just below the tunica, and when the larva 
develops the surrounding cells become tumorous and 
undergo certain changes which we have investigated with 
the electron microscope. Fresh galls were fixed in 1-5 
per cent potassium permanganate at room temperature, 
washed in water, dehydrated in ethanol, cleared in propy- 
lene oxide and embedded in epoxy resin'. Ultra thin 
sections were made using a Reichert ultra microtome and 
viewed with a Siemens Elmiskop I electron microscope 
normally operated at 80 kV. 

The tumour cells, which are devoid of vacuoles, showed 
an abundance of Golgi bodies, large nuclei with homo- 
geneous nucleoplasm and many irregular patches of 
electron dense material of various sizes which are not 
bound by membranes and which appear to be absent from 
normal bud cells. These patches are often in intimate 
contact with the nuclear envelope (Fig. 1 a and b) which 
appears to bud off double membrane vesicles, some of 
which contain electron dense material (Fig. 2 a and b). The 
nuclear envelope does not show these phenomena where it 
is not in contact with the electron dense material. The 
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pudding occurs into the cytoplasm and not into the 

-nucleoplasm, and so it is presumed that the process pro- 
ceeds from nucleus to cytoplasm and not from cytoplasm 
| to nucleus, that is the dense material is being deposited 
in the cytoplasm. This assumption is substantiated by 
histochemical investigations with fluorescence microscopy? 
which have shown that the dense material gives a positive 
reaction for nuclear RNA. Since RNA is not shown in 
material fixed with potassium permanganate, the dense 
patches are likely to contain substances other than RNA. 
Material fixed with osmium tetroxide shows the dense 
material clearly. 

Little work has been done on RNA distribution in 
plant tumours induced by insects, but it is known that. 
RNA and protein levels are increased in the crown gall of 
the bean while the frequency of cells undergoing DNA 
synthesis is higher in tumour tissues three days after 
inoculation’. Excessive RNA deposits in the cytoplasm 
of animal tumour cells are well known*’. 

It is unlikely that the dense material represents vacuole 
formation because of the apparent absence of a membrane 
surrounding the dense material, the double membrane 
character of the vesicles arising from the nuclear envelope, 
and the presence of RNA in the dense material which is 
normally absent from vacuoles. The close proximity of 
mitochondria to the budding region of the nuclear 
envelope is common and suggests an effective supply of 
energy for the process. 

The available evidence appears to suggest a process 
whereby the passage of some material containing RNA 
from nucleus to cytoplasm occurs, and involves vesicles 
arising from the nuclear envelope. Excessive deposits of 





Intimate association between electron dense material and the 
nuclear envelope. a, x 20,000; b, x 8,000. N, Nucleus; C, cytoplasm; 
CW, cell wall; D, dense material; G, Golgi body; M, mitochondria; 
y ,vesicle; NM, nuclear envelope. 


Fig. 1. 
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Convoluted nuclear envelope giving rise to vesicles containing 


Fig. 2. 
Abbreviations asin Fig. 1. (x 40,000.) 


electron dense material. 


RNA in the cytoplasm of both plant and animal tumour 
cells seem to substantiate this idea. 
G. Lecatsas* 
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ANATOMY 


Median Giant Fibre System in the Crayfish 
Cephalic Ganglion 


Tur giant fibre system of the crayfish abdominal nerve 
cord has been investigated intensively!. Johnson described 
two giant fibre systems. The first is the lateral giant 
fibre made up by fusion of several axons and their respec- 
tive somata. The ultrastructure? and electrical property?’ 
of these synapses have been thoroughly investigated. The 
second system is the median giant fibre, but the soma of 
this fibre has not yet been found. It is not clear whether 
the median giant fibre has a single soma or whether it 
is composed by the fusion of several fine axons which run 
from each small soma, as is found in cephalopods*.. On 
the other hand, Allen® observed that axons from the 
cephalic ganglia of lobster embryo ran backwards from the 




















embedded in paraffin. Serial sections about 8u in thick- 
ness were made in three directions. After staining in 
< ‘Azan’, the preparations were projected on to a screen at a 
magnification of 400. 
_ A diagram of the crayfish cephalic ganglion is shown in 
1. There are two giant fibres in each para-oesophageal 
ve. These are the lateral giant fibre (LG) and the 
median giant fibre (MG). On entering the brain, the 
ateral giant fibre divides into at least three fibres of 
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Fig. 1. Diagram of the međian giant fibre in the crayfish cephalic 
ganglion. 
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The further courses of these fibres were not 





_ The median giant fibre in the para-oesophageal nerve 
runs forward and enters the brain, After turning inwards, 
the fibre gives off a branch which further divides into two 
branches. These branches run outwards and downwards 
and finally enter into the ipsilateral n. antenna I and 
n. antenna II respectively. The main fibre runs inwards 
and downwards. It decussates and makes contact with 
the contralateral median giant fibre in the midline. After 
decussating, the fibre again divides into two branches. 


One runs outwards and downwards and finally enters the ae 


contralateral n. antenna I. The other runs forwards at 


first and then turns downwards immediately behind | 


the frontal cellular group. Near the ventral surface of the 
brain the fibre turns backwards and connects with a large 
soma of diameter up to 180u. The diameters of the 


somata of other nearby neurones are considerably smaller 5 
than that of the ventral large soma. The mean diameters. 
of the various parts of the median giant fibre in the brain 


are represented in Table 1. It is noteworthy that. the 


fibre, which has a very large diameter in the para-oeso-. | 


phageal nerve, becomes remarkably narrow in the course ` 
to its soma. 


Table 1. MEAN DIAMETER OF MEDIAN GIANT FIBRE IN THE CRAYFISH Jy 


CEPHALIC GANGLION 
(Letters correspond to the arrows in Fig. 1) 


Position a b € d e Í g h i 
a 103-5 158 151 43:0 201 1150 160 40-0 35-0 
ut 138 S81 £7 242 65 217 69 126 60 
N 11 5 10 8 11 10 3 6 5 


* Mean diameter of fibres (x). 
t Unbiased estimates of standard deviation. 


A septum-like membrane was observed in five places 


during the course of the fibre in the brain, but none of o 


these membranes separates the axon as completely as 
those seen in the lateral giant fibre of the crayfish. The» 

membranes will be described in more detail elsewhere.) - 
We have carried out some physiological experiments... 
on the basis of the anatomical results given here. The = 
depolarizing and hyperpolarizing responses of the soma 
and their dependence on time will be reported elsewhere. 
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Branching Pattern of Amacrine Cell Processes 
In connexion with studies on the experimental phenomenon, 


of spreading depression!, the histological structure of the j 


chick retina is being examined in detail in our laboratogy. 
One of the techniques used proved very suitable for 
observation of cell processes in the inner plexiform layer. 
Some aspects of the pattern of amacrine cell processes 
were observed which have not hitherto been reported. 
These aspects are described in the present communication. 
Cajal’s nomenclature? is used throughout. 
Retinas of white leghorn embryos and chicks of various 


ages were examined. The eyeballs, removed immediately 7" 


after decapitation, were divided by a single cut through 
the equator, and the pieces then processed according to the 
technique of van der Loos*. After the stage in Cox solution, 
fragments of the retina were dissected away from the other 
ocular membranes and remaining vitreous humour. Since 
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_ the pigment epithelium comes off easily, and the surface 
precipitate is minimized by the presence of the vitreous, 
| these fragments were simply blackened and mounted flat. 
In such preparations, the pattern of horizontally extending 
cell processes is far clearer than in sections. Satisfactory 
impregnations were obtained with embryos from the 
ninth to the seventeenth day of incubation, and more 
consistently from the thirteenth to the fifteenth. 

When such a fragment of retina is viewed under low 
magnification from the inner surface, it shows a large 
number of elements, with a fairly circular contour formed 
by horizontally spread cell processes (Fig. 14). These 
regular structures belong to unistratified amacrine cells, 
with the exception of a few that may belong to a type of 
displaced amacrine cell found only infrequently in our 
preparations. A single dendrite-like trunk arises from the 
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cell body, situated in the inner part of the granular layer 
(layer of amacrine cells of Cajal), and enters the inner 
plexiform layer where, at a definite level, it splits into 
many horizontally extended branches. In Fig. 14, 
the tip of this main trunk appears as the central patch, 
from which the horizontal branches radiate. These 
branches in most cases present sub-divisions only in their 
initial portion, close to the main trunk and, although very 
slightly wavy, follow straight radial courses, of approxi- 
mately the same length, so that the field covered by them 
has a fairly circular contour. They present spines and 
twigs along their entire length, and at the extremity a 
conspicuous knob with larger twigs. 

So far, unistratified amacrine cells with three types of 
such circular horizontal fields of branching can be 
distinguished. These differ not only in the depth at which 





Fig. 1, A-G. "Preparations of fragments of retina mounted flat, viewed from the inner surface. 


Chick embryo, fourteenth day of incubation. 


Bar represents 1004 in A, and 50 in B, the magnification of the other micrographs being the same as that of B. A, Low power micrograph 


showing many circular fields of branching of amacrine cells. 


commonly found in the inner, middle and outer portions, respectively, 


B,C, D, The type of regular field of branching of unistratified amacrine cells 
of the inner plexiform layer. 


E, Field of branching of unistratified 


amacrine cells with a relatively small number of processes of different lengths, found at various depths of the inner plexiform layer. Note that 
the central patch, from which the processes radiate, is the tip of the main trunk, not the cell body, as may seem to be the case. F, Commonly 


found irregular field of branching of a displaced amacrine cell. 


G, Regular field of branching ef a displaced amacrine cell, occasionally found. 
{indicated by the arrow). : 
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they are located in the inner plexiform layer, but also in 


the general aspect. and number and length of the branches, _ 


as is shown in Figs. 1B, C and D. In general, the type 
shown in Fig. 1B is located closer to the layer of ganglion 
cells than the others, and that in Fig. 1D closer to the 
inner granular layer, whereas that of Fig. 1C is found at 
intermediate depths. 

At various depths, some less regular horizontal fields 
of branching of unistratified amacrine cells are found. 
Typically, they present a small number of branches, of 
different lengths, some of them very long (Fig. 1E). 
Although the branching pattern of most of the displaced 
amacrine cells is not regular (Fig. LF), a regular type is 
occasionally found. It was ascertained, from the position 

„of the cell body in relation to it, that the circular field of 
branching indicated by the arrow in Fig. 1G belongs to a 
displaced amacrine cell. It will be noted that it is very 
similar to the other fields in the same figure, which belong 
to unistratified amacrine cells, and are of the same type 
as those of Fig. 1B. 

A number of amacrine cells with irregular branching of 
dendrite-like processes, both stratified and diffused, were 
also seen, but systematic observations on them have not 
yet: been made. 

_ As yet, we do not know whether the described regular 
pattern of branching of amacrine cells persists as such in 
the adult retina, or is restricted to certain developmental 
stages. Indeed, the possibility exists that the terminal 
knobs of the branches represent a particular type of grow- 
ing bud, and consequently a transitory structure. It must 
be pointed out, however, that, in our preparations, 
comparable knobs were not seen in any other retinal cells. 
Tt should also be mentioned that though a radial distri- 
bution of the amacrine cell branches was reported by 
Vrabec* in the retina of a teleost fish, the shape of the 

whole field of ramification was not described, and no 
mention was made of terminal knobs. 

I thank Ilka A. Alonso for technical assistance, and 
ALA. P. Leão for his interest in this study, which was 
supported in part by a grant awarded to him by the 
U.S. Public Health Service. 
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Catecholamines in the Carotid Body 
of the Cat 


Muon! showed in 1904 that extracts from the carotid 
bodies of horses contain a pressor substance. On the other 
hand, no sympathomimetic material was found in ex- 
tracts from carotid bodies of rabbits, cats and guinea- 
pigs’. Since that time there has been much controversy 
about chromaffin tissue in the carotid body. 
Cytological and histochemical investigations using 
light microscopy* showed that the chemoreceptor cells 
have non-mitochondrial granules in their cytoplasm. 
< Lever and Boyd® and Ross? independently reported small 
. granules in the glomus cells, similar to those found in the 

-ehromaffin cells of the adrenal medulla. These authors 
stated that these granules were present in all chemo- 
receptor cells and suggested that they contained catechol- 
amines. Pharmacological and histochemical confirmation 
of the presence of noradrenaline in normal carotid bodies 
from calves and pigs was given by Rahn’. 
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Catecholamines. were also. found. in human carotid 
bodies by a fluorescent staining method’. 

A histochemical technique was reported for the identi- 
fication of cells containing noradrenaline using light and 
electron microscopy. This communication presents the 
results obtained by applying this technique as well as 
those obtained by the biochemical assay of catecholamines 
in the carotid body of the cat. 

Adult cats were anaesthetized with ‘Nembutal’ (40 
mg/kg). The carotid body was dissected and immediately 
immersed in 6-5 molar glutaraldehyde solution in ‘Millonig’ 
buffer at pH 7-2 and 4° ©. The glutaraldehyde silver 
technique for light and electron microscopy was 
used$, 

After fixation in glutaraldehyde, the carotid body was 
washed in distilled water, minced, and immersed in an 
ammoniacal silver carbonate solution for 5 min. It was- 
then washed in distilled water, treated with 2 per cent 
sodium thiosulphate and again washed in distilled water. 
The carotid bodies were then dehydrated and embedded 
in paraffin or ‘Epon’ as usual. In five experiments, bio- 
chemicalassays for adrenaline, noradrenaline and dopamine 
were carried out’, With light microscopy a clear positive 
glutaraldehyde silver reaction was observed in some 
glomus cells, while others were negative. The positive 
cells developed a deep brown colour and showed numerous 
granules in their cytoplasm. The colour and the number of 
granules varied from cell to cell. While some glomus 
cells contained a large number of granules with a positive 
glutaraldehyde-silver reaction, other glomus cells showed 
only a weak positive reaction (Fig. 1). 

Electron microscopy of cat carotid bodies stained by 
the glutaraldehyde-silver technique confirmed the current. 
ultrastructural description of this organ’. One of the 
most striking characteristics of the electron micrographs 
is the presence of dense granules in the cytoplasm of the 
glomus cells. These have been described as osmiophilie 
granules. 

At least two types of cells could be identified on the 
basis of the morphology and histochemistry of the granules. 
The first type give a positive reaction with the glutaralde- 
hyde-silver technique. 

In these cells a fine silver precipitate appears within 
the granules (Figs. 2-4). This precipitate was similar 
to the one previously observed in cells containing noradren- 
aline in the adrenal medulla of several animal species*. 
The second type of glomus cell is characterized by a 
negative glutaraldehyde-silver reaction. No silver pre- 
cipitate appears in the granules. 

Table 1 shows the results of the catecholamine assays 
(Table 1). As can be seen, the cat carotid body contains 
catecholamines. Dopamine constitutes more than half 
the total catecholamine content of the carotid body. 
Noradrenaline represents 35 per cent and adrenaline 8 
per cent. 





Fig. 1, Ultra-thin section of a cat carotid body. Glutaraldehyde-silver 
technique. Toluidine blue, Some glomus cella show black or brown granules: 
as a result of the reaction with silver. (x 800.) 
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Fig, 2. Electron micrograph of eat carotid body. Glutaraldehyde-silver 
technique. NA, Cell containing noradrenaline; A, cells containing 
adrenaline. (x e. 5,350.) 


Figs. 3 and 4. Selected areas of Fig. 2 at higher magnification. A fine 
silver precipitate appears in the granules containing noradrenaline. 
(x 12,000.) 


Both the histochemical and the biochemical data show 
at least two types of glomus cells in the cat carotid body ; 
those storing adrenaline and those storing noradrenaline. 
The large amount of dopamine present may represent 
a precursor in the biosynthesis of catecholamines, but it 
should be remembered that the carotid body is very rich 
in mast cells and in certain species these can store dopa- 
mine™, Our unpublished observations show that cells 

-of bovine liver capsule which store dopamine do not 
react with silver under the conditions used here. Glenner 
et al)? suggested that noradrenaline is secreted by the 
normal human carotid body but they found noradrenaline 
in only one necropsy specimen of carotid body out of eight. 
They explain this failure by the unreliability of the 
histochemical methods available at the time and by the 
possibility that noradrenaline is released at death. 

Using the glutaraldehyde-silver technique, we had no 
difficulty in identifying noradrenaline in cells of the cat 
carotid body. Chioechio and Tramezzani have obtained 
similar results using rabbit, mouse and human carotid 
bodies. In view of the similarity between the carotid 
body and the adrenal medulla, Lever and Boyd’ advanced 


Table 1. ADRENALINE, NORADRENALINE AND DOPAMINE IN CAT CAROTID 
BODIES 


Catecholamine 


Experiment No. of carotid content of specimens Percentage 

No, bodies (ug/carotid body) 

A NA DA A NA DA 

1 8 0-008 0-080 0-20 4 27 69 

2 6 0610 0-100 0-06 7 5R 35 

3 5 0-020 0-046 0-15 10 21 69 

4 5 0-020 0-088 0-16 9 32 59 

5 4 0-017 0-090 0-10 9 43 48 


A, Adrenaline; NA, noradrenaline; DA, dopamine, 
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the hypothesis that the phenolie amine which produces 
positive histochemical reactions in the glomus cells was 
located within the small granules. The present work 
supports this hypothesis and confirms that the cate- 
cholamine in the granules of some glomus cells is nor- 
adrenaline. It is still not known, however, whether the 
cells of the carotid body containing adrenaline and nor- 
adrenaline and the similar cells of the adrenal medulla 
have the same function. Lever and Lewis? suggested 
that the catecholamines of the glomus cells could take 
part in the initiation of chemoreceptive impulses in 
Hering’s nerve. Others, however, hold that the trans- 
mitting substance in Hering’s nerve is cholinergic’. 
The possibility that noradrenaline is discharged into 
blood stream cannot be ruled out. 

Sara R. Curoccut 

Ana M. BISCARDI 

Juan H. TRAMEZZANÝ 
Instituto de Biologia y Medicina Experimental, ; 
Buenos Aires, Argentina. 
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Local Sarcomere Contraction in Fast 
Muscle Fibres 


Tr has been reported! that if a small (about 5-40. in 
diameter) locally isolated region of the surface membrane 
of an intact fast muscle fibre of the frog (Rana pipiens) is 
sufficiently excited, local intracellular contraction occurs 
involving the entire diameter of only those Z disks or F 
bands immediately beneath the region of membrane 
excited. Strickholm found no sarcomere contraction out- 
side the locally excited region. The initiation of this local 
contraction had a depolarization threshold. Depolariza- 
tion alone was often insufficient to initiate contraction, 
however, and subsequent analysis indicated that’ the 
density of the inward membrane current during excitation 
was a more important determining factor. The local 
contraction was relaxed and resembled a twitch, although 
membrane depolarization was maintained. The surface 
membrane had to be repolarized before another local 
contraction could be elicited. 

In contrast to these observations are the results of 
similar experiments? on fast muscle fibres of the frog 
(Rana esculenta), in which local membrane excitation 
elicited a local graded intracellular contraction which 
penetrated only partially into the interior of the cell, 
This local contraction was maintained as long as the 
membrane was depolarized. These observations appar- 
ently contradict those of Stricekholm’. 

The reasons for these two opposing observations have 
been investigated during the past few years. Sufficient 
evidence has accumulated to show that both events . 
are normal. These studies suggest that a complicated: 
seasonal change occurs in the function of fast. frog 
muscle fibres. These changes in function involve not 
only the nature of contraction coupling but also 




























The active mem- A 
-brane currents observed here are very simi- 
dar to those seen in the giant squid axon®. 
“Tn. summer, however, the dependence of 
membrane current on time during step 
depolarization is entirely different, and a 
‘typical result is shown in Fig. 2. Reversal 
of the initial inward current phase was almost always 
absent in summer. A later outward current component 
was often seen, but is not shown here. A voltage stress of 
150-200 mV applied to the membrane for 1-2 msec often 
produced a later outward current component if it was not 

lready present. When the membrane of a normal muscle 
-o fibre was voltage stressed, the twitch type of contraction 
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Fig. 1. Time dependence of muscle membrane current after a step change 
In: 


membrane potential from a resting level of ~85 mV. Frog (Rana 
pipiens) sartorius muscle in early spring. 


(Fast Fibre, summer) 
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x _ Fig. 2. Time dependence of muscle membrane current after a step change 
in membrane potential from a resting level of —89 mY. Frog (Rana 
pipiens) sartorius muscle in late summer. 
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Fig. 3. Local membrane depolarization of a summer frog (Rana pipiens) sartorius musele 

ipette applied 
scope, parailel polarizers, objective aperture 
Muscle surface membrane locally depolarized by pipette to just heyond threshold for con- 
traction coupling. Contraction did not. occur in al] Z disks below the excited membrane. 
Ciné frame taken 55 msec after initiation of step depolarization, 
msec after step depolarization. Relaxation of contraction has begun despite a maintained 


at the surface, Ciné photography through a polarizing micro- 
0-25, temperature 10°C. a, Resting fibre, b, 


c, Ciné frame taken 85 


membrane depolarization, 


observed in the summer fast fibres usually reverted to a 
graded type of behaviour. It was also observed that the 
intracellular contraction almost always deteriorated when 
a local sarcomere region was excited more than twelve 
times. After repeated excitation, the contractions no 
longer involved the entire diameter of the cell but pene- 
trated only partially into the cell interior. The character- 
istics of fast muscle fibres in spring and autumn have not 
yet been delineated. 

Fig. 3 shows single frames from ciné photographs of 
local membrane excitation with subsequent contraction in 
summer fast muscle fibres. Even with high speed photo- 
graphy it was impossible to determine whether intra- 
cellular contraction began at the excited membrane 
surface and propagated inward or whether intracellular 
contraction took place simultaneously along the entire Z 
disk. The resolution of the ciné camera was 5 msee. 
This means that if the contraction spread inward it must 
have spread at more than 2 em/see (at 10° C). If the action 
potential is carried into the cytoplasm along the triad 
tubule structures of diameter 200-500 A (refs. 6 and 7), 
the inward velocity would be of the order of 1 em/see 
(10° C) as the velocity of the action potential in a core 
conductor is proportional to the square root of the 
diameter of the fibre’. This theoretical velocity is close 
to the observed minimum possible velocity. Techniques 
are currently being developed to extend the resolution of 
the camera to 10 usec. In this way, it should be possible 
to determine whether the contraction spreads inward along 
the triad structures or whether faster semiconduction 
mechanisms are involved’. We also found that adjacent 
Z disks and I bands have different depolarization thres- 
holds for initiation of contraction in summer fast fibres. 
These thresholds do not necessarily depend on the length 
of the Z disk under the excited membrane region. These 
apparent seasonal variations are at present being studied 
to ensure that they result from seasonal variations and 
not from other incidental causes. 

This research was supported in part by a grant from the 
U.S. Publie Health Service. 
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- Uterine Relaxant Properties of Viburnum 
wy drugs used by North American Indians are known 
have been incorporated into therapeutics as practised 
y the physicians of frontier America. One result of this 
was the number of native plant drugs which appeared in 
the nineteenth century editions of the U.S. Pharmacopeia. 
« Our interest in the chemistry and pharmacology of natural 
| products and in the investigation of the efficacy of these, 
mostly discarded, plant remedies has directed our atten- 

-tion to the genus Viburnum. Several species have been 
“mentioned repeatedly as uterine relaxants and general 
-“antispasmodics. Those most commonly cited are V. opulus 
_ (Cramp Bark) and V. prunifolium (Black Haw) which are 
“still listed in the United States Dispensatory'. These 
“varieties have also been the subject of some attempts at 
fractionation?-", but there has been much controversy 
about the real effects of drugs prepared from these plants. 

For a number of reasons", it is currently thought that no 
evidence exists which confirms their reputed biological 
activity. 
>o We have reinvestigated FV. opulus, V. prunifolium and 

the other varieties listed in Table 1 with regard to their 

capacity to act as uterine relaxants. Our work was con- 

ducted on single, in vitro, uterine horns from 10-12 week 

old virgin Holtzman rats. For three consecutive days 
before they were killed the animals were injected intra- 
| peritoneally with 10 ug of oestrone. This hormone treat- 
` ment produces a large vascular uterus which shows eon- 
- siderable spontaneous contractile activity. The uterus is 
_ prepared by freeing the ovarian ends from the posterior 
abdominal wall, trimming away all mesentery, and 
_ bisecting at the cervix to free each horn. The individual 
- segments are anchored in 75 c.e. of Tyrode solution (glass 
distilled water) baths which are oxygenated and thermo- 
-stated at 35° ©. To record contractile activity the muscles 
< are attached to inked heart levers and kept at 1 g tension. 
_ The spontaneous contractions of uterus horns prepared in 
this fashion are not usually uniform in size and are erratic. 
= To correct this lack of precision, 0-1 c.e. of 8 per cent 

barium chloride solution is added to the baths. Stimulated 

in this fashion the oestrogen primed uterus will give 

regular contractions of the same size for at least 8 h, It 
_-will show good relaxation in response to epinephrine 
= stimulation and, after washing, contractions are easily 
= ye-initiated with barium chloride. 

The plants used in these experiments were obtained 
from the Isaac Bernheim Foundation forests and their 
identities were verified botanically. Green samples were 
quickly frozen. To prepare extracts for testing, 20 g of 
frozen bark and stems were dry ground in a Waring 
lender for 5 min and then ground with 200 c.c. of reagent 
ade methanol for 5 min. .The residue was separated 
m the extract by gravity filtration and the methanol 
er was evaporated. The yields of extracts obtained 
6 listed in Table 1. The extracts were taken up in 
OQ ml. of glass distilled water and these solutions were 
used for the tests. The criterion for activity was the 
production of complete relaxation of the uterus. 

These results obtained from known material and uteri in a 
known state of oestrus show that there isno doubt as to the 
“uterine antispasmodic properties of Viburnum opulus and 
“oP. prunifolium. The data also show that this property 
is not limited to these two species. There is no implication 































Table 1. BIOLOGICAL ACTIVITY oF Viburnum VARIETIES 
Per cent 
Species yield ofextract Sample (ml.) Activity 
V. carleephalum 7 4t + 
V. chenaulti 5 2 + 
Y. dilatatum 6 5 -~ 
V. juddi 5 5 - 
Y, opulus 4 1 + 
V. opulua, dwarf 6 4 + 
V. prunifolium 5 4 + 
V., tomentosum mariesi 3 5 - 
Y, tomentosum: sterile 5 5 - 
F. triolobum 5 - 


* Where activity is indicated this figure is the volume required to effect 
complete relaxation. 
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that the compounds: responsible are the same in each 
case. We have obtained other evidence in contradiction 
to this. ' FEE 
Our investigations of the chemistry of Viburnum have 
been restricted to the historical examples, V. prunifolium 
and V. opulus. Using column and thin layer chromato- — 
graphy we have isolated from these two species a 
minimum of four very active uterine relaxants and are | — 
involved in structural and mechanistic analyses. Th 
mechanism studies lead us to postulate that these s 
stances are not sympathomimetic in action, but selee 
uterine relaxants which act directly on the musele, 
This work was supported by the Upjohn Compan: 
U.S. Public Health Service. We are grateful t 
management and staff of the Isaac Bernheim Foun 
for their assistance in obtaining the plant samples 
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Two Possible Visual Functions for Centrifugal _ 
Fibres to the Retina Fe 


In a discussion of the possible functions of centrifugal _ 
fibres to the retina, Brindley? suggests that the “‘diffleulty — 
of finding any convincing suggestion of how the centrifugal. _ 
control of retinal activity postulated could be of sufficient. 
use to an animal to justify the occupation of so: much 
space in the overcrowded optic nerve”, and “the compl 
lack in the great body of information that we have abo 
human vision of any phenomenon that requires centrifugal 
control”, both justify a cautious and sceptical attitude 
towards it. ms 

Since then the anatomical evidence for the existence of 
the centrifugal system in the pigeon has become ungues- __ 
tionable and detailed”, and it has been shown physiologic- — 
ally both that it is centrifugal and that it is activated — 
from the afferent visual pathway*. Much has been learned 
about the physiology of the centrifugal pathway to 
synaptic stations in the auditory’ and somatosensory ® 
system. It is possible on behavioural grounds to suggest: 
at least two visual phenomena that may be properties of 
the centrifugal system. ae 

In animals with a panoramic field of view and in- 
dependent eye movements covering two separate visual: 
fields, such as the pigeon, chameleon and seagull, a “single 
channel’? limit in the brain might entail the suppression. 
of signals from one eye while the other is in control of the 
response. There might, of course, be a rapid alternation -< 
between the two eyes. In this case a temporally precise 
control of each retina would be required, but this need not 
be exerted equally on to each class of retinal ganglion | 
cell. In visual systems like those of the cat, monkey an 
man, which have binocular vision over a central. 
























mente! 


838 


combined with two monocular fields, two types of suppres- 
sion might be needed. The first would make possible 
alternation between the independent monocular views 
provided by the lateral monocular fields, suppressing one 
of these. The second would operate in the binocular visual 
field, suppressing the retinal regions outside the horopter 
in order to eliminate disparities introduced from one eye 
from the eyclopean visual picture. This type of suppres- 
sion would require a centrifugal system high! y organized 
in space, and capable of rapid attenuation and adjust- 
ment over retinal areas as successive fixations are made. 
Traditional evidence from rivalry produced by the stereo- 
scope’, where the retinae seem to alternate, might repre- 
sent. the system working in an unusually simplified way. 

«This argument is supported by the recent report? showing 
that in retinal rivalry the pupillary response to light is 
‘suppressed in the nondominant eye by the dominant 
eye. 

Lorber et al. also showed that there was suppression of 
the pupillary response by saccadic eye movements, coupled 
with visual suppression. Saccadie suppression preceding 
and outlasting eye movements has been shown before’, 
and there is evidence that intense after-images resulting 
from pigment bleaching can be disrupted by eye move- 

All these phenomena of saccadic suppression 
could be carried out by an inhibitory centrifugal pathway. 
This would have to work in close co-operation with the 
spatial suppressions which compose parts of the visual 
picture, and it is tempting to suggest that both are 
specialized sub-functions of the centrifugal system running 
to the retina. The idea that retinal function is controlled 
in conjunction with eye movements or head movements is 
compatible with the known neuroanatomy of the centri- 
fugal system in the pigeon®. In addition, it resembles a 
possible function for the centrifugal fibres running to the 
dorsal column nuclei; that of modulating cutaneous 
Sensitivity while intentional movements take place. 


A. L. HOLDEN 
Laboratory of Physiology, 
University of Oxford. 
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Effects of Synthetic Eledoisin and Bradykinin 

on: Certain Invertebrate Preparations and the 
ae Isolated Frog Heart 

THe pharmacological actions of eledoisin and bradykinin 
have been extensively studied on several vertebrate 
preparations’. There is, however, little in the literature 


cy @oneerning the actions of these peptides on invertebrate 


tissues, although cledoisin was discovered in the mollusc 
Eledone?. 

Nervous tissue from some molluscan species has been 

_ Shown to contain a potent eardio-excitatory factor other 


- than 5-hydroxytryptamine**. This factor has been called 


substance X. 
“be ‘eledoisin. 
~ Our experiments were designed to observe the pharma- 
cological actions of eledoisin and bradykinin on certain 
invertebrate preparations and especially on a molluscan 
heart the response of which to substance X is well defined. 
We also carried out experiments with the isolated frog 


It may be a polypeptide’. It may even 
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Fig. 1. Eledoisin (£) at a concentration of 1-4 ug/ml. in the bathing 

medium inhibited the clam heart. After bathing the heart in sea water 

containing 50 ug/ml. mytelase (MW) for 15 min, the cardio-inhibitory 

action of the same concentration of eledoisin was blocked. This blocking 
action of mytelase reversed only slowly. 


heart in order to compare its response to the peptides 
with that of the isolated molluscan heart. 

Molluscan heart. Clam (Mercenaria mercenaria) hearts, 
isolated and bathed according to the method of Twarog 
and Welsh’, were inhibited by both eledoisin and brady- 
kinin". This inhibitory action was generally observed 
with peptide concentrations of about 0-2 ug/ml. or greater 
in the bathing medium. Greater dilutions than this did 
not excite the heartbeat. 

The heart was washed with dilute solutions of mytolon 
(WIN 2747) or mytelase (WIN 8077) (synthetic brady- 
kinin and eledoisin were kindly supplied by Sandoz 
Pharmaceuticals, Hanover, New Jersey, and mytolon 
and mytelase by Sterling-Winthrop Research Institute, 
Rensselaer, New York), compounds which block the 
action of ACh on this preparation’, and the action of 
both eledoisin (Fig. 1) and bradykinin was antagonized. 
This suggested that the effect of the peptides might be 
mediated by the release of endogenous ACh. Subsequent 
experiments showed, however, that the action of the 
peptides could be explained without assuming any release 
of ACh. 

Mercenaria hearts often show a reduction in sensitivity 
to ACh after they have been isolated and allowed to beat 
for 10 h or more in sea water. It was found, however, 
that this reduction in sensitivity to ACh is not paralleled 
by a reduction in sensitivity to eledoisin or bradykinin. 
Whereas the sensitivity of some hearts to ACh decreased 
eighty times in 10 h after isolation, the sensitivity of the 
same hearts to eledoisin and bradykinin remained approxi- 
mately constant or even increased (see Fig. 2). Mytolon 
still antagonized the inhibition produced by the peptides 
on the hearts with reduced sensitivity to ACh. 

The isolated frog heart was also inhibited by eledoigin 
and bradykinin. Additions of about 5 ug or more of 
either peptide to the perfusion medium produced this 
effect. In these hearts, unlike those of Mercenaria, 
neither mytelase nor atropine antagonized the action of 
the peptides. 

The actions of eledoisin and bradykinin were also 
tested on the hearts of two species of crab: Carcinus 
maenas and Cancer irroratus. The hearts were cannulated 
through the sternal artery and perfused internally with 
an appropriate saline solution, while immersed in a bath 
containing the same medium’. 0-5 ml, samples of solutions 
of active substances prepared in saline were applied to the 
interior of the heart. 

Hearts from both species were excited by the active 
peptides as well as by ACh. This effect was produced 
when concentrations of eledoisin or bradykinin of about: 
1 ug/ml. or greater were perfused through the heart. 
The peptides were about equally active, although in some 
trials there was an indication that eledoisin was slightly 
more potent than bradykinin, but rarely by more than a 
factor of two. Neither atropine nor lysergic acid diethyl- 
amide blocked the action of the peptides. 
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Fig. 2. Shortly after isolating the clam heart, a concentration of 0-45 gg/ml. bradykinin (B) in the bathing mediwn produced an 


inhibitory effect which was almost as great as that produced by 0-7 ng/ml. ACh (ACh 1). 


14 h later, the same concentration 


of bradykinin produced a greater inhibition than before, whereas 0-7 ng/ml. ACh did not in hibit the heart significantly. At this 
time, 10 ng/ml. ACh (ACA 2) produced only a slight inhibition and even a concentration of 30 ng/ml. ACh (ACK 8) did not cause as 
large an inhibitory effect as the bradykinin solution. 


The longitudinal bands of body muscle from the sea- 
cucumber Thyone briaereus, which contracts in low con- 
centrations of ACh®, were not markedly affected by the 
addition of either peptide. The only response observed 
was a very slight lengthening of the muscle to concentra- 
tions of either peptide of 4 ug/ml. in the bathing medium. 

One point which emerges from these experiments is 
that the actions of eledoisin and bradykinin are qualita- 
tively and quantitatively very similar on each of the 

% preparations tested. The action of the peptides on each 
of the heart preparations was superficially similar to that 
produced by ACh in each case, but only with the clam 
heart was the peptide action inhibited by agents which 
blocked ACh. It is unlikely, however, that the action of 
the peptides on the molluscan heart can be interpreted 
in terms of endogenous release of ACh, as might have been 
suggested, because if the inhibitory effect of the peptides 
was mediated by ACh release, any change in the sensitivity 
of the preparation to ACh would be expected to be paral- 
leled by a change in sensitivity to the peptides. This was 
not the case and the peptides can therefore act at sites 
other than those where ACh has its action. This would 
imply that mytolon and mytelase can act at sites other 
than the ACh receptors. 

The only observed effect of eledoisin on the clam heart 
was inhibitory, and substance X is therefore not eledoisin. 

Finally, it is worth noting the comparatively potent 
action of eledoisin and bradykinin on the isolated crab 
heart. This observation is of interest because there is 
evidence™! that certain peptide-like substances from 
the pericardial organs of brachyuran crustaceans can act 
as cardio-regulatory neurohormones. Bearing in mind 
the considerable differences in amino-acid composition 
and sequence between eledoisin and bradykinin, however, 
the fact that these peptides have quantitatively very 
similar effects on the heart is difficult to interpret in terms 
of specifie peptide receptors within the crab heart. 
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Institute of Neurological Diseases and Blindness, U.S. 
Public Health Service. We thank Prof. J. H. Welsh 
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facilities. 
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Opsonic Effect of Frog Yolk 


THERE is evidence that at least some yolk proteins of 
vertebrates originate in the liver and are transported to 
developing oocytes through the circulation, for example 
in the fishi, frog and chicken®. Marked pinocytotic activity 
during oocytic yolk accumulation has been noted in a 
variety of organisms, and is probably related to protein 
uptake’. In view of the apparent ready uptake of yolk 
proteins by oocytes, we became interested in the responses 
of phagocytic cells of the reticuloendothelial system (RES) 
to frog yolk protein and found that yolk of Rana pipiens, 
labelled with fluorescein and solubilized with sodium 
chloride, is readily cleared from the blood of mice*. In 
addition, however, we noted that yolk injected intra- 
venously also seemed to increase the rate of clearance of 
other materials. We have therefore investigated: the 
opsonic effect of frog yolk. ; 

Clearance investigations were carried out on the RES 
using CF No. 1 male mice (22-28 g body weight). ‘Pelikan’ 
C11/143la carbon in 1-0 per cent gelatine (given as a dose 
of 16 mg carbon/100 g body weight) and proteins labelled 
with fluorescein isothiocyanate (FITC) (given as a dose of 
3-5 mg protein/l00 g body weight) were used as. the 
clearance materials in a modification of the technique of 
Biozzi et al.*.  20-ul. blood samples taken from the retro- 
orbital vessels were lysed in 2-0 ml. of 0-1 per cent sodium 
carbonate and the concentrations of clearance material 
determined: carbon was measured from optical density 
measurements at 650 mu using a ‘Coleman’ spectro- 
photometer; the amounts of fluorescent proteins were 
obtained from measurements of the percentage trans- 
mission fluorescence using an Aminco-Bowman spectro. 
photofluorometer at excitation and emission wavelengths 
of 497 and 520 my respectively. oes 

The albumin-globulin complex® of human serum was 
labelled with FITC (Mann Research Laboratories) bya 
standard method’, dialysed against phosphate buffered 
0-15 molar sodium chloride, pH. 7-2, to eliminate unbound 
dye, and adjusted to a protein concentration of approxi- 
mately 3-0 mg/ml. with buffered saline. Human serum 
albumin complex* was made from erystalline human 
serum albumin (Pentex), labelled with FITC, dialysed 
against buffered saline, and adjusted to a protein con- 
centration of approximately 5 mg/ml. with buffered saline. 
Yolk protein soluble in 0-4 molar saline was prepared 
from the washed yolk platelets of seven adult Rana 
pipiens® and lyophilized before use. 

Mice were immunized against yolk protein or bovine 
serum albumin (BSA) (Nutritional Biochemicals Corp.) 
with three intravenous injections of a 1-0 per cent protein 
solution in 0-4 molar sodium chloride on alternate days, 
0-2 ml./20 g body weight in each injection. Mice were 
tested in RES clearance investigations 1 week after the 
third injection. 

Before injection as clearance materials, solutions of the 
albumin-globulin complex and the albumin complex were 
ineubated for 30 min at 38°C with an equal volume of 
control rabbit serum or a 2-0 per cent solution of yolk 
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ow C11/14 I : ml./2 9 
_ for incubated mixtures of albumin-globulin and albumin 
| complexes, 0-4 ml. /mouse. In the C11/143la carbon and 
_ albumin-globulin experiments, except for groups E and F 
which were given yolk protein-incubated albumin- 
globulin complex, a 2-0 per cent solution of either yolk 
| protein or bovine serum albumin in 0-4 molar sodium 
-Chloride was administered intravenously (0-2 ml./20 g 
body weight) after the 6 min retro-orbital sample period 
land 2). In experiments with albumin complex, 
protein solution was given intravenously after the 
tro-orbital sample. In one group given albumin 
; (Fig. 3C) the yolk protein solution was incubated 
min at 38°C with an equal volume of anti-yolk 
tein rabbit antiserum before injection, and 0-4 ml. of 
_ the mixture°given to the mouse after the 12 min retro- 
_ orbital sample. Four mice in each group were used in all 
ts reported here. 
xperiments with carbon as well as with proteins 
‘led with FITC showed an increased uptake of the 
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Fig. 12. Effect of yolk protein on carbon clearance. A, Mice sensitized 
< to yolk protein; B, mice sensitized to bovine serum albumin. Arrow 
indicates time of administration of 2-0 per cent yolk protein solution, 
02 mL/20-¢ body weight. Yolk protein significantly increased carbon 

<o elearance in mice sensitized to yolk protein (P < 0-01, £ test). 
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Fig, 2. Effect of yolk protein and bovine serum albumin on albumin- 
< globulin complex clearance. Group 4, C and E (solid lines): mice sensit- 
ized to yolk protein; groups B, Dand F (broken lines): mice sensitized to 
bovine serum albumin. Arrow indicates times of injection of yolk protein 
{groups A and B) or bovine serum albumin (groups C and D). Only 
“yolk protein significantly increased the clearance of albumin-globulin 
complex (P < 0:01, ¢ test), 
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Fig. 3. Effect of yolk protein on albumin complex clearance. A, Mice 
sensitized to yolk protein; B, non-sensitized mice. Arrow indicates time... 
of injection of groups A and B with yolk protein and group C (mone ae 
sensitized mice) with pre-incubated yolk protein and an anti-yolk protein gt 
antiserum mixture. Yolk protein significantly increased clearance of 
albumin complex; also, the effect was significantly greater in group A 

than in group C (P <0-01, £ test), 


clearance material in the presence of yolk protein. Studies 
with C11/143la carbon revealed an immediate increase 
in the rate of carbon clearance after the injection of 
yolk protein in mice sensitized to yolk protein, although 
no effect was found in mice sensitized to bovine serum 
albumin (Fig. 1). Fig. 2 shows that injection of yolk 
protein increased the uptake of albumin-globulin complex 
both in mice sensitized to bovine serum albumin and in 
those sensitized to yolk protein (groups A and B), although 
a greater effect was noted in mice sensitized to yolk pro- 
tein. Injection of bovine scrum albumin, however, had’: 
no effect on the clearance of albumin-globulin complex in. 
mice sensitized to yolk protein or bovine serum albumin 
(groups C and D). Pre-ineubation of albumin-globulin 
complex with yolk protein markedly increased the uptake 
of albumin-globulin complex from the blood in both 
groups of sensitized mice, especially during the first 
minute after injection (groups Æ and F). The clearance 
stimulation effect was again greater in mice sensitized to 
yolk protein. Experiments with albumin complex also. 
showed an effect of yolk protein on increasing clearance’ 
by the RES in mice (Fig. 3). As in experiments using 
carbon and albumin-globulin complex, this effect was 
more marked in mice sensitized to yolk protein than. in” 
controls. Moreover, yolk protein incubated in antiserum 
and given to non-sensitized mice (Fig. 3, group C) produced 
an effect on the uptake of albumin complex similar to that 
shown in mice sensitized to yolk protein. This suggests 
that at least some of the enhanced effect of yolk protein on. 
clearance rate in immunized mice is due to circulating | 
antibody as opposed to differences in cellular immunity — 
between RES cells. The rate of clearance of both albumin- 
globulin and albumin complex materials was also increased 
by injected rabbit antisera (anti-human whole serum and 
anti-human serum albumin) but was not altered by control 
serumi, 

The results reportcd here indicate that frog yolk 
protein readily binds to protein complexes aggregated by 
heat as well as to colloidal carbon and also acts as a non- 
specific opsonin by promoting clearance of these materials : 
by the RES. Although it is possible that yolk protein may 
stimulate RES function directly or indirectly, the results 
obtained with albumin-globulin complexes incubated with- 
yolk protein indicate that the clearance effects reported ©. 
here for yolk protein are primarily due to the formation 
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_of a complex between the clearance material and the yolk 
srotein. Perhaps at least some of the opsonie property of 

lk protein is due to the presence of histones in amphibian 
olk™, as basic polypeptides have been shown to be 
effective opsonins'. Because of the observed opsonic 
_ behaviour of frog yolk proteins in mice, we suggest that 
„æ this opsonic property is an important factor in promoting 
|= the uptake of yolk protein by developing frog oocytes. 
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Origin of Proteins in Amniotic Fluid 


_ Tues origin of the proteins in amniotic fluid is not known 
with any certainty. Previous evidence, obtained from 
investigations with electrophoretic techniques’? and 
: labelled proteins*, suggests that they are obtained from 

the maternal circulation by filtration through the foetal 
membranes. The fact that human placental lactogen 
(HPL) is found in appreciable amounts in normal amniotic 
fluid and maternal serum, while it cannot be demonstrated 
in cord blood!, raises the question of whether this protein 
hormone originates from its maternal or the foetal circula- 
tion. This question is important if the endocrine activity 
; of the protein is to be explained. 

The Ge protein is an a, serum protein, which makes 
possible the classification of human sera into three 
commonly occurring genetic types 1-1, 1-2 and 2-2. 

The types of Gc proteins which were present in mother, 
child and amniotic fluid in 16 cases were determined. 

«The amniotic fluid samples were collected by puncture 

through the foetal membranes, but samples containing 
blood were not used. Samples free from blood were 

cleared by passing them through filter paper. The determ- 
ination .of the Ge types was made possible by con- 
centrating the samples twenty to thirty times, using 
ultra-filtration at +4° C. The final protein concentration 
as 3-4 per cent. The anti-Gce serum used was prepared 
by immunizing a sheep with Ge protein, which had been 
purified by vertical starch electrophoresis. The resulting 
antiserum was made specific for the Ge protein by ab- 
sorption with 1/5 volume of normal human serum. 

In the seven cases where the mother and the child 

> belonged to different Ge types, the Ge type of the amniotic 



















Table 1. Ge TYPES OF COMBINATIONS OF MOTHER, AMNIOTIC FLUID AND 
; CHILD 
A. Mother and child dissimilar 
Mother Amniotic fluid Child No. 
“ 1-1 1-1 1-2 1 
HE 1-2 1-2 1-1 3 
1-2 1-2 2-2 2 
2-2 2-2 1-2 $ 
-7 B. Mother and child similar 
Mother Amniotic fluid Child No. 
1-1 1-1 1-1 7 
1-2 1-2 1-2 2 
2-2 2-2 2-2 ~ 
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Fig. 1. Immunoelectrophoresis, showing the Ge types of mother, A; 
child, B; and amniotic fluid, C. The Ge type of the amniotic fuid is 
the same as that of the mother, 


fluid was invariably that of the mother (Fig. 1, Table 1). 
No evidence of any Ge protein belonging to the child was _ 
found. Bales 
This investigation shows that the Ge protein of amniotic 
fluid is obtained from the maternal circulation. Taken 
in conjunction with previous investigations! and the 
fact that HPL cannot be detected in cord blood even 
though it is present in amniotic fluid, our results confirm 
that most of the proteins in amniotic fluid are of matèrnal 
origin. 
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Extremely High Acuities of Taste for Phenyl- 


thiocarbamide in Human Population Groups —__ 





A SERIES of solutions of phenylthiocarbamide (PTC) in — 
distilled water have been fairly widely used in recent ” 
years**"© in estimating the thresholds of taste for PTC | 
of human subjects. The solutions are integrally numbered » 
from zero, the concentration of solution numbered n being 
2-60 x 2” g PTC/l. and the reference material is the. 
solvent itself. Most of these studies, including my own, 
have relied on sorting trials to reduce the effects of guess- 
work or mendacity on the part of the subject; the actual 
number series used has been 0, 1, 2, 3, ete. A subject who 
fails to discriminate successfully between solution n + 1 
and distilled water but succeeds with solution n has an 
(observed) “discriminated solution number” of n, and 
the best estimate of the “threshold solution number” is 
considered to be n + 05°. Corrections, which are usually. 
small, can be made for the effects of age and sex*. 

By 1957 the highest discriminated solution number: 
that had been encounterod was >18, and there wi i 
facilities at the time for checking the subject with 
tions of number greater than 18, In Hokkaido 
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however, a number of subjects of Ainu, Japanese and 
Ainu-Japanese stock. were encountered possessing dis- 
criminated solution numbers in the region of 19-23. Their 
corresponding PTC concentrations ranged from 45 to 
0-31 yg/l. Taste sensitivities of this order had never 
before been recorded for any substance. Since then three 
of fifty Japanese subjects studied in Honshu were found 
to have discriminated solution numbers greater than 
18 (range, 19-22)4, 

In a recently completed study of Australian Aborigines 
near Kalgoorlie, Western Australia, three out of fifty 
subjects were found to have discriminated solution 
numbers greater than 18 (range, 20-23); and more recently 
in Pusan, Korea, five and two individuals respectively 
in two successive samples each of fifty Korean subjects 
drawn mainly from among medical students and trainee 
nurses have been found to have discriminated solution 
niunbers greater than 18 (overall range, 19-23). The 
occurrence of these extremely high acuities of taste for 
PTC is thus rather widespread though the frequencies 

-appear mostly to be low, and the possibility exists that 
acuities of this order may occur in some groups in which 
they have not been hitherto detected. 

A detailed account of the results obtained with the 
Korean and Australian Aboriginal subjects will be pub- 

“lished elsewhere. It should be mentioned, however, that 
they appear to support the view that many of the values 
in this particular region belong to a specific category of 
individuals responsible for one of the modes in a general 
multimodal (rather than ‘‘classical’’ bimodal) pattern of 
distribution of acuities of taste for PTC in human popula- 
tions. 

I thank Prof. Liu Bang-Hyun, Prof. Moon Hyo-Joong, 
Sohn Sung-Chul of the College of Medicine, Pusan National 
University, Dr. Park Bong-Hyun of Pusan, Prof. Baik 
Tai-Yun and Dr. Park Euck-Sick, Department of Surgery 
in the College, for their advice and assistance. 
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Role of Progesterone in Inhibition of Muscle 
Tone and Respiratory Rhythm in Foetal Lambs 


From about the thirty-fifth (+ 1) to the sixtieth (+ 5) day 
of gestation, the reactivity of foetal lambs to stimulation 
of the snout and limbs becomes more complex. The initial 
|: phasic responses of the skeletal muscles are replaced by 
¿tonie and the generalized activity which gradually develops 
-into a “righting” pattern. Rhythmic movements of the 
_ diaphragm accompany the “righting” activities and often 
- outlive them. Temporary occlusion of the umbilical cord 
during this period depresses activity and reactivity in a 
regular manner, At about the sixtieth day the foetus 
becomes less active and the responses to stimulation of the 
snout and limbs are sluggish and localized. Temporary 
occlusion of the cord initiates “gasp like” activity of the 
-respiratory centre and, in some individuals, also induces 
a generalized response in the limbs. After about 120 days 
of gestation the threshold of limb reflexes appears to be 
reduced and the activity of the respiratory centre is less 
suppressed and less inhibited!. The effects of lesions of the 
central nervous system on these activity patterns sug- 
gested that their suppression, at about the sixtieth day of 
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gestation, was the result of an inhibition caused by the 
functional maturation of higher centres, whieh ceased 
when the oxygenation of these centres improved after 
birth’. This explanation requires modification, for 
progesterone of placental origin may be responsible, in 
part at least, for the decreased excitability of the foetal 
nervous system in vivo. 

The placenta of the ewe begins to produce progesterone 
in physiologically significant amounts just before the 
suppression of foetal activity at about the sixtieth day of 
gestation, because later removal of the ovaries does not 
interrupt pregnancy*®. Progesterone has a sedating effect 
on the nervous system of the sheep. The behaviour of 
pregnant ewes changes after daily intramuscular injections 
of 125 mg progesterone. The ewes are usually less excitable 
when handled on the second day after the initial injection. 
Pregnant ewes under daily progesterone treatment can be 
recognized by the difference in their behaviour before 
and during the period when injections are being given. 
Operation under spinal anaesthesia and pentobarbital 
sedation causes the uteri of pregnant ewes which have 
received progesterone on each of three preceding days to be 
more flaccid than those of untreated controls by day 120 of 
gestation. They are also much less reactive to the surgery 
involved in the introduction of catheters into the umbilical 
circulation’. The limbs of the foetus of a progesterone. ,, 
treated ewe delivered by caesarian section have less tone 
than those of untreated ewes, and respiratory activity 
starts abnormally late after occlusion of the umbilical 
circulation. 

Finally, we have observed that muscular tone and 
respiratory activity of lambs delivered almost at the end 
of gestation, by caesarian section. can be reduced and 
inhibited respectively by intravenous injections of 
aqueous progesterone (Ayerst). For example, 2 min after 
a dose of 6 mg/kg body weight a 135 day foetus that had 
been “shivering” and had good muscle tone in the limbs 
became quite flaccid and atonic. The rate of the respiratory 
rhythm was not altered, but the depth of inspiration 
decreased significantly. Within 3 min of administration 
of a second dose of the same size the rate decreased by 
about 25 per cent, and immediately following a third dose. 
7 min after the first, the rate decreased to about half the 
original and the rhythm became irregular. Deeper 
inspiration was noted and the rhythm was frequently 
broken by short periods of apnoea. Three minutes after 
the third dose of 6 mg/kg and 10 min after the first dose. 
respiratory activity ceased. It is not always possible 
to grade the dose for selective inhibition of the limb 
muscles and gradual suppression of the respiratory activity, - 
but complete inhibition of the respiratory centre always 
appears to follow within 8-10 min of an intravenous dose. 
of 25 mg/kg of progesterone. 

This suggests that in the uterus of the ewe the sup- 
pression of foetal activity, which begins at about the 
sixtieth day of gestation and persists until the end, may 
be caused, like activity of the uterust, by progesterone 
from the placenta. In that case ocelusion of the umbilical 
circulation not only affects the level of the respiratory 
gases in the foetal blood but also decreases the rate at 
which progesterone reaches the foetus to suppress the 
activity of the central nervous system. These possibilities 
are now under investigation. 
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© Developmental Differences of Alkaline 
~ Phosphatase Zymograms from Drosophila 
melanogaster and D. ananassae 


_ ‘Tue changes in the protein phenotype during development 
and the mechanisms controlling such changes are not well 
understood at present. Many experimental procedures 
have been used in insects, but there is still little insight 
into the problem. Experiments have ranged from a 
gross morphological approach with organs and organ 
transplants to the detection of DNA and RNA synthesis 
in the puffs of the salivary gland chromosomes’. The 
developmental effects of hormones and tissue extracts’ 
and the cytochemical tracking of histone changes in early 
development? can be included in this range. 

The use of isozymes to follow ontogeny also seems 
a promising approach. Indeed, lactic dehydrogenase 
isozyme patterns specific to tissues‘ were originally 
worked on, and the original investigation has been fol- 
lowed by a large number of reports on this and other 

: enzyme systems. Starch gel electrophoresis’ has been 

used in the description of the changes in lymph proteins 

during ontogenesis in Drosophila melanogaster*, Changes 
w. in zymogram patterns during development have been 
> noted in reports dealing with genetic isozyme variants in 
D. melanogaster’, and zymogram changes have been 
found in other insects also’’-. Some of the alkaline 
_ phosphatase isozymes in Drosophila have recently been 
shown to be specific to different organs during develop- 
ment'*. 

: A rather obvious extension of the work on develop- 

mental isozyme variations is to search for genetically 
simple alterations of the developmental pattern. (An 
example of an alteration has been found in D. melanogaster, 

_ but the genetics of the system are apparently not simple.) 
“After locating the alteration of pattern at a particular 
point in development, associated morphological and 
physiological abnormalities could then be traced. This 
would be the reverse process to the biochemical analysis 
of established morphological and physiological mutants. 

Even without clear examples of altered developmental 

patterns within a species, some attempts are possible with 

closely related species which show developmental dif- 
ferences in homologous isozyme systems. This com- 
munication is a preliminary account of such a system, 

alkaline phosphatase (AP) in D. melanogaster and D. 

ananassae. 

Standard laboratory strains (Genetics Foundation, 
< University of Texas) of D. melanogaster and recently 
captured strains of D. ananassae from Tutuila, Samoa, 
‘were the primary sources of material. Additional wild 
strains of both species collected from various points 
< around the world and kept in laboratory culture for 
various lengths of time were also examined. Results 
from the various sources were in agreement. The tech- 
‘niques used for starch gel electrophoresis and for staining 
were those reported previously for alkaline phosphatase’. 
Whole individuals were homogenized one by one according 
to a modified procedure. Data relating to the poly- 
morphisms in the D. ananassae and the establishment of 
genetic and biochemical homology between the two species 
will be reported elsewhere. 

D. melanogaster. An earlier publication briefly men- 
tioned changes in the zymograms of AP during develop- 
ment’. Fig. 1 outlines the changes more precisely for the 
most prominent AP zymogram zones. Several com- 
“ponents of minor staining intensity are ignored. After 
= approximately 30 h of pupation, the major larval AP zone 
lessens in staining intensity and a new band of greater 
electrophoretic mobility appears. Before the adult 
emerges, the AP band of 30-h pupae disappears and a 
third electrophoretic form, again of slightly greater 
mobility, appears. For relatively short periods of time 
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during the changes, the particular patterns involved. 
appear to be blended together. The imagos show no trace- 
of the major third instar larval or pupal AP bands. 
Several lesser zones, however, are common to more than 
one major stage of development. Two of these show 
higher staining intensity in acid buffers. : 

In larvae there are two known electrophoretic types 
(fast and slow) of the main AP zone. The two types are 
controlled by alternate alleles (AphF and Aph$) of a. 
locus on chromosome ITI (ref. 7). Homozygous strains of. 
both types are relatively common in laboratory stocks. . 
The difference between fast and slow electrophoretic — 
types in larvae is also present in pupae, that is, although 
bands of greater mobility appear in pupae, they are faste 
in strains where the larvae have the fast pheno 
(Fig. 1). This suggests that some common entity öxi; 
both larval and pupal forms of AP, and is. eviden 
against the hypothesis that synthesis of totally new 
independent AP enzymes is initiated at successive intervals 
during pupal development. A third allele of the larval - 
Aph locus has recently been investigated’*. When homo- | 
zygous, this allele produces no detectable major AP-zone, 
either in larvae or throughout the pupal period. This. 
supports the contention that at least one molecular: 
unit is common to the multiple forms of AP in develop: 
ment. oh 

D. ananassae. Several isozyme systems have ‘been: 
compared in D. melanogaster and D. ananassae and a - 
great deal of similarity is evident. Three electrophoretic — 
variants of larval AP have been found in the ‘Tutuila 
strains. Individuals that are heterozygous for any bwo 
variant forms show a three-banded hybrid pattern. This — 
is similar to what was observed with D. melanogaster and _ 
probably indicates that AP is at least a dimeric structure. 

Pupal stages of D. ananassae comparable to those in- 
vestigated of D. melanogaster showed a very similar pattern. 
of change (Fig. 2). One striking difference, however, is the 
reappearance of the larval pattern in adult males. No 
larval bands appear in adult females. Although the- 
“larval” pattern stains somewhat less intensely in adult 
males, an apparent identity with the larval form was- 
deduced genetically. The three homozygous larval AP 
types have characteristic mobilities which increase in 
parallel increments during development. Adult males. of 
each type show an AP band, the position of which. cor- . 
responds exactly to that of the larval AP band (Fig. 2). 
Similarly, the three-banded heterozygote patterns. had 
identical positions in larvae and adult males. Segregating — 
crosses for different heterozygous and homozygous: types 
produced the same types and in the same frequencies in - 
larvae and adult males also. ee 

The nature of thé electrophoretic changes of AP _ 
mobility during development is at present not clear. .. 
Conceivably the addition or substitution of a more highly 
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Fig. 1. Changes of D. melanogaster AP during development, showing the. 

difference between fast (a) and slow (b) electrophoretic variants of. the 

major larval zone and the corresponding bands in later stages. 1, Third 

instar larvae; 2, 30 h pupae; 3, 90 h pupae; and 4, adults, The arrow. 

indicates the direction of migration. The dotted lines indicate the relative ©. 

positions of the fast AP form in larvae and early pupae to make it easlel 
to see the differences. ; 









WL ol 
mee 


PSPSPS FP g 
1 2 3 4~ 
Fige, Changes of D. ananassae AP during development showing two 


iy ‘électrophoretic types (a and b) in stages of development comparable to 
lis p: melanogaster in Fig. 1. Bands of minor staining intensity are not 
neluded, 









emale and male adults are included to show the reappearance 
of the larval zone in males. 


charged sub-unit could be responsible in both species, 
-$o If this is so, the return of the larval pattern in D. ananassae 
_. should be the result of reactivation of the synthesis of the 
_ sub-unit in males only. Changes in the molecule may not 
reflect changes in activity of the Aph structural locus. 
For example, chemical alteration such as changes in sialic 
id content may result from differences in the chemical 
environment during the course of development and in 
© adult males and females. This problem will be resolved 
= when all the loci directly involved in AP structure and 
_ synthesis are known. A comparison of changes among 
- various taxonomic groups of related species may prove 
Valuable in the reconstruction of the complex phylogeny 
of Drosophila. 
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 Amino-acid Content in Needles of Abies 
balsamea and Picea mariana growing on 
Different Sites 


| abundance of tyrosine among the free amino-acids 
igneous plants of the lesser forest vegetation has been 
emphasized. Because this amino-acid may be significant 
ignin synthesis and in resistance to frost?, the present 
estigation was undertaken to test the relative abund- 
© of tyrosine in the free amino-acids of the needles of 
balsam fir (Abies balsamea (L.)) and black spruce (Picea 
“mariana (Mill.)), which grow in widely separated areas 

of the Quebec boreal forest region’. 

Composite samples of needles grown in the current year 

were collected from the lower branches of trees growing 
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conditions. Collections were made during 

` day at the end of the growing season before frost. 
At each place the foliage was taken from ten dominant 
trees growing on two types of site (as assessed. by ground 
vegetation patterns and site index). Black spruce growing 
on poor sites was sampled at two localities. Black spruce - 
and balsam fir on good sites, and balsam fir on poor sites x 
were each sampled in four localities, giving fourteen 
sampling areas. 

Free amino-acids were extracted from dried tissues! 
and separated by two-dimensional paper chromatography 
to determine possible differences in distribution among 
species and sites. Identification of amino-acids in extracts 
of the tissue was from chromatographic maps constructed 
using pure amino-acids and a tracer. The recovery of 
individual pure amino-acids averaged 87 per cent. 

The results (Table 1) indicate an overall qualitative 
similarity in the free amino-acid pattern of the two tree 
species studied, but considerable variation in the amount 
of free amino-acid content is found between and within 
species, the latter being ascribed to differences in the 
conditions of growth. 





Table 1. 
BALSAM FIR AND BLACK SPRUCE GROWING ON TWO 
(mg/100 g dried tissues) 


Species Abies balsamea (1.) Mill. Picea mariana (MiNll.) BSP 


AMINO-ACIDS IN AN AQUEOUS EXTRACT OF DRIED NEEDLES OF 
DIFFERENT BITES 
5 lla 








Site type* Dryopteris- Hypnum- Sphagnum- 
Oralis Kalmia Hypnum Rubus 
Site index 45 32 37 19 
Amino- No, of samp- 
acid ling areas 4 4 4 2 
Alanine 41-243-9¢ 252471 36-644-5 28-5 + 50 
ee polity ae 221477 18-5440 ATH 45 26-843-6 
ac 
Arginine T to13 T to 2-0 — kans 
As ne _ — T tolt T toti- 
Aspartic acid 1641-2 T to 05 12408 17+. 
Cysteic acid 51257 T to 2-7 9-049-0 B44 24 
Glutamic acid 21406 TtoLo 1241-0 LO+ 0-54 
Glutamine 4441-9 T to 2-0 2-5 + 2-9 T to 12 
Glycine 2540-7 T to16 L723 T toit 
Lysine — — T to 2-9 T to OF. 
Methionine T T T T 
henylalanine T ei _ ee 
Proline T T 27i+08 22-5441 
Serine 2042-5 T to 1-0 4044-0 T to Tü 
Tyrosine 64411 28-6 +49 SpA tTa 88:0461 
* Based on height of dominant and co-dominant fir and black spruce 
50 years old, f 


+ Expressed as means +S.D. 
~~, Not detected. 
T, Detected but too weak for determination. 


The characteristic feature of the free amino-acids of 
freshly fallen balsam and spruce needles is the high > 
concentration of alanine and tyrosine in both species, and 
of proline in black spruce. These concentrations are 
much greater than those obtained by Muir et al.4 with 
dried Scots pine needles, especially with respect to tyrosine 
the influence of which on tree growth is under investiga- 
tion. 
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Non-parasitic Mites causing Death of 
Guinea-fow! Chicks 
In Britain, hay is often infested with mites, especially 
the species Tyrophagus longior (Gervais) and Kleemania 
plumosus (Oud.), and Hughes? gives other species which | 
oceur in hay. Near Aberdeen recently, substantial losses — oe 
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of guinea-fowl chicks oceurred where birds were housed 
rectly beneath a loft containing baled hay. The hay 
s found to be heavily infested with the following species 
‘mites: T. longior, K. plumosus, K. plumigera (Oud.), 
Glycyphagus destructor (Schrank) and Acarus farris 
(Oud.)—mainly hypopi. Veterinary examination did not 
indicate any specific disease to be responsible for the 
* death of birds, which amounted to about seven hundred 
out of a total of two thousand chickens. All deaths 
~ oeeurred when the chicks were about 14 days old, and over 
a period of 2-3 days. It was found that the mites were 
_ “raining down” on to the chicks from the loft. Although 
 guinea-fowl are hardy and easy to rear they are very 
nervous, and the number of mites present was considered 
_ to be responsible for affecting the behaviour of the chicks. 
Excessive overcrowding, with birds three to four deep, 
‘caused suffocation under the brooders, where the birds 
-congregated as a result of the mites constantly present 
without brooder cover. 

It is rare for poultry to be housed under the conditions 
_ described, but following the removal of the chicks from 
` the mite-infested area all deaths ceased within 48 h, and 
subsequent behaviour appeared to be normal. So far as 
guinea-fowl are concerned the observations suggest that 
here substantial numbers of non-parasitic mites cover 
the body, the irritation caused influences behaviour with 
serious consequences. 

CI thank Dr. A. M. Hughes, Royal Free Hospital School 
f Medicine. for her confirmation of the mite species found. 
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“Intestinal Tumours in the German Cockroach 
a Blattella germanica L. 


-NATURALLY occurring tumours are extremely rare in 
insects. Harker! in her review reports that, except for 
those in Drosophila, only two have been described during 
the past 25 years. Tumours can, however, be induced in 
cockroaches by cutting the nerves??, by repeated implanta- 

“tion of suboesophageal ganglia which are out of phase, 

‘and by ligature of the salivary ducts®. We have tried to 

induce tumours experimentally in the German cockroach, 

and discovered that naturally occurring tumours (those 
ccurring without known causes) were very frequent in 
ur colony of the insect. If the recurrent nerve, which 
nervates the anterior parts of the intestine and the 
salivary organs, was severed, there was no effect on tumour 
frequency in our experiments on Biattella germanica. 
imilar results were obtained in the American cockroach, 

Periplaneta americana, after severance of the recurrent 
erve’. We were therefore able to treat all our material 

as a single unit. Fig. 1 shows diagrammatically the 

distribution and frequency of tumours in the salivary 
“organs and the intestines of a total of 246 individuals of 
Blattella germanica. This shows that tumours were found 
mostly in the ectodermal parts of the intestinal tracts 
~ and especially in the rectal parts. Tumour frequency 
< inereased with the age of the host and 96 per cent of older 
| males were tumorous. Females from the same age groups 

< -were less susceptible than the males. 

< These tumours had the histological characteristics of 

intestinal tumours of insects’; spindle shaped cells often 

_ formed ‘whorl-like structures. They were sometimes so 

-| Jarge as almost to block the passage of the intestine, but 

at present we do not know if there is any mortality caused 
“by these tumours, or whether they form metastases. 
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Fig. 1. Diagrammatic representation of the distribution and freni 
of tumours (black sections) in the intestine and salivary organs © : 
Blattella germanica. CN, Colon; CR, crop; IL, ileum; OE, oesophagos; - 
PY, proventriculus; R, rectum; RP, rectal pads; SG, salivary gland; <o 
SR, salivary reservoir; F, ventriculus. EE Tas 
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Microglobulin synthesized in Cell Culture of os 

the Lymph Nodes and Spleen of the Rabbit 
Tue proteins synthesized in vitro by lymphoid tissues of 
immunized animals are known to consist of an antibod, 
fraction and a gamma-globulin fraction which cannot be 
identified as an antibody. Even in hyper-immune rabbits, 
the amount of newly formed antibody will not exceed: — 
40 per cent of the total gamma-globulin synthesized?. 
This investigation is concerned with the size of the mole- 
cules of the non-specific gamma-globulin synthesized in 
cultures of rabbit lymphoid cells. , 

On the fourth day after a booster dose of human serum. 
albumin (HSA), the spleen and lymph nodes were removed,’ 
the tissue minced, the suspension passed through a 
‘Capron’ mesh and the cells cultivated in a speci 
camera®*. A carbon-14 hydrolysate of Chlorella: pro 
was introduced into the medium as a source ©) 
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active amino-acids. After incubation, the cells were 


disintegrated by homogenization in hypotonic 0-02 molar 
tris buffer, pH 7-8, and the homogenate was centrifuged 
together with the culture medium for 30 min at 105,000g. 
All antibodies were then adsorbed from the supernatant 
layer by means of HSA fixed on cellulose; this procedure 
was repeated four times. The newly synthesized non-anti- 
body gamma-globulin was then removed from the super- 
natant layer by means of asorbent antibody, which consisted 
Of an insoluble complex of rabbit gamma-globulin (RGG), 
fixed on cellulose and donkey anti-RGG (ref. 5). The 
“sorbed gamma-globulin together with the donkey anti- 
«bodies were eluted with glycine buffer, pH 1-8. 
<The size of the molecules of the radioactive RGG 
prepared by this method was estimated by filtration® 
. through ‘Sephadex G-200’ in normal acetic acid. Crystal- 
line bovine serum albumin (BSA) and lysozyme or rabbit 
gamma-globulin and ovalbumin were used as reference 
proteins. Absorption at 280 my was determined in frac- 
tions leaving the column and radioactivity was counted 
by the disk method’. In order to do this, 0-5 mg of bovine 
‘gamma-globulin was added as protein carrier to each 
fraction and the total protein precipitated by trichloro- 
acetic acid. The precipitate was washed with a mixture 
“Of alcohol and ether and also with ether alone. It was 
then dissolved in 0-1 ml. of formic acid, placed on paper 
v disks and the radioactivity measured with a liquid sein- 
_tillation counter. The results are presented in Figs. 1 
and. 2. It will be seen that the radioactive label gave rise 
to three peaks. The first peak is not hindered by gel 
and accounts for IgM globulin, the non-splitting complexes 
of rabbit gamma-globulin and donkey antibody. The 
second peak of radioactivity is characteristic of the main 
balk of the gamma-globulin which has been freshly syn- 
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Fig, 1. Filtration through ‘Sephadex G-200’ in 1 N acetic acid of radio- 

active gamma-globulin synthesized in cell culture, with reference proteins 

such as bovine serum albumin (polymer complexes, Mit hasan and 

monomer, monoBSA) and lysozyme (Lys). The dotted line denotes 

radioactivity, and the continuous line adsorption at 280 mz. Column 
size was 2-3 by 50 cm, and the fraction volume 3 mi. 
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Fig. 2. Filtration through ‘Sephadex @-200’ in 1 N acetic acid of radio- 
active gamma-globulin synthesized in cell culture, with reference 
proteins such as rabbit IgG globulin (yG) and egg albumin (ova). 
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thesized in the cell culture and corresponds in size to 
IgG-globulin. The third peak is small (about 5 per cent 
of the total radioactive gamma-globulin leaving the 
column) and appears after the ovalbumin peak but before 
that of the lysozyme. When the radioactive antibodies 
isolated from the tissue culture medium? by a specific 
Immunosorbent were filtered through gel, the third peak x 
was absent. It is obvious that the protein molecules of 
the third peak are somewhat smaller than ovalbumin, 
molecules (about 25,000-30,000). The protein of this peak 
does not result from the disintegration of IgG-globulin by 
proteolytic enzymes of lymphoid cells, because the mole- 
cular weight of the main proteolytic fragments of rabbit 
IgG-globulin is too great and is independent of the enzyme 
used’, 

The protein of the third peak is probably either a 
microglobulin that has been independently synthesized, 
or a by-product of immunoglobulin synthesis similar to 
the microglobulins with a molecular weight of about 
25,000 which have been found in human plasma*? and 
the nature of which has not yet been determined, 
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Absence of Allotype b4 in the Heavy Chains 
of Rabbit yG-immunoglobulin 


ALLOTYPES (4) are genetically determined specificities of 
globulin molecules. In rabbit yG-immunogiobulin, 41-3 
and A4-6 are two groups which are controlled by alleles 
at the a and b loci respectively!*. A1-~3 groups are found 
in the heavy chains and A4—6 in the light chains‘. By 
peptide mapping of the light chains, it has been shown® 
that the allotypic specificities controlled by the b locus 
are related to differences in the amino-acid sequence. 

There has been some uncertainty about the possible 
occurrence in heavy chains of specificities controlled 
by the 6 locus because all preparations of heavy chains so 
far tested have contained such determinantst®.7. Of the 
explanations advanced to account for these results, the 
simplest is contamination of the heavy chain preparations 
by light chains or unreduced yG-immunoglobulin, and 
quantitative precipitation supports this view*. Recently, 
a method has been developed, using guinea-pig yp immuno- 
globulin, for obtaining heavy and light chains which are 
biologically active and immunologically pure’. The 
present report therefore has two purposes—to demonstrate 
the applicability of the method to a different species, the 
rabbit, and to show that the Ab4 specificity, which is 
present in light chains, is absent from the heavy chains 
of yG-immunoglobulin. 

Non-specific yG-immunoglobulin was obtained by 
exposing rabbit serum (Pentex) to DEAE cellulose", 
and anti-dinitrophenyl (DNP) antibodies were prepared 
by a method due to Lamm et al.®. The results of the 
following studies were similar for both the purified anti- 
bodies and the non-specific immunoglobulin. Proteins 
were mildly reduced"! with 0-05 M dithioerythritol, alkyl- 
ated with iodoacetamide, dialysed against 4 M guanidine— 
hydrochloric acid and filtered through a 50 x 28 em 
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lumn of ‘Sephadex G-200° in equilibrium with 4 M 
anidine-hydrochloric acid. The average yield was 
about 70 per cent of the protein originally reduced. A 
bypical elution pattern is shown in Fig. 1A. The light 
chain peak accounted for 26 per cent (average of all 
experiments = 26 + 0-8 per cent) of the protein eluted, 
based on ultra-violet absorption. Selected tubes from 
the heavy and light chain fractions were separately 
concentrated by ultrafiltration and passed again through 
the column (Fig. 1, B and C). Heavy and light chains 
prepared in this manner were concentrated and then 
dialysed against saline. 

Double diffusion studies by the technique of Ouchter- 
lony? could easily be interpreted, but the patterns were 
‘somewhat indistinct because of the tendency of the heavy 
chains to aggregate and precipitate spontaneously in 

and around the well. The patterns were improved by 
using agarose instead of agar gels, by raising the pH of 
the heavy chain preparations to values of 11 or more 
by the addition of sodium hydroxide and then lowering 
the pH to about 8-5 with hydrochloric acid!8, and by 
‘adding sodium dodecyl sulphate to the heavy chains and 
to the agarose. These measures did not alter the results 
of the gel diffusion studies. Fig. 24 shows that heavy 
and light chains from anti-DNP antibodies gave a reaction 
* showing they were not identical to each other and reactions 
showing partial identity with whole anti-DNP antibody 
< when tested with a sheep antiserum against rabbit serum. 
This result shows that the heavy chains were prepared to 
-/a-high degree of purity. When heavy chains obtained 
after only one filtration through the ‘Sephadex’ column 
= were studied by double diffusion in gel, contamination. 
= with light chains was obvious. 
Sinco heavy chains prepared by this method of fraction- 
ation are immunologically pure, it was interesting to 
< discover whether antigenic determinants controlled by 
the b locus were present. In Fig. 2B the same antigens 
as in Fig. 24 are exposed to a rabbit antiserum specific 
to the 64 allotype. The results show that the Ab4 specifi- 

city is present in the light chains, which give a reaction of 
identity with whole anti-DNP antibodies, but is absent 
from the heavy chains. 
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Fig. 1. A, Elution pattern from ‘Sephadex G-200’ after reduction and 

alkylation of 65 mg of anti-DNP antibody. Closed circles indicate the 

fractions which were combined and re-filtered. B, Second filtration of the 

heavy chains of panel 4. The indicated tubes were used for further 

studies. C, Second filtration of the light chains of panel A. The indicated 
tubes were used for further studies. 





Fig, 2. Double diffusion in 0-8 per cent agarose gel containing 0-02 per 

cent detergent. The central well of A contains sheep anti-rabbit. serum 

antiserum. In B the central well contains a rabbit antiserum specific 

for the b4 allotype. G, Intact anti-DNP antibodies; H and L, heavy: 
and light chains obtained from anti-DNP antibodies. 
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’ aturation, some characteristic changes occur 
in the properties of proteins, among which are variations 
oo in immunological features. For example, the specific 
` immunological behaviour of ovalbumin is altered and its 
antigenic capacity decreases considerably*-’, Although 
the specificity of denatured serum albumin does not 
< change, its antigenic activity diminishes‘ while both the 
Specificity and activity of pseudoglobulin remain un- 
changed’, 
< Precipitin tests have been used in all these investigations, 
but the subject has not yet been investigated by immuno- 
diffusion methods’. I have investigated the problem by 
ouble diffusion tests, and have been able to show the 
ture of the changed specificity and decreased antigenic 
tivity of the denatured proteins depending on increases 
and decreases in the number of their determinant groups 
in a comparative and explicit way. 
_. Three rabbits were injected with native and three with 
_ denatured ovalbumin, bovine serum albumin and bovine 
sseudoglobulin (prepared by ammonium sulphate pre- 
‘ipitation)’ respectively. The proteins were denatured 
hout coagulation by maintaining the protein solutions 
a water bath at 100° C for 1 h at pH 10, and then 
utralizing them®. The reactions of antisera with antigens 
were examined by the Ouchterlony method’, and the 
: pictures of precipitin lines taken on the third and eighth 
days. 
< Antisera to denatured protein produced a weak precipitin 
-eline with denatured ovalbumin or scrum albumin (after 5 
days) but no line was observed in the case of pseudoglobulin. 
The same antisera with their corresponding native 
protein antigens produced one line in the case of oval- 
umin, two in that of serum albumin and three lines for 
. pseudoglobulin (Fig. 1). Thus the reactions of denatured 
`- protein antisera with native antigens are more intense 
than the reactions of the same antisora with denatured 
tigens. 
-Antisera to native protein produced with their homo- 
logous native antigens two strong lines for ovalbumin, one 
strong line for serum albumin, and three strong lines for 
~pseudoglobulin. The same antisera produced no line 
‘with the corresponding denatured protein antigens of all 
three types (Fig. 1). 

These findings indicate that proteins denatured by 
heating at pH 10 can produce strong antibodies, although 
their ability to bind and precipitate these antibodies is 
reduced. It appears that the changes in specific immuno- 
logical behaviour of denatured proteins cannot be generally 
‘described. Various proteins exhibit a serological change 
which depends on their constitutions. 

Antigenic specificity is caused not by one single deter- 
< minant group, but is influenced by polar groups adjacent 
to this determinant group™. Denaturation of the protein 













































Fig. 1. Double diffusion tests in agar. Pictures taken on the third day. I, Ovalbumin; 


indicate antigens. Dotted circles indicate antisera. 
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ppearance of the relations responsible 

of the determinant groups, which 

cause the observed variations in specificity. 
Even if the seeondary structure of the native protein 
changes by denaturation, however, a number of the 
determinant groups may remain active and serve as a 


e ‘original distances between these 








template" for their own complementary antibodies in the * 


reticulo-endothelial system. 
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PHARMACOLOGY 


Action of Chlorpromazine on Non-specific 
Phosphatase bound to Membranes in Brain 
Tissue of the Rat 


THE mechanism of action of psychotropic drugs has been 
widely investigated. For a number of years, work has 
been focused on this problem in our laboratory. We have 
investigated particularly the amino-acids'-? and phos- 
phatases‘* of the brain. We found that phosphatase 
activity in brain, measured in the physiological range of 
PH (7-2-7-5) with p-nitrophenolphosphate as a substrate. 
was markedly increased by chlorpromazine in vitro (Table 
1) as well as in vivo (Table 2). 

Table 1 shows that this effect did not occur to the same 
extent in similar experiments with liver and kidney tissue. 
Table 1 also shows that the detergent ‘Sterox’ causes an 
increase in phosphatase activity. This finding led us to 
examine the nature of the increase of phosphatase activity. 
Whether the increase resulted from solubilization of 
protein by the drugs (chlorpromazine slightly diminishes 
the surface tension of the water—air interface®), from 
enzyme kinetic or from other mechanisms, was partly 
elucidated. We pre-incubated rat brain homogenates with 
various drugs or detergents and then centrifuged at 
105,000g. The phosphatase activity of the supernatant 
did not change in the series treated with drugs, but in 
the detergent series the supernatant activity was almost 
doubled. This indicates that the similar results shown in 


Il, serum albumin; ITI, pseudoglobulin, Clear circles 
N, Native; D, denatured. Antigens 100 mg/100 ml. 
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able 1 are brought about: by different mechanisms. 
Detergents destroy cell structure, and by solubilizing 
roteins from the membranes of subcellular structures 
hey can release activities that aro limited by structural 
“barriers in the intact cell. On the other hand, the drugs 
nvestigated do not solubilize the enzymes, but are 
assumed, on our hypothesis, to uncover or unblock existing 

sites in the intact membrane which do not participate 
ander normal conditions. Thus, it can be expected that 
“specific enzymes located in the membranous structures of 
the nerve cells will reveal additional active sites after 

administration of chlorpromazine in vivo. We were able 

to find evidence for such an effect with non-specific 
a poo pipraga: but other enzymes probably also show this 
co effect. 














(Table 1, PHOSPHATASE ACTIVITY IN TISSUE PREPARATIONS OF THE Rat 
Liver Kidney 


Brain 
Added compounds (Control activity equals 100 per cent) 


 Homogenate 
o mmolar chlorpromazine 170 105 110 
8 mmolar multergan 190 105 110 
Oot per cent ‘Sterox’ 160 125 125 
- Subcellular particles 
{8,000 g~105,000 g) 
1 mmolar chlorpromazine 200 120 105 
k 3 mmolar multergan 245 155 100 
wie 0-1 per cent ‘Sterox’ 200 135 135 
Yn tris buffer pH 7-2-7°5. Deviation ranges from +10 to +20 
per cent. 






PHOSPHATASE ACTIVITY IN Rat Brain HOMOGENATES AFTER 


Table 2. Puc 
in vivo INJECTION OF CHLORPROMAZINE OR CORAMINE 


Por cent activity 


Without With 

3 mmolar multergan 
Control 100 210 
Chlorpromazine injected animals 180 210 
Coramine injected animals 210 205 





Deviation ranges from + 10 to +20 per cent. 


In a preliminary set of experiments, we injected one 
series of three rats with 2 mg/100 g chlorpromazine on 
< each of three successive days, and another series of three 
rats with 50 mg/100 g coramine on each of five successive 

days. Brain homogenates from rats injected with coramine 

showed an increase in phosphatase activity which could 

-- not be increased by adding multergan to the homogenate 
in vitro (Table 2). In short, the maximum activity had 
| i been unveiled by the in vivo treatment. The effect of 
_. administration of chlorpromazine was similar, but the 

extent of the effect produced was lower, undoubtedly a 
result of the dosage used’. 

We think one of the modes of action of the compounds 
nvestigated is to reveal sites of phosphatase activity 
hich are normally masked and that contributes to their 
hysiological action. 

We are now attempting to identify the phosphatase or 
phosphatases which are involved in this phenomenon. and 
investigating the possibility that other enzymes play a 
similar part. 
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In vivo Studies with Fluoroprolines _ 
Iw view of a report! of in vitro studies with cis- and trar 
4-fluoro-L-proline, we wish to present an account of an En 
investigation of in vivo effects of these compounds. _ 

Our synthesis? of cis- and trans-4-fluoro-L-proline was = 
essentially the same as that described by Witkop et al, 
except that anhydrous tetraethylammonium fluoride in 
2-butanone was used in the displacement step on the 
epimeric tosylate derivatives*. This procedure. provider 
cis-4-fluoro-L-proline (cis-FP), which has a melting | 
of 261°-262° C decomp. (Witkop et al.’ give avi 
271°C decomp.). (An analysis gave the following 
per cent): carbon, 45°48; hydrogen, 5°91; nitro 
10-74; fluorine, 15:05. C,H,O,NF requires — 
45-11; hydrogen, 6-06; nitrogen, 10-52; fluorine, 
It also provided trans-4-fluoro-L-proline (trans 
which has a melting point of 254°-255° C decomp 
(Witkop et al.t give a value of 243°-245° C decor 
(An analysis gave the following (in per cent): carbon, 
45-07; hydrogen, 6-08; nitrogen, 10-51; fluorine, 14°68.) 
Each isomer was chromatographically homogeneous. - 
It was possible to separate mixtures of them by analytical 
chromatography‘ on ‘Dowex-50X8’, and peaks appeared © 
between those of hydroxy-L-proline and allohydroxy 
proline. ee 

In vivo experiments were performed on CAF, (B i 
Harbor) female mice maintained on Purina laborato: 
chow. All animals were given intraperitoneal injecti 
of the drugs in physiological (0-15 moles/1.) saline soluti 
The results of these experiments are summarized i 
Table 1. oe 

‘Additional controls were arranged because animals in 
groups A and C ate less food than the saline control 
group B. Six weanling mice were given saline soluti 
and their food intake was adjusted to that of group 4 
Although the controls im this group lost weight, their 
average loss (— 8-5 per cent) was only a third of that of 
cis-FP treated mice. For controls for group C, four 
weanling mice were injected with an equivalent amount — 
of u-proline and their food intake was adjusted to that of. 
group C. The weight loss averaged 4-5 per cent, or about 
half that of group C; which indicates that L-proline 
provides partial protection against the loss in weight 
caused by cis-FP. . 

Experiments similar to those with group A were 
formed in 6-week-old mice; the loss in weight was ab 
half that of the younger animals (— 12-8 per cent). Old 
animals form less new protein and collagen than d 
more rapidly growing animals, and if protein or collager 
synthesis were being inhibited either partially or whol 
it would be expected that such a loss in weight would 
most obvious in those animals where synthesis was gr 

When weanling mice were given smaller doses of ct 
(1 mg or 0-5 mg per day) for a 2'week period, the in 
loss in weight was followed by a progressive gain in — 
weight. Such recovery suggests that the animals were 
able to develop tolerance to the drug at this dose. In 
preliminary experiments, trans-FP did not lead to the = 
marked loss in weight that cis-FP did. Sane 

Autopsies on animals treated with cis-FP showed that ` 
the most prominent pathological alterations oceurred 
in the liver. Hepatic glycogen was markedly decreased, 
and small lipid droplets: were observed. Neither necrosis ` 
nor large lipid vacuoles were present, and the size of the 
hepatic nuclei was within the normal range. Between 



























































Table 1. EFFECTS OF cis-4-FLUORO-L-PROLINE ON WEANLING Mice* 





No. of Daily injection Average change in 
Group animals in 0-5 mi. saline t weight (per cent) 
A 8 cis-FP ~26-64+ 11 
B 6 Saline only +196 £120 
C 8 cis-FP plus L-proline ~ $24 5R 








* All mice were eating ad libitum. & 

+ cis-FP was given according to the schedule: 1 mg for 1 day, 2 mi 
days, then 3 mg for 4 days. The dosage of L-proline was ten tim 
dosage of cis-FP. . ae 












been stopped the livers were histologically normal. 
Examination of the in vivo ineorporation of “C-labelled 
glycine, leucine, and proline into mouse liver protein in 
the presence of cis-FP revealed the effects on protein 
synthesis. After 4 h, incorporation of these amino- 
acids into the protein was depressed to about half that 
of the saline controls. In the presence of trans-FP, 
im oration of these amino-acids was about the same 
e saline controls. 
These findings indicate that cis-FP appreciably inhibits 
„= protein synthesis, whereas trans-FP does not. In previous 
in vitro studies’, the amount of trans-FP incorporated 
into protein was found to be much greater than that of 
cis-FP and was comparable with that of L-proline itself. 
In addition, trans-FP, but not cis-FP, was converted 
biosynthetically into hydroxy-L-proline. In the light of 
our im vivo findings which demonstrated a reduction in 
the uptake of the radioactive amino-acids into protein 
in the presence of cis-FP, the decreased in vitro incorpora- 
tion of cis-FP into protein! is best explained by the 
depression of protein synthesis. In vitro incorporation of 
trans-FP into protein was comparable with that of proline? 
was reflected in our in vivo studies by the failure of 
P to inhibit the incorporation of radioactive 
Mino-acids into protein. Further investigations are 
now being carried out on the metabolism of cis- and 
trans-FP in relation to the collagen of tumour stroma. 
This investigation was supported in part by grants from 
the U.S. Public Health Service and in part by a U.S. 
Publie Health Service predoctoral fellowship (J. W. H.) 
_ from the National Institute of General Medical Sciences. 
We thank Dr. Alan Marchand for invaluable exploratory 
work on the synthesis of 4-fluoro-1-proline. 
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Influence of Sulphamerazine on 
Gastrointestinal Serotonin in the Normal 
Sprague-Dawley Rat 
| APPROXIMATELY 60 per cent of the total body serotonin 


(5-hydroxytryptamine) in the rat is present in the gastro- 
intestinal tract', and rises in the argentaffin cells? which 






; Male rats 

Tissue Control Suiphamerazine 

. yig treated y/g 

Oesophagus 2:51 + 0-24 (18) 3-27 + 0-38 (7) 
Stomach fundus 3-19+ 0-25 17) 4°32 + 0-02 f 4) 
-Stomach body 2-97 + 028 (18) 3-69 + 0-32 (14) 
-Pylorie antrum 15-31 + 0-87 (16) 16-63 + 0-96 (15) 
Upper duodenum 7-71 £037 (17) 9-35 + 0°36 (15) 
Lower duodenum 5-74 + 0-82 (17) 7-62 + 0-40 (14) 
+ Mid jejunum 4-96 + 0-30 (18) 6-55 + 0-22 (24) 
‘Terminal ileum 6-39 + 0-37 (15) 8-56 + 0-42 (26) 
Appendix 7-99 + 0-82 (14) 18-19 + 0-87 (16) 
Caecum 9-58 + 1-29 (11) 19-50 + 1-08 (19) 
Ascending colon 24-79 + 1-28 (17) 19-65 + 0-71 (19) 
‘Transverse colon 15-39 + 1-16 (10) 15-11 + 0-44 (14) 
Descending colon 3-51 + 0-02 (14) 6-96 + 0-52 (17) 
Proximal rectum 2-81 + 0-31 (13) 4-354 0-27 (14) 

The number of animals is shown in brackets, and the P 


two and three weeks after the treatment with cis-FP had. 
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lie deep in the crypts of Lieberkiihn®.. The intestinal 
content of serotonin increases in mice after treatment 
with several antibiotics+*, and there is a significantly 
higher concentration of serotonin in the ileum of germ-free 
chicks than of control birds*. Similar findings have been 
reported for rats, mice and chicks’, but it also appears 
that polymyxin B depletes bowel serotonin levels in the 
rat when treatment with the drug is continued for more 
than three days*. We report here the concentration of 
serotonin in the bowel mucosa of rats pretreated with 
sulphamerazine. — 

Male and female Charles River rats weighing 150-300 g 
were housed in colony cages and fed a powdered Purina 
rat chow with a tryptophan content of 0-22 per cent. 
5 mg of sulphamerazine/20 g of chow was added, for 
15--20 days, to the food of the groups which were treated 
with the drug. Food consumption and weight gain were 
normal in all groups. To avoid possible circadian influences 
on bowel serotonin levels—so far reported only for brain? 
animals were always killed between 8.30 a.m. and 10.00 
a.m. on the day of assay. Animals were anaesthetized 
without prior fasting by open ether and then exsanguin- 
ated. A detailed account of our tissue preparation and 
spectrophotofluorometric analysis has been described 


previously?*. All results are presented as mean values +1 | 


standard error. Differences between mean values were 
determined using the ¢ test. 

A significantly higher concentration of serotonin was 
found, in both sexes, in the small bowel of rats treated 
with sulphamerazine (Table 1). This is consistent with 
the findings that rats and mice given antibiotics (neo- 
mycin, streptomycin, tetracyclines and chloramphenicol) 
have higher values of serotonin in the small bowel*}. A 
similar increase in mucosal 5-hydroxytryptamine was 
apparent in the duodenum and stomach fundus in both 
sexes, and in the colonic and rectal mucosa the response to 
drug treatment differs in the two sexes. The appendix of 
the rats treated with sulphamerazine shows an increased 
serotonin concentration but the caecal mucosa remains 
unaltered. Similar differences have been reported, by 
Beaver and Wostmann, between caecal serotonin levels in 
conventional and germ-free rats’. 

Linkswiler, Baumann, and Snell)! found that inhibition 
of the rat intestinal microflora by chlortetracycline pre- 
vented the destruction of dietary pyridoxal, and Jones 
and Combs!? described a similar effect on tryptophan in 
chickens. Stacey and Sullivan‘ suggested that sterilization 
of the gut by antibiotics could increase the quantity of 
dietary tryptophan available for serotonin synthesis, If 
this were so, a uniform increase in mucosal serotonin would 
be expected throughout the gut, particularly in the cae- 
cum and large bowel. It is, therefore, unlikely that the 
increased serotonin concentration after antibiotic treat- 
ment can be explained entirely by the production of 
lumenal sterility. This is supported by the report that the 
addition of sulphasuxidine to the diet leads to a greater 
recovery of intestinal serotonin in tryptophan deficient 
rats than in control rats’. 


ible 1. SEROTONIN CONCENTRATION IN MUCOSA IN NORMAL CONTROL AND SULPHAMERAZINE PRETREATED MALE AND FEMALE RATS EXPRESSED AS 
: MEANS +1 STANDARD ERROR 


Female rats 








P Control Sulphamerazine P 
yig treated y/g 

NS.* 2-21 + 0-45 (16) 2-61 + 0-43 (10) N.S.” 
< 0-001 2-88 + 0-25 (19) 4-08 + 0°39 (11) < 002 

N.S. 2-45 + 0-20 (19) 3-32 + 0-26 (9) < 0-02 

N.S. 14-47 + 1-07 (20) 14-88 + 1:33 (10) N.S. 
<0-01 8-95 + 0-43 (20) 11-21 +071 (11) < 0-01 
< 0-001 6-42 + 0°39 (17) 9-13 + 0-29 (8) < 0-001 
< 0-001 4:83 40°31 (19) 7-22 + 0-34 (9) < 0-001 
< 0-001 5-86 + 0-40 (20) 8-04 40-52 (11) < 0-001 
< 0-001 9-88 + 0-73 (18) 17-39 + 1-98 (7) < 0-001 

N.S. 16-80 + 0-91 (14) 18-44 + 1-04 (13) y 

N.S. 22-85 + 1-08 (20) 20-66 + 1-04 (14) 

N.S. 13-82 + 1-25 (13) 14-87 + 1-08 (10) 
<0-061 4-91 + 0-49 (14) 3-89 + 0:37 (12 i 
< 0-001 2-82 + 0-15 (15) 3-00 + 0-20 (13) N.S. 


value for each pair is indicated. 


+. 
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The reason for the. difference in mucosal serotonin 
etween normal animals and those treated with antibiotics 
eeds to be investigated. Possibly, increased serotonin 
concentration may be partly responsible for diarrhoea in 
atients treated with antibiotics. 

This work was aided by a grant from the U.S. Public 
Health Service. We thank Dr. Thomas J. Haley for the 
“use of the Aminco-Bowman spectrophotofluorometer. 
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Function of Redox Systems in Melanophore 
Receptors 


‘Laur melanophore movement of the frog skin is a con- 
“venient slow motion model for the pharmacological 
receptor’-*. It has been shown that oxidizing agents, 
“which have very low redox potentials, induce dispersion 
of melanophore, an effect similar to that of xanthines or 
hormones that stimulate melanophore. On the other hand, 
reduction or succinate cause melanophores to contract’. 
It was also shown that melanophore dispersion is accom- 
panied by loss of energy, while for melanophore contrac- 

tion energy must be supplied®:3, 
= It is impossible to define the enzyme system responsible 
for the permeability phenomenon under normal conditions, 
because the common co-enzymes and nucleotides are 
impermeable. To avoid this difficulty we used the well- 
known hypotonic shock technique. 
Tree frog (Hyla arborea) skins were cut in half, prepared 
-by a method previously described? and incubated at 37°C 
‘in -a hypotonic solution composed of 5 mM sodium 
bicarbonate and 1 mM magnesium chloride at pH 7-2. 
After 15 min, the reflectance was measured with a 
*Photovolt’ reflectometer?* and the skin was transferred 
to the usual isotonic frog Ringer solution? at room tem- 
perature. Ten minutes later the reflectance was again 
measured. Average values of the differences are given in 
Table J. 

Since NAD induces melanophore contractions, the 
effect of oxidizing agents like ferricyanide and thioctic 
acid, which induce melanophore dispersion, cannot be due 
to the oxidation of NADH. The cause of dispersion must 


-Table 1. REFLECTANCE CHANGE AFTER HYPOTONIC SHOCK TREATMENT 
Concentra- No. of Reflectance change during 
Substance tion (mM) experiments isotonic incubation 
Range Mean 
» Control = 10 —6/+4 +2 
cece ATP 10 4 +10/4+19 +136 
ADP 10 8 ~6/—19 —12 
<NAD 10 4 +9/+13 +11 
NADH 10 6 ~~ 8/-15 — 11-6 
Coenzyme A 1 3 —10/-15 -12 
Sodium dihydrogen 10 4 —16/—19 -175 
phosphate 
Pyruvate 10 3 ~5/-7 -6 
Lactate 10 3 ~2/4+2 0 
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be found in an earlier step in the metabolic sequence. _ 
Indeed, oxidizing agents also pick up electrons from lipoic _ 
acid‘. Furthermore, all the materials on the subst 
side of lipoyl dehydrogenase supported the melanophore — 
dispersion when they were in the low energy form (pyru: | 
vate, thioctate, co-enzyme A), while on the product side 

they supported the melanophore dispersion when: they 

were in the high energy form (NADH). For melanophore — 
contraction the opposite is true; it seems, therefore, that. 


the pyruvate dehydrogenase complex is the regulatory a ae 


enzyme for the movement of melanophore.. Sh 
The effect of ATP, ADP and inorganic phospha' 
be explained by the influence of the phosphate pi 
on the pyridine nucleotide potential. Accordingl. 
increase in ATP/ADP.P; will induce an. incres 
DPN/DPNH.H+ (ref. 5). ae 
This work was supported by a grant from the U 
National Institutes of Health. : 2 
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PATHOLOGY 


Demonstration of Antigen on the Surface of 
Sensitized Rat Mast Celis 


Ir is generally accepted that passive cutaneous anaphylaxis 
(PCA) is due to an interaction of antigen with antibody 
“fixed” to tissues or cells, followed by the release of 
pharmacologically active substances, particularly. hist- 
aminel, Recent experiments have shown, however, that- 
two different pathogenetic mechanisms may be operating 
in PCA in both rats? and guinea-pigs*, depending on the _ 
type of antibody used for sensitization. In the rat, 
PCA induced by rabbit hyperimmune antibody cannot be 
suppressed by antihistamine, which has suggested that 
PCA and the Arthus reaction “may be linked by a common 
aetiological factor” (ref. 4). This “factor” may be related: 
to alterations produced by polymorphonuclear leucocytes, 
because this type of PCA can be suppressed by rendering 
rats neutropenie?. In PCA of normal rats, polymorpho- 
nuclear leucocytes phagocytose antigen-antibody com- 
plexes, become degranulated and presumably release their 
lysosomal contents, just as they do in vitro®. On the other 
hand, the PCA reaction in the rat induced by “mast cell 
sensitizing” or “anaphylactic” antibody can be inhibited 
by a combination of antihistamine and antiserotonin 
(BOL-148) (ref. 6), and this has led to the suggestion that 
“anaphylactic” antibody is fixed on the surface of mast 
cells and that when it interacts with antigen the mast 
sell is disrupted and the pharmacologically active amines 
released. Against this hypothesis has been opposed, 
on the basis of studies with red cells as antigen, the 
suggestion that the interaction of antigen and antibody 
occurs on the inner aspect of endothelial cells?*. Because 
red cells would not readily pass across the endothelial 
barrier, it was argued that the combination of antigen 
and antibody occurs within the lumen of the vessel. We 
have carried out an electron microscope investigation 
PCA in an attempt to resolve some of these controver 

































Male Lewis rats weighing 600-800 g were immunized 
with cadmium free ferritin (Pentex) 1 mg/100 g body 
“weight and pertussis vaccine (Connaught Medical Labora- 
tories), 0:3. ml./100 g body weight (15 x 10° organisms/ml.). 
Each animal was injected in the foot pads, intramuscularly 
‘and intraperitoneally. Twelve to fourteen days later 
the animals were bled and the serum was collected after 
the blood had been allowed to clot at 4° C. These sera were 
then injected into the skin of the backs of normal Lewis 
rats (150-200 g) to determine whether they could be 
sensitized for PCA. Three days later the sensitized rats 
were challenged intravenously with ferritin (50 mg/100 g 
body weight) and Evans blue (2 mg/100 g). The sera 
capable of eliciting a PCA were then injected intradermally 
(0-1 ml.) into rats which were challenged 2, 5, 24 and 72 
h later with antigen and Evans blue. The sites of intra- 
dermal injection were excised 1 h after challenge, although 
blueing had developed only in rats challenged 1 or 3 days 
after sensitization. The development of these PCA 
reactions could be suppressed by a combination of 3 
mg/kg mepyramine (‘Neo-Antergan’, Poulenc) and 2 mg/ 
kg BOL-148 (Sandoz) given intraperitoneally 30 min 
before challenge. 

Another group of rats was sensitized with rabbit anti- 
ferritin (obtained from hyperimmunized rabbits) given 
‘intradermally in doses of 15, 7-5, 3 and 1 ug antibody 
nitrogen. These rats were challenged 2 h later with antigen 
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and Evans blue and all sites showed blueing. This could 
not, however, be inhibited by mepyramine and BOL-148. 
Biopsies were taken 1 h after challenge. The skin lesions 
were fixed for sectioning in a mixture of osmium tetroxide 
and Tyrode solution, embedded in epoxy resin, After 
examination by light microscopy, suitable areas of the 
blocks were examined in a Philips 200 electron micro- 
scope. 

The ultrastructural findings are shown in Figs. 1-5. 
When rats were challenged with ferritin 2 and 5 h after 
sensitization with “anaphylactic” antibody, ferritin could 
be demonstrated on the surface of mast cells (Figs. 1 and 
2) and to a lesser degree on the surface of other cells 
(fibroblasts, macrophages, leucocytes). When challenged 
24 or 72 h after sensitization, a PCA could be elicited with 
the “anaphylactic” antibody, and ferritin was present on 
the surface of the granules of disrupting mast cells (Figs. 
3-5) but could not be demonstrated on any other cells. 
Ferritin was not aggregated on the surface of cells when 
rats had been sensitized with rabbit hyperimmune anti- 
body. In this case ferritin anti-ferritin complexes were 
phagocytosed by polymorphonuclear leucocytes®:*:5, A 
small amount of finely dispersed ferritin could be detected 
in the lumen of vessels and to a lesser degree in the 
interstitial connective tissue. 

These findings, together with reports by others*®, 
indicate that the interaction of “anaphylactic” antibody 





Fig. 1. Low power view of a mast cell from rat ski 
T 

nue, Nucleus; gr, granules, 

Fig. 2. High power view from a mast cell similar to the one shown in Fig. 1. 

aggregation of ferritin (arrows) on the surface of the cell. 


Fig. 3. Degranulating mast cell from a PCA lesion. 


anaphylactic antibody. The cell is intact. 


jected 3 days before challenge. Injection of 


n sensitized 5 h before challenge with 
here was no blueing at the injection site. 
(x 5,400.) 


Note the 
(xe, 73,350.) 

n. The anaphylactic antibody was in- 
ferritin (antigen) was followed by intense 


blueing of the sensitized skin. nuc, Nucleus; gr, granules. (xe. 3,950.) 


Figs. 4 and 5. High power views of a 
Note the ferritin (arrows) on the surface of the 


granule from a mast cell similar to the one in Fig. 3. 


granule. (Fig. 4, xe. 54,660; Fig. 5, xe. 


128,550.) 
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and its antigen occurs- on the surface of and possibly 
thin the mast cell. -Ön the other hand, the interaction 
between hyperimmune antibody and its antigen leads to 
e formation of microprecipitates which are phagocytosed 
polymorphonuclear leucocytes, which presumably 
release their lysosomal contents. Thus two different 
Mechanisms seem to operate in PCA of the rat, depending 
con the type of antibody used for sensitization. 
> This work was supported by the Canadian Arthritis 
~and Rheumatism Society and the Banting Research 
~ Foundation. 
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Inhibition of Tumour Growth by Adminis- 
tration of Killed Corynebacterium parvum 


IN previous reports*~* it has been shown that administra- 
tion of certain mycobacteria, such as tubercle bacilli of 
the BCG strain or Mycobacterium phlei induces inhibition 
of various grafted tumours. Furthermore, it has been 
shown that a substance extracted from a certain strain of 
Mycobacteria retains most of the activity of the micro- 
organisms’. The effect of live mycobacteria on spon- 
taneous tumours, however, has still to be proved. We 
have investigated the action of Corynebacterium parvum 
on tumours of sarcomatous or epithelial nature. C. 
parvum, an anaerobic diphteroid-like bacillus, has been 
w isolated and described by Prevot’. 
C. parvum strains 936 B were cultivated on nutrient 
roth with glucose for 48 h at 37° C, and then centrifuged, 
ashed and resuspended in saline. They were killed by 
eating at 65° C for 1 h and added to 2 per cent formalin. 
‘he action of the C. parvum on two types of tumour was 
tested. 
The sarcoma J of Betz? was grafted subcutaneously in 
, routine manner into Swiss male mice; this tumour takes 
n almost 100 per cent of animals and results in death 
vhich occurs in about 80 per cent of the grafted animals 
Ehrlich ascites tumour was grafted 


















1-mg/20 g were injected. 
observed in these animals were transient anaemia, a 
prolonged and strong stimulation of the phagocytic 
activity of the reticulo-endothelial system and an increase 
in the weight of the liver and spleen’. 

Fig. 1 summarizes the effect of C. parvum, administered 
at different intervals in co-ordination with tumour implan- 
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tation, on the growth of sarcoma J in mice. The bacterial 
suspension exerts an inhibitory effect on the tumour 
growth. The maximal inhibition was seen when the C.. 
parvum suspension was administered 48h before the’ 
tumour was grafted. Table 1 summarizes the data con- 
cerning the effect of C. parvum on the mortality rate 
produced by sarcoma. J in this strain of mice. A significant 
reduction in mortality was observed when the bacteria 
were injected on the day of grafting, or two days before 
or after grafting. There does not always seem to be a. 
direct correlation between the rates of tumour growth anc 
mortality. Inhibition of tumour growth by. inocula’ 
of the same suspension of C. parvum has been also obse: 
by Woodruff (personal communication). Table 2. 
marizes the main results concerning the mortality re 
mice grafted with Ehrlich ascites tumour. Tumi 
cells (5x 105) inoculated intraperitoneally. caused a 
mortality approaching 100 per cent with a medium sur- 
vival time of 26 days in the control group. ae 




















Table 1. ‘TUMOUR GROWTH AND LETHALITY IN MICE GRAFTED wine : 
$ SARCOMA J AND TREATED WITH C. parvum INTRAVENOUSLY Ki 
Number of Growth Per cènt: 

Treatment animals in mm/day mortality 

None (control) 108 1 BOs 

C. parvum 5 days before graft 51 0-8 Wo 

C. parvum 2 days before graft 40 0-6 52: 

C. parvum the day of graft 60 0-7 50 

C. parvum 2 days after graft 47 0-9 56 


Concentration of C. parvum was 250 ug/mouse. 


Table 2. ACTION OF C. parvum ON THE MORTALITY RATE PRODUCED BY oe 
TRANSPLANTATION OF EHRLICH ASCITES TUMOUR IN MIOR OOo o5 


Route of Percent Medium survival cr 
Treatment injection mortality time in days 
None (control) afe 96 26 BS 
C. parvum 2 days before graft iv. 86 25 $ 
C. parcum 2 days before graft ip. 80 25- 
C. parvum on the day of graft iv. 100 28° 
C. parvum on the day of graft ip. 30 — 
C. parvum repeated injections ip. 10 


{three a week, three weeks, 
the first 2 days before graft) : 


Tumour cells (5 x 105) were administered intraperitoneally. The dose of : 
C. parvum was 250 zg/mouse. iv. Intravenous; ip., intraperitoneal. 7 


Intravenous injection of C. parvum either 2 days before 
or on the day of tumour transplantation did not influence 
significantly the mortality rate. By contrast, intraperi- - 
toneal injection of the bacterial suspension caused” a 
remarkable inhibition of the tumour as long as certain 
time relations were respected. The most striking inhibi» 
tory action, resulting in 90 per cent survival, was obtained 
when the bacterial suspension was injected on the day > 
of the inoculation of the tumour cells. We then investi- 
gated whether this effect was specific. The results of a 
comparative study performed with BCG and Salmonella _ 
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Fig. 1, Patterns of the growth of sarcoma J in mice treated with C. par- 


vum. a, Control; b, O. parcum two days after grafting; C, C, pareu 
five days before grafting; d, C. parvum the day of grafting; €, CL parou 
two days before grafting. : 3 
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Table 3. COMPARISON OF ACTION OF O. parvum, BCG AND S. typhi ADMINIS- 
TERED INTRAPERITONEALLY Ox 3 Monratiey PRODUCED BY KREBS ASCITES 
5 OUR IN MICE >... 


: Per cent Medium survival 
Treatment mortality time in days 
None (control) 100 18 
Live BOG; 1 mg (wet) 24 h before transplan- 90 22 
ation 
cen gorum 250 ug the day before transplan- 50 27 
ion. 
C. parvum five injections the first 24 h before 25 — 
transplantation 
S. typhi (killed); 1 x 10° germs, five injections 20 ~ 
(twice a week), the first 24 h before trans- 
plantation 


` 5x10" tumour cells were administered intraperitoneally. 


typhi are reported in Table 3. The inhibition of tumour 

development by C. parvum is not specific. BCG was 

inefficient but S. typhi was almost as active as O. parvum 
in this respect. 

_. Concerning the mechanisms by which local injection 
of O. parvum interferes with tumour growth, C. parvum, 
unlike S. typhi, does not possess endotoxin-like substances 

- and, therefore, this mode of action is impossible. It is 

_ more likely that the inhibition of tumour development can 
_be attributed to the increased host resistance connected 
_ with the local and general overstimulation of the reticulo- 





endothelial system by certain constituents of the bacteria’. 


We have shown that O. parvum exerts a potent stimulat- 
ing action on the reticulo-endothelial system as demon- 
strated by the phagocytic indices. C. parvum is also 

_ known” to afford protection against runting induced by 
inoculation of parental spleen cells in hybrid mice where 
runting is particularly severe. 

The inhibition of tumour development by bacterial 
suspensions reflects one of the many aspects of the host 
tumour relations. Mechanisms such as increased host. 
reactivity against tumour antigen and stimulation of non- 

- specific factors of host resistance, among others, are 
probably involved". 
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Virus-like Particles in a Human Primary 
Hepatocarcinoma 


_ SEVERAL oncogenic viruses have been known and studied 
‘for some years! and it is therefore important to search for 
viruses as aetiological agents in human cancers. Only 
two benign human tumours, the common wart and 
molluscum contagiosum, have so far been proved to have 
a viral aetiology*. Virus-like particles have been found 
in human malignancies only rarely, chiefly in leukaemias 
and lymphomas’. 
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A man 36 years old and of previous good health was 
referred to one of us by Dr. L. Champness, of Port 
Moresby, New Guinea, with clinical evidence of hepatic 
malignancy. The presence of primary hepatoma had been 
confirmed at laparotomy. A liver biopsy specimen was 
obtained by means of a needle, and was processed for 
histological and electron microscope examination. 
tissue for electron microscopy was fixed in veronal 
buffered with 2 per cent osmium tetroxide, dehydrated 
in a series of ethanol solutions and embedded in ‘Araldite’. 
Thin sections were stained with lead and examined in. a 
Siemens Elmiskop I electron microscope. Histological 
examination showed the presence of poorly differentiated 
hepatocarcinoma. The non-tumorous portion of the liver 
was normal in appearance. Electron microscope observa- 
tions confirmed these findings. In addition, particles were 
found in the cytoplasm of some 90 per cent of the eighty 
tumour cells examined (Fig. 1). The particles were not 
found either in the tumour cell nuclei or in any part of 
the non-tumorous liver cells. They tended to occur 
singly and were freely scattered throughout the hyalo- 
plasm, although small loose groups were seen. No particles 
were observed inside the cisternae of the endoplasmic 
reticulum, or attached to any part of the membrane. 


The, 


They were round or slightly oval in shape, with an average 


diameter of approximately 80u. They had a central 
nucleoid opaque to electrons, surrounded by a zone 
transparent to electrons and covered by a single outer 
membrane (Fig. 2). 








Fig. 1. A tumour cell containing small cytoplasmic virus-like particles 
(arrows) ( x e. 10, le 
Fig. 2. One such particle at higher power (x e. 193,350), 


To our knowledge, similar particles have not previously 
been observed in tumours of the human liver. Their size 
and shape indicate that these particles are viral in nature. It 
has recently been suggested, however*'‘, that particles seen 
as viruses under the electron microscope in various human 
leukaemia states may have been mycoplasma, small free 
living micro-organisms with many virus-like properties. 
The true nature of the particles we have seen must there- 
fore await identification. 
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Acute Febrile Anaemia associated with 
: Bartonella-like Erythrocytic Structures 
| Bartonella bacilliformis anaemia (Oroya fever) is in- 
digenous only to western South America’. The disease is 
diagnosed by identifying the morphology of the causative 
organisms (Bartonella bacilliformis) on the erythrocyte. 
"On the red blood cells it is unmistakable, and no other 
human parasite resembles it even slightly.””* 
"This communication concerns an unusual type of febrile 
¿anaemia in three male patients in Chiengmai, Thailand, 
the most remarkable aspect of which was the occurrence 
oth in the peripheral blood and bone marrow of ery- 
hrocytic structures resembling Bartonella bacilliformis. 
These structures (first observed by E.F.) stain slate blue 
bluish purple with Wright's and Giemsa’s stain and 
_do not give a positive reaction for iron when stained with 
_ hydrochloric acid and potassium ferrocyanide, which 
“shows that they are not siderous granules or Pappen- 
-Reimer bodies’. They are polymorphous and occur as 
slender rods 1~3p (rarely up to 6u) long, or as commas, 
cocci, or rings and may number from one to eight on a 
_ single erythrocyte (see Fig. 1). Rods are often in V or Y 
formation or lie parallel to one another, may have a 
beaded appearance, and can lie end to end forming short 
chains. Some have been seen which adhere to the cir- 
eumference of the red cell; in other positions their exact 
association with the erythrocyte has yet to be determined. 
The anaemia in these patients was similar to that 
described in Oroya fever; there was a severe and rapidly 
progressive process associated with continuous fever*ś. 
In the peripheral blood, normochromie macrocytes were 
prominent and polychromasia was striking; at times 
--polychromatophils represented 50-60 per cent of the 
™ erythrocytes. Nucleated red blood cells, Howell-Jolly 
odies, Cabot rings and basophilic stippling were common. 
Leucocytosis with a shift to immaturity was noted in 
all patients. Aspiration of bone marrow revealed hyper- 
cellularity with erythroid hyperplasia. The maturation 
f the red blood cells was generally normoblastic, although 
ecasional intermediate megaloblasts were found. The 
myeloid precursors were relatively depressed but morpho- 
ogically normal. 
Electrophoresis of haemoglobin revealed AA patterns 
with no rise in the concentration of haemoglobin resistant 
“to alkali; Coombs’s test was negative and the concen- 
tration of glucose-6-phosphate dehydrogenase normal in 
all. The concentration of bilirubin was 1-2 mg per cent 
and that of urine urobilinogen 1 : 80 in one patient only. 
All the other routine tests of liver function gave results 
within normal limits, and leptospira and Widal agglutina- 
tion tests were negative in all patients. No malarial 
parasites were found although numerous blood and bone 
marrow smears were carefully examined. 
¿< The most characteristic clinical manifestations of 
Oroya fever are spontaneous pain referred to the bones 
and articulations, generalized lymphadenopathy, hepato- 
 megaly and anaemia with attendant anaemic symptoms, 
occurring in previously healthy individuals’. The three 
"patients described here were well developed, well nourished 
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Fig. 1. Erythrocytic structure in bone marrow of case 1. Wright 
stain (x 2,800). : 


Thai males ranging in age from 12 to 28 years. High con- 
tinuous fever, malaise, hepatomegaly and pallor were z 
main initial clinical features in all three cases. In addition, 
case 1, seen 4 days after the onset of illness, had mildly 
icteric sclerae. Case 2 presented with a history of epistaxis, 
petechiae and purpura for 14 days. This was found to be 
associated with thrombocytopenia. Case 3 had generali 
lymphadenopathy, marked splenomegaly and had | 
ill for approximately 2 weeks. A 

It is not yet possible to evaluate the results of chemo- _ 
therapy. In case 1, numerous erythrocytic structures were — 
found only in the bone marrow 7 days after the beginning 
of penicillin therapy (600,000 v.q., 6 h) but were markedly. 
decreased after 12 days of therapy. The concentration 
haemoglobin then rose without transfusion from 
g/100 ml. to 10-8 g/100 ml. within a period of 20 days. — 

In the other two cases erythrocytic structures were. 
found in both peripheral blood and bone marrow, but no 
change was found after administering tetracycline... 
In both cases, however, administration of intravenous 
penicillin (4 million V.Q., 24 h) led to a marked decrease: 
in the number of structures seen in the peripheral blood 
48 h later. In Oroya fever, similar reductions in the 
numbers of erythrocytic bodies in peripheral blood have. 
been observed after 48 h of penicillin therapy’ and during 
spontaneous remission’, AOE. 

No conclusions should be drawn from this limited 
number of cases about the effect of chemotherapy, par- 
ticularly as we have no information on the natural course 
of the untreated disease or on the possibility of spo} 
taneous remission. SR 

It is possible that the erythrocytic structures originate 
from the host. On the other hand, we know of no deserip-: 
tion of any such structures occurring in non-parasitic 
anaemias. They do not stain for iron and therefore are 
not ‘“‘Pappenheimer bodies’’. oe 

The structures stain slate blue to bluish purple and show 
no differentiation of nucleus and cytoplasm with stains 
of the Romanowsky type. If they are micro-organisms, 
they have an affinity with members of the Bartonellaceae: 
Bartonella bacilliformis stains red with Giemsa stain, 
and is not identical in this respect with the structures 
described. 

Tissue bearing these structure has not yet been obtained 
post mortem, but biopsy and culture material have, and 
the susceptibility of lower animals is being investigated. 
These investigations may show that the structures are 
micro-organisms and, if so, whether they have a causal 
relationship to the anaemia, and also information con- 
cerning their relationship to the Bartonella bacilliformis of 
western South America. The verrucous skin lesiol 
(verruga peruana) so commonly encountered a 


ase 


recovery from Oroya fever? have not yet been observed 
in Chiengmai, but our epidemiological investigations 
have not been completed. 

To sur up, we have observed what is believed to be a 
new clinical entity characterized by an aeute febrile 
anaemia associated with erythrocytic structures which 
may possibly prove to be micro-organisms. 

This work was supported in part by a grant from 
Parke-Davis and Co., Detroit, Michigan. 
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Borrelia-like Organisms in the Urine of Lambs 
suffering from Eczema Facialis 


is July and September 1964 eight young lambs at this 
research station were attacked by a disease characterized 
by jaundice and sensitivity to light. The lambs were 
grazing two different pastures together with their dams. 
These pastures are poorly drained, and Narthecium ossi- 
ragum grows in one of them. This plant is a common 
cause of photosensitization in sheep in Norway. Three 
lambs in this latter pasture contracted the disease in the 
middle of July; the remaining five were grazing in the 
other pasture in September when they were attacked. 

When the disease was noticed, the lambs were moved 
indoors. The symptoms were icterus, swollen eyelids, 
photophobia, drooping oedematous ears, and oedema in 
the nasal wall, lips and mandible. Furthermore, some of 
‘the lambs had decreased appetite, but the majority were 
interested in their surroundings. 

After 2 or 3 days the oedematous swellings diminished, 
most slowly on the ears, and disappeared in 6-8 days. 
The crusts formed on the ears then began to fall off. Body 
temperature was within the normal range in all lambs 
during the illness. 

Laboratory examinations revealed organisms in the 
urine from three lambs grazing the same pasture. The 
organisms were first detected by dark field microscopy of 

_the-urine sediment from spontaneous and catheterized 
urine. They were approximately 8-104 long and 0-2u 
wide with two, three or four curves, and were thinner at 
the ends. At one end there seemed to be a hook. Some 
of them also showed granules in varying amounts. In 
some preparations only a few organisms were present, in 
others up to thirty were visible in each field. 
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During the first few days of the illness in lamb No. 
155/64, the organisms seemed to be motile with pendu- 
lating and rotatory movements, but the degree of motility 
differed from one day to another. After some days the 
motility disappeared, and the lamb was then given 
repeated doses of sodium bicarbonate to see whether a 
change in the pH of the urine would influence motility.) 
No motility was, however, observed after the treatment. 
This animal died, and histological preparations from 
different organs were made. The organisms were not 
detected in any organ, not even in the kidneys. 

Smears of urine sediments were stained in different 
ways. With Giemsa the organisms had a reddish violeti 
colour; with the silver impregnation method of Levaditii 
they showed a dark brown to black colour. They also 
stained with indian ink, but no flagellae were observed. 
When stained by the method of Bie they took on a bluish 
colour, and showed a pale bluish colour with Loffler’s 
methylene blue stain. 

Blood samples were examined by dark field ilumina- 
tion, and by staining blood smears with May—Griinwald 
Giemsa and Loffier’s methylene blue. The organisms 
were not, however, seen in blood. 

Several attempts to isolate the organisms were made. 
Urine sediments containing the organisms were cultivated 
on blood agar plates, on Fletcher’s and Korthof’s media, 
aerobically and anaerobically, but the organisms did not 
grow. Inoculation tests were performed in young guinea- 
pigs, mice and sheep. The urine sediment was injected 
intraperitoneally and subcutaneously into guinea-pigs, 
intraperitoneally into mice, and intravenously and by 
mouth to sheep. The organisms could not, however, be 
isolated from any of these animals within a period of 
6 months after inoculation. All the animals used foa 
inoculation tests were kept isolated. Inoculation tests 
were also made in embryonated eggs, but no growth of 
the organisms was obtained. 

Tn view of the morphology and staining properties of 
the organisms, together with the motility observed in the 
initial stage of the disease, it scems reasonable to assume 
that they were Borrelia-like organisms. 

In order to judge whether the organisms were related 
to the disease, or whether they could alse be found in the 
urine of healthy animals, a total number of 596 urine 
samples collected from 248 apparently healthy sheep were 
examined under the microscope. The organisms were 
found in the urine of four sheep in our own flock, and in 
urme from one sheep in a foreign flock. Three of the 
four sheep were two dams and one twin of three affected. 








Fig. 1. Borrelia-like organism under dark field illumination (x 800). 
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lambs. The fourth animal, No. 190/63, shed the organism 
in the urine for a period of 4 months. It should be men- 
tioned that in two lambs which showed corresponding 

symptoms in September 1965 no Borrelia-like organisms 
could be demonstrated. 

So far, it is impossible to decide whether there is any 
connexion between the disease and the presence of these 
orgenisms in the urine. Nevertheless, it is remarkable 
that the organisms were demonstrated in three of the 
eight diseased animals, and in addition that they were 
found in four apparently healthy animals, three of which 
had been in close contact with the mndividuals attacked. 
Furthermore, the plant Narthecium ossifragum could not 
cause photosensitization so late m the summer as 
September. 

‘Whatever the relation of these organisms to the disease, 
they are nevertheless of importance, because they resemble 
leptospirac. 

I thank Prof. H. Stormorken for his advice and helpful 
suggestions in preparing this manuscript. 
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MICROBIOLOGY 


“Soluble” Antigens from Cells infected 
with Rabies Virus 


A OLOSE correlation has been found between infectivity 
and the amount of antigen in the fractions obtained after 

rate zonal centrifugation of rabies virus partially purified 
by differential high speed centrifugation; but neverthe- 
less more than 90 per cent of antigen or antigens remain in 
the virus-free supernatant fluids after high speed centri- 
fugation of crude infectious tissue culture material. As 
the soluble antigen(s) may play an essential part in 
immunization against rabies virus, further experiments 
wero undertaken to characterize them. 

The PM stram of fixed rabies virus propagated in a 
stable line of neonatal hamster kidney fibroblasts 
(BHKE-21, clone 13)* was used for the experiments. 
Infectious tissue culture fluids were concentrated about 
twenty times by precipitation with zinc acetate’. Infec- 
tious virus was separated from ‘soluble’ antigen(s) of 
rabies virus by high speed centrifugation (4 h at 22,000 
r.p.m., Spinco rotor SW 26.1). 0-4 ml. of the super- 
natant fluid was layered over 4 ml. of a solution of caesium 
chloride, adjusted by a phosphate buffer to pH 7-0, with 
a density of 1-22 g/cm? in a ‘Lusteroid’ tube for the Spinco 
SW 39L rotor. The mixture was centrifuged for 48 h 
at 34,000 r.p.m. Samples were collected after centrifuga- 
tion by puncturing the bottom of the tube. The density 
of the samples was determined using a refractometer’, 
and the amount of antigen by a recently described 
fluorometric method’. The results in Fig. 1 show that the 
density of the “soluble” antigen(s) 1s about 1:26 g/em?, 
that is, it is higher than the density of infectious virus 
particles (1:20 g/cm!)}. 

Rete zonal centrifugation was carried out in preformed 
sucrose gradients and the sedimentation coefficients were 
calculated essentially as described by Martin and Ames’. 
The sucrose solutions for preparing the gradient were 
buffered (pH 7-0) with phosphate buffer to a final con- 
centration of 0-01 molar. 0'3 ml. of the suspension of 
“soluble” antigen(s) was layered on 4 ml. of a preformed 
sucrose gradient (10-20 per cent) in a tube for the Spinco 
SW 39L rotor. The mixture was centrifuged at 39,000 
r.p.m. for 270 min. The analysis of samples after centri- 
fugation revealed two main peaks of antigen (Fig. 2), the 
position of which in the gradient would correspond to 
sedimontation coefficients of about 10 and 23 S, respec- 
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tively. This result is compatible with the demonstration 
of two precipitin lines by the Ouchterlony technique’. 

It remains to be determined whether the ‘‘soluble’’ 
antigens have different or identical antigenic sites, whether 
and how they are related to the complete virion, and 
whether they are precursors, sub-units synthesized in 
excess or breakdown products of the virus. The elucida- 
tion of these problems is of considerable importance in 
view of the possibility of preparing an anti-rabies sub- 
unit vaccine. 

I thank Dr. T. J. Wiktor of the Wistar Institute of 
Anatomy and Biology, Philadelphia, for supplying the 
infectious tissue culture fluids. 
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Effect of Histones and Protamine on the 
Infectivity of Semliki Forest Virus and its 
Ribonucleic Acid 


Histongs and protamine are associated in vivo with 
nucleic acids. The effect of these basic proteins on tho 
infectivity of Semliki Forest virus and its ribonucleic acid 
(RNA) was investigated under physiological conditions in 
order to obtain a model of viral replication in vivo. Viral 
RNA has a low infectivity when assayed under physio- 
logical conditions and is rapidly destroyed by RNase in 
animal sera! and at the cell surface’. 

Chick embryo fibroblasts were prepared? using 4 x 107 
cells in each 60 mm Petri dish. No attempt was made 
to wash the RNase from the monolayers of chick embryo 
fibroblasts. Virus was grown in mouse brain, and RNA 
was extracted from infected mouse brain with redistilled 
phenol at 50° C (rof. 4). The RNA was extracted into 0-02 
molar phosphate buffer at pH 7-4 containing 10> molar 
sodium sequestric acid and 10-* molar iris (hydroxy- 
moethyl)-aminomethane pH 7-4. The RNA samples were 
stored at —70° C. The RNA was assayed on chick 
embryo fibroblasts with a hypertonic salt solution (1 
molar sodium sulphate containing 0-05 molar tris, pH 
7-4). It had a titre of 3 x 10* plaque forming units 
(P.F.U.)/ml. and was destroyed by 10+ pg/ml. of crystal- 
line bovine pancreatic RNase at 37° O in blood electrolyte 
solution (BES), pH 7-4 (ref. 5). The RNase destroyed 
90 per cent of RNA infectivity in 1-96 min. BES was 
used to dilute the basic proteins and RNA and 10 per 
cent foetal calf serum~was added to dilute the virus. 

The protamine sulphate used was extracted from fish 
roe, and was free from preservatives. The histones were 
extracted as sulphates from fowl red cell nuclei and from 
calf thymus. 

To assay the infectivity of virus aad RNA under physio- 
logical conditions, the growth medium was removed from 
the chick embryo fibroblasts and replaced by 2-5 ml. of 
BES or BES containing 100 ug/ml. of one or other of the 
basic proteins being tested. This was removed after 30 min 
and 0:2 ml. of suitable dilutions of virus or RNA was 
added to the monolayers. In some experiments, 100 ug/ml. 
of one or other of the basic proteins was mixed with virus 
or RNA at the time of inoculation. Inocula containing 
virus were left in contact with the monolayers for 2 h 
and inocula containing RNA for 10 min. The inocula 
were removed and the monolayers were overlaid? and 
plaques which had appeared in 48 h were counted after 
adding neutral red. The assays were carried out at 
37° C and all solutions and apparatus were at this tem- 
perature. All experiments were done in duplicate and the 
average plaque counts of both plates are shown in Table 1. 

Table 1 shows that pre-treatment of the chick embryo 
fibroblasts with calf histone halved the infectivity of the 
virus, while pre-treatment with fowl histone reduced the 
infectivity 9-12 times. The virus infectivity was reduced 
to 20-25 per cent with protamine pre-treatment. The 
presence of basic proteins in the virus inoculum had little 
or no effect on the infectivity. 

Pre-treatment of the monolayer with calf histone and 
fowl histone reduced the infectivity of RNA. On the other 
hand, in the absence of histone pre-treatment, calf histone 
in the RNA inoculum reduced the infectivity but fowl 
histone did not. Pre-treatment of the monolayers with 
protamine alone doubled the RNA infectivity and when 


Table 1 


Pre-treatment of mono- Inoculum of virus or Titre (PET: mi.) 


layer with BES + BRNA contained BES + Virus x 1 A x10 

- = 177 16 
Calf histone - 85 4 

“a Calf histone 87 <4 
Fowl histone - 20 <4 

nr Fowl histone 15 <4 
Protamine - 42 30 

” Protamine 37 116 

=- Calf histone 155 <4 

- Fowl histone 152 20 


= Protamme 
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combined with protamine in the RNA inoculum the 
infectivity was raised seven times. When protamine was 
present in the inoculum alone the RNA infectivity 
was increased six times. 

Histones may have some RNase activity® and an altera- 
tion of RNase activity in the tissue culture system by the 
basio proteins might change the RNA infectivity. In 
order to test this possibility an RNase assay system 
using yeast RNA and 0-1 ug/ml. of bovine pancreatic 
RNase was used’ to compare the digestion rate of enzyme 
with similar enzyme mixtures containing 100 pg/ml. of 
protamine or calf histone or fowl histone. No difference 
in RNase activity was found between the control and the 
mixture containing the basic proteins. Thus, under the 
conditions used, these basic proteins had no effect on the 
RNase activity; this suggests that the enhancement of 
RNA infectivity by protamine was not a result of in- 
hibition of RNase in the tissue culture system. 

Histones have been shown to inhibit celular RNA syn- 
thesis*, and our results show that calf and fowl histone 
reduce both virus and RNA infectivity in chick embryo 
fibroblasts. Fowl histone was the most effective in reducing 
the virus infectivity and it may be that the suppression 
of virus infectivity is more efficient when the histone is 
species specific. The effects noted with histones may be 
different from that which occurs tn vivo as thoy may be 
altered during the acid extraction process or by proteo- 
lytic enzymes released during preparation or present in 
serum. 

It is clear from the results in Table 1 that protamine 
reduces virus infectivity but increases RNA infectivity. 
This suggests that protamine has a different mode of 
action from that of histones. A modification of the cell 
membrane? or an effect on the RNA itself! has been sug- 
gested to explain the effect of protamine on RNA uptake 
by cells. 

Protamine sulphate and fowl histone sulphate were 
kindly prepared by Evans Medical, Speke, Liverpool, 
and calf thymus histone by Dr. I. Leslie, Department 
of Biochemistry, Queen’s University of Belfast. 
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Incomplete Antibodies in Rhinoscleroma 


Many authors have made use of the Coombs reaction in 
investigations of incomplete antibodies in bacterial and 
rickettsial infections. 

The purpose of my investigation was to determine the 
occurrence of incomplete antibodies in rhinoscleroma 
using the Coombs reaction to diagnose rhinoscleroma. I 
have been unable to locate any previously published data 
concerning these antibodies in the literature available to 
me. 

I examined fifty-four sera from patients with rhino- 
scleroma, forty sera from healthy subjects and sixteen 
sera from rabbits inoculated with Klebstella pneumoniae 
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(5056), K. ozaenas (5050), K. rhinoscleromatts (5046) strains 
(I. Ørskov, Copenhagen), and a non-capsular K. rhino- 
scleromatts strain (Moscow). Each serum was examined 
by means of (1) the complement fixation technique; (2) 
the agglutination reaction with K. rhinoscleromaits (5046) 
and K. rhinoscleromatis non-capsular antigens; (3) the 
.Coombs reaction (if a negative agglutination reaction 
occurred). 

Fifty-four sera of patients with rhinoscleroma gave & 
positive complement fixation test, in forty-seven cases 
with a titre 1: 5-1 : 160. The agglutination reaction was 
positive ın forty-one sera with a titre of 1 : 800-1 : 12,800. 
The Coombs antiglobulin reaction was positive in fifty-one 
sera with a titre of 1 : 50-1 : 25,600. The clinical diagnosis 
was confirmed by bacteriological examination in thirty- 
eight cases and histopathologically in thirty-seven cases. 
Positive complement fixation tests were obtained in the 
sera of six rabbits inoculated with K. rhinoscleromatte 
with titres between 1:40 and 1: 320. The agglutination 
reaction in these sera gave positive results with titres 
between 1 : 3,200 and 1 : 12,800, and the Coombs reaction 
was positive at titres between 1: 6,400 and 1: 25,600. 
In ten sera taken from rabbits inoculated with K. pneu- 
montage and K. ozaenae, the serological reaction was 
negative. 

With sera from healthy subjects the complement fixation 
test was negative, but the agglutination reaction in eleven 
sera, gave a doubtful positive result at titres between 
1: 100 and 1: 400 and the Coombs reaction in four sera 
was positive at titres between 1 : 50 and 1: 200. 

These investigations thus indicate that incomplete 
antibodies occur in rhinoscleroma. The titre of incomplete 
antibodies is between two and five times greater than that 
of normal antibodies. Sera from patients suspected of 
rhinoscleroms with a negative or doubtful complement 
fixation result or agglutmation reaction should thus be 
examined with the Coombs reaction because this reaction 
increases the possibility of a correct diagnosis. A false 
diagnosis can be avoided by the simultaneous use of the 
agglutination and the Coombs antiglobulin reactions. The 
blockade zone was detected ın eleven cases by means of the 
agglutination reaction. No significant differences were 
found between the agglutination reaction with & non- 
capsular K. rhinoscleromatis antigen and that with a 
capsular K. rhinoscleromatts antigen prepared according to 
the method of Durlakowat. Incomplete antibodies were 
also found in the sera of rabbits inoculated with K. 
rhinoscleromatis. 

ZYGMUNT Hanover 
Department of Microbiology, 
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1 Durlakowa, I., Arch. Immunol. Ter. Dot., 8, 681 (1960). 


BIOCHEMISTRY 


Hydrolysis of Dipeptides in Cells of the 
Small Intestine 


Durma the past few decades the mechanism of hydrolysis 
of peptides has been intensively investigated. An impor- 
tant outcome of these studies has been the establishment 
of the fact that the formation of amino-acids by the 
splitting of dipeptides does not occur in the cavity of the 
small intestine, but during the transport of peptides 
through the intestinal wall. Tho conclusion has been 
drawn, based on the analysis of correlation between the 
peptidase activity of the mucous liquid and homogenate 
of the intestine, that hydrolysis occurs intracellularly, 
that is, the peptides are passively transported through 
the membrane of the brush border into the cells of the 
small intestine, where they are split up into amino-acids? *. 
Data exist which suggest that this process occurs in the 
apical parts of the cytoplasm’. On the other hand, 
investigations of the effect of liquid convection relative to 
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the surface of mucosa on the rate of hydrolysis of dipep- 
tides‘ have revealed that this process is more likely to be 
localized on the external surface of the cell membranes 
(membrane digestion) than within the cells. 

We carried out investigations of the localization of the 
hydrolysis of dipeptides with the aid of such methods 
as we considered would provide criteria on both intra- 
cellular and membrane hydrolysis. The experiments 
were based on the well known effect exerted by the size of 
water soluble molecules on the rate of their diffusion 
through the cellular membrane and, in particular, on the 
fact that the smaller the molecular volume of the amino- 
acids the quicker they penetrate the cell membranet’. 
The study of the hydrolysis of dipoptides consisting of the 
amino-acids of different molecular weight provides a 
means of differentiating the process of hydrolysis within 
the cells from that on the external surface of the intestinal 
membranes. 

The theoretical prerequisites of the experiments con- 
ducted are depicted in Fig. 1. If the hydrolysis of dipep- 
tides is realized intracollularly, then the latter should 
penctrate into the cells, and form amino-acids in equi- 
molar ratio. As the rate of diffusion from the cells of 
“gamall” amino-acids is greater than that of the “large” 
ones, the intracellular liquid will have a higher concentra- 
tion of the “large” amino-acids. If the hydrolysis of dipep- 
tides develops on the external side of the cell membrane, 
the amino-acids should diffuse independently through the 
latter with rates which are inversely proportional to their 
molecular volumes. Moreover, the concentration of the 
“amall” amino-acids in the intracellular liquid will be 
greater than that of the “large” ones. These facts were 
corroborated by a series of special experiments on the 
distribution of amino-acids which ensue from the hydro- 
lysis of dipeptides in a media separated by ‘Cellophane’ 
membranes, and also by investigations of the entrance 
of the amino-acids into the intestinal cells from mixtures 
equivalent to the peptides under study. 

The experiments were performed on inverted pieces of 
small intestine (3 em long) from albino rate (Wistar line), 
which had been treated with a 0-02 per cent solution of 
sodium fluoride in order to prevent active transport. 
The pieces were incubated in 4 ml. of 0-01 molar Ringer 
solution of dipeptides, consisting of amino-acids of various 
molecular weights (glycyl-l-leucine, glycyl-l-tyrosine, 
glycyl-d,l-a-alanine) and equimolar mixtures of the 
amino-acids corresponding to the dipeptidos which were 
being investigated. The intestinal pieces were incubated 
for 0-56-15 min at 38°C, with shaking, in a Warburg 
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Big. 1. The contents of “large” and “amall” amino-acids in the intra- 
ular liquid, formed during tntracellular and extracellular 
q) AB. peptide: A 
‘Af, coll membrane; 
(LD) The rate of accumulation of glycine (@) and leucine (©) ın the 
tissue of the small Intestine dunng bydrolyma of glycyl-L-loucine. 
Absousa, Time of incubation in min, inate, ın concentration 
of amino-acids in the sample (amoles/l.). 
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apparatus. After incubation the slices were rapidly 
cooled and the amino-acids extracted from the mucosa by 
routine procedures. The amino-acids were separated by 
thin-layer chromatography on a fixed layer of silica gel- 
plaster ın systems: (i) phenol-water (75:25) for the 
glycyl-l-leucine and glyoyl-l-tyrosine, and (ii) propanol- 
26 per cent ammonia (70 : 30) for the glycyl-d,l-a-alanine. 
Quantitative analysis was carried out with a recording 
microdensitometer,. 

The accretion of the amino-acids (relative to control 
pieces of intestine which were incubated for the same 
period in Ringer solution) was determined. As can be 
seen from Fig. 2, glycine and alanine accumulate in the 
mtracellular liquid during hydrolysis of glycyl-d,l-«- 
alanine at about the same rate owing to the similarity 
of their molecular weights. 

The fact that glycine accumulates faster than leucine 
or tyrosine in the intracellular liquid during incubation 
in the solution of dipeptides consisting of amino-acids of 
different molecular weights (glycyl-l-leucine and glycyl- 
l-tyrosine) (Fig. 3) is characteristic of membrane digestion 
and is in agreement with our theory. 

It was found that during the incubation in the solutions 
of glycyl-l-leucine and glycyl-l-tyrosine the concentration 
of the individual amino-acids in the intracellular liquid 
grows in approximately the same manner as the equi- 
valent mixture of the amino-acids (Fig. 3). As has already 
been suggested, this may be possible only when the forma- 
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Fig. 2. The rate of accumulation of amino-acids in the small intestine 

during hydrolysis of glyoyl-d,/-a-alanine, Abscissa, Time of incubation 

in minutes. Ordinate, Concentration of amino-acids In relative unite, 
where J is the concentration at the stationary phase. 
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Fig. 8. The rate of accumulation of amino-acids in the small intestine 

tissue during incubation tn the following solutions: (a) glycyl-l-tyrosine , 

(a;) glycyl-l-leucine; @ giveine (@) and t ne (O); (bı) glycine 
@) and loname (O). Designations are same asin Pig. 2. 


NATURE 


NOVEMBER 19, 1966 vor. 212 
tion of amino-acids occurs on the outside of the cell 
membrane. If the formation were to take place in the cell 
the accumulation of the “large” amino-acids would occur 
faster than that of the “small” ones. 

The data obtained do not support the concept of intra- 
cellular localization of dipeptide hydrolysis and sugyest 
that this process is realized on the external surface of the 
brush border. It is of interest to compare these reaults 
with those of Newey and Smyth!-*, who showed that dipep- 
tides are hydrolysed by enzymes associated with the 
structure of intestinal cells. These workers, however, 
did not have at their disposal any details for a more 
precise differentiation. ‘This was also the case with the 
observations of Holt and Miller’, who found that the amino- 
peptidase activity was concentrated in the brush border; 
however, they did not carry out further experiments to 
obtain more exact details of the locality of the enzyme 
action. 

Study of a greater number of dipeptides is necessary 
because of the considerable variety of mtestinal dipepti- 
dases and because the localization of the enzymes might 
not be identical. The assumption that the terminal stages 
of the hydrolysis of peptides and oligosaccharides are a 
function of the membrane digestion and not of intra- 
cellular activity’-* has also found support, however, 
from data on active transport through the cell membrane. 

Thus the evidence obtained by different investigational 
techniques suggests that the terminal stages of hydro- 
lysis of peptides precede their penetration into the 
intestinal cells. 

A. M. UaotEv 


Laboratory of Nutrition, 
I. P. Pavlov Institute of Physiology, 
Academy of Sciences of the U.8.8.R., 
Leningrad. 
R. I. Koosavox 
Institute of Biology, 
Academy of Sciences of the Latvian 8.8.R., 
Riga. 
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Isolation and Identification of a 
Mucopolysaccharide from Egg-white 


Dorie the course of an investigation of the acid muco- 
polysaccharides formed in granulomatous tissue which 
had been produced intraperitoneally around slices of 
boiled egg-white, it was found that egg itself contained 
an acid mucopolysaccharide. This compound can be 
demonstrated histochemically in the light and electron 
microscopes by the colloidal iron method}. 

Slices of boiled egg-white, from which the inner egg- 
shell membrane had been removed, were used for the 
chemical analysis of the acid mucopolysaccharides 
present. After extensive treatment with papain the digest 
was deproteinized by the addition of trichloroacctic acid, 
and the mucopolysaccharides were precipitated from the 
supernatant by the addition of three volumes of ethanol 
saturated with sodium acetate. The mucopolysaccharides 
were isolated from an aqueous solution of the ethanol 
precipitate by a technique involving the elution of com- 
plexes of cetylpyridinium and mucopolysaccharide from 
cellulose columns with sodium and magnesium chlorides’. 
The technique was modified to permit heparitin sulphate 


f 


5 
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and chondroitin sulphate B? to be separated, in addition 
to hyaluromo acid, keratosulphate and chondroitin 
sulphates A and O (ref. 2), 

The only fraction which contained a polysaccharide was 
that eluted with 0:3 M magnesium chloride. This was 
shown? to cause separation of the cetylpyridinium— 


_heparitin sulphate complex from the other aortic muco- 


polysaccharides. Using cellulose acetate electrophoresis 
and a 0-1 M phosphate buffer, at a pH of 7-2, this fraction 
migrated as a single spot with a mobility similar to that 
of heparitin sulphate isolated from aorta, and inter- 
mediate between hyaluronic acid and the chondroitin 
sulphates. The compound from egg-white contained 
equimolar amounts of hexosamme‘ and uronic acid, 
determined by the orcinol procedure’. The hexosaminos 
were shown by paper chromatography® and on a Dowex 
ion-exchange column’ to consist largely of glucosamino 
{about 75 per cent of the total) and galactosamine. Paper 
chromatographic analysis on Whatman No. 1, using a 
descending front of isopropanol-water (160:40 by 
volume) showed that the uronic acid part corresponds to 
glucuronic acid; the spots were detected by naphtho- 
resorcinol reagent®. There were 0-9 sulphate groups’ per 
disaccharide unit. The failure to liberate N-acetylhexos- 


pamine? showed that the compound was not degraded by 


testicular hyaluronidase. 

These results indicate that the acid mucopolysaccharide 
igolated from egg-white is heparttin sulphate or a closely 
related substance. The sulphate content is lower than 
that of heparin, and this is supported by the stamming of 
samples dried on filter paper by toluidine blue. The degree 
of metachromasia is less intense than with heparin but 
similar to that of a chondroitin sulphate. Hyaluronic acid 
does not show metachromasia by this method. The 
sulphate contont is, however, greater than that of the 
aortic heparitin sulphate isolated by Antonopoulos et al.?, 
which has approximately one group for each two disac- 
charide units. The presence of galactosamine may be 
caused either by its partial replacement of glucosamine 
in the polysaccharide chain or by contammation with a 
chondroitin sulphate or a glycopeptide. The absence of 
any of the chondroitin sulphates in the appropriate 
fractions, however, and the use of 1 per cent cetylpyri- 
dinium chloride as a solvent to remove peptides makes 
such contamination unlikely, 

Sohier?! isolated heparitin salphate from the oestrogen- 
stimulated chick oviduct, but hyaluronic acid and chon- 
droitin sulphates A and B were also shown to be present. 


~The hen oviduct also contams several sulphotransferases, 


of which heparitin sulphotransferase is the most abundant 
and the most stable?. 

This work was supported by grants from the University 
of London Central Research Fund and the Medical 
Research Council. 


D. Loven 
©. J. Sonoran 
R. O. CURRAN 
Dopartment of Pathology, 
St. Thomas’s Hospital Medical School, 
London. 
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Activation of Fibrinolysis by Derivatives 

of Diphenyldioxopyrazolidine 
TH mechanism of the anti-inflammatory action of non- 
steroid anti-phlogistics has not yet been fully explained, 
and further information is required. In our studies of the 
biochemical properties of derivatives of 1,2-diphenyl-3,5- 
dioxopyrazolidine which possess anti-inflammatory act- 
ivity and have an oxoalkyl group in position 4 of the 
pyrazolidine nucleus!, we have investigated their influence 
on fibrinolysis, using the method of von Kaula’. We 
compared the following three derivatives of diphenyl- 
dioxopyrazolidine, which have been used clinically, with 
indomethacin and salicylic acid. 


AO-N—GH, 1, R = CH,COCH,CH,— 
R—CH 2, R = CH,CH,CH,CH,— 
‘co—N—C.H, 3, R = CH,COCH,CH,— 


In the conditions of our experiment, increased fibrino- 
lysis was observed, causing the dissolution of recalcified 
human plasma, clots incubated in a buffered solution of the 
examined substance for up to 24h. The dissolution only 
occurred with certain concentrations of the examined 
substances, and both higher and lower concentrations 
showed no influence on the fibrinolysis. The order of 
activities expressed both in molar and p.p.m. concen- 
trations of the substances examined is presented in 
Table 1. Salicylic acid was inactive in this test. 


Table 1. ACTIVITY OF SUBSTANOBS EXAMINED 


Complete 

Molec- fibrinolysis Partial fibrinolysis 

Substance ular Mola- Wt Molanty Wt. per cent 
weight rity per cent 
1. Benzopyrazone 884-42 0006 23086 0004-0007 153-7-260-0 
Indomethacin 357-9 0007 240-90 0008-0009 214-7-822-1 
z Phenvibutazone 80887 0-008 24686 0009-001 277-5-808-8 
3. Ketophenyl 322-37 O004— 1,289 — — 
ne 0:07 2,2560 


The substances examined showed fibrinolytic activity 
in vitro at concentrations about 10 times greater than 
those found in the blood after the usual therapeutic dose 
of the drugs, which lie between 100 and 200 p.p.m. 
when derivatives of diphenyldioxopyrazolidine are being 
administered. Z. ROUBAL 


O. NĚMEČEK 
Research Institute of Pharmacy and Biochemistry, 
Prague, Czechoslovakia. 


SALDAN N y Pradová; B , and Nëmeček, O., Collect. Orech. Chem, Commun., 39, 


* von Kaulla, K. N., J. Medto, Okem., 8, 164 (1986). 


Catechol-o-methyl Transferase Activity in 
Skeletal Muscle 


Ir has been reported that catechol-o-methyl transferase 
(COMT) is found in most organs of the rat except skeletal 
musole!. In the course of studies on the isolation of this 
enzyme from various tissues, we obtained results indicat- 
ing that muscle shows a COMT activity approaching that 
found in the lungs and heart. 

The various tissues were homogenized in a 1-15 per cent 
solution of potassium chloride (two parts of tissue to five 
parts of solution) at 4° C. The COMT activity was deter- 
mined ın the supernatant obtained after centrifuging the 
homogenate at 80,000g for 30 min. 

To determine the activity of COMT, we used tritiated 
S-adenosyl-L-methionine. 50 pl. of the soluble fraction 
(5 ul. for hepatic tissue) was incubated for 60 min at 
87° © in a mixture containing 10 umoles of 0-5 molar 
potassium phosphate buffer, pH 7:6; 10 umoles of molar 
magnesium chloride; 100 mymoles of tritiated S-adeno- 
syl-L-methionine methyl (1:74 u) (‘Tracerlab’; specific 
activity 274 m/mmole). The mixture was made up to a 
final volume of 150 ul. Control solutions were made by 
boiling the supernatant in advance for 5 min at 100° O or 
by replacing it with water. 
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Table 1, COMT ACTIVITY IN THE VARIOUS ORGANS EXAMINED resulting from a slight degradation of S-adenosyl- 
peice ‘paises eet tay) methionine at 37° C. 

iver lnapetnatent traction) Dos i As We were careful to ensure that the activity found was 

Bkeletal muscle (rat) i ‘9865 133 not caused by contamination from the blood. No COMT 

tal muscle (monse 2 was found in rat serum. The activity of COMT in muscles 
Boiled akel -— A K HON 

Lung, Sat Spoor musole 1.205 1-86 was not modified by partial inhibition, but we were 


After incubation, 10 pl. of the mixture was transferred 
from each tube to 0:5 ml. of 0-13 molar borate buffer, 
pH 10. After extraction by 5 ml. ethyl acetate and 
centrifugation, 2 ml. of the upper phase was used to 
determine the radioactivity in a hquid scintillation 
counter (“Tricarb’, type 314 X). The 2 ml. are mixed with 
10 ml. of scintillating fluid (4 g PPO, 0-1 g POPOP, 
toluene q.s.p. 1,000, 400 ml. ethanol). 

The results of the various determinations are given in 
Table 1. 

Under the conditions used here, ethyl acetate extracted 
half the methoxyadrenaline present in the sample. In the 
contro] preparations, ethyl acetate extracts contained little 
radioactivity. The small radioactive fraction obtained in 
controls can be explamed by the untransformed S-adenosyl 
methionine and by degradation products. This radio- 
activity does not interfere significantly in determinations 
(0-3 por cent). 

To test whether the enzyme transformation actually 
occurred, 100 pl. was spotted after each incubation on 
Whatman No. 3 MM paper with 3 ug methoxyadrenaline 
as carrier. The sample was chromatographed in an 
ascending system of butanol, glacial acetic acid and water 
(80: 20: 20). The bands were then dried and their radio- 
activity analysed (Packard chromatogram scanner). An 
important radioactive peak was found in all chromato- 
grams of incubation residues from supernatant organ 
fractions (Fig. 1 A; rat muscle). The Rp of the radio- 
active zone corresponds with that of methoxyadrenaline. 
In chromatograms effected with controls, however, no 
radioactivity appeared in this zone (Fig. 1 B). A peak 
of radioactivity of intermediate Ry can also be seen on all 


chromatograms. It has been ascribed to methionine 
1x103 3x103 
A 


1x103 





Fig. 1 


unable to show any inhibitory effect of muscle preparationg 
on the enzyme extracted from rat liver. 

These results show that skeletal muscles in rats and mice 
contain a considerable quantity of COMT. The results are 
indirectly confirmed by the results of Tomita et al.*, who 
found COMT activity in rabbit skeletal muscle. A sımilar 
enzyme, but with a more limited specificity, GEP-o- 
methyltransferase (GEP, guanidoethyl phosphate) has 
been found in an Annelid (Ophelia neglecta Schneider) and 
localized only in muscle tissue’. 

We have also attempted to demonstrate MAO activity. 
This enzyme, too, is present in skeletal muscle tissue. A 
determination using the method of Weissbach et al.‘ 
showed a mean value of 7-7 mymoles cynuramine brans- 
formed per mg protein per hour. The origin of the COMT 
and MAO in skeletal muscle, and the eventual action of 
these enzymes in muscular function, remains to be 


opened: M. Assrcot 
C. Boxnvon 
Institut Gustave Roussy, Villejuif, France. 
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Dimensionless Physical Constants in Terms 
of Mathematical Constants 


Ir is of interest to note that a simple logarithmic expression 
involving r may be used to obtam the values of two basic 
dimensionless physical constants within the experimental 
uncertainty. The Sommerfeld fine structure constant, 
a, = 2 ne*fhe, and the ratio of Coulomb to gravitational 
forces S = e?/Gmyme, where my, ms are the masses of 
the proton and the electron, respectively, are given by 
a = 1/(2+w) and S = 2/2r'. 

When w = x‘ ln 4, the numerical value of (2+) to 
nine significant figures is 137-037664. The present measured w- 
values} for «-1 are 


187-0388 + 0-0006 Triobwapnor, Dayhoff, Lamb 
137 0370 pple 
187-0852 vperfine splitting In hydrogen 


137-0388 + 0-0018 
187-0381 + 0-0032 
187-0361 
The numerical aie pea log (2/27?) is 39-3585058. 
The present mdicated empirical value of log S lies 
between the three standard deviations of the mean, 
that 1s, between 39-357 and 39-355, the largest part of the 
uncertainty bemg in the value of G. The three standard 
deviations of the mean of © are 2-27 (01) x 10°% and 
2-25 (46) x 107, whereas 20/2x? = 2264947 x 10. 
From these two relations a third numerical relation 
8x7? 
S gifa MyM 
may be derived. This equation, giving G in terms of other 
fundamental physical constants, is independent of w. 
Although one may be reminded of relationships derived æ 
by the late Sir Arthur Eddington, the quantity w used 
here has no known physical basis and the approxima- 
tions are quite possibly fortuitous. 


ite splitting in muontum 
tron magnetic moment anomaly 


ALBERT WILSON 
Douglas Advanced Research Laboratories, 
5251 Bolsa Avenue, Hungtington Beach, California. 
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FORTHCOMING EVENTS 


(Mestings marked with an asterisk are open to ths public) 
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Monday, November 21 


ROYAL GuHOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, 8.W.7), at 
6p.m.—Prof 8. Leszexycki (Puland): “800 Years of Polish Geograp! hy”. 
kee 


~* FaRapay Booty (In the Chemists Department, Univerm 
London, Gower Street, London, W.C. at 6.30 p.m.—Prot. 
McCo: cconnel (Stanford Üniversity): ean Labelled Biomolecules” en ee 


INSTITUTION OF RLEOTRICAL EXGINWERS (at Savoy Place, London, W.0.2), 
at 6.80 p.m.—Dr. B. Levy: “Broad-Band Matching”. 


UNIVERSITY OF LONDON (at the London School of Hygiene ond ical 
N EN ne, epee Street, Gower Strest, London, W.C.1), at f. 
G. M. Edington (Ibadan): “The Pathology of Malaria in ost A ca 


Roya. Soorery OF ARTS (at John Adam Street, Adelphi, London, W.0.2 2), 
at 6 p.m.—Miss Joan Woodward “The Study of industrial Bebavi o! 
(first of three Cantor Lectures on “Human Prob: in Industry”). 


Tuesday, November 22 


Ixsrirvvion OV ELBOCTRIOAL ENGINEERS (joint meeting with the British 
Preece oe Sound and Television coger’ and the Television Soclety, at 
o 


Savoy Place, London, W.C.2), at 9.80 a.m. Uoquium on “Sound on ne 


UNIVERSITY COLLEGE LONDON (in the Anatomy Theatre. Gower Street, 
ieee W.C.1), at 1.20 p.m.—Dr. B. C. B : “Jumping Bush- 


UNIVERSITY OF LONDON (at W; near Aahford, Kent), at aa 
—Dr. G. W. Cooke: “Availabi oe of Plant Nutrients m Bolle and 
. Uptake by Crops” (Amos Memortal Lecture).* 


UNIVERSITY OF LONDON (at the Institute of Obstetrics and Gynaecology, 
Hammersmith Hospital, Du Cane Roed London, W.12), at 8 p.m.—Prof, 
P. Polam: “Human Chromosomes and their Abnormalitiee—Lecture 1”. 
(Further lecture on November 29.)* 


BOOTRTY OF CHEMIOAL INDUSTRY, PLARTICS AND afar fat oe Group (at 14 
Belgrave Square, London, 8.W.1). at 4 p.m.— Prof. J. 0. Bevington: “The 
Use of Tracers for Studies of Polymers and Plastics”. 


UNIVERSITY OF LONDON (at Badrora College, Regent’a Park, London 
N.W.1 PARIETE 5,18 p.m.—Prof. J. W. Smith: "Banay, Nucleophilicity and 


pect OF CIVIL ENGINEERS (at Great George Street, London, 8.W.1), 


at 6.30 p.m.—Mr. N. J. B. Alexander’ “Wagon Retardation Equipment in 
Hump Marshalling Yards with special reference to the Downy System of 
Wagon Control”. 

UNIVERSITY OF LONDON (at the 3o arate of Child Health, Guilford Street, 
London, W.C.1), at 5.30 ee E. 8. Anderson; ‘er Factors an 
Drug Reastance in the ”, (Tenth of fifteen lectures on 
“The Scientific Bama of Medicine” organized y the British Postgraduate 
Medical Federation.)* 

INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Eccleston 
Hotel, Victoria, Tondon, 8.W.1)}, at 7 pm.—Mr. L. Taylor-Harnngton: 
Te Comparisons 


BOOIETY FOR AKALYTIOAL Oami T, I 


UES GROUP (in 
prem Lecture Theatre C, Im Á 


f Set : d Technology 
o once an fo) 
natitute Road, London, Bate W. l bo ig t 7 p.m.—‘Twenty-second Annual 
Aet Meeting, followed by Dr. nA. Bo ton: “The Anslysis of Paper 
Chromatograms using ‘Automatic An aaa & Digital Computer’. 


Wednesday, November 23 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of London 
Du Cane Road, London, W.12), at 2 p.m.—Prof. H. Mollwain: “Chemical 
and Electrical Investigation’ of Mammalian Cerebral] Tissues".* 


GEOLOGIOAL SOoreTy (at Brriington House, Plocadilly, London, W. A at 
6 p.m.—8pecial General Meeting- followed by a lecture meeting on “Some 
Recent Contributions to the Geology of South-West Greenland”, 


UNIVERSITY COLLEGE LONDON (In the Anatomy Theatre, Gower Street, 
London, W.C.1), at 5.80 p.m.—Prof. A. Szabo (Hi n Academy of 
Sciences); ‘The ogen of Euclidean Axiomatics”, er lectures on 
November 24 and 25.)* 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.0.2), 
at 6 p.m.—Mr. J. Moir: *Blectronioally Assisted Acoustics”. 


INSTITUTION OF ELECTROXIO AND RADIO ENGINAERS, ELECTRO-AOOUBTIOS 
GRouP (at 9 Bedford Square, London, W.C.1), at 6 p.m.—Prof. J. T. Alanson: 
“Psychological Aspects of Acoustics”. 


BOCIETY OF CHEMICAL INDUSTRY. Foon GROUP (at the School of 
Brunswick Square, London. W.C.1), at 6.15 p.m. -Short papers on current 
research from University Food Science Departments, 


Inerrrvrion OF ELECTRIOAL ENGINEERS, LONDON GRADUATH AND 
STUDENT SECTION (at Bavoy Place, London, don, W.C. 2), at 6.80 p.m.—Dr. J. Ò. 
Wiliams: ‘Travelling Wave Masers”. 


FARADAY Soorery (In the University Department of Physical Chemistry 
Lensfield Road, Cambri sige), at 8.80 p.m.—Prof. Harden M., McConni 
(Stanford Unitvernty): Labelled Biomolecules” (Bourke Lecture),* 


Thursday, November 24 


ROTAL INSTITUTION ai 21 Albemarle Street, London, W.1), at 9.45 aM. 
Ren george Foren, S.: “Thermodynamics and Chemical Change” 
e 


UNIVERSITY COLLEGE LONDON (in the Anatom 
London, W.0.1), at 1. 20 p.m.—Dr. A. J, Smith: 
Western Approaches”’.* 

INSTITUTION OF ELEOTRIOAL ENGINEERS (at 8avoy Place, London, W.0.2), 
at hey See G. Phillips: “Infra-red Devices—Propagation, Generation 
and Reception”. 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Stree 
London, W.0.1), at 5.30 p.m.—Prof. H. Smith: “Mechanisms of Bacteri 


Theatre, Gower Street, 
“Submarine Geology of the 
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Pa city”. (Eleventh of fifteen lectures on “The Scientific Basis of 
Medicine” organized by the British Postgraduate Medical Federataon.)* 


PHARMACBUTIOAL SOCIETY OF GREAT BRITAIN (at 17 Bloomsbury Square 
London, W.0.1), at $ p.m.—Mr. B. F. Branch: “Modern Spectroscopy and 
Chemical Analysis 


TELEVISION dogrery (in the Conference Suite, LTA. 70 Brompton Road, 
Fondon, 8. 8.W. K.g ata, 7 P- .m.—Mr. A. 8. McLachlan: “Interference to Television 


.m.—Air. Fergus Wilkon Rome): “The Contribution of Agricul. 
Education and Training to ‘Development in Afmea”, 


Friday, November 25 


INSTITUTE OF RURAL Lira AT Hons AND OVBRSEA8 (at Friends Inter- 
national Contre. qa Ho Place, London, W.C. 1). at 1.15 pm. 
—Mr. John Morton: “Television mir ormmumty Development”. 


INSTITUTION OF ELECTRIOAL ENGINEERS oH Savoy Place, London, W.C.2), 
ERa F. L. Veale: “X-ray Technology”. 


AL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9 p.m. — 
Pee ha . B. Weiner: “Alan's Physiological Conquest of the Environment”. 


Saturday, November 26 


INNAR LONDON EDUCATION Avruoriry (at the Horniman Museum, 
London Road Forest Hill, London, 8.E.23), at 8.80 ppe, Vernon 
Reynolds: “Chimpanzee B Behaviour in the African Wild” 


BoranloaL BOCIETY OF THA BRITISH ISLES (In the Botany Department, 
British Museum (Natural History), Cromwell Road, London, 8.W.7), from 
2 p.m. to 5.80 p.m.—Annual Exhibition Meeting. 


Sunday, November 27 


OFFICE OF H#ALTH EOOROMIOS (at the College of General Practitioners, 14 
LN hae Gate, London, 8.W.7), at 11 a.m.—Symposium on “Alive to 46—the 
‘edical Aspects of the Prevention of Death Amongst Young Adults”. 


Monday, November 28 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W 
a crt aa ar on “The Use of Electromagnetic Waves In Distan 
eas fe 


UNIVERSITY OF Wiken (4,0 Lge College, near Ashford, Kent), at 8.15 


heed 


Soorery (in the Dapartiment of Chemistry, The Untvera: 
at 6 p.m.—Prof. Harden M. MoConnell (Stanford University): 
Labelled Biomolecules” (Bourke Lecture).* 

pee OF ELECTRIOAL ENGINEERS (at Savoy Place, London, W.0.2), 
at 880 pm Dr. ¥. Heymann: “Elementary Particles and Resonances”. 


ROYAL Sootwry OF ARTs (at. John Adai Street, Adelphi, London, W.0.2 
at 6 p.m.—Air. Leallo Cannon: *‘Curre t Problems of Industrial Relatio: 
(second of three Cantor Tectures on aan Problems in Industry”). 


ROYAL GEOGRAPHICAL Socrery (at 1 Kensington Gore, Londan; 8. ae 7), at 
8.15 p.m.—Prof. L. Kosinski (Poland): “Poland—Past and Present’ 


FARADAY 
Shetield) 


APPOINTMENTS VACANT 


APPLICATIONS are Invited for the following appointments on or before the 
dates mentioned: 

SANIOR DEMONSTRATOR (with an honours degree in physical chemistry) OF 
PHYSICAL CHEMISTRY at the Universit: y of Queensland, Australia—The 
Association of Commonwealth Universitles (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (London and Brisbane, Novemher 25). 

EXPERDIENTAL OFFIGER of SHNIOR EXPERIMENTAL OFFIOER (with a 
university degree ori its P eqilvalent and preferably some experience tn eleo- 
tronics or Xraye) IN ARTMENT OF Parsios—Tho Registrar, The 
University, S eld, ; qmoting Ret. NA (November 26). 

RESEARCH ASSOCIATE (with a good honours degree In one of the biological 
folences and preferably resenrch experience) TS ZOOLoay for an Inveetigation 
of the immunological! responses nst malaria parasites—The Registrar, 
King’s College (Univermty pot London), > Buran. London, W.O. 2 (November 


ER (with a wide Interest ın biological subjects and preferably exper- 
lonce in evolutionary processes and human genetics) IN Human BIOLOGY 
THH DEPARTMENT O¥ BIOLOGIOAL AND TH STUDIES—The Staff 
Omoa (L.F.G.), University of Surrey, Battersea Park k Road, London, 8.W.11 
(November 80) 
‘ioe ee ie pod thee ana j beli a special ae Im the 6. Rela or 
ctural eo and design) TN THE 
eG Lhe The: Depots Secretary, The Unlversty, Southampion 


(November A 
th qualifications in any branch of the subject) nv PHILOSOPHY 

at the Cae ot New England, Armidale, New South Wales, Australia— 
The Association of aa ee Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, November 30). 

CHAIR OF MATHEMATICS (applicants should have special interests In the 
field of apnlie? mathematica; and CHAR OF BTATIBTIOS—The Registrar, 
The University, Leicester (December 8). 

LECTURERS IN AUTOMATIO CONTROL; BIOOHMANISTRY ; ELECTRICAL ENGIN- 
EXRING; AL PsYOHOLOGY; 


ERIMENT 
MATHEMATICS, AL ENGINEERING; and OPERATIONAL RESEARCH 
—The Assistant Registrar 1 (Ratablisnment), T The S nveraly of Sussex, 
Stanmer House, Stanmer, Brighton, Sussex (December 8), 
Registrar, The University, Leicester 


VAUGHAN CHAIR OF EDUGATION—The 
LECTURER (with a d honours degree in geography with postgraduate 
experie’ specialization ın age prong or meteoro! ey, and preferabiy 
me w» abiiy to teach some ne eg of oceanography) IN GEOGRAPHY at the 
Aus f Hong Kong—' Association of Commonwealth Unrversities 
Branch pe r Marlborough House, Pali Mall, London, 8.W.1 (Hong Kong 
aD D o 


5). 
LECTURER IN TCE OGT at the University of Otago, Dunedin, New 
Zealand—The Association of Commonwealth Universities ‘(Branch Office), 
Marib Bouse, Pall Mall, London, 8.W.1 (New Zealand and London, 
December 2 
SENIOR W IN DEMOGRAPHY at the Institute of Advanced Studiea, 
Australian National University—The Association of Commonwealth Uni- 


864 


yersities (Branch Office) 
(Australia and London, 
LEOTURBR or A 


nt House, Pall Mall, London, 8.W.1 


ecember 1 
SBIRTANT IN INORGANIO CHEMISTRY —The 

strar, The University, Nott (December 16). 

RCTURER IN THE HISTORY OF o%--The Secretary of the University 
Coant, The University, G w (December 17). 

LECTURER or Assistant LEOTURER (preferably with a knowledge of, or 
experience tn, the fields of agricultural economics, farm business and farm 

management) at the Swaziland Agricultural College and University Centre, 
University of Botswana, Lesotho and Swasiland The Inter-University 
Bedford Place, London, W.C.1 (December 2 

CHAIR OF MORAL PHILOSOPHY at St. Salvator’s selieee "St. Andrews—The 
Secreta: University of St. Andrews, College Gate, St. Andrews, Fife, 
Beptlan X December 81). 

LEOTURER (with research or practical! experience In the fleld of rock 
mechanics, with particular reference to applications in apen cut and under- 
gound aig e Rook MBCHANIOS THE DEPARTMENT OF MINING, 

niverar elbourne, Ansira The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Australia snd London, January 6). 
Gi OF GRoagrarHy——The Registrar, University Registry, Oxford 

an 

CHAIR 6 OF BIOCHEMISTRY —The Secretary, The Queen’s University, Belfast, 
Northern Ireland (January 10). 

ASSISTANT or ASSOMATE PROFESSOR OF PHYSICAL CHMISTRY—Head of 
he he Chemistry Department, University of New Brunswick, Fredericton, N.B., 


ATOMIO POWER CONSTRUOTION LDOTED RR&HARON FELLOW (with a good 
academic record and preferably some industria] or rience in 
fluid dynamics or vibration) IN THE INSTITUTE OP SOUND AND VIRRATION 
ResEARON for work concerned with the pro tion of acuustic disturbance 
peta high pressure gas circaits and the vibration of stractural components 

osed to the suund--The Deputy Secretary, The University, Southampton. 

JOLOGIST or ZOOLOGIST (graduate, preferably with simular research 

rience) to join a team carrying out biological research In connexion with 

to smoking and health-—-The Perronnel Officer, Tobacco Research 
Council Laboratories, Harlow Hill, Harrogate, Yorkshire. 

CYOLOTRON CHEMIST (with a firat- or good second-class honours degree or 
equivalent, with an tnorganic/physical und) to mvestigate nuclear 
and chemical routes to new radioisotopes and to assist In the preparation of 

cyclotron-based products for medical use and research—The Personnel 
Oorr, The Radlochemical Centre, Amersham, Bucks, quoting Ref. 500/34. 

RESEARCH ASSISTANT (B.8c., with experience ın bio ogy or biochemistry) 
--The Administrative Secretary, Strangeways Research Laboratory, Wort’s 
Causewav, Cambridge 

RESEARCH ‘ASSISTAS wr (preferably with a Ph.D. degree) to work on the 
aie of structures ed by self-weight—Dr. E. H. Brown, Civil Engin- 

eering Department, Imperial College, London, 3.W.7. 

RESEAROH ASSISTANT {mth a pood honours degres or the equivalent in 
engineering or science, and preferably some experience ın turbulence measure- 
ments, coupled with a sound knowledge of fluid mechanics and elootronion) 
in the aerodynamics research group concerned with the strneture of turbulen 

boundary li rs, including wall pressure fluotuations—The Deputy Beo- 
retary, niversity, Southampton. 

RESBARCH WOREER (with a good honours degres, or its equivalent, in 
biochemistry and preferably an interest ın purification methods as applied 
to tein hormones or ence in Immunochemistry) to study prolaotin 
with special reference to ite assay in human body fluids—The Secretary, 
National ' Institute for Research in Dairying (University of Reading), Shin- 
field. Reading, Berksh quoting Ref. Be/N/BI 

BENTOR LECTURER (with practical experience Ta systems analysis and com- 
merelu} Pe ing) IN DATA @—The Secretary, Woly pton 
College of Technology, Wolverhampton, quoting Ref. No 06401. 

SPECIALIST ADVISORY OFFICHR (with a de preferably with elther 
honours or a postgraduate moar in ani husbandry) to speciale in 
animal husbandry problems—The Secretary, The Edinb and East of 
Scotland College of Aericulture, West Mains Road, Edinburg 

TEOHBVICIAN In a laboratory engared in diagnosi lc and faracah mreology 

revivus experience In this fiel t necessary)—The Secretary, Wright- 

Pieming Institute of Microbiology, St. Mary’s Hospital Medical School, 

addington, London, W.2. 


REPORTS and other PUBLICATIONS 


(not included in the monthly Books Suppleneni) 
Great Britain and Ireland 


The Heating and Ventfating Research Association. Summary of Labora- 
bry Report No. 25: Certain Aspects of Fan Noise Control in Ventilation 
nd port. By f gta and L. J. Stewart. Pp. 8. 
ee of Laboratory Repo: rt No. 26: Intermittent Heating. By Neville 
8, Biling on, K. J. Colin and D. N. Bhorter. Pp. 8. Lahoratory rt 
No. 27: Nolse Levels In Boiler Houses and Plant Rooms. By D. Kibblewhite. 
iP. 0, Bs. Nae (Bracknell: The Heating and Ventilating Research Amoco 
on, 

The Universities Federation for Anima) Welfare. Report and Aocounts, 
Ist July, 100s; to 81st March, 1966. Pp. 36. (London: The Universities 
Federation for Animal Welfare’ 1968. [79 

Proceedings of the Joint Conference of the Animal Feeding Staffs Trade 
Assorintions and the British Veterinary n, University of Keele, 
Spr aa BREWER April, 1966. P. 87. (ondon: British Veter inary 
Agsociation, 1966.) 1 Radi 

Memoirs of in Royal Astronomical Society. Vol 70, Part 2: a 
Velooities of Southern B Stars Determined at the Badolite Obgervato 

The 8co-Cen Association. By A. D. Thackeray. . 33-52. ia Astro: 
Black wel Salentific Publications, 1986. Published far “the Bo 
nomical Reig 

Materials, In ety, en and the Technological Pore. By Prof. aĵ 
Pick. (Inaugural Lecture.) Pp. 22. (Birmingham: The University of Fton 
in Birmingham, 1966. {79 

Potato oard, Survey of Potato Research In the United 
Kingdom. oP 11+ 656, PA ae Potato Marketing Board, 1966.) 2s. 79 

Aeneral ce. Census 1961—England and Wales. Migration 
Tables, Pp. iy London: H.M. Stationery Office, 1968.) 678. net. [79 

General Register Offios. Census 1961-— nd and Wales. Grea 
Tondon Tables. Pp. xvit+68. (London: H.M. Stationery Office, 19903 

. 6d, net, 

Northern Ireland: Ministry of Agriculture, Leaflet No. 44: Cattle Diseases. 
Pp. 12. Leaflet No. 45: The Management and Feeding of Boara Bowe and 
Young Pigs. . 16. Leaflet No. 102: Mastitis In Cattle. Pp. 7. 

115: Bufety onthe Farm. Pp. 15. (Belfast: Ministry of ‘Aarloniture, 19859 108 
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University of London, Annus! Report of the D ent of Hop Research, 
Wye College, from ist April, 1965, to Slat Maree tooo. Pp. niro (W; 
near Ashford, Kent: Wye College, 1968. ) 63, 06 


Other Countries 


World Health Organization. Monograph, Series, No. 52: Trials of Pro- 
phylactic Agents for the Control of Communicable Diseases: a Guide to Their 
Organivation and Evaluation. Prepared by T. M Pollock. Pp. 92 (Geneva: 
World i Health C Organization; London: H.M. Stationery Office, 1988.) 10 Bin 

8. 

United States De sineni f Commerce: National Bureau of Standards. 
Miscellaneous Publication No. 269: Statistical Association Methods for 
Mechanized Documentation—Symposlum Proceedings, Washington, 1964. 
Edited by Mary Eirabetn Stevens, Vincent B. Giuliano, and Laurence B. 
car ae . Vii+261, (Washington, D.C.: Government Printing ona 

Metropolitan Life Insurance Company. Statistical Bulletin, Vol, 47 
(June 1966): Summer Aoccidenta Claim 27,000 Lives. American Marriages 
Increase ln 1985. Tuherculosis: Stil) a Serious Problem. Hospitalization of 
Metropolitan Personnal in 1965. Pp. 12, (New York. Metropolitan Life 
Insurance Company, 1986.) {69 

nals of the New York Academy es Belences. Vol. 137, Article 2: Bio- 
logical Membranes—Rerent Progress. By W. R. ‘Loewenstein and 79 other 
authors. Pp. 403-1048. (New York: New York Academy of Sctences, 1066.) 


812. 

Proceedin ngà of the California Academy of Sclences-—-Fourth Series, Vol, 
83 No. 15 ( w Fpa 1888): The Todalit -Group o Pei 
of Two New repels and a Key to the 8 


Pp. 499-534. 
Vol. 83, No. 17 (July 8 1986): ™ Station dae (Dip tera) of the Gal veri 
Islands. Ry Maurice T. James. Pp. PAS: sh No, 18 (Julv 8, 196 

Critical Notes on the Gents 


ister hey rel ron nk 
Redescription of S. wisrmedius Davia and Sih w and 


Speclea. 


By Emeet R, Tinkham. . 548-650. Val. 83, No. 19 Guy ®, 1968): Tho. 
Svatematics of the Pacific Frog, Hyla la. By David L. Jameson, 
James P. Mackey and Rollin O. Richmond. . 551-620. Vol, 84, No. 
July 26, 1966): Population Biology of the Pacific Ine Ine (Sardinops caerulea), 
y Ga I. Murphy. Pp. 1-84. (San Francisco: emy of 
Bclences, 1966.) [69 
United States Department of Agricniture: cultural Research facets: 


culture Information Bulletin No. 808: Population Models to Test Theore- 
tical Effects of Sex Attractants Used for Insect Control. By E. F. Knipling 
and d. U; McGuire, jun. Pp. 20. (Washington, D.C.: Government Printing 
ce, 
Bliet of the American Museum of Natural History. Vol 182, Article 5: 
Told Lizards of the Genus Neusticurus (Reptilia, Sauria). By Thomas M. 
Uazoli, jun. Pp. 277-828. (New York: Amerlean Museum of Natural Histo 


1966.) $2. g$ 
Institutt for Atomene Kjeller Research Establishment. Kjeller Report 
No. 88: Fundamentals of t ‘orrosion of Super Pure Alamimium In Water. 
By Keti! Videm. . 12. Kjeller Report No. 108: The tometric 
Determination on UG in Aqueous and in TBP Solutions. By K. Joon and 
P. A, Deurkho. (Kjeller, Norway: Institutt for Atomenergi, KJeller 
Research Establutiment: 1966.) 

Conse Permanent Internationa] gour YExploration de la Mer, Service 
Hydro phique, ICES Oceanogra Data Liris, 1901, No.1. Pp. xv +188. 
{Copen : Andr. Haat et 1968. [69 

Publications del'Institut National pour I’ fe eee du Congo. 
Carte des Sola et de la Vegetation du Congo, du Rwanda et du Burundi. 
20: on Tshuapa-E: dustonr. A: Sols. Notice Explicative de la Carte des 
Sols, P. Jongen st M. Jamagne. Pp. 82+10 aesa (Bruzio ® 
Institut National pour l'Étude Agronomique du Congo; 1900 [79 

Instituto Mexicano de Recursos Naturales Renovables, WA La Adminis- 
tracion de la Fauna Silvestre en Mexico. Por Rodolfo Hernandez Corzo. 
Pp. 63. Problemas Latinoamericanos en la Conservacion de los Recursos 
Naturales. Por Enrique Beltran. Pp. 81. Influencia de las Tendencias 
Mundiales sobre las Politicas Forestaies Tropicales en America Latina, Por 
Ennque Beltran, Pp. 29. E) Ambiente y Supervivencia Humana. Por 
Tom (ill. . 38. Los Rosques Tropicales. Por Tom Gill. Pp. 29, Contri-_, 
bucion de Diversas Profesiones en la Conservarion de los Recursos Naturales, 
Auditorio del Instituto Mexicano de Recursos Naturales Renovables, 26 
al 29 de Octubre de 1965. . vili +222, La Conservacion del Buelo y et 
Agua en Mexico. Por Gonzalo lanco Macias y Guillermo Ramurez Cervantes, 
Pp. <it+118. Estudios Rotanicos en la Region de Misautia, Veracruz. Por 
Arturo Gomez Pompa. Pp xvi+173. XIII [uforme Anual. . 20. (Manco, 
D.F.: Instituto Mexicano de Recursos Naturales Renovables, A.C., 1984, 
1985 y 1988 ) 70 

The Weizmann Institute of Science. Scientific Activities 1065. Pp. 341. 
eon, The Weizmann Institute of Suenos, 1966.) 99 
Ministerio de Ganadena y Agricultura. Centro de Investi- 


soins "Agricolas “Al ‘—Memorla Anuai 1965. Pp. 116. 
fa balegr ity Dolna, Centro de Investigaciones Agricolas "Alberto 


RTA Common Services Organization. East African Institute 
foo ban Medical Research Annual Report 1004 05: . 44. (Mwanza, Tanzania: 
East African Institute for Medical Research, 1 J) [99 

Rhodesia. Report of the Trustees and Directors of the National Museums 
of Rhodesia for the year ended 8lst December 1965, Pp. 23. (Salisbury: 
Trustees of the National Museums, 1968.) [ 
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Infrared Spectrophotometer. Place your produce a perfect recorded spectrum. 
sample in its beam and you can instantly Unicam double-beam infrared spectro- 
check the spectrum before the record is photometers handle all infrared techniques 
commenced. Move the flat chart table with solids, liquids and gases. They are 
manually to any wavenumber and the pen simple to operate and consistently 
movement will immediately indicate sample reliable. For fast routine work use the 
absorption, giving immediate warning of SP200. For high resolution use the SP200G. 
errors in pathlength or concentration. Send for further details today. 
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LETTERS 


ASTRONOMY _ 
Production of Fast Drift Bursts.—Dr. H. Zirin . é E 


~ Radio Observations of the Quiet Sun at 49 cm.—G, Swarup, 
V. K. Kapahi, J. D. Isloor and R, P. Sinha . 


PLANETARY SCIENCE 


History of the Atlantic Ocean and the Scandinavian 
Caledonian Chain.—I. Hernes . . 


ig 0 Anomaly over Vema Seamount.—Dr. J R. 
eirtzler and M. L. Hadley . . . . . 


THE SOLID STATE 
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Nature and Mechanism of Formation of gride Films in the 
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Patterns.—Dr. Herman E. Ries, jun., and Joseph Gabor. 


Hysteresis in the Flow through an Orifice—J. C. McVeigh . 
Shear Elasticity in Organis sous -Dr D. R. Olver and 


W. McSporran . . . à 
CHEMISTRY 

Ionization in Hydrocarbon Pamies, —R, F. Kiem, and 

A. T. Blades 5 

Fluorescence of Photo-degraded ‘Tyrosine Solutions — 

D. A. Wey! and D. Murfin 7 A 

Empirical Correlation between Nuclear Qua le Reson- 


ance Frequencies and Iita red Absorption aa 
Rapid Destaining of Polyacrylamide Gel.—Dr. L K. Nagy, 
Rogerson and N. Tomkuss 2 à š z 


RADIOBIOLOGY 


Radioactivity in the Milk of Subjects receiving Radioactive 
19-Norsteroids.—Dr. G. aan G. Bialy, Dr. D S. Taye, 
M. Paniagua and K. I. H. Williams 


Incorporation of Subcutaneous oiy Administered Tion. 59 by 
Mouse Erythrocytes Thomson ¥ 


Influence of shel arth on Retention of Radioactive 
@ Strontium in Rat and Mouse.—T. H. Bates and H. Smith 


BIOCHEMISTRY 


De dation oi Ribonucleic Acid by Extracts of Germinating 
f. G. R. Barker and José A. Hollinshead : 


ake Content of Ribonneleió Acid in Compensato 
Hyperfunction and H p. v of the Heart.—Prof. 
F. Z. Meerson, L. A. lopteva, V. Melechoy and G. J. 
Markovskaya . è 


Effect of Deoxyribonucleic Acid and Histone on the Nuclear 
Ribosomal Incorporation System.—Prof. Tung Yue Wang 
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van and Prof. . 


Interchangeability of seal and Protein Synthesi 
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from Other Organisms.—Dr. James Van Esten; Pauno 
Parisi and Orio Ciferri é a . 


The Pyridine Nucleotide Cycle.—Prof. R. K. Gholson ‘ 


Two Different Forms of Glutamic Pyruvic Transaminase in 
Rat Heart and their Intracellular Tocalization = 
w Renate Zlegenbein s P . 


Proteol ee Enzyme Control in “Squash Cotyledons.— 
Donald Penner and Dr. Floyd M. Ashton . 


Concentration of Lactic Acid in Rat Brain durin 
Sleep.—Hirotoshi Shimizu, Kaoru  Tabushi, 
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Ammonia Content of the Developing Rat Brain.—Dr. S. s. 
Oja, H. A. R. von Bonsdorff and O. F. C. Lindroos a 
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PATHOLOGY 


` Is Brain Damage the Cause of -Piik Spot”?—R, F. Nunn 
and Dr. R. H. Wheeler š pR s . 


Si ficance of the Co-existence of Friend Virus in «Friend 
umour’'.,— Hiroshi Kobayashi; Takao Kodama and 
Tetsuo Itoh . j 7 . ‘ . 


Kmetics of Glucoge-6-pho hate as an Inh ibitor of Phospho- 
fructokinase.—.  Hasesewn . è : ? . p . 


MICROBIOLOGY 


Effect of Activated Charcoal on the Stennis ct Prois, — 
Dr. D. G. Smith and J. Alwena . . 


CYTOLOGY 


Microstructure of ee from Cultured ‘Colls. = 
G. Gancevici . . . . 


Intracellular Budding into Rodent M aiat, Coi — 
Dr. Robert Hadek and Prof, Peter J. T . 


HAEMATOLOGY 


Hexokinasá I e Patterns of Human Erythrocytes and 
Dasa es- Gary M. ar nton, Dr. George J. Brewer and 


The Axial one ae, —Dr. Richard A. Boolootian and 
James L. Campbell. ‘ a . 


Failure of L-Glutamıc Acid to increase Absorption of 
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Iv is not surprising that the British Prime Minister, 
now dedicated to the cause of joining Britain with the 
European Economic Community, should be anxious 
to put as many apples as possible in his shop window. 
This, no doubt, is why Mr. Wilson described at the 
Lord Mayor’s banquet in London a week ago his vision 
of how Britain could contribute uniquely to the 
establishment of a vigorous “technological community” 
in Western Europe. On the face of things, it is true, 
there is a contradiction between this confidence and 
the current belief of the British Government that 
Britain is desperately short of technologists, and that 
British industry is desperately inexpert in using what 
skill there is. How can a country in such bad case 
contribute, let alone take the lead, in the kind of enter- 
prise Mr. Wilson has in mind? That is the question 
that will now be asked. The simple answer is that the 
question is unreasonably sceptical. 

For all the gloom that there may be about the 
exploitation of technology in British industry, there 
is no doubt that the great volume of self-conscious 
innovation in Britain is a considerable asset. In 
1962, the most recent year for which comparative 
statistics are available, British spending on research 
and development was 40 per cent of that in Western 
Europe as a whole. In spite of the rapid growth of 
activity in France in the past few years, this ratio is 
probably still very much the same. Tangible evidence 
of all this is almost as conspicuous as the Tower of 
London and the other symbols which appear on the 
travel posters. The countryside is dotted with labora- 
tories, not all of them operated by the Government. 
Although academics are often quick to point out that 
facilities for research could be improved, and although 
some of them are always being tempted to the United 
States, it is a plain fact that research at British universi- 
ties has remained vigorous and competent and has 
grown enormously in scale. It would be foolish of 
anybody to suggest that what happens in British 
universities is qualitatively different from—let alone 
better than—the research at universities elsewhere in 
Europe, but there is a great deal of it going on. Then 
British companies still make aero-engines successfully. 
For these and many other reasons, Mr. Wilson’s talk 
of a European technological community should not 
be written off as empty dreaming. 

In the long run, the benefits of technological integra- 
tion in Europe could be immense, but even in the 

„immediate future there are great gains to be made. The 
British and French Governments are not alone in their 
awareness of how much could be done to co-ordinate 
the development and manufacture of military equip- 
ment. Obviously there is plenty of room for wider 
fruitful collaboration in defence research and develop- 
ment, although it would be wise to remember that 


the scope for co-ordination of defence development 
will be limited so long as defence policies themselves 
are not fully co-ordinated. But although sensible 
collaboration on defence development might save 
money, it would not in itself create the enduring links 
between the participating nations which alone can give 
substance to the concept of a technological community. 
That is a more distant but a more valuable goal. The 
ideal is such a thorough integration of research and 
development within Europe that the various nations 
would arrange to complement each other’s work, and 
in particular make it easy for skilled people to move 
easily to settle in those laboratories where they can be 
most usefully employed, whatever frontiers may have 
to be crossed in the process. How is that to be 
accomplished ? 

The place to begin is in academic and basic industrial 
research. Throughout Europe but especially in 
Britain, there is a strong tradition of government 
assistance for industrial research, and a great many 
laboratories supported by public money work on 
industrial problems. Informal contacts between them 
exist already, and there are even arrangements such as 
that whereby commercial companies outside Britain 
can become members of British collaborative research 
associations. The strokes of a few pens could quickly 
ensure that these facilities were much more fully 
available within Europe. Sensible but painless plan- 
ning could also pick out places in which new develop- 
ments could be launched on a European basis from the 
beginning. More effective backing for solid-state 
electronics is one obvious need which might be most 
easily satisfied in collaboration. And then there are 
the universities, where at present it is often easier to 
make links with the United States than with Europe. 
There is no doubt that European academic research 
will be enormously stimulated if people can be moved 
about more easily. The immediate need is money for 
travel and for visiting. The cost would be modest, 
but the long-term benefits would be incalculable, not 
merely in academic life but throughout science and 
technology. It is to be hoped that governments will 
not shy away from this because, like most good works, 
it is unspectacular. 


SECRET COLLEGES END 


Tus National Institutes of Health have acted wisely 
in deciding to bring the Information Exchange Groups 
to an end in April, for the experiment was plainly 
on the point of getting out of hand. The fact that the 
demand for enrolment has been increasing in such a 
way that even the generosity of the National Institutes 
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of Health had begun to seem inadequate is perhaps the 
least important worry outside Bethesda, although it is 
a timely reminder that the scheme sprang from an 
honest and courageous wish to help with the manage- 
ment of the scientific literature. The real trouble has 
clearly been the difficulty of reconciling the inherent 
contradictions in the scheme. There has, for example, 
been the problem of preserving the confidential charac- 
ter of the groups, and thus the informality of their 
communications, without restricting their scope so as 
either to exclude deserving members or to create a 
rash of tiny splinter disciplines. In the past few 
months there have probably been more complaints 
from people unable to belong to groups in which they 
had an interest than from those added to the mailing 
lists without warning of the flood of paper they would 
have to deal with. Obviously such a state of affairs 
could not indefinitely have continued. Either there 
would have grown up such tensions that the communi- 
cations of the groups would have had to be distributed 
without restraint or—more probably in these days of 
copying machines—these documents would have 
circulated far beyond the ken of the organizers, who 
would then have been still less able than at present to 
control plagiarism. Plainly the National Institutes of 
Health have learned of these problems the hard way, 
for it is now accepted that information exchange 
groups which may emerge in fature, under other 
auspices, should be limited either in time or by the 
scope of their subject, but even these restrictions might 
not ensure stability. Overriding all these questions of 
feasibility is the issue of principle which has exposed 
the IEG experiment to criticism from the beginning. 
If the system worked well, it would differ from orthodox 
publication only in ita lack of discrimination in content 
and by the fact that all but a selected group would be 
denied access to it. Whatever practical advantages 
there may have been, this would have been an offence 
against scholarship. 

Because the faults of groups were predictable, how- 
ever, it does not follow that their virtues can be 
ignored. The National Institutes of Health may 
properly reflect that if the information exchange groups 
have not been a roaring success, their existence has 
been a vivid proof that working scientists need better 
communications within the profession. One obvious 
consequence should be an improvement in the conduct 
of the existing journals. Speed is a necessary and an 
attainable end, but there may also be a place in more 
orthodox journals for some of the informality which 
has made the Information Exchange Groups welcome 
in many laboratories; the habit of writing for posterity 
is often an impediment to communication with those 
still alive. There may also be great benefits in methods 
of communication which deal differently with factual 
information and with concepts; certainly there is 
room for experiments in that direction. There are 
also likely to be substantial gains in the new technology 
of reproduction, not merely on print but on computer 
tape. The sheer mechanics of printing and copying 
should not, however, obscure the now urgent need for 
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an improvement of the fitness of the literature for the 
everyday purposes of the scientifico profession. Mere 
quantity is less important. 


TOO MANY AGENCIES? `“ 


Taw most striking characteristio of the pattern of 
public spending on research and development in the 
United States (see page 869) is flexibility. Ten years 
ago, the Atomic Energy Commission was the biggest 
spender. Five years ago it was the Department of 
Defense. NASA is now a close second. Nobody 
would predict with confidence what agency of govern- 
ment will be the dominant force in the early seventies. 
These ups and downs may frequently be exhilarating, 
particularly for those who are not directly involved in 
the decline of a big spending agency in the hierarchy. 
They are also a proof of how the United States can 
direct its energies in technology to goals which change = 
quickly from one year to another. At the same time, 
however, they are a good reason for asking whether 
such a heavy and direct involvement in research and 
development of agencies and departments of the 
United States Administration is the best way of making 
sure that the pattern of spending is that best suited 
to the long-term needs. 

The first thing to be said is that the dominance of 
the quasi-military departments of the United States 
Government is certainly understandable and probably 
unavoidable as well. The importance of the Atomic 
Energy Commission was a simple consequence of the 
importance of nuclear weapons in the early fifties. 
The missiles which preoccupied the military in the 
second half of that decade explain why the Department 
of Defense then sprang to the front. And everybody 
knows about getting to the Moon, of course. The 
aggregate spending on these three kinds of activities 
is not outrageously different, as a proportion of thess 
entire budget for research and development, from what 
is spent in countries such as Britain. Yet there are 
important differences. For one thing, the budgets 
of the great agencies such as the Atomic Energy Com- 
mission include large sums for basic research, much of 
it at universities. Another important idiosyncrasy 
of the pattern of spending in the United States is 
that there is no dominant sponsor of basic research as 
such. The National Institutes of Health and the 
National Science Foundation have money to spend on 
basic research, and between them will administer 
$635 millions in the current financial year, but this is 
appreciably less than the budget for basic research 
within NASA, and less than a third of all the public 
money available for basic research in the United 
States. In the circumstances, it is natural to wonder ife 
this money would bring still greater benefits if more of 
it were channelled through independent agencies like 
the National Science Foundation. As things are, 
there is a risk that science in the United States may 
too often be required to indulge the whims of the great 
executive agencies of government. 
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NEWS AND VIEWS 


Technology Takes All 


Tux Ministry of Technology will be the agency respons- 
~rible for British defence research and development 
under the arrangements announced last week by the 
Prime Minister in the House of Commons. Mr. Wilson 
said that the Ministry of Aviation, which shed responsi- 
bility for civil aviation earlier this year, is now to be 
absorbed entirely within the Ministry of Technology. 
This is the outcome of a protracted study of various 
alternative arrangements that would have allowed the 
Ministry of Defence to retain responsibility for the 
development and procurement of military equipment. 
The result, which must be read as a vote of confidence 
in the Ministry of Technology, leaves that organization 
in charge of almost all public expenditure on research 
and development except that,in universities and the 
laboratories of the research councils. 
The transfer of the defence laboratories to the 


= Ministry of Technology will be a considerable under- 


taking which is bound to preocoupy the ministry 
for several months to come. Apart from the increase 
of its size, however, the ministry may eventually 
rejoice in a much greater and more experienced supply 
of scientists turned administrators than that at present 
available. Eventually it is to be expected that the 
defence laboratories will be engaged much more directly 
in work for industry. 

In the long run, the Central Advisory Committee on 
Science and Technology will presumably help to guide 
decisions like these. At the beginning of this week, 
however, no appointments to this committee had been 
made. It is now a month since that committee under 
Sir Solly Zuckerman was announced. 


IEG No More 


Tux Information Exchange Groups which have been 
operated from the National Institutes of Health in 
Bethesda, Maryland, during the past five years will 
come to an end, at least for a time, in April 1967. 


~ Members of the Information Exchange Groups have 


been told that new members will not be accepted after 
November 15, 1966, and that no documents for circula- 
tion within the IEG system will be accepted after 
February 1, 1967. In a statement circulated to 
members of the Information Exchange Groups, Dr. 
Eugene A. Confrey, Director of the Division of Research 
Grants at the National Institutes of Health, says that 
the decision to wind up the present phase of the IEG 
experiment has been taken because, in the first place, 
the IEG concept has been shown to be workable and, 
second, because the rapid growth of the exchange 
groups in the past two years has now reached the limit 
of what can be accommodated. One other considera- 
tion which has apparently influenced the decision to 
bring the present phase of IEG to an end is that the 
necessarily selective way in which the system operates 
~ seems inequitable to those who work in areas not 
covered by an exchange group. For the rest, the 
organizers of the exchange groups apparently consider 
that detailed criticisms of the system could be met by 
suitable modifications. 
On the basis of the experience of the past five years, 
the organizers commend the concept to scientific 


NATURE 


867 


societies and journals. They consider that the Informa- 
tion Exchange Groups have a part to play as comple- 
ments to existing journals, particularly in areas of 
scientific research marked by the volume of current 
activity. They suggest that groups should be limited in 
duration and that decisions should be taken once a 
year about their continued existence. The ideal 
group is small, and this should be achieved by limiting 
the scope of each group. Experience has shown that 
the larger groups have worked less well than those 
restricted to particular fields. 


Food Science for Reading 


Tue Fruit and Vegetable Preservation Research 
Association has decided to move from Chipping 
Campden to Reading, if sufficient money can be raised. 
The decision is in recognition of the advantages that 
can be gained by close proximity to other research 
groups in the same field, in this case the Food Science 
departments of the University of Reading and the 
National Institute of Dairy Research, and follows 
reports last week (Nature, 212, 766; 1966) that the 
Ministry of Overseas Development is considering 
whether to move two of its research departments to 

ing. The council of the research association 
has been authorized to go ahead with the plan, and 
to try to find fmancial support from industry and 
elsewhere. The Ministry of Technology has taken an 
interest in the plan, and has hinted that it would be 
prepared to contribute towards the cost of the move. 


Research for Training 


THE Committee of Directors of Research Associations, 
conscious of the importance of the Industrial Training 
Act, last week organized a colloquium about it. The 
British economy increasingly hopes to rely on technical 
sophistication in industry and on a mobile labour force; 
men need not only to be trained, but also to be re- 
trained if circumstances make this necessary. The Act 
brought into being the industrial training boards, of 
which there are now seventeen. They are supported 
by a levy on the industries they serve, and spread the 
cost of training throughout the industry by returning 
money in the form of grants only to those which carry 
out effective training. The industrial research associa- 
tions also train people, particularly in the advanced 
techniques which they have developed. As yet, the 
two kinds of organizations have had very little contact. 

The specialist character of the research associations 
was seen as no bar to co-existence. Indeed, at the 
symposium it was argued that the research associations 
ate well placed to anticipate the kinds of re-training 
that the boards should concern themselves with. One 
speaker urged, for example, that modern laundry 
workers should have a grounding in control engineering 
to enable them to live with increasing automation. 


Blackett on Britain 


THs economic advantage of industrial mergers was the 
principal theme of the Fawley lecture by Professor 
P. M. S. Blackett, delivered at Southampton to an 
audience of academics and industrialists on November 
23. The speech is important not only for its lucidity, 
remarkable even for a President of the Royal Society, 
but also because it throws light on the thinking of the 
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Ministry of Technology, where Professor Blackett 
deputizes for the minister as chairman of the principal 
advisory committee. His starting point was the 
recognition that “the present crisis” is also an oppor- 
tunity to put the relationship between industry and 
technology in order. In passing, he took care to insist 
that the margin between crisis and solvency is a mere 
£500 million a year in exports—a kind of Micawber 
pittance. 

But why do exports lag behind ? Because productiv- 
ity is low, which is in turn a consequence of too little 
capital investment. Only 16 per cent of the GNP in 
Britain is being spent on new “productive machinery”, 
compared with 21 per cent in West Germany. But 
Britain has also failed to provide industrial manage- 
ment with enough technical skill. “The professional 
world as a whole must take a big share of the twin 
errors of underestimating both the needs of Britain for 
technologically trained manpower in general and for 
a new breed of technologically trained managers in 
particular’. So, Professor Blackett argued, Britain 
must train a greater proportion of its people in scientific 
skills, and plans based on the Robbins report must be 
“rapidly implemented and in no way whittled down”. 

Professor Blackett went on to argue that even though 
Britain stood well in international comparisons of the 
proportion of the national income spent on research 
and development, the great proportion spent on defence 
research “which is usually unproductive of growth” 
means that the figures are somewhat misleading. In 
fact, Britain carries out roughly 5 per cent of all the 
research and development in the world and must 
therefore live by the slogan—attributed to Mr. Leon 
Bagrit—that one should “never re-invent’. The 
problem is to decide how to “concentrate the country’s 
technological effort and not to waste it by spreading it 
too thin in too many fields”. Professor Blackett 
thought it would be disastrous if Britain limited its 
production methods to the means of production it had 
itself invented—“‘though it is very important to make 
electronic computers, it is still more important to 
use them”. For all these reasons, he thought that a 
country like Britain, constantly aware of problems of 
balancing external payments, must make what use 
may seem necessary of foreign development, skill and 
technique. 

On the relationship between research and develop- 
ment and the economic viability of individual com- 
panies, Professor Blackett pointed out that the cost of 
developing a new product, measured either in money or 
in skilled man years, islikely to be a constant determ- 
ined by the product itself But few companies can 
afford to spend more than 10 per cent of their turnover 
on research and development, so that to recover the 
cost of a research and development programme implies 
that sales of the products concerned must amount to 
something like ten times the development cost. In 
other words, “rather simple arithmetic relations exist 
between the fundamental and numerical parameters 
relating to any firm”. Moreover, the minimum size 
of a viable company “able to do its own research and 
development is inversely proportional to the output 
from employees”. Because the average output of an 
employee in Britain is rather less than in the United 
States, it follows that the minimum size of a company 
in Britain may often be less than that of viable com- 
panies elsewhere. Given this kind of thinking, it is 
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easy to see where the Ministry of Technology’s enthusi- 
asm for mergers has sprung from. In his Fawley 
lecture, Professor Blackett added the reservation that 
he was not talking of “mammoth firms” and also 
suggested that “the optimum size would be perhaps 
near the minimum required to satisfy” the conditions 
he had specified. 


Less School Science 


THERE is a mixture of good and bad news in the 
information collected from schools in Britain in 
January 1966, and which has now been processed by 
computer at the Department of Education and Science. 
Despite the growth in the number of children in the 
schools caused by the rising birth rate in the fifties, 
the average number of pupils per teacher has shown a 
slight improvement, from 23-5 to 23-2. The improve- 
ment is concentrated in the secondary schools, however, 
and the primary schools show no improvement at all, 
with a ratio which is constant at 32-6 pupils per teacher. 
The tendency for pupils to stay at school after they 
reach the statutory leaving age is increasing, but the 
South of England and Wales are still far ahead in this 
respect, and the rest of the country shows no sign of 
catching up. This tendency is shown by the number of 
pupils reaching the sixth forms, which has risen by 
42 per cent in four years. 

A depressing feature of this rise is that it shows a 
swing away from the scientific and mathematical 
subjects. Since 1965 the number studying these 
subjects in the sixth forms of grammar schools has 
declined by more than 4:5 per cent, while the number 
studying exclusively arts subjects has increased by 
1-3 per cent. What seems to be happening is that pupils 
are increasingly tending to study one science subject 
and at least one other; although still small numerically, 
this category has increased by 7-5 per cent over the 
year, and by 100 per cent since 1962. 


Engineers as Heroes 


“Tam Engineers’ Day”, an exhibition organized by the 
Ministry of Technology, opened at the Science Museum 


in London last week. Alarmed by the shortage of engin- ~ 


eers, nationalized industries, government departments, 
the armed forces and the engineering institutions have 
conspired with the ministry to organize the exhibi- 
tion, which is directed at schoolchildren. The theme 
is a day in the life of a professional engineer. and many 
examples of the engincer’s work are shown. There are 
even some engineers on hand to describe to the children 
the work they do. Organized parties from schools will 
be given preference over casual visitors, and so far 
20,000 children have booked to see the exhibition, 
which will run until January 14. 

As far as it goes, the exhibition should be a success. 
Tt is colourful and well arranged, and should give the 
Museum cause for shame over its own rather depressing 
children’s section. The exhibition twists and turns 
like the maze at Hampton Court, and through port- 
holes in the wall glimpses of the permanent exhibits 
at the Museum can be seen. Many of these are examples 
of the work of the great Victorian engineers, who knew 
what it was like to be glorified. There are, however, 
two lapses. First, no attempt is made to define the 
engineer's career structure. The impression is given 
that, once qualified, the engineer spends the rest of 
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: his life doing the same job. Perhaps so, but it would 
have been good to have had evidence of an engineer 
who had, say, reached the board of his company. 
Second, computer technology is entirely ignored, 
probably because there was until recently no national 
body to represent it. Some of the National Computing 
,Centre’s boundless enthusiasm would have been well 
“employed i in devising an exhibit. 

The exhibition will, of course, only be seen by 
children from the Home Counties, who are already 
privileged by comparison with those from areas with 
no museum of science and technology. The possibility 
of the exhibition touring the country is being pursued 
by the ministry, but with no great enthusiasm. Every 
engineer has his day, it seems, but especially if he lives in 
‘the south-east. 


Tug on the Purse Strings 


Pusiic spending on science in the United States 
“seems now to have reached the plateau advertised by 
discussions earlier this year in Congress. According 
m to a survey carried out by the National Science Founda- 
tion (Federal Funds for Research, Development and 
Other Scientific Activities, NSF 66-25, U.S. Govern- 
ment Printing Office, $1. 25), government expenditure 
> research and development in the current fiscal year 


Le (from July 1, 1966) will not exceed that in the previous 


we 


year. Since 1964, the rate of increase of this expendi- 


ture has been a mere 3 per cent a year, which is less 
“than a third of the rate of growth between 1956 and 
1964. These figures do not, however, imply that there 
¿has been an abrupt: halt throughout the field. Indeed, 
the plateau 1s a consequence of the curtailment of the 
development expenditure of the three United States 
agencies which between them dispose of 85 per cent 
of all federal money for research and development 
—the Department of Defense, the Atomic Energy 
Commission and the National Aeronautics and Space 
Administration. Other agencies of the United States 
Government are being involved in research and develop- 
ment on a growing scale. What is called basic research— 
some of it supported by the three big spending agencies 
also continues to prosper, with a growth rate of 11 
J per cent a year in the three years to June 30, 1967. 
This is a healthy state of affairs by most standards 
except by those established in the United States in the 
late fifties, when public expenditure on basic research 


A Increased by roughly 29 per cent a year. 


Public expenditure in the current year is expected 
A be $15,900 million, which is the estimated total 














“agencies has been dramatic. 


for the fiscal year ending in June. In addition, $700 
million will be spent on capital equipment of various 
-kinds (compared with $1,100 million last year). The 
scale of all this is vividly shown by the fact that in the 
year to June 1966, research and development took 
15 per cent of all the funds available to the United 
States Government—a proportion which has increased 
ten-fold since 1946, when Federal spending on research 
and development was a mere $900 million, or rather 
less than what will be spent on medical research alone 
win the current financial year. 
The decline in the importance of the big spending 
As recently as 1960, 
the Department of Defense spent 72 per cent of all the 
‘federal money for research and development; now 


“NASA is a close second, with 32 per cent (compared 


with 44 per cent for Defense). At the same time, the 
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spending of the Department of Health, Education and 
Welfare is growing with such er that it promises 
soon to overtake the AEC as the third biggest sponsor 
of research and development. Between 1960 and 1966 
this department multiplied the scale of its effort three 
times, and is expected to spend $1,271 million in 
the current financial year. Other booming sectors in 
research and development are the social sciences, where 
the pace of growth has amounted to 27 per cent a 
year for the last decade, and the handling of scientific 
and technical information, on which the United States 
Government plans to spend a total of $273 million — 
in the current financial year. 


More Industrial Research 


Ix the first three years of this decade, industrial ¢ com- ; 
panies in the United States increased their expenditure 
on research and development more rapidly than it grew 
by government contracts for research and development. 
This is clear from the survey by the National Science 
Foundation of spending on industrial research and 
development in 1963 (Basic Research, Applied Research 
and Development in Industry, 1963, NSF 66-15, 
Government Printing Office, $1). 

Industrial companies spent 73 per cent of all the 
funds available in the United States for research and 
development in 1963, and employed 70 per cent of all 
qualified scientists and engineers. Their total expendi- 
ture was $12,700 million, an increase of 11 per cent. 
compared with the previous year. Federal funds. 
accounted for 57 per cent of the industrial budget, 
or for a total of $7,300 million. Altogether, the value. 
of government contracts for research and development 
let with American industry increased fourfold in. the 
decade to 1963, chiefly as a result of the activities of 
the Department of Defense and NASA. 

Because of the recent interest in the equitable geo- 
graphical distribution of government expenditure in 
the United States, the report predictably has much to 
say on this matter. California emerges as the state 
in which most industrial research and development. is 
carried out; in 1963 the total value of industrial 
development there was $3,500 million, of which 
$3,000 million came from federal contracts, mostly. in 
defence and space developments. The report shows 
that in 1963 the southern states were the most neglected 
—one of the reasons why many of the large and 
expensive facilities for space development have been 
built in the southern United States in recent years. 

Of the skilled manpower available to industry, 
estimated to amount to 348,000 in 1963, the aircraft and 
missile industries employed by far the greatest number 
(117,000, or 31 per cent). Electrical equipment and com- 
munications used 22 per cent of the skilled manpower, 
andthechemical industry 11 percent. Thesurvey showed 
that scientists and engineers were most prolifically 
employed in those branches of industry in which federal 
funds were most lavishly available. The larger com- 
panies employed proportionately more skilled people— 
an average of 29 full-time scientists and engineers 
in every 1,000 employees or an increase of 35 per cent 
since 1958. There is nothing in the report to show 
whether the positive correlation between the employ- 
ment of scientists and the size of companies is a proof 
that science brings prosperity; it may, of course, be 


that larger companies are more able to afford the. 


luxury. 
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The report contains peak valuable information 
about the cost of employing men on research and 
development. In 1963 the average cost worked out 
at $37,600 for every skilled person so employed—an 
increase of 15 per cent since 1957. Within this average 
value, however, there were important differences. 
The higher unit costs of research and development were 
to be found in the development of motor vehicles and 
other forms of transport, where one man year accounted 
for $49,500 in 1963. Research and development in 
the aireraft and missile industry was marginally 
‘cheaper at $47,400 a man year. In the petroleum 
industry, the cost ratio worked out at $36,000, while 
research and development in forestry and furniture cost 
a mere $20,400. Just as larger companies employed 
proportionately more skilled people, so it seems they 
provide them with more funds; the cost of research 
and development for each skilled man in companies 
employing more than 5,000 people worked out at 
$40,900, or 9 per cent more than the average for 
American industry as a whole. 


Fusion at Culham 


Tas Culham Laboratory of the U.K. Atomic Energy 
Authority seems to be settling down to the long haul 
in the search for a power source using nuclear fusion. 
The contributions by members of the laboratory to 
the Royal Society symposium on the subject last week 
showed that new work continues to expose as many 
problems as it solves. The laboratory also seems 
unconcerned at the suggestion that support for the 
laboratory may be reduced—the subject of a recent 
‘letter to the London Times (Nature, 211, 899; 1966). 
The present annual budget of the Culham Laboratory 
is about £4 million, which represents perhaps 10 per 
cent of the total international expenditure in the field. 
It is meaningful to speak of an international effort, 
because this is a field in which collaboration between 
scientists is more than a pious hope; at Culham, for 
instance, up to a quarter of the staff at any time are 
foreign visitors, either on fixed term associateships 
paid by Culham, or as shorter term visitors, paid by 
their home laboratories. 





Fig. 1. 


Model of a magnetic well generated by a tube-edge conductor. 
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At least the principles on which a nuclear fusion 
reactor will be based seem to be established. A 
plasma—a mixture of bare nuclei and free electrons— 
must be established and maintained at very high 
temperature for long enough for the fusion reactions 
between the nuclei to produce a net gain of energy. 


Producing the plasma is easy compared with main-, 


taining it; the most likely way of containing it is by 
magnetic fields, but plasmas have shown themselves 
adept at escaping from magnetic containers by a variety 
of instabilities. Fig. 1 shows one type of magnetic 
well which is being investigated at Culham, in which 
the magnetic field strength increases in all directions 
away from the centre. In the Phoenix experiment, 
plasma is fed slowly into the well particle by particle, 
and the density gradually built up to about 10° 
particles/em’. One gross form of instability has been 
reduced by this technique, but it has revealed other 
forms of instability for which there seems to be no 
immediate solution. A working reactor would require 
densities greater by a factor of 105, and much longer 
residence times in the well. 


Methane Cinderella 


Tue change in the advertising symbol of the British 
gas industry from the comfortable Victorian “Mr. 
Therm” to the dynamic “High Speed Gas” seems to 
reflect changes in the attitude of gasmen themselves. 
They feel that the North Sea gas strike will give the 
industry a new lease of life and bolster up the British 
economy in the process. This was the optimistic 
tone of the Duke of Edinburgh’s speech to the Institute 
of Gas Engineers on November 14, when he described 
the past 10 years as a “Cinderella story”. 

Despite this optimism, the benefits of cheap North 
Sea gas are by no means assured, and the Gas Council 


es 


has a difficult path ahead. The most immediate hurdle — 


to overcome is to settle a price. It is an open secret 
that the Council hopes to buy the gas for as little as 
l or 1-5 pence per therm while the oil companies think 
4 pence or 45 pence more reasonable. The Gas 
Council is apparently thinking of a cost-plus price 
based on its own experience in the North Sea, but the 


oil companies hanker after the kind of price they might™ 


get in a free market. The strength of this difference 
of opinion is indicated by the protracted negotiations 
between the Shell-Esso group and the Gas Council. 
At least a part of the problem is that the Gas Council 
signed a 3 year agreement in April 1966 with British 
Petroleum to supply a minimum of 50x 10° cubic feet 
of gas a day at 5 pence a therm; other oil companies 
do not see why second comers should be so ill favoured. 
They are not entirely mollified by the recollection 
that the British Petroleum price was fixed by the 
Minister of Power in the hope of encouraging explora- 
tion; he said at the time that it was not a precedent. 

Another reason why the gas industry cannot look 
to the future with unbridled optimism is the nature 
of the gas fields themselves. The oil companies were 
lucky to strike gas fairly early in their exploration, but 
since then several dry holes have been drilled and it is 
possible that there is not much more gas to be dis- 
covered. The Gas Council wants the field to provide 
4,000 x 108 ft.3 a day for 15 years, but nobody knows 
whether that will be easy. It also looks as if the strue- 
tures in the rock under the North Sea are relatively 


tight, and that the gas may occur in a number of small. 
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_ isolated fields. If so, exploration and exploitation 










re bound to be more expensive. 

The official date of the first delivery of North Sea 
as (from B.P., Ltd.) is July 1967, but the Gas Council 
opes to start bringing small amounts ashore in the 
New Year. The Council is also going ahead with its 


«plans to convert existing appliances, using natural 


gas piped from Algeria at 6-25 pence a therm, which 
indicates that it is serious in its intentions to exploit 
the North Sea. The Council estimates that it will 


_take 10 years to convert the whole of Britain and that 


¿the cost for conversion of domestic appliances will be 


about £30 a household. 
Even if it had to pay 5 pence a therm for North Sea 


: gas, the consumer and the Gas Council would still 
_ benefit, but obviously the Council has set its heart 


on more glittering goals than that. 


Perhaps it should 


-remember that after Cinderella had lost her shoe at 
the ball, she had to wait for it to be identified. 


_ Uncertainty of Dying 


How accurate are death certificates ? A survey by M. A. 


~Heasman and L. Lipworth (Accuracy of Certification 


of Cause of Death, H.M.S.O., £1 1s.) suggests that 
_ there is some way to go before they can be considered 


=< as precise measurements. 


The survey was a large 


- scale follow up of a pilot study undertaken in 1956 


which showed that the cause of death diagnosed 


a by clinicians agreed with that given after autopsy by 


a pathologist in only 51 per cent of the 1,404 cases. 


: The new survey covered 14,617 deaths and comes to 
- much the same conclusions as the pilot survey, though 
with a much greater wealth of detail. 





‘ons: 


Seventy-five hospitals took part in the survey and 


contributed details of all in-patients dying between 


March and August 1959. The clinician responsible for 
the patient recorded his estimate of the cause of death 
and an autopsy was then carried out, after which the 
pathologist entered his findings, presumably more 
urate. Autopsies were carried out in only 65 per 
t of cases, partly because the next of kin did not 
always agree to an autopsy and partly because some 
of the clinicians also took an autopsy. when they were 
:mncertain about the cause of death. The doctors 


_ involved had also to state how much weight they 

- themselves placed on the diagnosis; whether they were 

_ “fairly certain” about it, or whether it was “probable” 

cor “uncertain”. 

The clinician and the pathologist agreed about the 
. underlying cause of death in only 45-3 per cent of 9,501 
cases and, not surprisingly, these tended to be diag- 


< noses about which they were “fairly certain”. 


Half 


: the disagreements arose because of the system of 
<- ¢lassification, based on the International Statistical 


“the diagnoses. 


Classification of Disease. In many cases, closely similar 


syndromes are classified as separate diseases, which 
tends to accentuate minor differences of wording in 
In only a quarter of the cases were 
there real differences about the facts. The overall 
numbers of deaths ascribed to a particular cause by 
pathologists and clinicians tended to be similar, and 


thus to cancel out differences in individual diagnoses. 


‘Some of the problems of diagnosis are obvious, such 
as the difficulty of knowing the primary focus of an 
advanced metastasized cancer. Another well known 


problem is the diagnosis of deaths from senile processes, 


and the authors suggest that provision should be made 
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in the system of classification for such multiple cause. 
syndromes; this would undoubtedly improve the 
accuracy of the mortality statistics. Some diseases. 


are more common than the death statistics would | 


indicate. Remarkable among these, considering how- 
conscious people are about it, is lung cancer. Others 
include cancers of the gallbladder and bile ducts and 
peptic ulcer. Cerebrovascular disease, on the other 
hand, is obviously a popular holdall classification, and > 
clinicians tend to diagnose it more frequently than is 
justified. : M 
One of the puzzling features of the survey is the seven 
years taken to publish it. In view of its obvious impor- _ 
tance to public health studies and in epidemiology, 
this seems a very long time to wait. sie as 





Werner Centenary 


Dr. H. Crace writes: Alfred Werner, the founder of | 
modern co-ordination theory, was born at Mülhausen `- 
in Alsace on December 17, 1866—exactly one hundred 
years ago. His first introduction to chemistry came 
during his term of military training, when he attended 
the Technical College at Karlsruhe. From there, in 
1886, he moved to the Technical High School in Zurich 
and studied under men such as Lunge, Hantzsch and 
Tredwell. It was to Lunge that he became assistant 
after obtaining a diploma of the college. In 1892 he 


worked with Berthelot for a short time, and then — 


returned to Zurich where he published Beiträge zur 
Konstitution anorganischer Verbindunger (1893)... The- 
impact of this work was such that by 1895 he had- 
progressed to a professorship. ee 
It had been thought, for many years, that the classical. 
theory did not fully describe compounds of the type 
CoCl,.6NH,. In such compounds, Werner suggested, 
the central metal atom (cobalt in this case) could 
through “secondary valencies’’ co-ordinate itself to. 
atoms or molecules up to a number of six and in so 
doing form a stable co-ordination compound. Thus he 
reformulated the cobalt complex as Co(NH;),Clh.. 
The existence of the three chloride ions was demon- 
strated by precipitation with silver nitrate. He then 
proceeded to expand his theory to give an explanation. 
of the arrangement of groups round a central metal- 
atom in a co-ordination compound, and this in turn _ 
led to his prediction of stereoisomers in compounds of - 
the type Co(NH,),X, on the assumption that the six — 
radicals have an octahedral arrangement round the 
central metal atom, that is ene 


fs oe 
x aA x 

| Pe 
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Using ethylenediamine as one of his co-ordinating 
groups, Werner demonstrated optical isomerism and:in 
1911 resolved [Co(NH,)en,Cl]X, and [Co en,NO,CHX, 
thus proving the validity of this theory. . For his 
work he was awarded the Nobel Prize in 1913. He 
died on November 15, 1919, and since then, on the basis 
of his ideas, optical activity has now been demonstrated 
by more than twenty elements... oc 


NH, 
NH, m 


X 












Parliament in Britain 
_ Tux House of Lords agreed on November 15 to a motion 
of the Earl of Listowel’s to dispense with Private Bill 
“Standing Order No. 104 so as to alter the appointment 
by the Committee of Selection of seven Lords, in place 
of the customary five, to sit on the Select Committee 
on the Tees Valley and Cleveland Water Bill. This 
was recommended by the Committee of Selection in 
view of the controversial nature of the Bill and the 
widespread interest it had aroused. The Earl of Listowel 
‘said that the Committee would start sitting on Novem- 
ber 22, and the hearing was expected to last some 
three weeks. 


. Iv reply to questions in the House of Lords on Novem- 

ber 17 regarding outbreaks of Irish salmon disease in 
England, Scotland and Wales, the Minister without 
Portfolio, Lord Champion, said that outbreaks of 
columnaris disease had recently occurred in salmon 
and sea trout in ten rivers in Cumberland and Lan- 
cashire, and in the Border Esk, which is partly in 
Scotland. An outbreak of disease on the Kirkcudbright- 
shire Dee was being investigated. Similar outbreaks 
occurred in the summer among coarse fish in several 
rivers and enclosed waters, particularly in the Lincoln- 
shire,, Welland and Nene, Trent and Severn River 
Authority areas. In these outbreaks similar organisms 
had been identified and the symptoms had been 
generally similar, but in England and Scotland, unlike 
Treland, sea trout had been more affected than salmon 
and the incidence among coarse fish had been higher, 
although the disease had proved much less lethal to 
them than to salmon and sea trout. The areas in which 
the disease had been confirmed had been designated as 
infected areas under the Diseases of Fish Act, 1937, 
and the fishery authorities concerned had been em- 
powered to remove and destroy all dead and diseased 
fish by the most suitable means. Movement of all live 
fish and eggs out of the areas was prohibited or con- 
trolled, and anglers had been advised to disinfect 
their gear as a precaution against the transmission 
of disease from one river to another. Lord Champion 
did not think there was any evidence that the disease 
was hereditary and he agreed to consider Lord Balfour 
of Inchrye’s suggestions for issue of a monthly com- 
muniqué, while the emergency lasted, giving informa- 
tion of new outbreaks and improved methods of preven- 
tion. Although there had been many investigations 
into the disease, it was not certain that the disease 
was columnaris: the symptoms indicated that the 
principal organism was columnaris. There was some 
evidence to show that the disease was transmitted 
_in the estuaries rather than in the sea. 


_In a written answer in the House of Commons on 
November 15, the Minister of Land and Natural Re- 
sources, Mr. F. Willey, stated that the consultants’ 
study reports on both the Morecambe Bay and the 
Solway Estuary Barrage schemes were being studied 
by the Water Resources Board and arrangements 
were being made for publication. Earlier, on November 
14, Mr. Willey had refused to commit the Government 
to proceeding with the feasibility study of the Wash 
Barrage scheme as recommended by the Water Re- 
sources Board. To a series of questions he maintained 
that whether or when such a study should be undertaken 
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-depended on various factors which were still being 


examined. Meanwhile, the Water Resources ‘Board 
and the river authorities were arranging for the other 
recommendations made in the Board’s report and 
several of these had already commenced. 


In a written answer in the House of Commons on 


November 15, the Secretary of State for Wales, Mr. C. 
Hughes, stated that the second annual survey of 
derelict land made by local authorities showed that at 
December 31, 1965, there were some 16,500 acres of 
derelict land in Wales, of which 9,800 acres were 
considered by the local authorities to justify treatment. 
In 1965, 332 acres were restored and 698 acres were 
proposed for restoration in 1966, of which 245 were in 
Denbighshire, 125 in Pembrokeshire, 122 in Monmouth- 
shire and 104 in Glamorgan. 


University News: Heriot-Watt 


Dr. T. D. Parren, senior lecturer and director of graduate 
studies in the Department of Mechanical Engineering in 
the University of Edinburgh, has been appointed to the 
chair of mechanical engineering. 


Liverpool 


Dr. J. F. Norpury, at present reader in the Department 
of Mechanical Engineering, has been appointed to the 
Harrison chair of mechanical engineering in succession to 
Professor J. H. Horlock. 


London 


Dr. K. Smirn, at present reader in mathematics at Royal 
Holloway College, has been appointed to the chair of 
applied mathematics tenable at that college; Mr. R. A. 
Cawson, senior lecturer at Guy's Hospital Medical 
School, has been appointed to the chair of dental medieine 
tenable at that School; and Dr. D. V. I. FAIRWEATHER, 
senior lecturer at King’s College, University of Newcastle 
upon Tyne, has been appointed to the chair of obstetrics 
and gynaecology tenable at University College Hospital 
Medical School. 


Manchester 


Dr. R. Cooper and Dr. G. R. HOFFMAN, at present readers 
in electrical engineering in the University of Manchester, 
have been appointed to newly established chairs of elec- 
trical engineering. 


Massachusetts Institute of Technology 


Dr. R. A. ALBERTY, at present dean of the Graduate 
School of the University of Wisconsin, has been appointed 
dean of the School of Science in succession to Dr. J. B. 
Wiesner who has been acting dean since July 1, when he 
became provost. Dr. Alberty has also been appointed 
professor of chemistry. 


Sheffield 


THE first chair of landscape architecture in Great Britain 
is to be established in the Faculty of Architectural Studies, 
The Northern Arts and Sciences Foundation is sponsoring 
this chair as it is concerned with the need for closer interest 
in landscape architecture in Great Britain, and the 
Foundation will provide the University with up to £5,000 
a year for a period of ten years. 


Strathclyde 


Mr. A. K. PRINGLE, reader in geology and mineralogy in 
the University of Aberdeen. has been appointed to the 
new chair of applied geology in the Department of 
Mining Engineering. 


sane 
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Appointments 

Mr. D. B. WEIGALL, at present assistant director of 
engineering at the BBC, has been appointed deputy 
director of engineering on the retirement of Mr. M. J. 
D. Pulling. Mr. J. Repmonp, senior superintendent 
engineer, television, will at the same time become assistant 
on director of engineering, with responsibility for the opera- 
tions side of the division’s work. 


Announcements 


Tue first annual Glaxo travelling awards for British 
science journalists were made last week to Mr. Anthony 
Tucker of the Guardian and Mr. William Mackie of the 
Aberdeen Hvening Express. ‘The awards, which are 
administered jointly by the National Council for the 
Training of Journalists and the Association of British 
Science Writers, are worth £500 and are made by Glaxo, 
Ltd. It is intended that one award each year shall go to 
the journalist “who does most to break new ground” in 
bringing news of science to the general public. ‘The second 
award goes to a provincial journalist. 


Tue following have been awarded the three Royal Medals 


®. for the current year on the recommendations made by 


the Council of the Royal Society: J. A. RATCLIFFE, 
formerly director of the Science Research Council’s Radio 
and Space Research Station, for his studies in the iono- 
sphere and on the propagation of radio waves; Dr. F. 

“Yates, deputy director and head of the Department of 
Statistics and Agricultural Research Statistical Service 
at Rothamsted Experimental Station, for his contributions 
to the statistical methods of experimental biology; C. 8. 
CocKkERELL, consultant to Hovercraft Development, Ltd., 
for his pioneering invention, and major contributions to 
“the subsequent development, of hovercraft. 


‘Dr. R. A. Sawyer, acting director of the American 
Institute of Physics, has been awarded the New York 
Section annual medal award for 1966 of the Society of 
Applied Spectroscopy. 


Pror. Boris Epurusst and Pror. HARRIETT EPHRUSSI- 
TAYLOR, at present in the Department of Biology, Western 
Reserve University, Cleveland, Ohio, will resume their 
functions at the Faculty of Sciences of the University of 
Paris and the Laboratoire de Génétique Physiologique of 
the Centre National de la Recherche Scientifique at Gif- 
= gur-Yvette, France, as from the beginning of the academic 
year 1967-68. 


Tre Westinghouse Electric Corporation in the United 


- States claims to have sold its largest reactor, producing 


1,060 MW of electricity, to the Pacific Gas and Electric 
Company. Work will start on the plant next year and 
~owill be finished in 1971. 


A symposium on “The Triplet State” is to be held in 
Beirut during February 14-19. Further information can 
be had from the Secretary, Symposium on the Triplet 
‘State, Physics Department, American University of 
Beirut, Beirut, Lebanon. 


A symposium on “Origin and Distribution of the Elements” 

under the co-sponsorship of the International Association 

of Geochemistry and Cosmochemistry, Unesco and the 
International Union of Geological Sciences, originally 
scheduled for September 21-23, 1966, will now be held in 
w Paris during May 8-10, 1967. Further information can 
oo be obtained from Prof. L. H. Ahrens, Department of 
“Geochemistry, University of Cape Town, Rondebosch. 


Tue next meeting of the International Mineralogical 
Association will take place in Prague in August, 1968, 
on the invitation of the Czechoslovak Society for Minera- 
logy and Geology. At the closing session of the fifth 
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general meeting, held in Cambridge at the beginning 
of September, the invitation of the Mineralogical Society 
of Japan to meet in Tokyo in September 1970 was enthu- 
siastically accepted. 5 





A SYMPOSIUM on “Membrane Structure and Function”, : 
sponsored by the Biochemistry Division of the Chemical 
Institute of Canada and the Canadian Biochemical 
Society, will be held at the Alpine Inn, St. Marguerite, 
Quebec, during February 27-March 3. Sessions on electron 
microscopy, chemistry and composition, membrane — 
structure, model systems and surface films, and membrane — 
transport are scheduled. Further information can be 
obtained from the Chemical Institute of Canada, 
Slater Street, Ottawa 4, Ontario. 














‘Tue 1967 International Solid-State Circuits Conference, 
the fourteenth annual meeting, sponsored by the Institute 
of Electrical and Electronics Engineers and the University 
of Pennsylvania, is to be held in Philadelphia during 
February 15-17. Further information can be obtained 
from either Prof. G. B. B. Chaplin, Department of Elec- 
trical Engineering Science, University of Essex, Wivenhoe 
Park, Colchester, Essex, or Virgil I. Johannes, Room 
3E-323, Bell Telephone Laboratories, Inc., Holmdel, New 
Jersey 07733. 


CORRIGENDUM. In the article entitled “Gamma Emitting 
Radionuclides in Subarctic Vegetation during 1962-64 
by Erkki Häsänen and Jorma K. Miettinen, which 
appeared on p. 379 of the October 22, 1966, issue of | 
Nature, in Table 6 the area number corresponding to 
Inarinjarvi should be 11 and that corresponding to 
Kilpisjärvi should be 10, a 


Erratum. In the announcement of Royal Society. 
Visiting Professorships in Nature, 212, 661-2 (1966), 
Professor L. Fowden was incorrectly described as Director. 
of the A.R.C. Unit of Nitrogen Fixation. That post is 

held by Professor J. Chatt. 


CORRESPONDENCE 


Men in Wrong Places 


Srz,—You have recently devoted a good deal of space to 
the Triennial Survey of Sir Willis Jackson’s Committee on - 
Manpower Resources for Science and Technology, and the 
Interim Report of my own Working Party on Manpower 
Parameters for Scientifie Growth. Like Sir Willis Jack-. 
son, I welcome this public discussion of the serious man- 
power problems that now face us. 

In your perceptive editorial, you imply that the Swann 
Committee is stronger on diagnosis than on cure. And. 
on this, as on most of the other points you make, Lagree 
with you. Our interim report was, in fact, only intended 
to be a diagnosis. But in our final report we hope to 
examine possible cures in a good deal more detail, and in 
this we should welcome assistance from the scientific _ 
world at large. 

No doubt many of your readers will have ideas on how | 
a greater proportion of the best scientific talent can be 
encouraged to go into industry and school-teaching, 
without at the same time endangering the highly success- 
ful university research structure that has been built up 
in recent years. If so, I invite them to write to me at the 
address below. 

Yours faithfully, 
MICHAEL Swann 
Principal and Vice-Chancellor 
The Old College, 
South Bridge, 
Edinburgh 8. 
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REDUCTION OF TURBULENT FRICTION IN LIQUIDS BY 
DISSOLVED ADDITIVES 


By Dr. G. E. GADD 


Ship Division, Nationa! Physical Laboratory 


Traces of certain long-chain molecules added to fluids can greatly reduce turbulent 

friction on bodies moving through the fluid, or on surfaces past which it flows. Reduc- 

tions of the friction by as much as 40 per cent can be achieved by as little as 10 parts 

per million by weight. The technique is already being used to reduce friction in the 

extraction of petroleum from oil wells. It may also make it possible to attain greater 

efficiency in pumping oil through pipes over long distances, in central-heating 
systems, and even in canals. 


Ix many practical situations with fluid flow, turbulence 
or eddying occurs near solid surfaces, and resistance 
to motion is largely associated with this turbulence. 
‘Thus, much of the power needed to drive a ship through 
the water is dissipated in the turbulence which originates 
in the “‘boundary layer”, as the frictional flow next to the 
hull is called. Similarly, the pressure drop along a pipe 
through which a turbulent flow occurs is much greater 
than it would be if the flow could be maintained in a 
smooth or laminar condition. 

For liquid flows, large reduetions of turbulent frictional 
fesistance—for example, of the pressure drop in pipe 
flows——can sometimes be achieved by dissolving traces 
of certain substances in the liquid (water in most investi- 
= gations), These additive substances usually have very 

high molecular weights (of the order of 10°) and relatively 
Examples of additives which 
reduce the drag in water’ are polyethylene oxide, poly- 
- acrylamide, and guar gum. These are effective even in 
- such low concentrations (less than 100 weight parts per 
 maillion) that they have a negligible effect on the density 
(9) and only a small effect on the viscosity (u) of the fluid. 
For ordinary liquids the character of the flow is governed 
by the Reynolds number pVd/p, where V and d are a 
typical speed and linear dimension of the flow configura- 
tion, and therefore it is surprising that the additive solu- 
tion behaves so very differently from the solvent alone, 
despite the approximate equality of the Reynolds numbers 

© for the two liquids. 
<= No completely satisfactory explanation of this anomaly 
«has yet been found, although intensive efforts have been 


vee made. by many investigators (for example, refs. 2-7). 


-Many puzzling features, hard to reconcile with one 
another, have been discovered, and the physical properties 
=o of the different additive solutions appear to differ despite 
their similar effects on turbulent drag. 
> Although in boundary layer shear flows past solid 
surfaces the additive, in order to reduce drag, must. 
© presumably affect the turbulence (as confirmed by Barchi, 
R: H., and Johnson, B., personal communication), it does 
“not always affect free turbulence which occurs remote 
from solid surfaces, although it may do so in some cases. 
‘Phas, as Fig. 1 shows (and Fig. 4, ref. 8), a striking reduc- 
__ tion of the small scale turbulence in a jet is exhibited by an 
| aqueous solution of 30 p.p.m. ‘Polyox WSR 301’ (a form 
of polyethylene oxide) when the solution is squirted from 
afine-bore capillary tube into ambient liquid in such a 
way that the jet is initially laminar but turns turbulent 
downstream. This eddy suppression does not seem, how- 
ever, to occur for solutions of ‘Polyox’ of less than about 
10 p.p.m. concentration, even though these very dilute 





concentrations are still most effective! in reducing turbu- * 


lent friction (White, A., personal communication). 
Equally, guar gum in concentrations up to at least 400 
p-p.m. does not affect the appearance of free jets which 
are initially laminar but which turn turbulent (White, 
A., personal communication). In larger diameter jets 
which are turbulent right from the start, concentrations 
of ‘Polyox’ even as high as 50 p.p.m. do not, according 
to ref. 9, make the turbulence appear any different from 
that with plain water, despite the striking effects they 
produce with smaller initially laminar jets. (It should be 
added, however, that in the experiments of ref. 9 the 
ambient fluid was water, so that some mixing and dilution 
of the jet fluid must have occurred, whereas in the other 
cases cited the ambient fluid was the same as that of the 
jet, apart from the colouring introduced in the latter to 
make it visible.) 





A B 


Fig. 1. The appearance of turbulence in mixing jets can sometimes be 

greatly altered by the presence of drag-reducing additives, A shows the 

result of squirting coloured water into clear water, while B shows the 

effect of squirting a coloured 30 p.p.m. solution of "Polyox’ into a colour- 
less 30 p.p.m. solution of ‘Polyox’. 


All this seems confusing and contradictory. There is. 
however, other evidence of a concentration threshold 
effect with ‘Polyox’, besides that found for initially 
laminar jets. For example, the frequency of eddy shedding 
from a fine wire may’, as in Fig. 2, be unaffected for 
concentrations up to 10 p.p.m., but halved for coneen- 
trations greater than 20 p.p.m. Furthermore, ‘Polyox* 
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solutions. of less than about 10 p.p.m. concentration pour 
like water, whereas solutions of 30 p.p.m. and upwards 
show “‘stringiness”, tending to form long hair-like fila- 
“ments, as in Fig. 3, which shows a filament descending 
from a funnel in which the liquid is being filtered to 
remove any undissolved particles. Not all additive 
solutions which suppress the small scale turbulence in 
free jets, however, show this ‘‘stringiness’’; for example, 
a 80 p.p.m. solution of a copolymer of polyacrylamide 
(‘Separan AP 30’) looks rather like 30 p.p.m. ‘Polyox’ in 
initially laminar jet flow, but has no tendency to “stringi- 
ness” in pouring (Markham, M. F., personal communica- 
tion). 

It is evident that the physical properties of fluids which 
reduce drag do not follow a common pattern, and may 
even vary markedly for one given additive as the concen- 
tration is increased (though still remaining very dilute). 
This means that it is difficult to explain (as some have 
tried to explain?-+8) the reduction of turbulent drag 
in terms of some logically possible constitutive equations 
generalizing the Newtonian relations between the stresses 
in the fluid and its motions, although this approach does 
yield useful insights into the properties of the more con- 
centrated solutions. In sheared flow the latter seem to 
show a consistent pattern? of normal stress differences (a 
phrase meaning, erudely speaking, that the pressure does 
not act equally in all directions in situations when it 
would do so for a Newtonian liquid). Measurements of 
normal stress differences enable tentative values to be 
assigned to the constants in plausible constitutive equa- 
tions which imply, for example, that there is a maximum 
longitudinal stretch ratet which the liquids are able to 
sustain, because it is associated with very large tensions 
along the streamlines. This can explain, among other 
things, the peculiar behaviour of these relatively concen- 
trated solutions in the entrance region of flow into a tube, 
and it has also been suggested‘ as an explanation of the 
suppression of small scale turbulent eddies in some jet 
flows of dilute additive solutions. As we have seen, how- 
ever, by no means all jet flows of all the dilute solutions 
show this eddy suppression, and although the stretch 
rates involved depend on the exact flow configuration. 
there seems to be little correlation between effectiveness 
in reducing the turbulent drag and any degree of small 
eddy suppression that may occur with different additive 
solutions for some particular free jet configuration. It is 
thus far from evident that data applicable to the more 
concentrated solutions can legitimately be used to explain 
effects arising in the very dilute solutions. The latter, 
paradoxical though it may seem, appear to be rheo- 
logically more complicated than the more concentrated 
solutions for which normal stress measurements often 
show a “plateau” behaviour insensitive to concentration’. 
For solutions of less than 100 p.p.m., on the other hand, 
normal stress difference data’! seem to emphasize the 
physical differences between liquids which, from the 
standpoint of turbulent drag reduction, are of equivalent 
effectiveness. Admittedly, additives can only be graded 
in a rough and ready way in order of their effectiveness 
in reducing turbulent drag. This is because of the 
threshold shear stress which has to be exceeded with 
many additives if any turbulent drag is to occur?*?°. 
Substances showing this effect are those, like poly- 
ethylene oxide, polyacrylamide, or guar gum, which 
consist of macromolecules which in sufficiently dilute 
solutions become coiled up like separate loose balls 
of wool when the fluid is at rest. When such a dilute 
solution is made to pass through a sufficiently large pipe 
the curve of friction coofficient (proportional to pressure 
drop down the pipe) plotted against Reynolds number as 


in Fig. 4 follows the curve for water until a certain 


threshold Reynolds number is reached, after which reduc- 
tion in drag occurs. In a larger pipe the threshold Rey- 
nolds number is higher, but the shear stress at the wall 
of the pipe is then approximately the same as for the 
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threshold condition in the smaller pipe. ‘There is some 
evidence! 72-43 that this threshold shear stress for turbulent 
drag reduction is also the shear stress at which, in steady 
flow viscosity measurements, the apparent viscosities of 
somewhat more concentrated solutions of the additive 
begin to decrease from their initial low shear stress values 
as the shear stress is increased. 





Fig. 2. The frequency of regular eddy shedding from a fine wire can be 

greatly reduced by ‘Polyox’ in concentrations of greater than 20 p.p.m. 

The illustrations show the same kilocyele square-wave time base with 

sinusoidal traces generated by the passage of eddies past a sensing 

element. In A the ‘Potyox’ concentration is 10 p.p.m., while in B it is 
80 p.p.m. 


If now two differant drag reducing fluids are comi- 
pared in the same pipe, as in Fig. 5, it can be seen that 
it is impossible to give an unequivocal rating of the 
effectiveness in reducing drag for different macromolecular 
additives. A solution of additive 4 may have a threshold 
Reynolds number R, lower than the threshold R, for a 
solution of additive B. For Reynolds numbers between 
R, and R, therefore, additive A is infinitely more effective 
in reducing turbulent drag than additive B. On the 
other hand, onee R, is exceeded, the drag with a par- 
ticular concentration of additive B may decrease at a 
greater rate with increasing Reynolds number than that 
with another particular concentration of A, so that the 
former solution may produce a lower drag than the latter 
at a sufficiently high Reynolds number. To characterize 
the effectiveness in reducing drag, therefore, it seems most: 
meaningful to choose, not the threshold shear stress (which 
does not vary greatly with concentration and which gives 
no indication as to how rapidly drag reduces once the 
threshold is exceeded), but rather to choose the level of 
drag reduction attained at shear rates well in excess of 
the threshold values, inexact though this latter basis of 
comparison must necessarily be. 

A plausible explanation of the threshold shear stress is. 
provided by theories?:!4 which predict an elongation and 
orientation of the macromolecules for shear rates gre 
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than some critical value. This implies that molecular 
elongation is the essential requirement for reduction of 
turbulent drag—an idea which would be further sup- 
ported if suitable experiments on pipe flow showed the 
absence. of a threshold shear stress effect with certain 
other additives which assume elongated configurations 
even in fluid at rest. (Such experiments could, of course, 
only demonstrate that any threshold shear stress, if it 
existed, must be lower than the shear stress for which 
transition from laminar to turbulent flow occurs, and thus 
the pipe should be as large as possible in order to make 
the transition shear stress as low as possible.) One class 
of these substances which elongate at rest is formed by 
polyelectrolytes as investigated in ref, 15. Examples are 
*“Polyhall’, an anionic copolymer of polyacrylamide and 
polyacrylic acid and polysodium styrene sulphonate. The 
molecular weights of these substances are again of the 
order of 10°, but the molecules are extended in the fluid 
at rest because of electrical repulsive forces between 
adjacent polyions. This causes the fluid to be markedly 
shear thinning at low shear rates, even for concentrations 
as low as about 50 p.p.m, with an apparent viscosity 
higher than that of water at very low shearing rates, but 
comparable with it at somewhat higher ones. Similar 
shear thinning is shown by mixtures of cetyl trimethyl! 
ammonium bromide (cetrimide) and naphthalene deriva- 
tives dissolved in water. These substances have relatively 
low molecular weights, that of cetrimide being 364. Nash! 
has shown, however, that mixed in approximately equi- 
molar concentrations in water, with a total additive 
eoncentration of about 500 p-p.m., they form elastic gels, 
and that, for example, the liquid, when swirled around in 
& beaker, will quite soon stop swirling and then move a 
little in the reverse direction. It may be conjectured that 
the mixture forms invisible elastic thread-like processes 
whieh become anchored to the glass surfaces of the beaker. 





Fig. 3. Solutions of ‘Polyox’ in concentrations of more than about 
30 p.p.m, can form fine hair-light filaments as shown in this illustration 
of the liquid descending from a funnel. 
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Another fact which points to the importance of mole- 
cular (or micellar) length is degradation, to which some 
additive solutions are liable when subjected to continued 
mechanical shearing action. For example, in time ‘Polyox 
WSR 301’ solution loses all its effectiveness in reducing 
drag, probably as a result of the molecules being broken. 
On the other hand, guar gum and cetrimide-naphthalene 
derivative solutions show very little mechanical degrada- 
tion—in the latter perhaps because any fibrillar processes 
which become disrupted may continually tend to repair 
themselves. 

If molecular elongation, or something equivalent to it, 
is the factor common to all fluids which reduce turbulent 
drag, it may be that the primary mechanism is a thickening 
of the laminar sublayer adjacent to the solid surface. 
The presence of this surface (or ‘‘wall’’) inhibits the 
turbulent motions close to it. Any elongated molecular 
filaments near the wall would tend to become aligned in 
the flow direction as a result of the action of the high 
shear there, thus conferring a structure similar to wood 
grain on the fluid which might, as suggested by Merrill 
(quoted in ref. 17), further inhibit fluid motions transverse 
to the “grain”. Alternatively, as Tulin’ argues, the 
presence of the elongated molecules might, if the turbulent 
motions were unchanged, lead to an increased dissipation 
of turbulent energy: a new balance between turbulent 
energy production and dissipation would therefore have to 
be struck, leading to a reduction of turbulence near the wall 
and a thickening of the sublayer. The alteration to the 
energy budget may not need to be large™ to make a con- 
siderable difference to the surface friction. It is even quite 
possible that adsorption of the polymer on the solid surface 
(ref. 19 and Little, R. C., personal communication), perhaps 
modifying the “no-slip” condition at the wall, plays 
some part, though to fluid dynamicists the latter part of 
this suggestion will appear heretical. (Oldroyd, in the 
first attempt ever made to explain turbulent drag reduc- 
tion, suggested that the flow might behave as if there 
was a slip at the wall, though he did not maintain that 
this slip existed in reality. His ideas are very close to 
the thickened sublayer analysis which will be presented.) 
Whatever its cause, thickening of the sublayer certainly 
occurs, and has been reported in refs. 9 and 12, where it 
was found that for sufficiently dilute solutions the fully 
turbulent part of the flow beyond the sublayer still obeys 
approximately (as predicted in ref. 6) the law valid for 
water flow, namely 


{1} 


where w is the mean velocity, ur is the friction velocity 
v/{t/p) (t being the shear stress at the wall), A is a con- 
stant, y is the distance from the wall, and K is the 
so-called von Kármán mixing constant, approximately 
equal to 0-4 for plain water. With additive present, K is 
not much altered according to ref. 12, but is somewhat 
decreased according to ref. 9. The constant A differs 
markedly, however, from its value for water, because 
there is an increase in the intercept value Ry of pyur/u at 
the junction of the sublayer form u/ur = pyur/p, valid 
at the wall, extrapolated outwards, and the log law (1) 
extrapolated inwards. An increase in R; can easily be 
shown to lead to a reduction in the skin friction t if R 
is, for simplicity, assumed to be independent of the 
longitudinal position x for flow along a flat plate. Then 
if, crudely, log law (1) is assumed to apply right to the 
edge of the boundary layer, where y = 8 and u = U, the 
momentum thickness 


ll 
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can be found ın terms of u;. 0 represents the momentum—= 
fiux deficit resulting from the boundary layer and so is 
related to the mean skin friction coefficient 


g 
2 
Op = oe | 7 


It can, therefore, be shown that the approximate expres- 
sion relating Or to the local skin friction coefficient 
Oy = 2t/pU? and to the x Reynolds number Rs = pUa/p 
is 


Op = PEFP (RR) 2 (1 — VG) orp (£ (2/07) 


Increasing Rs, from its usual value of about 10, to 20 
decreases R: exp (—KR:) by a factor of about 27 if it is 
assumed that K does not vary. This is equivalent to 
keeping R: at its usual value and increasing all v Reynolds 
numbers Rs by a factor of 27, which approximately halves 
the friction. 
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Figs. 4and 5, The graphs represent the variation of frictional resistance 
in flow along pipes as a function of the viscous properties of the fiuds 
concerned, ‘The frictional resistance is represented on the vertical axis 
byt/eV*, where v is the frictional streas, ọ tha density and F the flow 
speed; for a given velocity, it ıs thus a measure of drag. The horizontal 
axis represents the Reynolds number which 1s equal to ed F /u (where d is 
the length scale and u the viscosity). The figures show that the Reynolds 
number must exceed some threshold value if there ıs to be a reduction in 
turbulent drag. On the left-hand side of the curves the flow 1s laminar 
and the friction coefficient decreases sharply with increasing Reynolds 
number. The transition to turbulence then occurs, acoompanied by an 
imoreaso in friction, until with further increased Reynolds number fully 
turbulent flow becomes established and friction factor again decreases. 
The rate of decrease 18 now smaller than with laminar flow, but if suitable 
additives are present in the fluid the frictlonal coefficient is further 
reduced. The threshold Reynolds number is a characteristic of each fuld 
and of the pipe—the larger the pipe the larger the threshold Reynolds 
number. 


If sublayer thickening as just considered—arising 
perhaps from elongated orientated particles in the flow near 
the wall—is the only factor common to all cases of turbulent 
drag reduction, this may mean that many of the observed 
features of some of these macromolecular solutions are of 
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little direct relevance to drag reduction. The effects on 
the frequency of eddy shedding behind a fine wire, hair- 
like filaments formed on pouring as ın Fig. 3, the sup- 
pression of small scale turbulence in some free turbulent 
jets, and normal stress differences in shear flow, already 
mentioned, might fall mto this category of secondary phen- 
omens. Thus although non-Newtonian normal stress 
differences are manifested in highly sheared flow of 
sufficiently concentrated solutions of most additives which 
reduce drag, it may perhaps be that such normal stress 
differences play no essential part in modifying turbulent 
shear flows to reduce drag. It has to be admutied, how- 
ever, that the “explanation” for sublayer thickening 
hinted at above, that aligned molecules might tend to 
reduce the transverse motions, could possibly be expressed 
just as well in normal stress difference terms, because if 
such transverse motions were to arise they might be 
opposed by forces arising from the normal stress differ- 
ences. Thus a ‘molecular’ description of the fluid is not 
necessarily incompatible with a ‘‘continuum”’ description, 
but may merely be another way of looking at the same 
thing. Even if a “molecular” description is preferred, 
however, it seems perhaps unlikely that the very large 
molecular clusters, responsive to low frequency oscilla- 
tions, observed in ref. 23 play any essential part in the 
reduction of turbulent drag, because ‘Polyox’ solutions 
are very effective in the reduction of drag immediately 
after filtering through fine grade filter paper. The 
anomalous turbulence measurements behind grids reported 
in ref. 24 and attributed to spatial inhomogeneities in the 
flow could perhaps be caused by these molecular clusters, 
which might, as they flowed around the grid bars, become 
teased out into fibres, retaining their structure as they 
moved downstream. It is conceivable also that such 
fibres might be responsible for the low-frequency damping 
of a vibrating needle in flowing ‘Polyox’ solution (Harri- 
son, D., and Markham, M. F., personal communication), 
and that they may be involved in some of the other 
possibly secondary phenomena already mentioned. 

It would certainly be very rash at this stage, however, 
to assert dogmatically that any of these physical charac- 
teristics play no direct part in the reduction of turbulent 
drag and whether strictly relevant or not to this limited 
sphere, they are undoubtedly fascinating in themselves. 
If they are ever to be adequately explained, the combined 
efforts of physicists, chemists and fluid dynamiciste will 
be required. 
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BOOK REVIEWS 


DRUGS AND PREGNANCY 


Symposlum on Embryopathic Activity of Drugs 
Edited by J. M. Robson, F. M. Sullivan and R. L. Smith. 
(Biological Council—The Co-ordinating Committee for 
Symposia on Drug Action.) Pp. xii+305. (London: 
J. and A. Churchill, Ltd., 1965.) 60s. 


Tam epidemic of congenital malformations that followed 
the use of thalidomide has re-emphasized the risks 
associated with administering drugs during pregnancy. It 
has also stimulated thought and discussion about the 
value of testing drugs in pregnant animals as a means of 
predicting teratogenic activity in human embryos. The 
predictive value of animal tests was among the subjects 
discussed at a symposium on the embryopathic activity 
of drugs held in London in 1965. The chief participants 
in the symposium were mainly from academic institutions 
and pharmaceutical companies, and their contributions 
together with the subsequent discussions now appear in 
this book. 

The introductory papers by F. Beck and J. M. Robson 
outhne some embryological and pharmacological prin- 
ciples of teratogenesis and direct attention to the need 
for more information on the causal mechanisms underly- 
ing the development of organs and tissues. J. R. Fouts 
emphasizes the need for more research into drug absorp- 
tion and metabolism in the foetus and neonate. Fouts 
also discusses the appearance of hepatic microsomal 
enzymes which metabolize drugs in neonates, and the 
stimulation of hepatic enzyme activity by phenobarbitone 
and other drugs. H. Tuchmann-Duplessis argues that 
teratogenic teste are of practical value. Although current 
screening methods cannot guarantee safety, he regards 
animal tests as the most appropriate approach to the 
problem of teratogenicity, and believes that tests can and 
should be improved. Some adverse effects of adminis- 
tering sex hormones to women with a history of habitual 
abortion are discussed by G. R. Venming, who finds that 
assays for androgenicity based en seminal vesicle and 
prostatic weight have a better predictive value than 
tests on pregnant animals. In a review of the action of 
cytotoxic substances, B. N. Hemsworth and H. Jackson 
direct attention to the destructive effect of sulphonic 
esters on rat foetal sex cells which results in sterility in 
adult life, and to the production of inheritable semi- 
sterility in mice; a reminder that not all embryopathies 
can readily be discerned by macroscopic examination. 

About @ quarter of the book is concerned with various 
aspects of the teratogenic activity of thalidomide. The 
chief contributions come from the groups led by R. T. 
Williams and H. Keberle, and give concise accounts of 
current research on the chemistry and metabolism of the 
drug and discuss theories on the mechanism of its action. 
Although it has been shown that thalidomide and its 
metabolites accumulate in the early embryo, none of the 
various hypotheses concerning the action of the drug has 
yet been satisfactorily confirmed by experiment. In 
contrast to some sections of the text, the verbatim 
publication of the discussions on the thalidomide papers 
enhances the value of the book. W. Binns gives an 
interesting account of an investigation into the role of a 
poisonous plant in the aetiology of a cyclopean-type 
deformity in lambs, and ©. G. Hunter briefly reviews the 
embryopathic activity of pesticides, a subject that 
appears to merit further investigation. 

The epidemiological approach to the identification of 
environmental teratogens is discussed by R. W. Smithells, 


who points to the need for establishing the basic incidence™ 
and normal variations of particular malformations. 
B. C. 8. Slater gives details of a pilot analysis of the 
results of a prospective investigation of drug embryo- 
pathies in women. He emphasizes that the success of 
such studies depends on accurate records of all medica- 
tion—whether or not prescribed—during the early weeks 
of pregnancy. In the final two papers, F. O. Kelsey and 
D. A. Cahal describe the measures taken in America and 
Britain to minimize the incidence of embryopathies in- 
duced by drugs in pregnant women. Their impartial 
approach helps to place the subject in proper perspective 
and ıt 1s gratifying to find general agreement on many 
aspects of this difficult subject. 

There is inevitably a certain amount of repetition in a 
book of this type, but the contents are a useful guide to 
current views on the complex problem of drug embryo- 
pathy. J. W. 8. Harris + 


PROGRESS IN MEDICAL SCIENCE 


The Harvey Lectures 

Series 60, 1964-1965. (Delivered under the auspices of 
the Harvey Society of New York.) By Herman N. Eisen, 
Alexander B. Gutman, Sidney Udenfriend, Hugh E. 
Huxley, Philip P. Cohen, 8. E. Luria, Hilary Koprowski, 
Rita Levi-Montalcini and Henry A. Lardy. Pp. xıv +814. 
(New York: Academic Press, Inc.; London: Academic 
Press, Inc. (London), Ltd., 1966.) 76e. 


Tms volume consists of well produced accounts of nine 
lectures on a wide range of topics. Several of the articles 
illustrate how multi-disciplinary attacks on a problem 
hasten progress. Thus 8. E. Luria describes how the use 
of phage-mediated induction and bacterial mating be- 
tween, organisms (such as E. cols and S. dysenteriae) with 
DNA of similar overall base composition, followed by a 
biochemical examination of the B-galactosidases synthe- 
sized by the lact hybrids produced, allows investigation 
of the “comparative anatomy of a gene” and indicates 
a new approach to the study of suppressor mechanisms. 
R. Levi-Montalcini describes the discovery of a specific 
protein which has & marked effect on the growth of 
sensory and sympathetic nerve cells. The biochemical 
effects of this protein lead her to suggest that its effects 
are exerted at the genetic level. H. E. Huxley’s review on 
the fine structure of striated muscle and the physical 
process of muscular contraction also attempts a correla- 
tion with the biochemical knowledge of the generation by 
enzymes of the energy required. This article is illustrated 
by a series of beautiful eleetronmicrographs. 8. Uden- 
friend shows howa detailed knowledge of the biosynthesis of 
noradrenaline permits an understanding of the action of 
some pharmacological agents and also of related patho- 
logical lesions. 

The value of studies on both the comparative and devel- 
opmental aspects of a problem is revesled in P. P. Cohen’s 
concise account of the biochemical changes involved in the 
transition from ammonotelism to ureoteliam during» 
metamorphosis and in the review on the biological signifi- 
cance of uric acid by A. B. Gutman, who also discusses the 
metabolic abnormalities in gout. 

The results of investigations on the varying degrees of 
antibody response to a simple artificial determinant are 
discussed in detal by H. N. Eisen. H. Koprowski’s 
review on tumour viruses is informative but difficult for 
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the non-specialist. The process of gluconeogenesis is of 
interest to biochemists because it provides excellent 
examples of the nurnerous types of metabolic regulatory 
mechanisms which vperate tn vivo; H. A. Lardy gives a 
concise account of current views in this rapidly moving 
field. 

The publication of reports of lectures delivered before 
<the Harvey Society of New York is valuable in providing 
authoritative accounts of topics in medical sciences. It 
scarcely seems necessary, however, to make non-members 
pay for more than forty pages dealing with Society busi- 
ness and membership. D. G. WALKER 


NUTRITIONAL BIOCHEMISTRY 


Newer Methods of Nutritional Biochemistry with 
Applications and Interpretations 

Vol. 2. Edited by Anthony A. Albanese. Pp. xiii + 558. 

(New York: Academic Press, Inc.; London: Academic 

Press, Inc. (London), Ltd., 1965.) 1488. 


As the knowledge of nutrition expands the dependence of 
clinical and biological research on biochemical methods 


» increasea. The first volume of this series clearly indicated 


the value of critical reviews of methods of nutritional 
biochemistry. The new volume is a detailed discussion of 
biochemical procedures applicable to nutrition research 
in ten areas of special interest. 

In the opening chapter Dr. Pearson of Michigan State 
University collects the newer methods of measuring body 
composition; this is one of the most important problems 
underlying all studies of nutrition. Both direct and 
indirect methods are reviewed and discussed in relation to 
human and animal physiology. A chapter on energy 
metabolism by Dr. Passmore and Dr. Draper of the 
University of Edinburgh follows, and brings up to date 
information on the most basic nutritional requirement 
for calories. The correlation between endocrinological 
factors and nutrition is shown in chapters on growth and 
pituitary hormones, on anabolic steroids and on calcium 
and phosphorus metabolism. Three further chapters are 
concerned with utilization of essential amino-acids by 
man, with “abnormal metabolites” of amino-acid origin, 
and with enzymes of the tryptophan-nicotinic acid path- 
way. The water soluble vitamins, folic acid, biotin and 
pantothenic acid are given a chapter and so are the fat 
soluble vitamins, A, D, E and K. 

— Every chapter contains useful information on many 
aspests of these problems other than the biochemical 
methods of assessment. Recent international recom- 
mendations on vitamin nomenclature are included 
together with details of structure, properties and enzyme 
connexions as well as methods of assay by chemical, 
biological and microbiological methods. The documenta- 
tion for all subjects is excellent and the arrangement of 
the author index is particularly valuable. 

The editorial epilogue surveys the value of biochemical 
approaches to nutritional problems with the final counsel 
that biochemical studies should be constautly encouraged 
in order to obtain data of the utmost fundamental and 
practical usefulness. A. M. Corrie 


MUSCLE 


Muscle 
Proceedings of the Symposium held at the University of 
Alberta, June 1-4, 1964. Edited by W. M. Paul, E. E. 
Daniel, C. M. Kay and Q. Monckton. Pp. xv + 584. 
(Oxford, London and Now York: Pergamon Press, Ltd., 
1965.) 105s. 


Tms book contains papers given at a symposium on muscle 
held at the University of Alberta in June 1964. A very 


NATURE 


879 


wide range of topics is covered and for this reason the 
papers have been grouped in a number of sections. 

The first two sections deal with some of the more basio 
recent research on striated and smooth muscle and have 
been given the titles “Muscle Structure and Function” 
and “Divalent Ions and Muscle Function”. H. E. Huxley, 
C. E. Challice and R. I. Birks contribute well illustrated 
papers on the structure of striated and cardiac muscle, 
and certain aspects of the muscle proteins mvolved in 
contraction are dealt with by 8. V. Perry, A. Stracher, 
C. M. Kay, W. H. Johnson and A. G. Szent-Gyorgyi. 
The energetics of muscular contraction and the part 
played by ATP are discussed in papers by W. F. H. M. 
Mommaerts and R. E. Davies. The extremely interesting 
relationships between the amount of work performed and 
the amount of “high energy” phosphate used are described 
and Davies discusses the evidence which he and his col- 
laborators have obtained that the splitting of ATP is, in 
fact, the primary energy yielding reaction in contraction. 
He also deals with the reduction in the amount of “high 
energy’? phosphate split when active muscle is passively 
stretched. It is now known that calcium plays a part in 
muscular contraction, and various aspects of its role in 
the contraction of skeletal muscle are considered by 
R. J. Podolsky, G. B. Frank, W. G. Nayler and by J. Q. 
Foulks and F. A. Perry. The part played by phos- 
phorylase and phosphorylase kinase in cardiac muscle is 
discussed by G. I. Drummond, J. R. E. Valdares and L. 
Duncan. 

The role of calcium is explored further in the third 
section under the title “Role of Calcium in Smooth Muscle 
Function”. This section contains papers by P. J. Good- 
ford, J. M. Marshall, L. Hurwitz, W. H. Waugh, J. A. M. 
Hinke, E. E. Daniel and by A. H. Bri and H. B. 
Hannah. The title of the fourth section is “Regulation of 
Smooth Muscle Activity in vivo”, and R. Caldeyro- 
Barcia, C. H. Hendricks and G. W. Theobald contribute 
papers on various aspects of the activity of uterine 
muscle. The fifth section, which has the title “‘Neuro- 
muscular Transmission”, consists of three papers, the 
first by D. Elmgqvist, W. W. Hofmann, D. M. J. Quastel, 
8. Thesleff and J. Zelená, the second by W. L. Nastuk 
and A. J. Gissen, and the third by R. I. Birks and M. W. 
Cohen. 

Those whose intereste tend to lie in the areas of muscle 
research covered by the earlier sections should find the 
final section, ‘“Muscle Structure and Function in Disease”, 
most stimulating. It directs attention to some of the 
clinical implications of work on muscle. The histology, 
genetics, electromyography and enzymology of certain 
muscle disorders are discussed with an emphasis on 
Duchenne muscular dystrophy. The papers in this section 
are by C. M. Pearson, C. Coers, J. V. Basmajian, E. H. 
Lambert, J. N. Walton, C. J. Nichol, E. Bajusz, G. Jasmin 
and by E. G. Murphy, M. W. Thompson, P. N. J. Corey 
and P. E. Conen. 

The particular virtue of this symposium is its broad- 
ness of outlook. It enables those with specialized interests 
in muscle to get these into perspective, while it directs the 
attention of the more general reader to the many fas- 
cinating problems which are being explored in contemporary 
muscle research. P. ©. CALDWELL 


HUMAN VARIETY 


The Living Races of Man 
By Carleton 8. Coon and Edward E. Hunt. Pp. 344+ xx + 
180 plates. (London: Jonathan Cape, 1966.) 70s. net. 


Tms book is a sequel to C. 8. Coon’s The Origin of Races 
(1963), a book which succeeded in provoking a lively 
debate, and had the misfortune to be used by racists 
for their nefarious purposes. The present work is unlikely 
to have either that kind of success or misfortune. Dr. 
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Coon does not retract anything he said m the earlier 
volume, but he is notably circumspect. So much so that 
he refrains from discussion of the alleged.racial differences 
m brain anatomy, because “‘this is a subject so laden 
with emotion that its mere mention evokes unsolicited 
acclaim and feverish denunciation”. The presentation 
proceeds smoothly from the two introductory chapters 
which discuss the race concept and its relations with 
culture, language and geography, to five chapters des- 
cribing the populations of Europe, Africa, East Asia and 
Amenca, South Asia and Australia, and greater India, 
two chapters on possible adaptive significance of racial 
traits, a chapter on race history since A.D. 1492, a short 
concluding chapter subtitled “Every Man a Genius, and 
the Centaur’s Return’’, to 21 plates with 180 photographs 
of different varieties of human beings. The photographs 
are mostly excellent, but suffer from the all-too-common 
dofect of questionable comparability—some show ado- 
lescents, others adults, still others oldsters; some men, 
others women; some in native dress, others in uniform, 
still others naked. 

Chapters 8 (“Racial Differences in Adaptive Charac- 
ters”) and 9 (‘‘Race, Blood and Disease”) are the most 
interesting and valuable. Although the suggested adap- 
tive consequences of racial traits are admittedly hypotheti- 
cal, they are useful as working hypotheses in this long- 
neglected field. As Haldane pointed out in 1949 (in a paper 
not included in the bibliography), natural selection for 
disease resistance may well have been among the most 
important forces in man’s evolution for a long time, at 
least since the beginning of settled and of city life. Here 
again, hypotheses outnumber established facts, which is an 
argument not against the hypotheses but for more study. 
The other chapters are discursive in style, and make easy 
and pleasant reading. One is disappointed, however, 
to find a bit of confusion in some rather basic ideas. Race 
13 said to be *“‘a zoological concept meaning a division of a 
species”; it is stated that “Race is a well-known word 
notable for its vagueness”, and that “There is no general 
agreement even on the number of races in man”. The 
authors scem, however, to think that “subspecies” is a 
word not notable for its vagueness, and clam that the 
number of subspecies in man 1s exactly five. Alas, a 
subspecies is nothing more than @ race given & name in 
Latin in accordance with the rules of zoological nomen- 
clature, and it 1s as vague and arbitrary as race. Some 
mistakes in a long book are almost unavoidable, but one is 
startled to find that Mendel’s law was rediscovered by 
Morgan (page 252). And finally, one is surprised by the 
omissions in the bibliography of references to the umpor- 
tant and relevant works of several well known authors. 
Most astonishing is the absence of any mention of the 
historically notable book Races by Coon, Garn and Bird- 
sell (1950), and of the subsequent excellent Human Races 
by 8. M. Garn (1961, @ revised edition in 1965). 

THEODOSIUS DOBZHANSKY 


UNIMOLECULAR REACTIONS 


Theory of Thermally Induced Gas Phase Reactlons 
Translated by Scripta Technica, Ine. By E. E. Nikitin. 
Translation edited by E. W. Schlag. Pp. viii+ 155. 
(Bloomington and London: Indiana University Press, 
1966.) $5. 


Tus book contains a sophisticated account of the theory 
of thermal activation of molecules and the subsequent 
behaviour of the activated species, and it provides a 
critical commentary on current ideas about unimolecular 
decompositions and their reverse reactions in the gas 
phase. Only readers with a strong and practised grasp 
of the mathematical methods of quantum chemistry and 
statistical mechanics will find it easy reading, but experi- 
mentalists will recognize important ideas and informed 
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criticism or practically every page. By providing a brief 
outline of the essential features of all the important 
theories of elementary reactions, it highlights the assump- 
tions and the limitations of the basic models and of the 
mathematical treatment of them, and it shows very 
clearly the relation between the different theories. 
Although the derivations of expressions for rate con- 
stants are not given in detail, their sources are adequately + 
referenced with particular emphasis on papers in Russian 
journals. Unfortunately, comparisons with experimental 
observations are limited, in the words of the author, to 
“the purpose of illustrating the theory”. There is no 
detailed application of the theories to any one reaction, 
and no systematic comparison of prediction and observa- 
tion over a range of reactions. Such a study is urgently 
needed, and the author is one of few with sufficient grasp 
of theory and experimental methods to be able to attempt 
it. 

The first chapter deals with the classical theory of 
unimolecular reactions. After introducing Landau’s 
statistical theory, discussion of the mechanism of strong 
activating collisions leads to Kassel’s model and to 
Slater’s model; the effect of anharmonicity is examined 
in relation to various models of coupled oscillators and 
the chapter concludes with a description of the contribu- <« 
tion of strong anharmonicity and of internal rotation to 
anomalously high pre-exponential factors in unimolecular 
decompositions. 

In the second chapter an expression for k/k œ is derived 
by a quantum treatment based on Kassel’s model, and 
stepwise activation is then examined as an alternative to 
the mechanism of strong collisions—with the rather sad 
conclusion that relatively little can be deduced about the 
mechanism of activation from available experimental 
evidence. In the quantum treatment of Slater’s model 
special attention is given to tunnelling effects. There 
follows a long and fairly detailed mathematical treatment 
of the quasi-equilibrium theory and discussion of the 
interconversion of energy between various degrees of 
freedom, and a brief section on non-adiabatic reactions 
and the crossing of potential energy surfaces. There are 
six pages dealing with comparison of the theories with 
experiment; as mentioned earlier, the comparison is not 
exhaustive, but it suggests that the quasi-equilibrium 
theory allows the best prediction of rate constants. 

Chapter 3, devoted to the thermal decomposition of 
diatomic molecules, begins with a very clear assessment 
of the intermediate complex model of dissociation and 
recombination, emphasizing that this mechanism becomes~* 
less important at higher temperatures and cannot be used 
to explain the negative temperature dependence of the 
pre-exponential factor at temperatures where kT becomes 
greater than the energy of the bond in the complex. This 
leads to discussion of the vibrational excitation of diatomic 
molecules and of transitions between electronic states, 
and to an approximate treatment of the effect of rotation 
on vibrational excitation. The mechanisms of single- 
quentum stepwise excitation and deactivation are treated 
extensively, multiple excitation briefly. The importance 
of work on the calculation of recombination cross-sections 
by computation of the trajectories of the combining par- 
ticles, initiated by Wigner and recently extended by Keck, 
is particularly stressed. After a brief examination of 
experimental data on non-equilibrium decomposition 
rates at high temperatures there is further discussion of 
non-equilibrium distribution functions applicable during 
either decomposition or recombination reactions. 

The final chapter deals with the classical and quantum-#, 
models of the diffusional theory of chemical reactions. 
Although these treatments have been applied to ionization 
and to ion-recombination, they are relatively unfamiliar 
to many kinoticists, and Nikitin’s own work on the theory 
is of particular interest. 

The translation has been very well done and the 
editorial notes are helpful. The translators, the editor, 
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_„inded colleagues in much discussion. 


No soes NOVEMBER 26, 1966 
and the publisher arə to be warmly congratulated on 
making available this important survey of the theory of 
elementary reactions at a very reasonable price. All 
experimentalists concerned with reaction kinetics will 
derive great benefit from it, although they will have to 
ponder deeply over it and involve their theoretically 


P. QG. ASHMORE 
B. J. TYLER 


CLIMATIC CHANGES IN HISTORIC 


TIMES 


The Changing Climate 
Selected Papers. By H. H. Lamb. Pp. xi+236. (Lon- 
don: Methuen and Co., Ltd., 1966.) 45s. net. 


Time series of meteorological quantities show incessant 
variability, mainly non-periodic, and the analysis of 
phenomena on different scales of space and time is almost 
a definition of the science. Beginning at the high fre- 
quency end of the spectrum there is small-scale turbulence 


© succeeded on time scales of minutes, hours, days and weeks 


with what in the metaphor we can call the weather band. 
At one year there is a strong spectral line which can be 
filtered out by taking yearly averages, leaving, however, a 
powerful band around a few years in length arising from 
interannual variability. Wo have very little understand- 
ing of the nature of these important fluctuations, but to 
a large extent succeeding years approximate to random 
series from a population whose averages and variances 
are well defined in a sample of about thirty years, and 
seem to change but little if we go back in time for hundreds 
of years. There is, in other words, a relatively dark band 
in the spectrum of time variations between a few years 
and a few thousand years when we run into the variability 
of glaciations in the present Ice Age. 

It is the existence of this broad band of little power 
covering two or three orders of magmtude in time that 
has given rise to the concept of climate as something 
permanent, varying with place but not with time. Unless 
we are careful, we rarely take the trouble to specify any 
period of years when we speak of climate, and when we 
say what the climate of a place is, not what it was, 
permanence is implicit. 

~- In the past few decades there has, however, been a 
growing realization that this part of the spectrum is not 
really dark, but that fluctuations in periods of tens or 
hundreds of years do exist in their own right, being 
clearly more than the statistical outcome of individual 
years randomly ordered. Climatologists, when being 
punctilious, are nowadays careful to specify the period of 
reference, although its relative unimportance is evident 
in official weather forecasting, which frequently refers 
to the normal or seasonal average as though it were 
something fixed and established. The magnitudes of the 
variations are, of course, not large, only 1°-1-5° O, accord- 
ing to one of the papers by H. H. Lamb recently reprinted, 
but they are quite large enough to be of economic signifi- 
cance, 

The relationships between climatic parameters and 
economic effects may be highly non-lmear, determ- 
ined, for example, by threshold values or extremes rather 
than by averages. In this way the average growing 
feason in England may have varied by as much as 15-20 
per cent between the thirteenth and seventeenth centuries. 
To take another example, water supplies depend primarily 
on the difference between rainfall and evaporation, and 
where this is small a variation in either may be cata- 
strophic. The freezing point of water is another obvious 
threshold for certain purposes. 

Many general articles have appeared on this topic in 
recent years, and much more is sure to be heard about ıt 
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now that serious attention 18 being given to the possibility 
of deliberately modifying and controlling the climate by 
artificial means. A symposium on the subject was recently 
held by the Royal Meteorological Society, and the appear- 
ance of a report in a few weeks time might be the occasion 
for a further review. Meanwhile, attention is drawn to 
the new publication already referred to of papers by 
H. H. Lamb, who has done as much as anyone in this 
country to analyse and to draw attention to climatic 

in historic times. To anyone who has not seen 
the papers before, this publication in book form will be 
a welcome and worthwhile acquisition. Nevertheless, I 
cannot let the notice go by without a word of protest. 
The author is no doubt a very busy man and reluctant to 
devote time to putting a book together for the general 
reader. I can also believe that the compilation will be 
acceptable to workers in neighbouring fields who do not 
have ready access to the original publications. Neverthe- 
less, I for one feel cheated when a new book turns out to be 
the facsimile reproduction of recent papers which I already 
possess. 

The papers were invited articles or the records of 
lectures all given in the past few years, and although 
every one is worth the reading and none is without original 
work, there is, inevitably and quite properly, a good deal 
of repetition. The reader therefore has the disconcerting 
experience of meeting the same arguments, references 
and diagrams more than once in the same book. There 
18 at least one case of a full-page diagram appearing three 
times. Almost any scientific publication by a specialist 
will meet someone’s needs, and libraries can confidently 
be relied on to subscribe, but I hope the success of this 
venture will not be such as to encourage publishers to 
repeat the recipe. 

R. C. Surcuirre 


AN ELECTRICAL PIONEER 


Inventor and Entrepreneur 

Recollections of Werner von Siemens. Pp. 314. (Lon- 
don: Lund Humphries; Munich: Prestel-Verlag, 1966.) 
548. 


THe name of Siemens recurs insistently in the early 
history of electrical engineering. Two sons of a German 
landowner, farming in Mecklenburg in the years after the 
Napoleonic Wars, contributed notably to the practical 
application of electricity, to engineering practice and to 
the development of electrical manufacture. Charles 
William Siemens, who had a distinguished career m 
England, became in 1871 the first president of the Institu- 
tion of Electrical Engineers. His brother, Werner, 
pioneered electrical manufacture in Germany, made 
important fundamental contributions to electrical engin- 
eering and undertook some of the major projects involved 
in establishing worldwide telegraphic communication. 
He is perhaps best known for discovering the self-excitea- 
tion of the dynamo electric machine. 

Some three years before his death in 1892, Werner 
von Siemens began to write his Recollections and an 
English translation of the work was published in London 
in 1893. A new German edition was produced in 1956 
and now a new edition of the translation has bean pub- 
lished, the text being only slightly amended, but newly 
annotated and illustrated. 

Werner Siemens’s recollections, in a very real sense an 
autobiography, create a remarkably intimate picture of a 
closely knit German middle class family brought, by the 
sheer brilliance and energy of two brothers, into the 
leadership of industrial advance, both in Britain and on 
the Continent. Invention, scientific research, mter- 
national co-operation in manufacture and in the carrying 
out of great constructional projects, such as the Indo- 
European Telegraph Line, brought Werner Siemens into 
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contact with the great scientists of the day, with politi- 
cians, financiers and administrators. His scientific and 
his business interests caused him to travel widely in 
Europe, in Russia and the Middle East. Set in the 
disturbed conditions and recurring crises of mid-century 
Europe, so active and influential a life as that of Werner 
Siemens provided the writer with a wealth of material. 
Hoe describes his childhood, his experience as a young 
Prussian army officer, his scientific and technical work, his 
business enterprises and his travels, at once with serious 
attention to factual accuracy and with a keen observation, 
discrimination, shrewd, entertaining and sometimes 
humorous comment. 

Trevelling by sledge from Riga to 8t. Petersburg in 
January 1852 to discuss the proposed telegraph line from 
St. Petersburg to Moscow, he recalls that at Narva “The 
post master declared with the greatest assurance that it 
was of no use to travel farther, as at the stations before 
St. Petersburg all the horses had been appropriated for a 
great imperial bear hunt P”? 

The interest of the text is greatly enhanced by a series 
of delightful illustrations, photographs and line drawings, 
together with marginal annotations and quotations 
from relevant documents. A family tree, a list of 
important dates and several pages of notes complete the 
volume. 

This most attractively produced book ıs not only an 
interesting volume for the shelves of the historical section 
of the science library, but also constitutes an important 
work of reference for the historian of electrical engineering. 

James GREIG 


USING THE SUN 


Direct Use of the Sun's Energy 

By Farrington Daniels. (Trends in Science, Vol. 5.) 
Pp. xvii+374+8 plates. (New Haven and London: 
Yale University Press, 1964.) $2.45; 172. 


PROFESSOR F'ARRINGTON DANIELS is eminént as a former 
professor of chemistry at the University of Wisconsin, 
Madison. For many years, especially since his retirement, 
he has devoted most of his time to studying solar energy 
utilization. He was a founder member of the Solar 
Energy Society of the U.8.A. and is now its president. 
In this capacity and as a leader of a research school in 
this subject at Madison he has travelled extensively and 
visited almost all the research centres in the world 
concerned with solar energy. 

These biographical items are mentioned so that it can 
be appreciated that this book, though written in simple 
terms and without much mathematical treatment of the 
various aspects of the subject, can be regarded as an 
authoritative critical review of the progress that has been 
made in various publications and conference proceedings. 
It contains a full description of much original work by the 
author and his colleagues. Daniels’s extensive knowledge 
has ensured, however, that these extracts are accurate and 
appropriately selected to weld the book into a readable 
whole. 

Solar energy applications cover a very wide field, and 
almost any process that requires heat could be accom- 
plished by this means, but as yet very few such applica- 
tions are economic. Nevertheless, changing circumstances 
may lead to extensions in the use of direct solar energy, 
and the study of the feasibility of these applications is 
the first stage of development. Thus the list of chapter 
headings comprises a brief history of the subject; the 
construction of heat collectors in general; applications to 
cooking, water heating, crop drying, heat storage and 
space heating; distillation; solar furnaces; developments 
in selective radiation surface coatings; cooling and 
refrigeration, power generation by silicon cells, and photo- 
chemical conversion. 
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Such an extensive range of subjects cannot be fully 
covered in one volume, but this is the first attempt by an 
authoritative author with personal experience of research 
to give an overall picture of the subject to those without 
prior knowledge and to these ıt can confidently be recom- 
mended. The many references provided will enable any 
section to be studied in fuller detail. Solar energy hag 
many challenging features, especially to the 1maginative; 
one suggestion arising from reading this book 1s that it 
could be a fruitful source for many projecta, such as are 
now given to sixth formers at school to supplement their 
science teaching. The subject involves solar physics and 
astronomical movements, radiation measurements, heat 
transfer and optical problems and the construction of 
relatively simple heat collectors or stills; projects based 
on these problems would excellently supplement ae course 
of lectures. 

The direct use of solar radiation is more appropriate 
in the Middle East and Mediterranean area, but there are 
possible uses for water heating even in temperate climates 
and these will become more economically viable as the 
price of high grade fuels increases. Australia, Israel and 
Japan are examples of industrial countries that have 
successfully developed such dovices. The needs of space 
travel have brought about intensive investigations of 
solar cells and thermodynamic cycles which may find 
application on Earth. This is a fascinating subject, and 
Prof. Daniels’s book will stimulate any reader who 
desires to extend his knowledge in this field. 

BH. Heywoop 





Radiological Monitoring of the Environment 

Edited by B. C. Godbold and J. K. Jones. (Proceedings 
of a Symposium organized by the Central Electricity 
Generating Board in association with the Joint Health 
Physics Committee; held at Berkeley, Gloucestershire, 
October 1963.) Pp. xvi-+ 425. (London and New York: 
Pergamon. Press, Ltd., 1965.) 110s. net. 

THE health physicist is sometimes regarded simply as the 
person responsible for ensuring compliance with the 
various codes of practice for workers with ionizing radia- 
tions. These proceedings, which may be looked on as a 
review of the ideas and activitics of health physicists at 
the time of the symposium, show that their interests are, 
in fact, much wider and more fundamental. 

This seems particularly true of those responsible for the. 
safe disposal of radioactive waste from nuclear installa- 
tions. If we are to be confident that the material will not 
be ingested by the population in significant quantities, 
an understanding of ite behaviour in food chains is essen- 
tial, and several papers show how this knowledge is applied 
to the design of environmental surveys. There is at the 
same time debate about the value of regular, comprehen- 
sive sampling of the environment of nuclear installations ; 
some feel that, following an initial survey, effluent monitor- 
ing would be sufficient safeguard, while others defend the 
routine survey as a reassurance to the public and as a 
rehearsal of emergency measures. 

The environment of radiation workers is under more 
direct control, and a group of papers is devoted to 
describing monitoring techniques and discussing their 
value. Llustrative of the difficulties encountered is the 
consideration that the activity in an air sample may be 
almost entirely on a single particle, which of course is 
one which the worker did not inhale. ~ 

The section on the organizational problems of applying 
codes of practice in working environments 1s unexpectedly 
interesting. Hazards range from the activity in a power 
reactor, which one contmbutor estimates to be 600,000,000 
c., to the incidental X-rays generated by high voltage 
electrical equipment. Although each situation has ite 
own problems, several contributors feel that the number 
of codes of practice could, with advantage, be reduced. 
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Radiological Monitoring of the Environment is arranged 
in two parts, the first containing the papers and the 
second the actual proceedings of the symposium. For 
most sessions, these comprise a rapporteur’s account of a 
group of papers, followed by discussion. The book is well 
produced, but it is regrettable that its publication date is 
two years later than the date of the symposium. 

L. BUBKINSHAW 


Enmary Fhotoproceates in Biology 
By J Thomas. Pp. x+323. (Amsterdam: North- 
Holland Publishing Company; New York: Interscience 
Publishers, a Division of John Wiley and Sons, Inc., 1965.) 
128. 


Prorrsson THomas, who is professor of biophysics at the 
State University of Utrecht, has here written a careful 
survey of photobiological reactions. It begins with a 
clear, though necessarily brief, discussion of mechanisms 
of molecular excitation by light, energy and charge 
transfer in condensed systems, and the mechanisms of 
photochemical reaction. 

After this introductory material, there is a detailed 
review of the pigments and light reactions in photosyn- 
thesis. This is the longest and most sophisticated section 
of the book, not surprising since here Professor Thomas 
deals with his own field. 

There follow reasonably detailed and up-to-date reviews 
of the chemistry of vision, phototaxes and phototropisms, 
animal and plant, light effects on reproduction and 
development in animals and plants, and bioluminescence. 
All these subjects are discussed critically and with some 
insight, though, in covering so broad a range, the author 
when outside his own field is sometimes a little at the 
mercy of the literature, as in taking too seriously an 
alleged demonstration that rhodopsin is an ATPase (p. 
163), or that illumination crumples the outer segments 
of rods (p. 195). 

The treatment is comparative in so far as that is 
possible, the comparisons of similar processes in different 
organisms, animal and plant, providing one of the most 
stimulating features of the book. There is an excellent 
table of references through 1963. The style is for the most 
part clear and readable, with an occasional lapse from 
English that will not bother anyone (‘‘dialization”’ for 
dialysis (p. 139); “Iuminicity” for luminosity (p. 201) ). 
On the other hand, I doubt that Professor Thomas meant 

~-to say, on page 55, that “all known visual pigments are 
aldehydes of vitamin A”, rather than saying that of their 
chromophores; or “certain salt-water species, for example 
the sea lamprey” (p. 158), when the point is that this 
cyclostome spawns in fresh water and can live there 
permanently, though capable of migrating to the sea as 
an adult. 

Altogether this is an interesting and valuable book and, 
in addition to providing useful surveys for specialists 
making excursions outside their own fields, is well suited 
as a text to introduce students to photobiology. 

G. WaLp 


The Blology of Cancer 

Edited by E. J. Ambrose and F. J. C. Roe. Pp. v+ 237. 
(London: D. Van Nostrand Company, Ltd.; Princeton, 
N.J.: D. Van Nostrand Company, Ino., 1966.) 60s. 


Tms book is based on a course of lectures for science and 
«medical graduates. It opens with a general chapter on 
cancer as & disease, followed by nine other chapters, on 
chromosomes, metabolic processes, surface properties of 
cells, invasive properties, tumour immunology, role of 
viruses, chemical carcinogenesis, chemotherapy, and & 
final chapter on “Future Strategy”. 
The authoritiveness of the book is ensured by the 
excellent collection of authors—Prof. P. C. Koller, Prof. J. 
Paul, Dr. Q. C. Easty, Dr. P. Alexander, Dr. K. E. K. 
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Rowson, Dr. D. B. Clayson and Dr. J. A. Stock. The 
editors have contributed a chapter each and they have 
written the joint final chapter. 

Apart from and above the great deal of valuable 
information presented, the editors and authors are to be 
congratula on the eminent readability of the book. 
The material is laid out clearly and is treated lucidly. 
Each chapter is followed by a good select bibliography. 

The one criticism which may be raised is the lack of a 
chapter on tumour cell population kinetics, a subject 
usually treated in radiobiological or radiotherapeutic 
publications. In a book on the biology of cancer, in which 
chemotherapy is discussed, it might have been appropriate 
to devote some space to cell population kinetics, even if— 
quite rightly—radiotherapy as such is not included. This 
is, however, a minor criticiam of a very good book which 
ahould be of great value to biology are medical 
students and practitioners alike. L. Q. LAJTHA 


Chemistry of Vegetable Tannins 

By E. Haslam. Pp. viii+179. (London: Academic Press, 
Inc. (London), Ltd.; New York: Academic Press, Inc., 
1966.) 47s. 6d. 


Turn is a long felt need for a book of this kind, which 
gathers together the work on vegetable tannins in & 
concise form. The book is a fitting tribute to R. D. 
Haworth, to whom it is dedicated. 

The introductory chapter gives a short account of the 
structure of collagen, leading on to @ discussion of how 
the vegetable tannins react with collagen in the tanning 
process. This serves to put the subject in perspective, but 
the scope of the book is wider; 1t is valuable reading for 
anyone with a general interest in plant phenols. Plant 
phenols of low molecular weight, for instance, their 
structure and analysis, and the subject of lignin bio- 
synthesis also receive adequate treatment. 

Given a working knowledge of chromatographic methods, 
the neweomer to the subject should have no difficulty in 
starting laboratory work without recourse to the original 
references once he has read the sections on the isola- 
tion and identification of condensed and hydrolysable 
tannins. 

The chemistry and structural determination of the 
hydrolysable tannins (thirty-three pages) and the con- 
densed tannins (twenty-three pages) are dealt with 
meticulously. There is no bias towards Haslam’s own 
school in Sheffield; the contributions of all workers are 
included in a balanced account, and no essential informa- 
tion has been omitted. 

Many of the schemes of biosynthesis arestill hypothetical, 
but again the account is well written and the reader’s 
appetite is whetted for more research in this relatively new 
field. Tuomas A. Scorr 


OBITUARIES 


Prof. W. J. Tulloch 


Pror. Wura J. TuLLoos, who occupied the chair of 
bacteriology in the University of St. Andrews for just 
over 40 years, retired in 1962 and died on August 26 this 
year. The combination of a Scottish father and a Belgian 
mother blended to produce a man of singular ability, 
energy and charm. 

His outstanding services as teacher, investigator, 
administrator and adviser of students and colleagues have 
already been emphasized elsewhere. Rather than try to 
draw up a catalogue of his numerous researches, I shall 
endeavour to give some account of the way in which two 
of his most important contributions were developed. In 
view of his background, it is not surprising that in the 
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study of the phenomena of immunity he appeared to be 
influenced more by Bordet than by the German school. 
It is recorded that Ehrlich referred to Bordet as “‘sein 
scharfster Gegner”. It was probably his interest in 
Bordet's work which led him to choose for the subject 
of his M.D. thesis “The Influence of Electrolytes on 
Agglutination”. The technical ability and experience 
gained in this work made him a valuable guide and 
collaborator of his younger colleague, Craigie, in the 
application of immunological methods to the study of 
virus disease in which they expanded the earlier work of 
Mervyn Gordon. They infected rabbits with vaccinia and 
then used extracts of the crusts developed to immunize 
other rabbits. They had thus at their disposal immune 
sera containing antibodies for the virus but devoid of 
any demonstrable ones for the proteins or other antigens 
of animal tissues. Such sera were used to get specific 
precipitates with extracts of crusta due to variola or 
vaccinia in man but gave none with extracts of crusts due 
to varicella or other skin lesions. Later it was found that 
the fixation of complement was a more delicate indicator 
of the antibody—antigen reaction which occurred in such 
mixtures. These reactions were later displaced by the 
cultivation of the infective agent of smallpox on the 
chick embryo which made the differentiation between 
variolous and vaccinial lesions possible. They were, how- 
ever, an important step in the application of immuno- 
logical methods in the study of virus disease and were 
published in full by the Medical Research Council??. 

When peculiarly severe epidemics of diphtheria occurred 
in the north of England about 1930 and were attributed 
to a starch fermenting variant of the O. diphtheriae 
described as gravts, Tulloch with characteristic energy 
and openness to new ideas initiated with the help of 
Murray a search for bacteria of this type in the eastern 
midlands of Scotland**. It was not found to play any 
significant part at that time, but the predominant bac- 
terium was a finely growing variant, more fastidious in 
its nutrition, which was designated as intermedius to dis- 
tinguish it from the gravis and miis variants described in 
Leeds. This earher work brought into relief the change 
in 1938 when an epidemic of peculiar severity visited 
Dundee and was found to attack in a surprising degree 
the children and adults who had undergone prophylactic 
immunization, The Dundee epidemic strain corresponded 
closely to the North of England gravis in most respects, 
but was more fastidious ın ite nutritive requirements. 
It was shown later by Chattaway, Happold and ther 
colleagues*? to be nearer to the intermedius strain in 
requiring pantothenic acid when grown in a medium of 
known chemical composition. This work of Tulloch and 
his collaborators in combination with similar observations 
made by Hartley and a group of collaborators at 
Gateshead was fully described in an M.R.C. publication in 
1950 (ref. 8). 

The wide range of Tulloch’s knowledge and his masterly 
assembly and analysis of observations recorded in the 
literature were never better shown than in his lecture to 
the Royal College of Physicians of Edinburgh as holder 
of the Lister Fellowship. Thus lecture, entitled “Medicine 
as an Aspect of General Biology”, was given in 1956, and 
as it has not been published a brief indication of its 
content may not be out of place in this notice. 

The thesis developed was that all infectious disease is 
a manifestation of a balance struck between the host 
and the invading parasite, but that this balance may 
exist at various levels. The best illustrations of this were 
provided by three diseases most studied in South and 
Central America—coccidioidomycosis, bartonellosis and 
yellow fever. The importance of different levels of balance 
between host and parasite is most strikingly illustrated 
by bartonella infection, which was ultimately shown to 
be responsible for two conditions long believed to be 
distinct diseases—Oroya fever, an acute condition with 
high mortality, in which the balance favours the parasite; 
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and Peruvian wart, a chronic condition with low mor- 
tality in which the balance favours the host. Tulloch 
went on to say that although the identity of the two 
conditions was all too convincingly suggested by Carrion’s 
personal experiment—he infected himself with the juice 
of a Peruvian wart and died 39 days later of Oroya fever 
—it was not fully proved until many years later by the 
work of Noguchi and Battistini published in 1926. 
Tulloch’s death has removed from the ranks of those 
devoted to the study of medicine and microbiology a 
gifted teacher, an eager enquirer and a most generous 


colleague and collaborator. J. W. MoLzop 

2B i We Ins » J, and Tulloch, W., Diagnostio Value of the 
x acina- Varta. location Faction: Mn, Special r Satie g 
Oo. 


* Cralgie J , , and Tulloch, W. J., Further Investigations of ths Variola- Vacoinii 
locculation Reachon, M.B.O. 8 pecial Report Series No. 156 (1981). 
t Murray, J. F., J. Path. Bact., 41, 97 (1985). 

t Murray, J. ¥., Bru. J. Ezp. Path., 16, 384 (1985), 

*Morray, J. F., Brit. J. Bap. Path., 16, 682 (1985). 


oir bates’ F. W. EAA F. 0., Sandford, Mary, Lythgoe, B., and Todd, 
À. R., ‘Nature, 151 


"Ohattaway, Bie F. Wes Happold, pa O., and Sandford, Mary, Biochem. J., 


“Harter, P., Tanah. W. J., and others, The Study af Diphtheria in Two 
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Prof. I. MacKenzie 


Ian MaoKENZIE, professor of surgery and head of the 
Department of Surgery at Victoria General Hospital, 
Halifax, Nova Scotia, died in Halifax on October 17 after 
a long illness at the early age of 58. 

He was born in Edinburgh and received his medical 
education at the University of Edinburgh where he gradu- 
ated in medicine in 1933, and then became an assistant 
in the department of bacteriology. He held various house 
appointments at the Edmburgh Royal Infirmary and at 
the Cumberland Infirmary, Carlisle. In 1939 he was 
awarded a Commonwealth fellowship for cancer research 
at the Rockefeller Institute, New York, where he worked 
under Dr. Peyton Rous. 

Re ing to Britain at the outbreak of the Second 
World War he served first with the 9th Lancers and later 
with the R.A.M.C. in France and the Middle East before 
being posted for special duties in 1942. He was para- 
chuted into Yugoslavia to serve with Marshall Tito at 
partisan headquarters and later into occupied France 
for service with the French resistance movement. For 
this work he was awarded the Croix de Guerre with gold 
star and was mentioned in dispatches. 

He returned to the Department of Surgery at the 
University of Edinburgh in 1946 and later moved to the 
Department of Surgery in the University of Durham, 
and it was in these two surgical departments that he 
became so interested in what proved to be a life interest 
in research. In 1957 he was appointed professor of 
surgery at Dalhousie University, Nova Scotia, and became 
consultant surgeon to the Canadian Forces Hospital, 
Halifax, and to Camp Hill Hospital (Department of 
Veterans’ Affairs). He was joint author of a Handbook of 
Surgery. In 1958 he was elected a fellow of the Royal 
College of Surgeons of Canada, and of the American College 
of Surgeons in 1960. 

He was a great man, both in peace and war, and in the 
latter his exploits were legendary. Whether it was 
ranging the Western desert with a surgical unit, or working 
with the partisans in Yugoslavia or the maquis in France, 
his qualities as a soldier and his excellence as & surgeon 
were an example to all. 


o 
He created a splendid Department of Surgery at Halifax, 


where he did a fine job in research, particularly in various 
aspects of cancer and allied tumours. He was a true 
Scot, with all the best of that nation’s characteristics. 
As someone said of him at Dalhousie University, he 
fulfilled his true role of teacher, research worker and 
clinical operator of no mean stature. He leaves a 
widow, two daughters and a son. WALTER MERCER 
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POSSIBLE MODELS FOR X-RAY SOURCE, SCO-X-| 


By M. MATSUOKA, M. ODA and Y. OGAWARA 
Institute of Space and Aeronautical Science, University of Tokyo, Komaba, Meguro, Tokyo 


A OHLESTIAL X-ray source, SCO-X-1, is the strongest 
X-ray source yet identified and its astronomical and phy- 
sical nature has been the subject of much speculation. 
Recently considerable progress ın this field was made 
possible by the finding of its optical counterpart?. 

The properties of the source may now be summarized : 
(1) The X-ray flux per unit frequency corresponds to an 
optical flux of about the 13th magnitude if one or two 
magnitudes of interstellar extinction are taken into account 
while the brightness of the optical counterpart is of 
12-5th magnitude. This suggests a flat spectrum from the 
optical region to the soft X-ray region, which in turn 
implies thermal radiation from an optically thin hot 
plasma at a temperature of 5 x 10? °K or more, since the 
radiation spectrum from such a plasma is expected to be 
nearly flat for hv < kT and exponential in form for hy > kT. 
This argument also implies that the volume of material 
emitting optical radiation is essentially identical to that 
emitting X-rays. (2) The size of the source is smaller 
than twenty seconds of aro’. Optical observation in fact 
suggests that it is only a few seconds of arc in diameter. 
(3) The distance to the source SCO-X-1 can be estimated 
as follows. Since the spectrum is nearly flat and the 
intrinsic colour index 1s 0-10, the colour excess of the 
source is estimated to be 0:18. Nearby stars, — 15°4300 
and ~—15°4301, show colour excess of 0-2 and 0-8 at dis- 
tances estimated by Osawa as 300pcand 450 po respectively 
(private communication). Assuming that the interstellar 
extinction in this fleld is roughly uniform, the distance to 
SCO-X-1 is about 200 pe. (4) The variation with time of 
the optical intensity was observed, but it is not yet known 
whether this includes a periodic component. The period 
of oscillation varies from the order of minutes to the order 
of days. (5) Emission lines of HB, Hell, Hy, H8 and He 
and probably lines of heavier elements are superimposed 
on the strong continuum, and their intensities also 
fluctuate. 

We may thus assume that this source is an astrono- 
mical object at a distance of 200 pe and that the con- 
tinuum from optical radiation to the X-ray region 18 
caused by the thermal radiation of an optically thin hot 
plasma at temperatures of 5x 10” °K. The purpose of this 
article is to discuss possible models for this source. We 
shall restrict ourselves to discussing the conditions under 
which a hot plasma of this type is compatible with 
observations, and we shall not speculate about the origin 
of the source or about the type of astronomical object 
with which the source could be associated. 

The volume emissivity of the hot plasma integrated 
over the frequency up to v is expressed as 

P = K(v) N’ (1) 
where K(v) = 1-4 10-*? Pa {1 —exp(—hAv/kT)}, T is the 
temperature, and N is the electron density. 

The volume emissivity is equal to 

P = 4r D? Jz} V (2) 
where D is the distance to the source, Jz is the observed 
energy flux of X-rays and V is the effective volume of 
the hot plasma cloud, equal to 47/3 r, ifr is the radius of 
the source. 

The total mass of this cloud, M, is given by 

MaNmv (3) 


where m is the mass of the ion. 


4r D* J. 
From (1) and (2) N* = EGY (4) 
and, hence, with (3), we obtain 
‘dn D? Jz V 
Mam [Rot (5) 


The distance D is assumed to be 200 pe, and the tem- 
perature is assumed to be 6 x 10° °K. For a plasma at this 
temperature, ions may escape with an average velocity 
of about 1,000 km/sec, unless they are trapped by the 
gravitational forces. 

We will now consider the physical conditions under 
which such a hot plasma cloud could exist. First, from 
equation (5) and the condition of gravitational confine- 
ment, the mass of the hot cloud can be shown to be quite 
insufficient to confine the cloud by its own gravity. 
Alternatively, the cloud could be maintained around a 
heavy centre by its gravity and continuously heated by 
some mechanism. Another possibility is that the hot 
cloud is not trapped, but that it is continuously produced 
and ejected by an active origin. It 1s also possible that 
only a limited volume of a cold plasma is continuously 
heated. 

Suppose a heavy object of mass M, maintains the hot 
plasma around it by gravitational forces, The radius of 
this configuration is approximately r = 2G M,/v" where 
v is the thermal velocity of ions. If we assume that 
M, is between 1 and 500 times M, where M, is the solar 
mass, we find thet r is between 3 x 10° and 10" om. 

The cooling rate of this hot plasme cloud, 1/1, can be 
expressed as 
2K(v>mw) N (8) 

3kT 

Whatever the mechanism for heating the cloud consists 
of, the cloud has to be heated in a time of the same order 
as the cooling time, and it is natural to suppose that the 
intensity may fluctuate in about the same length of time. 
The cooling time, +, is approximately 8 x 10-* (M,/M,)?? 
under present conditions. Although further observation 
is necessary to understand the nature of the variation 
of intensity with time, for the moment + appears to be 
in the range of 10 to 105 sec, Se to a value for 
M, in the range M,-500 M. if the model assumed is 
correct. 

The heavy centre may be invisible, but it must be 
sufficiently active to supply energy to the surrounding 
plesma cloud by some mechanism with which we are not 
at present concerned. The emission lines which are ob- 
served may be explained if we assume that a shell or 
cloud of lower temperature somewhat similar to the 
planetary nebula surrounds the hot plasma. 

Another possibility ıs that the hot plasma cloud is 
continously ejected from ita origin and diffuses out with 
& velocity about equal to the thermal velocity of the ions, 
v. The tume that this cloud would take to cool would be 
equal in magnitude to the time taken for the ejected 
plasma to expand from the centre to the perimeter of 
the source, a distance r. Thus, 


l/r 


Tte rjo (7) 
Solving (7) with (4) and (6) 
pw HED 0 
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If D=200 pe and T7=6x10? °K, r is about 10? cm 
and hence M and + are 9 x 10} g and 10‘ sec respectively. 
The rate of loss of mass for this object is therefore given 
by 

a rr? N mv a 3x10 M,/year. 
This rate is typical of the mass ejection of a star. 

A binary system with two centres of gravity close 
together could also be a possibility and will be the most 
promising one if any periodicity of the variation of 
the intensity with time is established by observation. 
At present little is known about the periodicity, but the 
period of oscillation would be of the order of a day if it 
exists. The binary system might trap a plasma cloud 
around it by gravitational force. In this configuration 
matter might flow in the gravitation field from one centre 
of gravity to the other. It is possible that the plasma is 
heated, for example, by a travelling shock wave and that 
there is a singular point in this configuration of the plasma 
where the energy is strongly concentrated, producing 
an extremely hot area in the otherwise cold plasma. 

The distance between the two centres, l, can be estimated 


ab 
m 1/3 ( t 2/3 
ARO #) Jo: =a) 


where M is the reduced mass of the binary system and t ia 
the period. Ifthe reduced mass is of the order of the solar 
masa and ¢ is about a day (~10* sec), the distance 7 
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is of the order of 3 x 10%! cm. The X-ray emitting 
region must be smaller than this and therefore the 
density N is less than 10%? atoms/c.c. according to 
equation (4). The cooling time would then be about 
l min. The remainder of the plasma could be heated to a 
temperature of, say, 10‘~ 10° °K and could provide the 
emission lines. Either one or both of the centres ejects 
the materiel which induces the flow of matter between the 
centres of gravity. 

Tt is worth while pointing out that the optical nature of 
SCO-X-1 resembles at least in part some of the old nova! 


and that the concept of a stream of matter in a binary - 


system was proposed for the old nova which was supposed 
to be a closed binary system?-*. If SOO-X-1 is one of old 
novae, the physical origin of the continuum of the old 
nova may be understood as the thermal radiation of optic- 
ally thin hot plasma. The range of the continuum depends 
on the temperature and, under some conditions, the tem- 
perature may exceed 10’ °K when X-rays are emitted. 
Even if this is true, however, the question of how and 
where the energy originates and how it is concentrated in 
the hot region remains unsolved. 

We thank Professors J. Jugaku and K. Osawa of 
Tokyo Astronomical Observatory for helpful discussions. 
$ Sandage: À. R , Osmer, P., Giacconi, R., Gorenstein, P., Gursky, H., Wa 

J., Bradt, H., Garmire, G., Breekantan, B. V., Oda, M., Osawa, K., a 
Jugaku, J., Astrophys. J. (ln the press). 
* Gursky, H., Giacoont, R., Gorenstein, P., Waters, J., Oda, M., Bradt, 
Garmire, G., and Sreekantan, B. V., Astrophys. J., 144, 1249 (1986). 
? Kraft, R. P., Astrophys. J., 139, 457 (1064). 
* Krzeminski, W., and Kraft, R. P., datrophys. J., 140, 921 (1084). 


TEMPORAL AND GEOGRAPHICAL DISTRIBUTION OF RADIUM D (LEAD-210) 


By Dr. ZBIGNIEW JAWOROWSKI 
Department of Radiobiology and Health Protection, Institute of Nuclear Research, Warsaw, Poland 


In most investigations of radium D in natural concentra- 
tions, the data derived from samples collected in various 
years have been interpreted as if the time variations of 
radium D concentrations in the biosphere were either 
non-existent or negligible. In a preliminary mvestigation 
on the time distribution of radium D in glacier ice, how- 
ever, I found that in the years 1952-59 the concentra- 
tion of radium D in ice had incroased by about a factor 
of ten!. These concentrations were in substantial agree- 
ment with the results of other authors for the concentra- 
tion of radium D in rainwater over the same poriod'-. 
Fluctuations in the concentration of radium D over a 
period of years have algo been found in Antarctic snow’. 

This article presenta the results of my investigation of 
the temporal and geographical distribution of radium D 
in glacier ice, red deer antlers and lichens. I shall show 
that the concentration of radium D in the biosphere 
does fluctuate with time and that this may be due to 
both natural and artificial causes. Such fluctuations could 
well be of importance when interpreting radioactivity in 
human and othor biological systems. 

Water samples were collected from a miniature corrie 
glacier in the Great Mieguszowiecki Cirque (GMC) in 
the High Tatra Mountains, Poland, and from a glacior 
in the cave Grota Lodowa (GL) in Western Tatra. In 
both localities determination of the age of the ice was 
based on the annual stratification of glaciers, with a 
possible error ranging from about +1 year in the upper 
ice strata to about +2 years in the lower layers. The 
thickness of ice layers in the GMC glacier from which the 
samples were collected ranged from 80 to 320 cm and 
in the GL glacier from 3 to 12 em. The ice was collected 
uniformly from the total thickness of particular strata, 
with the exception of the GMC sample from 1965, which 
waa collected only from the upper part of the stratum. 


Some of the GL samples covered two or three strata. 
From seven interjacent GMC strata the samples were not 
collected. One GL sample was lost during the analysis. 
From each sample 4 1. of water were taken for analysis, 
and evaporated in ‘Pyrox’ glass beakers. 

Twelve red deer antlers were collected from three 
localities: one in north-western and two in north- 


eastern Poland. Radium D in the antlers is deposited „a 


during tho period of growth of this tissue, that is, between 
the months of April and August. Each year the antlers 
are shed and new ones develop, and therefore the con- 
centrations of radium D found in such tissue correspond 
to the contamination of the pasture in the spring and 
summor of a particular year. 

The lichen samples, which consist of various species of 
the Cladoniaceae family, were collected in different 
parts of Europe and in south Spitsbergen, during 1955- 
65. Differences in the radium D concentration factor 
in different families of lichen can be anticipated as a 
result of variations in their mass to surface ratios and 
also because of their physiclogical differences. In this 
investigation, therefore, the members of only one family, 
Cladoniaceae, have been used. 

Determination of radium D. Before analysis all samples 
were wet ashed in nitric and perchloric acids. Radium D 
was first separated by dithizone extraction to chloroform 
according to the method doscribed previously*. The lead 
carrier was not added because the concentration of stable 
lead was determined in each sample by the dithizone 
colorimetric method. The content of lead in rainwater 
and biological material ranged from about 50 ug to 
several milligrams per sample. The chemical recovery 
of this procedure in water and in biological samples was 
found to be 96+3 per cont. After a delay of 30 days or 
more in order to allow for a build-up of the biamuth-210 


J 
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“* taken to be 0:36 pe. The results of the measurements 
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daughter of the radium D component, bismuth-210 was 
separated by cupferron extraction or by electrolytic 
deposition on platinum foil’. The recovery in cupferron 
extraction (used for GMC samples) was found to be 98+ 3 
per cent and that in electrolytic deposition 95 + 3 per cent. 
The selectivity of the procedure was tested in separate 

_ experiments against cobalt-60, zino-65, strontium-90+ 


— yttrium-90, technotium-99, ruthenium-106, iodine-131, 


caesium-137, corium-144 + praseodymium-144, terbium- 
160, thulium-170 and thallium-204. None of these 
radionuclides was detected in the distilled water samples 
spiked with amounts of each radionuclide corresponding 
to about 1,000 c.p.m. The radiochemical purity of the 
most radioactive samples was estimated by de ini 
the half-life from the decay curves. Only a half-life 
of 5 days was found, which corresponds to that of 
bismuth-210. 

The -radioactivity of the samples was measured for 
10-16 h in a low background plastic scintillation counter. 
With a Nuclear Chicago R7'-3 model standard of radium D 
the counting efficiency of the counter was determined to 
be 33-5 per cent. The same standard was used for routine 
control of the apparatus, the background of which was 
0401 o.p.m. The detection limit of the counter was 


were corrected for radioactive decay of radium D and 
the half-life of this nuclide taken to be 22 years. Routine 
“blank radium D” measurements were made in distilled 
water samples to act as a control for the glassware and 
reagents. The overall uncertainties caused by counting 
statistics and analytical procedure are considered to be 
in the limite of 20 per cent relative standard deviation 
at the 90 per cent level of confidence. 

Time dssiribution of radium D. The concentration of 
radium D in water from the GL glacier was 0-32~6-6 
po./i., and that from the GMC glacier 0-19-5-9 pe./l. 
As can be seen from Fig. 1, the temporal fluctuations in 
the concentration of radium D in water are similar ın 
samples collected from the two localities, which were 
about 15 km apart. The only three exceptions ocourred 
in 1952/53, 1962/63 and 1965. The first might have been 
caused by an error in the age determination of the samples. 
The other two were probably caused by a difforence in 
the periods of ice accumulation, which in the GL glacier 
is between December and August ‘and in the GMC 
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glacier is between November and April. In the GL samples 
the concentrations of radium D were greatest in the years 
1924/25, 1930/31, 1935/36, 1944, 1948, 1956, 1958/59 and 
1962. In a smaller GMC group the concentrations were 
greatest in the years 1944, 1948, 1953, 1056, 1959, 1963 
and 1965. These results can be compared with the 
maxima found by Lambert et al.§ in Antarctic snow in 
the years 1925/27, 1937/40, 1943/45, 1949/61, 1955/66 and 
1959/61. In GL and GMC samples the maxima in the 
concentration of radium D fluctuated with a periodicity 
of 3-5 years. A similar frequency of maxima can be 
observed in the set of samples from the Antarctic. The 
suggestion by Lambert et al.* that an 11 year cycle ocours 
in the concentration of radium D in the Antarctic snow 
seems to be made by neglecting the smaller maxima 
lying in between the greater ones. In the European sets 
of samples, however, the small Antarctic maxima of 
1943/45 and 1955/56 can be traced as the distinct 1944 
and 1956 maxims found in both the GL and the GMC 
groups. No correlation was found between the con- 
centration of radium D in ice and the annual precipitation 
in the Tatra Mountains (for 1940-65). This is illustrated 
by the lack of correlation between the concentration of 
radium D and the thickness of ice layers (Fig. 1). 

The striking feature of the data presented in Fig. 1 is 
that the two last maxima, for the years 1958/59 and 
1962/63, are higher than the carlier ones. This agrees 
with the results of Baranov and Vilenski:*»*, who found 
concentrations of radium D in rainwater collected in the 
vicinity of Moscow similar in value to those in the GL and 
GMC samples for the corresponding yeara 1959-63. 
The increase in concentrations of radium D between 
1952 and 1965 has also been found ın red deer antlers and 
lichens (Fig. 2 and Table 1). It is interesting that the 
mean concentration of radium D ın human bones also 
increased between 1952 and 1965 (Table 2). An increase 
in the concentration of radium D was also observed in 
stratospheric air ın 1962 as compared with 1961. It can 
be seen from the Project Star Dust data?’ that the mean 
concentration of radium D in the stratospheric air, col- 
lected at corresponding times and geographical points, 
was higher and its age younger in 1962 than in 1961. 
For example, the respective mean values for the periods 
November—December are 1-83 and 0-40 d.p.m./1,000 SCF. 
and 195 and 453 days. It is of interest that in air at ground 
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Fig. 2. Radium D ın antlers of red 


deer. ———, Eastern Poland; 
=, Western Poland. 


level the increase in the concentration of radium D was 
not observed in the samples collected during 1961 and 
1962 by Patterson and Lockhart'* but was inferred by 
Peirson et al.1* from the ratios of radium F: radium D 
This discrepancy in the data for ground level air might 
result from the short duration of the increased con- 
centrations of radium D in the northern troposphere, 
according to the mechanism proposed by Kopcewioz*® 
for middle latitudes, and consisting of the transfer of 
radioactive dust from the stratosphere to ground level— 
first through the discontinuities of the troposphere by 
means of the intensive vertical turbulance in the cold 
fronts (II. type after Bergeron). Because of high velocity 
of these fronts the increases in the concentration of radio- 
active dust in the ground level air are considered to be of 
very short duration. This supposition is in agreement 
with the result of Baranov and Vilenskii*, who found 
short term variations by two orders of magnitude in the 
radium D concentration m rainwater. 

Geographical distribution of radium D. During the 
summer of 1985, lichen samples were collected along the 
30th meridian (East) from 77° 18’ N. to 41° 20 N. The 
resulta of radium D determination in these samples are 


Table 1. VARIATIONS IN TOE OF CONCENTRATIONS OF RADIUM D IN LIOHENS 
(pe./g OF DRIED LICHENS) 


Radium D 
Year (pe./g) Species Locality 
1957 14 Cladonta mits 
1957 23 C. rangiferina 
1958 8-0 O., muss Bouth 
1985 63 O. mutts Spitsbergen 
1965 104 O. mitis 
1965 18-4 Q. mhs 
1057 17 O. sileatica 
1958 26 C. suvaita 
1958 4:7 Oz alpesins 
1969 45 g. 7 Poland, 
1960 19 O. supatica Kampinos 
1961 15 C. silvatica Forest 
1068 6-7 O alpesires 
1965 17 0. wea 
1965 10 O. muse 
1058 14 O. mates Poland, 
1959 8-1 O. miti Cracow-Wieluń 
1968 26 C. mus highland 
1964 32 O. suvatoa 


NB) 
Year of 
determination Radium D Ref. No. 
or publication (po./g) 
1952 0-013 9 
1960* 0 035 10 
1961 0-028 11 
1963* 0 082 12 
1963* 0-037 18 
1964* 0-087 14 
1964 0-041 15 
1065* 0 045 16 
* Yoar of publication. 
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Table 3. GEOGRAPHICAL DISTRIBUTION OF RADIUM D IN LICHENS (po./g OF 
DRIED LIOHENS), DURING TEN YEAR 1965 ALONG THE 20TH ALSRID; (p Šar) 


IAN ( 
Locality Radium D Species 
, (p0./g) 
77° 18’ N. Bpitsbergen 68 Oladonia mis 
: bao an 
54° 86’ N. Mierzeja Wiślana 2-8 O. suloatica 
58° 35’ N. Olaztynek 0-9 O. mitts 
68°11 N. Nidzfca 18 C. melts 
53° 06’ N. Miawa 086 O. milis 
52° 87 N. Płońsk 15 O. mitis 
52° 00' N. Kampinos 17 O. silvatica 
sz o0 N Pamietna 1-6 . mulas 
49° 1% N. Tatra Mts. 26 O. niana 
49° 00' N. Kralova Hola 2-7 CO. silvatica 
45° 33’ N. pln Mta, 2-9 Q. rangıferma 
8g ine oe 1-83 C. furcata 
48° 00 N. Tatra Mia. 09 O. furcata 
r 00, Bükk Mts. 1-2 O. rangiformis 
46° 50 N. Szakonyfalu 0-6 C. furcata 
46° 50’ N. v 1-4 O. rangiforms 
46° 08’ N. Mecsek Mts 8-2 Q. rangifering 
» » 1-4 O. rangiformis 
» on a2 Q. fureata 
41°20’ N. South Bulgana 3:5 0. angioina 


Q 
: 
S 
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presented in Table 3. It is surprising that the concentra- 
tions of radium D found in the Arctic lichens were higher 
than those found in the temperate zone. Hill™ has found 
high concentrations of radium D in Cladoniaceae collected 
in Lapland of 6-6-8-1 po./g, and Holtzman?* has found 
concentrations of 10-5 and 8-29 pc./g in lichens from 
Finland and Alaska, respectively. In other families of 
lichens from Alaska, Holtzman found the unusually high 
concentration of radium D of 61-2 pe./g. It is also of 
interest that in Eskimo bones from the Canadian Arctic, 
collected in about 1958, concentrations of radium D were 
found to be more than twenty times greater than in bones 
from the temperate zone™+*8, In Eskimos who had lived 
in southern Canada for some time before the removal of 
the bone, that is, before about 1958, the concentrations 
of radium D were similar to those in the temperate zone*!. 
Because of the long effective half-life of radium D in the 
bones, some 20-30 years would be necessary to bring 
the high concentrations in Eskimo bone to those of the 
temperate zone. It can therefore be supposed that in 
Eskimo subjects with a high concentration of radium D 
the isotope had accumulated during the time when the 
subjects with a low concentration were not living in the 
Arctic, that 1s about 1958. This is supported by the low- 
level concentrations of radium D found in Arotio lichens 
collected in 1967, which did not differ substantially from 
those found in European lichens for the corresponding, 
period (Table 1). Hill and Holtzman™ explained the ~ 
high concentrations of radium D in the Eskimo bones 
by pointmg out that Eskimos consume the meat of 
animals which eat lichen. This explanation was made 
with the assumptions that the radium D concentrations 
in the lichens are the same in both the Arctic and tem- 
perate zones and also that the concentrations of radium D 
in lichens are higher than in other cattle fodder. The 
former assumption, however, is not correct as can ‘be 
seen from Table 3, and also the concentrations of radium D 
in grass in the United Kingdom of 0-4-16-0 pe./g (ref. 21) 
are similar to, if not higher than, those found by me in 
European lichens. This suggests that the high concentra- 
tions of radium D in Eskimo bones resulted primarily from 
the high concentration of this nuclide in the Arctic 
biosphere, and not solely from dietary habits. 

Sources of radium D. The natural source of radium D 
in the atmosphere is radon-222, a gas emanated from rocks. 
Jacobi“ summarized the “exhalation rates” of radon-222 
measured in different parts of the Earth, from which the ~~ 
average exhalation rate can be deduced as 3:2 x 104 
pe./m*/day. Of the total surface of land of 147-23 x 10° 
km!, 24 per cent is covered by glaciers or permafrost®® 
and these regions are unhkely to exhale substantial 
amounts of radon-222 (refs. 26 and 27). Thus it can be 
accepted that the radon-222 present in the atmosphere 
is produced by the remaming 112 x 10* km! of the land 
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surface, and its global production rate would therefore 
be 3-6 Mc. per day. This corresponds to the production 
rate of 0-62 Mc. of radium D per annum. If this amount 
of radium D produced during a year were rained and 
washed out from the atmosphere with the total volume of 
water which is precipitated yearly on the surface of the 
Earth, that is, with 4:0 x 10 km? (ref. 28), then the mean 
global concentration of radium D in rainwater should be 
1-5 pe./l., and the mean global concentration of radium D 
in rainwater should be 1-5 pe./l. It is interesting that the 
mean concentration of radium D found in the GL samples 
from before 1958 of 1-55 pce./l. is closer to the theoretical 
global concentration than to the value of 2-0 pe./l. calcu- 
lated for the northern hemisphere only. 

As has been demonstrated, the concentration of radium 
D in the biosphere increased in the years 1958/59 and 
1962/63. The combustion radium D introduced into the 
atmosphere with tetraethyl lead can be considered to 
have been a cause of these increases. The total amount of 
radium D which has been introduced into the air during the 
past 20 years together with 2-6 x 10! g of stable lead** 
18 about 31 o. (This is based on the assumption that 
1 g of stable lead contains 12 pe. of radium D (ref. 30).) 
Such a small value is irrelevant when it is compared with 
the 0:62 Me. of radium D which is introduced annually 
into the atmosphere by radon-222. The local effects of 
industrial centres in Europe should be excluded because 
the investigation on the latitudinal distribution of radium 
D in lichen samples revealed that in remote Arctic areas 
the concentrations were higher than in Europe (Table 3). 

It 1s possible that the 1958/59 and 1962/63 radium D 
maxima are caused to some extent by nuclear explosions, 
probably those performed in Arctic regions. I have 
already suggested! that the 1958/59 maximum could 
have been caused by the attachment of the radium D, 
which is naturally present in the atmosphere, to the 
particulate material injeeted into the stratosphere by 
nuclear explosions, which later falls to the surface of the 
Earth. The higher radium D concentrations and younger 
age of radium D found in the air m 1962 as compared with 
1961 (ref. 17), however, indicate that artificial radium D 
has been introduced into the atmosphere. This is in 

mt with the suggestion of Stebbins?! and Peirson 
e al. that radium D in the atmosphere may have origi- 
nated in part from nuclear test explosions. Peirson et al. 
suggest that the artificial radium D was formed by the 
nuclear reaction lead-208 (2n, y) lead-210. According to 
these authors, 30-50 per cent of 1962 radium D may have 
originated in that way. The difference found in the GL 
group of samples between the 1962 maximum and that 
from before 1968 indicates that about 60 per cent of the 
1962 radium D was probably produced by nuclear ex- 
plosions. In 1959, the artificial contribution was about 
45 per cent. If the natural production of radium D were 
about 0-6 Me./yr, then it could be deduced that the 


SELECTIVITY IN ZEOLITE 


NATURE 


889 


artificial contribution in 1962 was about 0-9 Mc. and in 
1959 about 0-5 Mc. It seems that before 1958 the con- 
tribution to radium D fall-out by the nuclear teste was 
minute if any. It also seems that the artificial increase 
in radium D concentration was more pronounced in 
Arctic regions than in the temperate or the southern 
ones. 

_ his work has been assisted by the financial support 
of the International Atomic Energy Agency. I have been 
greatly helped by the advice and support of Prof. E. 
Kowalski. The lichen samples were supplied by J. 
Zielińska, University of Warsaw; J. Nowak, Botanical 
Institute, Cracow; R. W. Schramm, the leader of the 1965 
Polish Expedition to Spitsbergen; and K. Verseghy and 
T. Pocs, Natural History Museum, Budapest. The antler 
samples were supplied by Z. Jaczewski, Research Station, 
Popielno; S. Borowski, Mammal Research Institute, 
Białowieża; T. Redelbach; and W. Czekala. J. Chro- 
boczek, J. Honowski, M. Kuczyński, A. Halpern and 
Z. Wegrzynowicz helped in collecting the glacier ice 
samples. It is a pleasure to express my thanks to all these 
persons and institutions. 
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OCCLUSION OF OLEFINES 


By Dr. CATHERINE FENSELAU and Pror. MELVIN CALVIN 
Department of Chemistry and Lawrence Radiation Laboratory, University of California, Berkeley 


Smiecrivme occlusion of straight-chain paraffins in the 
presence of branched-chain hydrocarbons by naturally 
occurring zeolites of suitable dimension was reported as 
early as 19441. More recently synthetic zeolites have 
found extensive application in the petroleum industry 
because of their ability to act as “molecular sieves” and 
to absorb exclusively the straight-chain hydrocarbons 
from complex hydrocarbon mixtures. Under the con- 
ditions developed for most sieving operations*-° any 


normal olefines present are occluded together with the 
normal paraffins. A supplemental separation technqiue 
must be used in order to obtain n-paraffins free of 
olefines?*-13, 

Vapour phase chromatography of mixtures of the non- 
occluded hydrocarbon recovered from the supernatants 
in sieving operations on extracts of various rock samples 
suggested that normal olefines were also present with the 
non-occluded branched hydrocarbons in addition to being 
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occluded with the normal hydrocarbons. In viow of 
the nearly unanimous assertion?- that it is impossible 
to occlude paraffins without occluding all normal olefines 
present, this observation seemed worth investigating. 
Several Russian papers seem to suggest that cts olefines 
are not occluded as readily as other olefines in the 
gaseous phase}~16, 

Octadecene-1, cts-octadecene-9 and trans-octadecene-9 
were chosen as representatives of n-olefines in the weight 
range of the compounds of geochemical interest. n- 
Octadecane, according to its mass spectrum, infra-red 
spectrum, nuclear magnetic resonance spectrum and 
vapour phase chromatogram was at least 98 per cent 
pure. 1-Octadecene was similarly characterized as better 
than 95 per cent pure by those four methods. Isomeric 
contamination was less than 5 per cent. Trans-9-octa- 
decene was synthesized from elaidic acid!™18. Elaidic 
acid was reduced to trans-9-octadecenol-l with hthium 
aluminium hydride. The tosylate of the resulting alcohol 
was prepared and reduced with lithium aluminium 
hydride. The product, trans-9-octadecene, was purified 
by chromatography in hexane on a short alumma column. 
The trans olefine was characterized as greater than 95 
per cent chemically pure. Ois- and trans-9-octadecene 
were separated by thin layer chromatography on silica 
gel impregnated with silver nitrate. The amount of 
contamination of trans-9-octadecene by the cts isomer 
was about 1 per cent, determined by recovering the bands 
from preparative, thin layer chromatoplates and analysing 
them by vapour phase chromatography. No check was 
made for position isomers. Ots-9-octadecene was synthe- 
sized from cts-9-octadecenol-1 (refs. 17 and 18) which 
contained considerable amounts of the trans isomer. 
Consequently the synthetic cts olefine (95 per cent chemi- 
cally pure) contained 12~15 per cent trans material. 

Linde sieves (6 A) were used in the form of pellets 

in. in diameter. These were dried for at least 18 h 
at 350° C at atmospheric pressure before use. In each 
experiment the four C,,-hydrocarbons were sieved separ- 
ately with sieves from the same batch and solvent from 
the same bottle. Octadecane (200 mg), l-octadecene 
(200 ul.), cts-8-octadecene (200 pl.) and trans-9-octadecene 
(200 pl.) were each combined with 8-0 g of 5 A sieves in 
50 ml. of benzene or cyclohexane. Redistilled benzene 
of reagent grade and cyclohexane of chromatography 
grade which had been stored over molecular sieves 
were used. The sieving mixtures were heated under 
reflux for 1~3 days until vapour phase chromatograms of 
the supernatant from the octadecane fiask indicated that 
no more of the saturated material was being occluded. 

The supernatant was then decanted and the sieves 
were transferred to soxhlet extractors where they were 
washed with fresh solvent (benzene or cyclohexane) for 
5-6 h. This wash, which contained very little C,,-hydro- 
carbon, was combined with the supernatant and the 
solvent was evaporated. The non-occluded material 
recovered was transferred to a volumetric flask which 
was filled with benzene. The sieves were dissolved, with 
stirring, in ice-cooled 24 per cent hydrofluoric acid under a 
layer of benzene. The acidic solution was separated from 
the benzene layer and washed twice with benzene. The 
combined benzene fractions were washed with a solution 
of bicarbonate and then with water. The water was then 
removed over magnesium sulphate. After filtration the 
benzene was evaporated and the residue was transferred 
to a volumetric flask. The volumetric solutions of occluded 
and non-occluded material were compared with similar 
solutions of known concentration by vapour phase chroma- 
tography. For this work a 10 ft. S.#.-30 column was used. 
Vapour phase and thin layer chromatograms and infra-red 
spectra of the material recovered were obtained. The 
distribution of each hydrocarbon between sieve and super- 
natant is presented in Table 1. Several conclusions can 
be drawn from these results: various isomers of n-octa- 
decene are occluded to quite different extents under the 
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conditions of solution used, with occlusion of normal 
octadecane to equilibrium functioning as the standard 
time; the increase in the amounts of cts-9-octadecene and 
l-octadecene occluded in cyclohexane relative to benzene 
and the much shorter period (one-half to two-thirds as 
long) required to complete sieving of the reference alkane in 
cyclohexane reveal the significant effect of the solvent. 
Temperature is not a variable here as the two solvents 
boil within 1-5° C of each other. A third conclusion is 
that little or no isomerization or polymerization ocours in 
the material which is exposed in solution to thg sieves 
but is not occluded by them, although isomerizatica and 
polymerization of olefines over molecular sieves are 
common in the gas phase™-*7, Polymerization is excluded 
by the mass balance obtained in the materials recovered. 
which were identified by vapour phase chromatography. 
Isomerization of the non-occluded cis and terminal 
olefines ıs excluded by infra-red measurememts?’'* of 
material recovered from the supernatant. Cis and 
terminal olefines recovered by solution of the sieves in 
hydrofluoric acid were found to be isomerized to a con- 
siderable extent. Isomerization apparently occurred in 
or on the sieves, because l-octadecene which was stirred 
with 8 g of unused sieves in 24 per cent hydrofluoric acid 
in a blank run was recovered with little or no isomerization. 

O'Connor and Norris? found that l-hexene, trans-3- 
hexene, cis-e-hexene and 1-hexadecene are occluded in 
less than 2-5 h when applied to a column of molecular 
sieves as neat solutions. These results imply that none of 
the three kinds of normal olefines—cts, trans and terminal 
—is sterically excluded from the sieves. All three olefines 
are small enough to pass through the orifice (about 6 A). 

The major difference between the present work and 
that of most other investigators is the use of a dilute 
(0-4 per cent) solution instead of a gas or neat liquid to 
bring the normal hydrocarbons into contact with the 
sieves. The technique whereby dilute solutions (<5 per 
cent) are used has been used previously, although ap- 
parently not for olefines’**°, There are two schools of 
thought concerning the sieving of a sorbable compound 
from a non-sorbable solvent. One group of workers! 
has reported that the isotherm of adsorption for the 
sorbable compound is independent of the solvent. Another 
view presented by Jain, Gerhardt and Kyle states that 
“liquid phase adsorption equilibria strongly depend on 
liquid phase solution behaviour’’**. These authors have 
submitted evidence to support phase partition equilibrium, 
which is definitely affected by the nature of the solvent 
which cannot be occluded. The results in Table 1 certainly 
indicate a solvent effect for dilute solutions. 

If the results on the olefines can be considered to 
approximate to equilibrium values, the spectacular 
solvent effect on the occlusion of cis-9-octadecene would 
seem to require some additional consideration which 
might cover the entire pattern presented in Table 1. 
If it were assumed that some kind of molecular interaction 
occurs between benzene and the exposed double bonds of 
the cts compound and the terminal olefine whieh reduces 
the chemical potential of these olefines in dilution solution 
and which cannot operate when the olefines are in the 
sieve, it would be possible to account, at least qualita- 
tively, for the results shown in Table 1 for both cts-9- 
octadecene and l-octadecene. The fact that the trans-9- 


Table 1. DISTRIBUTION OF HYDROGARBON BETWEEN SINVE AND SUPERNATANT 


s- 1- trans-9- cis-0- 
Octadecane Octadecene Octacecene Octadecene 
(mg) (y4l.) (ul.) Ua.) 
Trial 1 2 8 1 2 8 1 2 1 2 
Occluded from 
benzene 200 200 200 18 6 1200 200 15 4 
Benzene supernatant 4 <1 <1 184 200 200 7 5 186 200 
Trial 4 5 4 5 4 5 4 5 
Occluded from eyelo- 
hexane 200 40 40190 200 170 105 
Cyclohexane super- 
natant <1 <1 150 160 <1 <1 25 5 


Each pair of steve and aupornatant dambers represents a separate sieving 
experiment as indicated by trial numbers. 
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octadecene is occluded from both solvents would em- 
phasize the lack of any significant interaction between the 
double bond in this compound and the solvent—whether 
benzene or cyclohexane. 

On the other hand, the selectivity observed may reflect 
a kinetic phenomenon. It has been suggested by R. J. 
Neddenriep (personal communication) that the more 


. Strongly & compound is adsorbed in the sieve the slower 


is its approach to occlusion equilibrium. Following this 
line of reasoning it could be suggested that terminal and 
ots olefines are more strongly attracted and held by the 
polar sites in the sieves, perhaps because the double 
bonds are more exposed, and are thus more slowly occluded 
than the trans olefine. If this kinetic explanation were 
accepted, it would have to be brought into agreement 
with the observed effect of the solvent. Clearly a kinetic 
investigation is required here as well as further thermo- 
dynamic determinations on the solvents themselves. 

This article has shown that under the conditions 
used to sieve the geochemical samples only the normal 
trans olefines can be assumed to be occluded with the 
normal alkanes. Normal terminal olefines and cts olefines 
will probably remain in the benzene supernatant. If a 
mixture of a wide range of homologous hydrocarbons 
(for example, C,,C3,) were sieved under conditions 
such as to occlude the normal saturated hydrocarbons of 
higher molecular weights, more of the normal cte and 
terminal olefines of lower molecular weights might be 
occluded (together with the trans olefines). Thus different 
amounts of olefines might be occluded from different 
geochemical mixtures. If the complete separation of 
elefines from a homologous mixture of paraffins is desired, 
chromatography (especially thin-layer chromatography) 
on an adsorbant impregnated with silver nitrate is recom- 
mended. 

These results could possibly be applied to the elucidation 
of the penetration of hydrocarbons through lipid mem- 
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branes in biological systems. We are at present investi- 
gating this aspect. 

This work was sponsored, in part, by the U.8. Atomic 
Energy Commission. One of us (C. F.) is a fellow of the 
American Association of University Women. 
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SYSTEMATIC ERRORS IN THE PALAEOMAGNETIC INCLINATION 
OF SEDIMENTARY ROCKS 


By S. |. VAN ANDEL and Pror. J. HOSPERS 
Division of Geophysics, Geological Institute, University of Amsterdam 


OnE of the basic tenets of current palaeomagnetic inter- 
pretation is that there are no systematic differences 
between the direction of the original remanent magnet- 


` ization acquired by igneous and sedimentary rocks. This 


belief is open to doubt because there is definite evidence 
for the occurrence of systematic inclination errors which 
decrease the inclination in sedimentary rocks both from 
experiments on artificially deposited sediments and from 
investigations of natural sediments}:?. 

On the other hand, the one palaeomagnetic study made 
with a comparison of igneous and sedimentary rocks in 
mind failed to show significant differences in inclination’. 
We have made a statistical investigation of the possible 
occurrence of systematic errors in the palasomagnetic 
inclittaéion of natural sedimentary rocks, using the data 
catalogued by Irving? and later results published by 
Black‘. 

For geological and geographical reasons, sampling sites 
are not randomly distributed over the Earth’s surface 
but are concentrated in areas of limited extent. There- 
fore, it is possible to find sampled areas of limited 
extent within the same continent for both igneous and 
sedimentary rocks for any geological period. Thus, for 
each geological period and for each sampled area repre- 
sented, it is possible to compute a mean geomagnetic pole 


position for the available igneous rocks. It is also posmble 
to compute a mean sampling site for sedimentary rocks 
and a mean direction of magnetization of these rocks. 
It is then possible to compute the declination (D*) and 
inelination (I*) of the geomagnetic field at the mean 
sampling site for sedimentary rocks, by using the 
mean geomagnetic pole position based on igneous rocks 
of the same geological period and the same sampled 
area. At the mean sampling site for sedimentary 
rocks, the observed declination (D) and inclination 
(I) of the mean direction of magnetization of the sedi- 
mentary rocks can then be compared with D* and I* 
computed from the data for igneous rocks of the same 
geological age and the same area. The calculation of D* 
and J* is based on the assumption that the geomagnetic 
field is dipolar and geecentric. 

The results obtained with this procedure are shown in 
Table 1 (entries 1-18). The igneous and sedimentary 
rocks cited are considered to be of equal age if they 
belong to the same geological period. For Tertiary rocks 
the age given refers to one or more epochs of the Tertiary 
period. 

By comparing the declination (D) and inclination (I) of 
the mean direction of magnetization of sedimentary rocks 
with the declination and mclination computed for a 
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Tablo 1. PALAEOMAGNETIO DATA AVAILABLE FOR A SIGN TEST 
Sedimentary rooks Igneous rocks 
Geological No. Mean by pared ean geomagnetic wW*-D; Sign of 
No. age Area Irving* mite (in degrees, DA I1 No. Irving* pole (° D* (°) r*(°) (°) WH 
(1) Cambrian E and, Sootland, 202,208 15:3N.,33W. 10E. —36 201 1N., 176 B 18. —56 9 + 
ales 
2) Cambrian Australis 218 16 8.,126 E 61H. +15 217 86 N., 154 W. 63 E. -2 2 I 
3) Ordovician U.8.S.R. 801,804 58 N., 45 E. 53E. +29 802, 808 29 8., 173 W. 59 R. —68 8 H 
4) Devonian Scotland® 506 555 N., 25 W. 8E. -22 505 29 N., 136 E 85 B. +5 27 / 
5) Devoman U.S.S.R, 531, 546 58 N 84 96 E. +56 5389 43 N., 159 W 51E. +465 45 ~- 
6) Devonian Australia 533 34°7 g 1488 E. 40E. —29 532, 586 68 N,172E 8-5 B. —28 81 - = 
7) Devonian New Brunswick Black 45 N., 67 6 W. ~—20 Black 26 N., 109 E 86 E. —84 10 + 
8) Carboniferous England 614, 617, 53 N., 2-5 W. 27E. -—6 611, 618, 626, 22N., 151E 26E. —21 1 + 
62o, 623, 689, 632 
(8 Carboniferous Australia 82 8., 151 B, 88 E. —79 659, 660 81-5 N., 54 W. 4B. —59 29 - 
(10) Permian England, Scotland 717 55 N., 4-5 W 7B. +8 orcs 875 N., 168 E. 6 E. +6 1 0 
(11) Permian Western Europe 708 49:5 N..7 E. 16. +9 707, 712, 44 N., 165 B. 168. +11 15 + 
i Triassic Siberia 821 75 N., 108 E. 180 B. +88 820, 825 47 N., 146 B. 128 K. +72 2 + 
18) Triassico Eastern United 841, sedi- 40 N., 76 W. 346 E. +86 844, ıgneous 69N., 95 B. 4E. +22 18 ~- 
States t ment 842 B42 
14) Cretaceous Mozambique 1016 16 8., 34 E. 859 E. -46 1015 62 N., 101 W. 836 R. — 64 23 + 
15) Eoceno United States 11100 8%5 N., 108 W. 8455. +65 11098 37 N., 49 W. 78:5 E. +63 88 - 
16) Maio-Phocene U.8.5.R. 11056 56 N., 161 B. 22 W. +67 11008:1105% 69 N., 23 E. 4W. +69 18 + 
3 Mio-Pliocone United States 11104 46 N., 120 W, 1E. +69 11107 85 N., 150 E, TW. +64 = 
18) Plooene 8.3.2. 11043, 40-5 NÑ., 625 E 8E. +40 11032, 11041, 82 N.,150 W. 6H. +52 2 + 
11051 rir 11055, 
(19) Plio- U.8.8.R. 1230 89 N., 54 E. 1W. +42 Geocentric 90 N. 0 +658 1 + 
Pleistocene field dipole 
20 uaternary U.8.8.B, 1229 89:5 N., 68 E. 11K +54 Idem 90 N. 0 +59 11 + 
21 leistocene Sweden 1211 63 N., {6 E. 1W. +71 Idem 90 N Q +76 1 + 
22) Reosnt Sweden 1216 62 N.,18 E. 7W. +75 Idem 90 N. 0 +75 T 9 
28) Plewtocene New England 1247 43 N., 73 W. 5W. +51 Idem 90 N. 0 +62 5 + 


* Pole No. 504 hag been omitted because its pole position is extreme! 
Sedimentary and igneous rocks cannot be separated for pole No. x 


geomagnetic field due to a geocentric axial dipole, five 
more sets of data can be obtamed (Table 1, entries 19—23). 
This is justified, as the geological age of these sedimentary 
rocks (Table 1, entries 19—23) ranges from Plio-Pleistocene 
to Recent, so that possible effects due to continental drift 
or polar wandering can be neglected. The declination and 
inclination of the geomagnetic field due to a geocentric 
axial dipole have also been grven the symbols D* and J*, 
respectively. 

Pre-Cambrian rocks have less well defined ages, and 
therefore no attempt has been made to incorporate Pre- 
Cambrian data in Table 1. Twenty-three D* and I* 
values computed for the mean sedimentary sampling site 
are listed and can be compared with D and J values 
computed for the sedimentary rocks. For each entry, 
the “declination difference” (|D*—D!) has been calculated, 
as well as the sign of the “inclination difference” (|J*|-|Z]). 
When the latter is positive it indicates that the sedi- 
mentary rock possesses a palaeomagnetic inclination which 
is too small (too flat) compared with the ancient geo- 
magnetic field direction in which the sediment acquired 
its remanent magnetization. The opposite holds when 
the sign 18 negative. 


divergent from those for Nos. 505 and 506. 


classes must be made, however, because it 1s obviously 
undesirable to compare directions of which the declinations 
are very different. This is based on the consideration 
that the values of |D*—D| other than zero are an indica- 
tion that sources of error other than a possible systematic 
decrease in the sedimentary inclination are present. These 
other sources of error may include differences in absolute 
age, later remagnetization, or statistical uncertaimties, 
none of which can be ascertained from the available 
material. 

Table 2 subdivides the data from Table 1 into four 
classes based on their declination differences. It also 
shows the percentage probability of the number of entries 
which show a positive ‘inclination difference” or a larger 
number occurring purely by chance, that is, on the basis 
of the hypothesis that there is no systematic flattening 
of the palacomagnetic inclination in sediments. It can be 
seen that this hypothesis can be rejected for all except 


the first, least reliable, class, because the probability of - 


this hypothesis being correct is less than 5 per cent. 


SUBDIVISION OF DATA FROU TABLE 1 INTO CLASSBS ON THE BASIS 
OF THEIR DROLINATION DIFFRRENON 


Table 2. 


ae Hewes 18 al ei eee oe are deni Bane in Total, No of pairs, with eee 
as indica earlier, for assuming that imentary roc nation o.of positive inclina- 

do not faithfully reproduce the ancient field direction (for asin ne uon P a 
example, the evidence of meclinations which are system- < 465° 16 12 8-8 
atically too low), whereas there is no reason to assume <20 as B 03 


this to be so for igneous rocks. 

The sign of |J*|-|Z| for individual entries in Table 1 
has no meaning because there are large uncertamties 
attached to a comparison of both directions. When a 
large number of entries 1s available, however, the sign 
test® may be applied to decide whether or not there 1s 
any systematic effect present. 

From the data listed in Table 1 a number of entries 
must be eliminated before the sign test is applied. For 
three entries (Nos. 2, 3 and 4) J* and I are of opposite 
signs, even though the declinations lie in the same quad- 
rant, and must be eliminated because they are not 
indicative of any possible flattening of the inclination in 
the sediment. Two other entries (Nos. 10 and 22) are 
eliminated (as is customary in such cases) because the 
inclination difference equals zero. The remaining eighteen 
entries are suitable for the sign test. A subdivision in 


The two entries responsible for the inconclusive test 
result of the first class are Nos. 6 and 15, for which the 
“declination difference” amounts to 45° and 88°, respec- 
tively, and for which rejection appears appropriate. It is 
to be noted thet the test results become significant for 
all classes as soon as the “declination difference” is less 
than 45°. This indicates that even though there are 
obviously other sources of error present which account 
for the comparatively large range in “declination differ- 
ence” values, the systematic inclination error in sedi- 
mentary rock is sufficiently strongly present to yield 
conclusive test results. 

The results provide evidence for a systematic decrease 
(flattening) of the palaeomagnetic inclination derived 
from sediments. This is based on six entries of Palaeozoic 
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age, three entries of Mesozoic age, and seven entries of 
Cenozoic age, and indicates that the effect is probably 
present in palaeomagnetic results of all ages ranging from 
Cambrian to Quaternary, though it need not, of course, 
invariably be present. 

The actual magnitude of the flattening of the palaeo- 
magnetic inclination in sediments cannot be ascertained 
with any reasonable accuracy because the data are not 
sufficiently extensive and because the systematic error is 
likely to be dependent on I* and on the lithology. a 
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We thank Dr. J. Fabius and Mr. W. Molenaar, of the 
Statistical Division of the Mathematical Centre, at 
Amsterdam, for determining the porsentega" figures in 
Table 2. . i s 


a Nagata, To Eneyolopsdia of Physics, 49/1, Geaphystcs Ii1-1 (Springer Verlag, 


1 Irving, E., Paleomagnetism (John Wiley and Sons, New York, 1964). 
2 Opdyke, N., J. Geophys. Res., 88, 1941 (1961). 
1 Black, R. F., Nature, 202, 946 (1084). 
* Dixon, W. J., and Massey, F. J., Introduction to Statistical Analysts (McGraw- 
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MODEL COMPOUNDS FOR THE ENZYME-SUBSTRATE ACTIVATED STATE 


By Dr, T. H. SIDDALL, IH 
Savannah River Laboratory, E. l. du Pont de Nemours and Co., Aiken, South Carolina 
AND 
Pror. MARY L. GOOD 
Department of Chemistry, Louisiana State University, New Orleans 


ASYMMETRIC reactions of molecules of the type Cxryz in 
the presence of chymotrypsin as a catalyst have been 
extensively investigated. The prevailing explanation! 
for the effectiveness of the enzyme in asymmetric syn- 
thesis is that there is an arrangement of sites in the 
enzyme that fits the tetrahedral geometry of the carbon 
atom. The # groups that are otherwise identical become 
non-equivalent in the activated complex, and one is 
chemically more reactive than the other. Such non- 
equivalence is inevitable in the prosence of an asymmetry 
centre (in this case, the enzyme), but can be increased if 
there is a strong preference for one rotational conforma- 
tion. Such an activated complex is not readily accessible 
experimentally; interesting models for the activated 
complex could, however, be obtained by choosing group 
z (or y) to be asymmetric. Such molecules are easily 
obtamed, for example by substituting the group 


pion, 
on the bridge of a malonic ester or di-amide. Further- 
more, malonic esters and derivatives have been among 
the molecules chosen for biochemical studies'. We have 
synthesized such an amide and two such esters by con- 
ventional techniques, and examined their proton magnetic 
resonance (PMR) spectra under a variety of conditions 
with a ‘Varian A-60’ spectrometer. This communication 
reporte these spectra and discusses some of the implica- 
tions from the spectral interpretations with respect to 
biochemical systems. 
Spectra of the ester 


OH 
nob LC (1) 


H 

3 
show substantial chemucal shifts between the two ethyl 

icala over the whole range of temperatures studied 

(—402_C in CDCl, to 140° C as undiluted ester). An 
illustrative trogram is given in Fig. 1. From ele- 
mentary group theory’, the carbethoxy groups are known 
to be non-equivalent. The large shift between even the 
methyl proton signals is surprising, however, since the 
methyl groups might be thought of as remote from the 
asymmetric contre of the molecule. There ıs a general ten- 
dency for the chemical shifts to decrease with increasing 
témperature. The magnitude of the chemical shifts and 
this temperature dependence suggest strong rotamer pre- 
ference around the bond that links the bridge carbon 
atom with the asymmetry centre. 


$ 9 o $ 
H C-oE1 E10- £ Ab OEt ais dats 
H3C HaC H 


Ç- GE C-OEt 
O 
(1) (2) (3) 


We conclude that rotamer (1) must be the preferred 
conformation, since it places protons gauche of the larger 
group. As the temperature is raised, rotamer states (2) 
and (3) should become more populated. Population of 
(2) tends to make the carbethoxy groups equivalent, 
since to a first approximation both are equally near to 
the large anisotropic field of the benzene ring. 

The proton magnetic resonance spectrum of 


O 
ET 7 
da 


(Fig. 2) shows a much smaller ohemical shift between the 
carbethoxy groups. Possibly the benzene ring directly 
linked to the bridge carbon atom increases the population 
of the rotamer analogous to (2). Fig. 2, however, does show 
one interesting feature as compared with Fig. 1. The 
spectrum of the methylene protons indicates that within 
a carbethoxy group the geminal protons are not equiv- 
alent with respect to each other, which is evident from 
the multiplicity in excess of the two quartets. The non- 
equivalence of these geminal protons is also predictable 
from group theory? and could, ın principle, be observed in 
(1). Possibly the ethyl groups of (1) have sufficient addi- 
tional freedom of motion over those in (2) to average out 
such a small effect. In any event, the observation of this 
phenomenon in (2) shows that there are four different 
methylene protons in (2). An agent catalysing the attack 
on such protons could lead to one speorfic product out of 
four possible products‘. 
The high temperature spectrum of 


pH, OH EH 
Nyd bd o, (3) 

7 kos 

CH; a F 


(Fig. 3) demonstrates all the features observed in the 
spectra of the esters. The ends (x groups) of the mole- 
cule are non-equivalent; furthermore, each of the geminal 


Pe 
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protons (denoted methylene group a and methylene group 
a’ in expansion of Fig. 3) is non-equivalent within a 
methylene group. The distinction between ends of the 
molecule manifests itself at low temperature (Fig. 4) in a 
more complex fashion. There are six separate N-methyl 
signals; theoretically there could be as many as eight. 


At low temperature rotation around the carbonyl-to- 
nitrogen bond becomes slow on the PMR time scale’ and 
the methyl group may be either ots or trans to the carbonyl 
oxygen atom. For convenience, the ends of the molecule 
are designated 1 and d. Four isomers are possible in 
terms of the N-methyl groups: cts(t)-cts(d), trans(l)- 


Undiluted 


i PMR Spectrogram at 80°C of 
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trans(d), trana(l)-cte(d), and cts(l)-trans(d). All four 
isomers are capable of having two N-methyl signala®. 
This isomerism adds to the possible complications of 
enzyme—malonamide interactions. Amide group—amide 
group interaction, of which the situation described is a 
special case, may also occur in peptides, and may thereby 
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provide a mechanism other than asymmetry for both 
diversity and at the same time specificity in the 
chemistry of such materials. 

This brief investigation suggests future experiments. 
The systematic study of the hydrolysis of molecules such 
as resolved malonic esters of the type Cavyz*, for example, 


: PMR Spectrogram of 250 mg/ml of 
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Fig. 4. 


may allow a correlation between the z group and the 
optical yield. It is possible that studies with such model 
compounds will suggest more specific mechanisms for 
asymmetiic synthesis with enzymes. 

This work was carried out under contract with the U.S. 
Atomic Energy Commission. 
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RESOLUTION OF THREE FORMS OF PLASTOCYANIN BY STARCH-GEL 
ELECTROPHORESIS 


n By Dr. J. R. E. WELLS* 
Department of Agricultural Biochemistry, Walte Agricultural Research Institute, University of Adelaide, South Australia 


PLasTOOYANIN, a protein which contains copper, was 
first isolated from the green algae Chlorella elipsoidea! 
and was afterwards found in a number of green plants and 
algae". 

During the purification of a proteolytic enzyme from 
the sap of French beans (Phaseolus vulgaris, var. ‘Prince’)*, 
a blue, non-dialysable fraction was observed. A fraction 
contaming proteolytic activity was finally separated from 
the blue protein by gradient elution chromatography at 
pH 6-0 on a column of DEAE-cellulose. 

The procedures used to obtain highly purified plasto- 
cyanin? were as follows: bean sap was cleared by centri- 
fuging at 20,000g for 1h. The protein fraction of the sap 
obtained with 40-80 per cent saturated ammonium 
sulphate was powdered in acetone, and extracted with 
0-05 molar sodium acetate, pH 4-0, and the resulting 
procipitate discarded. Protein which precipitated when 
the supernatant fraction was 60-75 per cent saturated 
with ammonium sulphate was dissolved in 0-02 molar 
sodium phosphate, pH 5-7. The protein solution was then 
adsorbed on to calcium phosphate gel and then eluted 
from the gel with 0-12 molar sodium phosphate, pH 5-7. 
After concentration by ultrafiltration, the blue protein 
solution was chromatographed on a column of DEAE- 
cellulose at pH 6-0. 

Oxidized plastocyanin can be identified most readily 
by its absorption in the ultra-violet, visible and far red 
regions. Thus Katoh, Shiratori and Takamiya‘ have 
shown that the most prominent absorption band in the 
ultra-violet region occurs at 278 mp, but that four other 
peaks at 253, 259, 265 and 269 mp, corresponding to the 
fine structure bands of phenylalanine, and a shoulder at 


* Present address: Department of Biochemistry, University of Adelaide, 
North Terrace, Adelaide, South Australia. 


284 mp corresponding to tyrosine, are clearly defined. 
Although the reduced form of plastocyanin is colourless, 
the oxidized protein has three characteristic absorption - 
bands in the visible and far red regions. The most pro- 
minent of these is at 597 my; lessor bands occur at 770 my 
and 460 mu. 

The absorption spectrum of oxidized plastocyanin > 
prepared from French beans is shown in Fig. 1. This 
spectrum is identical to that of oxidized plastocyanin 
prepared from spinach by Katoh et al.‘. 

The purity of oxidized plastocyanin can be determined i 
by comparing the extinctions at 278 mu and 597 my. 
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Fig.l. Absorption spectrum of oxidized plastocyanin from French beans 
Note the fine structure bands in the ultra. violet region and three peaks 
the visible and far red regions, 
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The absorption index H,,,./H), has been used routinely 
as’a guide to the purity of plastocyanin’. . 
Fig. 1 shows that the absorption index of the protein 
from French beans is 1-10 and this compares favourably 
- with the value of “about 1-0” for spinach preparations 
_ used for investigations of the physico-chemical properties 
of plastocyanin!}, 

The oxidized blue protein isolated from beans (in 
sodium acetate, pH 6-0) was dialysed four times against 
| twenty volumes of de-ionized, doubly distilled water for 

24 h to remove inorganic salts. The solution was then 
freeze-dried. When a portion of the powder was 
' re-dissolved in 0-1 molar sodium phosphate, pH 7-0, it 
was found that the absorption index had increased from 
its original value of 1-10 to 3-12. This high ratio could, 
‘however, be decreased to 1:50 (that is absorption at 

597 my, doubled) after the protein solution had been 
oxidized with potassium ferricyanide. This loss of ab- 
sorption at 597 my because of reduction of highly purified 
plastocyanin was later shown to result from exposure to 
light. The visible absorption not restored by oxidation is 
_ probably due to loss of copper from the protein. We there- 
ore tried to separate the oxidized, reduced and apo- 
protein forms of plastocyanin. 

. Starch gels were prepared essentially as described by 
Smithies*. Those shown in Figs. 2 and 3 contained 0-3 
molar sodium borate, pH 8-0 and additions as follows: 
A, nil; B, 10-3 molar EDTA; C, 10 molar EDTA, 
10-? molar 2-mercaptoethanol; D, 10-3 molar EDTA, 
5 molar urea. The gel shown in Fig. 4 (E) contained 
_ aluminium lactate at pH 3-2 (ref. 7). All bridge buffers 
: a the same composition as those in the corresponding 
> gels. 

— Samples for electrophoresis were either dissolved in or 
-equilibrated with the buffers used to prepare the gel. 
_ An ultrafiltration apparatus was used for equilibration 
so that the protein solution could also be concentrated if 
necessary. The protein solutions (about 3 pl.) were loaded 
on to pieces of 3 MM paper 3/16 in. square, and electro- 
phoresed at 17 V/cm (20-60 m.amp) for 2-3 h. In sodium 
borate, pH 8-0, all components migrated towards the 
anode; in aluminium lactate, pH 3-2, the proteins all 
carried a net positive charge. 
Solutions of plastocyanin were oxidized with potassium 
ferricyanide or reduced with dithionite. 
The first sample shown in Fig. 2 (gel A) was derived 
from purified material which originally had an absorption 
¿»index of 1:10 and was afterwards dialysed and freeze- 
_ dried as described earlier. The blue colour visible in 
the gel before staining corresponded to the strongly 
stained band of lower mobility marked by an arrow. 







A 





Fig. 2, The gel was prepared in 0-3 molar sodium borate pH 8-0, The 
arrow indicates the bright blue (oxidation) band of plastocyanin. For 
identification of other samples see text. 
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Fig. 3. The gels B, C, and D all contained sodium borate pH 8-0 and 10 
molar EDTA. Gel C also contained 10~* molar 2-mercaptoethanol and 
D contained 5 molar urea. For identification of samples see text. 


In order to characterize the other components present 
in sample 1, a portion was treated with acidic ammonium. 
sulphate with the technique used for preparing apoplasto- 
cyanin®. Under the conditions used here, this treatment 
resulted in an increase in the amount of material with 
less electrophoretic mobility than the native protein and 
considerable streaking, but there was by no means a. 
quantitative conversion of the metalloprotein to the 
apo-protein form (see sample 2). : 

As is shown in samples 3 and 4, addition of copper 
sulphate at a final concentration of 10-4 moles/l. to a 
portion of the protein solution run in slot 2 resulted in the 
disappearance of the slower moving components seen in 2. 
The re-constituted apo-plastocyanin was chiefly in the 
oxidized form (sample 3); and could readily be converted 
to a single band (slot 4) by the further addition of ferri- 
cyanide. 

The plastocyanin preparation which showed an ab- 
sorption index of 1-50 in the oxidized form was further 
purified by chromatography on a column of DEAE- 
cellulose as previously deseribed*, except that the column 
was eluted with ammonium acetate buffer pH 5-6. The 
fractions containing plastocyanin were pooled and freeze- 
dried. The absorption index of this preparation was 
1-07, 

For convenience, gels B and C in Fig. 3 can be con- 
sidered together, as the same protein samples were applied 
to both. The two gels contained sodium borate pH 8-0 
and 10- molar EDTA, but gel C also contained 10-2 
molar 2-mercaptoethanol. Furthermore, all samples in 
gel C were treated with ferricyanide before electrophoresis. 

Samples 5 and 8 contained plastocyanin with a maxi- 
mum absorption index of 1-07. It is clear from sample 5 
that chromatography of plastocyanin on DEAE-cellulose 
in the presence of 10-3 molar potassium ferricyanide does 
not necessarily result in elution of the protein from the 
column in the oxidized form. The oxidizing agent is 
strongly retained at the top of the column and the blue 
protein gradually becomes de-colourized during its 
passage through the column. The full colour of the 
protein can be restored by adding ferricyanide, as shown 
in slot 8. 

Further samples in gels B and C show the results of 
attempts to prepare pure apo-plastocyanin. The material 
in slots 6 and 9 was prepared by the procedure of Katoh 
and Takamiya‘, except that 10-3 molar EDTA was present 
in all the solutions used. The protein at pH 2-0 was 
precipitated five times, and in each case precipitates were 
re-dissolved in 0-1 molar sodium phosphate pH ; 
because it was impossible to dissolve the precipita 
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Fig. 4 Gel E was prepared in aluminium lactate buffer pH 3-2. For 
$ identification of samples see text. 





ee protein in 0-1 molar sodium chloride as recommended’, 
; Without raising the pH of the mixture. 
= In both sample 6 and sample 9 most of the native 
. pletocyanin had been converted into another form. 
_ Removal of copper from this protein unmasks sulphydryl 
ae ‘groups®, and it is therefore not surprising that the apo- 
` protein preparations tend to aggregate. This is shown by 
“the streaking of these preparations in the gel. Incorporation 
< oF 10-72 molar 2-mercaptoethanol solution into sample 
` 9 was not completely effective in resolving the apo- 
“| protein, although some discrete bands are visible. 
= We also tried to remove copper from oxidized plasto- 
---eyanin at neutral pH values with ‘Chelex-100° resin. 
_ The blue protein lost its colour slowly even when the 
- sample was kept in the dark; however, starch-gel electro- 
>. phoresis of this material (slot 7) showed that the colour 
“2 was not lost because of removal of copper, but rather 
because the metallo-protein was reduced. Addition of 
rricyanide transformed this preparation to the oxidized 
(slot 10). 








EFFECT OF HEAVY METAL IONS ON PHOTOINACTIVATION OF 
TAKA-AMYLASE A 


By Dr. GIT! TOMITA 
Institute of Biophysics, Faculty of Agriculture, Kyushu University, Fukuoka, Japan 


UNDER aerobic conditions, taka-amylase A is rapidly 
inactivated by the visible light absorbed by a suitable 
msitizer'-® or by the ultra-violet light absorbed by 
‘ase itself’. When heavy atom ions such as halogen* 
paramagnetic ions are added to the reaction system, 
wever, the photochemical reaction rate is remarkably 
controlled. This phenomenon is the subject of this article. 
‘Riboflavin is a suitable sensitizer in the photoinactiva- 
: tion of taka-amylase A. The inactivation of taka-amylase 
A by visible light, like that caused by ultra-violet radia- 
ion in the absence of sensitizer, are caused by the oxida- 
tion of amino-acid residues. Oxygen uptake and the 
- amount of oxidized amino-acid residues for 50 per cent 
and 100 per cent inactivation were measured by the 
manometric technique and by chemical analysis (Tables 
land 2). 
Photoinactivation was carried out with aqueous solu- 
tions of taka-amylase A (0-143 per cent). The solutions 
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eyanin respectively. The apo-protein material in slot 13 
was prepared in the same way as for samples | 6 and 9 
except that the final precipitate was dissolved in borate 
buffer containing 5 molar urea. Not only did the presence 
of urea allow clear definition of three apo-protein bands 
(sample 13), but even after the sample had been con- 
centrated five times (slot 14) native plastocyanin was not 
detected. In the latter case a fourth band of lowe 
mobility appeared. 

The gel in Fig. 4 was prepared in aluminium lactate. 
buffer pH 3-2. Slots 15 and 16 contained oxidized and 
reduced plastocyanin respectively. The solution of 
sample 17 was colourless and had been converted to the 
reduced form by illuminating a solution of oxidized. 
plastocyanin. The apo-protein material of sample 18 
was the same as that used in gel D, slot 13. In this case, 
four faint apo-protein bands can be seen (positions. 
marked alongside the gel), whereas the purified oxidized 
and reduced forms of plastocyanin are not contaminated. 
at this low pH. 

Thus, starch-gel electrophoresis in 0-3 molar sodiu 
borate buffer pH 8-0 is a simple and sensitive method fi 
the resolution of three forms of plastocyanin. The metho 
has been found useful in checking the proportions. of 
oxidized, reduced and apo-protein forms of the protein 
during the preparation of apo-plastocyanin. It has also. 
shown that the purified oxidized protein can readily be 
converted to the reduced form by illumination. 

This work was carried out while I held a Queen 
Elizabeth II Fellowship. I thank Prof. D. J. D. Nichola 
for hospitality and the use of facilities in his department. 
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were illuminated at 27-5° C using ultra-violet light froma. 
high pressure mercury lamp in the absence of riboflavin 
(5:32 x 10-5 M) or with visible light from a 500 watt 
projection lamp if riboflavin was present. The wave- 
length of visible light used was that absorbed by the. 
mu band of riboflavin. The activity was measure 
40° C by the blue value method®, after dilution of 
solutions which had been illuminated. All the experimen 
were carried out in solutions buffured with 0-2 M ace 
at pH 5-6. Crystalline taka-amylase A was prepa 
from “‘taka-diastase Sankyo”. by Akabori’s method’. 
The photoinactivation sensitized by riboflavin deriv 
mainly from the oxidation of tryptophan, histidine a 
tyrosine residues (Table 1). In the ultra-violet inactiva- 
tion, the main causes of inactivation are the oxidation o: 
cystine, tryptophan and tyrosine residues (Table 2). 
It is known that the protein structure of taka-amylase 
composed of a single polypeptide chain is maintained 
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Fig. 1- Dependencies of initial velocity of riboflavin-sensitized photo- 
inactivation of taka-amylase A and fluorescence and phosphorescence 
yields of riboflavin on concentration of cobalt chloride. Fluorescence and 
: phosphorescence banda, 634 my (20° C) and 603 ma ae Ey curve 1, initial 


velocity of photoinactivation; curve 2, fluorescence yield; x , phosphores- 


cence yleld; R, nf, np and Ra, fas npa: initial velocity of photoinactivation, 
oo fluorescence an ‘phosphorescence yields, in the presence and absence of 
perturbing ions respectively. ears a for inactivation was made 


four disulphide links and hydrogen bonds between peptide 
chains’. The oxidation of these amino-acid. residues may 
destroy not only the participation. of amino-acid residues 
in the enzyme activity, but the particular conformation of 
the protein molecule itself, which is closely related to the 
enzyme activity, by the rupture of disulphide links and 
hydrogen bridges. 
-< The. photoinactivation sensitized by riboflavin is 
efficiently inhibited by the addition of halogen‘ or para- 
 Inagnetie ions to the reaction system (con- 
-centration of amylase, 0-005 per cent; 
concentration of riboflavin, 3-32 x 10-5 M). 
“The presence of riboflavin, halogen or 
| metal ions used in this investigation does 
not affect the aetivity of taka-amylase A 
< under dark conditions. The changes in the 
=- Initial velocity of photoinactivation and 
the fluorescence and phosphorescence 
yields of riboflavin with the concentration 
of Co% are shown in Fig. 1. The inhibition 
_ of photoinactivation and phosphorescence 
quenching begins to occur at extremely 
low concentrations of Co*%, of the order 
-of.10-* M, while the fluorescence begins 
‘to. be quenched at much higher concen- 
trations of Co**, of the order of 10-? M. 
‘Furthermore, the measured values of the 
phosphorescence yield fall on the photo- 
-inactivation curve within experimental 
‘error. A similar direct relation between 
photoinactivation and the phosphores- 
cence yield can also be seen in the presence 
of halogen or the other metal ions, but 
10 direct relation can be found between 0-2 
he fluorescence yield and photoinactiva- 
‘tion. These are summarized and shown 
n Fig. 2. 
These facts indicate that the reaction 
Species of riboflavin responsible for the 
hotoinactivation is the triplet molecule 
ind not the singlet one. The triplet 
species of riboflavin may form a complex 
with an oxygen molecule in the triplet 
round state. According to the spin con- 
servation law, the singlet, triplet and 
quintet states are allowed for this com- 
“plex. The singlet complex dissociates 
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Table 1. OE UPTAKE AND OxIDizED AMINO-AOID. Bispos FOR BO 
AND, 100° PER CENT INACTIVATIONS IN BILAN -eRNSTHTERD I ‘PHOTOINAC- 
TIVATION, OF: TARA-AMYLASE Ae 













Inactivation (per cent) 60° 
Oxygen uptake : Segoe 
(oxygen motecules/amylase, molecule) SA8 400 
Oxidized amino-acid “‘Tryptopha: -29 ee Sears 
residues per amylase Histidine 12 E viet 
molecule (per cent) yrosine 3 23 
e 


AMYLASE A 


Inactivation (per cent) 50 
Oxygen uptake 
oe molecules/amylase molecule) 36 
xidized amino-acid Cystine 81 
rates per amylase ‘Tryptophan 15 
molecule (per cent) Tyrosine 5 
Histidine 1 
Methionine 0 





into singlet riboflavin and singlet oxygen and the riplet 
one into singlet. dye and triplet oxygen. . (This : 
quenching process of the triplet state of ribofla 
oxygen.) The singlet state of oxygen is long-lived, : be 
stable and chemically reactive, and may oxidize amino-acid a 
residues directly or may react with a water molecule to 
produce hydrogen. peroxide which may oxidize them. 
(Riboflavin can form a charge-transfer complex with the 
aromatic amino-acid in high concentrations®:® (>I 
The contribution of this type of complex formation 
photo-oxidation of the aromatic amino-acids i 
completely neglected.) There is, however, no indica 
oxygen uptake in the absence of taka-amylase A 
manometric measurement. This excludes th 
mechanism. 

For this reason, the. photoinactivation depends 
lifetime of the triplet state of riboflavin. The o! 
inhibition of photoinactivation is therefore ae 



















0-2 O04 0-6 0-8 10 


Fluorescence yield (7¢/n7,) or phosphorescence yield (qp/npe) 


Relation between initial velocity of riboflavin-sensitized photoinactivation and 
phosphorescence or fluorescence yield of riboflavin, Concentration of perturbing ions, 9-05 M 
expe t for points marked; (1) no m0 Revtarbing | ion; (2)5-0 x 10° a: (3) 1-5 x 10-4 M; (4) 5 

70) PEE arse (6) 3-0 x1 


Ox 104 


M; (7)8-0x40-°M; (8) 5-0% 107 M; @, phosphorescence 


O, fluorescence yield (20° ©); R, np, ngand Ro, npo, nfo initial velocity of photo- 
etalon. ‘phosphorescence and fluorescence yields i in the presence and absence of perturbi 
ions respectively ; pH 5-6. Illumination for inactivation was made at 20° C.. Potassium 

were used for the anion effect and chlorides for the sation effect 





“800 
“Table 8. INTTIAb VELOCITY OF PROTOINACTIVATION OF TAKA-AMYLASE A 
AND FLUORESCENCE AND ‘PHOSPHORESCENCE YIELDS OF RIBOFLAVIN 


Perturbing pa (Bohr : Sin, 

lons Z magneton) (A) TPEV) ngino nolni RIR RIRs 
cr 17 181 3-79 100 690 0-97 1-00 
Br- 35 dia, 195 360 048 019 O12 0-96 
I- 53 216 319 023 003 005 0-23 
Nat = J dia, 0-95 4665 100 0-94 098 1-00 
Kt < I9 133 3145 100 0:90 097 100 
Oat 20 dia. 0-99 5L1 094 O77 0-51 1-06 
Mn 25 594 0-80 3397 0-90 6-02 O12 107 
Cott 27 4-96 0-72 3377 0-32 0-006 0-06 1-27 
Nie 28 324 0-69 3592 0-72 0013 0-04 130 


Zipp. tyand IP are respectively atomic number, paramagnetic suscepti- 
bility, ion radius and ionization potential. R, R’, ns, np and Ro, Ro Mos 
| nipe are initial velocities of visible and ultra-violet inuctivations, fluorescence 
and phosphorescence yields, in the presence and absence of perturbing ions 
i respectively. Potassium halides were used for the anion effect and chlorides 


. forthe cation effect. Concentration of perturbing ion, 0-05 M; concentration 


‘of amylase, 0-005 per cent; concentration of riboflavin, 332 x 10° M; 


phosphorescence and fluorescence bands 603 my (77° K) and 534 mu (20° C). 

Ilumination for inactivation was made at 20° ©. The measured values, if 

ret rnd were corrected for the screening by perturbing ions for the exciting 
ght, 


to be brought about by the shortening of the lifetime of 
the. triplet state of riboflavin by the presence of halogen 
-or paramagnetic ions. 
o The initial velocity of the riboflavin-sensitized photo- 
Inactivation and phosphorescence and fluorescence yields 
‘of riboflavin in the presence of halogen or various metal 
¿ions (0°05 M), together with the atomic number, ion 
‘radius, ionization potential and magnetic moment, are 
“given in Table 3. The velocity of photoinactivation in the 
presence of halogen ions which was reported in the previous 
-paport is reproduced. The halogen ions of large atomic 
‘number and the paramagnetic ions inhibit photoinactiva- 
tion effectively, but the diamagnetic ions are less effective. 
There are two possible mechanisms by which the lifetime 
of tho.triplet state of riboflavin may be shortened by the 
presence of halogen or paramagnetic ions. One is the 
physical mechanism which involves the enhancement of 
spin-orbit interactions in the excited molecule by the 
perturbing ions (atoms of high atomic number, or para- 
magnetic effects) and the other is a chemical mechanism 
‘such as charge-transfer or electron-exchange processes, 
as Linsehitz and Pekkarinen’? and others!!-3 have 





"pointed out. 


= Kasha, MeClure™ 8 and others! discussed the increase 
- qn intensity of the singlet—triplet absorption band by the 
presence of a halogen atom of large atomic number in 
< terms of the collisional perturbation of spin-orbital 
‘coupling by the halogen atom. LHisenthal and E]-Sayed'* 
and Siegel and Judeikis!® concluded that the heavy 
atom effect increases the probability of a radiative transi- 
» tion from the triplet to the ground singlet state, but does 
not-greatly affect the probability of a similar radiationless 
transition. Evans’*** has observed that the paramag- 
netic molecules oxygen and nitric oxide can increase 
the singlet-triplet absorption of a number of aromatic 
molecules. He has suggested that the spin-orbit inter- 
action between the electronic states of a molecule is 
induced by the inhomogeneous field of paramagnetic 
substances. It is, however, considered that the magnitude 
of the magnetic field of paramagnetic molecule or ion is 
“not always sufficient to produce the observed breakdown 
‘of the spin conservation rule. Porter and Wright? 
reported that the quenching efficiency of paramagnetic 
ions on the lifetime of the triplet state of naphthalene is 
not strongly related to the magnetic moment of the ion. 
Linschitz and Sarkanen®* and Linschitz and Pekkarinen!® 
also found this poor correlation in quenching experiments 
of triplet states of porphyrins and anthracene by para- 
magnetic ions. Recently, however, Smaller and others? 
reported that triplet state quenching is directly related 
to the magnetic moment of the paramagnetic ion, except 
in the case of cobalt. Linschitz and Pekkarinen! and 
Evans® have suggested that charge-transfer states 
between the organic molecule and the paramagnetic 
molecules are responsible for the breakdown of the spin 
conservation rule. From these theoretical considerations, 
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Murrell and Hoijtink! put forward charge-transfer 
and electron-exchange mechanisms, respectively, as pos- 
sible mechanisms, ` l 

Table 3 shows that the inhibition of photoinactivation 
and phosphorescence quenching is related to the atomic 
number of the perturbing halogen ion. Halogen ions, par- 
ticularly the iodine anion with its low ionization potential, 
are fair electron donors?! and can easily form a charge 
transfer complex with riboflavin in the excited state. 
The formation of a charge-transfer complex tends to 
enhance the radiationless transition back to the ground 
state, which reduces the life of excited singlet and triplet 
states. Moreover, hydration may also have a part to 
play in the separation of the quenching ion from the 
excited dye molecule. This also explains the relation 
between inhibition of photoinactivation and the ion 
radius of the halogen ion. 

On the other hand, in the presence of paramagnetic 
ions, the correlation between the magnetic moment of the 
transition metal and the inhibition of photoinactivation or 
phosphorescence quenching is very poor. Neither the 
magnitude of the ion radius nor the ionization potential 
can explain the observed inhibition and triplet quenching. 
The similarity between fluorescence and phosphorescence 
quenching suggests, however, that the charge~transfer or 
electron-exchange mechanism may be involved in the 
process of triplet quenching. 

The diamagnetic ions are less effective, or entirely 
ineffective, for the inhibition of photoinactivation and 
phosphorescence and fluorescence quenching. A possible 
mechanism may be diffusion controlled quenching. 

Although detailed mechanisms for the effect of halogen 
and heavy metal ions on the photoinactivation in multi: 
component systems are not simple and definite conclusions 
cannot be made, the combined effect of the physical and 
chemical mechanisms mentioned here indicates simply 
that the inhibition of photoinactivation increases with 
the increase of atomic number of the perturbing ion, as 
seen in Table 3. In the absence of sensitizer, the ultra- 
violet inactivation is enhanced by the presence of para: 
magnetic ions and inhibited by the presence of halogen 
ions, while diamagnetic ions have no effect. 

It is known that some amino-acids in protein can eject 
electrons in excited states into the solvent medium. This 
has been observed spectroscopically in ovalbumin?*® 
by a flash technique. A similar ejection of a photo- 
electron has also been observed in N-lithium carbazol, 
Li-diphenylamide and -diphenylamine??. We consider 
that the same type of ejection may also take place in the 
case of taka-amylase A. If this is so, the ejected photo- 
electron can react with an oxygen molecule to produce 
an oxygen radical which would oxidize the amino-acid 
residues. The ejection of an electron may be caused by 
the radiationless transition from excited singlet state to 
solvent through the triplet state. A transition of this sort 
might be enhanced by the paramagnetic perturbation. 
The presence of the positive ions in the medium may also 
accelerate the ejection of a photoelectron. The effective- 
ness of this process increases with increase of atomic 
number of the perturbing ion, but the halogen ions, 
particularly the iodine ion, show the opposite trend. The 
order of effectiveness is I-S>Br->Cl-. This is probably 
caused partly by the effect of atoms of high atomic 
number and partly by the formation of charge-transfer 
complex between the halogen ions and the amino-acid 
residue, which prevents an electron being liberated from 
the excited amino-acid residue. 

I thank the Ministry of Education for a grant covering 
a part of this research. 
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_ Investications of the physical and chemical properties 
of calcium phosphate crystals in vitro and of factors 
- modifying these properties have contributed much to our 
understanding of calcium homeostasis in vivol. Such 
¿work has not, however, enabled a precise description of 
the relationship between the calcium ions of blood and 
. those of bone. It is uncertain how whole living bone 
me maintains higher concentrations of calcium and phosphate 
| in-solution than does extracted bone mineral. 
_ We have been particularly interested in the possible 
vole of various inhibitors of crystallization in the main- 
“tenance of this relationship. We have found that both 
plasma and urine contain small quantities of inorganic 
`- pyrophosphate**, a compound that strongly inhibits the 
precipitation of calcium phosphate in vitro*.. The amounts 
of pyrophosphate found in plasma. ultrafiltrates, although 
small (2-4 umoles/i.), were nevertheless within the range 
“ab which a strong inhibition of calcium phosphate pre- 
cipitation was observed in vitro, even in the presence of 
“nucleating substances such as collagen. We therefore 
suggested that pyrophosphate might be one of the physio- 
logical regulators of calcification®-*, with calcium phos- 
phate deposition only taking place after the destruction 
¿cof the pyrophosphate by pyrophosphatase, an enzyme 
_ present in large concentrations in calcifying tissues*-*. 
This hypothesis was supported by our finding that pyro- 
phosphate inhibits the calcification of chick embryo 
_ femurs in tissue culture and the aortic calcification that 
‘follows the administration of large doses of vitamin D 
to rats’. 
‘The inhibition of calcification by pyrophosphate could 
be explained as a blockage of crystal growth centres by 
adsorption of the compound on to the apatite crystals 
at sites of calcification. This type of phenomenon is well 
known for other substances. The growth of strontium 
sulphate crystals*® and calcium carbonate crystals”, 
for instance, can be blocked by a surface adsorption of 
small amounts of polyphosphates, including pyrophos- 
phate. We have investigated whether apatite crystals 
bind significant amounts of pyrophosphate in the presence 
of concentrations of pyrophosphate as low as those found 


“in plasma ultrafiltrates, for instance 2-3 pmolar, and 


whether such a binding alters the properties of apatite 
crystals. 

Hydroxyapatite crystals had a characteristic molar 
calcium to phosphorus ratio of 1-64 and X-ray diffraction 
pattern; no other pattern appeared after heating for 
15 h at 900° C. After heating at 500° C for 15 h, which 
produces pyrophosphate from calcium deficient apatites", 


Straumann, Waldenburg, Switzerland 


the crystals converted only 0-43 per cent of their phos= 
phorus into pyrophosphate. yst 
as seen under the electron microscope was about 1000 
This indicated that the crystals were predominantly 
non-caleium deficient hydroxyapatite and that they | 
not contain significant amounts of octocalcium phosphate 
or tri-caleium phosphate hydrate. oes 
To investigate binding properties, Oxy! 
crystals were equilibrated for 24 h at 4° C in a 0-155 molar — 
potassium chloride solution, buffered at pH T4 with 0-01 
molar barbital. Inorganic *?P-labelled pyrophosphate was 
then added and the mixture was shaken for a further 30. 
min. The amount of radioactivity in solution at this stage 
was determined after removal of the crystals by filtration 
through ‘Millipore’ filters. When pyrophosphate was added 
at an initial concentration of 2 umoles/l., there was a rapid 
and almost complete uptake of the compound by the 
crystals. Pyrophosphate was, therefore, added repeatedly - 
until the radioactivity due to the pyrophosphate in the — 
filtrate rose to and remained at a level corresponding to a — 
concentration of 2 umoles/l. At this stage the amount of | 
pyrophosphate-phosphorus in the crystals represented 
about 4-5 per cent of the total crystal phosphorus, a. 
figure which corresponds closely to that obtained by others | 
using greater than normal physiological concentrations of 
pyrophosphate*’. ee 
The rapidity of the binding reaction suggested that the 
pyrophosphate was bound predominantly to the surface. 
of the apatite crystals. Preliminary investigations of the 
rapidly exchangeable ortho- and pyrophosphate pool of 
these crystals also indicate that the pyrophosphate is 
present mainly in the hydration shell and/or the surface 
layer of tho crystals, where it displaces ortho-phosphate. 
We have, therefore, called the apatite which is treated 
with pyrophosphate “coated apatite’. There was no de- 
tectable difference in the X-ray diffraction of the apatite 
coated with pyrophosphate and the uncoated apatite. 
The widths of the diffraction lines of the two apatites were 
indistinguishable, which indicated that no increase in 
crystal size had taken place during coating, a result 
supported by electron microscopy. An investigation of 
the binding at various concentrations of pyrophosphate 
showed that the crystals were nearly saturated with 
pyrophosphate at a medium concentration of 2 umoles/l. 
This is the concentration normally present in ultra- 
filtrates of plasma, and so it is not unreasonable to 
assume that the apatite crystals of bone én vivo are also 
coated with pyrophosphate, although whether to thes 
extent as in the in vitro experiments is no! -pe 
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nstant ionic strength (0-16).and pH 7-4, but containing 
reasing [calcium] x [phosphate] products varying 
to 5:4 (mmolar)?. In control experiments, non- 
ydroxyapatite was incubated under identical 
s. Pyrophosphate was added to all flasks at a 
tion of 2 ymoles/l. After 1 and 10 days, aliquots 
incubation mixtures were passed through ‘Milli- 
ters and calcium and phosphate!* were determined 
the filtrates. The hydrolysis of the pyrophosphate to 
hosphate was determined by extracting the labelled 
sphate into isobutanol and petrol ether in the 
yf molybdic acid using a method developed from 
ribed by Hale. 
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(initial product). If no precipitation or dissolution occurs, 
all the points lie on a line with a slope of 45°; points belos 
this line indicate precipitation. Clearly normal apat 
took up calcium and phosphate at all the concentratior 
and at all the temperatures which were tested. Th 
apatite coated with pyrophosphate, however, did 
induce precipitation even from solutions highly super 
saturated with calcium and phosphate. This difference 
was particularly marked at 4° C but decreased at 20°: 
and 37° ©. The decrease at the greater temperatures. 
might be explained by the hydrolysis of part of the pyro- 
phosphate on the crystals. Thus, after 10 days at 20°C. 
there was a partial loss of inhibitory activity accompanied 
by a hydrolysis of 22 per cent; while after 10 days at 
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Fig. 1. Behaviour of non-coated hydroxyapatite and-of hydroxyapatite coated with pyrophosphate in solutions super- 


saturated with calcium and phosphate, The abaci 
bration with apatite, the ordina: 


Bsa represents the [calcium] x [phosphate] concentration before equili- 
3 te the concentration in the fil 

In all solutions the pH was 7-4 and the ionic strength 016, a, 6 
and the phosphate increased. d, The ratio calcium < phosphate 


i was kept constant. Each 
least three individual values, except in d where only one value is given, 





trate after equilibration. 
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point represents the average of at 
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37° C, when the inhibitory activity had virtually dis- 
appeared, the hydrolysis had risen to 66 per cent. 

The results in supersaturated solutions were similar 
whether the ratio of calcium to phosphate in the incubating 
“solution increased (Fig. la, b and c) or whether it was 
“kept constant (Fig. 1d). Similar results were also obtained 
when 12 mg of apatite instead of 4 mg was used, It was 
possible that equilibrium had not been reached in our 
experiments, if incubation for 10 days was not long enough. 
One incubation at 4° C was extended up to 40 days and 
still no precipitation was induced by the coated apatite 
from a solution with a calcium and phosphate product 
concentration of 5-4 (mmolar)?. 

Preliminary work has shown that when equilibrated 
in an undersaturated solution, that is a buffer containing 
no calcium and no phosphate, the coated crystals do not 
dissolve to a final product as high as the uncoated apatite 
(Table 1). The coated apatite either has a lower solubility 
or the speed of dissolution of the crystals is slower, or 
both. The effect was again stronger at 4° C than at 37° C, 
perhaps because of the greater hydrolysis of pyrophosphate 
at 37° C. 








Table 1, SOLUBILITY OF HYDROXYAPATITE AND HYDROXYAPATITE COATED 
WITH PYROFHOSPHATE 


[Calcium] x {phosphate} in solution 
expressed in mmolar* x 10° + standard 


Time error 





(days) Non-coated Coated 

1 22-75 + 4-69 3-764 2-21 

arc 10 20-50 + 3-49 5-344062 

f 1 20-20 + 2°55 8-83 + 0-55 

20° C 10 15-86 + 0-58 O41 + 104 

1 12-96 + 0-51 747 240-57 

37C 10 13-50 + 3-66 9-31 + 0-69 
days after incubation at 4° C, 


‘The measurements were taken 1 and 10 
20° C and 37° C; ionic strength 0-16; pH 7 
three experiments. 


+4, Bach value is the average of 


Hydroxyapatite coated with pyrophosphate differs 
from normal apatite in several respects. It appears 
unable, at least under experimental conditions, to act as 
a nucleator and to induce precipitation from supersaturated 
solutions. This phenomenon could be of biological 
importance. It has long been known that plasma 
ultrafiltrates are supersaturated with respect to bone 
mineral. This supersaturation has been variously 
attributed either to the presence of a membrane or to 
local gradients of hydrogen ions®, or of solubilizing ions 
such as citrate’. In order to be effective such gradients 
would have to exist over the entire and very large crystal 
surface of bone. The concept of a protective layer of 

© pyrophosphate would eliminate this difficulty by the 

assumption that such a gradient exists only locally, 
“while the remainder of the surface is inactive and unable 
to induce precipitation. This pyrophosphate layor might 
_ regulate the deposition of calcium and phosphate in the 
= sense that deposition would only take place at points 

_< where the layer is deficient, perhaps through the action of 
pyrophosphatase. Pyrophosphate might, therefore, be 
one of the agents responsible for maintaining the “‘blood- 
bone gap” of calcium ions mentioned earlier. 

It is possible that the alkaline phosphatase of bone, 
the so-called “calcification enzyme”, functions as the 
pyrophosphatase which regulates this process of calcium 
deposition. The recognition that some phosphatases 
with classical activity towards ester phosphate bonds 
also hydrolyse pyrophosphate bonds supports this’'**. 
Furthermore, in hypophosphatasia, a genetic disease 
characterized by a decrease in alkaline phosphatase in 
“pone and a defect in mineral deposition, there is an ele- 
-vated renal excretion of pyrophosphate”. 

Our results indicate that coated and non-coated 
hydroxyapatite also differ in their behaviour during 
-dissolution; the coated apatito appears to dissolve more 
slowly. This phenomenon could also be of physiological 
importance, for it might influence the resorption of bone 
and the dissolution of tooth mineral. The reported cario- 
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static effect of polyphosphates’? could perhaps be an- 
example of this phenomenon in action. The ne w hor- 
mone, thyrocalcitonin, which appears to lower blood 
calcium by diminishing bone resorption**-**, could also 
conceivably function through a mechanism inereasing | 
the protective pyrophosphate layer. Furthermore, if 
osteoporosis represents a disease of bone dissolution, it- 
would be interesting to know whether pyrophosphate or 
other polyphosphates could be concerned either in the: 
causation or the treatment of the disease. EE 
The ability of the coated crystals to hydrolyse 
pyrophosphate layer spontaneously, particulari, 
37° C, deserves further comment. Such a h 
implies that only those crystals of bone that. 
tinually in contact with extracellular fluid. will 
coated with pyrophosphate, since these will be 
crystals that can replenish the pyrophosphate lost th 
hydrolysis. Probably only a small proportion. 
crystals of bone are exposed to extracellular fluid ; 
amount of pyrophosphate found in our crystals (4:5 per 
cent of total phosphate) may be comparable to that | 
found in bone (0-5 per cent)*?* if only the available. 
surface of the crystals is considered. eee 
If it is true that only the accessible crystals of bone are 
coated with pyrophosphate, solubility and other physical 
chemical investigations of ground bone mineral should- 
be interpreted with caution, because, during grinding, 
new non-coated surfaces would be opened up. Grou d: 
bone would therefore be a mixture of coated and 
coated crystals. mi 



















Prolonged incubation of bone mi 
or of whole bone, especially at 37° C, could also be 
leading owing to the progressive hydrolysis of 
pyrophosphate present. nn 
In conclusion, we present evidence that pyrophosphate 
in physiological concentrations seems to act as some sort 
of a “buffer” around apatite crystals, impeding their 
formation as well as their dissolution. The part played 
by each of these two apparently opposing mechanisms 
in vivo, and their potential clinical application, is being 
investigated. ee 
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ELECTRICAL RESPONSES OF MAMMALIAN SLOW AND FAST FIBRES 


By Dr. W. W. HOFMANN 


Department of Neurology, Veterans Administration Hospital, Palo Alto, California 


Ir is now generally agreed that some mammalian striated 
muscles contain a mixture of fibres with slow or fast 
‘contraction times'?, It is also known that the moto- 
neurones? and axons‘ supplying the slow fibres differ in 
certain electrical characteristics from the fast fibres and 
that, after cross-transplanting the nerves of formerly 
slow and fast muscles, the muscles tend to assume the 
properties normally associated with their new innerva- 
tion’. Because the mechanisms by which a motor nerve 
influences the dynamic constants of a muscle fibre have 
not yet been defined it seemed worthwhile to investigate 
whether innervation by motor neurones of either type 
‘conferred some property on the muscle membrane which 
could be recognized in its electrical responses. 

A major problem in evaluating the responses of mam- 
malian muscle fibres has been the lack of a muscle con- 
taining only one type of unit. Moreover, separation of 
fibre types on the basis of measurements of the latency 
between stimulus and either motor nerve or muscle 
action potentials is highly inaccurate because of short 
eonduction distances and damage by the microelectrode 
to the post-synaptic membrane. The method used by 
Steg® to record from slow and fast motor axons in the 
intertransverse muscles of the rat tail has made it possible 
to distinguish muscle responses on the basis of their 
associated efferent nerve volley. As a result of the length 
of the tail and the arrangement of the nerve fibres, the 

-components of the neurogram in the small nerve to a distal 
muscle can easily be separated®. It has been assumed in 
the present experiments that, under suitable experimental 
conditions, a muscle response consistently associated with 
either a fast or slow spike in the neurogram would repre- 
sent activity in either a slow or fast muscle fibre, respec- 
tively*, We have therefore recorded the spontaneous and 
stimulated activity in single muscle fibres while monitoring 
the. activity in the appropriate muscle nerve. Fig. 1 
shows the distributions of conduction velocity for nerve 
potentials clearly associated with muscle responses. 
Using this technique, a given action potential or end plate 
potential can be related directly to that nerve potential 
without which it never occurred, and on the basis of the 
time taken for the impulse to pass along the nerve from 
the stimulating electrode to the recording electrode, it 
could be decided whether the muscle and nerve were slow 
or fast. The most distal tail muscles wero used because 
their nerves contained a minimum number of sensory 
fibres the antidromic action potentials of which would 
obscure motor activity (Fig. 24-D). 

‘Thirty adult albino rats of both sexes weighing 250- 
400 g were used. Five animals were laminectomized to 


stimulate the motor roots, but in the rest the operation was 


_ limited to the tail. While the animals were under light 
general anaesthesia (‘Nembutal’, 35-50 mg/kg) the skin 
_ of one side of their tails was incised along its entire length 
and pinned aside in a special plastic trough to expose the 
jong ventral tail nerve. Tho nerve was cut at the base 
of the ‘tail, the most proximal 1-2 em were dissected free 





<i for mounting on stimulating electrodes, and the distal 


2-5 em were exposed in order to dissect free the long, thin 
muscle branches entering the muscle fibres. The middle 
5-8 em were left covered by the long tendons and connec- 
tive tissues, in order to maintain conduction as nearly 
normal as possible. The exposed nerves or roots were 
bathed in liquid paraffin, kept at 35° + 10° C. The 


normal blood supply of all structures was carefully pre- 


served. In the laminectomized animals, the whole ventral. 


roots to the tail muscles were stimulated, because it was- 
not possible to preserve normal conduction in smaller root 
filaments for the long periods required to identify the 
single muscle fibres they innervated distally. When 
the small motor nerve to a given distal tail muscle had 
been clearly identified by stimulating it directly with a 
small electrode, it was suspended on a small bipolar 
recording electrode, and stimuli were then delivered at 
from 1-25 c/s to the main nerve several centimetres 
proximally. Nerves to adjacent muscles were cut as 
needed to reduce movement, as were all local cutaneous 
nerves. Glass capillary microelectrodes with resistances 
of 3-20 MQ were then inserted into muscle fibres. End 
plate regions were identified by the presence of miniature 
end plate potentials, and these were recorded for 0-5— 
l min to establish their time course, amplitude and 
frequency in vivo. Stimulation at low intensity was 
then begun, and the various potentials in the compound 
neurogram were observed and recorded before and during 
any activity evoked in the muscle impaled by the nearby 
microelectrode. The strength of the stimulus was then 
repeatedly adjusted to just below and above threshold 
strength for the response in the muscle, and the neurogram 
wave or complex constantly associated with the muscle 
potential was recorded several times for each fibre. Anti- 
dromic sensory potentials and other unrelated nerve 
activity were also recorded at high amplification, but the 
limited composition of the small, distal muscle nervest 
reduced the amount of interference. It was usually 
possible to identify clearly either complexes or bursts of 
discrete nerve spikes constantly preceding a given muscle 
action potential and to classify them on the basis of their 
conduction velocities (Fig. 2). The velocity of 35 m/sec 
was chosen as the upper limit for the slow group of 
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Fig. i, Distribution of nerve 


potential conduction velocities in experi- 
ments in which they 


were constantly associated with muscle response. 
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Fig. 2. A, Stimulation of ventral root. Recording from tail muscle and its nerve 190 mm away. Top trace of 
each sweep is muscle fibre response, bottom trace neurogram, Shock strength varied between sweeps. Lower 
two traces, sub-threshold stimulation of root. Upper two traces show one sub- and one threshold response 
superimposed. Large deflexion lower trace is twitch artefact. Arrow indicates nerve spike without which 
muscle action potential never occurred. Calibration: top beam, 10 mm; lower, 100 4V; time, 4 msec. De- . 
flexion after muscle action potential is movement artefact, 
B, Same as A, but time calibration now 2 msec. Identification of significant nerve potential in a closely 
spaced group. Arrow indicates only nerve potential constantly associated with musele response. Second 
and third potentials, though of nearly same latency, not related to muscle activity. 


C, Stimulating tail nerve. 


Distance to recording nerve electrode 105 mm. Mixed ortho- and antidromic 


tentials. Lower two traces, shock threshold for twitch of neighbouring fibres. Upper pair, several super- 
imposed traces of end plate and action potential in impaled fibre constantly associated with nerve spike shown 


at arrow. Conduction velocity 34 m/sec. Twitch artefact in lower trace obscures slower neurogram activity, 
Calibration: 2 msec, 10 mV, 100 nV. 
D, Neurogram from muscle nerve to distal tail muscle 105 mm from stimulating electrode. Nerve cut at 


entrance to muscle. Arrows show groups of spikes with average conduction velocity at 62, 42, and 26 m/sec, 
respectively, Later potentials at 15-17 m/sec. Calibration asin B. 


potentials in experiments in which only the motor root 
was stimulated. At the end of an experiment the distal 
end of the muscle nerve was cut, and the neurogram was 
then recorded without the artefacts introduced by the 
muscle twitch (Fig. 2D). 

The characteristics of action potentials were determined 
from fibres with resting potentials greater than 70 mV 
and action potentials equal to or exceeding that value. 
When the microelectrode was inserted into an end plate 
area, as shown either by miniature end plate potentials 
or a “shoulder” at the beginning of the action potential, 
the estimation of the depolarization rate was made from 
_. the slope of a line tangential to the rising phase of the 
_ action potential about the end plate potential. The delay 
between the onset of action. potential and the first return 


to the baseline was taken as the duration of the action 


| potential. The duration could not be measured accurately 
= when the repolarization phase of a given action potential 
was variable or distorted by the contraction of neighbour- 
ing fibres, and the fibre was not included in the series. 
This method obviously excluded measurements of possibly 
significant after potentials, but was selected because 
it eliminated deflexions in the repolarization phase that 
¿© were clearly twitch artefacts. Studies of end plate poten- 
tials were made either on fibres lightly curarized with a 
drop of curare-Ringer (1:5 x 10-7 g d-tubocurarine/ml.) 
or those failing for some other reason to generate an action 
potential. 
g From the hundreds of records obtained we selected those 
= of forty-five muscle fibres the activity of which was not 
appreciably distorted by artefacts and could be correlated 
well with some specific nerve potentials. In these units, 


_ many of which could be considered slow on the basis of 
` ¿their nerve response latency, both spontaneous and 


stimulated. activity was recorded. Miniature end plate 
potentials and end plate potentials were recorded in 
presumably slow and fast fibres and appeared in all 
respects similar to those found in other rat muscles 
‘im vitro, in terms both of frequency and of time course’. 


Fig. 3 shows the depolarization rates and durations’ of 
action potentials plotted against nerve spike conduction — 
velocities. The characteristics of the action potentials © 
of the fibres represented showed no consistent trends 
which could be related to the speed with which a nerve 
impulse reached them. The duration of the action poten- 
tial and the rate of depolarization in muscle fibres firing 
only with a nerve spike conducted at less than 35 m/sec 
were 1:40 + 0-10 msec and 245-1 + 14-6 V/sec, respec- 
tively (mean + S.D.) When the nerve activity. was- 
conducted at more than 35 m/sec the muscle responses. 
were 1-37 + 0-08 msec and 185-6 + 24-7 V/sec. If the: 
latency of a given nerve potential is a reliable indicator of 
the type of muscle it reaches, then there seemed to be no. 
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Fig. 3. Plot of muscle action potential durations (filled circles) A 
depolarization rates (open circles) against conduction velocity of the 
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significant difference between the membrane responses 
of slow and fast muscle fibres. — = = 7o 
Because the durations of the active state and the 
twitch time are prolonged until long after the action 
potential and can be affected by surface events other than 
depolarization®*, the similarities between presumably 
slow and fast fibre responses were not totally unexpected. 
` Nevertheless, since the measurements used here probably 
included. all valid negative after potentials, the duration 
of which can affect that of the mechanical response*®, 
some difference between slow and fast fibres might have 
been recognized. If the difference between slow and fast 
rauscles were, however, a function of the relation between 
force and the velocity of their respective contractile 
ments’, it would be reasonable to look for the basic 
identification in the rate of the response to transmitter. 
_ In these experiments the rate of depolarization was taken 
‘both as an indirect measure of the velocity of conduction 
along the various muscle fibres and as the rate at which 
any “activator” would be made available to the con- 
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tractile substance'!. Again, the differences between fast 
and slow fibres appear to be insignificant. These findings, 
together with the observation that spontaneous activity as 
miniature end plate potentials and the characteristics of 
end plate potentials were similar in all fibres, make it 
seem unlikely that the “trophic” influence of a motor 
nerve is a reflexion of some specific change conditioned 
in the electrical responses of end plate or adjacent post- 
synaptic membrane or that it relates to the level of 
spontaneous activity in the nerve terminal. 
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TROPHOBLAST IN HUMAN UTERO-PLACENTAL ARTERIES 


By Pror. W. J. HAMILTON 
Department of Anatomy, Charing Cross Hospital Medical School 
AND 
Pror. J. D. BOYD 
Anatomy School, University of Cambridge 


-Dunine the establishment of the placenta in some mam- 
mals there are striking structural alterations in the 
maternal. (spiral, curling or endometrial) arteries as they 
pass through the basal plate in the transitional region 
(‘placental bed” of Dixon and Robertson!; ‘“niemands- 
| land” of some German authors) between the maternal and 
< foetal tissues. These changes were first described by Fried- 
=: lander* and much work has since been devoted to them*-*. 
: < In the human being the changes include extensive altera- 
| tions of the vascular walls. In addition, however, the 
` arterial lumina are invaded by cells which have been 
- variously interpreted as maternal or foetal in origin. 
This phenomenon, in our opinion, has not received the 
attention it deserves. 
The recent report by Billington® on the behaviour of 
hamster trophoblasts after homologous transplantation 
of implantation cones under the tunica albuginea of the 
testis stimulated us to review our extensive material on 
the changes in the spiral arteries in the human uterus 
“during normal pregnancy. Orsini! described the re- 
: markable migration of trophoblastic giant cells into the 
. maternal arterial system during normal pregnancy in the 
. hamster. Billington showed that cells from trophoblastic 
transplants become lodged in the testicular vascular 
ystem, and come to line the walls of the vessels inside 
endothelial surface. This finding is of considerable 
rest. In the course of gestation in human beings the 
endometrial spiral arteries also acquire a lining of cells 
: vithin their endothelium which are not haematogenous 
© in origin. These cells first appear when the vessels are 
_ being tapped by the invading trophoblast (Fig. 1) to supply 
. blood to the space between the developing villi of the 
. chaemo-chorial placenta. Indeed, the blood can only 
peach the early intervillous space by percolating through 
the gaps (Fig. 2) between these colls. In our opinion. 
the cells which invade the spiral arteries are derived from 
the so-called cytotrophoblastic shell. As these cyto- 
trophoblastic cells penetrate into the vascular lumen, 
and possibly as a direct consequence of their presence, 

















degenerative alterations occur in the vessel wall (Fig. 3) 
and affect all its layers. The most striking change occurs 
in the media, where the muscle cells cease to be recog- 
nizable‘. These degenerative changes are so marked 
that they have led some workers to suggest that a secon- 
dary wall” replaces that of the original vessel. Some- 
investigators have interpreted the alterations as part of a 
general decidual reaction, and Brettner™ states that giant 
cells related to the altered vessels carry sex chromatin to 

identify them as maternal in origin in the presence of a 
male conceptus. We have not been able to convince. 
ourselves that sex chromatin in these giant cells ean be 


clearly enough identified to provide unequivocal evidence 


of their provenance. This article, however, deals chiefly 
with the intra-luminal cells and is not primarily concerned 
with the establishment of the secondary vascular wall. 

The intra-luminal cells may arise in three or possibly 
four ways: first they may be modified endothelial cells; 
we have shown that, early in pregnancy, the endothelial 
cells of the spiral arteries swell markedly. Second, the 
intra-luminal cells may be derived from elements in the 
wall of the vessel outside the endothelium; such cells 
could be derived from the constituent elements of the 
vessel wall or surrounding decidua, and therefore be of 
maternal origin, or they might stem from wandering 
foetal cells that have passed into the decidua and secon- 
darily ‘“‘ulcerated” their way through the vascular wall .. 
to reach its lumen. Finally, they may be cells from the 
cytotrophoblastic shell which have migrated antidrom- 
ically along the vessel lumen (Figs. 4 and 7). We think, 
after extensive examination of placentae in situ, that this 
last view is correct. 

The cells can pass several centimetres along the vessel 
lumen and indeed ean be found in the myometrial portion 
of the vessel (Fig. 8). Though it is often difficult to estab- 
lish their cytological characteristics, in our opinion {in 


agreement with Ortmann?) the cells have many of the © a 


features of cytotrophoblasts. A characteristic feature, 
however, is that they contain numerous osmiophilie 
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cytoplasmic granules which can readily be stained with 
sudan black (Figs. 5 and 6). It is a striking fact that cells 
with similar lipid constituents are absent from the sur- 
roundings of the spiral arteries. Moreover, as Ortmann 
has stated and as our own material amply verifies, the 
changes in the spiral arteries of the basal placental plate 
are not found away from the placental site in the vessels 
of the decidua vera nor are the cells found within their 
lumina. The complete absence of similar changes in the 
corresponding arteries of the decidua vera indicates that 
the intra-luminal cells are not transported by way of the 
afferent maternal circulation and that they are not derived 
from adjacent decidua; in our estimation they are tropho- 
blastic elements which are similar to the cytotrophoblast 
of the basal plate and the cell islands". 





Fig. i. Photomicrograph of a section (haematoxylin and eosin) of the 

termination of an endometrial spiral artery in the in situ placenta of a 

15 mm crown-rump length embryo. Cytotrophoblastic cells are shown 

a evading and plugging the lumen of the vessel. The wail of the artery 

“. shows marked degenerative changes. A portion of syncytium can be 
seen to the right of the illustration. (x e. 65.) 


Fig. 2. Photomicrograph of a section through the termination of the 

spiral artery and adjacent intervillous space of a 46 mm crown-rump 

length embryo. Before fixation a uterine artery in this specimen was 

injected with indian ink. The ink can be seen in the lumen of the spiral 

artery and some of it is percolating among the cytotrophoblastic cells. 

Note the highly modified arterial wall and the cytotrophoblastic cells 
within the arterial lumen. (x e. 225.) 
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Fig. 3. Photomicrograph of a section thro the termination of an 

endometrial artery in the in situ placenta of a 50 mm crown-rump length 

embryo. The arterial wall shows marked degeneration and cytotropho- 
blastic cells are extending into the vessel. 





Fig. 4. Photomicrograph of the terminal loop and opening of a spiral 

artery in the fifth month of pregnancy. Note the extension of cytotropho- 

blastic cells along the length of the vessel. (Foetus, 118 mm crown- 
rump length.) (x e. 60.) 


It is difficult to determine the function of the intra- 
luminal cells. In women they become much fewer, or 
disappear altogether, in the last months of pregnancy; 
it is therefore unlikely that they are concerned with 
placental separation or obliteration of the utero-placental 
arteries after parturition. It is remarkable that the cells 
migrate against the arterial blood flow and pressure, 
without being dislodged and without showing obvious 
histological signs of adhesion to one another. The cells 
are prosent in all the spiral arteries at the placental site 
during the middle 3 months of pregnancy, although their 
numbers vary. Moreover, we have some evidence that 
they completely obliterate the vascular lumen only in 
regions where the circulation has been by-passed by a new 


perforation of a spiral artery proximal to an already 





established opening. There is no clear evidence for pi 
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liferation of the intra-luminal cells; if some are wafted 
away in the blood we presume they are replaced by others 
from the cytotrophoblastic shell. The intravascular 
plugs could conceivably damp down the arterial pressure 
in the vessels concerned; it is still not clear, however, why 
they are not more readily dislodged. How they accumulate 
their cytoplasmic lipid and whether it and other cyto- 
logical appearances in the cells (such as nuclear secretion) 
indicate involvement in hormone production must await 
further investigation. 

In addition to the observations of Orsini!” on the golden 
hamster, quoted by Billington’, intra-arterial cell in- 
vasion has been described in the macaque monkey!" 
and also in Elephantulus: and in Macroscelides. 
All these authors suggest that the intra-luminal cells are 
of maternal origin. Indeed, such an origin cannot be 
completely eliminated for at least some of the cells, even 
in the human species. Our observations on the monkey 
placenta support a trophoblastic derivation. 





Fig. 5. Photomicrograph of portion of the wall of a spiral artery to show 
the cells containing lipid in its lumen. Frozen section stained with 
sudan black. (Foetus, 118 mm crown-rump length, fifth month.) 


Fig. 6. Photomicrograph from the same section as Fig. 5 to show details 
of the cells in the arterial lumen. 


Fig. 7. Photomicrograph to show details of the cells of the intravascular 
plug and degeneration of the vascular wall. (Foetus, 118 mm crown- 
rump length.) 
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Fig. 8. Photomicrograph of a myometrial artery (cut twice) to show the 
dense sudanophilic plug in the lumen. This plug is composed of lipid 
and extends several centimetres from the decidua. Thick (100x) frozen 
section stained sudan black. (Foetus, 118 mm crown-rump length.) 


The cytotrophoblastic invasion of the maternal vessels 
involves only the utero-placental arteries; we have never 
observed plugs of such cells in the maternal veins. Wislocki 
and Streeter! thought such plugs existed in the uterine 
veins of the macaque endometrium, but this was later 
recognized to be an erroneous interpretation. The veins, 
however, are involved in a quite different transmission of 
foetal tissue into the maternal organism. We have dis- 
cussed this process, which has long been known as villous 
deportations, In villous deportation, small separated 
portions or sprouts of syncytium (and, occasionally, even 
larger villous fragments) pass freely into the maternal 
circulation and are eventually trapped in the lung capil- 
laries. We have observed this process extensively in 
human material. Similar syncytial sprouts have also been. 
identified in the monkey, but we have no positive evidence 
that they reach the maternal circulation, nor have we 
observed the phenomenon in other mammals with haemo- 
chorial placentation. Billington? refers to work by 
Helmboldt et al.°, who considered that trophoblastic 
elements could be identified in the lungs of the pregnant 
chinchilla; the supporting photomicrographic evidence 
is not very convincing. 

Finally, a number of investigators!*?* have described 
alterations in the spiral arteries which they associate with 
certain pathological conditions. Our older placentae, 
for the most part from normal pregnancies, occasionally 
show similar alterations which we interpret as part of 
the process of re-establishment of a free vascular pathway. 
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Fig. 3 Relation between the composition at the metal/oxide interface 
and oxide composition with temperature. 
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When the chromium concentration in the metal exceeds 
14 per cent, evidence suggests that the oxide film is 
composed mainly of chromium sesquioxide, CrO, 
molecules. Our work, however, shows that the situation 
is more complicated, and that at 1,000° C the iron compo- 
sition in the film approaches 9 per cent. This is shown in 
Fig. 2. 
The composition of the film in the temperature range 
700-1,000° C is shown in Fig. 3. The mechanism is further 
complicated, since sublimation of the oxide film has been 
observed at the higher temperatures*. Sublimation takes 
place in the presence of oxygen but not of argon, and has 
therefore been attributed to the formation of chromium 
trioxide, CrO.. 
Both the inhomogeneities in the film and sublimation 
of the oxide layer preclude the use of the simple parabolic 
rate law to represent the boundary conditions, and a more 
sophisticated model is being developed to account for 
these effects. 
I. A. MENZES 
G. A. DAVES 
A. B. PONTER 

Department of Chemical Engineering, 

University of Manchester Institute of 

Science and Technology. 
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Mechanism for “Viscous” Grain-boundary 
Sliding 
THERE is increasing interest in mechanisms which give 
plastic deformation at low stresses and moderately high 
or high temperatures (more than half the melting tem- 
perature Tm). Theories of diffusional creep, using either 
the Nabarro—Herring (NH) mechanism! based on lattice 
self-diffusion or Coble’s? variation involving grain-boundary 
self-diffusion, do not always give strain rates as high as 
those obtained experimentally. In any case, this approach 
ignores the participation of grain-boundary sliding, which 
is often observed under these conditions. Particularly at 
temperatures below 0-6 Tm, diffusion rates are too slow 
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to make a contribution to creep through NH creep unless 
grain sizes are very small’, but there is another way in 
which the diffusion distance may become very small and 
80 give rise to high rates of creep. 

Consider (Fig. 1) a double ledge AB-CD on a grain 
boundary XY; this is a simplified version of a feature 
found in grain boundaries of tungsten and called ‘“‘pro- 
trusions” by Ryan and Suiter‘, who observed them using 
field-ion microscopy. If the boundary XY is subject to 
a shear stress as shown, AB is under compression, CD 
under tension. The variation in vacancy concentration 
produced in this way leads to a locahzed NH diffusional 
creep. The offect of this is to move the protrusion forward 
to A'O’, as shown in Fig. 1, and grain-boundary shding 
can then occur at the rate of movement of the protrusion. 
Ryan and Buiter found that the length L of AC varied 
from approximately 20 atoms upwards; the height of 
the ledges of protrusions was typically 10 A. 

In a boundary the movement of the slowest protrusion 
would control the rate of sliding; this would be the 
protrusion with the largest value of L. 

An expression for the rate of sliding å has been derived 
for a grain boundary at 45° to the applied stress o, fol- 
lowing Cottrell’s* simplified argument for obtaining the 
NH equation. In this lattice diffusion is replaced by 
grain-boundary diffusion D,, and appropriate allowance 
is made for the areas involved in the diffusion pipes; 
these depend on the ledge height h and grain-boundary 
width w, but appear in the final equation as @ ratio of 
wih. With the value of w used in obtaining Dg» (ref. 7), 
wjh ~ 1. The mechanism depends on some stress con- 
centration at the ledges for its operation and experiments 
are bemg made to characterize the stress distribution 
around a protrusion. Meanwhile, we have estimated that 
the stress concentration and the contingent changes to 
the simple diffusion paths necessitate the inclusion of a 
constant a in the equation, which has roughly been 
estimated as 2. Thus, we find an order of magnitude 
value for & given by 

å ~ ao Dy O/LkT om/sec Q) 
where o 18 the applied stress in dyne/em*, Q is the atomic 
volume, k Boltzmann’s constant, and T the absolute tem- 
perature, Dg» (the grain-boundary self-diffusion co- 
efficient) = A exp (—Q/RT), A being a rate constant 
and Q the activation energy for grain-boundary self- 
diffusion. 

In a series of creep tests on bicrystals of lead‘, rates of 
grain-boundary sliding have been determined and, at low 
stresses, the rate is found to be proportional to the stress. 
Equation (1) then gives rates somewhat higher than those 
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Fig. 1 Grain-boundaiy sliding controlled by diffusional movement of a 


“protrusion”. 
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An infra-red technique described previously’ was used 
to determine the content of the iron (I) ions of the M, 
and M, positions in the four specimens used for the 
Mossbauer study. The iron contents of the M, and M, 
positions were then obtained from the chemical analysis 
by subtraction (Table 2). Comparison of the observed 
intensities of the hydroxyl stretching fundamentals with 
intensities calculated on the hypothesis of random mixing 
of iron and magnesium in the M, and M, positions gave 
no indication of ordering of iron (II) 10ns between the M, 
and M, positions in the cummingtonite, grunerite, or 
anthophyllite with 23 per cent iron (II) ions. The antho- 
phyllite with 31-6 per cent iron (II) ions, however, showed 
a preference of iron (II) ions for the M, position. In addi- 
tion, the infra-red measurements showed that this antho- 
phyllite has a marked tendency for magnesium (II) ions 
to cluster in adjacent M, and M, positions. The mwnfra-red 
data, combined with the Méssbauer measurements, enable 
the amount of iron in the M, and M,,M, positions to be 
obtained (Table 2). 

The site preference of iron in anthophyllite, M,>M,, 
M,>M,, found from our data is similar to that in the 
cummingtonite~grunerite series, but contrasts with the 
tremolite—actinolite series? in which calcium occupies M,, 
and iron (II) 10ns prefer M, to M,,M;. The size of the ion 
in M, apparently determines the preference of M,. The 
data are consistent with the view that the inversion of 
anthophyllite free of aluminium from orthorhombic to 
monoclinic occurs when significant amounts of iron start 
to enter the M,, M, positions at iron contents somewhat in 
excess of 2-0 per formula unit. This effect is presumably 
related to the larger radius of iron (II) ions. An merease 
in temperature produced by an increase in the ratio 
1ron(M,,M,)/iron(7,) should then cause the inversion to 
take place at a lower iron content. This is in agreement 
with the provisional temperature-composition diagram 
of Boyd}*. The effect of aluminium substitution in extend- 
ing the range of stable compositions to higher iron contents 
may result from the simultaneous substitution of ions 
larger (iron (II)) and smaller (alummium (IH) ) than 
magnesium (II) into M,,M,. The exact mechanism must 
remain uncertain, however, until more is known about the 
site preferences of aluminium in the anthophyllite 
structure. 
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Nature and Mechanism of Formation of 
Oxide Films in the Chromium-—Iron-Carbon 
System 


Tum resistance to oxidation at high temperatures of 
chromized iron and steels makes them in many cases 
cheap substitutes fer stainless steels. In this Department 
we have investigated the mechanism of formation and 
subsequent oxidation of chromized coatings on iron and 
carbon steels'?, and have reconsidered the mechanism‘ 
for the oxidation of chromium diffusion coatings and 
alloys in air in the temperature range 800-1,000° C. 

Electron probe analysis and metallography have enabled 
the concentration profiles of chromium in the surface 
region next to the oxide film to be determined. The 
exact mechanism of formation of the oxide film must be 
determined, because in practice the concentration of 
chromium in the metal surface must be controlled to 
give maximum immunity. A theoretical analysis has 
been developed to predict chromium concentrations at 
the interface of the oxide and the metal. 

Birchenall*? and other workers‘ have proposed that 
the growth of the oxide film in this region is controlled 
by a diffusion process and follows a parabolic law. On the 
assumption that oxide growth in the initial stages is 
indeed controlled in this manner, and by solving diffusion 
equations incorporating a moving boundary, we calculated 
concentration profiles of chromium and found them to 
be lower than those measured experimentally. These 
concentration profiles in the metal near to the oxide 
film after 4 h exposure at 1,000° C are shown in Fig. 1. 

The discrepancy between the theoretical and experi- 
mental profiles may be caused either by inhomogeneity 
in the film, or by the inaccuracy of the parabolic law 
even in the initial stages. Possibly both effects make 
contributions to the discrepancy. 
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Fig. 1. Comparison of ental concentration. profilo measured after 
tha 1,000° C with predicted profile. 
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Fig. 2. Vanation of the iron content In the ae film with time of 
oxidation. @, 1,000° C; A, 980° O 
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Table 1, MÖSSBAVER PARAMETERS YOR ANTHOPHYLLITE, CUMMINGTONITR AND GRUNERITE 
Outer er peaks 
Chemical Quadrupole Hak Area counta Chemical Quadrupole Area counts 
Mineral isomer shift shtang width x ohannels isomer shift  splittın width x channels 
(mm/se0) (mm/sec, (mm/sec) x 10+ (mm/sec) (mm/sec (mm/sec) x107 
23 per cent iron (II) anthophyllite 1-21 2°61 0:37 0-69 + 0-08 120 1:81 O28 4-05 + 0-07 
31:6 per cent iron (LI) anthophyllite 1-22 2-68 0-36 1-95 + 0-08 118 1:80 O31 3 10+0-08 
35-4 per cent fron (II) cummingtonte 1-24 276 0 38 1-90 + 0-06 1-18 16 0-88 3-58 + 0-06 
95-3 per cent iron (TI) grunenite 1-25 2:78 0-40 5 7440-05 1-15 1-50 0:36 101+ 0-05 
ions per formula unit, while compositions between 2-02 Table 2. DISTRIBUTION or IRON 


and 6-67 iron (II) ions have been recorded in the cumming- 
tonite-grunerite series??, which implies the existence of 
some compositional overlap between the two series. 
Aluminium-rich anthophyllites (gedrites) show a much 
wider range of iron concentration, ranging up to Fe,Al,- 
(Al,8ig)O.3(OH), (ref. 2). 

In both the anthophyllite‘ and the oummingtonite®* 
structures, magnesium (II) and iron (IT) ions occupy four 
inequivalent positions of six-fold co-ordination, designated 
Mı Ma, M: and M, and are in the proportions 2, 2, 1 and 
2 (total 7), respectively. Whittaker" suggested that the 
maximum iron content of anthophyllite corresponds to 
complete filling of the M, and M, positions by iron, and 
that excess iron entering the M, and M, positions induces 
@ transition to monoclinic cummingtonite structure near 
3-0 iron (II) ions per formula unit. Ghose’, however, 
showed by X-ray methods that iron enters the M, position 
in cummingtonite preferentially, and considered® that iron 
would also favour this position in anthophyllite. We have 
used Mdssbauer® and infra-red!’ spectroscopy to determine 
the distribution of iron (II) ions between the M,, Ma, M: 
and M, positions in anthophyllite in the hope of resolving 
this problem. 

The Mossbauer instrumentation and technique have 
been described elsewhere’:14. Room temperature measure- 
ments were made on two anthophyllites containing 1-61? 
and 2-211 iron (Il) ions per formula unit (23-0 and 31-8 
mole per cent F'e,8i,0,;(0H),, respectively), a cumming- 
tonite with 2-48 iron (II) ions (35-4 per cent Fe,8i,0,,- 
(OH),) (ref. 9) and & grunerite with 6-67 iron (II) ions 
(95-3 per cent Fe,8i,0,,(0H),) (ref. 9). Computer plots“ 
of the four spectra, each fitted to four Lorentzian curves, 
are shown in Fig. 1. The cummingtonite and grunerite 
spectra were taken with a source of cobalt-57 in stainless 
steel, and a source of cobalt-57 in palladium was used to 
obtain the two anthophyllite spectra. Values of the 
quadrupole splitting, chemical isomer shift, half-widths 
and areas are summarized in Table 1. All chemical isomer 
shifts are quoted relative to the value — 0-16 mm/sec for 
sodium nitroprusside. The errors in the computer-cal- 
culated areas are standard deviations. The quadrupole 
splitting, chemical isomer shift and half-width parameters 
will be discussed elsewhere}. 

The inner two peaks (Fig. 1) in the cummingtonite— 
grunerite series have been assigned to iron (I) ions in the 
M, position, and the outer peaks to iron (II) ions in the 
M, M, and M, positions’. The similarity of the antho- 
phyllite spectra to those of cummingtonite and grunerite, 
taken with the known close relationship between the 
structures of these minerals, indicates a similar distribu- 
tion in the anthophyllite series. The proportions of iron 
in the M, and M,, M; and M, positions, nania, can be 
obtained from the ratio of the peak areas calculated by 
computer, 4,/Aig3, using the relationship 


= OM 
Addis = O24 


The constant O was evaluated’ for the cummingtonite— 
grunerite series by assuming a cation distribution in the 
grunerite with 6-67 iron (II) ions. This led to site popula- 
tions for cummingtonites with 35-4 per cent iron (IZ) ions 
which were in excellent agreement with those obtained by 
X-ray diffraction measurements’. If it is assumed (as 
seems likely) that the same value applies to the antho- 


II) IONS DY ANTHOPHYLLITE, CUMMING- 
INFRA-RED 


TONITE AND GRUNBRITE FROM URE AND SPBOTRA 
Miesbauer Infra-red Infra-red + 
Tron (11) data data, iron Mdesbauer 
Mineral per Iron(IJ) IrondD)in (D) fron 
formula in M, M,+M,+M, Mi4+M, (I) in M, 
unit position postions positions position 
28 per cent iron (O) 161 1:89 0-22 024 0 
ani by llite 
81-6 per cent fron 2-21 1-41 0-80 0-68 0-17 
anthophyllite 
4 per cent iron 249 1:66 0-83 0-72 O11 
953 per cent iron 6 87 1-80 4°87 204 1-92 
(I) granerite 


phyllite series, site populations can be calculated for this 
series (Table 2). 
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Fig. 1. Computer plots of the Mossbauer spectra of amphiboles of tho 

anthophyllite and cummungtonite~grunerite series. In each spectrum, tho 

four Lorentzian line fits are shown. (a) 28-0 por cent iron (II) antho- 

phyllite; (b) 81-6 per cent :ron (IT) an nonbyli ; (e) 85-4 per cent iron 
(11) cummingtomte; (d) 95-3 per cent grumerite. 
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U.8.N.0.0. Chart No. 1703 for this area. The magnetic 
data were not corrected for the magnetic effect of the 
ship or for time variations of the magnetic field. From 
calculations and from tests made in other locations we 
believe the effect of the ship was less than 50y on all 
headings, and records from the Hermanus Magnetic 
Observatory indicated that no time variations of total 
intensity greater than 40y occurred during the time of 
the surveys. These values are the maximum possible 
and internal consistency would indicate that the errors 
were, in fact, much less. 

The magnetic anomaly contour map is shown in Fig. 2. 
The main feature of this map is that the negative part 
of the anomaly pattern occurs towards magnetic north 
relative to the positive part of the pattern. The seamount 
could therefore not have been formed at a time when 
the Earth’s magnetic field was in its present direction but 
rather at a tume when the field was in nearly the opposite 
direction. Collins Peak is ẹ localized prominence that 
rises to within 25 m of the surface and is known to contain 
traces of iron ore*, It lies just to the north of the —1,000y 
contour and could well account for that unusually negative 
region. 

In an effort to determine the magnetization of the sea- 
mount it was assumed that the entire seamount was 
homogeneously magnetized. The magnetic anomaly 
pattern for various assumed magnetizations was calcu- 
lated with an electronic computer’. A comparison of 
calculated with observed anomaly contours indicated 
that the magnetization vector (induced plus remanent) 
has è magnitude of 1-1-1-5 x 10“ u.m.u., has a dip of 
+650°—+ 70°, and a declination of 60°-90° E. The Earth’s 
present field in the area has a dip of — 60° and a declination 
of 26° W. 

The depth of the water is small compared with the 
horizontal dimensions of the summit magnetic anomaly 
and therefore profiles can be calculated assuming that the 
body is two dimensional. Profiles calculated using a 
number of assumptions, and observed profiles, are shown 
in Fig. 3. These profiles show more clearly than the 
calculations previously mentioned the factors controlling 
the magnetic anomaly. The curves V-V” and O-O’ were 
observed with the Vema and Conrad, respectively, along 
the tracks indicated in Fig. 1. These two observed profiles 
are seen to be quite similar. If the whole seamount were 
magnetized by induction the anomaly indicated by the 
dot-dash curve would result. Clearly, this does not fit 
the observed anomalies. If we assume that the whole 
body is magnetized with the approximately reversed 
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Fig. 2. Magnetic total intensity anomaly contours over Vema seamount. 
Values are in y. 
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Fig. 8. Obgerved and calculated magnetic anomaly profiles over Yoma 
seamount, for sections of track shown In Fig. 1. See text for the identi- 
fication of the various profiles. 


magnetization mentioned earlier (intensity 15 x 10° 
E.M.U., dip +70°, declination 90° E.) we obtain the profile 
dicated by the solid line and it shows appreciable misfit 
with observed anomalies on the western side. If, instead of 
ing the whole body magnetized, we assume that 
only the shaded portion of the body is magnetized, then 
this body magnetized in approximately the reverse 
direction gives the anomaly shown by the dotted curve. 
Only normally and exactly reversed directions of the 
field are believed to have existed during the past geo- 
logical ages. The fact that the magnetization of this 
seamount is not exactly reversed su that it is not 
homogeneously magnetized. This is borne out by the two 
dimensional calculations where it is shown that the 
magnetic body has steeper sides than the topographic 
one. Why this is so is uncertain. It is possible, however, 
that the flanks of the mount may have suffered more 
mechanical motions after cooling below the Curie tem- 
perature than did the central part which stayed hot until 
deformation ceased and cooled in place. The random 
displacement of the magnetized blocks on the flanks 
would then tend to have lower overall magnetic effect. 
We thank Prof. E. 8. W. Simpson for sending us his 
results before publication, R. Hekinian for discussions 
and analyses of petrographic samples, and Dr. M. Talwani 
for allowing us to use his computer programme. This 
work was supported by the U.S. Office of Naval Research 
and the National Science Foundation. 
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THE SOLID STATE 


Cation Distribution in Anthophyllite from 
Mossbauer and Infra-red Spectroscopy 
THE orthorhombic anthophyllite minerals and the mono- 
clinice cummingtonites and grunerites are members of 
two isomorphous amphibole series of composition 
(Mg,Fe**),8i,0.,(0H),. (All anthophyllites considered here 
have less than one aluminium (ITI) ion per formula unit?.) 
Anthophyllites have been described!)* with 0-3-28 iron (II)* 
* Tron (11) refers to high spin Fe" lons. 
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is held to be the boundary between faunal provinces and 
the line of closure of the Lower Palaeozoic ocean”. ‘The 
zone of nappes” means the boundary between the eugeo- 
oe and miogeosynchnal parts of the Scandinavian 
chain. 

Evidence for the Lower Palaeozoic Scandinavian 
faunal provinces which is more exact than that given by 
Wilson does not confirm this conclusion. Spjeldnses? 
discusses the Ordovician faunal provinces and presents 
three maps of faunal provinces for Europe in Lower 
Ordovician, Middle Ordovician, and Middle-Upper Ordo- 
vician time. The Scoto-Appalachian province is found in 
the eugeosynclinal part of the Scandinavian chain, and 
the Anglo-Scandic province mcludes the miogeosynclinal 
part of the chain and the Baltic region. These two pro- 
vinces are intimately related. There is a gradual transi- 
tion from one to the other and a certain amount of inter- 
calation. The south-eastern limit of the American—Arctic 
province lies along the Norwegian west coast (Smøla 
locality). The Cambrian faunas in Scandinavia belong to 
the Acado-Baltic province*. This outline shows in the 
faunal provinces of Scandinavia a close connexion between 
the eugeosynclinal and miogeosynclinal parts of the 
Caledonian orogen in Lower Palaeozoic time. 





Fig. 1. 

provinces and Caledonian ry arcs. , Axes of primary 

ares; — — — — , south-castern limite of faunal provinces in Middle Ordo- 

vician time (Lanvirn-Lower Liandello), (1) South-eastern lmit of 

American-Arotic province; (2) south-eas lmit of Scoto-Appalachian 

province; (8) south-eastern t of Anglo-Scandic province. (After 
Spjeldnes and Hernes.) 


Relation between British-Scandimavisn Ordovician faunal 





The Caledonian stratigraphic sequence ın which the 
faunas are found also indicates that the eugeosynolinal 
part of the Scandinavian chain is closely connected with 
the miogeosynclinal part. I should here like to point out 
the Early Caledoman Late Pre-Cambrian part of this 
sequence’, In Central Norway a gradual transition 
between the eugeosynclinal and miogeosynclinal parts 
of the Early Caledonian sequence can be seen. 

Lower Palaeozoic island arcs lay along the Norwegian 
west coast’. Wilson! suggests that these arcs were associ- 
ated with a western continent. The faunal provinces 
and stratigraphic sequence strongly indicate that these 
arcs were associated with the miogeosynclinal part of the 
Caledonian orogen and the Baltic shield (Fig. 1). It is 
probable that the island ares formed a barrier between 
the Scoto—Appalachian and the American—Arctic pro- 
vinces. An interpretation of a Scandinavian arc system 
associated with the Baltic shield has been given*:’. A 
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possible Scottish continuation of this system! seems to be 


in good accordance with the faunal provinces’. 
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Magnetic Anomaly over Vema Seamount 


Vema seamount lies in the South Atlantic Ocean about 
1,000 km west-north-wesat of Cape Town, at 31° 38’8., 
8° 20’ E. It was discovered by the R.V. Vema (cruise 
V-16) in 19591 and visited again by the R.V. Conrad 
(cruise O-8) in 1963. On both visits magnetic and bathy- 
metric measurements were included in the shipboard 
geophysics programme. A third, and more extended, 
visit was made to this location by a group from tho 
University of Cape Town’. 

This seamount is unique in that it rises to within 40 m 
of the sea surface from a depth of 4,600 m. The top 1s 
essentially flat with a diameter of 10 km, and was probably 
planed off by wave action at a time when the top was at 
the surface of the sea. The diameter of the base is about 
60 km, as shown in Fig. 1. For details of the bathymetric 
contours at the summit the more detailed bathymetric 
survey of the University of Cape Town? should be con- 
sulted. 7 

The magnetic measurements made from the Vema 
were achieved with a towed fluxgate type of magneto- 
meter and the measurements made from the Conrad with 
a towed proton precession magnetometer. The proton 
precession magnetometer has greater absolute accuracy. 
Both measured the total intensity of the ambient geo- 
magnetic field strength. Two hundred gammas (10*y= 
l oersted) were subtracted from the absolute value of the 
measurements to make them agree with the Conrad 
measurements. Some minor adjustments of track were 
necessary to make depths agree at track crossings. The 
change in magnetic field strength with time is in agreement 
with the secular variation of —70 y/yr as given on 
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Fig. 1. Bathymetne contours over Vema seamount. Depths are in 
uncorrected metres. , Fema track, —---~- , Conrad track. 
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unrestored one, showing that the present instrument 
provides nearly sufficient resolution for quiet Sun observa- 
tions, but the restored curve from the observations of 
Swarup and Parthasarathy at 60 om differs significantly 
from the unrestored one. This is not surprising, since 
their antenna had a rather broad beamwidth of about 
9 min of arc. Fig. 2 shows that the curve of O’Brien and 
Tandberg-Hansen is considerably smoother than the 
other two curves. 





2 O4 O6 t8 1-0 1-2 1-4 16 
Distance from centre of disk (units of RO) 


Fig. 2. A comparison of the east-west strip scans across the quiet Sun 
for a scanning angle of 90°; , observed distribution at 49 cm wave- 
length (restored); —— — , observed by O'Brien and Tandberg-Hangen; 
era: by Swarup and Parthasarathy (restored); — ~ -— ~, derived 
from the computed two-dunensional brightness distribution of Fig. 3. 





At desimetre wavelengths the brightness distribution 
over the solar disk is affected by both coronal and chromo- 
spheric contributions. The coronal contribution to the 
two-dimensional distmbution was determined by New- 
kirk’s* method of ray-tracing on a CDC 3600 computer. 
The electron densities were assumed to be the same as in 
Van de Hulst’s" model for sunspot minimum. For the 
sake of simplicity, surfaces of constant electron density 
in the solar corona were assumed to be elliptical in shape, 
which is a reasonable approximation to the shape observed 
by Waldmeier. The electron temperatur was assumed 
to be 1-6 x 10* °K, and the calculated value of brightness 
temperature at the centre of the solar disk due to corona 
alone was found to be 60,000° K at 49 cm wavelength. An 
interpolation of central brightness temperatures measured 
at 21 om! and 60 om? wavelengths, however, gives a 


Axis of rotation 








Fig. 3. Caloulated two-dimensional brightness distribution across the 
solar disk at a wavelength of 49 om (only one gundrant 1s shown), Oon- 
tours are in units of 10* 
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much higher value of about 200,000° K, which is nearly 
the same as the value given by Allen”. The difference 
may be caused either by radiation from the chromosphere 
and the transition layers between chromosphere and 
corona or by the existence of higher values of coronal 
electron density or lower values of electron temperature 
than we have assumed. In the absence of more precise 
information, it is assumed that the difference is caused by 
radiation from the chromosphere and the transition layers 
which give rise to a uniformly bright disk of 140,000° K. 
The resulting model of the two-dimensional distribution 
at 49 cm wavelength is shown in Fig. 3. This distribution 
corresponds to a radio flux density of the Sun of about 
20:5 x 10-** W m~* (c/s)~?, a value consistent with measure- 
ments. Recently, Furstenberg ef al.4 have concluded 
that the quiet Sun flux density at 636 Mc/s has a higher 
value than that given here, which would imply even 
lugher values of the chromospheric contribution; how- 
ever, no absolute calibration of solar flux-density around 
50 cm wavelength is available at present. 

The east-west strip scan obtained from the above 
two-dimensional distribution is shown in Fig. 2 after 
smoothing for the beamwidth of 2-8 min of arc. It is 
seen that there is reasonable agreement between the 
theoretical distribution and these observations. A north- 
south array consisting of eight 1-7 m dishes has also been 
constructed near Bombay. The data are being analysed 
to obtain a two-dimensional distribution. 

We thank Dra. M. R. Kundu and Paul Wild for 
valuable comments. The parabolic dishes of 17 m 
diameter, part of the interferometer originally set up 
by Christiansent, were provided by the Australian 
Government under the Colombo Plan. 
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PLANETARY SCIENCE 


History of the Atlantic Ocean and the 
Scandinavian Caledonian Chain 


J. Tuzo Wusox has discussed the history of the North 
Atlantic regioni. R i the earliest history he 
proposes that “From the Late Pre-Cambrian to the close 
of Middle Ordovician time an open ocean existed in 
approximately, but not precisely, the same location as the 
present North Atlantic”, and “From the Upper Ordovician 
to Carboniferous time, this ocean closed by stages’’. His 
proposal is mainly based on faunal provinces. Island 
arcs probably lay along the North American and Greenland 
coast. 

In this connexion he also discusses the Scandinavian 
Caledonian chain, and concludes that ‘The zone of nappes 
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type ITI bursts are indeed produced by magneto-hydro- 
dynamic waves, or magneto-hydrodynamic shock waves 
of low Mach number, observations of frequency drift rates 
will immediately give dN/dt; introduction of a model 
gives the Alfvén velocity and N, and from this the mag- 
netic field at each point can be obtained. Thus we have 
a method for evaluating the run of N and H between the 
Sun and Earth. 

Ordinary Alfvén waves will not excite plasma emission 
unless they steepen into weak shocks. This is a probable 
effect, however, particularly because theee Alfvén waves 
are supersonic. Observations show that type III bursts 
almost always occur in the first moments of a flare, when 
the disturbance of the magnetic field is the sharpest. 
Presumably, this disturbance will become even sharper as 
it travels outwards. 

I thank Drs. M. Kuperus and E. N. Parker for useful 
suggestions and discussion. This work was stimulated 
by the lectures on solar radio astronomy by Dr. Andre 
Boischot and was supported by the U.S. National Aero- 
nautica and Space Administration. 
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Radio Observations of the Quiet Sun at 
49 cm 


Tue brightness distribution over the quiet Sun was 
investigated at wavelengths of 50 and 60 om by Panovkin 
and Ovsiankin! and O’Brien and Tandberg-Hansen! 
with the help of two aerial interferometers during the years 
1954 and 1955. Both series of observations showed much 
less limb brightening than was predicted theoretically? 
on the basis of optically derived values of electron densi- 
ties and temperature in the solar corona. The disagree- 
ment was explained‘ by assuming that mhomogeneities 
in the solar corona scatter radio waves. Observations 
made using an interferometer of high resolution located 
near Bombay are found to be consistent with theoretical 
distributions based on a smooth corona and indicate 
that earlier measurements may be unreliable because of 
insufficient resolution. 

Tho high resolution interferometer consists of twenty- 
four parabolic dishes 1:7 m in diameter placed 27-4 m 
apart along an east-west line 631 m long. The interfero- 
meter is arranged in the form of Christiansen’s grating? 
and provides a number of fan-shaped beams with half- 
power beamwidth and separation of 2-3 and 61-4 min of 
arc respectively at 49 cm wavelength. It uses a new type 
of feeder system in which various parabolic dishes are 
coupled to a long parallel-wire transmission line by means 
of quarter-wave directional couplers. The parallel-wire 
line consists of two copper wires 7-6 mm in diameter and 
640 m long and is tied to a fixed support at one end 
of the interferometer and to a heavy weight (700 kg) 
at the other end. As the ambient temperature varies, the 
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line slides smoothly through the directional couplers which 
are fixed to the ground. Thus the path length between 
adjacent elements is unaffected by thermal contractions 
or expansions of the wires. Since this type of transmission 
line is highly dispersive, the bandwidth of the receiver has 
to be restricted to about 300 ke/s at 612 Mc/s; however, 
this system has a great advantage in that beams pointing 
at different parta of the solar disk at the same time may 
be obtained simply by making observations at slightly 
different frequencies. This feeder system is quite stable. 

Fig. 1 shows a superposition of records obtained over 
about 16 days during June and July 1965. The peaks in 
the records are caused by sources showing a component 
which is slowly changing. The half power widths of the 
peaks near central meridian passage of two sources 
observed during this period and of two stronger sources 
seen. during March and April 1966 were found to be 8:8, 
9-3, 8-3 and 9:2 min of arc respectively. The beamwidth 
of the interferometer was calculated to be about 2'8 min 
of aro including the effect of the receiver bandwidth of 
300 ke/s and a time constant of 3 seo. Thus the size of a 
source of slowly varying component at 49 om wavelength 
is found to be about 8 or 9 min of aro, which ia comparable 
to the value of 10 min of are caloulated by Newkirk* 
from his model of coronal streamers. 
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Fig. 1. A superposition of dally records obtained at 40 om wave- 
length with the east-west array during June-July 1085. The lower 
envelope is shown by a broken line, 


The lower envelope of the records in Fig. 1 shows the 
one-dimensional strip scan over the quiet solar disk in an 
east—west direction. It is compared in Fig. 2 with the 
strip scans obtained in 1954 at a wavelength of 60 cm 
by Swarup and Parthasarathy’ and O’Brien and Tand- 
berg-Hansen*. Observations by O’Brien and Tandberg- 
Hansen were made with a two serial interferometer the 
antenna of which had a spectral sensitivity function of 
uniform value up to a cut-off value. The other two curves 
were derived from observations made with multi-element 
interferometers with beam-patterns of (sin 2/2)? shape, 
the spectral sensitivity function of which had a triangular 
taper, and these were partially restored using the method 
of chord construction’*. The restored curve from observa- 
tions made by us at 49 om differs very little from the 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Production of Fast Drift Bursts 


Taree kinds of fast drift radio bursts from the Sun, with 
frequency changes corresponding to outward velocities of 
108 km/sec, are observed: type OI bursts, produced by 
even quite small solar flares; “herringbone structure’, 
produced by type IT slow drift bursts; and “inverted U 
bursts”, in which a fast drift burst starts outward and 
turns back down. 

Any model of the production of these bursts must 
explain several important characteristics. The frequency 
drift corresponds to an outward velocity of 1/3 c = 10° 
km/sec. The drift velocity distribution exhibits a sharp 
peak, and much higher and much lower velocities aro not 
observed. Very little deceleration is observed; even the 
inverted U bursts show a fast drift after they have been 
turned downward. The type IIT bursts which are pro- 
duced by small flares are frequent. There seems to be a 
preference for small flares in particular configurations, 
particularly those close to sunspot umbrae!. 

It is widely held that fast dmft bursts? are produced by 
streams of fast electrons from small flares, or by the 
shock front in the case of type II burst herringbone 
structure. In the inverted U burst the particles are 
thought to be turned downward by & strong magnetic 
fleld. 

In 1957 Westfold? proposed that the type IT bursts 
were produced by Alfvén waves travelling outward in 
the corona. Although this view was criticized on the 
grounds of the insufficiency of coronal magnetic field 
strength, I think that it should be reconsidered in view 
of the shortcomings of the fast electron model. 

Type IL bursts are extremely frequent, sometimes fifty 
or more a day. Recently, electrons from solar flares with 
energies of more than 40 keV have been detected by Van 
Allen and Krimigis* and by Anderson and Lin‘; but the 
events involved were all outstanding bursts, accompanied 
by type IV continuum emission. The fluxes measured are 
of the order of 200/cm* ster sec, for about 15 min. If 
we estimate that the duration of passage of the hypo- 
thetical electron stream at a point in the corona is 1 sec 
(the measured size of the bursts is about 200,000 km), 
then the pulse of electrons at the Sun is about 8 x 10*/ster 
em sec at values greater than 40 keV. But the model 
of the bursts by Wild, Smerd and Weiss? requires fluxes of 
the order 101* to produce the observed emission. Thus 
there is a large discrepancy between the observed electron 
fluxes and those required. - 

The fast electron model falls short ın several ways. It 
requires that even very small fiares produce fast electrons; 
these are not observed. It would be expected that X-ray 
bursts would correlate well with type III bursts, but there 
is no such connexion, except with decimetre bursts. In 
fact, the decimetre type IV bursts, which almost certainly 
result from fast electrons produced in large flares, are 
poorly correlated with type ITI bursts. It would be 
expected that electrons of fairly wide energy range would 
come from @ single flare, or from various flares; but 
Stewart* shows a definite peak in the region of 0-5 o for 
the velocity drift of type III bursts. Furthermore, no 
deceleration is observed in the drift velocities down to 
10 Mc/s, so a filtering or absorption of electrons cannot 
be assumed in order to explain the low values observed 
near the Earth. 


It would seem that a more natural explanation of this 
common phenomenon of fast drift bursts is that there is 
a characteristic velocity in the solar atmosphere with 
which waves propagate naturally when disturbances 
occur. This propagation clearly must be the Alfvén 
wave. Alfvén waves must occur whenever the magnetic 
field is perturbed, either by a flare or the passage of a 
shock wave. They propagate easily, with little dissipation. 
As they travel outward, they should steepen into weak 
magneto-hydrodynamic shocks; these in turn excite 
plasma oscillations which produce the radio emission 
from each point along the path. 

There ıs little evidence concerning magnetic fields in 
the corona. Takakura’ required fields of at least 100 G 
to explain gyroresonance absorption of the first harmonic 
of type II bursts; Korolkov, Soboleva and Gelfreich® 
observed 100 G flelds above a radio-emitting spot region; 
Zirin?’ observed 100 G fields in a loop prominence over a 
large spot. All these measurements, as well as others not 
mentioned, refer to a coarse, overall field. It is more 
likely that the field is stronger but irregularly distributed 
in radial plumes. 

The density of N, at the point of emission is determined 
from the plasma frequency 


Ne = 1-26 x 10t f3 (Mc/s) 
If the observed drift velocity is the Alfvén velocity 


cn eee = 195 x 10 -2 
an Ne MH J 


(Here f is in Mc/s.) Thus for f = 40 Mc/a and v = 10, 
N. = 2 x 10 and B = 200 G; forf = 2 Mc/s and v = 3 
x 10°, Ne= 6 x 104 and B=3 G. These are not 
impossible values. 

It is interesting that Zhelezniakov’® rejected the West- 
fold mechanism for type III bursts because the large 
magnetic field results in a gyrofrequoncy much higher 
than the plasma, frequency (about fifteen times greater 
in our example). In this case, he points out, only the 
extraordinary wave should escape and circular polariza- 
tion would be observed. But circular polarization has 
been observed by Rao", and has also been found by 
Stewart! for the herringbone structures which are our 
second example of fast drift bursts. The same would be 
expected of U bursts. The fact that the fundamental 
radiation escapes at all indicates that the situation is not 
simple; in ẹ uniform corona the fundamental radiation 
could only escape radially, whereas Wild, Sheridan and 
Neylan'® have shown that the fundamental radiation 1s 
strong from all over the disk. 

Present estimates of the drift velocity may be high; 
as the coronal density is great above a sunspot region, 
the gradient above that point is probably steeper than 
that in the model used to obtain the drift velocity from 
the wavelength change. For a fairly constant drift 
velocity, the ratio B*/4n p would have to be more or less 
constant in the inner corona, and fall off in the outer 
corona towards its much lower value near the Earth 
(Va = 200 km/sec). Satellite observations of fast drift 
bursts at very low frequencies would offer useful tests of 
this. The narrow range of observed velocities requires a 
limited range of H*/4r0; but such a relation is already 
observed in the low corona (high magnetic fields are 
usually accompanied by high coronal densities). If the 
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. found experimentally. For example, at 300 Ib./in.? and 
_ room temperature, ¢ was found to be 2-7 x 10- em/h. 
The calculated rate with Dye = 0-8 exp { — 15,700/RT) from 
_ Okkerse’? and E = 3-5 x 10° em (100 atoms) is è = 
_ &x 10-5 em/h. A variation (upward) of 10 per cent in the 
-Value of Qg, which is a very probable experimental error, 
| gives a calculated value of š = 5-8 x 10-6 em/h, which is 
close to the experimental value. 

In a polycrystalline specimen, the rate of creep due to 
sliding can be calculated by combining equation (1) with 
the extension due to sliding’, cgb, where 


ego = Kne (2) 


| where K is a constant close to unity, n is the number of 
“grain boundaries per em, and § the average amount of 
sliding per boundary occurring in time t. Thus if ego 
equals ctotal. the overall extension, the creep rate è is 
“> given by 


o 
li 


: Knajt 
“hence 


fat 
i 
oe 
l 


«s Do Q/LkT 
or 
è = Kn okey Dyo QJEkT (3) 
«Tf eg» does not equal stota; allowance can be made for this. 
Equation (3) cannot be used directly until the propor- 
< “tion of the time during which sliding is actually occurring 
“en a typical boundary is known, but it can explain very 
much faster rates of creep at low stresses, particularly 
when P approaches 0°5 Tm, than the Nabarro—Herring 
“or Coble equations. High rates of sliding are also relevant 
to the problem of the stabilization of nuclei of grain- 
boundary cavities. Moreover, the proposed mechanism 
increases the importance of grain-boundary sliding, which 
aecords with observations. It can also explain high rates 
“ef creep in cases where bulk deformation of the grains is 
absent, which may be important in the ereep of ceramics 
and in some cases of superplasticity. 
We thank Prof. M. E. Hargreaves for helpful discussion. 
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PHYSICS 


Monolayer Transfer to a Rotating Cylinder : 
Surface Flow Patterns 


uo (CURRENT interest in the removal of films of contaminants 


from water by rotating cylinders has prompted an in- 
vestigation of the mechanism. Remarkable effects are 
“observed when a small cylinder is rotated in a monolayer 
‘held at constant surface pressure: (1) the monolayer is 
` quantitatively transferred from the water surface to the 
cylinder; (2) fatty acid and alcohol films differ markedly 
in behaviour after the first layer is deposited; and (3) 
well defined flow patterns are produced when the cylinder 
is used as a surface pump for alcohol monolayers. 
Transfer of a monolayer to a cylinder differs considerably 
from the vertical-plate method of transfer!?; not only is 
the transfer continuous, but also one side of the cylinder 
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rises out of the water-air interface while the other side 
descends into the interface. Ascending and descending 
transfers must be intermittent in the vertical-plate method. 
In the cylinder method, a stainless steel cylinder, 5 cm. 
long and 4 em in diameter, is immersed radially about 
3 mm into the aqueous substrate of a film-balance trough 
before the monolayer is spread?*. An axle mounting and 
a graduated disk permit controlled rotation. 

Stearic acid is transferred quantitatively from the 
water surface to the cylinder when the cylinder is rotated 
at a rate such that the simultaneous reduction in. film 
area maintains a constant surface pressure. Such transfer | 
has been demonstrated at several pressures. Initially, the 
monolayer of acid is deposited on the ascending side of- 





the cylinder and no deposition occurs on the descending — fae 


side. When the film-covered surface of the cylinder 
reaches the water-air interface on the descending side 
(about 0-8 revolution), however, the cylinder begins to 
pick up a second layer, which is undoubtedly deposited 
with hydrocarbon chain to hydrocarbon chain orientation. 
When this inverted second layer reaches the water-air 
interface on the ascending side (1-0 revolution), a third 
layer begins to deposit with polar group to polar group 
orientation and soon. Thus, once the cylinder has rotated 
about 0-8 revolution it begins to pick up two layers 
simultaneously, one on the ascending and one on the 
descending side. This is shown not only by area calcu- 
lations but also by the easily visible movement of Lyco- 
podium powder sprinkled on the film in front of and behind 
the cylinder. At 0-8 revolution, the Lycopodium powder ` 
moves toward the cylinder on both sides. ; 

The initial behaviour of a monolayer of cetyl aleohol 
(first 0-8 revolution) is similar to that of stearic acid. 
When the monolayer-covered surface reaches the water-air. 
interface on the descending side, however, a second layer — 
of alcohol is not picked up. Subsequent rotation of the 
cylinder requires no reduction in film area to maintain- 
constant surface pressure. Lycopodiwm powder clearly 
shows that the first layer moves away from the eylinder 
to the water surface on the descending side. The mono- 
layer therefore moves on to the ascending surface of the 
cylinder and leaves the descending surface at the same 
rate. Thus cetyl alcohol and stearic acid, the pressure- 
area isotherms of which are very similar, show striking 
differences in transfer to a rotating cylinder. ; 

Most remarkable, however, are the surface-flow patterns 
formed by the desorbing film of alcohol, as shown in Fig. 1. 
The experiments illustrated were performed at a surface 
pressure of 20 dynes/em. Lycopodium powder was care- 
fully applied after several preliminary revolutions of the 
cylinder. The direction of rotation in the photographs is: 
such that the upper surface of the cylinder moves to the 
right, toward the white ‘Teflon’ float visible beneath the 
bridge. Fig. la was taken immediately after the Lyco- 
podium powder had been applied (0-0 revolution). At 
0-5 revolution (Fig. 1b) the film has clearly risen on the 
cylinder and that portion moving away from the eylinder 
toward the float forms a curved pattern. At 1-25 revolution 
(Fig. 1c) the monolayer covered with Lycopodium powder 
continues to move away from the cylinder and the outer 
cardioid pattern is visible. After 3-5 revolutions (Fig. 1d) 
the flow pattern becomes clearer. Smaller patterns of 
somewhat similar geometry are formed inside the original 
cardioid. The film has great stability, and therefore the 
patterns formed by continuous rotation at constant sur- 
face pressure are identical to those formed by stepwise 
rotation. The cylinder thus provides a pump for the 
investigation of surface flow. 

The marked difference in behaviour between the acid 
and the alcohol undoubtedly indicates that the carboxyl 
group adheres to the metal cylinder more strongly than 
the hydroxyl group. Of equal importance may be the 
high equilibrium spreading pressure and the spontaneous 
spreading ability of the alcohol. Octadecyl aleohol, o 
with two more carbon atoms, is very similar to cetyl: 
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Fig. 1. Surface flow patterns produced by cylinder rotation in a monolayer of cetyl alcohol at 20 dynes/cm, 


` alcohol in its surface behaviour, except that it produces a 
eousiderably tighter cardioid pattern. 
` These observations suggest new methods for continuous 
transfer of films and for differentiating film-forming 
compounds. Moreover, the flow patterns shown with the 
eylinder system may greatly simplify problems in surface 
rheology as well as provide a means for analysing problems 
in three-dimensional or bulk flow. 
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_ Hysteresis in the Flow through an Orifice 


DECKKER' described a well defined hysteresis in the flow 
of air through square-edge circular orifices. The hysteresis 
was obtained with orifices of different diameters which all 
had length/diameter ratios of 0-5. He states ‘It is curious 
that this phenomenon had not been encountered earlier 
in the long history of investigation of the flow of compres- 
sible fluids”. This phenomenon of flow instability with 
‘tho sguare-edge circular orifice has been reported in several 
previous investigations?-° and there is now fairly wide 
agreement that the main factor influencing the value of 
the discharge coefficient is the extent to which the flow 
- Which separates from the orifice wall at the inlet edge 
~ reattaches itself to the wall before the outlet edge is 
reached, 
A discontinuity in the discharge coefficient /Reynolds 
humber characteristic for an orifice with a length/ 
< diameter ratio of 0-929 can be traced in Zucrow’s? experi- 
ments. with benzol and again in orifices with various 
length/diameter ratios in the work of Koennecke® using 
oil, An orifice tested in air by Grace and Lapplet had a 
Jongth/diameter ratio of 1-0 for its upstream half followed 
‘by a diverging conical chamfer. The discharge coefficient/ 
Reynolds number characteristic showed that the discharge 
eoofficient values were scattered between 0-61 and 0-84 
over a small (5:1) flow range. Some of the secondary 
factors which could have caused this scatter are discussed, 
ineluding minor pressure pulsations in the lines, vibration 


of the equipment, the surface condition of the orifice: 
throat and the orifice approach conditions. Deckker’s 
results show a somewhat similar, though smaller, scatter 
over the entire range of his investigation. 

In a study of the flow stability of liquids in small 
square-edge cylindrical orifices Northup? showed that the 
relation between mass flow and pressure drop sometimes 
consisted of two parallel curves and commented “Here 
the tendency for the descending flow to jump back to its 
high value, resulting in what might be called a hysteresis 
loop, is seen ...”. Northup also tested a transparent 
orifice and showed that cavitation could be one of the 
causes of the instability of flow. Spikes and Pennington® 
suggested that the effects of cavitation could cause a 
considerable change in the discharge coefficient for any 
length/diameter ratio greater than 0-14. They mention, 
an apparent hysteresis in the unstable region and found 
that an orifice with a length/diameter ratio equal to 0-5 
was the most unstable configuration of all. Nakayama’ 
experienced instability in some water tests using orifices 
with length/diameter ratios of 0-799 and 0-944, when two 
different flow regimes were observed, but when air was 
used the instability did not occur, 

Deckker’s work is an interesting extension of these 
earlier investigations, but if stable flow is required the 
practical limitations of the square-edge cylindrical orifice 
have already been established. 
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Shear Elasticity in Organic Liquids 
Ar sufficiently high velocity gradients, shear elasticity can 
show itself in a fluid by the development of stresses normal 
to the direction of shear. In 1960, Reiner? claimed to have 
detected such normal stresses in toluene at velocity 
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gradients of about 10° sec-!.. Reiner's rotating disk type 
of apparatus had certain drawbacks: imperfections in 
he plate surfaces could produce normal forces even in 
wtonian fluids, and secondary flow phenomena, centri- 
fugal and viscous heating effects were difficult to eliminate. 
_ For these reasons, the results were open to some doubt. 
A new technique was evolved in 1963, when Shertzer 
and Metzner? followed a suggestion by Harris‘ that the 
measured thrust of a laminar fluid jet should provide 
normal stress data. Two viscoelastic liquids were used, 
giving normal stress differences at high shear rates which 
formed a reasonable extension of existing low shear rate 
data. The reproducibility of these results was confirmed 
by Oliver’, who made the interesting observation that 
simpler liquids such as ethylene glycol and ethyl alcohol 
could give the same type of jet thrust behaviour as the 
1 acknowledged viscoelastic liquids, though the effect was 
smaller and less readily detected. It seemed that shear 
‘elasticity was present in all the liquids studied. 
-U The jet thrust method involves measuring the difference 
between the momentum flux of the liquid in a capillary 
tube and the (slightly smaller) thrust exerted by the 
- issuing jet. When allowance is made for surface tension 
forces, the difference is directly related to the total normal 
“stress in the axial direction. The assumptions which need 
-to be made in order to calculate the remaining com- 
_ ponents of the stress tensor have been fully diseussed?*>-*. 
_ It should be emphasized that the demonstration of the 
_ presence of elasticity in simple liquids does not depend on 
the exact validity of these assumptions. 
“We have recently carried out jet thrust experiments 
© using a series of normal paraffins (Cs, C,, Ce Cio), @ series 
< of normal aliphatic alcohols (Cs, Cs, Ca, Cs), toluene and a 
light mineral oil of viscosity 45-9 cP (23-5° C) and specific 
_ gravity 0-880 (23-5° C). The apparatus has been described 
_ previously’; additional capillary tubes of diameter 
0:0102 in. and 0-00887 in. were used in order to extend 
the range of velocity gradients to 104-10® sec", The tube 
Reynolds number for the mineral oil jets was in the range 
17-66; for all other liquids the range was 94-9,670. The 
onset of turbulent flow was marked by a distinct drop in 
othe jet thrust and data taken at such points were rejected. 
In most cases the jet thrusts, corrected for surface tension 
forces, lay some 3-15 per cent below the values calculated 
“from the momentum flux, while the experimental error 
was +2 per cent. The variation of thrust deficit with jet 
` velocity and tube diameter was consistent with that 
previously reported’. 








e A Table 1. VALUES OF THE FIRST NORMAL STRESS DIFFERENCE AND THE 
: SHEAR STRESS AT A VELOCITY GRADIENT OF 10° sEO™! (23-5° C) 













Viscos- Ual Pu Pow  (Pyy-Pas)w (ris) (Pur-P ss)" 

Liquid ity (cP) dina F/D (dynes/em*) (dynes/em*) (tye 
-o-Pentane 022 1-81 15 x 104 2-2 x 10° 68 
oo 9sHeptane 039 1-43 1-9 x 104 3-9 x 10% 49 
ae Octane 0-52 1:56 16 x 10° 52x 108 31 
ooo a Decane 0-82 1-58 1-8 x 104 8&2 x 10? 22 
20 Bthanol 110 147 17x 108 11x 108 15 

i n-Propanol 2°32 1-44 1-9 x 10 2-3 x 10° 8-2 

“i Butanol 2-88 1:33 2-6 x 104 2-8 x 108 93 

n-Pentanol 3-82 1:38 2-8 x 10* 3-8 x 10 T4 
Toluene 056 1-62 2-9 x 104 5-6 x 10° 62 

neral oil 45-9 1:35 1-2 x 10° 4-6 x 10t 2-6 


(Py~Py)o is the first normal stress difference, tube wall conditions; 
; arin le the wall velocity gradient; (t,:)e is the shear stress, tube wall 
o conditions. 





0o The first normal stress difference was calculated*.* and 
plotted against the tube wall velocity gradient. Table 1 
summarizes the results and the data for toluene are shown 
| graphically in Fig. 1. The normal stress differences show 
much less variation than the liquid viscosities, as noted 
before’, but the alcohols show a progressive change of 
normal stress whereas the less viscous paraffins show no 
_ significant variation. Toluene exhibits distinct normal 
-stress behaviour, supporting Reiner’s conclusion’, while 
; the mineral oil gives the largest absolute value of normal 
stress difference, the shear stress being of the same order 
of magnitude. 
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Fig. 1. Relationship between first normal stress difference and: velocity - 


gradient for toluene, Tube diameters (in.): ©, 0-00887; A, 0-0102; 
0, 00130; Y , ©0170. WEES 


The relative normal stress difference seems surprisingly 
high for the liquids of low viscosity; in view of the proved 
connexion between viscoelasticity and turbulence suppres- 
sion’-* some effect on the nature of turbulent flow may be 
anticipated. A striking feature of the jet measurements: 
was that Reynolds numbers well in excess of 3,000 could - 
frequently be reached before the jet thrust indicated any 
deviation from laminar flow. This behaviour was more 
pronounced in the smallest tubes, that is, in those in which 
the wall velocity gradients were highest, and in one cage a 
heptane jet of tube Reynolds number 5,900 (tube diameter 
0-00887 in.) appeared to switch intermittently ‘between 
laminar and turbulent flow. The tube L/D was 212 and the 
entrance (as in all eases) square edged. Friction factor - 
measurements confirmed the implication of the. jet. 
experiment that between Reynolds numbers of 3,000 and — 


10,000 the flow was often more nearly laminar than | 
turbulent, despite the fact that the entry conditions were - 


not conducive to this type of flow. The limited data — 
available, however, indicated that when turbulent. flow. 
was present the friction factors were only some 5-10 per 
cent below the anticipated values. eae 
To sum up, the jet thrust method is capable of giving ` 
normal stress data for liquids previously assumed. to be 
Newtonian. In highly sheared flow the liquids do not. 
become turbulent in the normal range of Reynolds 
numbers; this may be associated with the elasticity. 
possessed by the fluids. Further work is being carried out 
on this topic. 
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CHEMISTRY 
lonization in Hydrocarbon Flames 


We wish to comment on an omission of generality in the 
interpretation of data obtained by Green and Sugden! 
concerning ionization in flames which contain hydro- 
carbons. These data form the quantitative basis for the 
reaction 

CH + O = CHO* +e Q) 


which is usually accepted to be responsible for CHO® in 
hydrocarbon flames?-?, With premixed flames of hydro- 
gen; oxygen and nitrogen at atmospheric pressure, and a 
< l per cent admixture of C,H,, Green and Sugden 
analysed their data according to the general mechanism 


B+C — AH+ +e k 
AH* + H,O — A + H,O* ky 
H,O +e --H,O+H k 


This mechanism requires that [AH+] œ [H,O+] max; the 
only ion observed which fits this criterion for a primary 
-ion was found to be CHO+. Furthermore, the rate of 
ion, formation was found to be proportional to [C,H,]). 
“thus B was assumed to be the only species containing 
carbon, C being a normal constituent of hydrogen—oxygen 
flames such as H, OH or O. Of the three possibilities for 
the formation of CHO+, C + OH, CO + H, and CH + O, 
the last was chosen as the most favourable. 
Generalization of this sequence to allow for multiple 
reactants and products, that is 


B + C AH tet E 


does not interfere with the arguments of Green and Sugden 
which support CHO* as the primary ion; however, in- 
élusion of E enables hydrocarbon species B to be con- 
sidered which contain two carbon atoms, such as C, or C,H, 
both of which might, like CH, be proportional to the 
‘acetylene concentration. Consideration of C, suggests the 
mechanism 


C, + HO, = CHOt + e + CO (2) 


a reaction which gives out 30 kcal/mole more heat than 
reaction (1). This is an adequate alternative mechanism 
except that C, is not known to be produced by any process 
of the first order with respect to the concentration of 
acetylene (although it is known to be present) and even 
the most advantageous reaction for its formation 


C,H + OH = ©, + H,O 


uses heat to the extent of 20 keal/mole. As an alternative 
mechanism 


C,H + O, = CO + CHO +e (3) 


can be proposed; it requires 60 keal more heat, however, 
than reaction (1). Nevertheless, were the oxygen to be 
in the CE AEF or C3 A, state, reaction (3) would con- 
stitute an equally conceivable process leading to CHO*. 
Although no evidence is available as to their concentration 
coin flames, such states of oxygen might be expected to 
‘form in the process 


O(@P)+0(P)+X=0%4+X 


So far as C,H is concerned, it also has not been directly 
observed although Kistiakowsky et al.®° have invoked 
C,H participation in acetylene oxidation occurring in 
-shock-tubes. 

- Perhaps the most convincing evidence that ionization 
in hydrocarbon flames involves only a single carbon atom 
‘species is provided by the flame ionization detector! and 
eyelotron resonance’? observations of the first order 
dependence of the rate of ion formation on methane con- 
centration. Both these techniques also demonstrate a 
remarkable correlation between ion formation sensitivity 
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and carbon number in saturated hydrocarbons, With 


the flame. ionization detector, which ‘utilizes a diffusion 
flame of hydrogen in air, this sensitivity generalization 
also applies to unsaturated compounds, except for 
acetylene, which has a 30 per cent greater rate of ion 
formation than ethane. In the premixed flame monitored 
by cyclotron resonance, olefines (in particular, C,H,, 
C,H, and C,H,) are considerably more effective, per 
carbon atom, and acetylene is three times more efficient 
in forming ions than ethane. In view of this abnormal 
behaviour of acetylene, the assumption of a direct ċor- 
relation between the methane and acetylene systems would 
seem premature. 

If ionization in all hydrocarbon systems arose from 
reaction (1), then it might be possible to trace different | 
levels of ion formation with various compounds to different 
efficiencies of conversion to CH in the flame. We have set 
up a diffusion flame of hydrogen in oxygen (reaction zone 
l mm x 4 mm) and havo simultaneously measured the 
intensity of ionization and CH emission at 4315 A for the 
hydrocarbons CH,, C,H,, C,H, and C,H, as a function of 
concentration in hydrogen up to 0-2 per cent. As shown 
in Fig. 1, all emissions and ion formations are first order 
with respect to the concentration of the hydrocarbon. 
Because no process leading to CH chemi-emission, which 
is also first order with respect to the concentration of the 
hydrocarbon and applicable to CH,, appears feasible from 
considerations of energy, we assume the CH emission to 
be thermal luminescence and thus to reflect the CH con- 
centration. It is therefore significant to compare sensi- 
tivities for these processes in the low concentration range 
and these are listed in Table 1. 


Table 1, RELATIVE SENSITIVITIES OF HYDROCARBONS TO ION FORMATION, 
CH Emission AT 4315 A, AND ARSENIC CHBMI-EMISSION aT 2288 A 


Rate of 
ion formation 


As emission 


CH emission 
intensity at 2298 A 


intensity at 4315 A 


cH, 1-0 1-0 10 
CHa 18 21 2-0 
CoH, t8 2-0 2-0 
CH 2-6 1-9 16 


The relative insensitivity of the CH emission to the nature 
of the hydrocarbon source provides strong evidence that 
the high level of ionization in acetylene is not related toa 
greater efficiency of conversion to CH. It might, however, 
be argued that the varying levels of ionization result from 
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greater or lesser overlaps of the CH and O concentration 
profiles, a factor which would in no way influence the 
CH emission. 

Another aspect of emission from hydrocarbon flames is 
hat associated with the chemi-luminescence of added 
metal atoms. Sugden” has suggested that these emissions 
may arise from the process 


CH + O + M = CHO + M* (or CO + H) 





which closely resembles the ionization process (1) and 
provides a maximum of 200 kcal for excitation. In 
addition, with a general third body, this type of reaction 
is an attractive way of producing the CHO emission, 
which is observed in flames», This aspect, and because 
it affords sufficient energy to produce the upper states 
from which metal chemi-emissions are observed without 
help from kinetic energy of collisions, recommends such a 
. proposal over other possibilities.1%, A direct parallel is 
- therefore implied between the rate of ion formation and 
- emission of metal atoms. This type of emission has been 
_ studied with the same arrangement for the flame as was 
_ used previously, adding 0-01 per cent arsenic trihydride as 
the chemi-emitting metal. First order dependence on the 
‘hydrocarbons listed in Table 1 was obtained for arsenic 
emission at 2288 A; this is illustrated for CH, and C,H, 
Again we conclude that the relative sensi- 
_ tivities for this emission, given in Table 1, are significant 
- -with respect to the ionization process (1). The low C,H, 


“sensitivity for this arsenic emission contrasts with its high 


“jon formation sensitivity, which fact further emphasizes 
the supposition that ionization in the acetylene flame does 
not result exclusively from reaction (1). 


30 
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> 


As emission intensity 
> 


0-03 0-06 OL 0-3 06 1-0 


Concentration in hydrogen (per cent) 
Fig. 2. 


In summary, while we agree with Green and Sugden 
that an ionization process such as 


CH + O = CHO+ +e 


| o occurs, we think that there is strong evidence to indicate 

that a second process occurs in flames with acetylene and 
related unsaturated compounds. If such a second process 
< does occur in acetylene flames, the work of Bulewiez and 
Padley’? suggests that, in the premixed flames used for the 

“mass spectrometric studies, the greatest portion of the 
ions may have been formed by that path. We favour the 
reaction 


C,H + O*-—> CHO* + CO +e 
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because this process must involve a species which can 
readily be derived from acetylene. 


R. F. KLEMM 
A. T. BLADES 


Research Council of Alberta, 

Edmonton, Alberta. 

! Green, J. A., and Sugden, T. M + Ninth Symp. on Combustion, 607 (Academic 
Press, New York, 1963), 

* De Jaegere, 8., Deckers, J + and Van Tiggelen, A., Eighth Symp: on Com- 
bustion, 155 (Williams and Wilkins, Baltimore, 1963). A EA 

*Caleote, H. F., Eighth Symp. on Combustion, 184 (Williams and Wilkina, 
Baltimore, 1963). ey 

* Caleote, H. F., Kurzius, 8. C., and Miler, W. J., Tenth Symp. o 
tion, 605 (The Combustion Institute, Pittsburgh, 1965), Bay 

*Fontijn, A., Miller, W. J., and Hogan, J. M., Tenth Symp, on Combusi 
545 (The Combustion Institute, Pittsburgh, 1965). we he 


* Hand, C. W., and Kistiakowsky, Œ. B., J. Chem. Phys., 87, 1239 (1982). 


* Bulewicz, E. M., and Padley, P. J., Ninth Sump. on Combustion, 688 
(Academic Press, New York, 1963). cy Par 


* Glass, G. P., Kistiakowsky, G. B., and Michael, J. V., J. Chem. Phys., 42, 
608 (1965). 


z ace a tord W., and Kistiakowsky, G. B., J. Chem. Physa 37 1280 


+° Sternberg, J. C., Gallaway, W. S., and Jones, D. T. L., Gas Chromatography, 
231 (Academic Press, New York, 1962). 


1 Sugden, T. M., Annual Rev. Phys. Chem., 18, 869 (1962). 

1 Vaidya, W. M., Proc. Roy. Sot., A, 147, 513 (1934). 

1: Spokes, G. N., and Gaydon, A. G., Nature, 180, 1114 (1958). 

u Cummings, G. A. MeD., and Hutton, E., Combustion and Flame, 10,195 


* Bulewicz, E. M., and Padley, P. J., Combustion and Flame, 5, 331 (1961): 


Fluorescence of Photo-degraded Tyrosine 7 p 
Solutions ! 


INVESTIGATION of the photo-degradation of- aqueous 


tyrosine solutions by means of emission spectroscopy has __ 


revealed in the photo-degraded solutions a new. emission: 
(wavelength of maximum fluorescence intensity, Amax = 
410 my) in addition to the main tyrosine emission (Amas 
303 my). This new emission may be useful in the quanti- 
tative investigation of the photochemistry of tyrosine. 
The identification of this new emission with a photo- 
degradation product seems to explain the difference-in 
the spectra obtained by Longin! and Teale and Weber? 
for aqueous tyrosine solutions. 

Investigations of the absorption spectra of aqueous. 
tyrosine solutions which have been irradiated in the 
near ultra-violet region of the spectrum show an overall 
increase in their absorbance after such treatment’. An 
additional absorption at longer wavelengths than tho 
tyrosine absorption is also observed. By means of difference 
spectrometry, Dunlop* has shown that this overall in- 
crease in absorbance is accompanied by a decrease in the 
absorption due to tyrosine, and Vladimirov? has demon- 
strated that the changes in the absorption spectrum that. 
are observed on irradiation are accompanied by a 
decreaso in the intensity of the fluorescence emission of 
tyrosine (Amax = 303 my). No further emission associated 
with these photo-degradation processes has been reported, 

In the present experiments the fluorescent emission of 
unirradiated and irradiated aqueous solutions of tyrosine 
has been investigated. Samples of tyrosine of different 
purity were used; all gave very similar results. The 
solvent used in those experiments was either de-ionized 
water or ‘AnalaR’ water. The fluorescence measurements 
were made in an Aminco-Bowman spectrophotofluoro- 
meter, in which the fluorescent emission is viewed at 
90° to the incident radiation. An excitation maximum 
for tyrosine was found at 275 mu, which is in good agroe- 
ment with the observed absorption maximum at 274-7 my. 
This excitation maximum, however, is not corrected for 
the variation of intensity with wavelength of the excita- 
tion system—a xenon lamp and monochromator. The 
emission maximum, 310 my, was considerably higher 
than the value of 303 my observed by Teale and Weber? 
and Vladimirov’. When the spectrum was corrected for 
the spectral response of the photomultiplier and emissio 
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Pig. t Emission spectra of aqueous solutions of tyrosine (10 M). A. 
unirradiated; B, irradiated for 15 min; C, 30 min; D, 50 min. 


monochromator, however, the true emission maximum 
was found to be 304 my, in very good agreement with 
accepted values*'. Continuous excitation of the sample 
_ at a wavelength of 275 my showed that the fluorescent 
Intensity decreases, in agreement with Vladimirov’. 
— The uncorrected fluorescence emission is shown in Fig. 1. 
An view of the appearance of a new absorption at longer 
_ wavelengths than the absorption of unirradiated tyrosine, 


(othe Possibility of further fluorescence emission in irradiated 
«solutions using higher exciting wavelengths was examined. 
2 Ab a wavelength of 320 my, a new fluorescent emission 


with an emission maximum at 410 mu uncorrected, and 
oan excitation maximum at 320 mp uncorrected, is easily 
=< detectable. The increase in the intensity of this emission 
` after longer times of irradiation, and its correlation with 
the disappearance of the main fluorescent emission 
Cmax = 304 my), suggests that this new emission (Amax = 
- 410 mu) is connected with the photo-degradation of tyro- 
< sme (see Fig. 1). Arnow® investigated the production of 

` 3 :4-dihydroxyphenylalanine by ultra-violet irradiation 


of tyrosine solutions, and claimed that no such photo- 


reaction occurs in the absence of air. Vladimirov followed 
the degradation of tyrosine under ultra-violet irradiation 
by observing the disappearance of the tyrosine emission, 
- and showed that it is considerably retarded by deoxy- 
_ genation of the solution. A freeze-thaw technique, 
using a background vacuum of less than 10~ mm, was 
| to remove air from the solutions in the present 
ents. The results of Vladimirov? were confirmed 
= it was further observed that the production of the 
w emission at 410 mp by irradiation was also retarded. 
The experimental conditions used by Vladimirov, that 
is excitation at 275 or 280 mu and observing emission 
betweer 300 and 400 my, would not have allowed the 
_ observation of the emission at 410 my. Longin! has 
in estigated the emission spectrum of tyrosine as a function 
oH, using excitation in the region 240-290 mu, supplied 
me by mercury lamp. In aqueous solution she finds an emission 
spectrum in agreement with that of Teale and Weber? 
except. that there is a small additional emission at longer 
wavelengths (amax = 410 my). This emission, we suggest, 
is not the true emission of tyrosine but is the emission 
observed in the present experiments and caused by 
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. We conclude that the solutions 
used by Longin! have suffered considerable photo- 
degradation. Further ‘investigations of the photochemistry 
of tyrosine solutions are in progress. 


D, A. WEYL 
D. MURFIN 


Department of Physics 

University of Manchester. 
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Empirical Correlation between Nuclear 
Quadrupole Resonance Frequencies and 
Infra-red Absorption Data 


Sarem? has derived a quantum mechanical relation 
between the force constant k of a diatomic molecule and 
the charge density at either nuclei as shown by quadrupole 
coupling constant data. A good linear relationship was 
observed between k and the field gradient qx at the 
hydrogen nucleus of five diatomic hydrides (correlation 
factor r = 0-993). If we express the force constant for a 
diatomic oscillator as k = 47n°c*uv*, we expect a relation 
qu = uy? for the diatomic hydrides, as is experimentally 
observed. 


NQR frequency of Ol (Me/see) 





600 650 700 
infra-red frequency (cm~') 


Fig. 1. Correlation between the nuclear q padrupole resonance frequencies 
of chlorine-35 in alkyl chlorides and the infra-red frequencies of the 
earbon-chlorine stretching mode, 1, Methyl chloride; 2, ethyl chloride; 
3, iso-propyl chloride; 4, tert-butyl chloride. "Rep resents the 
frequency range of the gauche conformations in higher ipa siam 2, 


Py 3, Sagi 4, Pann conformations, 





This report shows that a linear correlation fyor © 
Vex exists between nuclear quadrupole resonance fre- 
quencies fygr of halogen nuclei and the stretching vibra- 
tion ve-z of the carbon-halogen bond in a series of alkyl 
halogenides R-X, when R is Me, Et, i-Pr, t-Bu, and X is 
Cl, Br and I. This means that the field gradient at the 
halogen atom is proportional to kt, if the mass effect. is 
neglected, a situation not shown by the hydrides!. An 
example of the excellent linear relationship is shown in 
Fig. 1. The fver values are those measured at low 
temperature and they include solid state interactions. 
Gas phase data are not very useful in this case because the 
principal values of the quadrupole coupling tensor cannot 
be directly obtained from microwave data for non-sym- 
metrical top molecules: for example, ethyl- and isopropyl 
chloride?. In fact the assumptions involved introduce 
uncertainties in fygr values which are about one order of 
magnitude larger than the estimated solid state perturba: 
tions. It can be seen that both fwer and ve-z are linear 
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functions of the Taft polar constant of of the alkyl groups 
R attached to the halogen atom. It is clear, therefore, 
that combination of both parametric expressions 
warlock) and ¿-eloh) would produce a linear relationship 
_ between f and v, but in fact this relationship is in all cases 
-better than the respective parametric relations with of 
“(Table 1). This means that, while the main effect is 
inductive in nature, there is a tendency for second order 
effects to cancel out when fwon is plotted against ve-z. 

Table 1. CORRELATION CORFFICIENTS* FOR VARIOUS LINEAR CORRELATIONS 
BETWEEN NUCLEAR QUADRUPOLE RESONANCE FREQUENCIES", INFRA-RED 


ABSORPTION FREQUENCIES" AND TAFT POLAR CONSTANTS FOR HOMOLOGOUS 
Series OF ALKYL HALOGENIDES (R-X) 


. 
x Sion ea tRen™%R Yoz IR 
a 0-9998 — 09959 — 0:9972 
Bi 0-996 ~ #980 — 0-995 
I 0:987 ~ 0-948 — 0-921 
Yy eqnala 0-950, 


Higher alkyl. chlorides exist as rotational isomers 
- and show. various absorption bands corresponding to 
different C-—Cl stretching modes, according to the struc- 
ture of the molecule. The data for higher alkyl chlorides 
- can be included in the present relationship as follows: 
for each type of central carbon atom (primary, secondary, 
tertiary, P, S, T) the central values (¥) of the observed 
_» infra-red frequency ranges? are plotted against the corre- 
_. sponding mean NQR frequencies** fyor (Table 2). Fig. 1 
— shows that the ¥ values for the gauche conformations 


Py, San, Tuna fit the straight line plotted for the simple 


' ehlorides perfectly, and a correlation coefficient r = 0-997 
“is obtained when the data for methylchioride are incor- 
porated. The relationship is not significant for the trans 
< data (r = 0-877). This is consistent with the additional 
“resistance to motion encountered by the C—C] vibration 
“in the trans conformation*. The situation is different 
for the gauche isomer, in which the C-—Cl group 
“notion appears to have greater independence from the 
rest of the molecule. 


Table 2. VALUES OF NQR AND INFRA-RED FREQUENCIES AVERAGED OVER 
GROUPS OF ALKYL HALOGENIDES WITH VARIOUS TYPES OF CENTRAL CARBON 
: M 


Central carbon Í ygor” #g.a (gauche) roa Erans) 
atom Me/sec om emt 
(CHa) (34-2) (712) (712) 
Primary 32-98 853 727 
Secondary 32-02 612 665 
Tertiary 30:97 571 622 


> The absorption band of CF,Cl at 781 em~ has been 
assigned to the A, C—Cl stretching vibration by some 
¿o authors’:*. Edgell and May?’ disagree, and consider that 
__ the band at 478 cm~ represents the C—Cl stretching mode. 
The empirical relation of Fig. 1 predicts a value vo_q = 
© $98 + 122 cm- if fwor (CF;*Cl) = 38-09 Me/sec is used 
(refs. 10, 11). 
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Fig. 2, Plot of the NQR frequencies of CI in simple chlorides against 

the infra-red frequencies of the X-Cl stretching vibration corrected for 

“diatomic” mass effect. (XY equals atom directly bonded to chlorine.) 

1, FCI; 2, Ch; 3, BrCl; 4, ah an” 6, MeCl; 7, Eth; 8, 1-Prct; 
1 DROOL, 
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The relation fyer: ~ kt also seems to be valid for other 
simple molecules such as: FCI, Cl, BrCl, IC] and CNL: 
Direct plotting of the NQR data of these compounds and 
those of the alkyl chlorides against the infra-red frequen- 
cies gives a non-significant correlation (¢ = 0:204). In 
this case neglecting the mass effect has obscured the 
correlation. If, however, the infra-red frequency is 
corrected for the diatomic mass effect, to give vy/p œ kt 
a significant linear relationship with r = 0-934 (o.oo, = 
0-898) is obtained (Fig. 2). This improvement illustrates 
the underlying relationship between electron distribution 
and force constant. Correlations for more complicated 
molecules such as substituted chlorobenzenes cannot be i 
reached on such a simple basis as this. -n 

I thank Dr. E. A. ©. Lucken for his interest in this 
report. eS ; 


R. Garp 
Cyanamid European Research Institute, ae 
1223 Cologny/Geneva, Switzerland. 
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Rapid Destaining of Polyacrylamide Gel- 
WirH increasing use of polyacrylamide gel in zone-. 
electrophoresis, the need for rapid removal of excess” 
stain from the gel increases. The conventional destaining 
of the gel by washing in 5-7 per cent acetic acid may 
take from one to several days. This is not only incon- 
venient but also renders this technique unsuitable for the 
purification of biological substances for additional - 
investigations. ue 

The easiest and most reliable way of locating: electro- 
phoretic fractions of a given substance in the supporting | 
medium is by staining with a suitable dyestuff. Once 
the gel is stained, the elution of fractions becomes useless, 
By cutting the gel horizontally into two halves, however, 
one of them can be stained and, if the excess stain is 
removed before diffusion of fractions in the unstained 
half takes place, the location of fractions in the unstained 
half becomes very easy. es 

One of the advantages of polyacrylamide gel is that it. 
retains its original size and shape during the process of 
staining and destaining in aqueous solutions. Thus by 
superimposing the unstained half of the gel over the stained 
half (on a sheet of glass illuminated from beneath) the 
location and dissection of fractions can be easily accom- 
plished. The accuracy of dissection can be checked by 
staining the dissected half of the gel. 

A simple and rapid way of removing all the dyestuff 
not bound specifically to proteins is by electrophoresis. 
The following method has been adopted in this laboratory 
to facilitate removal of non-specifically combined: dye 
from 7 per cent acrylamide gel stained in naphthalin . 
black. 

After staining the gel, it is enclosed in a “cell” of stain-. 
less steel wire mesh (24/29 gauge). The cell itself is formed 
by a pair of ‘Perspex’ frames to which is attached the 
stainless steel wire mesh (see Fig. 1). It is advarita; 
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Fig. 2. 


but not essential that the gel should completely fill the 
cell, The frames are held together at the top and at the 
bottom by a length of pressure tubing cut longitudinally 
(see Fig. 2). 

This assembly is placed in a ‘Perspex’ container dividing 
it into two approximately equal sized compartments 
(Fig. 2). Both compartments of the tank are now filled 
with 5 per cent acetic acid so that the gel is completely 
submerged in the electrolyte. The electrodes are clipped 
to the top of each of the two wire meshes and connected 
to.a power pack capable of supplying current of up to 
I amp. As current flows through the “cell” the non- 
specifically combined dye will be seen to accumulate at 
the positive pole. A time of 45-60 min is generally 
sufficient for the complete removal of non-specifically 
combined dye from gel of no more than 7 mm in thick- 
ness. The thicker the gel the longer the time taken for 
destaining. Under the conditions described here over- 
destaining (removal of stain specifically combined to 
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proteins) of the gel will not be affected noticeably even 
though the gel may be exposed to a current for an hour 
longer than necessary. 
L. K. Naay 
B. ROGERSON 
University of Glasgow, 
Veterinary Hospital. 
N. Tomkuss 
Department of Physics, 
Western Regional Hospital Board, 
Glasgow., 


RADIOBIOLOGY 


Radioactivity in the Milk of Subjects 
receiving Radioactive 19-Norsteroids 


Previous studies? have provided information about the 
excretion of radioactive metabolites of orally administered 
19-norsteroids in the bile, urine and faeces of human 
subjects. The experiments described in this report were 
designed to estimate the amount of a radioactive dose of 
norethynodrel (17q-ethynyl-178-hydroxy- A® -oestren-3- 
one) or of ethynodiol diacetate (38,178-diacetoxy-17a- 
ethynyl- A*-oestrene) which was excreted in the milk of 
rabbits and of humans. 

Two lactating New Zealand rabbits were each dosed 
with 1 ue. of 6,7-*H-ethynodiol diacetate (total weight, 
1 mg), administered by gavage in 25 ml. of physiological 
saline. Milk was removed with an eye dropper for four 
successive days, and the total quantity of milk from each 
rabbit was diluted with an equal volume of ethanol and 
boiled under reflux for 1 h. The extract was filtered and 
the filtrate tested for radioactivity by liquid scintillation 
spectrometry’. 

Two lactating women were given a daily dose of 5 mg 
of ‘Enovid’ (98-5 per cent norethynodrel and 1-5 per cent 
ethynyloestradiol-3-methyl ether), administered orally for 
three days. On the fifth day 5 mg of 6,7-*H-norethynodrel 
(3-5 ue./mg) was administered. Milk was collected by 
breast pump every 4 h for four days after the adminis- 
tration of the radioactive steroid. A similar collection was 
made from two women who received 0-5 mg of 6,7-°H- 
ethynodiol diacetate (21 ye./mg), and one of whom 
(M. E. A.) had received 0-6 mg of ‘Ovulen’ (0-5 mg ethy- 
nodiol diacetate and 0-1 mg ethynyloestradiol-3-methyl 
ether) for three days before the radioactive dose. The 
milk from the women was extracted and tested in the 
same way as that from the rabbits. Table 1 shows the 





Table 1. RECOVERY IN MILK OF RADIOACTIVITY ADMINISTERED ORALLY 
AS 19-NORSTEROIDS 
Milk Percentage of 
Subject Steroid Day volume radioactive 
administered inmi, dosein milk 
Rabbit I Ethynodđiol diacetate = 10-2 0-012 
Rabbit 2 Ethynodiol diacetate -== 7 0-031 
Lactating women 
M.P. Norethynodrel 1 n0 0-0040 
2 38 0-0000 
3 63 0-0000 
4 87 0-0004 
Total 0-0044 
M.M. Norethynodrel 1 38 0-03 
2 16 0-04 
3 32 0-04 
4 5 0-02 
Total 0-13 
M.E.A. Ethynodioi diacetate 1 36 0-02 
2 37 0-009 
3 26 0-01 
4 9 0-01 
Total 0-049 
VET. Ethynodiol diacetate 1 44 0-0 
2 13 0-015 
3 12 0-01 
4 72 0-0 


Total 0-025 
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Table 2, Uranivk WHIGHTS OF MIOR INJECTED WITH EXTRACTS OF THE 
MILE OF WOMEN TREATHD WITH RADIOACTIVH STEROIDS 


Uterine wt. 
Subject Steroid Day Uterine wt. mg of controls 
administered mean + SE. mean t S.B. 
ILP. Norethynodrel 1 8-2 +039 824082 
M.M.  Norethynodrel 1 7940 22 
2 92+0-00 
8 8440-83 
4 7:5 +029 714068 
ALE.A. Ethynodiol diacetate 1 8-3 41-35 
2 80+0-27 
8 8240 64 
4 884040 
V.F.T Hthynodtol diacetate 1 79+061 
2 70+0 55 1065+101 
3 8-0 + 1:34 
4 744051 


percentage of the radioactive dose present m mulk col- 
lected from each subject over 24 h periods. 

Half the total extract from each milk sample was sus- 
pended in sesame oil and then injected subcutaneously 
into Swiss albino female mice 21 days old. The volume 
of sesame oil was such as to provide sufficient material 
for injection into five mice over a three day period. 
Uterine weights of the animals killed 72 hb after the first 
injection are an indication of oestrogen action. In this 
type of assay, a significant increase in uterine weight is 
obtained with 0-03 ug of oestrone or 0-1 ug of ethynyl- 
oestradiol-3-methyl ether. Table 2 shows the results of 
the biological assays of milk. None of the values obtained 
was statistically different from the controls treated with 
oil alone, which indicates that the oestrogenic activity of 
the extracts was too low to be detected by this assay. 

The results show that in both the rabbits and the women 
very little of the radioactive dose was transferred to the 
milk. The biological assays showed no significant oestro- 
genicity in the human milk extracts, results similar to 
those of previous workers, who showed that when either 
17B-ocestradiol® or progesterone‘ is administered to cattle, 
very little of the steroid can be found in the milk. The 
conditions of the experiment and the absence of suckling, 
however, drastically reduced milk flow, as is shown by 
the volumes of muk per day listed in Table 1. The pro- 
portion of the steroid administered which might appear 
in the milk if suckling was maintained might therefore be 
larger than that found in these experiments. 

We thank the Department of Social Services and the 
staff of the Department of Obstetrics and Gynecology of 
the Rio Piedras Municipal Hospital, Rio Piedras, Puerto 
Rico, for help in collecting the human milk samples. The 
expenses of the work were in part provided by a U.S. 
Public Health Service grant. 
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incorporation of Subcutaneously Administered 
jron-59 by Mouse Erythrocytes 


In experiments on the uptake of iron-59 by mouse 
erythrocytes the isotope is usually administered intra- 
venously (jugular or tail vein), or intraperitoneally. 
Anaesthesia and incision are required for jugular veni- 
puncture, and part of the iron-59 may be lost by extra- 
vasation. Damage to the abdominal organs or accidental 
injection of iron-59 into the intestine can occur during 
intraperitoneal injection. The subcutaneous injection of 
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iron-59 18 more rapid and is free from the problems that 
may be encountered during intravenous or intraperitonéal 
administration. 

Female Swiss-Webster mice, JOR strain, 7-9 weeks 
old, 22-5-31-5 g in weight, were used. One microcurie of 
iron-59 labelled citrate in saline was administered sub- 
cutaneously in the region behind the neck. The incor- 
poration of iron into the circulating red blood cella was 
determined by measuring the radioactivity in 0-2 o.c. of 
blood obtained by cardiac puncture 24 h later. Calcula- 
tions of the percentage incorporation were based on an 
assumed blood volume of 7-5 per cent. The haematocrit 
was determined on the sample of cardiac blood, which 
was mixed with dried heparin to prevent coagulation. 


Table 1. PHRRORNTAGE UPTAKE OF IRON-50 BY MOUSE ERYTHROCYTES AT 
24 HOURS 


No.of Age Administration Uptakeof Haema 
Ref mice (weeks) Strain of iron-59 » dron-59* toorit* 
(per cent) 
1 156 Swiss Jugular veni- 27-2 
ICR/HA puncture 
2 9 12 OF-1 Tall vein 28-8 + 5-08 
8 10 Swiss Thiraperi: 269421 
bay 
Present 388 7-9 Swiss-Web- Subcutaneous 2724142 4544041 
work ster IOR 


* Average + standard error. 


Table 1 shows the percentage meorporation of iron-59 
in circulating erythrocytes 24 h after the subcutaneous 
admunistration of iron-59. The value obtained compares 
favourably with the results of studies using intravenous 
or intraperitoneal techniques. 

The mean uptake of iron-59 by mouse erythrocytes 24h 
after injection was 27-21 per cent of the subcutaneously 
administered dose, with a standard error of the mean of 
+ 1-42. This ıs comparable with results obtained when 
the isotope was administered by the mtravenous and 
intraperitoneal route. 

This work was supported by contracts with the U.S. 
Air Force and the U.8. Atomic Energy Commission. 
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Influence of Polyphosphates on Retention 
of Radioactive Strontium in Rat and Mouse 


Prasma ultrafiltrate is thought to contain polyphosphates 
which prevent the nucleation of calcium salts on collagen. 
Under physiological conditions, these substances are 
thought to be inactivated by alkaline phosphatase, and 
so do not interfere with nucleation in bone tissue. We have 
tested the efficiency of several polyphosphates in pre- 
venting the skeletal deposition of strontium-85 in experi- 
mental animals. In a series of experiments, groups of 
ten albino Sprague-Dawley rate (200 g) or ASL mice 
(20 g) were injected intraperitoneally with 1 po. of 
strontium-85 free of carrier. 

Initially, polyphosphates were injected intraperitoneally 
into rats in doses such as to produce extracellular fluid 
concentrations equivalent to those required to inhibit 
nucleation on collagen in vitro’. Sodium dihydrogen 
phosphate (3-75 pmoles/kg), sodium tripolyphosphate 
(3-75 umoles/kg), sodium hexametaphosphate (3-75 ymolea/ 
kg) and sodium decapolyphosphate (0:375 umoles/kg) 
were each tried by injection simultaneously with the radio- 
strontium, followed by a double dose of the phosphate 
7 days later. In no caso did the retention curve of the 
treated groups differ from the mean curve for controls 
by more than one standard deviation, and we concluded 
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Fig. 2. Influence of sodium trrpolvphosphate on retention of strontium- 
85. The phosphate was administerod in dmnking water (480 mg/l.) to 
emale mice. 


that at these concentrations there was no significant 
prevention of skeletal deposition of strontium-85. 

Doses of 0-33 mmoles/kg of sodium tripolyphosphate 
or sodium hexametaphosphate injected into rats smul- 
taneously with the isotope were ineffoctive. On the other 
hand, when hexametaphosphate was given for 2 days 
before the strontium-85 at a dosage of 0-33 mmoles/kg 
and once more simultaneously with the isotope, enhanced. 
exoretion showed itself 2 days after injection of the stron- 
tium-85 (Fig. 1). After the same period of time the output 
of the radioisotope in urme and faeces was greater than 
that in control animals. Table 1 shows the ratios of the 
amounts of strontium-85 from treated animals to the 
amounts from controls. 


Tablo 1. EFFECT OF SODIUM HEXANHTAPHOSPHATE ON RXORMTION OF 
STRONTIUM-85 FROM FHMALA RATS EXPRESSED AS RATIOS OF AMOUNTS 
FROM TREATED ANIMALS TO AMOUNTS FROM CONTROLS AT PRRIODS FOLLOWING 
ADMINISTRATION OF THE ISOTOPB 
Period Ratios 
(days) Unne AOCES 
O-1 1:14 0-83 
1-2 178 122 
2-5 1-98 8 04 
6-7 1-28 1-50 
7-9 080 1-12 
9-12 1-00 0-89 
12-14 0 82 1-00 
14-16 0 88 124 
16-19 0 90 0-98 
19-21 88 0-88 
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Sodium triıpolyphosphate (480 mg/i.) m the drinkmg 
water was administered ad lib. to mice. The drug was 
administered for 10 days before injecting the radio- 
isotope and was continued thereafter. The effectiveness 
of the treatment is shown in Fig. 2 and confirms that 
certain polyphosphates are potential inhibitors of uptake 
of radioactive strontium provided that the programme of 
treatment includes medication for several days before 
administration of the isotope. 


T. H. Bares 
H. Sacre 


United Kingdom Atomic Energy Authority, 
Chapelcross Works, 
1 Flesh, H., and Neuman, W. F., Amer. J. Phystol., 200, 1296 (1961). 


BIOCHEMISTRY 


Degradation of Ribonucleic Acid by Extracts 
of Germinating Peas 


Ir has been demonstrated!:? that acridine orange forms a 
complex with polynucleotides and that this leads to 
inhibition of polynucleotide phosphorylase by the dye. 
It has also been shown that acridine orange inhibits the 
degradation of RNA in isolated nuclei which is attributed 
to phosphorolysis?; other dyes such as acriflavine and 
proflavine were also found to inhibit the degradation of 
RNA, but acridine red and acridine yellow were without 
effect. In connexion with experiments on the degradation 
of RNA in germinating peas, it was of interest to in- 
vestigate the effect of dyes on this system. In view of 
current work in other laboratoriest on which the present 
investigations have a bearing, the resulta are briefly 
reported. 

Spectroscopic examination showed that acridine orange 
forms a complex with purified yeast RNA used as sub- 
strate in experiments on enzymes, in agreement with the 
results of Beers, Hendley and Steinert. Complex formation. 
was also observed with acriflavine but, as was expected 
on the basis of Harris’s observations’, acridine red gave 
no indication of complex formation (Table 1). The effects 
of these three dyes on the degradation of RNA by extracts 
of germinating peas were investigated. 


Table 1. Eyrects OF RNA ON THE ABSORPTION BPROTRA OF ACRIDINE DYES 


Solution Amex (my) 
Aoriflavr 455 
‘honflavine + BNA 462 
Acridine orange 490 
Acndins orange + BNA 508 
Acridine red 542 
Acridine red + RNA 542 


Absorption 
2 g/mL of the 


tra were determined 


us solutions containing 
yo, with and without the 


aqueo 
tion of 60 g/ml. RNA. 


Seeds of Pisum arvense (var. ‘Minerva Maple’) were 
germinated ın vermiculite and, after varying intervals of 
time, the cotyledons were removed from the root and 
shoot and were separately homogenized in ice-cold 
0-2 M citrate buffer at pH 5-6 containing 0:01 per cent 
gelatine. The homogenates were centrifuged for 10 min 
at 10,000g and the supernatant was further centrifuged 
for 2 h at 100,000g. To 0-25 ml. of a solution of the dye 
(200 ug/ml.) were added 0-25 ml. of a solution of purified 
yeast RNA (6 mg/ml.) and 0:6 ml. of the particle-free 
supernatant in that order. The mixtures were incubated 
at 37° C for 15 min, unchanged polynucleotide was pre- 
cipitated with tert-butanol—acetic acid (2:1, v/v) (3 ml), 
following the method of Dickman et al.* and, after removal 
of the precipitate by centrifuging, the optical density of 
the supernatant was measured at 260 my. Control 
experiments were performed at the same time in which 
the tert-butanol—acetic acid reagent was added immediately 
after addition of the RNA. The unit of enzyme activity is 
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taken as the amount of enzyme required to give an in- 
crease in optical density of unity compared with the blank 
under the foregoing conditions. 

. The results are shown in Fig. 1. It is seen that none of 
the dyes has any effect on the enzyme activity in cotyledon 
tissue at any stage of growth examined. Similarly, 
acridine red is without effect on activity in the root and 
shoot (Fig. 1 D); however, both acriflavine and acridine 
orange inhibit the activity in root and shoot tissue during 
certain stages of germination (Fig. 1, B and 0). 


700 


Enzyme unite/g 
°o288588 


02 46 8101214 3 4 6 8101214 2 4 6 8 101214 2 4 6 81012 14 


Germination tıme (days) 


Fig. 1. Bffect of dyos on the degradation of RNA by extracts of pea 
of growth. Incubation mixtures contained 0- 
-), &25 mL of potassium ribonucisate (6 mg/ml.) and 0-5 mi. en 
on was at 87° O for 15 min. A, 


Control nt, 
O, acridine H nA acridine red. 


The capacity of extracts of root and shoot to degrade 
RNA at pH 5-6 passes through a minimum at about the 
sixth day. Acridine orange and acriflavine inhibit the 
degradation of RNA only by extracts made during the 
first five or six days, and for this reason it is concluded 
that the two phases of activity in the root and shoot 
probably represent the development of distinct enzymes. 
Enzyme activity in extracts of cotyledons passes through 
a pronounced maximum at about the fourth day of ger- 
mination and rises again after the seventh day. At no 
stage of growth was inhibition of activity in the coty- 
ledons observed, however, and therefore it cannot be 
decided from the present experiments whether one or 
more enzymes are involved. 

An enzyme has been partially purified from the coty- 
ledons of germinating peas taken after 4 days, which 
degrades RNA to give products which characterize it as a 
ribonuclease’. It is concluded that this enzyme is re- 
sponsible, at least in part, for the activity represented 
by the first phase of activity (Fig. 1 A). The inhibitions 
by acridine orange and acriflavine observed by Beers 
et al.) and Harris? were concerned with the phosphorolytic 
cleavage of RNA and this possibility cannot be excluded 
in the present experiments. Polynucleotide phosphorylase 
is normally active at more alkaline pH, however, and 
therefore the precise nature of the enzymes in germinating 
peas which are inhibited by acridine orange and acri- 
flavine remains uncertain. It is concluded that at least 
two RNA-degrading enzymes are produced by the 
developing seedlings at different stages of growth and that 
these differ in the nature of the binding to the substrate. 
These results are in general agreement with the multi- 
plicity of nucleolytic enzymes reported in pea roots‘. 

One of us (J. A. H.) is indebted to the Agricultural 
Research Council for the award of a research studentship. 


G. R. BARKER 
Josm A. HOLLINSHEAD * 


Department of Biological Chemistry, 
University of Manchester. 
* Preeant address: Department of Microbiology, University of Washington, 
Seattle, Washington. 
Received October 7, 1966. 
1 Beers, B. F., Hendley, D. D , and Steiner, R. F., Nature, 188, 242 (1988). 
* Beors, B. F., J. Biol. Ghem , 235, 726 (1060). 
3 Harris, H., Proc. Roy. Soc., B, 158, 79 (1968). 
‘Lyndon, B. F., Biochim. Biophys. Acta, 113, 110 (1966). 
* Dickman, 8., Aroskar, J. P, and Kropf, R. B., Biochim, Bwphys. Acta, 
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Nucleotide Content of Ribonucleic Acid 
in Compensatory Hyperfunction and 
Hypertrophy of the Heart 


HYPERFUNOTION of differentiated cells occurs when the 
synthesis of proteins and nucleic acids is in excess of the 
requirement for normal cellular growth and proliferation’~-’. 
Whether the nucleotide content of ribonucleic acid 1s 
changed in such circumstances remains uncertain. 

This article reports an investigation of the dynamics 
of the nucleotide content of RNA in the 
myocardium during prolonged compensa- 
tory hyperfunction of the heart. 

Compensatory hyperfunction of the heart 
was induced in fourteen dogs, weighing 15- 
20 kg, by supravalvular aortic stenosis*. 
The stenotic condition was produced by 
tightening a silk thread passed through a 
polyethylene tube around the sorta until it 
was only half its previous diameter. This 
procedure increases the contractile capacity 
of the heart and also raises the systolic 
pressure in the left ventricular cavity by 
50-60 per cent*’?. Forty-five days after the 
onset of this hyperfunction the dogs were 
killed. Nine intact animals and two dogs 
which were killed 4 days after ligation of the aorta but had 
not developed any stenosis served as controls. Between 4 
and 7 days after the onset of hyperfunction the relative 
weight of the ventricles (expressed as the ratio between 
the weight of the ventricles and the weight of the dog) 
increased by only 6-12 per cent, but in the following 45 
days this increased to 30 per cent, indicating that 
hyperfunction of the myocardium had developed. 

For purposes of examination the hearts were removed 
while the dogs were anaesthetized. After the hearts had 
been placed in chilled saline solution and repeatedly 
washed and dried with blotting paper, the myocardium 
of the left ventricle wes removed and minced. Lipids 
were extracted by treatment with ethanol—ether (3 : 1) and 
heating, and subsequent repeated treatment of the pre- 
cipitate with cooled ether. Dry tissue without fat and free 
from compounds soluble in acid was hydrolysed in 0-5 
normal potassium hydroxide for 18 h at 37° ©. The 
hydrolysate was neutralized with 50 per cent perchloric 
acid to give a final acid concentration of 3 per cent in the 
hydrolysate. The centrifugate together with the super- 
natant contained all the RNA in the form of mono- 
nucleotides. Subsequent treatment was performed 
according to the method of Schmidt and Tannhauser’. 
The solution obtained was evaporated to 3-4 ml.; chroma- 
tographic separation of mononucleotides was achieved 
by descending chromatography on paper’? and followed 
by spectrophotometry"!. The data concerning the content 
of RNA nucleotides were expressed in moles per cent. 

Table 1 shows the nucleotide content of the total RNA 
in the myocardium of the left ventricle in experimental 
and control animals. The ratio of the purine and pyrimi- 
dine nucleotides in total RNA of the myocardium in all 
examined animals is approximately 1. The ratio for 
pairs of nucleotides complementary to one another—the 
coefficient of specificity, G+C/A+U—is 1-86 in control 
animals and characterizes the total RNA of myocardium 
as RNA of GC type. When lgation did not produce the 
aortic stenosis and hyperfunction of the heart, the 
nucleotide content of RNA in the myocardium was not 
affected. On the contrary, hyperfunction of the heart 
produced by aortic stenosis brought about important 
changes in the nucleotide content of the total RNA of the 
myocardium. Four days after the onset of hyperfunction 
the amount of guanyl nucleotide in the RNA decreased 
by 10 molar per cent and the content of the adenyl 
nucleotide increased by 6 molar per cent. Accordingly, , 
the coefficient of specificity decreased by 31-8 per cent 
to 1-27. Forty-five days after the onset of hyperfunction 
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Table 1, NUCEROTIDH CONTENT OF TOTAL RNA OF THE MYOOARDIUM IN COMPENSATORY HYPERFUNCTION OF THE HEART 


Gro of experiments Nucleotide content in mol per cont 
and No. of animals Guanyl Adenyl Cytidins 
(I) Intact animals (9) Mum 82:98 M= 18-78 M= 81-88 
ðm 41:58 ôm +1-39 6a +117 
= m = +050 ma +044 me +037 
(1) Operated animals with- Alm 32-2 M» 21-4 Me 29-3 
out stenosis (2) ðm +084 du +086 ðm +188 
mm +059 m= +025 m= +130 
Animals 4 days after M= 22-8 Mm 27-4 M= 810 
creation of stencals ð= +801 ôm +51 ð= +181 
m= +135 ma +23 m= +059 
(IY) Animals 7 days after M= 800 M= 23-0 D= 288 
creation of stenosis (4) d= +024 d= +191 ô= +042 
m= +012 m= +095 ma +022 
(V) Anumala 45 days after M= 30-1 M= 20-1 M= 885 
creation of stenosis (4) ð= +240 ô= +1652 d= +269 
m= +12 mm t078 moa +135 


under conditions of æ pronounced hypertrophy the 
nucleotide content of RNA had become normal again, 
and the coefficient of specificity was 1-76. 

Investigations by Hyden and Egyhazi" have shown that 
the physiological hyperfunction of neurones of the fifth 
and sixth layers of the cerebral cortex during the process 
of acquiring a definite habit by training involves not only 
activation of RNA synthesis in these cells but also changes 
in the nucleotide content of RNA which is largely mani- 
fested by a lowering of the ratioG+C/A+U. Under con- 
ditions of continuous hyperfunction these changes level 
out relatively rapidly. The authors suggest that informa- 
tion sent from the environment to the cortical neurones 
is coded in RNA molecules and that this process is mani- 
fested by changes in the nucleotide content of RNA. Our 
data, however, suggest that a certain shift of the nucleotide 
content of RNA toward AU-type is not specific for the 
hyperfunction of the neurone and is not associated with 
the coding of information received from the environment 
in the RNA molecules but represents instead a character- 
istic feature of activation of the genetic apparatus of 
the differentiated cell during increased physiological 
function. x 

While estimating tho presumed mechanism of this shift, 
account must be taken of the well known fact that the 
ribosomal RNA of anımal cells, which makes up 80-90 
per cent of their total RNA, has a coefficient of specificity 
of 1-60-1-70, that is, it belongs to the GC-type; the in- 
formational RNA of the same cells belongs to the AU- 
type and has a coefficient of specificity of 0-70-0-75 (ref. 
13). This suggests that the sharply marked activation 
of nucleic acid and protein synthesis regularly observed 
in the initial stage of hyperfunction of the heart is 
followed by a change in the correlation between the ribo- 
somal and informational RNA toward the increase of 
informational RNA. The developing hypertrophy later 
leads to the distribution of the increased function of the 
myocardium within its augmented mass: the function of 
the myocardium per unit mass—the intensity of function- 
ing of myocardial structures—then returns to its normal 
level and accordingly the activation of the synthesis of 
nucleic acids and proteins is completed!4. During this 
period the content of informational RNA may decrease 
to 1t8 normal level. 

This, concept is hypothetical but at the same time is in 
accordance with the results of recent investigations which 
show that activation of the protein synthesis in animal 
cells regularly involves the incorporation of a considerable 
part of ribosomes into polysomes which are complexes of 
informational RNA and ribosomes synthesizing the 
proteins'*:!*. Jt is probable that the incorporation of 
“free” ribosomes into such complexes is ensured by an 
increased content of informational RNA in the cell. 
In the course of completion of activation of protein synthe- 
sis in the cell!” or inhibition of RNA synthesis by actino- 
mycin D (ref. 18) the polysomes regularly break down into 


Anthenticlty of 





G+ G+0 “differences by 

Uridine Pyrmidines A+O A+U Tie 
Ma 1684 M= 107 M= 0-99 M= 1:86 

d= +083 ô= +0018 ô= +0088 ð= +017 
m= +026 m= +0012 m= +0064 m= +0001 

A= 17-10 M= 115 M=- 098 M= 1-00 Prit>02 
ôm +241 é= +0022 ô= +0026 d= +019 

mma +171 m= +0016 m= +0019 m= +014 

M= 154 M= 108 M= (087 M= 127 Pou-m < 0-02 
ðm +831 ð= +0014 d= +0032 ð= +0080 Prm<0-001 
me +148 m= +0063 m= +0071 m= +0035 

M= 18-7 M= 112 M= 095 M= 1-40 

d= +107 ô= +0048 ð= +078 ðm +0092 Priv<0-001 
m= +053 m= +0022 m= +0036 m= +0045 

M= 160 Mo 1-01 M= 091 Ma 1-76 i 

ð= +243 ð= +0047 é= +0056 ôm +0105 PV >O2 
m= +121 m= +0028 ma +0014 m= +0-062 


free ribosomes; this may be followed by a decrease in 
informational RNA content. 

Thus it seems necessary to investigate further the assump- 
tion that there ıs a relative predominance of informational 
RNA and an intense formation of polysomes whilo a 
differentiated cell is in a state of hyperfunction and 
during the period of activation of its genetic apparatus. 

F. Z. MEERSON 

L. A. KOPTEVA 

V. V. MELECHOV 

G. J. MARKOVSKAYA 
Laboratory of Physiology and Pathology of the 
Myocardium and Laboratory of Biochemistry, 
Institute of Normal and Pathological Physiology, 
Academy of Medical Sciences, and 
Institute of Clinical and Experimental Surgery, 
Moscow. 
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Effect of Deoxyribonucleic Acid and Histone on 
the Nuclear Ribosomal Incorporation System 
Ir is generally recognized that the role of DNA in protein 
synthesis is to provide a template for the transcription 
of messenger RNA which in turn translates the genetic 
code into amino-acid sequences. Holland and McCarthy’ 
and Naora‘' have reported a direct stimulation of labellod 
amino-acid incorporation tn vitro by denatured DNA with 
ribosomal systems of E. coli and calf thymus nuclei. This 
stimulatory effect on amino-acid incorporation by DNA 
does not involve enhanced RNA synthesis!" and is 
apparently catalysed by the pH 6 fraction (ref. 4). Such 
an effect implies that single stranded DNA may parti- 
cipate in the processes of protein synthesis as a direct 
template and messenger. In order to investigate this 
phenomenon further and to test the possible effect of 
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histone on the ribosomal incorporation system, investiga- 
tions were carried out using materials prepared from the 
calf thymus. This report presents the results showing 
that the amino-acid incorporation of calf thymus ribo- 
somal system is markedly stimulated by native but not 
by heat denatured DNA, and is inhibited by histone, 
particularly the lysine-rich histone fraction. : 

Calf thymus nucle: were isolated in sucrose and calcium 
medium according to the procedure of Allfrey e al.*. The 
nuclei were extracted with 0-02 molar tris buffer, pH. 7:68, 
containing 0-005 moles/l. of magnesium chloride, and the 
nuclear ribosomes were isolated from the nuclear extract 
by centrifugation and treatment with sodium deoxycholate 
as described previously’. The nuclear pH 6 fraction 
and the transfer enzymes were prepared from the same 
nuclear extract by acidification and salting-out with 
ammonium sulphate’. Calf:thymus DNA was prepared 
according to the method of Kay et al.*. Denaturation of 
DNA was carried out by heating native DNA at.100° C for 
5 min followed by rapid cooling. Arginine-rich and 
lysine-mch histones were prepared according to the 
method of Johns and Butler'*. Whole histone was pre- 
pared by extraction of DNA-histone with 0-25 normal 
hydrochloric acid followed by dialysis against water 
overnight. Basic soluble nuclear proteins were prepared 
from the nuclear soluble proteins as described elsewhere}. 
The ribosomal incorporation system contained the follow- 
ing: 2 mg of ribosomes; 2 mg of the pH 5 fraction; 2 mg 
of transfer enzymes; 250 umoles of sucrose; 25 moles of 
potassium chloride; 5 umoles of magnesium chloride; 
50 umoles of tris hydrochloric acid, pH 7:6; 10 umoles 
of phosphoenol pyruvate; 40 ug of pyruvic kinase; 1 
umole of ATP; 1 umole of CTP; 2 umoles of GTP, and 
0-5 umoles of labelled t-leucine of varying radioactivity. 
The reaction mixture had a final volume of 1-0 ml. and 
it was incubated at 37° C for 1 h. After incubation the 
reaction was halted by precipitation with 10 per cent 
trichloroacetic acid (TCA). The precipitate was extracted 
twice with 5 per cent TCA at 90° C for 30 min, dissolved 
in sodium hydroxide and precipitated twice with TCA, 
and washed twice with ether-ethanol and ether. The 
air dried protem residue was taken up m formic acid, 
plated on planchets, and counted in a thin window gas- 
flow counter. 

As shown by the time course experiment (Fig. 1), the 
addition of DNA to the nuclear ribosomal corporation 
system greatly stumulates the incorporation of labelled 
leucine into protein. This stumulatory effect is dependent 
on DNA concentration (Fig. 2a) and is similarly mani- 
fested by the cytoplasmic ribosomal system (Fig. 2b). 
Yeast RNA, ribosomal RNA, and nuclear RNA did not 
affect the incorporation of labelled leucine by the nuclear 
ribosomal system. Puromycin and actinomycin D 
inhibited the DNA-stimulated amino-acid incorporation. 
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Fig. 1. Time course of labelled 1-leucine incorporation by nuclear ribo- 
somal system stimulated by DNA. 05 pmole of labelled L-leucine (2-0 
x 10* p.m.) and 1 mg of DNA, where indicated, were used. 
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Fig. 2. Effect of DNA on the Incorporation of labelled 1-leucme by (m 
nuclear and (b) cytoplasmic ribosomal systems, 05 umole of labeil 
L-leucine (2-0 x 10* c.p.m.) was used. 
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Fig. 8. Inhibition of labelled t-leucine Incorporation by histone in the 
nuclear ribosomal system. 0-5 umole of labelled L-leacine (2:0 x 10*c.p.m.) 
was used. 


It has been shown that histone suppresses DNA- 
directed RNA synthesis #n vitro™-" and protein synthesis 
in intact nuclei}. With the nuclear ribosomal incorpora- 
tion system in the absence of added DNA, histone was 
found to inhibit the incorporation of labelled leucine, as 
shown in Fig. 3. It can be seen that the degree of inhibi- 
tion is proportional to the amount of histone added. 
Further examination of the histone effect revealed that 
lysine-rich histone was a more effective inhibitor than 
arginino-rich histone (Table 1). When the histone sub- 
fractions were added to the DNA-stimulated nuclear 
ribosomal system, only lysine-rich histone showed some 
capacity to counter the stimulatory effect of DNA. Such 
an inhibitory effect of histones might be attributed to 
their basicity, but neither the basic nuclear ribosomal 
protein nor the soluble and basic nuclear proteins exhibited 
a similar repression when added to the nuclear ribosomal 
incorporation system. Since histones precipitate DNA 
in a solution of low salt content, the inhibitory effect of 
histones could be regarded as a result of the removal of 
DNA from the solution. This, too, appears not to be the 
case in the light of the evidence that although both 
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Table 1. INHIBITION OF THE NUCLHAR RIBOSOMAL INCORPORATION SYSTEM 
BY HISTONES 


Addition to the incorporation syatem* O.p.m. 

None 842 
Arginine-rich histone (1 mg) : 855 
Arginine-rich histone (2 mg) 591 
Lysine-rich histone G me) 327 
Lysine-rich histone (2 887 
ative DNA (0-7 mg 1,625 
Nativo DNA (0-7 mg), and arginine-rich histone (1 mg) 1,518 
Wattve DNA (0 7 mg), and lysine-noh histone (1 mg) 1,204 


Nuclear ribosomal tein (1 mg) 
Basic nuolear poet lees (a (1 mg) 817 
* 0 5 pmole of labelled 1-leucine (4-1 x 10° o.p.m.) was used. 


arginine-rich and lysine-rich histones precipitate nearly 
all the DNA in the present situation, only lysine-rich 
histone was effective. 

Results from the present work on the rate of incorpora- 
tion stimulated by denatured DNA, the DNA concentra- 
tion dependenee of this stimulation and the inhibitory 
effect of puromycin and actinomycin D confirm the work 
reported by Holland and McCarthy’. The only departure 
is that in the present investigation of calf thymus, native 
DNA has a much stronger stimulatory activity on the 
ribosomal incorporation system than does heat denatured 
DNA. Whether this is caused by the source of DNA or 
the interrelationship between DNA and the ribosomal 
incorporation system is unknown. It is also difficult to 
explain the inhibition of amino-acid incorporation in the 
nuclear ribosomal system by the histones. The basio 
nuclear soluble protems and nuclear ribosomal proteins 
both precipitate polymeric phosphates, yet they have no 
inhibitory effect. Since there is no RNA synthesis 
involved in the present amino-acid incorporation system, 
one explanation would be the binding of histones to the 
pre-existing messenger on the nuclear ribosomes. Such 
an explanation would implicate certain specificity of the 
histone effect and is a problem for further investigation. 
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Activation of Kidney Mitochondrial Glutaminase 
by Inorganic Phosphate and Organic Acids 


Tum deamidation of glutamine to glutamic acid and 
ammonia by animal tissues is accelerated by phosphate 
and certam other divalent inorganic anions!*. Of the 
organs studied, the kidney has the highest concentration 
of the enzyme which catalyses this reaction’. A tentative 
mechanism for the action of renal glutaminase has been 
proposed‘ on the basis of ita activation by phosphate. 
The active centre of the enzyme is thought to have at 
least two cationic sites and possibly one sulphydryl site’. 
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This communication presents the results of experiments 
showing the acceleration of glutamine hydrolysis in kidney. 
tissue by a group of carboxylic acids most of which are 
intermediates of the Krebs tricarboxylic acid cycle. 
Kinetic studies reveal similarities between the activation 
of glutaminase by these acids and that by inorganic 
phosphate. Kidney cortices from rate were homogenized 
in ice cold 0-154 molar potassium chloride at 4° ©. Mito- 
chondria were prepared by spinning the homogenate at 
800g for 15 min and then re-spinning the supernatant at 
12,000g for 20 min. The mitochondrial pellet was washed 
twice. The washed mitochondria were then incubated 
with glutamine in tris buffer at 37° C. When salta of the 
organic acids and phosphate were added, their concen- 
tration in the incubation medium, unless otherwise stated, 
was always 0-3 molar. The pH was 8-0 unless varied 
as stated. 

The effect of these organio acids and phosphate on 
the production of ammonia from glutamine by mito- 
chondria is shown in Fig. 1. The first bar shows the 
results without added activator; the other bars show 
the ammonia produced in the presence of each of the added 
acids. These are c with the effect of inerganic 
phosphate shown in the final column. Renal glutaminase 
is therefore activated not only by phosphate and some 
other divalent inorganic anions, but also by a group of 
moono-, di- and tri-carboxylic acids, most of which are 
normal metabolites of the Krebs oycle. Malonate, 
which is usually thought of as an inhibitor of the Krebs 
cycle but might also be considered a normal metabolite, 
is a particularly powerful activator. 


Ammonis production (vequiv./100 mg/h) 
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Fig. 1. Ammonia produced from glutamine by rat epee mitochondria. 


Incubations were carried out for 86 min ın tris buffer, pH 8-0, at 37° Cina 

volume of 3 ml. containing mitochondrial equivalent of 100 mg kidney 

and 100 «moles of glutamine. 1 mmole of an organic acid or phosphatr 
was added to the flasks Indieated. 


No correlation could be found between the magnitude 
of the glutaminase activation by these acids and the 
number of carboxyl groups in the molecule. Neither was 
there any relationship between activation and pK, and 
thus with the number of negative charges on the carboxylic 
groups. It is therefore unlikely that organic compounds 
activate the enzyme in the same way as the inorganic 
anions. When incubations were carried out in nitrogen 
so as to reduce the aerobic metabolism of the added organie 
acids, the results were similar to those with oxygen. 

Two types of enzymes have been described for the 
formation of ammonia from glutamine. One, which is 
specifically activated by inorganic phosphate’, is some- 
times called glutaminase I. The other, activated by cer- 
tain keto acids but not by phosphate’, is associated with 
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the transamination of «-keto acids with the «-amino 
group of glutamine, and the hydrolysis of the amide group 
of the resultant a-ketoglutaramic acid. The slight 
increase of ammonia production m the presence of pyru- 
vate, oxaloacetate and «-ketoglutarate in our experiments 
may possibly be explamed by this second type of reaction, 
but such a mechanism cannot account for the rise in the 
production of ammonia by the other organic acids and 
phosphate. Except for succinate, all these compounds 
accelerated glutamine deamidation to a much greater 
extent than did the keto acids. 

A number of studies of kinetics were carried out to 
compare the phosphate and organic acid activation of 
glutaminase. The enzyme activity is shown as a function 
of pH in Fig. 2. The optimal pH for the enzyme when 
activated by phosphate is in the region of 8-0, which is 
similar to values previously reported‘? for purified 
gluteminase. The optimal pH for malonate activation is 
apparently the same as that of phosphate. This was 
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verified by numerous experiments in which varying 
amounts of phosphate m the medium were replaced by 
equimolar amounts of malonate without affecting the 
pH optimum. 

When activity of glutaminase is plotted against the 
concentration of activator (Fig. 3) similar curves are found 
for phosphate and malonate. The concentration of activa- 
tor for optimal enzyme activity is in the region of 0-4 
molar for both compounds. It is mteresting that the 
effects of phosphate and malonate are additive in this 
respect. The addition of a constant amount of one 
compound causes the same increase in glutamine deamida- 
tion at all concentrations of the other compound. It is 
therefore unlikely that malonate and phosphate are being 
attached to the same site on the enzyme. 

A Lineweaver—Burk*® plot (Fig. 4) of activation by 
malonate, acetate and phosphate shows that each of these 
compounds alters the Michaelis-Menten constant for the 
enzyme. In the absence of an activator, the Km value 
for glutaminase was 0:7 x 10-*. Addition of equimolar 
amounts of malonate, acetate and phosphate to the 
incubation medium increased the Km to 1:4 x 10-%, 
1-7 x 10-7, and 4-0 x 10-* respectively. The corresponding 
Vmax values for these compounds were 41-7, 62:5 and 
125-0. 
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Wig. 4. Lineweaver—Burk plot of malonate, acetate and prosp osphate activa- 
tion of glutaminase as a function of glutamine concentration. 1 mmole 
of malonate, acetate and phosp hosphate were added. Other conditions were 
sımilar to those in Fig. 1. 


While this work was in progress, a brief report? appeared 
showing that malonate increases the production of 
ammonia from glutamate by rat liver mitochondria. In 
our experiments with mitochondria from rat kidney we 
could find no stimulation of ammonia production from 
glutamate by either malonate or phosphate. Furthermore, 
using glutamine labelled in the amide with nitrogen-15, 
we have found that, in the presence of either malonate or 
phosphate, the ammonia comes entirely from the amide 
group. It appears that carboxylic acids activate the 
same enzyme as does phosphate in the formation of 
ammonia from glutamine by kidney. Since these acids 
are normal metabolites they may play an important part 
in the regulation of ammonia production from glutamine 
in the kidney. 
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Interchangeability of Ribosomes and Protein 
Synthesizing Enzymes from Penicillium 
cyclopium and those prepared from 
Other Organisms 


Ir has been established that the incorporation of amino- 
acids into peptide chains in vitro requires the presence of 
ribosomes, soluble ribonucleic acid (aRNA), soluble 
enzymes (105,000g supernatant enzymes) and messenger 
ribonucleic acid. The number of reports on the inter- 
changeability of ribosomes prepared from one organism 
and soluble enzymes prepared from another are, however, 
limited’. In addition, there are only two reports on 
tn vitro amino-acid incorporating systems developed from 
mycelial fungi*.?. This note briefly reports on the prepara- 
tion of an in vitro amino-acid incorporating system from the 
mycelial fungus, Penicillium cyclopitum, and the inter- 
changeability of its ribosomes and supernatant enzymes 
with those prepared from a bacterium, Escherichia colt, 
a yeast, Saccharomyces cerevisiae, and a higher plant, 
seedlings of castor bean (Ricinus communis). 

Penicillium cycloptum number 2028 was obtained from 
the Department of Botany, in Pavia, and maintained as a 
slant culture on 1 per cent glucose, 0-2 per cent yeast 
extract and agar medium. One slant was used to inoculate 
three flasks of Davis and Mingioli medium containing 
l per cent glucose’. This inoculum was grown for 48 h 
on @ reciprocal shaker at 28°C, blended in a Waring 
blender for 20 sec, and 5 ml. aliquots were used to inoculate 
500 ml, flasks containing 150 ml. each of the same medium. 
These cultures were incubated for 13 h in the conditions 
reported above, filtered, and the mycelium was washed 
with cold distilled water. Ribosomes and 105,000g 
supernatant enzymes were prepared in a manner similar 
to that described for castor bean seedlings’, except that 
spermine at a concentration of 40 ug/ml. was added to all 
buffers. Amino-acids present in the 105,000g supernatant 
fraction were removed by passing the solution through a 
column of ‘Sephadex G-25’ which was equilibrated 
with the same buffer used in the extraction procedure 
except that tho tris buffer was reduced to 0-02 molar 
and sucrose was omitted. 

The ribosomes and supernatant enzymes from Hecheri- 
chia coli’, Saccharomyces cerevisiae!®, and castor bean 

ings* were prepared according to reported methods. 
Soluble RNA from Saccharomyces cerevisiae and castor 
bean seedlings was prepared by a method similar to that 
described for maize seedlings! and from Escherichia colt 
according to the procedure of Holley et al.1*. Since several 
attempts to extract sRNA from intact mycelium of 
Penicillium cyclopium were unsuccessful, yeast sRNA 
was used in the Penicillium cyclopium system. When 
interchangeability experiments were attempted with 
heterologous systems, the sRNA’s from both organisms 
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were always used in order to avoid any species specificity 
in the reaction between sRNA’s and aminoacyl-aRNA 
synthetases. 

The incubation mixture contained (in a final volume of 
0-5 ml.) 50 pmoles of tris, pH 7-8; 10 moles of magnesium 
acetate; 50 umoles of ammonium chloride; 7-5 umoles of 
mercaptoethanol; 1 umole of adenosine triphosphate 
(ATP); 10 yg of pyruvate kinase; 2-5 pmoles of phospho- 
enolpyruvate (PEP); 0-1 pmoles of guanosine triphos- 
phate (GTP); 0-5 pmoles of reduced glutathione; 20 ug 
of spermine; 0:3 yo. of labelled phenylalanine (specific 
activity 367 yo./umole); 0-005 moles each of the remaining 
nineteen (unlabelled) amino-acids (no phenylalanine), 
and 60 ug of polyuridylic acid. The concentrations of 
ssRNA, 105,000g supernatant enzymos, and ribosomes are 
reported in the tables. After incubation at 37°C for 60 
min, the reaction was terminated by adding trichloroacetic 
acid and the reaction mixtures treated as already dee- 
eribed‘, 


Table 1. OHARACTERISTICO8 OF LABRLLED PHHENYLALANING INCORPORATION 

BY A CELL FREA SYSTAM FROM Pemcihum cyclopium 

pos of 
Additions or omissions phenylalanine Percentage 
{noorporated/assay inhb{bition 

Oomplete 88-8 — 
Without polyurtdviic acid 5-3 86 
Without solnhle RNA 40 90 
Without 105,0007 supernatant 0-5 97 
Without ribosomes 22 94 
Without ATP, PEP, pyruvate kinase, GTP O5 97 
Without GTP 211 45 
With puromycin (50 EP) 46 88 
‘With streptomycin ( He) 27-5 20 
With ribonuclease (30 ug 1-8 95 
With deoryribonuclease (10 ug} 82-5 16 


When added, mbosomes were equivalent to 035 mg of RNA, 105,0007 
supernatant, enzymes to 0-90 mg of protein, and yeast sRNA to 0'17 mg of 
Ajassay 


Table 1 reporte some of the characteristics of the 
system prepared from Penictllium cycloptum. In general, 
the system ia similar to other tn vitro protein synthesizing 
systems since it requires an energy source for activity, is 
sensitive to puromycin and ribonuclease, and is almost 
insensitive to deoxyribonuclease. In addition, the activity 
of the system depends on the concomitant presence of poly- 
uridylic acid, sRNA, 105,000g supernatant enzymes, and 
ribosomes. Tables 2 and 3 show that the ribosomes 
and 106,000g supernatant enzymes of Saccharomyces 
cerevisiae and castor bean are interchangeable with the 
corresponding fractions obtained from Penicillium oyclo- 


Tablo 2. LABELLED PHNNYLALANINE INCORPORATION BY HOMOLOGOUS 
AND HETHROLOGOUS SYBTENS FROM Penicillium cyclopium AND Saccharo- 


HuMoles of phenylalanine 


Ribosomes from 105,0009 supernatant incorporated, 
from of ribosomal a 
Penicillium — 14 
Pentellium Penicillium 113-0 
Pemolhum Yeast 94-4 
Yeast — 27 
Yoast Yeast 80-3 
Yeast Pemedlum 683 
When added, Penicillium cyclopium ribosomes were equivalent to 0-35 m 


e 
of RNA and Saerkaromyres cerevisiae ribosomes to 0-88 mg of RNA/assay. 
The 105,0007 supernatant enzymes from Penicillium eyclomem and Saccharo- 
myces csrevitias contained 0:58 and 0-51 mg of protem/assay, respectively. 
Yoast sRNA was equivalent to 0-17 mg of RN A/assay. 


Table 3. LABSLLED PHHNYLALAXINA INCORPORATION BY HOMOLOGOUB 
AND HETHROLOGOUS SYSTRBMS FROM Pemcillium cyclopium AND CASTOR 
Baan SaRDLINGS 

uuMoles of phenylalanine 

Ribosomes from 105,000g supernatant incorporated/mg 

from of mbosomal KNA 
Perteillium — 21 
Penicihum Penicillium 117:2 
Peninlium Castor bean 132-2 
Castor bean — 81 
Castor bean Castor bean 45-7 
Castor bean Penvedlium 42-7 


When added, ribosomes were equivalent to 0-85 and 0-20 mg of RN'A/assay 
for Peniedlivm cyciopium and castor bean seedlings, respectively; the 
105,000g supernatant enzymes contained 0-64 and 0 28 my of ‘proteln/assay 
for Pencaltiam cyclopium and castor bean, respectively. mixtures con- 
tained 0-17 and 0 16 mg of yeast and castor bean aRNA. 
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pium. Indeed, approximately the same amount of radio- 
active L-phenylalanine is rendered insoluble in hot tri- 
chloroacetic acid regardless of the source of the super- 
natant enzymes and ribosomes. 

In contrast, the mbosomes and 105,000g supernatant 
enzymes from Escherichia colt and Penicillium cycloptum 
are not interchangeable because the use of heterologous 
supernatant enzymes causes a marked decrease in the 
incorporation of radioactive L-phenylalanine by the 
ribosomes (Table 4). The presence of specific inhibitors 
and/or nucleases cannot be completely ruled out because 
when both supernatant enzymes are used together with 
ribosomes from only one source or vice versa, there is 
sometimes a depression of L-phenylalanine incorporation, 
but the depression is never as great as that observed in the 
heterologous systems alone. Furthermore, a similar 
phenomenon occurred when Hscherichia cols supernatant 
enzymes were added to a complete system from castor 
bean seedlings, but it has been found that the inhibitory 
effect brought about by the Hsacherichta coli supernatant 
enzymes may be removed by heat treatment without 
impairing the capacity to promote protein synthesis. 


Table 4. LABELLED PHENYLALANINE INOGORPORATION BY HOMOLOGOUS 
AND HETEROLOGOUS SYSTEMS FROM Leeann cyclopium AND Escherichia 


Ruboso: 05,0007 tant f Aiala { 
mes 105, brpernatan of phenylalanine 
from from inco ted per 
mg of ribosomal RNA 

Penicillium — 1-3 
Pemcetillium Penicillium 91-1 
Penicillium . coli 121 
Penicillium Penreullium +E. colt 266 
Pemollium+E cols Peniedlium 80-0* 

. cols — 09 
E. cols &. coli 500 0 
E. okt Penicillium €0 
E. coli B. cols + Penvealhum 225 5 
E. coh + Pentedhium E, cof 138-0ł 


When added, ribosomes were cgnivalent to 0-35 and 0-47 mg of RNA/assay 
for Penwilum cyelopium and Eechermchia odi, respectively; the 105,000g 
supernatant enzymes contained 0-93 and 0 56 mg of protein/assay for Pem- 

hum cyclomum and Eecksrichia cols, respectively. All mixtures contained 
0-17 mg of yeast and 0-20 mg of Escherichia coh BRNA. 


* Calculated as mg of Pemolhum cyclopium ribosomal RNA. 
+ Calculated as mg of Bechsrickia cols mboaomal RNA. 


One possibility is that in the compatible systems 
(Penicillium cycloptum, Saccharomyces cerevisiae and 
castor bean) the supernatant enzymes catalyse only the 
formation of L-phenylalanyl-sRNA after which the mbo- 
somes alone can form protein. This possibility 1s, however, 
eliminated since the activities of all four protein synthesiz- 
ing systems are completely dependent on both ribosomes 
and supernatant enzymes regardless of whether un- 
charged sRNA or u-phenylalanyl-sRNA is used. 

Another possible explanation is that because of a differ- 
ence in sRNA structure, L-phenylalanyl-sRNA from yeast 
or castor bean but not that from Escherichia coli is utilized 
for protem synthesis by the system from Penicillium 
oyclopium. The possibility has been discarded because 
t-phenylalanyl-sRNA prepared from castor bean, Hschert- 
chia colt, and Saccharomyces cerevisiae is incorporated 
to the same extent by the Penicillium cyclopitum system. 
In the assay conditions used, however, u-phenylalanyl- 
sRNA from all three sources was not incorporated well 
by the Penicillium cycloptum system (at best about 10 
per cent}. In addition, all three L-phenylalanyl-sRNA’s 
are incorporated into the Wecherichta colt system to about 
the same extent. 

In conclusion, the ribosomal and supernatant fractions 
for the in vitro incorporation of amino-acids prepared from 
Penicillium oyclopium are completely interchangeable with 
the analogous fractions prepared from castor bean seedlings 
and Saccharomyces cerevisiae but not with those from 
Escherichia coli. It is mteresting that lack of inter- 
changeabuity between fractions from a bacterium (Bactl- 
lus cereus) and a hybrid yeast (Saccharomyces fragilis x 
Saccharomyces dobzanskit) has been reported? while the 
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fractions from two bacteria (Bacillus cereus and Nscherishia 
colt) appear to be fully interchangeable‘. 

One of us (J. Van Etten) was a U.S. National Science 
Foundation postdoctoral fellow. This work was supported 
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The Pyridine Nucleotide Cycle 


Aix the evidence at present available? indicates that de- 
gradation of the pyridine nucleotides is the only biological 
source of nicotinamide, which can be formed by hydrolysis 
of the ribose-nicotinamide bond by enzymes of the NAD 
glycohydrolase (E.C. 3.2.2.5) class*. (NAD stands for 
nicotinamide adenine dinucleotide, and NADP for the 
corresponding phosphate.) An alternate route may be 
cleavage of NAD and NADP by nucleotide pyrophos- 
phatases (E.O. 3.6.1.9) to produce nicotinamide mono- 
nucleotide (NMN) followed by hydrolysis. Enzymes of the 
NAD glycobydrolase type are highly active, almost 
ubiquitous ın biological materials!, and may, therefore. 
be assumed to take the principal role in the formation of 
nicotinamide. 

It has been recognized for some time? that at least a 
part of the nicotinamide produced in vivo by the action of 
NAD glycohydrolase can be re-used by deamidation to 
nicotinic acid and conversion to NAD by the Priess— 
Handler pathway (reactions h, d and ein Scheme I) (ref. 4). 
Cyclic schemes for the degradation and resynthesis of 
NAD*§ have been postulated on the basis of data indicat- 
ing that the nicotinyl structure is moluded in the de novo 
pathway of NAD biosynthesis as free nicotine acid. The 
more recent discovery that the nicotinyl structure enters 
the synthetic pathway as nicotinic acid mononucleotide 
itself formed from quinolinie acid and 5-phosphoribosyl-1- 
pyrophosphate (PRPP)*-* makes the pyridine nucleotide 
cycle shown in Scheme I plausible. 

In mammals, and in Neurospora and Xanthamonas 
pruns the precursor of quimolinic acid 1s tryptophan 
(reaction a)#*. In higher plants? and some bacterial 
species##-15, quinolinic acid is formed from glycerol and 
aspartate (or from closely related compounds) by a series 
of reactions which have yet to be elucidated (reaction b). 
Once at the level of quindlinie acid, however, NAD bio- 
synthesis appears to proceed in the same way in all 
organisms. Quinolinic acid and PRPP are converted into 
nicotinic acid mononucleotide (reaction c) by an enzyme | 
present ın mammalian liver’, higher plants’ and muero- 
organisms?!51®, and this is converted to NAD through 
desNAD (reactions d and e) by the enzymes of the Priess- 
Handler pathway (#.C. 2.7.7.1 and E.O. 6.3.5.1) (ref. 4). 
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NAD may then be cleaved to form nicotinamide (reaction 
J) by NAD glycohydrolase!*. The re-utilization of nico- 
tinamide is initiated by its conversion to nicotime acid by 
nicotinamidase, an enzyme which has been described in 
bacteria?’, yeast’, higher plante}* and mammalian liver’. 
The cycle is completed by the conversion of nicotinic acid 
and PRPP to nicotinic acid mononucleotide by the 
appropriate pyrophosphorylase (#.0. 2.4.2.11) (ref. 20), an 
enzyme which has also been found in a variety of organ- 
isms, Loss of nicotinyl structure from the cycle may 
occur at the level of nicotinamide or nicotinic acid, which 
are excreted either as derivatives or as the free compounds 
depending on the species concerned. Methylation of 
nicotinamide (reaction $) occurs in liver™ and provides an 
important excretion product of NAD precursors in many 
mammalian. species, 

Reactions a or b coupled with c, d and e make up the 
de novo pathway of NAD biosynthesis, while reactions g 
and h constitute a salvage loop for the re-utilization of 
nicotinamide formed by the degradation of NAD. 
Organisms which are genetically blocked in the de novo 
pathway must utilize the salvage pathway and are, 
therefore, characterized by a nutritional requirement for 
nicotinic acid or nicotinamide. Many organisms in which 
the de novo pathway is intact are also able to utilize 
exogenous nicotinic acid or nicotinamide for NAD syn- 
thesis and may thus “spare” precursors on the de novo 
pathway?*-3?, 





glycerol COOH i att 
i 2 Or 
aspartate | 
t 
Qn 
+ 
CHY 


* QA stands for quinolinic acid and Na3iN for nicotinic acid mononucleo- 
tide; other abbreviations are defined In the text. 


Although all the reactions shown m Scheme I (except 
reaction b) have been demonstrated with enzymes in 
vitro, this alone does not constitute sufficient evidence 
that the proposed pyridine nucleotide cycle is that which 
functions tn vivo. There are other considerations, however, 
which support the concept of an actively turning cycle. 
The very existence of enzymes (in some cases of quite 
high activity) which catalyse reactions g (refs. 3, 17-19) 
and h (refs. 15, 20, 21) in organisms which do not require 
exogenous nicotinamide or nicotinic acid for NAD 
synthesis implies an active recycling of NAD in those 
o : 

It has been shown by using isotopic tracers that the 
transformations indicated by reactions a, ©, d, e, f and + 
do occur in mammals (for example, tryptophan-3-“C ig 
converted to N’-methyl nicotinamide-7-“C). Similar 
experiments have demonstrated that nicotinamide is 
converted to NAD in mammals with little dilution of the 
carboxyl carbon, but considerable dilution of the amide 
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nitrogen™, which is consistent with the operation of 
reactions g, h, d and e tn vivo. 

_ Some apparently contradictory observations on the half- 
life of pyridine nucleotides in mammalian tissues may be 
rationalized by the proposed cycle. ‘The response of 
hepatic concentrations of NAD in mice to administration 
of nicotinamide and treatment with azaserine™ led to the 
conclusion that NAD has a half-life of a few hours in liver. 
Nevertheless, the half-life of the nicotinyl part of the 
pyridine nucleotides m various tissues of rats has been 
determined as 4-8 days by using nicotinic acid-7-“C 
(ref. 26). This discrepancy would be resolved if the turn- 
over of NAD were actually very rapid and if the nicotinyl 
moiety were efficiently re-utilized for NAD synthesis by 
reactions g and A. 

Some results obtained in Greengard’s laboratory can 
also be interpreted as support for the concept of a rapidly 
“turning” pyridine nucleotide cycle in mammalian. liver. 
Tt has been known for some time! that injection of © 
nicotinamide into rats and mice results ın a several-fold 
increase of hepatic concentrations of NAD. More recently 
it has been found*? that hypophysectomy before admini- 
stration of nicotinamide results in an increase of both the 
degree and the duration of the elevation of the concentra- 
tion NAD in the liver. Greengard’s group* also reported 
that the activity of hepatic nicotinamide deamidase is 
elevated by hypophysectomy and concluded that this 
increased activity is responsible for the greater increase 
in hepatic NAD following the injection of nicotinamide 
into hypophysectomized animals. The same workers*’ 
also found, however, that the increases in hepatic NAD 
which follow the administration of tryptophan and of 
mcotinie acid are also elevated and prolonged by hypo- 
physestomy. If the effect of hypophysectomy on the 
metabolism of NAD is to increase nicotinamide deamidase 
activity, then only an extensive recycling of NAD can 
explain the effect of hypophysectomy on the formation of 
NAD from tryptophan or nicotinic acid, because the 
deamidase is not on the direct pathway for the synthesis 
of NAD from these compounds. 

The complete pyridine nucleotide cycle is not present 
in all tissues or all organisms. Liver and kidney are the 
only mammalian organs in which the formation of NaMN 
from quinolinic acid has been observed"*, Ehrlich ascites 
tumour cells? appear to form NAD by way of NMN 
produced directly from niacin by nicotinamide mono- 
nucleotide pyrophosphorylase®. Yeast recycles NAD 
to niacin by way of NMN, and niacin riboside*t. These 
pathways can be regarded as alternate “‘circuit loops”’ 
of the main cycle. 

It is difficult to understand what is accomplished by the 
rapid breakdown and resynthesis of NAD, for the resyn- 
thesia of this coenzyme from nicotinamide requires three 
moles of ATP and represents a considerable expenditure 
of cellular energy. ‘The widespread occurrence of this 
recycling phenomenon, however, argues for an important, 
but as yet unknown, function for the NAD glycohydrolase 
reaction in cellular metaboliam. 
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Two Different Forms of Glutamic Pyruvic 
Transaminase in Rat Heart and their 
Intracellular Localization 


SEVERAL workers’ have shown that there are two electro- 
phoretacally and chromatographically separable forms of 
GOT*. These two forms are found at different sites in the 
cell and have different properties, and ıt has been shown 
that they are both isoenzymes of GOT. While one 
woenzyme is localhzed in mitochondria the other is 
localized in the cytoplasm, and moreover, unlike the latter, 
the mitochondrial enzyme 1s markedly inhibited by its 
reaction product OAA. 

The purpose of this report 1s to emphasize the similarities 
in localization. and biochemical properties between GOT 
and GPT. An attempt was made to separate GPT 
isoenzymes both in water-soluble rat heart extract and in 
rat heart mitochondna by gradient elution chromato- 
graphy with DEAE-cellulose columns and an ascending 
sodium chloride gradient of up to 0-8 moles/I. in 0-05 molar 
tris-hydrochloric acid buffer (pH 8). ‘The activity of GPT 
in each fraction collected was determined using the 
method of Karmen’ as well as that of Reitman and 
Frankel’. The results are shown in Fig. 1. Different forms 
of GPT were found in both cell fractions investigated; the 
first passed through the column without adsorption, while 
the other was adsorbed by DEAE-cellulose and appeared 
in the eluate after treatment with sodium chloride. The 
enzyme which could not be adsorbed is mainly found in 
mitochondnsa whereas the other only appeared in the 
chromatogram of the cytoplasmic extract. Thus the 
chromatographic behaviour of these two GPT iscenzymes 
is related to their intracellular localization in a way which 
corresponds with that of the GOT isoenzymes. 

I was able to detect the activity of the mitochondrial 
GPT only by the method of Karmen. This could possibly 
be explamed by assuming that the mitochondrial GPT 
isoenzyme is strongly inhibited by its reaction product— 
pyruvic acid—which accumulates in the Reitman and 


* Abbreviations used: GPT, glutamic pyruvio transaminase; 
gintamic oxalaceti alace 


GOT, 
c transaminase; OAA, o tic acid. 
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Frankel reaction mixture. This behaviour represents 
another similarity between GPT and GOT. The investi- 
gations are being continued. 
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Proteolytic Enzyme Control in Squash 
Cotyledons 


Tx formation of ¢-amylase in the endosperms of germin- 
ating barley seeds 1s controlled by endogenous gibberellic 
acid from the axial tissue’. Increases of soluble nitrogen 
in excised barley endosperms have resulted from the 
addition of gibberellic acid’. This communication shows 
that the proteolytic activity in seedlings, where the stored 
protein is in the cotyledons rather than in the endosperm, 
1s influenced by growth regulators. 

Cucurbita maxima var. ‘Hubbard’ was studied because 
its cotyledons are retained as functional leaves for a con- 
siderable period of time. The proteolytic activity in 
cotyledons (embryonic axial tissue removed before 
germination) was compared with that in cotyledons of the 
intact seeds. After the seed coats were removed, the axis 
was excised from half of the seeds. Ten intact seeds, or ten 
cotyledons, were placed in each of several Petri dishes 
containmg 12 ml. of various solutions (Table 1) containing 
20 pg/ml. of streptomycin in order to inhibit microbial 
growth. The cultures were incubated for 48 h at 30° C. 
The enzyme preparation was obtained by blending the 
cotyledons or the cotyledons from the intact seeda in 
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cold 0-05 M tris-maleic acid buffer, pH 7-0, for 3 min in a 
blender. The cotyledons from two seeds were used for 
each millilitre of buffer. The homogenate was filtered 
through four layers of cheese cloth and the filtrate centri- 
fuged for 1 h at 20,000g and 0°-2° C. The pellet and fat 
layers were disearded; the supernatant fluid was assayed 
for proteolytic activity according to Kunitz’s* modification 
of the method of Anson’. The substrate used was a 2 
per cont casein solution at pH 17-0. The chemicals in 
Table 1 by themselves in the concentrations used did not 
affect the assay. 

Removal of the embryonic axial tissue from the intact 
embryo before germination reduced the proteolytic 
activity in the cotyledon (Table 1). This shows that part 
of the proteolytic activity in germinating squash cotyle- 
dons requires the presence of the axial tissue. 


Table 1. EFFECT oF VARIOUS HORMONHY AND PROTBIN AYNTHSSIS LNATBI- 

TORS ON THE PROTEOLYTIC ACTIVITY OF COTYLEDONS (WITHOUT AXIAL 

Tissvum) AND COTYLEDONS FROM INTACT EMBRYO 48 H AFTER THE START 
OF GERMINATION 


Proteolytic activity 
Culture solution Minus axial tissue Intact embryo 

Water 100 153 
Gibberellin, 5-8 x 10-* moles/l. 108 131 
Gibberellin, 10 moles/l. 108 100 

Benzyladenine, 10“ moles/l. 158 168 ` 
Puromycin, 10 moles, 58 68 
Actinomycin D, 10 pg/ml. 97 83 
Actinomycin D, 10 pgm], + 99 102 

benzyladenine, 1 


The results are presented as the percentage of proteolytic activity of the 
ene (minus axtal tlesue) oultured 1m water. All culture solutions con- 
20 ug/ml. of streptomyain. 


Varner’ and Varner and Chandra’ have shown that 
a-amylase is synthesized de novo in the aleurone layers of 
barley seeds in response to gibberellic acid which originates 
in the axial tissue, and that the synthesis is blocked by 
actinomycm D (ref. 6). The addition of gibberellic acid 
to our system failed to restore the loss m proteolytic 
activity caused by the removal of the axial tissue (Table 
1). Benzyladenine (a synthetic kinn), however, increasud 
this activity to the level of the ntact embryo. This suggests 
that the proteolytic activity is controlled by a substance 
which originates in the axial tissue and which is trans- 
ree to the cotyledons; this substance may be a 

The presence of puromycin during germination sub- 
stantially reduced the proteolytic activity both in the 
cotyledons from the intact embryo and in the cotyledons 
alone (Table 1). This suggests that at least one squash 
protease is synthesized de novo, because puromycin is 
considered to block protein synthesis at a site involving 
transfer RNA!. 

The meorporation of actinomycin D in the culture 
solution, with or without benzyladenine, reduced the 
degree of proteolytic activity in the cotyledons from the 
intact embryo to that present in the cotyledons alone 
(Table 1). Reich et al.* reported that actinomycin D 
blocks the expression of genetic potentialities by inter- 
fering with that portion of RNA synthesis which is 
dependent on, or is mediated by, DNA. 

The work of Marcus and Feeley’ indicates that protein 
synthesis in the peanut cotyledon is dependent on the 
presence of “active” messenger RNA. These investigators 
concluded that the formation or activation of moasenger 
RNA during imbibition may be a general phenomenon in 
seed germination. From experiments with tobacco leaf 
disks floated in kinetin, Sugiura et al. concluded that 
kinetin particrpated in enhanced protein synthesis through 
accelerated synthesis of RNA. Što inhart et al.1* reported 
that kinins stimulate the synthesis of tyramine methyl- 
pherase in the roots of germinating barley seedlings. 

It therefore appears that at least one proteolytic enzyme 
in the cotyledons of germinating squash seedlings is 
synthesized de novo and that this synthesis is controlled 
by a stimulus originating ın the axial tissue. The results 
indicate that this stimulus may arise from a kinin, 
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and that it may exert its effect by way of messenger 
RNA. 
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Concentration of Lactic Acid in Rat Brain 
during Natural Sleep 


ProcREss in neurophysiology has made it possible to 
describe the state of sleep objectively and to draw a 
distinction between two phases of sleep in various mam- 
mals: (a) sleep in which waves in the electroencephalogram 
are slow and of high voltage (slow wave sleep); (b) 
activated sleep with fast waves of low voltage in the 
electroencephalogram, associated with the disappearance 
of tonic discharge of the neck muscle. No attempt has 
been made, however, to examine the chemical constituents 
of the brain durmg the two phases of sleep. Lactic acid 
in the rat! and ammonia in the dog* are among the labile 
constituents which have been reported to change ın con- 
centration ın the brain concomitantly with the cycle of 
sleep-wakofulness. In these experiments, however, the 
state of sleep of the animals was judged by their behaviour. 
The present investigation was carried out to examine the 
relationship between the biochemical and electrophysio- 
logical changes of the brain in various stages of natural 
sleep. 

Albino Wistar rats weighing 30-45 g were used, and it 
was necessary that they were young in order that they 
could be rapidly frozen. Electrodes for recording the 
electroencephalogram and the electromyogram of the 
neck muscles were implanted while the anmmals were under 
ether anaest'sesia 3-5 days before the experiment. Four 
electrodes for the electroencephalogram were screwed into 
the skull until they reached the dura over the frontal and 
parietal cortex, and then fixed with dental cement. The 
electromyogram of the neck muscle was recorded in 
parallel. The animals were placed in cylindrical cages of 
wire gauze, and allowed to move freely under the room 
light. No special treatment was given to induce them 
to sleep. 

On the basis of the electrical and behavioural signs the 
states of the animals were olassified as resting, slow wave 
sleep, and activated sleep. The duration of the two stages 
of sleep, however, varied considerably; the period of slow 
wave sleep lasted 260-440 seo while that of activated 
sleep was between 40 and 65 sec. The rats were killed 
after they had slept for more than 20 min regardless of 
their state of sleep. The method used was to drop them, 
in their cages, into liquid nitrogen. After careful dissec- 
tion, the cerebral portion of each of the frozen brains was 
powdered. The powder was then weighed (200-500 mg) 
and homogenized with 4 ml. of 5 per cent trichloroacetic 
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Fig. 1. Concentration of lactic acid In the bran of rats. 


acid. The mixture was centrifuged (2,000 r.p.m. for 10 
min) and the content of lactic acid in the supernatant 
fraction estimated according to the method of Barker 
and Summerson!. 

The resulta are shown in Fig. 1 together with the lactic 
acid concentration in the brain of two other groups of rats. 
One of these two groups hed been anaesthetized with 
‘Nombutal’ (75 mg/kg, injected intraperitoneally) while 
the other had been irritated by repeatedly knocking their 


-© heads gently with a glass rod for 5 min. The mean con- 


centration of lactic acid in the resting state (seven cases), 
where the dommant electroencephalogram pattern was of 
low voltage fast waves, was 24-3 + 3-9 mg per cent. 
This is not significantly different from the mean concen- 
tration of 24-6 + 3-7 mg per cent lactic acid in a group of 
rats under slow wave sleep (thirteen cases) or from the 
mean concentration of 25:3 + 3-0 mg per cent in the 
group of rats under activated sleep (nine cages). 

The observation! by Richter and Dawson that the 
concentration of lactic acid in rat bram was reduced during 
sleep could not be confirmed in the present investigation. 
Furthermore, no significant differences in the concentra- 
tion of lactic acid were found for the two stages of sleep. 
Richter and Dawson! also reported that the lactic acid 
content of the rat brain was increased ın emotional 
excitement but was reduced when the animal was 
anaesthetized. This is in accordance with our result. 
The concentration of lactic acid after anaesthesia, however, 
seems to depend on the time between. the injection of the 
anaesthetic and the death of the animal. 
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Ammonia Content of the Developing 
Rat Brain 


THE concentration of ammonia in an adult rat bram is very 
low. The brain tissue is, however, able to produce 
ammonia’, which is rapidly eliminated. The concentre- 
tion of ammonia in the brain increases during central 
excitation and decreases during central depression. It has 
“therefore been suggested that the level of ammonia 
reflects the functional activity of the brain?. It is accepted 
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that the concentration of ammonia in the adult bram 
tissue fixed rapidly tn situ is 0-2-0-3 wmole/g (refs. 2—4). 
We do not know of any information concerning the 
amount of ammonia in the immature brain. Measurement 
of any changes in the concentration of ammonia when 
electrical activity 1s initiated in the brain as ıt gradually 
assumes the normal adult pattern and at anatomical and 
biochemical maturation is of interest in view of the con- 
nexion between ammonia and brain function. 

Fig. 1 gives our measurements of ammonia concen- 
trations. Each point represents the mean of three detorm- 
inations from three brams at differont times following 
birth. Conway units were used after diffusion for 60 min 
at room temperature, with half saturated potassium car- 
bonate in the outer chamber and a weak solution of 
hydrochloric acid in the inner one. A correction was 
made for hydrolysis of glutamine (0-01 pmoles ammonia/ 
umole of glutamine). The concentration of ammonia in 
an immature brain was twice that in a mature one. The 
ammonia level of adult brains was reached at the age of 
about three weeks. The observed decrease in ammonia 
concentration with increasing age was statistically sig- 
nificant. 
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Fig. 1. The concentration of ammonia ın the brains of the rata at 


erent ages in umoles/g of the wet weight of the tissue. The regreasion 
equation of the ammonia concentration on the age 18 y equals — 0'008% 
+ . 


Electrical activity in the brain of the rat is first recorded 
at 3-5 days and electrocorticograms show the adult 
pattern at 2 weeks’. An increased ammonia formation 
would not account for the increased electrical activity in 
the brain; the concentration decrease was in opposition 
to such an explanation. Changes in the intermediary 
metabolism seem to be more important than those in the 
physiology of the brain. There are at least three factors 
which could tend to increase the concentration of ammonia 
in an ummature brain. These are: (a) the metabolism of 
very young rats is partly anaerobio and the shortage of 
oxygen causes an increase in the concentration of ammonia 
in the bram‘; (b) the turnover of brain proteins, from the 
breakdown of which ammonia is produced, is faster in 
young animals than in older ones*; (c) ammonia is mainly 
removed from the brain tissue in glutamine. The concen- 
tration of this does not change significantly during the 
postnatal development in the rat stram which we used’, 
but glutamic acid concentration is lower in immature 
brains, and the lower glutamic acid : glutamine ratio in 
the brains of young animals favours an equilibrium with 
a higher concentration of ammonia. 

The functional significance of a high concentration of 
ammonia in the brain of a young animal is difficult to 
evaluate. The high concentration of ammonia is excitatory 
in the brain, but such a function is unlikely m an im- 
mature brain, because the ammonia levels are consistently 
high**, The anatomy restricts neuronal activity in very 
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young brains, and when the neuronal networks are fully 
functional the level of ammonia is also low. 
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Effects of Tropylium lons on Respiration 
of Rat Heart Mitochondria 


Tus report summarizes some of the effects of the tropy- 
lium ion, C,H,*+ (tr+), on the terminal respiratory processes 
of heart mitochondria. The mitochondria were prepared 
by the method of Chance and Hagihara’, and suspended 
in 0-25 molar sucrose/1 mmolar ethylenediamine tetra- 
acetic acid (EDTA). 

Fig. 1 is an oxygen electrode trace from an experiment 
in which heart mitochondria were oxidizing glutamate. 
Adenosine diphosphate (ADP) was added to the reaction 
medium and the mitochondria showed a typical state 4, 3, 
4 respiration cycle, as defined by Chance and Williams’. 
On the addition of 274 umolar trt there was a slight 
increase in the state 4 respiration rate. A further addition 
of ADP resulted in an increase in the respiration rate, but 
the deceleration of the respiration rate was slower than 
in the previous state 4, 3, 4 cycle and the use of oxygen 
ceased. This inhibition was not removed by a further 
addition first of ADP and then of 54 molar dinitrophenyl 
(DNP). The ion trt also inhibits the oxidation of suc- 
cinate, of «-oxoglutarate and of a mixture of glutamate 
and malate. If, however, 4-3 mmoler ascorbate plus 
268 umolar tetramethyl-p-phenylenediamine (TMPD) are 
added to an inhibited preparation, the 
consumption of oxygen promptly begins 
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Table 1. REVERSAL OF TROPYLIUM INAEBITION OF MITOCHONDRIAL RES- 
PIRATION 


Unwashed mitochondria Washed mitch 


pylium 
Control Tropylium treated Control treated 
(1) (2) (8) (4) (5) 
ADP/O ratio ; 23 $:2* ot 2°8 1:9 
rates 

8 yal 18 12 0 0-7 16 
State 3 46 18 0 42 4:3 
State 4 15 1-4 0 08 11 


The respiratory rates are expressed as «moles omyge: mg protein, and 
were measured with an oxygen electrode. The amounts of mitochondrial 
protela used were 1-0 mg in the unwashed mitochondrial experiments; 
washed control 1-84 mg; washed trt treated, 1-26 mg. 

* 18 wmolar tr+ present during measurements, 

+ The reaction medium contained 250 umolar tr*. 


0-1 ml. sample of MT1 was similarly diluted with the 
reaction mixture containing 250 molar trt. 

The other portions (MC2 and MT2) of the concentrated 
control and tr+ treated mitochondria were diluted with 
30 ml. of sucrose/EDTA, allowed to stand for 5 min and 
then centrifuged for 8 min at 8,000g. This washing 
procedure was repeated and the washed samples resus- 
pended in sucrose/EDTA. ‘The respiratory activities and 
ADP/oxygen ratios of the washed control (MC2) and 
washed tr+ treated mitochondria (MT2) were then 
measured. 

It can be seen from Table 1 that the washing procedure 
had little effect on the control mitochondria. Those 
treated with tr+ (MT1) showed a little respiratory control 
when suspended in a reaction mixture without added trt, 
but were inert when 250 pmolar trt was present in the 
reaction mixture. The washed mitochondria treated with 
tr+ had similar respiratory activities to the control 
preparations; respiratory control was re-established but 
the ADP/oxygen ratio was slightly decreased. These 
results show that the tr+ induced inhibition of respiration 
is reversible. 

The effects of trt on mitochondrial ATPase in the 
presence and absence of DNP are recorded in Table 2. 
It can be seen that the ATPase stimulated by DNP is 
markedly inhibited by 3-5 mmolar trt; ın the absence of 
DNP, however, tr+ slightly stimulated the ATPase 
activity and maximum activation occurred at trt concen- 
trations between 0:8 mmolar and 1-5 mmolar. 

The difference spectrum between state 5 (glutamate as 
substrate) and state 2 (aerobic; no substrate) was 
measured, as was the difference spectrum between the 


- 


HEART 
again at a rate very similar to the state 3 MITOCHONDRIA 
rate measured in control experiments. hoa PROTEIN 


Amounts of tr+ were added to give a final 
concentration of 250 ymoles/l. in one of 
two identical samples of concentrated 
heart mitochondria (26-5 mg of protein) 
suspended in 3-8 ml. of 0-25 molar sucrose, 
1 mmolar EDTA, 1-4 mmolar phosphate 
buffer (pH 7-4) and 7 mmolar glutamate. 
0-1 ml. of 0-04 molar ADP was then added 
to both samples. Two further additions of 
ADP were made at 5 min intervals, and the 
mitochondrial suspensions were aerated 
gently between each of them. 

The control (MC) and trt treated (MT) 
suspensions of mitochondria were then 
divided into two equal parts (control: 
MCI and MC2; trt treated: MTl1 and 
MT2). Samples of 0-15 ml. MCl and 
MTI were added to a reaction mixture 
containing 3-5 ml. of 0-25 molar sucrose, 
1 mmolar EDTA, 1-4 molar phosphate 
buffer (pH 7-4) and 7-0 mmolar glutamate; 
the respiratory rate and the efficiency 
of ATP synthesis (measured as an ADP/ 
oxygen ratio) of these diluted preparations 
were measured (Table 1). A further 
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Inhibition of mitochondrial respiration by tropylium fons. 


a“ of that of the control mitochondria. 
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Table 2. EFFEOT OF TROPYLIUM IONS ON THE RESIDUAL AND DNP STIMU- 
LATED ATPASE ACTIVITIES OF HEART MITOCHONDRIA 


Tropylum ase activity oles/mg/h), 
concentration (mM) Aoa t Asa 
4 0-8 16-7 
1-8 165 
O80 17 16-1 
10 24 14-7 
15 81 10°38 
2-0 2:8 59 
25 24 4-8 
80 22 48 
8-5 16 3-0 


added to 1 ml. of a reaction mixture 
containing 01 molar & suCcTORE, 06 molar tris (pH 7-4), 2 m molar ATP 
and 0-1 m molar DNP. The reaction was stopped after 15 min at 22° O by 
the addition of 0-1 mi. of 40 Pte ont, prrohiossensise acid. Orthophosphate 
was assayed by the method o; 


Alitochondria (0 2 mg protein) were 


state 5 mitochondria and those inhibited by trt (gluta- 
mate present). The results show that in the treated 
preparation, all the cytochromes are slightly more 
oxidized than in the state 2 aerobic steady state. The 
only important difference is in the 360-300 mp region. 
The difference spectrum between states 5 and 2 has a 
peak absorption at 320 mu, while in the difference 

between state 5 and treated mitochondria, this peak had 
shifted to 340 mpu and had decreased in magnitude. 
Direct extraction and fluorimetric assay of the NAD+ 
contents of control mitochondria in state 3 and of trt 
inhibited mitochondria indicate that the NAD+ content 
of the r+ inhibited mitochondria is at least 70 per cent 
Thus in the trt 
mhibited mitochondria, all the components of the electron 
transfer system are highly oxidized. 

The mode of action of tr+ in inhibiting electron transport 
is different from that of the inhibitors described previously. 
Thus inhibition by either cyanide or carbon monoxide’, 
or 2-alkyl-4-hydroxyquinoline-N-oxides‘, or antimycin A, 
leads to the reduction of one or more of the cytochromes. 
Amytal has no effect on the oxidation of succinate’. The 
oligomycin and octyl-guanidine inhibitions can be relieved 
by DNP”. 

The reversibility of the tr+ inhibition shows that 
treated mitochondria do not suffer gross morphological 
damage. This conclusion is supported by the results of 
experiments in which trt did not induce large amplitude 
swelling. Because only the respiration associated with 
synthesis of adenosine triphosphate is inhibited, and 
because the DNP stimulated ATPases are inhibited, it 
appears that the inhibition of respiration by tr+ is localized 
at the energy transfer systems associated with the electron 
transport system. The simplest hypothesis is that trt 
acts at the same site as DNP, the trè reacting with or 
stabilizing the intermediate activated by DNP. 
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PATHOLOGY 


Is Brain Damage the Cause of “Pink Spot”? 


RacanrT reports on the occurrence of “‘pink spot” m the 
„urines of schizophrenics are somewhat conflicting and 
“cast doubt on its chemical identity and its relationship 
to schizophrenia'-*, In this hospital we began an experi- 
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ment earlier in the year to isolate ‘‘pink spot” in milligram 
amounts with the intention of establishing ite chemical 
structure by mass spectroscopy and nuclear magnetic 
resonance, but we soon found difficulty in finding “pink 
spot” excreters’. The urines from ten chronic schizo- 
phrenics were examined by the method of Friedhoff and 
‘Van Winkle! but only one (J.W.) “pink spot’’ excreter was 
found, although four of our patients were ‘‘Schneider- 
positive non-paranoid’’ schizophrenics*. Admittedly, 
J.W. was one of these four, but our failure to find a higher 
incidence led us to examme the clinical records of our 
series of patients ın greater detail, and it then became 
evident that patient J.W. differed from the other nine 
patients in several respects. She was 69 years of age and 
had had a leucotomy in 1947. Her symptoms had im- 
proved temporarily after the operation, but had then 
worsened, so that she needed massive and prolonged treat- 
ment with phenothiazines (mainly chlorpromezine) until 
early in 1966. Dyskinesia was first noticed in 1963 and by 
1966 it became severe with choreiform movements of the 
mouth and tongue, jerky breathing and speech, opistho- 
tonos and oculogyral spasm. Severe dyskinesia is well 
known in leucotomized patients after prolonged pheno- 
thiazine treatment. It is thought that leucotomy causes 
secondary changes in the basal ganglia which render them 
susceptible to toxic damage by these drugs’. 

The possibility that “pink spot? may be associated 
with brain damage induced by drugs is supported by the 
fact that it is also found in high concentration in the 
urines of patients suffering from Parkinsonism’, a disease 
in which the brain is indisputably damaged. This leaves 
open the questions of the relationship of “pink spot” to 
schizophrenia and also ita relationship to dopamine 
metabolism. Our doubts about the relationship of “pink 
spot” to dopamine were increased when we found that 
the “pink spot” isolated from our case was not isographic 
with authentic §-3,4-dimethoxyphenylethylamine when 
chromatographed on a thin layer of silica gel® 1°, 

In view of these findings it would be interesting to 
know whether any of the patients who have been reported 
in the literature as “pink spot’? excreters also showed 
clinical signs of brain damage in the form of dyskinesia 
induced by drugs at the time of investigation or whether 
they have developed it since the reports were published. 


R. E. NUNN 
R. H. WHEELER 


8t. Francis Hospital, 
Haywards Heath, Sussex. 
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Significance of the Co-existence of Friend 
Virus in “Friend Tumour” 


Rzozntiy, the presence of tumour specific antigens in 
viral tumour cells of animals, which can be detected by the 
virus-neutralization and complement fixation reactions 
with immune serum against the causal virus, has come to 
be recognized’. Even when the presence of virus particles 
in the tumour cannot be proved, it is possible to surmise 
the presence of the virus genome in some form or other. 


940 


: At present several transplantable Friend virus induced 
tumours are available’. The two Friond virus induced 
tumours used in our work are an ascites form of a tumour 
transplantable in dd/Om strain, which are obtained from an 
enlarged spleen suffering from Friend disease and are 
referred to as the “Friend tumour’. OFT-1 found by 
Kasuga and Oota’ and OFT-2 found by me’ are very 
similar biologically and cytologically, and considered to 
be reticulum cell sarcomata. 

After 200 successive transplantations of Friend tumaur 
the causal Friend virus could still be readily demonstrated 
biologically and by electron microscopy. In this respect 
Friend tumour differs from many other viral tumours 
from which the causal virus disappears. The Friend 
tumour cell proliferates as a malignant neoplasm, while it 
continues to be the host cell of Friend virus, and in the 
ascites form a constant co-existence of Friend virus 
amounting to 10!~10? I.D.,,/ml. is found. This may 
suggest that the co-existence of Friend virus is indis- 
penaable for the proliferation and maintenance of Friend 
tumour. Apparent loss of virus from a transplantable 
tumour derived from a Friend virus infected mouse, 
after repeated passage in vivo and tn vitro, has been 
reported recently®. 

In an investigation of the significance of the presence of 
Friend virus in our ascites tumour we attempted to free 
the tumour from the virus. Successive transplantations 
were carried out’ in mice immunized with inactivated 
Friend virus, and another attempt was made by repeated 
single cell transplantations. All these attempts failed. 
We have recently managed to obtain a strain of Friend 
tumour cells, however, in which the presence of Friend 
virus is not detectable, by implantation of limiting 
dilutions of cells mixed with anti-Friend virus immune 
rabbit serum. ‘The strain has been designated NVP 
type Friend tumour cell. This result may be considered 
to have been obtained as a result of selection from the 
origmal Friend tumour cells (VP type); however, after 
nineteen successive transplantations, during 9 months, 
no evidence of reappearance of Friend virus (erythro- 
blastoms, or white spots on the spleen, indicating the 
prolferation of Friend virus) was seen in the tumour- 
bearing mice. Furthermore, virus induction in the NVP 
cells by such methods as X-irradiation followed by 
inoculation into newborn mice has not been successful. 
On this evidence it may be considered that the NVP 
Friend tumour is now virus free. 

Later work has revealed the presence of anti-Friend 
virus neutralizing antibodies, up to a titre of 1:32, in 
the blood serum of mice bearing transplants of NVP 
tumour cells. Thus, unlike the N P cells’ of Rous sarcoma, 
NYP cells cannot be considered to be non-virus produ- 
cing in @ strict sense (it may be added that, recently, 
the NP cell of Rous sarcoma has become suspect’). 
Compared with the VP tumour, which contains Friend 
virus up to 101-10 7.D.,,/ml. and which induces Friend 
disease as early as 2-3 weeks after implantation, the 
content of Friend virus in the NVP tumour is certainly 
less than 10-5 [.D.,./ml. From the fact that NVP 
cells have failed to induce Friend disease it may be 
said that they clearly differ from VP cells. 

On the other hand, lantation of NVP cells is 
at present 69 per cent successful (32/52), which is slightly 
lower than the 83 per cent (33/40) for VP cells, although 
no clear difference can be seen between the two types when 
mean. survival times are compared. Since the NV P cell, 
which either contains no infective virus or Jess than 
103 J.D.,,/ml., can proliferate adequately, the large 
scale co-existence of Friend virus, amounting to 104-10? 
I.D.,,/vol. as in the VP cell, is certainly not necessary for 
the maintenance of proliferation of the Friend tumour. 
The presence of a large amount of Friend virus should 
rather be considered as a secondary product of the Friend 
tumour cell. 
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The investigation of the virus neutralizing antibody 
which is produced by implantation of NVP cells may 
elucidate the relationship between the antigen responsible 
and the virus. This antigen is destroyed by heating at 
56° C for 30 min, but it is comparatively resistant to 
freezing and thawing and to formaldehyde (0-2 per cent). 
Whether it is a new cellular antigen identical with a viral 
antigen, a trace amount of virus which continues to 
replicate without being detectable by infectivity tests, 
or some form of incomplete virus, are problems for the 
future. 

With regard to the question of whether the Friend 
tumour is capable of “autonomous proliferation”, even if 
it proves to be virus-dependent it is not necessarily 
dependent on the presence of infective virus particles. 
Possibly, autonomous proliferation deponds on the 
antigen which induces virus neutralizing antibody, and 
perhaps on other antigens, and hence on the virus 
genome which controls the synthesis of these. 
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Kinetics of Glucose-6-phosphate as an Inhibitor 
of Phosphofructokinase 


In the course of an enzyme investigation of the psoriatic 
epidermis?, it seemed possible that epidermal phospho- 
fructokinase (PFK) may be inhibited by glucose-6- 
phosphate (G-6-P). Since the latter is the precursor of 
the substrate, fructose-6-phosphate (F-6-P), the following 
reactions must be taken into account with crude enzyme 
extracts 











enzyme + substrate enzyme-substrate complex 
enzyme + inhibitor Z enzyme-inhibitor complex 
inhibitor —~ substrate 





(phosphohaxose Isomerase) 


The test for inhibition which consists simply of adding 
G-6-P to the substrate during the enzyme assay is meaning- 
ful only when the last of these three reactions can be 
neglected. Because neither purification of the PFK 
nor inhibition of the epidermal phosphohexose isomerase 
(PHI) is practicable with psoriatic epidermis, it is necessary 
to consider the kinetics of a phosphofructokinase inhibited 
by G-6-P acting on F-6-P or G-6-P in the presence of» 
PHI. 
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= Table -1 ESTIMATED VALUES FOR GLUCOSE-G-PHOSPHATE INHIBITED PHOSPHOFRUCTOKINASE 
Average Fructose-6-phosphate Average Ghicose-6-phosphate 
Phosphohexose isomerase è v 8 v 
“Phosphofructokinase mmoles) Fmax (ramioieg) F max 
a a 
Ki = i:l 1:2 1:5 1:10 Ři= at 1:2 1:5 Io 
1 2-25 075 0-86 0-94 0-97 0-38 0-13 0-22 t42 059 
2 1-88 0-63 0:77 0-90 0-94 0-56 0-19 0-32 0-53 O70 
3 1-63 0-54 0-70 0-86 0-92 0-63 0-21 0-35 0-58 0:72 
5 1:27 0-42 0-58 0-77 0-87 0-68 0-22 0-38 0-60 0:75 
10 101 O34 0-72 0-71 0-24 O61 


v 
F 
max 


The estimated 





Ke/Ki = 0 





g 9° 


2 


PFK (G-6-P)/PFE (F-6-P) 





an 


PHI/PFE 


Fig. 1. Relationship of the inhibition constant to the velocities of phos- 

phohexose isomerase and phosphofructokinase. PFK (G-6-P), Velocity 

of phosphofructokinase with glucose-6-phosphate ; PEK (F-6-P), velocity 

of phosphofructokinase with fructose-6-phosphate ; PHI/PFK, velocity 

of phosphohexose isomerase/velocity of prosphofuctokinasg with 
fructose-6-phosphate. 


If this inhibition is assumed to be competitive*, then 
the velocity of the reaction, v, is given by? 


= F maxs (1) 
°= 64 Ks(l + Ky) 
where Vmax is the maximum velocity, s the concentration 
of the substrate, i the concentration of the inhibitor, 
K; the substrate constant and K; the inhibition constant. 

Ifc = s + i, then for the first 2 or 3 min of the assay 
¢ is approximately the concentration of the starting com- 
pound. Substituting ¢ in (1) the equation becomes 


& 


a (2) 
max = y ü- K5/Ki) + (Ka]Ki)c + Ks 





Lf Ky is very large, the term K./Ki is negligible. When- 
-ever Ki is not more than 4 or 5 times greater than Ke, 
the average substrate concentration and therefore the 
“velocity will be significantly different if the assay is 
begun with the inhibitor (G-6-P) or the substrate (F-6-P). 
‘For example if the starting concentration of either 
-@-6-P or F-6-P is 3 mmolar, if the concentration of 
G-6-P at equilibrium is twice that of F-6-P, and if Ks 
is negligible with respect to ¢, then the approximate 
¿o values are summarized in Table 1 and yield the curves in 
| Fig. 1. From the equation for the normal enzyme, 


iv 2 
uV max = Fa 


(3) 


ihe normal PFK, with either G-6-P or F-6-P as the initial 


- compound, may be expected to have the maximum 


= velocity at any ratio of PHI to PFK greater than approxi- 
< mately 1-5, The effect of the term c in equation (2) can 


* The assumption of non-competitive or irreversible inhibition leads to 
equations which do not fit the experimental data in psoriasis. 


for the normal phosphofructokinase will be approximately unity in all of the above conditions. 


be seen most easily by investigating the special caso when Pe 
Kı = Ks. Then equation (2) becomes cee 


Both the normal and abnormal enzymes may: bè 


expected to have ratios of PFK (G-6-P) to PERK (F-6-P) 

which are small when the ratio of PHI to PFK is small 

and ratios approaching unity when the ratio PHT to PFK 

is infinitely large. Any great difference in phosphofruc- 

tokinase velocity between G-6-P and F-6-P at PHI/PFK 

ratios greater than two can, however, be interpreted as 

presumptive evidence of an inhibition of PFK by G-6-P. 
This investigation was supported by a grant from the 
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MICROBIOLOGY 


Effect of Activated Charcoal on the Swarming l 
of Proteus 


THE swarming of species of Proteus on solid culture media. 
is a well known and often troublesome phenomenon 
(Fig. 1). It may be suppressed in various ways', and. 
considerable attention has been paid to possible. factors 
involved in this peculiar zonal growth?*. This com- 
munication reports the effect of activated charcoal on the 
swarming of five strains of Proteus. The strains used were — 
P. vulgaris C and B 11 and P. mirabilis 12, 8268, and 
NCTC 5887. Ces 
Charcoal-agar was prepared by the addition of 1 per 
cent w/v activated charcoal, which had been washed with 
water or acid, and 1-2 per cent agar, to nutrient. broth. 
The medium was steamed for 20 min before autoclaving. | 





Fig. 1. Zonal swarming of Proteus mirabilis 8268 on nutrient-agar, grow l 
at 30° € for 1h. (x 1°66) : 
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at 15 1b./15 min, Plates were dried at 37° C for 30 min 
before use. Inocula were prepared from. nutrient. broth 
cultures, grown at 30% C for 18 h, by washing once in 
dilute Ringer solution and suspending in Ringer solution 
diluted: to the same cell concentration as the original 
culture. A straight wire was used to inoculate the washed 
suspensions into test media. 

Each of the five strains was inoculated into the centre 
of a 1 per cent charcoal—agar plate and to a control plate 
of nutrient agar. Plates were incubated at 30° C for 18 h. 
All strains swarmed on the nutrient-agar plates which 
were used as controls, but none swarmed on the charcoal-— 
agar (Fig. 2); a discrete central colony was produced in 
each case. Smears of the growth on charcoal—agar stained 
according to Gram’s procedure showed none of the elon- 
gated swarmers normally encountered on media which 
. favour swarming. Hanging drop preparations in dilute 
_ Ringer solution showed the cells to be fully motile on 

both charcoal-agar and nutrient—agar plates. The cells 
from the charcoal-agar plates were of normal (non- 
swarming) dimensions. 





Fig. 2. Discrete colony of Proteus mirabilis 8268 on 1 per cent charcoal- 
agar, grown at 30° C for 18h. (x 1-66.) 


A series of 1 per cent charcoal-agar plates was prepared. 

- From each plate a central disk 4 cm in diameter was 

“removed. Sterile nutrient-agar at 46° C was pipetted 
into the well and allowed to gel. The plates, together 
with a control set, were inoculated centrally and in- 
cubated at 30° C for 18 h. The swarming edge of a colony 
was halted by contact with the charcoal—agar, and while 
growing on the inner edge of the charcoal—agar, it would 
not. swarm across it. 

Another series of plates was prepared with one half of 
the plate consisting of 1 per cent charcoal-agar and the 
remaining half of nutrient-agar. These plates, together 
with a,control set of nutrient-agar plates, were inoculated 
centrally and incubated at 30° C for 18 h. Swarming 

--oeeurred only on the nutrient—agar half of the test plates. 
Concentric circles of swarming growth covered the entire 
“area of the control plates. 

In order to demonstrate whether the actual presence 


= of carbon in the medium was necessary to suppress 


swarming, two batches of 1 per cent charcoal-agar were 


u ‘prepared and autoclaved at 15 Ib./15 min. One batch was 


then filtered to remove the carbon. Both media were 
-autoclaved once again and a series of plates poured from 
each batch. A control series of plates was prepared from 
 mutrient~agar autoclaved twice. Removal of carbon from 
_ the medium permitted normal swarming. 
‘These experiments would seem to suggest that swarming 
can result from the synthesis of some extracellular factor, 
-as yet unidentified. If this factor is adsorbed by charcoal, 
then swarmers are not produced and a discrete colony 
results. 
We thank Mr. H. Jones, University of Reading, for 
providing strains C and 12. Part of this work was carried 
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CYTOLOGY 


Microstructure of “Lypochondria” from 
Cultured Cells 


Livip droplets which occur in cells of insect (Rhodnius) 
and mammalian (mouse) fat tissue have recently been 
shown to contain structurally defined, enzymatically 
active sites with NAD-diaphorase and to exhibit Krebs 
dehydrogenase activity’. These structures, called ‘“cata- 
lysomes”’ because of their function, were recognized as a 
new type of cytoplasmic organelle and considered to be 
responsible, at least in part, for the synthesis of “‘meta- 
bolic lipids”? in living cells of the fat tissue? 

This communication is concerned with the structure of 
fat droplets (lypochondria) which spontancously accumu- 
late in the cytoplasm of anthropoid cells cultured in vitro 
under adverse conditions of growth. 

Adult flying coverslip cultures? of primary and stabilized 
cells (monkey kidney, human amnion, Hep 2 and HeLa) 
were incubated for 24 h at +41-5° C in order to induce 
an accumulation of intracytoplasmic fat droplets. The 
coverslip monolayers, which usually displayed at that time 
an advanced stage of fatty degeneration (Fig. 1}, were 
fixed for a few minutes in acetic sublimate (1 part per 
thousand mercuric chloride in 1 per cent glacial acetic 
acid), then washed in distilled water (three times for 
2 min each), and immediately stained according to the 
alkaline Nile blue (ANA) procedure*. The test was based 
on the quantitative distribution of the oxazine dye Nile 
blue between non-miscible phases (water-fats) as a func- 
tion of pH and ionic strength, and consisted of the fol- 
lowing procedure: (a) Staining for 1 min in 0-2 per cent 
aqueous. Nile blue (hydrochloric acid) solution. (b) 
Draining of the excess dye and bleaching in 0-5 per cent 
molar potassium phosphate-hydrochloric acid buffer, 
pH 10, until the blue colour of the cell sheet shifted to 
red (15 sec). (e) Removal of tho bleaching solution 
(blotting), and counterstaining for 1 min with a freshly 
prepared, 0-5 per cent azur II solution in 0:2 molar 
veronal buffer (pH 95). (d) Mounting in saccharose 
syrup, adjusted to pH 9-5 with a molar solution of potas- 
sium phosphatet. 

The slide specimens were not permanent’, and therefore 
all examinations were carried out with a light microscope 
(850 mu.) between the time of mounting (0) and 1 h later. 
Figs. 2-4 show the appearance of the specimens after 
various intervals. In contrast to the blue-violet back- 
ground of the cell sheet, at time 0 the fat droplets became 
coloured a homogeneous, brilliant orange. As the 
“maturation” of the staining proceeded at pH 9-5 (ref. 6), 
an additional structure became apparent in the fat 
droplets, which was intimately associated with the dis- 
tribution of the fat deposit. This consisted of clear-cut, 
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Fig. 1. Advanced fatty degeneration developing after incubation of adult M K-outgrowths 


for 24 hat +41- 


5° C. (Phase contrast, x 640.) 


Figs. 2-4. M K-cell fatty degeneration as revealed by the ANA test after 0, 20 and 60 min 
maturation, respectively ( x 1,920-2,560). 


Figs. 5 and 6. 


Intra-cytoplasmic lipid figures; 


coalesced lypochondria with ANA- 
). 


positive bodies ( x 2,580 
Fig. 7. Lypochondria in Af K-outgrowths after osmic acid®* fixation (ANA test, x 1,920). 


deep violet granules, with an average size of between 
lu and 3u, which were located on the lypochondrial 
inner surface. The number of these bodies varied with 
the coalescence rate of lypochondria (Figs. 5 and 6), and 
both treatment with osmic acid (Fig. 7) and extraction 
with polar organic solvents made it impossible to dis- 
tinguish them. Similar details were noticed in all cell 
specimens which displayed fatty degeneration; such a 
condition was induced by moderate heating or by appro- 
priave treatment of adult cells with homologous micro- 
somal non-polar lipids? or basic amino-acid salts of fatty 
acids’. 

The ANA-positive bodies were constantly found in the 
lipid droplets of fatty degenerated parenchymatous cells 
in monkey (kidney and liver) as well as in isolated lypo- 
chondria which were prepared from cells disrupted by 
citric acid’, and separated by floating (kindly suggested 
by Dr. G. E. Palade) in 7-5 per cent polyvinylpyrolidone’®, 
at 8,000g, in the cold. 

Cytochemical Krebs dehydrogenase assays"~' in the 
presence of coenzyme (NAD) and proper substrate showed 
that the intra-lypochondrial ANA-positive sites contained 
succinic, malic and 6-hydroxybutyric activities. The 
nicotinamide-adonine dinucleotide diaphorase activity in 
the presence of NADH, and nitro-BT acceptor" was found 
to coincide with the ANA-positive bodies inside lypo- 
chondria. 

Although the presence of enzymatically active mito- 

-ehondrial residues in lypochondria cannot be ruled 
out?-45-18, the tentative cytochemical pattern of the intra- 
lypochondrial enzyme carrying bodies closely resembles 


that of the catalysome. It is probable that this indicates 
the presence of a “structural counterpart, accom- 
panying the development and storage of the metabolic 
lipids in the cytoplasm of cultured cells. 


G. GANCEVICI 


Cantacuzino Institute, 
Bucharest, 
Romania. 
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Intracellular Budding into Rodent 
Myocardial Cell 


Dure a study on the sub-microscopic appearance of the 
myocardium of rats, we have observed well delineated 
membrane bound structures, circular to elliptical in shape, 
entering into myocardial cells in the area of the inter- 
calated disk. These contours appeared to assume an 
intimate relationship with elements of the sarcoplasmic 
reticulum, 

Cardiac muscle tissues were fixed in chilled buffered 
1 per cent osmium tetroxide!, dehydrated in graded ethyl 
alcohol baths and embedded into ‘Epon’ 812 (ref. 2). 
Sections were examined with an electron microscope 
(RCA EMU 39-2). 

Two structural elements were conspicuous in the area of 
the intercalated disk. The first was the formation and sepa- 
ration of pinocytotic vesicles from the sarcolemma into the 
muscle cells. These were easily recognized as single 
membrane bound bodies, irregularly circular to elliptical 
in shape, which were often attached to the inner layer 
of the sarcolemma only by a thin stalk, corresponding to 
the caveolae described by Yamada‘. 

Structures of the second type were larger and longer 
and also membrane bound. apparently elliptical in longi- 





Fig. 1, Cross sections of a number of muscle cells, The intercalated disk 
is visible in the left lower part of the picture. The single arrow points to 
caveolae as they originate from the sarcolemma, The double arrow points 
to an elliptical structure within the sarcoplasm. The close association 
with a smooth walled oval vesicle should be noted. (x 30,000.) 





A B C 


Fig. 2. 
muscle cell; B, closing of herniation at orifice; 
material; D, separation from cell membrane, 
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Assumed sequence of intracellular budding. A, Sarcolemmal in-pocketing into 
C, filling of enclosure with unknown 
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tudinal section and with an ill defined contact with the 
sarcolemma at the point of entry into the cell. Within 
the cell, they were well delineated, apparently double 
membrane bound and always contained circular vesicles 
not unlike those in the (pre-terminal) swellings of the 
axons. Within the muscle fibres, they often appeared to 
be surrounded by smooth walled tubular structures or 
channels which were apparently parts of the sarcoplasmic 
reticulum (Fig. 1). 

The presence of these structures within the muscle 
fibre can be interpreted in one of several ways: (1) they 
may represent particles of extraneous material incor- 
porated into the muscle cell—a type of phagome; (2) 
they may be a stage in the formation of multivesicular 
bodies; or (3) they may represent the origin of one 
of the components relating to the sarcoplasmic reticulum. 

With regard to the first of these possibilities, it is scarcely 
conceivable that randomly incorporated extraneous mate- 
rial would consistently have the same vesicle size. Although 
caveolae are of somewhat similar size, these structures 
are not comparable with them. Second, multivesicular 
bodies have been observed to be round structures and the 
vesicles which have been described within them are much 
larger’ than the inclusions found in the components 
deseribed here. 

It would therefore seem preferable to conclude that these 
components and the inclusions within them are structures 
which regularly penetrate the sarcoplasm of the muscle 
cell at the level of the intercalated disk (Fig. 2). Further, 
it is suggested that these structures, because of their 
intimate relationship with elements of the sarcoplasmic 
reticulum, may have some influence on the spread of 
excitation within the myocardium. Thus they may 
represent the origins of the transverse portion of the 
sarco-tubular system. 


Roperr Haver 
PETER J. Tarso 


Departments of Anatomy and Medicine, 

The Stritch School of Medicine, 

Loyola University, 

Chicago, 

Illinois. 

* Palade, G. E., Anat. Rev.,114, 427 (1952), 

* Luft, J. H., J. Biophys. Biochem. Cytol., 9, 409 (1961). 

* Yamada, E., J. Biophys. Biochem. Cytol.,1, 445 (1955). 

* Rhodin, J. A., An Atlas of Ultrastructure (Saunders, Philadelphia, 1963). 


HAEMATOLOGY 


Hexokinase Isozyme Patterns of Human 
Erythrocytes and Leucocytes 


HEXOKINASE catalyses the initial phosphorylation of 
glucose in the glycolytic pathway of carbohydrate meta- 
bolism. This step appears to be rate limiting in glycolysis 
of the human erythrocyte’*. Quantitative studies of 
the activity of hexokinase have been carried out with 
human erythrocytes!-5, but the qualitative characteristics 
of the enzyme from red cells or white cells have not been 
evaluated by electrophoretic methods. This 
communication describes a method for 
investigating the hexokinase isozyme pat- 
terns of haemolysates and leucocyte sonic- 
ates, and presents our observations on 
these patterns in certain population groups. 

Venous blood was collected and treated 
with a suitable anticoagulant (heparin, 
ACD, or EDTA), and haemolysates were 
prepared as described by Tashian and 
D Shaw®, In experiments in which the hexo- 
kinase isozyme patterns of leucocytes were 
examined, the white cells were separated 
from freshly drawn blood by dextran sedi- 
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xentation (3 per cent solution of dextran, average molecu- 
‘weight 235,000). Vertical starch gel electrophoresis of 
lucose-6-phosphate dehydrogenase (G-6-PD) was carried 
ut essentially as described by Shows et al.?. The hexokin- 
ase gel buffer consisted of 0-021 molar tris, 0-02 molar boric 
acid, and 0-001 molar EDTA made up to pH 8-4 with 
e hydrochloric acid. The bridge buffer solution contained 
0-21 molar tris, 0-15 molar boric acid, and 47 x 10-5 
molar EDTA adjusted to pH 8-0 with hydrochloric acid. 
Electrophoresis was carried out for 20 h at 2°-4° C with 
an electric field of 8-0 V/em. After electrophoresis, the 
gels were sliced and incubated for 1-5-2-5 h at 37° C in a 
staining solution composed of 8-3x 10- molar glucose, 
12x10- molar triphosphopyridine nucleotide, 2-4x 
10-4 molar adenosine triphosphate (ATP), 10 mg 3-(4,5- 
dimethylthiazoly] - 2) -2,5-diphenyltetrazolium bromide, 
2x 10-4 molar phenazine methosulphate, 1x 10-* molar 
magnesium chloride, 0-04 mg glucose-6-phosphate de- 
- hydrogenase (4-8 units), and 10 ml. of 0-5 molar tris 
< hydrochloric acid, pH 8-4, made up to 100 ml. with distilled 
water. When either glucose, ATP, or magnesium ion 
was omitted from the staining solution, no bands appeared, 
showing that all the bands were specific for hexokinase 
activity. 

The isozyme patterns of hexokinase of human red blood 
< cells and white blood cells are shown diagrammatically 
in Fig. 1. The isozyme patterns were examined in 

-haemolysates prepared from sixty unrelated American 
“Caucasians, eighty unrelated American Negroes, and 
: thirty-six Israelis (twelve families). In all cases the enzyme 

‘patterns were qualitatively similar and the only variation 

was in the intensity of staining. In the usual red cell 
preparation, seven bands (B1 to B7) of hexokinase activity 
appeared, each about 0-5 cm apart. The slowest band, 

BT, was located approximately 4 em from the origin 
=slightly nearer the anode than haemoglobin. We will 

refer to these seven bands as the B region. Band B7 was 
of average intensity and was constantly present. Band 

B6 was fainter, but could usually be made visible. Band 

B5 was constantly present and always stained more 

intensely than the other bands. Bands B4, B3 and B2 
= were progressively fainter in that order, and band Bl 
eould be seen distinctly only in an occasional preparation. 

The presence or absence of a detectable Bl in a given 

preparation is probably related to the general intensity 
of all the bands in that preparation. 

The bands of hexokinase activity prepared from haemo- 
lysates of individuals with reticulocytosis developed faster 
(30 min) during the staining reaction than those from 
normal erythrocytes (2 h) and their final intensity was 
greater (Fig. 1). This is in accord with the findings of 

v Brewer et al.*4 that the hexokinase activity is markedly 
“o inereased in young erythrocytes. In addition, a new 

faster migrating band, which occurs in a region we call A, 

9 em from the origin, appeared in hacmolysates prepared 
_ from preparations rich in reticulocytes. On close inspec- 

tion, a faint A band could be seen occasionally in normal 

(not reticulocyte-rich) preparations. 

The isozyme pattern of normal white cells differed from 

that of red cells. Only two bands appeared, both in the 

B region, one equivalent in migration to B7 and the other 

equivalent to B5 or B6 of red cells (Fig. 1). The more 

slowly migrating band (B7) was more intense than the 
fastur migrating band. 

Multiple molecular forms of hexokinase seem to occur 
in most tissues. Trayser and Colowick®, using a method 
“somewhat diffurent from ours, found two bands with 

hexokinase activity in yeast. Katzen and Schimke®, using 
“a method similar to ours, found multiple bands in many 

tissues of the rat. In this species, there were differences 
in patterns between various tissues; liver showed four 
banding regions, and other tissues showed one or two 
regions. In our experiments, six and sometimes seven 
bands with hexokinase activity were found in banding 
region B after electrophoresis of human haemolysates. 
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Fig. 1. Diagram showing relationship of isozymes of hexokinase of 

human blood cells after electrophoresis on starch gel. The symbol Hb 

indicates the location of haemoglobin. The relative amount of shading 

in each band is an attempt to akow the: relative intensity of the various 
ands. 


The patterns were similar in all our subjects, including 
sixty American Caucasians and eighty American Negroes. 

The genetic and structural relationships among the 
hexokinase isozymes in region B as well as the relationship 
between the A form and the B complex have not been. 
established. With respect to both these problems, it will 
be helpful to identify genetically determined electro- 
phoretie variants of the enzyme. Improvements in- 
technique which increase the sensitivity of the procedure 
may eventually make it possible to make the A form 
visible in almost all haemolysates. This development 
would make it simpler to search for genetic relationships : 
between the isozymes in the two banding regions. The A 
band may be associated with the presence of the reticulum 
in red cells. This would be in keeping with the association 
of hexokinase with particulate material in all other tissues . 
studied’®, The presence in haemolysates of additional 
hexokinase activity not associated with particulate 
matter seems to be exceptional’. The A and B regions 
may prove to be under independent genctic control. 
Further, the B region may itself be the result of more than 
one gene product, and perhaps B7 and B6 represent one 
locus, and B5 to B1 another. 

The isozyme pattern of hexokinase of normal leucocyte 
sonicates is simpler than that of haemolysates, and only 
bands B7 and B5 (or B6) are present. Once again, the 
genetic and structural relation of these isozymes to the 
red cell isozymes is not clear, and the finding of genetic 
variants should help clarify these relationships also. 
Dr. Brewer’s preliminary studies with leukaemic leuco- 
cytes also showed that a relationship between the erythro- 
eyte and leucocyte isozymes is possible. In some prepara: 
tions, bands analogous to both the 4 and B region bands 
of haemolysates have been seen. 
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The Axial Gland Complex 


Recent articles by Millott and Vevers! and by Burton? 
have discussed the haemal system, axial gland, and fluid 
circulation of echinoids. Our findings concerning the 
haemal system of Strongylocentrotus purpuratus are still 
in preparation, but we report here our work which is 
relevant to the conclusions of these authors. 

Our use of the term “heart” to describe a structure 
consisting of two contractile chambers and a continuously 
“pulsating vessel which extends along the axial gland is 
‘based on established morphological criteria. Of Clark’s 
four basic types of heart (chambered, tubular, pulsating 
vessel, and ampullar accessory) the structure to be dis- 
-cussed conforms best to the chambered type although 
some characteristics of the pulsating vessel type are 
present in the axial gland and in other parts of the haemal 
system, notably the collateral vessel. Chambered hearts 
possess valves and separate chambers, both of which are 
present in S. purpuratus, but there is no valve between 
the two contractile chambers. To compensate for this, 
the first chamber romains contracted while the next 
chamber contracts. To consider it an ampullar accessory 
< heart seoms unreasonable, for in S. purpuratus the volume 

of the pulsating vessel when filled would exceed that of 
any other pulsating vessel in the animal. Thus we think 
it is the main pumping organ despite the pumping activity 
of other structures. The same structure may play a less 
important part in Arbacia, Diadema and Echinus', but 
we have not attempted to generalize for the echinoids and 
‘report only the findings for one species. 
We did not compare the entire axial organ with a heart 
ea and would agree with Millott and Vevers that this is not 
oe appro riate. Currontly, the phrases “axial gland” and 
axial organ” refer to: (a) an elongate concave mass of 
mse, presumably glandular cells; (b) a vascular network 
_ eovering the convex surface; (c) an inner spongy zone 
formed by the branchos; (d) the pulsating vessel on the 
_ eoneave surface; (e) a lumen (axial sinus) confluent with 
“the water vascular system and lying between the concave 
surface; and (J)a membrane on which the (g) stone canal 
tests. Confusion and ambiguity have therefore arisen 
from the use of the term “axial gland” for such a com- 
bination of interrelated but discrete structures. We 
Propose that the term “axial complex” be used to include 
structures listed, while “axial gland” should refer only to 
the dense and presumably glandular tissue, its superficial 
vascular network, and its inner-spongy zone. 
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Histological evidence suggests the glandular nature of 
the complex. We think, however, that the ‘secretion’ 
which Millott and Vevers describe as leaving the axial 
gland to enter the perivisceral coclom is identical with the 
haemal or coelomic fluid trapped here. It has not been 
shown that movement of secretion is unidirectional as 
their statements imply. The excretory function of the 
axial complex in both asteroids and echinoids has also 
been suggested, most recently by Binyon working on 
Asterias rubens*. There is an obvious analogy with the 
mammalian kidney which functions both as an endocrine 
and an excretory organ. 

Burton’s conclusion that the haemal system is unlikely 
to function as a circulatory system seems reasonable from’ 
her limited data, but we do not believe that a system as 
universal and conspicuous as the haemal system in 9, 
purpuratus could be worthless. We disagree with Burton’s 
conclusion of the ‘‘uncertainty even as to the gross anatomy ` 
of the (haemal) system”. Our serial sections of the system 
have shown openings between the various parts which 
would allow a one way fluid movement through the more 
conspicuous vessels and presumably through the others. 
Circulation in the collateral, internal and external mar- 
ginal vessels could be accounted for by the restricted but 
open communications at the extremities of all these 
passages. There could be a net one way flow of haemal 
fluid bearing digestive products from the first intestinal 
loop, but only a fraction of the fluid volume would leave 
these large vessels with each pulsation. A detailed 
anatomical account is not yet possible, but it is noted 
that in S. purpuratus the external marginal vessel which 
joins the collateral is open to the broad mesentery which 
extends between the caccum, oesophagus, axial complex, 
aboral haemal sinus, and test. This double membrane. 
open to the haemal circulation of all these structures, 
provides an essential link in haemal circulation. 

The results of Burton’s dye injection and isotope experi- 
ments are difficult to assess because she provides little 
experimental detail. For example, the choice of compound 
bearing the isotope which she omits could affect the result. 
We hope for a more detailed account of this work. 

There is further evidence of a significant role for the 
haemal system in our analyses of haemal fluid (Table 1) 
from collateral vessel and external and internal marginal 
vessels. The differences in the concentrations of sugars, 
amino-acids and other substances could best be explained 
by nutrient uptake and removal by transportation. 


Table 1. BIOCHEMICAL ANALYSES OF HAEMAL AND PERIVISCERAL FLUID 


OF Sirongylorentrotus purpuratus 

Total nitrogen Reducing sugar 

Haemal fluid (from 

inner haemal vessel) 
Perivisceral fluid 


131-6-168 mg per cent 
§-25-11-25 mg per cent 


48-2-63-0 mg per cent 
0-5~-1-93 mg per cent 


Fig. 1 presents a tentative scheme for circulation in S. 
purpuratus based on anatomical and experimental 
evidence. It may be revised later, but we consider it to 
be more correct than any scheme based solely on func- 
tional studies and ignoring anatomical details. Com- 
munication between the visceral coelom and the vascular 
surface network of the axial gland in Arbacia lixula is 
relevant here’. The same feature has been noted in S. 
purpuratus and appears to allow a restricted circulation 
between the haemal and perivisceral fluids. 

Such a feature may explain the relatively rapid incor- 
poration of absorbed nutrients into the coelomic fluid®’, 
and this fluid could be involved in the haemal system. 
Fluorescein dye which is injected into the lumen of the 
axial gland? moves rapidly into the surface vessels. This 
may be caused by the pulsating vessel and perhaps also 
by the communications from the axial gland lumen to the 
perivisceral coelom which occur in A. livula?. Such com- 
munications have not been seen in serial sections of S. 
purpuratus axial glands. Injections of fluorescein and 
fluorescein in sea water into the in situ axial complex in 
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Fig. 1.. Diagrammatic representation of the haemal system in relation to 
the digestive and reproductive systers. The haemal vessels and double 
haemal membranes which serve the epithelium, endoskeleton, pedi- 
cellarie, and the sphaeridia, the water vascular system, the nervous 
system, and the lantern complex. are not shown. (1) Collateral vessel; 
(2) inner haemal vessel; (3) extension of inner haemal vessel on to 
caecum; (4) axial gland surface vessels; (5) peri-oesophageal haemal ring; 
(6) gonad; (7) haemal strands from-second loop of intestine to gonads; 
(8) haemal vessel of gonoduct: (9) perianal haemal ring; (10) axial 
mesentery; (11) pulsating vessel; (12) first contractile chamber; (13) 
second contractile chamber; (14) outer haemal vessel 


a specimen with the test partly removed show rapid 
uptake of dye into the surface vessels. This is best 
` explained as a result of the link between the perivisceral 
coelom and surface vessels. 

The closed haemal vessels reported in S. purpuratus 
are probably artefacts, for, in some cases, vessels clearly 
open in life are closed or spongy in fixed material. This 
is further supported by the elacocytes, abundant through- 
«out the haemal system, which are also common in more 
constricted haemal passages, notably the strands which 
= pass from the second intestinal loop to the gonads and 
test. Serial sections of these strands often appear solid, 
but elacocytes are seen in all areas between the basement 
layers of the intestinal epithelium from which the strands 
extend. 

While the pulsating vessel may not be such an efficient 


A pump as was originally believed, we still think that it is 


= important in the circulation of haemal fluid. A more 
probable interpretation, however, is that there is a series 
of local pumps, of which the most important is the 
pulsating structure of the axial complex and the collateral 
sinus. The inner and outer haemal vessels and possibly 
the oesophageal vessels play lesser parts. The vigorous 
“peristaltic action of the entire digestive tract may also 


i be important in fluid movement within intestinal surface 


vessels. Such an interpretation agrees with our observa- 
“tions and with those of Burton and others. 

This work was supported by grants from the U.S. 
National Science Foundation and a contract from the U.S. 
Office of Naval Research. We thank Miss Gerry Beye for 
illustrating Fig. 1. 
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Failure of 1-Glutamic Acid to increase _ 
Absorption of Vitamin Bo by Patients — 
with Pernicious Anaemia se 


Heathcote and Mooney? reported results from which the 
concluded that vitamin B,, is more efficacious’ thera- 
peutically in patients with pernicious anaemia when given 
by mouth with five times its weight of glutamic acid than 
when given alone. This claim was based on the haemato- 
logical responses of two patients. The observation sugges- 
ted that glutamic acid may enhance the absorption of. 
vitamin B,, from the gut in pernicious anaemia. If co 
firmed, this could have an important bearing on t 
coneerning the mechanism of the absorption of vit 
B: from the gut. We therefore decided to see w) 
addition of glutamic acid to test doses of cyanocobalam 
labelled with cobalt-58 influenced the absorption by 
patients with pernicious anaemia, using the total body- 
counter described by Warner and Oliver’. : 


Table 1. FAILURE OF L-GLUTAMIC ACID TO INCREASE THE ABSORPTION: 
OF *Co-ViTaMIN B,, BY PATIENTS WITH PERNICIOUS ANAEMIA 


Percentage of dose of 0-5 ug “Co-cyanocobalamin retained 


when given ; 
Patient With 50 mg hog With 5g With 50mg 
No. Alone intrinsic factor glutamic ghitamic 
concentrate acid acid 
1 0 72 0 ae 
2 4 73 8 Smee iors 
3 16 57 17 AO 


L-Glutamic acid was dissolved in hot water and, after 
cooling, suitable quantities of the solution were added to __ 
20 ml. of solution containing the test dose of 0:5 pg. a 
cyanocobalamin labelled with cobalt-58, shortly before it — 
was given to the patients. The results (Table 1) show that 
neither 5 pg nor 50 mg glutamic acid increased absorp- 
tion, although when an intrinsic factor preparation was 
given with the test doses, each patient absorbed much 
more. If glutamic acid does in fact enhance the thera- 
peutie effect of vitamin B,, given by mouth, our results 
suggest that it must influence some process other than 
absorption. 
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IMMUNOLOGY 


Some Factors affecting the Cytotoxic. a a 
Immune Reaction of Rat Mast Cells 


EARLIER investigations have shown that incubation ofo - 
isolated rat peritoneal mast cells with purified anti-rat. 
IgG-globulin and fresh serum in vitro results in a cyto- 
toxic immune reaction’. Data demonstrating that this 
process is inhibited by various agents, especially by 
alkyl phosphates and synthetic chymotrypsin substrates, 
indicate that the activation of a chymotrypsin-like 
esterase is of some importance for the reaction®?. The en- 
zyme, which is contained in the heat labile serum portion, 
shows many striking similarities to an enzyme of the 
complement complex (C’;-esterase), and was therefore 
thought to be identical with it*. Further experiments, 
however, revealed that neither a euglobulin preparation 
with high C’,-esterase activity nor purified human 
C’,s-esterase, irrespective of whether or not antibody. is 
also present, produces detectable morphological or pharma- 
cological changes in isolated rat mast cells (ref. 3: and 
Lepow, I. H., personal communication). The question 
thus arose as to what extent the immunological beh 
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of mast cells would be influenced by pre-treatment with 
various enzymes. The data presented here provide some 
insight into the problem. 

Tissue mast cells isolated from the peritoneal fluid of 
albino rats as described previously? were first incubated 
for 30 min at 37° C either with chymotrypsin (10 ug/ml.), 
trypsin (100 pg/ml.), neuraminidase (10 ug/ml.) or a 
human euglobulin preparation (0-1 ml./ml.). (Human 
euglobulin was prepared and activated as described by 
Haines and Lepow‘; the titre of the classical complement. 
components of this preparation, as determined according 
to Mayer’ with modifications summarized by Wedgwood®* 
with guinea-pig or human serum reagents R,, Ra, R, and 
Ry was 1: 10,000 with R, and 1:60 with R;,; no C’, or 
0", activity was found; its activity to split N-acetyl 
tyrosine ethyl ester was quantitatively assessed in a 
pH-stat.) Rat mast cells incubated in advance for 30 min 
at 37° C with each of the enzyme preparations were washed 
twice with physiological phosphate buffer solution and 
then incubated for 10 min at 37° C either with antibody 
(rabbit anti-rat gamma-globulin; final concentration 
3 ug antibody/ml.) or fresh guinea-pig serum!:*. After 
each step of the procedure, the cellular damage was 
quantitatively assessed by assaying the amount of hist- 
amine released from the cells'-*. 

The results are summarized in Table 1. On average 
75 per cent of the available histamine is released from mast 
cells under standard conditions (mast cells + antibody + 
20 per cent guinea-pig serum for 10 min at 37° C), and 
therefore this is expressed as 100 per cent release. The 
data listed in Table 1 show that the most obvious changes 
were observed with mast cells pretreated with euglobulin. 
If cells pretreated in such a way were incubated with 
antibody and washed, the subsequent exposure to 20 
per cent guinea-pig serum causes histamine to be released 
to an extent which is virtually higher than that in the 
standard procedure, that is, after simultaneous incubation 
of cells, antibody and serum; however, when mast cells 
pretreated with euglobulin are incubated with 20 per cent 
‘guinea-pig serum only, this results in marked cellular 
damage. On the other hand, mast cells pretreated with 
ehymotrypsin, trypsin or neuraminidase do not markedly 
differ from controls. 

These results strongly suggest that an enzyme con- 
tained in the euglobulin portion of serum is capable, after 
activation, of altering the surface of rat mast cells in a 
way that is not easily recognized by conventional pharma- 
cological or morphological methods. Nevertheless, cells 
pretreated in such a way do differ from untreated cells 
because they are readily damaged by fresh normal serum. 
These observations could be taken to support the assump- 
tion that an enzyme contained in the activated euglobulin 
portion of serum, possibly C,g-esterase, so alters the cell 
membrane that a further serum component which is 
heat labile and not contained in the euglobulin fraction 
may then damage the cells. A comparison of the con- 
ditions of the cytotoxic immune reaction with those 
obtained with antigen-antibody complexes or aggregated 
human gamma-globulin? appears to indicate that the 
immune complex per se is not toxic for the rat mast cell. 
| Cellular activation of the enzyme contained in the euglo- 
bulin portion seems to be the decisive factor in this 
_-particular system. 
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Heterogeneity of Human Growth Hormone 
Preparations by Immuno-gel Filtration and 
Gel Filtration Electrophoresis 


Various methods have been used for the purification of 
human growth hormone (HGH). The method described 
by Roos et al. uses especially mild conditions with 
extraction of homogenized frozen pituitary glands at 
pH. 6-2, followed by ammonium sulphate precipitation 
and gel filtration on ‘Sephadex’. We sought to check the 
homogeneity of preparations obtained by this method 
which had been lyophilized and dispensed for therapeutic 
use. With the small amounts of material available it 
seemed convenient to apply thin-layer gel filtration? on 
‘Sephadex G-200° in combination with immunodiffusion 
analysis (immuno-gel filtration) or with electrophoresis 
(gel filtration electrophoresis)‘. 

Thin-layer gel filtration was carried out in 0-02 M 
tris-hydrochlorie acid, pH 8-0, containing 0-2 M sodium 
chloride. The inclination of the plate was adjusted to 
give a rate of movement of about 2 em/h of substances 
apparently not retarded by the gel. In the immuno-gel 
filtration technique, the immunodiffusion analysis was 
developed in an agar layer which had been poured on to 
the ‘Sephadex’ gel after completion of the gel filtration 
separation. Antibody basins were then cut and filled 
with antiserum as in immunoelectrophoresis. The two- 
dimensional gel filtration electrophoresis was carried out 
in 0-05 M sodium barbital buffer, pH 8-4, with a potential 
gradient of 10 V/cm in the electrophoretic step. The run 
was interrupted when serum albumin stained with amido 
black B, used as a visible reference, had migrated about 
10 cm. 

When analysed by thin-layer gel filtration the lyophil- 
ized hormone gave one principal component and two 
minor but more quickly moving components (Fig. la). A 
lyophilized HGH prepared by the method of Raben’ 
showed a similar pattern except that there was relatively 
more of the minor components. For comparison a sample 
of HGH which had not been lyophilized! was also analysed. 
It gave only one component localized at the same distance 
from the line of application as the main fraction of the 
lyophilized material (Fig. 1b). By combining the thin- 
layer gel filtration with immunodiffusion analysis, it 
could be shown that the three components in the lyophil- 
ized HGH (ref. 1) all react with a rabbit anti-HGH serum 
giving one continuous precipitation line (Figs. 1 and 2). The 


Table 1. PERCENTAGE OF TOTAL HISTAMINE RELEASED FROM ISOLATED Rat MAST CELLS UNDER VARIOUS EXPERIMENTAL CONDITIONS 


Pretreatment of cells 
i (80 min, 37° C) Control 
-io Qontrols. $5 (+ 8-0) 
oo Chymotrypsin 10 eg 26-5 (+ 14-6) 
‘Human activated euglobulin 0-1 ml. 29(+ 42) 
Neuraminidase 10 ug 96(+ 77) 
Trypsin 100 uz 14-6 (+ 13-2) 


Controls were incubated with physiological phosphate buffer solution. 
* ARGG, Anti-rat y-globulin; GPS, fresh guinea-pig serum. 


Subsequent incubation with 
(10 min, 37° C) 


ARGG* a@ps* ARGG//GPS{ 
29-5 (+ 14-8) 26-7 (+ 7-7) 50-0 (+ 24-4) 
41-5 (+ 7-7) 23-4 (+ 9-0) 47-5 (+ 21-3) 
17-4(£ 7:7) 85-0 (+ 18-0) 126-5 (+ 15-5) 
29-3(+ 7-7) 23-8 (+ 9-4) 45-0 (+ 6-7) 
30-0 (+ 9-4) 18:2 (+ 7-3) 62-0 (+ 28-3) 


+ Cells were first incubated with ARGG for 10 min at 37° ©, washed (//), and then incubated with GPS, 
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-anti-HGH serum had been prepared against a lyophilized 
HGH. In a comparative immunodiffusion analysis* the 
_ precipitates formed by anti-HGH with the lyophilized 
-and the non-lyophilized HGH gave interference reactions. 
: This result does not exclude tho possibility that the minor 
components of the lyophilized HGH may be somewhat 
y different antigenically. 

When the lyophilized HGH was analysed by two- 
dimensional gel filtration electrophoresis, the main com- 
ponent after gel filtration was separated into four fractions 
by the electrophoresis. An electrophoretic separation was 
also suggestive for one of the two minor gel filtration 
components (Fig. 3). 

It should be mentioned that column electrophoresis* 
separates both lyophilized and non-lyophilized HGH into 
four fractions. Thin-layer gel filtration of these fractions, 
prepared from lyophilized HGH, showed that they each 
contain two or three components. These four electro- 
‘phoretic fractions show serological identity in com- 
“parative immunodiffusion studies. 

Thus an obvious heterogencity has been demonstrated 
in preparations of human growth hormone. Lyophiliza- 
tion of HGE seems to give rise to a heterogeneity which 
may be due to polymerization. The HGH is separated 
electrophoretically into four fractions before as well as 
after lyophilization and this separation is not affected 
by a previous gel filtration separation. 


ue 
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Fig. 1. Schematic representation of thin-layer gel filtration (left-hand 
side of figure) and immuno-gel filtration (right-hand) on ‘Sephadex G-200° 
of human growth hormone (HGH) preparations: (a) lyophilized HGH; 
(6) non-lyophilized HGH. ‘The fastest component in (a) is seen only when 
concentrated HGH solutions are used. The antiserum used in the 
immuno-gel filtration was prepared against lyophilized HGH. 





Fig. 2. 


Immun 
and (b) non-lyophilized HGH. Antibody basins filled with anti-HGH 


el filtration on ‘Sephadex G-200" of (a) lyophilized 


(lyophilized) serum. The arrow indicates the gel filtration direction. 
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Fig. 3. Two-dimensional thin-layer gel filtration electrophoresis: on 

‘Sephadex G-200 of lyophilized HGH. All visible spots are encircled, 

Lyophilized HGH was used as reference in the gel filtration direction but 

transferred to a filter paper before the electrophoretic separation and 

stained separately. References in the electrophoretic direction: (@) 
lyophilized HGH; (b) human serum albumin. 


As has beon shown by Prader et al.” and others, some 
patients treated with exogenous HGH preparations® have 
developed high titres of specific HGH antibodies which 
have then neutralized the effects of HGH on metabolism 
and growth. We have found a heterogeneity in an HGH 
preparation introduced by lyophilization of the hormone, 
and it may be that such a change in a hormone prepara- oe 
tion used therapeutically can render it antigenio in 
humans. These changes may also affect the radio-immuno- 
logical techniques used for quantitation of HGH (ref. 8). 

This study was supported by grants from the US. 
National Institutes of Health and the Swedish Medical 
Research Council. 

Note added in proof. Since this paper was accepted for 
publication, Seip and Trygstad (Acta Paed. Scand., 55, 
287; 1966) have reported the treatment of twelve patients 
with HGH prepared according to Roos et al.* for periods of 
6-41 months. None of the patients became unresponsive 
to the hormone. No antibodies against HGH could be 
detected, including two siblings treated for 3:5 years. 
These findings suggest that differences in the starting 
material or in the extraction procedure?’ should also be 
considered when the antigenicity of HGH preparations ie 
discussed. oe 
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Estimation of Angiotensin in Blood by the 
Preparation of Isotopic Derivatives 
In 1952 Skeggs et al. published a method for extracting 
angiotensin from blood, and several authors have since 
dealt with the measurement of circulating angiotensin 
in man and experimental animals?-*. In all cases the 
concentration of angiotensin was measured by bioassay 
in the rat. The concentrations of circulating angiotensin 
found by these methods in normal and hypertensive sub- 
jects, and in experimental animals, are variable. This 
may be cither because of variable recoveries or because 
of the inaccuracies inherent in bioassay. 
We have investigated the recovery of the angiotensin 
and. the associated nitrogenous backgrounds obtainable 
with the various published methods. We used either the 
original non-isotopic material or randomly tritiated valyl*- 
angiotensin U1-asp--amide prepared by spark discharge. 
The tritiated angiotensin was purified by descending 
chromatography using sec-butanol and 3 per cent ammonia 
(100::.44) as the developing solvents and then subjected 
to eleatrophoresis in sodium bicarbonate/sodium carbonate 


_ buffer at pH 9-9 and ionic strength 0-05. 500 ug of angio- 


tensin II, or 0-05 ug of the tritiated angiotensin, were 
added to 50 ml. of citrated blood. There were appreciable 
losses of added angiotensin whatever method was adopted, 
and the results obtained with tritiated angiotensin at a 
concentration of 0-1 yg/100 ml. were comparable with 
those from the non-isotopic angiotensin at 1 mg/100 ml. 
of blood. In the latter case the final estimation was 
carried out by means of the Lowry reaction’. Our 
recoveries were in good agreement with the recoveries 
obtained by Kahn et al.?, but were invariably lower than 
those obtained by other workers®™®:6, When additional 
stages of chromatography and/or electrophoresis were 
incorporated, the losses became severe, and 60-70 per 
cent of the angiotensin applied to the paper was lost 
through scattering or irreversible adsorption. The method 
of Kahn et al.* with additional stages of paper chromato- 
graphy and electrophoresis gave a final recovery of only 
10-15 per cent. The additional stage of paper electro- 
phoresis, however, reduced the nitrogenous background 
by a factor of about 100 compared with the simpler 
procedure outlined by Kahn et al.”. This occurs primarily 
because angiotensin has a high isoelectric point so that 
it remains virtually stationary during electrophoresis at 
pH 9-9, while the bulk of the associated molecules move 
rapidly towards the anode. The amount of angiotensin 
recovered could be almost doubled by adding angiotensin 
after the initial stage of ethanol extraction and filtering 
the ethanolic solution, indicating that adsorption, 
presumably to protein, was an important source of loss. 
To avoid bioassay, we developed a method of labelling 
angiotensin with [°5S] phenylisothiocyanate and after- 
wards isolating [%S] phenylthiocarbamyl angiotensin. 
After coupling the phenylisothiocyanate to the peptide, 
the excess isothiocyanate is removed by extraction with 

` petroleum ether and the labelled angiotensin precipitated 
rom methanol with diethyl ether, and subsequently 
-isolated by chromatography with sec-butanol and 3 per 
‘cent ammonia. The level of contaminating radioactivity 
could be reduced by exposing the isolated [35S] phenyl- 
thiocarbamyl angiotensin to trypsin at pH 7-4. Subse- 
quent paper chromatography using sec-butanol and 3 
per cent ammonia, followed by electrophoresis in sodium 
hydrogen phosphate/potassium dihydrogen phosphate 
buffer (pH 7-4, ionic strength 0-05), resulted in the isolation 
-of two compounds which absorbed strongly in the ultra- 
violet; 90 per cent of the labelled material on the paper 
was [*°8] phenothiocarbamy! asparagine, and [298] phenyl- 
thiocarbamyl asparagine-arginine made up the rest. The 
[**8] phenothiocarbamyl asparagine was located in an 
area with a very low non-specific radioactive background, 
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allowing the detection of as little as 0-01 pg angiotensin. 
Attempts to apply the method to extracts of blood have 
been less successful, and it has not yet been possible to 
estimate angiotensin with any certainty below a level of 
about 1 pg/100 ml. because of high and somewhat irregular 
levels of background radioactivity. i 

While the approaches described cannot yet be applied 
to the measurement of angiotensin in physiological con- 
centrations in the blood, they may prove useful in analyses 
of renin, in which angiotensin levels may be higher and in 
which other small molecules are initially dialysed out of 
the system. This could lead to the development of more 
specific methods of renin assay than those at present 
available. 
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Effect of Gonadotropins on Steroidogenesis 
in Rat Ovaries at Dioestrus 


Mars y because of the classical work of Evans et al.' and 
Astwood?, it has been generally accepted that prolactin 
plays a leading part in the regulation of the function of the 
corpus luteum in the rat. It has been reported*, however, 
that prolactin is not capable of acting alone in hypophy- 
sectomized rats but requires the synergistic action of a 
hormone with luteinizing hormone (LH) activity. In 
all these studies, corpus luteum function or, specifically, 
progestin secretion was assessed indirectly either by the 
production of traumatic uterine placentomata!-* or by the 
production of persistent vaginal mucification*®. It is 
possible to assess progestin secretion directly by cannulat- 
ing the ovarian vein and measuring the steroids chemically, 
and by this technique in rabbits it has been found that 
the intravenous injection of LH produces a rapid and 
marked elevation of the ovarian secretion of progestins‘. 
Prolactin and other pituitary tropic hormones were 
completely ineffective. The demonstration that the 
ovarian vein of the rat can be cannulated? afforded us an 
opportunity to assess the acute effect of tropic hormones 
on the ovarian secretion of progestin in that animal. 
This note describes some of the preliminary results. 

After completing at least 3 oestrous cycles, 21 fomale 
Sprague-Dawley rats weighing 200-230 g were selected 
when their vaginal smears first exhibited a dioestrous 
appearance. The animals were separated into three equal 
groups. In the control group, 0-25 ml. of 0-154 M sodium 
chloride was injected into the femoral vein of an animal 
anaesthetized with ‘Nembutal’ (5 mg/100 g body weight). 
After 30 min, heparin (100 units/100 g body weight) was 
injected into a mesenteric vein, the left ovarian vein was 
cannulated and the blood collected for 1 h as previously 
described’. Afterwards the ovary was removed, dissected 
free from adjacent tissue, weighed and frozen. In the two 
experimental groups, 0-25 ml. of an ovine LH solution 
(NIH-LH-S4) (100 ug/0-25 ml. of 0-154 M sodium chloride) 
or 0-25 ml. of an ovine prolactin solution (NTH-P-83) 
(500 pg/0-25 ml. of 0-154 M sodium chloride) were injected 
into the femoral veins of their respective animals in the 
respective groups. In all animals, the right ovary was 














: | value represents a pool of seven incubations. 
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removed just before cannulation, weighed and cut into 
sight equal parts. This tissue was then incubated in 
“mi. of Krebs-Ringer bicarbonate buffer containing 
cetate-1-"C (10 uc., 0-5 moles} for 3 h at 37°C under 
an atmosphere of 95 per cent oxygen and 5 per cent 
_ arbon dioxide. 

- The 1 h blood collections of each group were pooled 
"and *H-labelled progesterone (0°5 uc., 0-5 x 10-1" moles) 
“was added to provide a measure of the degree of recovery*. 
The pooled blood collections were diluted with 2 volumes 
of distilled water and then extracted three times with 
2 volumes of ether. Progesterone and 20a-hydroxy- At- 
| pregnen-3-one were isolated from the ether extract and 
- measured spectrophotometrically as previously described" 
-with the modification that the steroids were rechromato- 
graphed in a two-dimensional silica gel thin-layer system’. 
In the measurement of the amount of steroids present in 
the left ovary after blood collection, and the amount 
synthesized during incubation of sections of the right 
ovary, both *H-labelled progesterone (0:5 pe., 0-5 x 10-%° 
_ moles) and *H-labelled 20a-hydroxy- A‘-pregnen-3-one® 
(0-5 pe., 0-5 x 10-19 moles) were used to correct for losses. 
-The appropriate groups of left ovaries or incubations of 

right ovaries were pooled and the microgram quantities 
of steroids isolated and measured in the manner described 
for blood. The production of steroids in the im vitro 

incubations was also assessed by incorporation of 
acetate-1-4C§. 
: As previously reported’, the only two steroids detected 

“in the ovarian vein blood of the rats were 20a-hydroxy- 

A‘-pregnen-3-one and progesterone. The amounts of 

these steroids in the pooled collections of blood from each 

group after 1 h are listed in Table 1. In control animals, 

approximately three times as much 20«-hydroxy- A‘. 

pregnen-3-one as progesterone is secreted, which agrees 
with the previously reported ratio for these substances in 
“the blood of rats at the dioestrous phase of the cycle’. The 
“intravenous injection of LH has very little effect on 

the secretion of 200-hydroxy-A‘-pregnen-3-one, but it 
markedly enhances (185 per cent) the secretion of proges- 
terone. On the other hand, the injection of prolactin has 
“little or no effect on the secretion of progestercne, but does 

increase (34-2 per cent) the output of 20a-hydroxy- A‘- 
“ pregnen-3-one. 

As shown in Table 2, there are differences in the 
amounts of progestins remaining in the ovaries after the 
collection of blood, but these are far too small to account 
for the observed increases of secretion which must, there- 

- fore, be largely due to increases of steroidogenesis. The 
data of Table 3 illustrate the extent of steroid synthesis 
-during the incubation of the right ovaries in vitro. Each 
; It is 
- apparent that LH brought about a slight increase in the 
“amounts of both 20a-hydroxy- A‘-pregnen-3-cne and pro- 

- gesterone as compared with the sodium chloride controls. 
Prolactin had a smaller effect on the amount of 20a- 
hydroxy- At-pregnen-3-one, and none at all on the amount 


of progesterone produced. These values do not represent 


an accurate measurement of the amounts of steroid 
actually synthesized because no measurements were made 
of the amounts of steroids present in unincubated tissue 
because of the lack of sufficient ovarian tissue. When the 
extent of 1-4C-acetate incorporation in the three experi- 
mental groups is compared, no major differences are 
apparent. It may then be concluded that treatment of 
the animals in vive with LH or prolactin 30 min before the 
ovaries were removed did not stimulate steroidogenesis 
im vitro to any important extent. 

These data, although somewhat sparse and preliminary, 
demonstrate for the first time by direct chemical measure- 
ment a pronounced influence in vivo of pituitary hormones 
on the secretion of progestins from the ovary of the rat. 
The most striking effect is the increase by a factor of 
2-5 of progesterone synthesis brought about by the 
intravenous injection of LH, which is reminiscent of a 
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similar effect of LH on progestin secretion by the rabbit. 
ovary’. In the present work, however, LH did not appre- 
ciably change the secretion of the other progestin (20a- 
hydroxy- A‘-pregnen-3-one) in contrast with other investi- 
gations*:* in which this gonadotropin elevated the synthesis — 
of both progestins. ae 
Prolactin stimulated an increase of the secretion of. 
20a-hydroxy-A‘-pregnen-3-one but to a much smaller 
degree than the effect on the secretion of progesterone of 
LH. The physiological significance of this increase in _ 
20a-hydroxy- A‘-pregnen-3-one is uncertain, for it has _ 
been shown? that it fails to elicit the decidual reaction in 
ovariectomized rats even though progesteron» is effect 
In a similar study it has also been found that 20a-hydro: 
A‘-pregnen-3-one failed to maintain pregnancy in ov: 
tomized mice although progesterone was again effective. 
These results are not those which might have been. 
expected from the earlier work of Evans ef al.’ and ` 
Astwood?. It must be remembered that these authors 
measured a chronic effect of pituitary hormones on the 
maintenance of a functioning corpus luteum over several 
days, and that we have studied an acute effect of hormones. 
on steroid secretion. It would be improper, therefore, to 
suggest on the basis of this study that LH and not prolactin 
is the luteotropic hormone. Our results do, however, 
indicate that LH also plays a definite part in the regulation 
of ovarian function in the rat. This is in agreement with 
the work of Berswordt-Wallrabe et al.*, the experiments. of 
Chatterton and Greep! using normal ovaries, and Arm- 
strong et al? using “luteinized” ovaries where LH has 
been shown to increase progesterone synthesis in. vitro. 
This work was supported by a research grant to one of 
us (K.S.) from the U.S. National Institutes of Health. 
One of us (G. T.) is a recipient of a Lalor Foundation 





Table 1. EFFECT or LH AND PROLACTIN ON THE AMOUNT OF PROGESTINS 
SECRETED INTO THE OVARIAN VEIN : 


Amount of steroid secreted (4g) 


Treatment 20 a-hydroxy- 
4*-pregnen-3-one Progesterone 
Control 25-4 8-0 
LH 22-3 22-8 
Prolactin B41 8-9 


The values represent the total steroid secreted in seven collection periods of 
one hour. Control animals were injected intravenously with 0-25 mil. of: 
0-154 M NaCl 30 min before the start of the blood collection. Animals. 
treated with LH were injected with 0-25 ml. of an LH solution (100 we/O-25 mi. 
of 0-154 M NaCl). 

Animals treated with prolactin were injected with 0-25 ml. of a prolactin 
solution (500 y2/0-25 ml. of 0-154 M Nach. 

Tritium labelled 20r hydro A*-pregnen-3-one was not available to 
correct for loases when the steroids in the blood were analysed, so only. tritiam 
labelled progesterone was added to these samples. The recovery of 20a-- 
hydroxy- 4‘-pregnen-3-one was assumed to be the same as that of proges- 
terone, and the values were corrected accordingly. : 


LOOD COLLECTION 
Amount of steroids (wg) 


Table 2. AMOUNT OF PROGESTIN REMAINING IN THE OVARIES AFTER THR 


Treatment 20a-hydroxy- 
A*-pregnen-3-one Progesterone 
Control 39 4-0 
LH 3-6 14 
Prolactin 3-5 32 


These values represent the total steroid of seven ovaries, Injection pro. 
cedures as described in the legend to Table 1. 


Table 3. ErrRCT OF LH AND PROLACTIN ON STEROID SYNTHESIS IN Rat 
OVARIES in vitro 


Steroids synthesized 
Spectrophotometric Acetate-1-"C incorporation 
g/g dpm x 10-%/g 


Treatment pg 
20 a-hydroxy- Proges- 20a-hydroxy- Proges- _. 


A*-pregnen-3-one terone 4*-pregnen-3-one terone 
Control 73°5 39-0 256 676 
LH 100 59-1 202 652 
Prolactin 81-6 34-6 279 479 


Hormones were given to the animals 30 min before the ovaries were 
removed for incubation in Krebs-Ringer bicarbonate buffer (3 ml. per ovary). 
The incubation was carried out for 2 h at 37° C under an atmosphere of 95 
per cent oxygen and 5 per cent carbon dioxide. Acetate-1-"C (10 ue, 0-5 
pmoles) was added to each incubation. 

The values in the last two columns represent the extent of incorporation OF 
acetate-1-"C into the steroids after crystallization to constant specific. 
activity. Injection procedures are described in the legend to Tablet. ooo 
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Renin and Euryhalinity in the Japanese Eel, 
Anguilla japonica 


CERTAIN species of fish are capable of euryhalinity, that 
is, they can live in both fresh and sea water. We have 
measured the renin content of the kidney in Japanese 
eels (Anguilla japonica) kept for eleven weeks in both 
fresh and sea water to determine whether euryhalinity in 
this species is controlled by the renin-angiotensin—aldo- 
gterone system. Fig. 1 shows that the renin content was 
definitely decreased in sea water. The means and standard 
errors were 7:5 + 0-77 and 3-8 + 0-45 (K x 102), respec- 
_ tively. The difference was statistically significant (P < 
O01). 
-Eels were reared individually in 22-23 1. polyethylene 
tanks. The water was circulated through a filter, aerated, 


Renin content of the kidney (K x 10°) 





10 


1l 
Weeks 


Fig. 1. Renin content of the kidney in eels kept in either fresh (O) or 
artificial sea (@) water for 3-11 weeks. 
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and kept at 20°C. Artificial sea water was made by adding 
reagent grade salts to tap water from which the chlorine 
had been removed using sodium thiosulphate. Van't 
Hoff’s recipe was usedi: 270 g sodium chloride, 7 g 
potassium chloride, 10 g calcium chloride, 34 g magnesium 
chloride, 21 g magnesium sulphate, 50 g sodium bicar- 
bonate, and 10 1. water. The renin content of the kid- 
ney was determined by incubating the kidney extract 
with eel plasma and by a biological assay of the amount 
of angiotensin formed. The eel kidney, frozen at — 20° Q; 
was extracted with distilled water (0° C, 1 ml./g of tissue), 
and centrifuged at 12,000 r.p.m. for 15 min at 0° ©. The“ 
supernatant was acidified to pH 3-0, and kept at 0° C for 
30 min. Normal eel plasma was obtained without haemo- 
lysis by collecting the blood with heparin through a 
polyethylene cannula inserted into the bulbus cordis by 
way of the truncus arteriosus. Eels were immobilized by 
cooling in ice, and rolled in a sheet of paper without: 
anaesthesia. The heparinized blood was cooled on ice 
immediately and centrifuged at 3,000 r.p.m. for 15 min 
at 0° C. The eel plasma obtained was bright green and 
its angiotensinase activity was very low. 1 ml. of the 
acidified kidney extract and 1 ml. of the plasma were: 
incubated at 20° C with 1 ml. of Serensen’s phosphate 
buffer (1/15 molar potassium dihydrogen phosphate : 1 a5 
molar sodium hydrogen phosphate) containing 0-002 per 
cent thimerosal. Angiotensin was determined by its 
pressor action in the rat anaesthetized with pentobarbital 
sodium (50 mg/kg, intraperitoneally) and treated with 
pentolinium tartrate (5 mg/kg, intravenously), The 
reaction was approximately first order (Fig. 2). The 
reaction constants (K) calculated from Fig. 1 were reason- 
ably constant for a given amount of renin and were pro- 
portional to the amounts of renin present. The renin con- 
tent of the kidney was therefore expressed by averaging 
the value of K at 10 and 20 min (ref. 2). 
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Fig. 2. Formation of angiotensin on incubation of eel kidney extract 


with eel plasma in concentrations of 1:1 (O),1:2(@),and 1:4(x). 


The role of the renin—angiotensin system as a factor in 
stimulating aldosterone secretion in mammals is now 
well established*. In 1942, Friedman and Kaplan* found 
no renin in the kidneys of marine fish. In 1953, the 
Hartrofts’ showed degranulation of juxtaglomerular 
cells in rats fed a diet rich in sodium. The granules are 
now known to be renin. Pressor substances (renin ?} 
in the kidney also decreased in rats on a high sodium 
diet®. It seems likely that a high salt intake diminishes 
the need to conserve sodium in the body, and that the 
secretion of aldosterone is decreased because of decreased 
secretion of an aldosterone stimulating factor; this factor 
is probably the renin—angiotensin system. 

In fish, the situation seems more complicated. Fish 
have not only kidneys but also gills, and these also 
participate in excretion of sodium and water. The effect 
of adrenocortical hormones on the gill is not well under- 
stood’. In the fresh water rainbow trout, deoxycortico- 
sterone and cortisol diminished the renal excretion of 
sodium after a saline load, but inereased the extra-renal 
excretion of sodium. Studies of variation in the body 
weight (by 8. Uchida) and in serum osmotic pressure® 
show that the eel takes about 10 days to adapt to sea 
water. Further studies are necessary to elucidate the 
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le of the renin-angiotensin system during the process of 

adaptation to sea water. Our results indicate, however, 
that the renin-angiotensin system can also act as an 
losterone stimulating factor in the Japanese eel, and 
that the system may participate, at least in part, in 
the mechanism of euryhalinity. 

e ‘To sum up, the decrease of the renin content of the 
‘kidney in Japanese eels kept in sea water for 3-11 weeks 
showed that the renin—angiotensin system plays a part in 
the process of adaptation from fresh to sea water. 

We thank Prof. 8. Egusa, Department of Fisheries, 
Faculty of Agriculture, University of Tokyo, for his 
advice on rearing eels, We also thank Miss Toshiko 
Wakui for technical assistance. 

This investigation was supported by a grant from the 
National Heart Institute, U.S. Public Health Service. 
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Renal Enzyme Excretion following 
Anaphylactic Shock 


ae urine of man and of several laboratory animals ex- 
‘hibits amino-acid-arylamidase (so-called leucine-amino- 

“peptidase or LAP) and alkaline phosphatase (AP) 
“activities!~*. Histochemical investigations revealed the 
presence of large amounts of these enzymes in the epithe- 
lal cells of the proximal tubule*. Under normal conditions 
LAP and AP enter the urine as a result of the turnover 
of epithelial cells. 

I:xperimental damage to the renal tubules causes 
Gnereased excretion of LAP and AP. Clinical observa- 
tions of renal diseases'~* and also histochemical observa- 
tions’ confirmed biochemical observations. In rats, an 
inerease in urinary LAP and AP has been reported to 


«ifollow haemorrhagic shock, severe burns and sodium 


| water daily. 
< eolleated in metabolic cages, and normal enzyme activities 


tetrathionate treatment®. We have confirmed these 
findings and found, in addition, an increase in urinary 
AP after renal damage caused by uranium or mercury 


salts! X-ray treatment of rat kidney’ and renal ischae- 


mia produce the same effect. 
The participation of the kidney in allergic reactions 


` js of interest, and for this reason we have investigated 


whether anaphylactic shock can cause sufficient renal 
damage to produce an increase in urinary LAP and AP. 
In our investigation male albino rats were given 10 g of 
Twenty-four hour urine specimens were 


< were determined in a hundred animals. Fifty animals 
“were sensitized with human albumin; after two weeks, 


anaphylactic shock was induced by intraperitoneal 


injection of 0-5-2-5 ml. of a 10 per cent solution of human 


albumin. For determination of LAP 0-25 mg of L-leucyl- 


p-nitroaniline in 3-0 ml. of 0-05 molar phosphate buffer 


(pH 7-2) were mixed with 0-1 ml. of freshly centrifuged 


<. urine. The extinction at 405 nm was measured immedi- 


ately, and the sample was incubated at 25° C for 30 min. 


NATURE 


953 


After incubation a second reading was taken. According 
to the specific absorption of nitroaniline which is the 
product of LAP activity, the difference between both 
readings multiplied by 0-108 gives the amount of mu. 
LAP jml. of urine. 2 

For the determination of AP, 5x 10-* molar sodium-p- 
nitrophenyl phosphate in 0-05 molar glycine buffer 
(pH 10-5) with 0-005 molar magnesium chloride. were 
incubated at 37° C for 30 min with 0-1 ml. of centrifuged 
urine which had been dialysed for 3 h against tap water, 
The enzyme reaction is stopped by adding 10 ml. of 
0-01 molar sodium hydroxide. The amount of enzymatic: 
ally formed nitrophenol is determined photometri 
at 405 nm. A blank, with urine added after sodi 
hydroxide, served for reference. One litre. of urin 
contains 1 mmol-unit of AP and liberates, in the condi- 
tions described here, 1 mmole of nitrophenol. ee 


Table 1 
LAP (mt.) AP (mM): 
Animals Per ml. of 24hurine Permi. 24 hb urine 
urine sample ofurine sample 
13-1 86242 20404 33415 


Normal rats (a hundred 
imais 


animals) 
24 h after anaphylactic 
shock (fifty animals) 


35-24183 5404111 84431 101430 
P < 0-0001 P < 0-0001 

Our results are shown in Table 1. Twenty-four hours 
after anaphylactic shock a statistically significant increase - 
of urinary LAP and AP is seen. It was evident that the | 
rate of increase depends on the amount of injected antigen. 
Less shock and less enzyme excretion were produced by __ 
0-5 mil. of antigen than by 2-5 ml. For several days after 
anaphylactic shock a further injection of antigen produced _ 


neither shock nor an increase in LAP and AP excretion. 


Large values for LAP and AP in serum might lead to 
increased renal excretion of these enzymes, and therefore 
additional investigations of serum values were carried 
out at various intervals after antigen administration. 
An increase in either LAP or AP could not be detected 
in serum. These findings rule out the possibility that 
increased enzyme activities in urine depend on extrarenal 
factors. i 

Our experiments suggest that the increase in urinary 
LAP and AP is caused by damage to the tubules. -In 
anaphylaxis, several mediators’? liberated from. mast 
cells or formed from plasma proteins produce severe 
vascular shock. Decreased blood pressure and reflec- 
tory vasoconstriction cause hypoxia which damages — 
the highly sensitive tubular cells. Enzymes of the | 


degenerated epithelium can be detected in urine. This 


mechanism explains, at least partially, the increased 
proteolytic activity of urine following allergic reac- 

tions“-'4, Concerning the observed increase in urinary 
LAP, another factor could be involved. Allergic reactions 


activate plasmin which can activate renal peptidases®, 
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_ Electrophysiological Study of Myotonia 
THERE: has been considerable interest in myotonia, but 
current theories of its cause are based on evidence obtained 
in experiments. where nerve and muscle responses could 
not be separated. Microphysiological investigation at a 
single neuromuscular junction can provide some informa- 
tion about pre- and post-synaptic factors and can also 
be used to study the common assertion? that the disorder 
arises from “electrical instability” in the muscle membrane. 
Small bundles of excised intercostal muscle with intact 
fibres and nerve twigs? serve as suitable in vitro nerve- 
muscle preparations. We have investigated the electrical 
and mechanical responses of such preparations from three 
myotonic patients and two normal individuals. Details 
of the preparation and microelectrode technique are 
given elsewhere‘, and in the present experiments the only 
change has been the addition of a very sensitive electro- 
mechanical transducer to record the twitch and tetanus 
responses of a few muscle fibres. 

_ Action potentials were recorded after indirect stimula- 
tion in twenty fibres from myotonic patients and an equal 
number from normal controls. Action potentials were 
evoked by direct stimulation in ten myotonie fibres. 
End plate potentials and miniature end plate potentials 
have also been recorded in an additional fifteen fibres. 
Twitch and tetanus characteristics of several small 
bundles of fibres have also been recorded from each of the 
three myotonic patients and compared with those of 
biopsy specimens from normal controls. 

In brief, the findings are as follows. First, “insertion 
myotonia” was not observed in any fibre as it was pene- 
trated by the microelectrode. Second, the membrane 
potentials of all fibres remained perfectly stable, some for 
as long as 35 min at a time, Third, with single or repetitive 
nerve stimulation at frequencies up to 20 c/s there was no 
iterative muscle firing after any impulse. Moreover, direct 
stimulation of myotonic fibres caused no after discharges. 

Finally, comparison of total twitch times in normal and 
-myotonic fibres (normal 250 msec, myotonic 300 msec) 
revealed a slight prolongation in the myotonic fibres. 
but there was no evidence of repetitive activity at the 
surface membrane. The slightly more prolonged action 
potential in myotonic fibres at 37°C (mean 3-1 msec, 
control mean 2-7 msec) seems to be evidence in favour of 
prolongation of the contractile response, but the measure- 
ments all suffered some inaccuracy imposed by movement 
artefact, and the significance of the findings is therefore 
not clear as yet. 

The failure to find repetitive firing in a myotonic muscle 
fibre in vitro could mean that some activating substance 
is washed away during the preparation of the tissue, 
that myotonia does not affect the intercostal muscles 
or that the well known electromyogram pattern of myotonia 
is a reflexion of a pre-synaptic abnormality. It is not pos- 
sible to be sure about the first point, but we believe 
the muscle specimens were truly representative, because 
there was a clear cut “dive bomber” activity on insertion 
of the electrode at several intercostal sites in one case and 

because fibres from two of the in vitro preparations showed 
_ typical contral chains of nuclei. The pre-synaptic disorder 

. which would most readily account for myotonia is baek- 

_ firing of the motor nerve terminals’. “Myotonia after 
percussion or willed movements would thus resemble a 

_“veratrinie” response* in the nerve, and its persistence 
after fractional curarization or proximal nerve block 
would only require a slight variability in the susceptibility 
of some motor units. The normal frequency of miniature 
end plate potentials argues against significant depolariza- 
tion of the motor nerve terminals. 

The prolonged mechanical responses may reflect the 
dystrophic process in the specimens studied, as we have 
not examined a case of myotonia congenita, but it seems 
equally likely that the twitch times of the myotonic 
muscle could be conditioned by nerve activity. The slow- 
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Fig. 14. Ten superimposed sweeps of action potential in myotonic 
fibre stimulated at 12 c/s. Calibration: time, 1 msec; amplitude, 
10 mV; T, 36-5° C. 


Fig. 1B. End plate potential in myotonic fibre at low and high gain, 
the latter to show pre-synaptic spike. Calibration: top, 500 aV, 2 msec; 
bottom, 5 mV. 


Fig. 10. Myotonie action potentials. Sumala tHon, rate 12 c/s. Calib- 


ration: 100 msec; 20 mV; 7, 3 


Fig. 1D. Maximal twitch of about sixty myotonic fibres, 7, 37° C. 
Calibration: 50 msec, 200 mg. 


Fig. 12. Maximal twitch of about forty normal fibres. T, 365° C, 
Calibration, 50 msec, 500 mg. 


ness with which some myotonic fibres appear to contract 
is clearly not responsible for the characteristic electro- 
myogram signs, and we have found no definite explanation 
for it. 

The present experiments do not support the notion that 
instability of the muscle membrane is the cause of myo- 
tonia, and we hope that continuing studies at a unit level 
with refined microtechniques may throw some light on the 
fundamental abnormality. 
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HISTOLOGY 


Succinic Dehydrogenase in Developing 
Cat Leg Muscles 
HISTOCHEMISTRY has contributed much to the problem 
of “red” and “white” muscles and the fibre composition 
of the two types of muscle. Stains for oxidative enzymes 
have given results which cause opinions to differ with 
regard to the number of fibre types in normal muscles of 
the adult vertebrate. Two types of fibres were described 
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Fig. 1. Cross sections of the gastrocnemius musele of kittens 1 (A), 15 (B) and 39 (C) days 
old and adult cat. The postnatal appearance of muscle fibre differentiation is shown in D. 
Tissues are stained for succinic dehydrogenase. (All x ¢. 327.) Note the enormous increase 

in fibre diameter with age. 


by Nachmias and Padykula' and Dubowitz and Pearse’, 
but Stain and Padykula? and Ogata and Mori‘ presented 
evidence for the existence of three distinct fibre types, one 
small heavily stained, one large sparsely stained and ore 
intermediate type. Later, Wirsén and Larsson® suggested 
that the three fibre types develop as three distinct popula- 
tions. 

Most work on muscle histochemistry has been carried 
out on adult animals and there is little published work 
dealing with the developmental aspects of the problem, 
namely, that of Becket and Bourne®’, Dubowitz’, Fenichel®, 
and Wirsén and Larsson®. We have stained for various 
enzymes during our work on the neuromuscular system of 
the cat. This report describes some preliminary results on 
the activity of succinic dehydrogenase in the gastro- 
cnemius, soleus and extensor carpi radialis muscles of the 
eat during postnatal development. The method used is 
that of Nachlas, Tsou, de Souza, Cheng and Seligman’. 
Sections were cut 16y thick in a cryostat and incubated for 
50 min at 37°C in air. The material presented here is 
taken from kittens 1, 10, 15 and 39 days old, and adult 
animals, 

Staining for succinic dehydrogenase, known to be an 
enzyme bound in the mitochondria, was systematically 
applied to material from kittens at various ages because 
it had revealed three fibre types in the gastrocnemius 
muscle of the adult cat‘. In the same muscle Henneman 
and Olson! recently demonstrated three fibre types by 
staining for mitochondrion bound ATPase. On the basis 
of their results they proposed a histochemical and physio- 
logical correlation in gastrocnemius and soleus muscles 
of the adult cat. The physiological differentiation of these 
two muscles in kittens is well known from the work of 
Buller, Eccles and Eccles*!!? and shows the same time 
course as the histochemical differentiation to be presented 
here, so that the histochemical and physiological correla- 
‘tion seems meaningful. 

In the newborn kitten no differentiation of the gastro- 
cnemius muscle fibres was observed (Fig. 14) in sections 
stained for succinic dehydrogenase. At 10 days there is 
». some differentiation between darkly staining and sparsely 
staining gastrocnemius fibres. This differentiation is 
clearly seen at 15 days (Fig. 1B), but at this age no inter- 
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mediary fibres can be distinguished. All 
three fibre-types are represented in the 
kitten at 39 days (Fig. 10), but the staining 
picture is very different from that seen in 
the adult cat (Fig. LD). The soleus muscle 
shows no differentiation in the newborn 
kitten. Between 2 weeks and 7 weeks 
there is some differentiation into more 
darkly staining and sparsely staining fibres. 
The soleus muscle from kittens after 7 
weeks, however, stains darkly and there is 
no differentiation between the individual 
fibres as in the adult animal. : 

Buller et al.4-12 showed that moto- 
neurones induce the physiological. dif- 
ferentiation of muscle. This property of 
the motoneurones does not seem to come 
into action until some time after birth in 
the hindlimb muscles of the cat, because 
the future fast gastrocnemius and slow 
soleus muscles have the same contraction 
characteristics in the newborn animal™)?, 
These museles show no differentiation in 
fibre types when stained for succinie de- 
hydrogenase at this age. The differentia- 
tion is present at birth in the forelimb 
muscle which we investigated, the extensor 
carpi radialis, which has a similar staining 
pattern to the gastrocnemius muscle in the 
adult. Recently, Skoglund and Romero?’ 
showed that the radial nerve in the fore- 
limb is more mature than equally distal 
nerves in the hindlimb of newborn kittens, which was 
indicated by the diameters of the nerve fibres. Thus it 
seems probable that the differentiation mechanism starts 
at a certain stage of maturation in the motoneurones. Dif- 
ferences in the degree of maturity of the motoneurones 
could also explain the species differences found at birth in 
histochemical differentiation of the muscles’. 

Staining for various other enzymes as well as cross- 
innervation experiments are also in progress and will be 
presented in full later. 

This investigation was supported by a grant from the 
Karolinska Institutet. I thank Miss I.-L. Andersson for 
skilful technical assistance. 
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Stockholm, Sweden. 
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A Method for determining the Total and 
Differential Count of Langerhans’s Cells in 
the Skin 


LanGERHANS’s cells from the digest of the black epidermis 
of the guinea-pig have been classified according to the 
number of processes in the cells'?. Cells possessing five, 
four, three and two dendritic processes are classified as 
types I, II, IH and IV, respectively. This communication 
deseribes a method of counting the absolute total, the 


differential number and percentage differential number of = =; 


these cells. 

















Figs. 1-8. 


By means of a sharp cork borer, a disk of skin 5-40 mm 
in diameter was cut from the shaved dorsal surface of the 
ear of a black and white guinea-pig. The disk was removed 
by the Olier~Thiersches graft technique and treated with a 
0-5 per cent solution of trypsin? to yield a sheet of pure 
epidermis 22-28 mm? in area. This was digested in 1 ml. of 
dihydroxyphenylalanine-saline*. By this method, the con- 
stituent cells of the melanocytic, basal, Malpighian and 
granular layers of the epidermis, including the Langer- 
hans's cells, were separated and individually kept in 
suspension. A small portion of the suspension was dis- 
charged from a pipette into the sides of a Fuchs—Rosenthal 
counting chamber. This was placed in a covered Petri 
dish containing a small wad of damp cotton wool for 5 to 
10 min in order to allow the cells to settle. Types I, H, 
II and IV Langerhans’s cells were then identified by 
their dendritic processes and counted in the four large 
squares under the phase microscope (Figs. 1-4). The 
total and differential counts of these cells multiplied by 
14 yielded the absolute total and the differential count 
per mm? (Table 1). 


Table 1, ABSOLUTE DIFFERENTIAL AND PERCENTAGE DIFFERENTIAL 
COUNTS OF THE LANGERHA? CELLS ON THE DORSAL SURFACE 
OF THE SKIN OF THE EAR OF THE BLACK GUINEA-PIG 


Type of Langerhans’s Differential count 





cells Absolute No.j/mm skin No. as a percentage 
I 4542 (8) 10 +03 (2) 

jt 87 +3 (12) 20 + 0'3 (2) 

IH 13943 (16) 30 + 0-5 (2) 

iv 22544 (21) 4041 (3) 


Figures in parentheses indicate the standard deviation. 


Another portion of the digest was spread on an 
albuminized slide in a layer one cell thick and treated 
with Mayer's haem-alum stain’. This slide was observed 
under a bright field microscope. One hundred Langerhans’s 
cells, differentiated into types I, I, HI and IV by their 
respective pentangular, rectangular, triangular and fusi- 
form nuclei (Figs. 5-8) were counted under a bright field 
microscope. The value obtained provided an estimate of 
the relative proportions of the different types of Langer- 
hans’s cell in the skin. 

The mean value of twenty-five counts of Langerhans’s 
cells per mm?—determined by the counting chamber 
method-——-was found to be 496 + 7 (S.D. = 32). The 
results of the differential count of the cells by the counting 
chamber and slide methods are presented in Table 1. 
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Melanocytes degenerate to form Langerhans’s cells’, 
and therefore the ratio between the absolute number of 
melanocytes and Langerhans’s cells in the same area of 
skin should provide a degenerative index of the melano- 
cytes. The absolute count of the melanocytes in the skin 
of the ear of the black guinea-pig, as reported by Shukla, 
Zaidi and Mukerji’, was 678 +23. The absolute melano- 
cyte Langerhans’s cell index, therefore, was 1:367. 

I thank Mr. P. A. George for statistical analysis of the 
data. 
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BIOLOGY 


Bioelectric Activity of the Central Nervous 
System in Normal and Diapausing 
Alfalfa Weevils 


As part of a comprehensive investigation of the physiology 
of summer diapause (aestivation) common to the alfalfa 
weevil (Hypera postica, Gyllenhal) in the south-east 
United States, we have examined the bioelectrical activity 
of its central nervous system. 

The published results of similar investigations of the 
nervous systems of insects with pupal diapause are 
inconsistent. Van der Kloot! stated that the activity of 
the brain of Lepidoptera pupae ceased entirely and could 
no longer be excited by a direct electric stimulus. Schoon- 
hoven? tested the neural activity in the brains of four 
species of diapausing Lepidoptera pupae and a chryso- 
melid beetle and concluded that the brains retained 
electrical activity during diapause. A third author, 
Tyshchenko*, explained these discrepancies by showing 
that pupae, diapausing or not, might, during various 
periods of metamorphosis, exhibit cessation of activity in 
the ganglia of the central nervous system, including the 
brain. He also stated that the ganglia were never un- 
responsive to electrical stimulation. 

The adults used in our investigation were initially 
classed as either active or aestivating, based on the photo- 
period necessary for larval development and on certain 
measurable physiological and behavioural characteristics 
such as oxygen uptake. fresh weight, and “T” maze 
performancet, Standard procedures for monitoring the 
electrophysiological activity of the brain and sub- 
oesophageal. prothoracic, thoracic and abdominal ganglia 
of the central nervous system (Grass P-5 A.C. preamplifier, 
Tektronix 503 single-beam oscilloscope) were used. This 
was accomplished by securing the insect in a supine 
position, so that its ventral surface was exposed for the 
insertion of a microelectrode (stainless steel, OOL mm in 
diameter) directly through the cuticle into the various 
ganglia. while the indifferent electrode was positioned in 
the abdominal haemolymph. Aceurate mapping of the 
nervous svstem in relation to the external body features 
enabled proper positioning of the recording electrode and 
thus precluded the necessity for traumatic dissection. 
The various ganglionic activities were photographed as 
they appeared on the oscilloscope screen at a sweep 
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-speed of 1 cm/sec. Weevils were found to live normally for 
more than a month after such an experiment. 

Typical bioelectrice activity as recorded from both 

active and aestivating adult weevils is shown in Fig. 1. 


_ The spontaneous overall activity in the diapausing insects 


was less than that of the active weevils, although in no 
“Instance was a ganglion, including the brain, found to be 
. electrically inactive. Each insect brain, either active or 
“aestivating, was responsive to an external photic stimulus 
(a flash of light 12-18 in. in front of the head). The cyclic 
bursts of respiratory movements in the active insect were 
usually absent in the aestivator. The reduction in spon- 
taneous activity of aestivators as compared with active 
insects was apparently a reflexion of the decrease in 
both membrane potentials and frequency of action 
“potentials. 

Our results parallel those of Schoonhoven? in that the 
nervous system of this diapausing weevil was also found 
to be spontaneously active. There are also similarities to 
‘Tyshchenko’s* work in that a slackening of activity during 
diapause occurs in all ganglia and the brain appears 
responsive to an external stimulus. The findings of this 
report did not, however, support the concept of an inactive 
brain as observed for Lepidoptera pupae by Van der 
Kloot}. 

In view of the above comparisons, it must be remem- 
bered that the experiments described here were performed 


Aestivating 


Non-aestivating 


Brain 


Xub- 
oesophageal 


Prothoracic 


Thoracic 


Abdominal 





Fig. 1. Electrical activity of various ganglia in acstivating and non- 
aestivating Hypera postica adults, Calibration of 100 V with frequency 
k of 1/sec is shown by the lowest trace. 
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on adult Coleoptera and not Lepidoptera pupae as used 
principally by others; that the nervous system was not 
exposed by dissection but rather monitored by micro- 
electrodes inserted through the exoskeleton; that measure- ` 
ments established the physiological state of the actual 
insects later subjected to bioelectrical monitoring, and 
finally that the diapause state investigated was that of 
aestivation, rather than hibernation. 

Schoonhoven’s? conclusion, however, that “. . . nerve 
activity in the brain of diapausing insects seems a rather 
common phenomenon” appears to be true as well for the 
alfalfa. weevil. a 

This work was supported in part by a research grant: 
from the U.S. National Lustitutes of Health. é 
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Influence of Temperature on the Efficiency of 
Growth of Salmonid Embryos 


Tue efficiency of growth of salmonid embryos can be 
measured by dividing the increase in the dry weight. of the 
embryo during a given time interval by the dry weight 
of yolk used during the same interval. Needham} refers 
to such efficiencies as “‘gross efficiencies” because the 
denominator includes, in addition to the yolk actually 
converted into embryonic tissue, the yolk that is used to 
provide the energy required for conversion and the yolk 
that is used to provide energy for maintenance and move- 
ment. 

Wood? determined the gross efficiencies, during a series 
of increasing time intervals, for trout embryos (Salmo 
trutta L.) which were incubated at 3°, 7° and 12°C. The 
time intervals started on the fifty-sixth day of develop- 
ment (which is about 1 day after hatching), and up to the 
fifty-sixth day of development all the embryos had been: 
ineubated under identical conditions at the Howietown 
Hatcheries where the average water temperature was 
about 7° C. The averages of the gross efficiencies for all 
the time intervals at 3°, 7° and 12° C were 0-54, 0:63 and 
0-63, respectively. 

Wood combined his results with the value of 0-63 
given by Gray” to represent the average of gross efficiencies 
at different periods between the fiftieth day of develop- 
ment, that is, approximately 5 days after hatching, and 
the eightieth day of development, The water temperature 
was maintained at 10° C. Wood concluded that the 
average gross efficiency of growth of the trout embryo was 
constant when development occurred at temperatures 
between 7° and 12°C. 

The implications of this conclusion are of considerable 
importance, As was pointed out by Wood, a constant 
gross efficiency could oceur only if the relative intensity 
of respiration and growth were independent of temperature. 
The intensity of respiration, therefore, would be directly 
proportional to the intensity of growth 
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where ws is the dry weight of the embryo at time t, 
-R is the rate of respiration of the embryo at time 7, 
! S) is the rate of growth of the embryo at time 
-4 and a is a constant. It is probable, however, that 
the intensity of respiration required to provide energy 
for the actual conversion of yolk into embryonic tissue will 
be directly proportional to the intensity of growth; 
_ therefore, if equation (1) is correct, the intensity of respira- 
_tion required to provide the energy needed for main- 
` tenance and movement must also be directly proportional 
to the intensity of growth. This seems unlikely. Smith‘ 
recorded the specific heat production and specifie growth 
rate of the rainbow trout (Salmo irideus L.) at intervals 
© from hatching until yolk absorption was complete when 
development occurred at 10°C, and suggested that the 
“specific heat production was proportional to the specific 
growth rate plus a constant 
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m HPh=b+e. 7 ads (2) 
-whero HP is the heat production of the embryo at time 
tand b and ¢ are constants. 
-` Inspection of the results obtained by Gray*, however, 
shows that the value of 0-63, reported by Gray as the 
average of gross efficiencies at different periods between 
the fiftieth and eightieth day of development at 10°C, 
is the average of gross efficiencies for intervals of time 
from fertilization to the fiftieth, sixtieth, sixty-sixth, 
seventicth and eightieth day of development. This 
value cannot, therefore, be compared with the values 
obtained by Wood for the interval from hatching until the 
external yolk sac has been absorbed. 


Table 1 
: G oo Toeren. bs Decrement ix ee 
Group m ry weig! ry weig! gross efficiency 
SA day to day of embryo (g) of yolk (g) of growth 

= 50 80 0-38 0-51 0-75 
oe 5066 0-86 1-19 072 
50 70 Lis 1-55 0-73 
50 «80 1-82 2-50 0-73 
Average 0-73 
B 50 60 54 0-78 0-69 
50 70 1-20 1-81 0-66 
50 80 1:39 2-35 0-59 
Average 0-65 
g 47 5i 01280 0 0656 1-95 
: 47 57 03312 0-4920 0-67 
47 61 0-5744 0-6560 0-88 
at 65 07952 0-9799 0-81 
4? 69 1-0416 1-2874 0-81 
47 73 1:3136 1:5457 0-85 
47 T77 1:5288 1-9270 0-79 
47 BI 1:6976 2:2345 0-76 
47 1-7968 2-4600 0-73 
47 100 1:9072 3-0094 0-63 
Average 0-89 
Total average 0-81 

othe dry weight embryo and yolk increments for the C group of fish were 

Jculated from the wet weight data given by Gray* on the assumption that 


the percentage dry weights of embryo and yolk were 16 and 41 per cent, 
reapectively*. 


Table 1 was calculated from dry and wet weight data 
r embryo and yolk’ and shows the increment in the 
dry weight of the embryo, the decrement in the dry weight 
f the yolk and the gross efficiencies during intervals of 
time from the fiftieth day of development (about 5 days 
_ after hatching) for two groups of embryos, A and B, and 


: e from the forty-seventh day of development (2 days after 
- hatching) for a third group of embryos, C, when develop- 


: Ment occurred at 10° ©. 
| The average gross efficiencies shown in Table 1 were 
“caleulated by the method used by Wood? and are for 
periods of development that are similar to those studied by 
Wood. In relation to Wood’s results they show that the 
efficiency of growth is not constant between 7° and 12° C 
‘but is higher at about 10° C with a value of 0-81. 
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- ‘There is, however, some doubt about the value of average 


gross efficiencies as calculated by Gray and Wood and, 
although Gray’s® subsequent conclusion that average gross 
efficiencies are of no value involved assumptions that have 
been shown by Wood? to be incorrect, it is clear that aver- 
age gross efficiencies can be extremely misleading. Thus 
the observed dry weight of a hundred of the C group of 
embryos on the forty-seventh day of development was + 
0:3296 g when the unused yolk amounted to 3-0094 g. This, 
with an average gross efficiency of growth of 0-89, should 
produce a further 2-6784 g of dry embryonic tissue to 
give a hundred embryos a dry weight of 3-0080 g, 
whereas. the observed dry weight of a hundred embryos 


when yolk absorption was complete was only 2-2368 g.) 
If embryonic development is defined as the develop- | 


ment that occurs when the fish is utilizing any yolk reserve 
provided by the female parent, and where the develop- 
ment is any change in the activity of material organized. 
into a living pattern (compare Young*), then the rate of 
embryonic development depends on the initial size of the 
egg? and on environmental conditions such as temperature, 
light intensity, rate of turnover of water and type of sub- 
strate. Thus fish which have developed for 20 days at 
10° and 5° C will be at different stages of development and, 
because the results obtained by Gray?’ and Wood? clearly 
show that the gross efficiency of growth is not constant — 


throughout development, a comparison of the efficiencies że 


of growth at different temperatures will be valid only if 
the efficiencies relate to equivalent stages of development. 

Previous attempts to obtain a satisfactory index of 
development have met with little success. Wallich*® 
expressed the age of fish embryos in “thermal units”, ` 
but Battle® observed the same morphological stage in two 
groups of Atlantic salmon embryos that had developed 
for 170 and 136 thermal units and concluded that the use 
of thermal units to determine comparable stages in em- 
bryos is unsatisfactory. 


x 100 


Dry wt. embryo 


Dry wt. alevin 
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Age (days after fertilization) 
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Fig. 1, The developmental stage time curve of Atlantic salmon embryos 
from hatching, on the 146th day of development, until embryonic 
development is complete. 


Observations on the changes in the response to. light and. 
surface contour of salmonids during development indicate,” 
that the ratio of the dry weight of embryo to the dry 
weight of alevin (yolk plus embryo) expressed as a per- 
centage may provide a satisfactory index of embryonic 
development, at least up to the stage when the alevins 
would emerge from the gravel. We can, therefore, compare 
the gross efficiency of growth between any two stages of 
development in groups of embryos that have been reared 
under different conditions. 

The ratios plotted in Fig. 1 against age in days after 
fertilization were calculated from the dry weights of 
embryos and alevins read from the curves of dry weight 
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of embryos and alevins per unit time shown in Fig. 2 
for Atlantic salmon alevins that were reared, from the time 
of hatching until yolk absorption was complete, at 
an ave temperature of 10°C in a smooth floored 
blacked out tank when the rate of turnover of water in the 
tank was once every 4:25 min. 

We considered the gross efficiency of growth between the 
15 and 80 per cent stages of development. Fig. 1 shows 
that the 15 per cent stage of development was attained 
2-6 days after hatching when, as can be seon from Fig. 2, 
the dry weights of alevin, embryo and yolk were 0-2629, 
0-0392 and 0-2287 g, respectively. Similarly the 80 per 
cent stage of development was attained 31-6 days after 
hatching when the dry weights of alevin, embryo and yolk 
were 0:2080, 01668 and 0-0412 g, respectively. Thus the 
increment in the dry weight of the embryo between the 
15 and 80 per cent stages of development was 0-1276 g 
while the decrement for the yolk was 0-1825 g, giving a 
gross efficiency of 0-70. 
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Growth curves for the dry weight alevin (C) and embryo (0). 
Pine alevins hhatohed | from the eggs on the 146th cD of development. 
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Gross efficiencies of growth between the 15 and 80 per 
- cent stage of development were measured in a further two 
groups of Atlantic salmon embryos that were reared from 
the time of hatching until yolk absorption was complete 
under conditions identical to those already described 
except that the average temperatures were 7-6° and 14:3° 
C. The gross efficiencies of growth between the 15 and 
80 per cent stages were 0-65 and 0-64, respectively. The 
three groups of embryos hatched from eggs obtained from a 
single female fish that were fertilized by milt from a single 
male fish. The results show that between temperatures 
of 7-6° and 14-3° O the gross efficiency of growth of the 
Atlantic salmon embryo is best about 10° C and indicate, 
therefore, that the specific metabolic rate is not directly 
proportional to the specific growth rate. 

Unfortunately the data reported by Gray* for the 
weight of the 4 and B groups of embryos are insufficient 
to permit the construction of developmental stage/time 
curves, while Wood’s? data are not strictly comparable 
with either the data reported by Gray for the brown 
trout, the data given by Smith for the rainbow trout, or 
‘= the data obtained from the Atlantic salmon, because Wood 

dissected off from the embryo only that part of the yolk 
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sac that projects below the ventral body wall of the 
embryo instead of the entire yolk sac and contents. 
On the assumption that the percentage dry weights 
of the embryo and yolk are 16 and 41 per cent respectively, 
however. the data for the wet weight of the embryo and 
yolk obtained by Gray* for brown trout reared at 10° C, 
in a blacked out smooth floored rearing tank, give a gross 
efficiency between the 15 and 80 per cent stage of develop- 
ment of 0-71 while the dry weight data obtained by Smith’ 
for rainbow trout reared under the same conditions at the 
same temperature give a value of 0:68. These values are 
very similar to that of 0-70 reported above for Atlantic 
salmon reared at 10°C. It should be pointed out, how- 
ever, that the efficiencies calculated for the brown and 
rainbow trouts may not be strictly comparable with 
that caloulated from the salmon reared at 10° C because 
it has been shown that the rate of turnover of water in the 
rearing tank can affect the gross efficiency of growth, and 
neither Gray® nor Smith’ gave values for the rate of 
turnover of water in ther experiments. 


D. H. A. Mann 
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Pitlochry. 
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A Practical Field Method for the Recovery of 
Biackflies labelled with Phosphorus-32 


Az present little is ‘known about the dispersal of adult 
blackflies (Diptera: Simuliidae) after emergence, chiefly 
because of the difficulties encountered in recovering and 
identifying labelled specimens in the field. Fredeen et al.}, 
for example, managed to catch and identify only one 
tagged adult after treating more than a million larvae 
with radioactive phosphorus. This failure was attributed 
in part to inefficient trapping methods, and to the difficul- 
ties involved in detecting radioactive flies. 

This report describes improved methods for tagging 
blackflies in the larval and pupal atages, the use of a new 
trap for collecting large numbers of adults, and an auto- 
radiographic technique for identifying radioactive indi- 
viduals. The field work was carried out at the Chalk 
River near the Chalk River Nuclear Laboratories. 

Late in May, as adult flies began emerging, small rocks 
covered with larvae and pupae were collected from the 
river and placed in tubs of water aerated by comp 
air. Sufficiont phosphorus-32 was added to each tub to 
produce a concentration of 1-2 po.fml. After treatment 
in the tubs for 2 h, the rocks with the adhering insects 
were returned to the stream. Strips of cheesecloth, 
placed on the bottom and sides of the tubs to catch any 
detached larvae and pupae, were also returned to the river 
at the completion of each treatment. An estimated total 
of 260,000 larvae and pupae were treated in this manner, 
and counting rates achieved wore readily detectable on 
our instruments. 

The method of trapping adult flies was based on pro- 
cedures developed at the Chalk River Nuclear Labora- 
tories in a co-operative project with Queen’s University 
during the past 2 years. Large empty lard tins were 
fitted with four small wind vanes and suspended at chest 
height from tree branches on one bank of the Chalk 
River. The colour of the tins was dark blue with whito 
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vertical contrasting stripes. A 10 in. wide strip of bluc 
wrapping paper encircling the middle of each can was 
smeared with a non-drying adhesive. Eight of these 
traps were located at intervals covering distance 60 ft. 
upstream and 145 ft. downstream on the bank of the river 
opposite the tagging site; the river at this point was 
35 ft. wide. As shown ın Table 1, about 261,600 flies were 
captured by means of these traps. 

Two methods of detecting radioactive flies on the paper 
strips were used in this work. In the first, a number 
of 0-5 in.? samples from the centre line of the paper strips 
were tested m a sensitive low background scaler. This 
technique revealed the presence of about thirty-seven 
radioactive flies (Table 1). The cutting and handling of the 
small squares proved to be slow and laborious and, because 
only & small number of samples from each strip could be 
counted, this method was soon discarded ın favour of an 
autoradiographic technique by which the whole area of 
each strip was scanned. The procedure consisted of plac- 
ing sheets of X-ray film, in light-proof envelopes, emulsion 
side down on the paper strips. The sticky sides of the 
strips, with captured blackfles, were covered with thin 
films of plastic to prevent contamination of the envelope 
containing the film. Heavy weights were placed on the film 
to ensure a close contact between the emulsion and the 
layer of flies. The films were developed after two or three 
days and radioactive flies could be easily detected by the 
dark spots visible on the negative. Tests of individuals 
revealed that the autoradiographic method would identify 
adults giving less than 10 c.p.m. above background rates. 
Altogether, 166 radioactive adults were recovered in the 
study (Table 1). 


Table 1. NUMBER OF RADIOACTIVE FLIES DRTBOTED BY TWO DIFFERENT 
M&THODS 





Estimated No. 

Detection device total fies = radicaotive 
Marcon: scaler 21,600 37 
Antoradlographs 240,000 129 
Totals 261,600 166 








Table 2. RHLATIVA POSITIONS AND NUMBERS OF RADIOACNVE FLIES 
CAUGHT AT DIFFERENT TRAPPING SITHS 
Distance from point Estimated No. 
opposite tagging site totals trapped radioactive 
Upstream 
60 ft. 6,250 
40 ft. 60,600 51 
20 ft, 28,650 
Opposite „500 10 
20 ft. 19,500 10 
40 ft. 54,000 19 
75 ft. 40,100 19 
145 ft. 27,000 22 
Totals 261,600 168 





The results at individual traps are shown ın Table 2. 
Tho data were derived from counted samples and from 
autoradiographs of strips exposed on cans over a period of 
2 weeks folowing the treatment of larvae and pupae. 
The largest numbers of radioactive flies were captured in 
traps immediately above the tagging site, which confirmed 
visual observations that emerging flies tended to move 
upstream. 

The use of compressed air to aerate the larvae and 
pupae and the shorter treatment times with the higher 
concentration of phosphorus-32 used in this investigation 
combined to avoid excessive mortality among blackfly 
larvae reported by other workers!. Also, the traps were 
fully effective in catching large numbers of adults in the 
selected locations. The sutoradiographic method of 
scoring tagged individuals proved to be simple, efficient 
and easily adaptable to fleld work. 

This work was supported in part by grants to Prof. 
A. 8. West, Queen’s University, from the Defense Research 
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Effect of Chloramphenicol on Mutants of 
Chlorella pyrenoldosa 


I some of the Chlorococcales the biosynthesis of secondary 
carotenoids (astaxanthin-esters and canthaxanthin') and 
the complete decomposition of the primary pigments 
{chlorophyll @ and b, carotenes and xanthophylis) in 
conditions of nitrogen deficiency can be inhibited by 
chloramphenicol*, With 5 x 10-5 molar chloramphenicol, 
growth is reduced to about 85 per cent of the normal rate. 
Chloramphenicol has no influence on the biosynthesis of 
the nitrate reducing enzymes in these algace*, and this 
insensitivity seems to be partly caused by the ability of 
these organisms to decompose chloramphenicol‘. 

We have now investigated the effect of chloramphenicol 
on heterotrophic mutants of Chlorella pyrenotdosa 
(O-1.1.10.14.1; G-1.1.10.27; C-1.1.10.41 and C@-1.1.10.41.8 
from the collection of the Kaiser Foundation Research 
Institute, Richmond, California). The wild strain (C-1.1.10) 
possesses the biochemical characteristics typical of Chlorella 
pyrenoidosa’:*, that is, hydrogenase activity, a system 
liquefying gelatine, and the ability to produce secondary 
carotenoids in conditions of nitrogen deficiency. The 
mutants studied likewise contain hydrogenase, but are 
unable to liquefy gelatine or to synthesize secondary 
carotenoids’. 

These mutants do not grow when cultivated in an 
inorganic medium for 3 months’. Addition of chlor- 
amphenicol (final concentration 10-* molar) caused some 
cells to turn green after 4-8 weeks. Parallel experiments 
with 10 molar glucose or glutamic acid showed that the 
effect of chloramphenicol was not caused by the asaimila- 


tion of the carbon skeleton or by the normality of the’ 


chloramphenicol. After transfer of these algae into normal 
inorganic medium (without chloramphenicol) they showed 
no differences from the wild strain with respect to growth 
and pigment composition. Furthermore, the reverted 
mutants could hquefy gelatine and synthesize secondary 
carotenoids in conditions of nitrogen deficiency in the 
same way as the wild strain. 

I thank Prof. E. Kessler and M. B. Allen for assistance 
and for the supplies of Chlorella. This investigation was 
supported by the Deutsche Forschungsgemeinschaft. 
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Distribution of the Coniferae: the 
Cupressaceae in Africa 


Tu Cupressaceae are distributed more evenly between 
hemispheres than any other extant family of the Coniferae. 
They have a high degree of generic endemism in the sense 
used by Good! or of quasi-endemism. Their range, like 


“yy that of most conifers, adds support to the concept that 


two great phytogeographical dominions existed from early 
geological times. Several members of genera considered 
to be exclusively southern traversed the equator ım 
Tertiary or Pleistocene times, but only one of northern 
origin has reached the southern boundary of the equa- 
torial belt. This is the genus Junsperus of the family 
Cupressaceae (a species of the northern genus Tarus is 
recorded from Malaysia on latitude 5° 50’ S., but the 
Taxaceae has no members of southern origin; Austrotacus 
from a limited area in New Caledonia is now considered 
on morphological grounds to be in a family of its own)’. 

Despite these transgressions, the Coniferae are con- 
spicuously absent from intervening tropical lowlands. 
Although there 1s some measure of agreement about the 
routes involved m the migrations, particularly on the 
African continent, there ıs httle unanimity about the 
regions of orgun of the Coniferae. Discontinuities along 
existing migration routes or zones of occurrence of plant 
groups are frequently of relative—not absolute—signifi- 
cance and may be due primarily to insufficient knowledge 
of the habitats of the plant groups rather than to any 
hmiting factor affecting their dispersal or to anomalous 
and divergent migration paths*-5. 

The concepts of bihemispheric ranges and palaeo- 
endemism are of considerable value in studying the origin 
and distribution of these older taxa. The application of 
these concepts, however, has been severely limited through 
paucity of fossil records and the lack of overlap in areal 
boundaries within extant family groups of a different 
hemispheric origin. This 1s true of genera such as Podo- 








Fig. 1. Distribution map for the genus Widdringionia, marked A, and 


Juniperus procera Endl, marked @. The new station ir Rhodesia is 


marked by an arrow. 
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carpus, Phyllocladus, Agathis and Dacrydium, which have 
crossed the equator in recent geological times but are 
fundamentally southern in origm with no extant northern 
representatives of their respective families. Papuacedrus 
is a southern genus of the Cupressaceae extending north- 
wards from New Guinea to the Moluccas, but this limited 
area. of occurrence does not overlap that of northern 
members of the famuly?. 

No monographic treatment has hitherto been applied to 
the distribution of the Cupressaceae, although individual 
genera and species have been dealt with, gunerally on a 
narrowly regional basis*-*, The recent discovery of 
Juniperus procera Endl. in the Inyanga district of 
Rhodesia provides the first authentic example among 
living Coniferae of an overlap between two members of 
distinct phytogeographical groups, namely, Juniperus, 
which is of strong:y northern affinity, and Widdringtonta, 
which has hitherto been presumed to be of southern 
origin. Furthermore, the new station extends the geo- 
graphical range of the species from 10° 40’ S. to 18° 08’ 8., 
on the extreme limit of the equatorial zone. The known 
northern limit of Widdringtonta is 16° 8. 

The implications of this remarkable discovery may be 
of great significance; more particularly as the history of 
Widdringtonia is practically unknown. Palaeogvographic 
evidence suggests that it was never represented m the 
northern hemisphere, although chemo-taxonomic investi- 
gation has shown a relationship with northern Cupressaceae 
and distmct differences from southern genera such as 
Callüris and Actinostrobus!®. It has been inferred that, 
like certain sections of Podocarpus, ıt reached Africa from 
Australis by way of the so-called Lemuria route m late 
Mesozoic times. The East African section of Juniperus 
undoubtedly migrated from western Asia by way of 
Arabia in mid-Phocene times, and the hnk ıs still well 
defined. Southern genera of the Cupressaceae occupy very 
restricted areas at the present time, and while Widdring- 
tonia is not, strictly speaking, endemic to a particular 
floral region (in the sense used by Good), 1b is an oligo- 
typic genus and palaeo-endemic in character. 

A description of the new station of Juniperus and the 
status of the species is being prepared for publication, 
and studies on the origin and distributional ranges of 
African members of the Cupressaceae are in progress. 


O. KERTOOT 


Jonkershoek Forest Research Station, 
Stellenbosch, 
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SOIL SCIENCE 


Colloidal Selenium Availability to Three 
Pasture Species in Pot Culture 


Wir the discovery of the mmportance and even the 
necessity of trace amounts of selenium m animal nutrition}, 
and with the recognition that the response of animals to 
the administration of selenium can vary+, ıb has become 
important to know more about the state of selenium in 
the soil and its uptake by plants. The first investigators 
were chiefly concerned with the uptake of selenium from 
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seleniferous soil, with the accumulation of selenium by 
plants, and with the toxicity of these plants to domestio 
animals’. It has been suggested that there is a selenium 
cycle in nature’, but there is no evidence to substantiate 
some parts of this cycle, particularly where grassland is 
concerned. 

We have used selenium-75 as a means of following the 
course of selenium metabolism, principally by studying 
the metabolism in a number of species of plants of selenite 
and selenate containing selenium-76 (ref. 8), the excretion 
of ingested selenium by sheep and its subsequent use by 
plants*1°. Previous studies with New Zealand sheep have 
shown that selenium is principally excreted in the faeces 
if the element is supplied as an inorganic form in micro- 
gram” or milligram™ quantities, or m an organic form in 
quantities measured in micrograms’*, In the same con- 
ditions, the excretion of sulphur by sheep 1s predominantly 
urinary’. With large amounts of selenium corresponding 
to those typical of plants from the seleniferous soils of the 
United States, the excretion of selenium also tends to be 
urinary). 

The form of selenium in the faeces in the New Zealand 
experiments, irrespective of the form ingested, was pre- 
dominantly insoluble and inorganic and was considered to 
be colloidal selenium®?°. The selenium was relatively 
unavailable to plants; less than 0-3 per cent of the faecal 
radioactive selenium, when mixed with soil or sand at 
cue concentrations, was absorbed by plants grown in 
pots. 

This communication describes an experiment carried 
out to establish the availability of colloidal selenium, by 
measurement of the uptake of radioactivity from colloidal 
selenium-75 supplied at two specific activities by Lolium 
perennes L. (perennial ryegrass), Trifolium pratense L. (red 
clover) and Agrostis tenuis Sibth. (brown top) grown in 
pots. Colloidal selenium-75 was prepared in water at two 
specific activities from labelled selenite by a slow reduction 
with ascorbic acid“ and was separated from remaining 
traces of labelled selenite by adsorption on coarse beads 
of a ‘Sephadex @-25’ column. After washing the column 
with water, the colloid was gently shaken from the beads 
into water, uniformly dispersed and aliquots with specific 
activity of 9-5 uc. containing 17-7 yg of selenium, or with 
specific activity of 8-6 wo. containing 0-162 pg of selenium, 
were applied in drops to a finely sieved soil, spread out 
in plastic bags (250 g dry weight of soil in each bag) and 
air dried. Unsterilized Manawatu silt loam (pH 5:1) 
which has a low selenium content was used. It produces 
pasture containing 0-02 p.p.m. of selenium’, at which 
concentration livestock are slightly selenium responsive 
(personal communication from Andrews and Grant). The 
bags were sealed and shaken until random 1 g aliquots were 
homogeneous with respect to the radioactivity. The soil 
from each bag was placed in a plastic pot, the seeds were 
sown and the soil was compressed. Plants were grown in 
a glasshouse for 160 days until the roots had grown 
throughout the soil. The plants were watered when 
nec with distilled water. The herbage, collected 
after 40, 90 and 160 days, was freeze-dried, powdered, 
and the radioactivity was determined as in earlier work®. 

Table 1 shows the uptake of radioactivity by the 
three species studied. Although the specific activity 


Tablo 1. UPTAKE OF SELBNIUM-75 BY THRER PLANT SPEOIES GROWN IN 
POTS FROM SOIL CONTAINING ADDED COLLOIDAL SELHNTUM-75 
ba cepa Plant Seleninm-75 uptake t 
activity" species 40 days 90 days 160 days 
Low Clover 0-00-46 0 020 0 0230 
Ryegrass 0 0686 0-082 00715 
Brown top 0 0822 0 140 0-1550 
High Clover 00107 030 0 0290 
Ryegrass 0-1227 0 150 0-0970 
Brown top 0-1375 0 247 0-2135 
* Low specific activity was 05 uo. selontum-75, containing 177 ug of 
selenium/‘pot. High specific activity 8 6 wo. selenium-75, containing 0162 
ug of selenium/pot. 
+ Mean uptako/g dry weight of her expreased as a percentage of radio- 
activity applied to each pot, Treatments In all cases were duplicated. S.B., 


; 90 days, + 0-018; 160 days, + 00057. 


NATURE 


NOVEMBER 26, 1966 vor asz 


of the selenium was approximately one hundred times 
greater with thesecond treatment, only twice as much radio- 
activity was absorbed. Red clover absorbed less selenium 
after all treatments than the other two species. With 
later collections, uptake by brown top increased more 
than that by ryegrass. Growth of brown top was slower 
than the other two species, but irrespective of whether | 
uptake is expressed in terms of g dry weight or g total 4 
uptake, the same specific effects were obtained. 

With soils containing both low and high specific acti- 
vity selenium, the amount of selenium in the herbage 
of red clover, ryegrass and brown top was approximately ', 
0-06, 0-3 and 0-5 per cent of the total supplied. This small 4 
amount is in agreement with the very poor absorption of k 
selenium-75 from plants grown in pot trials on faecal ~ 
selenium mixed with either sand or soil*?°, A similar 
interspecific difference in uptake of radioactivity was 
found previously. Total selenium analyses of plants 
grown in field trials without added selenium revealed 
similar differences, but the forms of selenium in the soil 
were not examined’. 

The extraction of herbage from the three species with 
80 per cent aqueous ethanol and then water showed that 
one quarter of the radioactivity was soluble. Treatment 
of extracted residues with proteolytic enzymes solubilized 
most of the remaining radioactivity which had been shown 
in earlier work to be in the form of seleno-amino-acids’. f 
The soluble fraction also contained these compounds. ~ 

Of the applied radioactivity, 99-5 per cent was recovered ` 
in the soil and roots at the end of the growth period and | 
was stil in an insoluble form. The purified colloidal 
selenium which was prepared was stable, although 
oxidation potentials for selemum as a function of pH 
indicate that colloidal selenium would be oxidized by the 
atmosphere to selenite (Se**) in alkaline to mildly acid 
conditions, but further oxidation to selenate (8e°+) would 
not oceur'*, The oxidation of selenium is difficult to 
measure in soils, because selenites when formed are readily 
sorbed on to hydrous iron oxide in the clay fraction!’. 
This form of selenium is unavailable to plants’. In the | 
present experiments, some oxidation of selenium had ' 
taken place, for radioactive selenium was absorbed very 
slowly by the plants and metabolized to organic forms. . 
Whether microbial oxidation of colloidal selenium takes 
place in the soil or whether atmospheric oxidation is the 
more important process is not known. Experiments with 
sterile culture techniques are being carried out to clarify 
this. 
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Monday, November 28 


ON OF HLMOTRICAL ENGINEERS (at Savoy Place, London, W.0.2), 


Inerrrvrt 
at 2.30 .m.— Oolloquium on “The Use of Hlectromagnetic Waves in 


FARADAY Socrery Gad the t of Chemistry, The University, 
en M. McConnell (Stanford Univeralty): 


spon) at 5 
“3 belied Sokoni" (Bourke Lecture). 


Simane OF ELEOTRIOAL Hwanramns (at Savoy Place, London, W.C.2), 
at 6.80 pam Dr, P Heyman n: “Elementary Particles and Resonances”. 

ROYAL Soomry OF ARTS (at John Adam Street, pra ett , London, hs Fist 
at 6 p.m.—Mr. Leslie Cannon: “Current Problems of al Relations’ 
(second of three Tao d Lectures on “Human Problems in ini 


ROYAL GEOGRAPHICAL Sooty (at 1 Kensington Gore, Tondon, Ba 


7.2), at 
8.15 p.m.—Prof. L. Kosinski (Poland): ‘‘Poland—Past and a 


Tuesday, November 29 


UNIVERSITY Coutman LONDON (in the io. alae Mt eatre, Gower Street, 
regret) W.0.1), at 1.20 p.m.—Dr, A. Oo Prevention of Ageing 


INSTITUTION OF ELECTRICAL ENGOTANRS (at Savoy Place, London, seo 
at 5.80 pm- Dr J.J. Florentin: “Automata Models for Systems Analysis’ 

INSTITUTION OF be ata ENGINEERS (t Bavoy Place, Tondon; W 0.2), 
at 5.80 p.m.—Mr. K. G. Cooke: “Recent Developments in Hot-Cathode 
Hydrogen-Filled Valves”. 

ROYAL INSTITUTION hots 21 Albemarle Street, London, W.1), at 5.30 p.m.— 
Sir Lawrence Bragg, O +» F.R.S.: “Blectrici ity and Magnetism”— 
Lecture, ure for Sixth Forms of Schools in London and the Home 


Counties, To bere opened on lant Novembr 80, December 6 and 7.) 

UNIVERSITY OF pou ad Tmpertal C College of Science and Technology, 
London, 8.W.7), at 5.80 Prof. Oox: “Bome Statistical Concepts 
and their Appl: cation” Teste 


UnIvursiry OF LONDON (at the ge of Child Health, Guilford Street 
London, W.C.1), at 6.80 pm—Dr. F T, Perkins: “Laboratory Control of 
Vaccines’. (Twelfth of n lectures on “The Scientific Basis of Medicine” 
organized by the British Postgraduate Medical Fedoration.)* 


P ROYAL Soomry or MEDION (at, 1 Wimpole Street, London, W.1), at 
6 p.m.—Lord Cohen of Birkenhead: ‘The Frults of Error and False Assump- 
tion” (The Naffield Lecture). 


Socrsry OF ERBTRUMENT THOHNOLOGY (at Manson House, 26 Portland 
Place, London, W.1), at 6 p.m.—Mr. M. J. Bry: “Automatic Assembly and 
Testing of Miniature Diodes”. 


ome FOR ANALYTIOAL ar Ce PARTIOLE Siu AWALYSIS GROUP 
in the Physics Lecture Thea Prince Consort Road, 
don 8.W.7), EA e 30 2 ate General soting, d followed by Mr. 
: “Collaborative Testing of Size Analysis 

Beate ‘The Pharmaceutical Soclety’s Panel on Particle 
Dr. G. Herdan: “The Statistical Klement in Micromeritica”’. 


Wednesday, November 30 


Soormry FOR ANALYTICAL CHEMISTRY, THIN-LAYHR CHROMATOGRAPHY 

sees (in Room 48 Sir John Cass Collage, Jewry Street, London, EG) at 
„m. Second Annual General M: followed by an Ord! nary 

af the aroun held in conjunction with Bir John Casa College EROAN 
le 


UNIVERSITY or l Kondor nDo (ot the Postgraduate Medical School of London, 
Du Cane posd, To 12), at 2 p.m.—Prof, W. A. Peart: “Renin 


ROYAL eee (at Burlington House, Piccadilly, London, W.1), at 2.80 
p.m—Anniversary Meeting. i i 

INSTtrUTs OF NAVIGATION (at the Royal Geographical Soslety, 1 Kensing- 
ton Gore, London, 8.W.7), at 8 p.m.—Captain William Foster, U.8.0.G.: 
“Marine Casualties”. 


tte P SURREY (at the Universi 
London, B W. jal} at at 4 p.m-——Dr. M JSEonb 


bolksm otoneurons’ 
UNIVERSITY OF Lonan, (Gt the Royal Veterinar 
oe i Tondon, aa W. pe oct pai Dr: J.B 


Annexe, 14-16 Falcon Road, 
(Prague): “Studies of Protein 


Royal Coll 
oneg, Royal Gole 


INSTITUTION OF sbar pronoms {at Savoy Place, London, W.0.2), 
at 5.30 p.m.—Discuasion meeting ‘er Function Measuring Instru- 
ments” opened by Mr. F. Jones end ur. J. Kirby. 


INSTITUTION OF RLECTRIGAL ENGINERRS lat 8a. 
at 5.30 p.m.—Dr. AL J. Billings, Dr. B. D. Nellist and Mr. P. 8warbri 
“Investigation ‘nto. the Destgns for HY. Insulators Using Synthstio 
Materials”; Dr. M. J. Billings and Mr. R. Wilkins: ‘Considerations of the 
Suppression of Insulator Flashover by Resistive Surface Films”. 

INSTITUTION OF ELHOFRORIC AND RADIO ENGINEBES and the ROYAL 
TALEVISION Soomrry (at the London School of Cia and Tropical Medicine, 
Keppel Street, Gower Street, London, W.C.1), at 6 pm—Dr. G. H. 
Hamburger and Mr. K. A. Russell: “Pay Television™ 


ROYAL SOCIETY OF ARTS (ab . John Adam Street, ate 
at 6 p.m.—Mr, D. A. Barron: “Sctence and the Post O 


UNIVERSITY OF LONDON (at Queen Elizabeth Coll Sahn Hill Road, 
London, W.8), at 6 p.m.—Mr, A. N Gilkes: “The Dead Bea Scrolis”.* 


Soorery FOR ANALYTICAL CHEMISTRY, MIGROOGHEMICAL MarHops GROUP 
at “The Feathers” Tudor Street, London, E.C.4), at 6.80 p.m.— Discussion 
Feng on “Complexometrio Methods of “Analysis” opened by Prof. T. 8. 


Place, London, W. c2, 


ph pondon, W.0.2), 


' ASSOCIATION OF CLINIGAL BIOOHENISTS, SOUTHERN REGIoN (ab the 

Middlesex Hospital Medical School Cleveland Btreet, London, W.1), at 

qe p.m.-—Prof. Franois Camps: “Biochemistry in Relation to Forenal 
edioine’’. 
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Thursday, December | 


BOYAL Inerrrorion (at 21 Albemarle Street, London, W.1), at 9.45 a.m. 
—Prof. R. J. Harrison: “The Living Cell” (Civil Service Lecture). 


INSTITUTION OF CIVIL ENGINEERS, HYDROLOGIOAL GROUP (at 1 Birdcage 


Walk, Westminster, London, 8.1.1), at 5.80 p.m.—Informal Discussion on 
“The Hydrology of a Highly Developed River ‘River Lee” introduced 
by Mr. N. Medrington. 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, W.C.1), at 6.30 p.m.—Prof. Russell Fraser: “Tosulin In Blood and 
Urine”. (Thirteenth of fifteen lectures on “The Solentific Basis of Medicine 
organized by the British Postgraduate Medical Federation.)* 


UNIVARSITY COLLEGE LONDON (in the Engineering Theatre, Malet Place, 
London Me 0. sis at 5.30 p.m.— of. F Brachet (Untversity of Brussels): 
oe Morphogenesis and Proiein Synthesis in the Absence of the 

uc 


CHENIOAL SOCIETY png ane mite! pay Ha istry Tooture Theatre “bot No N. 
College London ndon, W.C.1), at 6 p.m. 
wring Moe p eh Spectra of Chemical Compounds” (Tilden 


ra 
“Re tion in 


INSTITUTION ¥ ELECTRICAL ENGINEERS ee meeting with the Automatic 
Control Group OF the Tnatitation of Mechanical Engineers, at 1 Bird 
‘Walk, Westminster, London, 8.W.1), at 6 p.m.—Meoting on “Numerics! 
Controlled Machine’ Tools”, 


SoormTy OF CHEMICAL INDUSTRY, ROAD AND BUILDING MATERIALS GROUP 
oint meeting with the Microbiol Group, £ pit 14 Belgrave Square, London, 
Sw at 6 p.m.—Meeting on “* Detertoration of Building 


TITUTE OF RHFRIGHRATION N (ak the atona] Coll 
» Refrigeration and Fan eae 
SB), at 6 p.m.—Major olloway: 


INSTITUTE 
Vent! 
dondon 

oapl 


INGTITUTION OF ELECTRICAL ENGINBHRS, LONDON GRADUATE AND STUDENT 
Sucrion (at the Woolwich Pelee, Wo We n Street, Woolwich, London, 
8.5.19), at 6.80 pm.—Mr. : “Numerical Control of Machine 
Dols”. 


Thursday, December !—fFriday, December 2 


ROYAL PHOTOGRAPHIO NOCTBTY (at the Institution of Electrical Papindan 
Savoy Place, London, W.C.2)—Sympostum on “Photography in cal 


Friday, December 2 = 


NUTRITION Socrery (in the New Meeting Rooms of the Zoological Boclety, 
Regent's Park, London, N.W.1), at 10.80 a.m.—i85th Moe 


Mooting—Original 

Communications. 
INSTITUTION OF ELBCYTEIOAL RNGINESES (at Savoy Place London: i W.C.2), 
af 6.30 pm.—Mr. B. Harvey: “Testing and Approval of Electrical Applian- 


“i Ingrrrerion (at 21 Albemarle Street, London, W.1), at 9 p.m.— 
Mr. L. H. A. Pilkington: “Optical Glass”. 


Monday, December 5 


PLASTIOS INSTITUTE (at the Institution of the Rubber Inãustry, 4 Konaing- 
ton Palace Gardens, London, W.8), at 2.80 p.m.—Dr. J. R. A. 
“Anomalous Flow in Polymer Mel elts”, 

UNIVARSTFY COLLEGE LONDON (ın the Physio 
eA W.C.1), at 5 p.m.—Prof. B. R. Porter, F. wea 
‘Antibody Structure”. 

mana OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.0.2), 
at 5.80 p.m.—Discnssion meeting on eg ean Development of Spar 
Breakdown in Nitrogen and Alr” opened by Dr. D. J. Tedford. 

BOYAL Ixerrrovion, LIBRARY OMOLE (at 21 Albemarle Street, London. 
W.1), at 5.80 p.m.— Miss Jeæle Dobson: “Medical Education in the 
Faghteenth th Century”. 

Roya fo he pg ne SoommTy GE 1 Kensington Gore, London, Rs W.7 „at 


M. Th. Ullens de Schooten). 


ROYAL Socrery oF ARTS (at John Adam Street, Adelphi, London, W.0.2) 
at 6 p.m.—8ir Bertram Waring: ‘“‘Manegement Organization and Biflelency 
(last of three Cantor Lectures o on “Human Problems in Industry’ 

BOCIETY OP CHEMICAL INDUSTRY, LONDON SEROTION (at 14 ee 8 
London, 8.W.1), at 6.80 p.m.—Prof. Frank Morton: ucation and the 
Chemical Industry—The Pattern” (Jubilee Memorial Lecture). 


tre, Gower Street, 
“Recent Studies of 


APPOINTMENTS VACANT 


APPLIOATIONS are invited for the following appointments on or before the 
oe rae (ne dicall: ifed didate or sol grad te hol 
EOTURER (mei y qua can or solence uate hol 
honours degree) Dr IN PARASITOLOGY tn the School of Tropical Media the 
University, Liverpool, 8, quoting Ref. 
SSIBTANT LEOTURER or LHOTURER IN SOCIOLOGY-—Ths 
versity of Resex, Wivenhoe Park, Golshanter, Kasex (Decem 
ASSISTANT Lo pti (with an Interest In the n field of sociol 
trained ip somal } Is SocIoLoGy—The Secretary, Universi of 
Exeter, Northcote st Queen's Drive, Exeter, Devonahire (December 


ASSTSTART LECTURER (with special Ely ttl as in petrology and 
ferably In sedimentary petrology) 7 IN THB D¥PARTMEN?T OF GEOLOGY— Tho 
Re rar, The Univemity, Seen (Deoember 5). 


RCTURER or LECTURER APPLIED MATHEMATI 
PANATANG utosi Gol College of North Wales, Bangor, North Wales Beam 
Pe D ARON ASAISTANT (qualified in electronica or electrical e earing) IN 


THN DHPARTMBNT OF PHYSIOLOGY for research on neuro-musc control— 
The Pheer King’s College (University of London), Strand, London, 
W.0.2 (December 5). 
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Eron ae (2) IN ZooLoGy—The Registrar, The University, Lelcester 

LECTURER (with a special interest In and preferably some practical 
experience in electrical power engineering) TN THE DBPARTMENT OF RLEO- 
TRONTO AND ELECTRICAL ENGINBERING—The Registrar, University of 
Sheffield, Sheffleld (December 12) 

TEMPORARY ASSISTANT LEOTURER IN ORAL PATHOLOGY—The Registrar, 
The University, Sheffield (December 12). 

LEOTURER or ASSISTANT LWOTURER IN BTATISTIOS IN THE DEPARTMENT 
OF MATHENATICS—The Registrar, The University, Leeds, 2 (December 15) 


LECTURER (with reagatch tence 10 physica! chemustry) IN CHEMISTRY 
— The oe University College of No Wales, Bangor, North Wales 
(December 15). 

REGIUS CHAIR OF THR PRAOTIOR a MEDICINE IN THE UNIVERSITY OF 


Guascow—The Private Secretary, The Secretary of State for Scotland, 
Rorm 507, St, Andrews House, ‘Edinburgh, 1 (December 15). 

SBNIOR LECTURER (honours. graduate ın pharmacy or science and special- 
ized knowledge and experience of physico-chemical methods of analysis) IX 
PHARMACBUTIOAL CHEMISTRY—' strar, University of Strathclyde, 
George Street, Glasgow, C.1, quoting nor 67/68 (December 16) 

HORTICULTURIST, EXPERIMENTAL OFFICER, to take charge of the glase- 
houses of the DHPARTMENT OF INSKOTIOLDES AND Founeoicrpss—The re- 
av, Rothamsted Bxpenpental Btation, Harpenden, Herts, quoting Ref. 

052/04 (December 17 

erea or ASSISTANT LEOTURER IN PURB MATHEMATICS—-The Regs- 
trar, University of Sheffield, Sheffield (December 19) 

CHAIR OF ANATOMY at St. Bartholomew's Hospital Medical College—The 
Academic Registrar, University of London, Benate House, London, W C.1 
(December 21). 

LECTURER IN PRYSIOAL CHMAISTRY at the University of Natal, Durban, 
South Africa—The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (South ca and 
London, December 21) 

CHAIR OF COMPUTATION IN THE DEPARTMENT OF MATHEMATICS—The 
Deputy Secretary, The University, Southampton (December 31). 

EOTURAR or ASSISTANT LROTURBR IN PHYsIOAL CHRVISTRY—The Acting 
Regstrar, niversity College of Wales, Aberystwvth (January 1). 

ROTURBR IN PURE MATHBMATIOS—The Secretary, The Queen's University, 
Belfast, Northern end (January 10). 

CHEMISTRY DEPARTIENT Hap—The Dean, Faculty of Arta and Science, 
University of Victoria, Victoria, B.C., Canada (January 15). 

FELLOW or LEOTURER IN PHYSIOAL CHEMISTRY—Tho College Secretary, 
Balliol College. Oxford (January 15). 

LLOYD ROBERTS CHAIR OF ZOOLOGY AND HEADSHIP OF THS DEPART- 
MENT—The Registrar, University College of North Wales, Bangor, North 
Wales (January 31). 

BrocHEwst (Basic Grade) (preferably A R.I.C. or Grad. R.I.C.) to assist 
in the development of a laboratory for the investigation and management of 

tients with kidney disease—Clerk to the Governors, 8t. Bartholomew's 

ospital. London, ECI, quoting Ref. No. ASC/759. 

Tesiog RESBARCH ASSISTANTS (2) (with a degree, Dip. Tech. or equivalent 
qualification; a person with good “A” levels in physica and mathematics 
and some axpenence might be considered) IN THE DEPARTMENT OF CHEMIOAL 
Piysics to work on investigations of the spectral composition of daylight— 
The Departmental Secre ee of Chemical Physica, University of 
Surrev, 14-16 Falcon London, S.W.11. 

PROFESSOR IN THE DEPARTMENT OF PRODUCTION ENGLYEERING—The 
Sat Officer, University of Aston ın Birmingham, Gosta Green, Birmingham, 
4, quoting Ref, 517/6. 

ESBARCH ASSISTANT (preferably with some knowledge of bacterial 
genetics) IN THR BAQTERIOLOGY DuranTeNT The Secretary, 

Institute of Preventive Medicine, Chelsea B Road, London, 8. aw 

RESEARCH ASSIST. ANTS (5) with an ha honour egree in electrical engimeenng 
or srp e within d Learning Research Unit which 18 
engaged in research on the enplnstian: of modern educational technology to 
E.N.C, course design—The Assistant Secretary, Brune] University, Wood- 
lands Avenue, Acton, London, W 8. 

SOLrENTIFIO ASSISTANT (preferably with a general degree with chemistry as 
one enbject,, but applicants with equivalent qualifications will be oon- 
sidered) for work ın the feld of chemical physiology-—The Adnunistration, 
University Laboratory of Physiology. Oxford. 

TEORNIOIAN (p (preferably with previous experience in biochemistry or prepa- 
rative organo c maple he for work in the Biochemistry Section of the Botany 
Doparimenk Hond of the Botany Department, University of Hull, Cotting- 

m Road, H 
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, delivered at the Middlesex Hospital Medical ates pe 25 November, 
1965.) Pp. 81. (London: The Athlone Pren, gniyersity of London, 1966. 
Distributed by Constable and Co., Ltd.). [99 

Philosophical Transactions of the oya ae of London. Senes A 
Mathematical and Physical Sciences No. 1112, Vol. 260 (1 September, 1966 
On the Theory of Reactions in Continuous Mixtures. By R Artis and G 


Gavalas. Pp. OST B08. 16s.; $2 40. Series B: Biological Sciences. No. 768, 
Vol. 250 (2 t, 19668): ‘Neurosgoretory Innervation of the Pituitary of 
the Kets ain and Conger. 1: The Structure and Ultrastructure of the 


Neuro-Intermediate Lobe Under Normal and Experimental Conditions. 2 
The Structure and Innervation of the Pars Distalis at Different 5 of the 
Life-Cycle. By Sir Francis Knowles and L Vollrath. Pah 811-852 + plates 
49-71, 46s., 86.90. (London: The Royal Society, 1966 
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Nottingham and Nottinghamshire Technical Information Service. Hand- 
Book an Ae ee of Resources 1966 Compiled by J. E. Toon Third 
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(Nottingham: Nottingham and Nottinghamshire Toote 
mical Information Service, Central Librarv, 1966) 12%. 8d. 169 
ber Research and Development Association. Advisory Service Loaflet 
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cation. Pp 6. Information Bulletin A/TB/4 Trada Door and Frame Units. 
By E. Levin and B G. Brown. Pp- 165. (High Wycombe: Timber Research 
and Development Association 1066.) {169 
BPA lesa La ‘Transactions of the Royal Society of London, Series A: 
Mathematical and Physical Sciences. No. 1118, Vol. 260 (16 September, 


1966) : The BPS ,)—X(7Zy) Band System of the Se, Molecule. By R. F. 
Barrow, G G. Chandler, and O. Ge Meyer. Pp. 895-456. (London: The 
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Smithsonian Mlecellaneous Collections, Vol 151, No 9: Four New Eocene 
Echinoids from Barbados. By Porter M Kjer. Pp. 28 +1 plate, (Washing: 


ton, D.O. Smithsonian Institution, 1988.) 

Central Building Research Institute, Roorkee, Annual Report for 1965. 
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tute, Council of Scientific and Industrial Research, 1966.) 
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Directorio de Inatituciones Clentificas de Chile. Pp. iv+185. (Monte- 
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ment Printing Office, 1368. ) 8055. {168 
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75. 
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and IX Defects. By F. Nour-Eldin. Pp. 219-258. (New York: New York 
Academy of Sciences, 1986.) qso 

Zeolites and Zeolitic Reactions in Sedimentary Rocks. By Richard L. 
Hay. (G.8.4. Special Papere, No. 85) Pp. 180. (New York: The Geo- 
logical Society of America, 1966.) $4. [190 
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On Growth and Form 
D'ARCY THOMPSON 
Abridged by J. T. BONNER 


This classic of biology is now available in 
paperback. 

‘The essence of a very exceptional book which, 
for many a year, will persist as a unique 
testimony to scholarship in biology.’ 


New Phytologist Paperback 15s. net 








Human Biochemical 


Genetics 
H. HARRIS 


‘The best book on human biochemical 
genetics available today .. . It can be warmly 
and unreservedly recommended.’ The Lancet 


Paperback 12s. 6d. net 


Topics in Recreational 


Mathematics 
J. H. CADWELL 


A book showing the fascination, beauty and 
power of mathematical ideas, intended for 
teachers and practitioners of mathematics. 
The topics selected range from the distribution 
of prime numbers to the enumeration of the 
seventeen distinct types of wallpaper pattern. 
35s net 


Cambridge Tracts on Mathematics 


The Theory of Cluster Sets 


EDWARD COLLINGWOOD & 
A. J. LOHWATER 


An introduction to the theory of cluster sets. 
The authors discuss recent ideas on the 
application of the theory to non analytic and 
arbitrary functions. More conventionally it is 
applied to problems arising in the theory of 
functions of a complex variable with particular 
reference to boundary behaviour. SOs. net 
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Dictionary of the 
Flowering Plants and 
Ferns 


J. C. WILLIS 
Seventh edition revised by H. K. AIRY SHAW 


The 40,000 entries cover all published generic 
names, both valid and invalid, from 1753 
onwards, and published family names from 
1789, together with a number of supra- and 
infra-familial taxa. 


£5 net 


Mathematical 
Practitioners 
of Tudor and Stuart 


England 
E. G. R. TAYLOR 
Reissue 


‘An invaluable reference book for historians 
of science, as well as an authoritative account 
for the general reader who wishes to know 
about this important aspect of the 
development of contemporary civilization.’ 
Nature 


‘A delightful and a most important addition 
to the history of science’ Scientific American 
70s. net 


The Mathematical 
Practitioners of 
Hanoverian England, 
1714-1840 


E. G. R. TAYLOR 


A general study of the work of the Hanoverian 
mathematical practitioners, set against their 
social and historical background. The book 
contains, too, a catalogue which gives 
biographical and bibliographical details of 
over 2,200 practitioners who flourished in this 
period. Sequel to Mathematical Practitioners 
of Tudor and Stuart England. 84s. net 
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WHAT CANUTE WOULD SAY 


Tue westward migration of skilled people from coun- 
tries such as Britain is called the brain drain to indicate 
a sense of loss. The donor countries regard themselves 
as somehow bereft. In doing so they tend to take a 
parochial view of what is happening, which is probably 
inevitable. Yet scientists and engineers move to the 
United States from most countries in western Europe. 
A comparison carried out by OECD in 1965 suggests 
that in the late fifties the annual rate of emigration to 
the United States ranged from 3-5 per cent of the annual 
crop of science graduates in Switzerland to 3 per cent 
in the Netherlands, 2 per cent in Greece, 1-5 per cent 
in the United Kingdom and less than 0-2 per cent in 

. France. But the migration from Europe is only half 
the story. There is also a substantial movement of 
skilled people from elsewhere in the world, some of it 
to the United States but much of it to Europe. Develop- 
ing countries such as Nigeria, for example, are particu- 
larly sensitive about the risk that well intended 
programmes of graduate education offered as technical 
assistance to developing nations may become mechan- 
isms for the irreparable loss of bright people. 

But one man’s poison is another’s meat—and many 
hospitals in Britain would be in great trouble if they 
were unable to employ doctors from the British 
Commonwealth, most of them from countries at least 
as much in need of medical skill as Britain is in need 
of scientists and engineers. In the same way, British 
universities continue to offer appointments to men 
and women from Australia and New Zealand without 
much sign of guilt at robbing less advanced educational 
systems of good people, although this is only another 
illustration of the difficulty of seeing both sides of the 

t same coin at the same time. The truth is that the 
movement of scientists and engineers from one country 
to another has all the appearances of being a widely 
spread natural phenomenon. Even if it were possible 
to bring it to a halt, there is at least a danger that doing 
so would bring some of the risks of compelling swallows 
to spend the winter in northern latitudes. 

This is the setting for the work of the committee 
under Dr. F. E. Jones which has just been appointed 
to study the brain drain from Britain. The first task 
will be to persuade the British Government that this 
is a complicated problem with no single cause, 
no single solution and possibly no solution in the 
ordinary sense at all. Next, it will be necessary to 
collect more reliable statistics than are available, 
chiefly by learning much more about those who leave 
and then come back again, often bursting with acquired 

P skill. It will also be valuable if the committee can 
come to a much more thorough understanding of why 
skilled people choose to emigrate. What is needed is 
a rounded sociology of the migration, not just an 


anthology of what people say in the cocktail lounges 
of the transatlantic liners. The committee should not 
be surprised if it is driven to conclude that the Atlantic 
traffic in scientists is a proof that since the Second 
World War there has grown up an effective international 
market in this valuable commodity. The well estab- 
lished tendency for technical people to gravitate 
towards the universities and the industries which suit 
them best is now happening on an international scale. 

But can countries such as Britain afford the conse- 
quences of these migrations ? This is the starting pomt 
for a great deal of embittered argument in Western 
Europe. The cost of producing Ph.D. graduates is 
probably a good deal more than £10,000 a head, while 
the capital value to European industry of such a man 
is probably a good deal more than that. “Worse still, 
the skilled people who leave for the United States have 
occupied scarce room in over-crowded lecture halls 
and laboratories, and thus represent a large part of the 
output of the hard-pressed educational system. Still 
worse, the people who leave tend to be the most able. 
All these gloomy arguments are sound—as great 
emigrant countries such as Ireland are never tired of 
saying—but they are only half the story. Even from 
a parochial point of view, emigration has some 
benefits. For one thing, many emigrants come back, 
bringing with them new ideas, new skills and a devotion 
to new ways which they could not have acquired by 
staying at home. It would be too much to ask that 
Dr. Jones’s committee should put a figure to the value 
of this re-import of fresh ideas, but it is probably 
indispensable to industries such as that in Britain. 
Indeed, the real reason why nations in Western 
Europe cannot deal with the brain drain by confiscating 
the passports of graduates in science and technology 
is that Western Europe is a part of the same large 
intellectual and economic community as the United 
States. The benefits of that arrangement are incalcul- 
able. It would be better for Western Europe to keep 
losing scientists and engineers to the United States 
than to impair in any serious way the present sense of 
free movement. 

It follows that Dr. Jones’s committee must avoid 
like the plague a number of obvious expedients for 
reducing the outward movement of scientists and 
engineers, most of them variants on the theme of 
passport confiscation. Thus scientists and engineers 
graduating in Britain (or elsewhere in Europe) cannot 
be indentured to serve fixed periods of time before 
leaving for abroad. Schemes like that are at once 
impracticable—in the sense that evasion would be 
easy—and undesirable, for the years immediately after 
graduation are those in which a spell abroad is likely 
to be most valuable In the same way, it would be 
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unwise and thoroughly illiberal to hope for international 
agreements under which the United States would 
decline to accept scientists and engineers as immigrants. 
The United States Government has probably done 
as much as can be expected by laying it down that 
student visas cannot be replaced by immigrant visas 
for at least two years. 

This is why the committee must reckon to spend 
much of its energy worrying about more distant solu- 
tions. For one thing, it is important to find ways of 
making it more attractive for scientists and engineers 
to return to where they came from. In the long run 
this implies that countries like Britain must learn to 
use industrial scientists in more satisfying ways, and 
that they must provide academics with still better 
and—unhappily—more expensive facilities. (There 
are some pursuits, such as some forms of space tech- 
nology, so esoteric that those determined to indulge 
in them might profitably be sent packing, not tempted 
to stay at home.) More immediately, there is much 
to be said for schemes like that being tried out by the 
Science Research Council and other British institutions 
for offering intending emigrants jobs to come back to. 
There is also likely to be much profit in a consideration 
of how links with other countries than the United 
States might be improved. Certainly, as things are, 
the traffic across the Atlantic is far heavier than the 
traffic between Britain and the rest of Europe. It is at 
least conceivable that more scientists and engineers 
would settle down to careers in Britain if they were 
able to satisfy their postgraduate wanderlust in 
Europe rather than in North America. Finally, on 
the principle that the traffic in scientists is a conse- 
quence of the integrity of the intellectual community 
spanning the Atlantic, it would make sense to encourage 
a compensating eastward flow. Fortunately salaries 
in Europe and the United States are not now outrage- 
ously out of line, which suggests that money spent in 
buying eastward passages for American scientists and 
engineers could take some of the edge off European 
discontent. There is even a possibility that the 
United States Government, now apparently anxious 
to help, might contribute that part of the cost. 
Whether it would go as far as to acknowledge that, in an 
international market, other countries than itself have 
a right to protest at science policies such as the space 
programme which artificially inflate the demand for 
scientists is another matter. That, too, is something 
that Dr. Jones’s committee may care to ask. 


NO RESPONSIBILITY 
WITHOUT POWER 


Prorsssor P. M. S. Buacxerr, the President of the 
Royal Society, will find a wide welcome for his declara- 
tion that the Royal Society must play a fuller part in 
helping the British Government to make a meaningfal 
policy on science and related affairs. The need of 
such an intervention is now plain. Although the 
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government’s machinery for the administration of 
science is also an effective way of gathering the opinions 
of scientists about the spending of money on research 
grants and on development, the hierarchy of grant- 
giving committees is more suitable for administering 
policies handed down than for breaking new ground. 
It is true that the Royal Society has always been 
influential behind the scenes, but this, too, ig more 
often a way of dissuading governments from folly 
than of persuading them to do things that nobody 
has done before. What is necessary now is a channel 
for communicating to the government a coherent and 
developing view of how publio administration can best 
serve the scientific community—and how the scientific 
community can best serve the public. With all its 
prestige and with its strategically placed fellowship in 
Britain and elsewhere, the Royal Society could if it 
wished become the pacemaker of policy on science in 
Britain. 

But is it enough to be represented on the committees 
the government sets up? Professor Blackett was 
justly pleased to record the presence of representatives 
of the society on the committees which determine 
policy at the Department of Education and Science 
and at the Ministry of Technology, but committee 
work is often thankless and can be empty. Indeed, 
it can even be a way in which participants are made to 
connive at policies of which they do not thoroughly 
approve. This, no doubt, is why some fellows of the 
Royal Society will not be as pleased as they should be 
at the prospect of fuller participation in publio affairs. 
The way to meet their doubts, and at the same time 
to ensure that the Royal Society wields its full power, 
is to arrange that the committee work behind closed 
doors in Whitehall is accompanied by a great deal of 
public activity. Indeed, the Royal Society might do 
well to take a leaf out of the book of the National 
Academy of Sciences in Washington, which has in- 
creasingly in the past ten years produced such a 
reasoned and constructive spate of comment on publio 
affairs that it is now regarded almost as a fountain- 
head of all wisdom. In Britain, the Royal Society has 
tended to the view that as a society it should refrain 
from public pronouncements, and everybody will 
appreciate the difficulty in pretending that even 
innocuous statements on public policy were genuinely 
representative of the views of all the fellows. The real 
need, however, is not to produce a series of solemn 
opinions on matters of public interest but to take the 
initiative in stimulating discussion among professional 
scientists on matters of mutual interest. The reports 
of well informed but independent committees are a 
splendid way of doing this, and would occasionally have 
the extra value of identifying matters of such great 
concern that the Royal Society’s representatives on the 
committees in Whitehall would hear themselves 
speaking with doubled confidence. To plagiarize, there 
would be important occasions on which they would not ' 
be compelled to go naked into the committee rooms. 
As things are, or promise to be, they may find them- 
selves endowed with responsibility but no power. 
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NEWS AND VIEWS 


Mr. Johnson and Europe 


Mr. Hagorn Wison will no doubt be pleased to see 
how quickly his proposal for a technological com- 
munity in Western Europe has been followed in the 
United States. Earlier this week the White House in 
Washington let it be known that the President has 
appointed Mr. Donald Hornig, head of the office of 
Science and Technology, as chairman of a committee 
charged with seeing how the United States can help 
to reduce the apparent disparity in technology between 
Europe and North America. In making this statement, 
the White House Press Secretary, Mr. Bill Moyers, 
said that the United States Government is particularly 
concerned about computers and their applications, 
aircraft manufacture and space research and develop- 
ment. The statement goes on to say that a number of 
European statesmen have recently put their views 
on these matters to the United States government, 
which at the same time recognizes that European 
countries are “ahead” in certain fields of research and 
development. 

As yet there is no indication of what kinds of solu- 
tions will be suggested by Mr. Hornig’s committee. 
Nevertheless the implications of its work could be 
far-reaching, particularly if the committee takes up 
seriously a number of the political and commercial 
causes of the disparity between Europe and North 
America. It would of course be particularly welcome 
in Europe if the committee were to recommend some 
relaxation of the rules which at present limit the free- 
dom of U.S. government agencies to spend money on 
development outside the United States. 


Royal Society in Europe 


Tux Royal Society has embarked on a serious attempt 
to foster what is described, in the report of the council 
of the society for the past year, as the “development 
of the west European scientific community”. The 
report says that the society has appointed a committee 
for this purpose under Professor H. W. Thomson, who 
is at present foreign secretary of the society and who 
has served a term as Secretary-General of the Inter- 
national Council of Scientific Unions. The society has 
already circulated a questionnaire among its fellows 
in Europe in the hope of being able to plan future 
action. There have also been preliminary discussions 
with European scientists which have “revealed a very 
strong and widespread desire to increase scientific 
contact between the United Kingdom and the rest of 
Europe”. The council believes it could give a lead in 
the development of more fruitful relationships between 
European scientists if only it “had the funds’. A 
small beginning seems to have been made with dona- 
tions from Pergamon Press, Ltd., and the Wates 
Foundation, and the Royal Society announced on 
November 30 that the latter has now made a grant of 
£10,000 a year for three years to support the Royal 
Society’s initiative in Europe. 

At this stage, it appears, the society is anxious to 
find out what kinds of European links could most 
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profitably be fostered. Among the possible courses of 
action is the provision of support for conferences or 
the physical exchange of people. The continued 
financing of international institutions such as the 
Naples Zoological Station and the European Molecular 
Biological Organization is also within the terms of 
reference of Professor Thomson’s committee. Although 
it must be some time before the Royal Society can 
know precisely how it would wish to involve the 
British Government in supporting schemes for closer 
European collaboration, it is well placed to influence 
policy on these matters because of the presence of 
four fellows of the Royal Society—three of them 
officiala—on the Standing Committee on International 
Relations set up a year ago by the Science Research 
Council. 


Cost of Change 


Prorzssor P. M. 8. Buackert was able to tell a hap- 
pier tale about the new premises for the Royal Society 
than his predecessor, Lord Florey, who last year had 
to report a sudden increase of the cost of moving the 
society from its present quarters in Burlington House 
to Carlton House Terrace. Professor Blackett reported 
that the society was managing to weather the experi- 
ence of living somewhat dangerously, in a financial 
sense, thanks mainly to the generosity of the founda- 
tions. So far £637,000 has been raised towards the 
£850,000 required. £125,000 of this comes from the 
Government through the Department of Education 
and Science, which is also paying the rent of the new 
building amounting to £42,000 a year. In May 1966 
the society launched a new appeal for contributions 
towards its running expenses, chiefly among industria] 
firms, the foundations, livery companies and fellows 
as such. So far this appeal has produced £470,000, 
mostly in the form of seven-year covenants. It is 
to the credit of the fellowship that 260 fellows have 
dipped into their own pockets to the tune of £30,000. 
Thus the society has more than £1-1 million to pay for 
the move to Carlton House Terrace and also to make 
an adequate contribution to its own general running 
expenses. With careful management, the society's 
officers think they will be able to keep body and soul 
together in what was described as “the most fashion- 
able street in London” in the early nineteenth century. 
But a year from now, the president said, the society 
will have to think seriously about its long-term financial 
problems and will have to plan for the period after 
1974, when the new seven-year covenants run out. 
Professor Blackett assumed that the Royal Society 
will continue to rely “mainly on non-Government 
money for its basic needs and housekeeping”, chiefly 
so that “its existence does not depend critically on 
Government finance”. This self-denying independence 
does not, of course, imply that the Royal Society will 
not ee to accept Government money for special 
purposes. ese funds are now running at roughl 

£500,000 a year. oe 


Whom the Gods Love 


Way do young people die? And can the death rate 
among those between 15 and 44 be further reduced ? 
The Office of Health Economics has done a valuable 
publio service by drawing attention to these questiona, 

by the publication of a booklet Disorders which 


968 


Shorten Life (28. 6d.), and then by a conference on the 
subject in London a week ago. Although much has 
been done since the beginning of the twentieth century 
to reduce the death rate among young people, many 
solvable problems remain. 

Apart from the two world wars, the death rate in 
Britain for people between 15 and 46 declined steadily 
until recently, and now is little more than a fifth of 
what it was in 1900. The principal reasons for this are 
familiar. Modern antibiotics and medical techniques 
have combined with higher living standards, better 
housing and greater public awareness of health hazards 
to eliminate or. drastically to reduce deaths from 
rheumatic fever and tuberculosis as well as from child- 
bed fever. Rheumatic heart disease is now almost a 
thing of the past, and pneumonia is no longer the killer 
it was. Yet the remaining deaths are costly, wasteful 
and disruptive and—worse still—the death rate 
among young adults has stopped falling. 

The principal causes of death in this age group are 
now violent deaths, cancer and heart disease, in that 
order. Violent deaths include accidents, suicide and 
murder, and make up 29 per cent of all deaths among 
young adults. The rate of deaths due to violence is 
still lower than at the turn of the century, but it is 
rising. The pattern is now very different, however. 
The main contribution is from motor accidents, the 
death rate from which has trebled in 60 years. The 
most marked rate of increase is among male adolescents, 
among whom the death rate is 2-5 times that in 1934 
from this cause. The increase has, however, been 
general, and so far there is no sign of it being reduced. 
Suicide is another frequent cause of death, and its 
incidence has been increasing since a trough in the 
forties. This is a social disease, as Dr. Peter Sainsbury 
pointed out at the conference. It is connected with 
alcoholism and manic depression. Dr. Sainsbury 
urged at the conference that psychiatric screening could 
prevent many suicides. 

The death rate from cancer has remained fairly 
steady throughout this century, but there have been 
important changes. Lung cancer kills many more than 
it did, and makes up for the fall in deaths due to several 
other types of cancer, notably of the stomach. People’s 
attitudes play an important part here, too. Another 
obvious preventive measure with some types of cancer 
is to provide adequate screening of the population at 
risk, This is especially the case with cervical cancer. 
The problem here is one of money. By all these 
means, it seems that the present level of about 20,000 
deaths a year in this group could be cut by 6,000. 


Canadian Research Council 


Taw National Research Council of Canada is finding it 
hard to meet the rising demand for expensive equipment 
in universities. In a volume produced to commemorate 
its fiftieth anniversary, the council says that it has been 
unable to meet more than a third of the requests by 
Canadian universities for funds to purchase special 
research equipment. The council’s difficulties are 
apparently especially acute with equipment costing 
between $5,000 and $100,000. The review shows 
that the council is fully aware that a shortage of funds 
for capital equipment could be a serious limitation 
of the development of computers in Canada. 

As a whole, the scale of the council’s work is growing 
at an accelerating pace. In the financial vear to March 
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1966, the National Research Council and the Medical 
Research Council between them spent $81°8 million. 
Support for university research takes the form of 
research grants and research scholarships for post- 
graduate students, and in the year just past the total 
spent on this work amounted to $21°9 million—an 
increase of 36 per cent compared with the previous 
year. Four-fifths of the university research budget 
goes on research grants, most of it in parcels of less than 
$10,000. Grants to postgraduate students cost $4°] 
million. 

During the past year the National Research Council 
has taken over from the United States Air Force 
responsibility for the rocket range at Fort Churchill, 
Manitoba. Facilities there will still be shared by 
scientists from the United States, and the actual opera- 
tion of the range is carried out by Pan American 
World Airways under contract with the National 
Research Council. 


Walting and Seeing 


Tae Australian Atomic Energy Commission is holding 
a cautious watching brief on the future of nuclear 
power in Australia, to judge from its fourteenth annual 
report, now published. Although the growth of the 
demand for electricity in Australia has outstripped the 
estimates, the discovery of natural gas in many states 
suggests there may be an easy balance between supply 
and demand. In the circumstances, it is not surprising 
that the commission has not substantially revised its 
earlier cautious view that nuclear power stations 
may become competitive in a few places by the early 
seventies. South Australia, where the cost of conven- 
tional fuel is comparatively high, is the most likely 
customer for the first nuclear power stations, and the 
Atomic Energy Commission estimated a year ago that 
sometime in the early seventies the South Australia 
network would be big enough to accommodate com- 
petitively 200 MW nuclear power stations. It now 
adds that a reduction of construction costs, together 
with the rapid increase of the demand for electricity, 
would suggest that nuclear power stations will be 
introduced more quickly, but it does not risk a more 
definite prediction. For the more distant future, it 
is concerned to see that the natural gas should not be 
frittered away in power stations unless the Australian 
reserves are shown to be really generous, and with the 
question of whether Australia should allow itself to 
become dependent on imported fuels, principally 
petroleum. The report points to the likelihood of a 
world shortage of plutonium in the eighties, and hints 
that if Australian authorities wish to retain the option 
of operating fast nuclear reactors then, they will have 
to build a line of “converter stations” as soon as it is 
“economically justifiable” to do so. 

The Australian Atomic Energy Commission remains 
one of the most steadfast supporters of the Plowshare 
programme being carried out by the United States. 
The new report, however, has nothing of importance to 
add to the conclusions of its technical mission which 
suggested in 1963 that nuclear explosions could be 
used for digging or improving harbours in Australia, 
and for modifving the catchment areas and the courses 
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of rivers s0 as to bring about a better distribution of D 


natural rainfall in Australia. Problems of water 
supply have also prompted studies of the economics 
of nuclear reactors built for the twin purposes of 
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producing electricity and distillmg water. The 
immediate conclusion seems to be that plants of this 


kind may be economically competitive by the turn of 
the century. 


Another British Satellite 


Tu Science Research Council has now proudly packed 
the third British earth satellite off to Dallas, Texas, 
for compatibility tests in preparation for launching 
early in 1967. The intention is to find a circular orbit 
at a height of 325 miles. The Science Research Council 
has co-ordinated the construction of the satellite, which 
has been designed by the Ministry of Aviation. The 
British Aircraft Corporation has been responsible 
for the construction of the satellite, which weighs 
198 lb. 

The satellite carries five experiments designed by 
various groups at British universities and laboratories. 
The Radio and Space Research Station of the Science 
Research Council, with laboratories at Slough, seeks 
to measure radio-frequency radiation from terrestrial 
sources such as thunderstorms. The Meteorological 
Office has an experiment to measure the vertical 
distribution of molecular oxygen in the atmosphere of 
the Earth. The University of Birmingham has con- 
tributed an experiment intended to make direct 
measurements of the electron density and temperature 
at various points along the path of the satellite, while 
the University of Sheffield will record the character- 
istics of VLF radiation above the ionosphere. Finally, 
a group of radio-astronomers at Jodrell Bank has 
designed an experiment to measure the emission of 
radio-noise from galactic sources at frequencies too 
low to be detected on the ground. 


Biophysics at King’s 


Tae Department of Biophysics at King’s College, 
London, and the Biophysics Research Unit of the 
Medical Research Council live together in the same 
building in Drury Lane. The building, once a ware- 
house, was converted with great skill to a research 
laboratory, thanks to a grant from the Wellcome 
Trust and assistance from King’s College and the 
Medical Research Council. The two groups of research 
workers are so closely integrated that it is often 
impossible to tell which is which. 

Resting muscle has been studied by X-ray diffraction, 
and the method has now been applied to the contracted 
muscle of vertebrates. The muscle contracts momen- 
tarily and raises a lead screen, allowing the X-ray 
beam to pass through the muscle for a short period of 
time during the contraction. Since vertebrate muscle 
can only contract for about one second in ten, the 
method needs very long exposure times unless the 
intensity of the X-ray beam can be increased. It has 
proved possible to increase the intensity by a factor 
of ten by passing the beam through a barrel shaped 
tube coated on the inside with gold. This technique, 
which can well be applied to other types of X-ray 
cameras, has shown that the sliding filament model of 
muscle action may well be a realistic one. 


Slow Machine Translation 


THERE is no immediate justification for the use of 
computers as automatic translation machines according 
to a committee of the National Research Council in 
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Washington. The committee, whose chairman was 
Dr. John R. Pierce of the Bell Telephone Laboratories, 
considers that machines are at present slower, less 
accurate and more expensive than human translators. 
The committee does, however, consider that computers 
have a valuable part to play in the development of 
inguistics and has therefore recommended that the 
United States Government should spend more money 
both on theoretical research and in a search for improve- 
ments in machine translation. Its report, Language 
and Machines, is to be had from the National Academy 
of Sciences—National Research Council at $4. 

The committee is almost lyrical in its assessment of 
how computers have helped linguistics, especially in 
the drudgery of preparing concordances. Tasks which 
used to take human beings years are now being carried 
out in a few weeks. The coming of the machines will 
transform linguistics as the development of the large 
particle accelerators has transformed high-energy 
physics, and for this reason Dr. Pierce and his colleagues 
would like to see an annual expenditure of between 
$2-5 and $3 million on the further development of 
techniques for using computers as linguistio analysts. 

The committee’s argument on translation by machine 
is based as much on an assessment of the need as on a 
prediction of what computers could accomplish. The 
committee says that the United States is already 
spending $22 million a year on translation by human 
beings, and that this is apparently sufficient to meet 
the demand for English versions of Russian and other 
publications. Most of the foreign language publications 
which scientists in the United States wish to read are 
published in English anyway. The committee says 
that it might be more expedient to persuade Americans 
to learn Russian than to attempt to provide a 
thoroughly comprehensive translation service, but if 
that should be insufficient, human translators—at an 
average salary of $6,850 a year—are cheap at the 
price. 


Science and Putlic Affairs 


A PERMANENT institute for the study of “the role of 
science in human affairs’ has been established at 
Columbia University with a grant of $1 million from 
the Sloan Foundation. This, perhaps the most richly 
endowed so far of all the university establishments 
for the study of what is sometimes called the science 
of science, is a development of what was previously 
called the Council for Atomic Age Studies at Columbia 
University. The director of the new institute is Mr. 
Christopher Wright, a physicist who worked at Los 
Alamos during the Second World War and who 
became the executive director of the Atomic Age 
Council. The new institute will incorporate the 
Advanced Science Writing Programme by means of 
which the university has been attempting to improve 
the standard of science writing and reporting in the 
United States, and roughly a quarter of its funds will be 
spent on this work. 

The academic programme of the new institute will 
include graduate and undergraduate teaching. The 
intention is that members of all the academic 
departments at the university will contribute to the 
development of the courses. Research projects already 
formulated include an attempt to assess the social 
consequences of recent developments in biology and 
medicine, and an attempt to define economic yardsticks 
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for the measurement of productivity in scientific 
research. Although the institute is autonomous in 
the sense that it is not a member of any of the schools 
of the university, its policy will be determined by a 
committee whose chairman is Dr. Grayson Kirk, the 
president of the university, and whose members include 
Professor Edward W. Barrett (journalism), Professor 
A. F. Cournand (medicine), Professor William T. R. 
Fox (international relations), Professor M. D. Hassialis 
(mining) and Professor I. I. Rabi (physics). The 
institute plans to use the endowment from the Sloan 
Foundation as a regular budget, and hopes to finance 
research projects by grants from other sources. 


Fewer Students Teach 


Tus attempt at an employment census for graduates 
from British universities which is carried out by the 
University Grants Committee (First Employment of Uni- 
versity Graduates, 1964-65, H.M.S.0., 5s. 6d.) confirms 
the impression gathered by the Swann Committee that 
the tendency is for science graduates to stay on at 
universities for research. In 1964-65, 28 per cent of 
all science and technology graduates continued in 
research, compared with 26 per cent in the previous 
year. This is in line with the particularly rapid increase 
of the postgraduate part of the university population 
in the past two decades. The University Grants 
Committee has also found an increase of the proportion 
of first graduates going directly into employment. 
Of the men graduates taking jobs outside education 
immediately after graduation, 69 per cent went into 
industry; in 1963-64 the corresponding proportion 
was 66 per cent. At the same time the proportion of 
first graduates taking special courses for teacher 
training decreased from 18 per cent to 16 per cent— 
a signal that the attractiveness of the teaching pro- 
fession in Britain is not yet great enough for the schools 
to be able to hold their own with industry and research 
in the competition for new graduates. 


No Alrcraft Noise 


Tue Board of Trade, now responsible for civil aviation 
in Britain, has been moved to call an International 
Conference on the Reduction of Noise and Disturbance 
Caused by Civil Aircraft. Delegates from 24 countries 
and 9 international organizations met in London on 
November 22 and heard Mr. Roy Mason, Minister of 
State at the Board of Trade, say that the conference 
was not to discuss whether a noise problem exists but 
how it can be solved. ‘We accept that the problem 
exists and is very serious and that, unless adequate 
measures are taken, the amount of annoyance inflicted 
by aircraft will considerably increase in the coming 
ears.” 

j The conference was technical in character. One of 
its six committees was concerned with how the maxi- 
mum permitted noise level could be defined, and the 
others with means of reducing particular sources of 
nuisance. Issues such as the intelligent siting of 
airfields, improving operational procedures, and insulat- 
ing houses against noise are all relevant. The first 
possibility is irrelevant to airfields like London Airport 
and the John F. Kennedy Airport in New York, which 
can hardly be moved; the second is likely only to 
produce small reductions of noise; and the third 
savours of defeatism. 
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Speakers agreed that the real need is to reduce noise 
at its source, simply by building quieter aircraft. In 
the United States, it has been suggested that aircraft 
should be licensed for commercial operation only if 
they conform to certain standards of noise. This 
would force designers to regard noise as an important 
design parameter. There seems no prospect of uni- 
lateral action by the United States, however, for this 
would merely penalize aircraft using United States 
airfields, with a disastrous effect on commerce. What 
is needed is to define the minimum noise level which 
would enable airlines to continue economic operation 
and to gain international acceptance for this noise 
level. Reductions could then be made in this noise 
level as new aircraft come into use. To many this 
seems an unduly optimistic target, particularly with 
supersonic aircraft such as Concord only a few years 
away. 


Scientific Instruments 


Tax exhibition of scientific instruments which has been 
on display at the Design Centre in London since October 
5 has been such a success that it was extended by 
two weeks and will close today, December 3. It is 
estimated that about 40 per cent of the visitors to the 
Design Centre since October 5, or more than 40,000 
people altogether, have been concerned with the 
instruments. The modern scientific instrument tends 
to be faceless or at least stereotyped—beauty is in the 
eye of the user. But the Design Centre arranged 
the instruments with its accustomed style, and the 
exhibition was attractive as well as instructive. The 
instruments were described both by a brief simple 
description and by a longer technical one; it says 
much for the attractive typography at the exhibition 
ows members of the general public have been reading 
oth. 

The instruments were selected by a joint committee 
from the Design Centre, the Scientific Instrument 
Manufacturers Association, and the Scientific Instru- 
ment Manufacturing Research Association. The 
criteria were reliability, accuracy, ease of use and 
appearance—not necessarily in that order. But one 
problem is to decide where ergonomics ends and 
aesthetics begins. The appearance of an instrument 
may well be a function of the other criteria which the 
committee considered. Size, shape and layout may be 
determined entirely by engineering considerations, 
although that is not always certain; but the shape of 
the knobs on an instrument, or its height from the floor 
and its colour, are matters for the ergonomist. 

In any event, the exhibition has gone well, and 
the Scientific Instrument Manufacturers Association, 
which believes that British instruments are now as well 
aaicroa as any in the world, is hoping for a rush of 
orders. 


Librarles a Disgrace 


Tux state of the libraries at British universities 1s 
alarming. This is one of the conclusions of the com- 
mittee under Mr. R. Shackleton, now Bodley’s librarian, 
which has investigated the libraries of the University 
of Oxford. The report of the committee (Clarendon 
Press, 15s.) shows that the libraries of universities in 
the United States are far ahead both in the total 
number of books they hold and the rate at which they 
are acquiring new ones. Between 1963 and 1964 the 
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collection at Oxford increased by 87,000 volumes while 
that at Harvard was 241,000, at Berkeley 152,000, and 
at Manchester only 25,000. The total library expendi- 
ture per student in 1962-63 was $142 at Oxford and 
$385 at Harvard. These figures obviously horrified 
the committee, which briefly abandoned its balanced 
judicial tones to say : “Such comparisons are dishearten- 
ing. It is a national disgrace that British university 
libraries are so starved of money for books. Indeed, it 
can be demonstrated that the present state of most 
university libraries constitutes a national emergency”. 

Oxford in fact is in a better position than most 
university libraries, because of the copyright regula- 
tions by which it obtains a free copy of any book 
published in the United Kingdom, but the committee 
insists that this is no reason for putting its needs into 
cold storage. Ground once lost is very hard to regain. 
It recommends capital expenditure of £2 million over 
the next ten years on a number of building projects, 
with particular emphasis on an extension to the Rad- 
oliffe Science Library under the forecourt of the 
University Museum. Changes of organization will also 
be necessary, and the committee recommends that a 
Libraries Board with a salaried chairman be set up 
to be in overall control of developments. A sub- 
committee could then give further study to the vexed 
problem of a union catalogue for all the books in Oxford 
libraries—a problem which has exercised Oxford 
librarians for generations and which seems no nearer 
solution now. The committee accepts that new acquisi- 
tions should be entered in a union catalogue using 
computer techniques, but balks at the appalling 
problems of incorporating all the present stocks of 
books. For past acquisitions the committee suggests 
that a rough finding list should be prepared while the 
subcommittees deliberates; the hope seems to be that 
in a few years the increased sophistication of computer 
techniques will provide a more satisfactory solution. 

The committee also makes a number of more 
mundane recommendations—greater co-operation be- 
tween libraries, longer opening hours, the publication 
of a guide to Oxford libraries, and the organization of 
systematic fund raising. These developments would 
cost about £55,000 a year, which takes no account of 
the need to increase the rate of acquisition. 


United Zoos 


A numer of British zoos have now combined together 
into what is called the Federation of Zoological Gardens 
of Great Britain and Ireland, principally so as to 
foster good standards of animal care for animals in 
captivity. Seven zoos, including the London Zoo, are 
founder members of the federation, membership in 
which is being offered to all similar institutions. The 
origins of the scheme are to be found in the meeting 
of directors of zoological gardens in 1965, when the 
decision was taken to draft a constitution. In the past 
year work has already begun on the inspection of the 
founder zoos, and arrangements have been made to 
inspect zoos which respond to the invitation to apply 
for membership. Evidently it is hoped that there will 
soon emerge from the work of the federation some 
feeling for the standards of animal husbandry to be kept 
in zoos which are open to the public. (The membership 
fee of a zoo is linked to the number of paid admissions 
each year.) The federation hopes that it will eventually 
be in a position to provide training programmes for 
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staff, and that its collective prestige will help member 
zoos in their dealings with official bodies on such 
matters as the import of animals. 


Specificities between Nucleic Acids 
from a Correspondent in Molecular Blology 


AN arresting development in the nucleoprotein field 
has come from Leng and Felsenfeld (Proc. U.S. Nat. 
Acad. Sct., 56, 1325; 1966), whose work provides the 
first concrete evidence that a sequence recognizing 
mechanism is possible in the interaction between helical 
nucleic acid and protein. There has recently been con- 
siderable interest in model systems for nucleoproteins, 
and Leng and Felsenfeld have studied the binding of 
basic polyamino-acids to helical DNA. They work 
with conditions of high ionic strength, where the bind- 
ing is relatively weak and non-specific aggregation of 
polyacid and polybase is most likely to be suppressed. 
It emerges that polylysine displays a strong preference 
for regions of the DNA rich in A and T. Moreover, the 
binding is co-operative in the sense that the polybase 
(which must not have too high a molecular weight) 
completely covers some DNA molecules before binding 
to others. By this means DNAs rich in A and T can be 
fractionated from solutions containing a mixture of 
species. The analytical applications of this approach 
are obvious (and presumably represent a rationaliza- 
tion of the widely used methylated—albumin—kaolin 
columns), but most interesting perhaps is the implica- 
tion for the specificity of interaction of basic proteins 
(histones) with DNA. One may also envisage the 
possibility that A-T rich regions may be spaced along 
the DNA chain, so that basic proteins, binding pre- 
ferentially at these points, produce an electrostatic 
moment by virtue of charge shielding which in turn 
leads to the formation of a coiled coil such as Wilkins 
and his associates believe to be the structure of native 
nucleohistone. There are some differences between the 
behaviour of polylysine and of polyarginine. It is 
also extraordinary that when the sodium counterions 
used in these experiments are replaced by tetramethyl- 
ammonium, the specificity is inverted. 

In recent months a number of research groups have 
given demonstrations of specific one-to-one association 
of adenine and uracil derivatives by hydrogen-bonding 
in inert solvents such as chloroform. Kyogoku, 
Lord and Rich (Science, 154, 518; 1966) have now 
succeeded in preparing C and G derivatives soluble in 
chloroform, and by infra-red spectroscopy they observe 
specific association of these as well. (A similar result 
was deduced earlier from nuclear magnetic resonance 
studies in rather more complex systems involving 
competition from solvent.) Moreover, it is now possible 
to make an important generalization: all bases show 
self-association, but this is much weaker than cross- 
association. Significant cross-association occurs only 
between A and U, and between G and C. It has 
usually been considered that the amount of stabiliza- 
tion that can be derived from hydrogen bonds between 
bases of a pair in native nucleic acids must be small, 
since bonds of comparable strength can be made 
between the hydrogen bonding sites of the bases and 
water molecules when the chain is in the disordered 
state. There now seems to be some good reason to 
reconsider this inference. The one specific hydrogen- 
bonding scheme is strongly favoured, at least in the 
rather special conditions of a chloroform solution. 
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It is interesting in the same connexion to note 6 
report by Howard, Frazier and Miles (J. Biol. Chem., 
241, 4293; 1966) of the formation of a two-stranded 
helix between poly-U and _ poly-2-aminoadenylic 
acid. The latter is merely poly-A containing an 
amino-group in a position such that a good hydrogen 
bond can be made with the O2 of the uracil without 
significantly distorting the two usual hydrogen bonds 
between adenine and uracil. It may be an oversimplifica- 
tion to suggest that the effect on the stability of the 
helix arises only from the energy of the new hydrogen 
bond, with no contribution, for example, from the 
change in dipole moment. Nevertheless, a stabilization 
amounting to a 26° increase in melting temperature is 
observed. A recent article by Nash and Bradley 
(J. Chem Phys., 45, 1380; 1966) starts from the view 
that the coulombic effect on the stability of base pair 
configuration is dominant. Semi-empirical molecular 
orbital procedures are used to calculate point charges 
on the atoms of the four bases (A, U, G and C), and 
the coulombic interaction potentials generated for all 
possible pairs as one base is rotated relative to its 
partner are then computed. The calculation produces a 
total of twenty-seven deep potential wells, and the 
authors are gratified to note that in general these 
correspond to highly linear N—H . . . O and N—H...N 
contacts, so that hydrogen bonds are again energetically 
advantageous in the coulombically favoured geometries. 
Whatever the relative strengths of the hydrogen bonds 
between base and base and between base and water, 
it is in any case clear that if good hydrogen bonds could 
not in fact be made in the double-helix, the helical 
state would be much less favoured relative to the coil. 


Meeting about Meteorites 


Ix the early years of the United States space programme 
it sometimes seemed as if the study of meteorites was 
almost entirely meant to understand the nature of the 
Moon’s surface and to help solve re-entry problems. 
The subjects discussed at the Twenty-ninth Annual 
Meeting of the Meteoritical Society, held in Washington, 
D.C., during November 3-5, 1966, however, were 
notable for their academic liveliness. The only paper 
not concerned with the study of meteorites for their 
own sakes dealt with the discovery that ceremonial 
Chinese weapons of the tenth to eighth centuries B.o. 
were made of meteoritic iron and did not indicate a 
flourishing iron-forging industry. 

The conference produced additional evidence on the 
now familiar problem of tektites, but unfortunately 
the new evidence supported both sides of the argument 
equally. Tektites are glassy disks or lumps which are 
found spread over wide areas or “fields”, principally in 
Central Europe, the Far East and Australasia. 
Although chemically similar to one another, they do 
not resemble any one terrestrial rock in all facets of 
their chemistry. There is general agreement that they 
were produced by fractional melting (with loss of 
volatiles), probably as a result of meteoritic impact. 
The current controversy is whether this melting on 
impact occurred at the surface of the Moon or the 
Earth. 

The meeting moved from the serious consideration 
of tektites to the serious consideration of two ideas 
regarded as “cranky” by more conservative geologists. 
One idea is that carbonaceous chondrites may come 
from comets, not asteroids. The other concerns the 
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formation of the Sudbury Basin (Ontario), for which a 
mechanism of meteoritic impact has recently been 
suggested. Such a mechanism implies that petrographic 
features induced by shock can be preserved for 1,500 x 
108 yr; that shatter cones are a positive criterion of 
meteoritic impact; and that meteoritic impact may 
produce or trigger igneous activity which involves large 
volumes of magma and ores. 

The conference was also told of a freak discovery. 
Pieces of native copper, thought to represent fragments 
of a meteorite weighing at least 108 lb., have come to 
light in British Columbia. By any standards this 
meteorite is a rare find—-so long as it is genuinely extra- 
terrestrial. 

At the meeting authors were given 10 minutes to 
read their papers, and this was to be followed by a 5 
minute period for discussion. Four authors out of 
five, however, overran their time, thus leaving little 
or no time for discussion. That many discussion 
periods were cut or abandoned altogether is all the 
sadder because (as one delegate put it) “informal 
discussions are almost the real justification for meetings 
like this”. 


Pure Cultures 


A CONFERENCE under the label of ““Axenic Cultures and 
Defined Media’’, held by the New York Academy of 
Sciences (Ann. N.Y. Acad. Sct., 189, 1: 1966), has 
usefully co-ordinated some of the information available 
about techniques for the culture of cells, tissues and 
organisms. Axenic cultures are ones free from 
contamination by species other than those of interest 
and are of considerable social and economic importance. 
Contributions to the conference were mainly con- 
cerned with progress in the perfection of the techniques 
involved, but the feasibility of their application to 
such problems as the development of antibiotics and 
insecticides, and vaccines and toxins against parasites, 
was also stressed. 

The culture of parasites, both in infected tissue and 
free from their hosts, is vital for the investigation of 
life histories and behaviour. Avian embryos and 
various animal tissues are now used for the axenic 
culture of many protozoan parasites such as Plasmo- 
dium and Trypanosoma (responsible for malaria and 
sleeping sickness, respectively). The aim is to produce 
from these cultures antigens to be used for immuniza- 
tion against infection by the parasites. Multi-cellular 
parasites are also of interest in this respect; the 
immunity of vertebrate animals to infection by hel- 
minths (flat worms) comes mainly from antigens 
produced at the transition from third to fourth and 
fourth to fifth free living larval stages. Culture 
techniques for these larvae, which involve specific 
media and controlled gas atmospheres, are being devel- 
oped to facilitate economic production of the antigens. 

The purity of axenic cultures of parasites make them 
ideal for treatment with chemicals which may be 
potential toxins. Toxic effects are obviously caused 
by the added compound and not by bacterial, viral 
or other activity resulting from infection. The plant 
nematode (round worm) Pratylenchus penetrans can 
be grown on excised plant roots, and an apparatus to 
provide the necessary micro-environment for the 
maintenance of viable populations of the parasite is in 
development. When the nematodes are freely available 
in an uncontaminated condition they can be used for 
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bio-assay of the nematocidal activity of various chemi- 
cals. Regular methods for doing this are not yet 
available, but participants at the conference were 
hopeful they will be developed and that effective 
nematocides will result. Not only nematocides but 
also drugs can be tested in similar ways but with 
mammalian tissues. 

The action of antibiotics has also been investigated 
by these techniques. Some of them have been obtained 
from cultures of micro-organisms in the absence of 
natural products such as yeast extract and soybean 
oil, previously considered to be essential for the produc- 
tion of antibiotics. The use of defined media has already 
facilitated the investigation of the biosynthesis of 
actinomycins by Streptomyces antibioticus and the 
preparation of labelled penicillin used for the examina- 
tion of the mode of action of the antibiotic on suscept- 
ible micro-organisms. 

Some parasitic micro-organisms are potential sources 
of insecticides. Commercial preparations of Bactlus 
thuringiensis are already to control the larvae 
of a variety of insect . Toxic substances are 
produced during the life cycle of this, and other bacteria, 
and the use of pure cultures and defined media, which 
are now being developed, will facilitate the production 
and characterization of toxins uncontaminated by 
unknown compounds. 

These culture techniques are slow to develop—work 
on plant nematodes has been in progress for more than 
ten years—but the information which will be made 
available by the use of axenic cultures and defined 
media should be invaluable. 


Cancer Congress 


Prorgsson P. C. Koree writes: The ninth Inter- 
national Congress under the auspices of the Inter- 
national Union Against Cancer was held in Tokyo 
from October 23 to October 29. At the opening 
ceremony in the presence of the Crown Prince Akihito— 
himself a biologist—Dr. T. Yoshida was installed as 
president. There were 4,042 registered members 
gathered from 60 countries, the greatest foreign 
representation coming from the United States (850). 
There were 1,700 Japanese members. The congress 
heard four lectures by invited speakers: “The Molecular 
Basis of Translation of the Genetic Message” by S. 
Ochoa (U.8.A.), “Viruses in Carcinogenesis” by R. 
Dulbecco (U.8.A.), “Cancer Immunology” by G. Klein 
(Sweden), and “Cytogenetical Aspects of Cancer” by 
J. Lejeune (France). There were also 23 panel discus- 
sions on some of the fundamental topics, such as the 
biochemistry of carcinogenesis, oncogenic viruses, the 
structure and biochemistry of tumour cells and various 
clinical problems. The 30 section meetings, at which 
more than 800 contributions were presented, were also 
run in parallel. Tumour viruses and tumour immuno- 
logy were the chief topics under discussion. During 
the congress, in commemoration of the first artificial 
induction of cancer by K. Yamagiwa, a meeting 
attended by Prince Hitachi was held to Jaunch the 
Yamagiwa Memorial Fund to assist young Japanese 
research workers in cancer. At the closing ceremony, 
Sir Alexander Haddow handed over his office as 
president of the International Union Against Cancer 
to Dr. N. N. Blokhin (U.S.8.R.), and it was agreed 
that the next cancer congress would be at Houston, 
Texas, in 1970. 
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Parliament in Britain 


In a written answer in the House of Commons on 
November 22, the Joint Parliamentary Secretary to 
the Ministry of Technology, Mr. P. Shore, stated that 
the ministry was prepared to consider, with the others 
concerned, any proposal for developing hydrofoil craft 
which is adequately supported by technical and 
economic data. The ministry was studying develop- 
ments aimed at solving the problems of operating fast 
hydrofoil craft in rough seas, and the National Physical 
Laboratory had made the hydrodynamic design of 
such a vessel for the Royal Canadian Navy. The 
question of building a prototype in Britain will be 
considered when results of the Canadian trials are 
available. 


Arso on November 22, Mr. E. Dell, Joint Parlia- 
mentary Secretary to the Ministry of Technology, 
said that as part of the superconductivity project, the 
ministry was currently supporting work under contract 
with the International Research and Development 
Co., Newcastle, to a total of £43,000. Proposals for 
support in other areas were at present being examined. 
Mr. Dell also said that the emigration of scientists and 
engineers was regarded as a matter of the utmost 
importance, and the Committee on Manpower Re- 
sources for Science and Technology had set up a work- 
ing group on emigration under Dr. F. E. Jones, manag- 
ing director of Mullard, which would take all these 
matters into consideration and make proposals. The 
ministry was also discussing with the Health Depart- 
ments and the Medical Research Council the possibility 
of establishing an institute to provide a link between 
research and technology in bio-engineering. With the 
Health Departments the ministry was identifying new 
needs for discussion with industry. 


In a written answer on November 22, Mr. A. Wedgwood 
Benn, Minister of Technology, listed 48 industrial 
research associations receiving from the ministry 
grants totalling more than £3-3 million in the current 
financial year against a grant earning income estimated 
at about £7-6 million. In addition, the research associa- 
tions were likely to receive some £2 million from repay- 
ment work of all kinds (from non-members as well as 
members, including Government departments), interest 
from investments, licensing fees and such sources. 


In a written answer in the House of Commons on 
November 21, the Minister of State for Education and 
Science, Mr. E. Redhead, stated that the Medical 
Research Council was supporting a sizable programme 
of research on multiple (or disseminated) sclerosis. 
Research on this disease formed the entire programme 
of the council’s Demyelinating Diseases Research Unit 
at Newcastle-upon-Tyne, where investigations included 
experimental work and clinical trials in collaboration 
with the University Department of Neurology. Related 
studies supported by the council were in progress at 
Guy’s Hospital Medieal School, the Middlesex Hospital 
Medical Schoo] and at the University of Leeds. Further 
research was undertaken in several universities and in 
hospitals under the National Health Service. The 
Multiple Sclerosis Society and the National Fund for 
Research into Poliomyelitis and other crippling diseases 
also provided voluntary support for research into this 
disease. In addition, work in the general field of 
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neurology and more fundamental research was being 
undertaken with the help of Government funds in the 
research council’s establishments and in universities. 


In reply to questions in the House of Commons on 
November 23 regarding the future of inland waterways, 
the Joint Parliamentary Secretary to the Ministry of 
Transport, Mr. J. Morris, declined to add to what he 
had said in a debate on November 18 which noted the 
annual report and accounts of the British Waterways 
Board for 1965, and the relevant chapter in the state- 
ment on transport policy. It was not intended to 
have a separate waterways trust and there were very 
good reasons for having the management of both the 
commercial and amenity sides of the network under 
one roof. Mr. Morris said in the debate that the 
Government would be ready to consider on their merits 
proposals for modest developments or improvements 
that the board might recommend from time to time, pro- 
vided they showed real prospects of economic return. 
It was hoped to devise a standing consultation machin- 
ery, and current consultations with interested bodies 
were expected to provide some useful leads. The 
general intention was to introduce a major T ort 
Bill during the next session which he hoped would 
cover many facets of the transport field. 


Royal Soclety Medals 


Ar the anniversary meeting of the Royal Society on 
November 30 the following medals were awarded: 
the Copley Medal, to Sm Lawrenoz Braca, formerly 
Fullerian professor of chemistry and director of the 
Royal Institution; the Rumford Medal, to Sm 
Wurm Penney, chairman of the Atomic Energy 
Authority; Royal Medals, to Mr. J. A. RATOLIFFE, 
formerly director of the Radio and Space Research 
Station, Science Research Council; Dr. F. YATES, 
deputy director and head of the Department of 
Statistics and Agricultural Research Statistical Service 
at Rothamsted Experimental Station; and Mr. C. 8. 
CockERELL, designer of the hovercraft; the Davy 
Medal, to 8m Ewart Jones, Waynflete professor of 
chemistry in the University of Oxford; the Darwin 
Medal, to Prorzssor H. M. Fox, emeritus professor of 
zoology in the University of London; the Hughes 
Medal, to Prorzsson N. Kamer, Tait professor of 
natural philosophy in the University of Edinburgh; 
the Leverhulme Medal, to Mr. A. A. C. ISSIGONIS, 
motor-car designer, British Motor Corporation, Ltd. 


University News: Bristol 


Dr. H. TAJFEL, at present lecturer in social psychology 
in the University of Oxford, has been appointed to the 
chair of psychology, and Dr. N. Thompson, reader in 
physics and assistant director of the H. H. Wills Physics 
Laboratory, has been appointed to the additional chair of 
physics. Professor J. P. Hudson, at present professor of 
horticulture in the University of Nottingham, has been 
appointed to the directorship of the Long Ashton Research 
Station and to the chair in the Department of Agriculture 
and Horticulture as from August 1, 1967, on the retire- 
ment of Professor H. G. H. Kearns. 


Hongkong 
Proressor H. C. H. GURNEY, at present professor of civil 
and structural engineering, University College of South 
Wales and Monmouthshire, has been appointed to the 
chair of mechanical engineering, and Dr. D. 8. Payne, 
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at present senior lecturer ın chemistry in the University 
of Glasgow, has been appointed to the chair of chemistry. 


Sussex 


Dz. A. KORNER, at present lecturer in biochemistry in the 
University of Cambridge, has been appointed to the chair 
of biochemistry. 


Appointments 


Dz. B. Q. Dioxmis, who became director general of guided 
weapons in 1962, has been appointed deputy controller 
of guided weapons by the Minister of Aviation. 


Announcements 


De. Guornce E. PALADE, professor of cytology in the 
Rockefeller University, has been awarded the $6,500 T. 
Duckett Jones Memorial Award of the Helen Hay Whitney 
Foundation, of New York City, in recognition of his con- 
tribution to the knowledge of cellular structure and 
function. He has also been awarded the 1966 Albert 
Lasker Medical Research Award for his basic research on 
the cell. 


Tar Colworth Medal, which has been donated by the 
Unilever Research Laboratory, is awarded annually by 
the Biochemical Society to the most promising young 
British biochemist, and nominations are invited for the 
award of this medal for 1966. Further information can 
be obtained from the Honorary Secretary, the Biochemical 
Society, 20 Park Crescent, London, W.1. 


A FUND has been established in memory of the Danish 
biochemist, Ka) Linderstrom-Lang, with the purpose of 
awarding a prize consisting of a gold medal and D. kr. 
10,000 for achievements in the field of biochemistry. The 
first prize has been awarded to Walter Kauzmann, of 
the Frick Chemical Laboratory, Princeton University, for 
his work on optical rotation and its application to protein 
chemistry, and of his elucidation of the forces responsible 
for maintaming the native conformation of proteins. 


A ONE-DAY meeting on ‘‘Field-ion Microscopy”, arranged 
by the Electron Microscopy and Analysis Group of the 
Institute of Physics and the Physical Society, will be held 
at the University of Cambridge on March 20. Further 
information can be obtained from the Meetings Officer, 
The Institute of Physics and the Physical Society, 47 
Belgrave Square, London, 8.W.1. 


Tum Science of Science Foundation has arranged three 
seminars on the planning of research and development on 
January 25, February 22 and March 22, 1967, at 4 p.m., 
at the Department of Electrical Engineering, Imperial 
College, London. The seminars will be opened by Dr. 
Douglas Hill, Sir Charles Goodeve and Dr. L. Rotherham, 
respectively. Further details can be obtained from the 
Science of Science Foundation, c/o The Ciba, Foundation, 
41 Portland Place, London, W.1. 


Tus Winter Gordon Research Conferences will be held in 
Santa Barbara, Cahfornia, at the Miramar Hotel during 
January 23—February 3. Those who wish to attend must 
send their applications in duplicate on the standard form 
which can be obtained from the office of the director. These 
applications will be reviewed by the Conference Committee 
and a registration card sent to those selected. The number 
of participants is limited to approximately one hundred at 
oach conference. A fixed fee of $125 will be charged for 
resident scientists, and it is hoped all will live at the con- 
ference location. Accommodation is available for wives and 
children over 12 years of age. The first conference, which 
deals with “Electrochemistry”, will take place during 
January 23-27, and the second, on “Polymers”, during 
January 30-February 3. Application forms and further 
information can be obtained from Dr. W. George Parks, 
Gordon Research Conferences, University of Rhode 
Island, Kingston, Rhode Island. 
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ROLE OF THE TECHNOLOGIST IN THE MODERN WORLD 


Extracted from Professor P. M. S. Blackett’s Presidentlal Address to the Royal 
Soclety at the anniversary meeting on November 30, 1966* 


I want to express some personal views on the przblems 
of the place of engineers and technologists in contem- 
porary British life and the relations of the Royal Society 
to technology and engineeering. It seems generally agreed 
that in Britain engineers and technologists do not receive 
the public esteem which their ability and umportance to 
the community would justify, and that other advanced 
countries are better placed m this respect. As a result, 
sgo it 18 often argued, not enough first class scientists and 
technologists enter industry, and this leads to some 
industries in Britam which are less than the best. This 
in turn leads to inadequate exports and so contributes 
to the present financial crisis. Assuming the general truth 
of these facts, then of course their origi must be highly 
complex and must include such facts as the traming which 
engineers and scientists receive at the universities, their 
salary levels for industry, and more broadly the man- 
agerial structure of firms and industry as a whole. It 
would follow then that any lack of public esteem accorded 
to engineers is but a symptom of some deep underlying 
national failings which need urgent attention. Even so, 
it is reasonable to consider whether there are not some 
steps which could be taken to attempt to raise the esteem 
in which technologists and engineers are now held, 
while also energetically tackling the underlymg troubles. 

The Royal Society has, in the past, included in the 
fellowship such outstanding engineers as Smeaton 
Rennie, James Watt, Brunel (father and son), R. Stephen- 
son, Siemens, Parsons, S. Z. de Ferranti and Sir Wiliam 
Stanier, to mention only a few. It is my personal view, 
however, that in recent decades the Society has been 
somewhat remiss in not recognizing more engineers and 
applied scientists by admission to the fellowship. I gain 
the umpression that the level of ability, originality and 
eminence required of an engineering designer, for example, 
to be admitted to the fellowship has been disproportion- 
ately higher than that required of a research scientist. 
I feel that the imbalance between these two levels 
has been detrimental to the Society and to Britain as 6 
whole. 

The situation in this respect, however, is changing. 
For the past three years this problem of giving adequate 
recognition to engineers and technologists has been 
seriously discussed within the Society. One outcome was 
the raising in 1964 of the number of candidates elected 
each year from twenty-five to thirty-two, with the explicit 
object of using some of these seven additional places for 
applied scientists and engineers. As a result, there is no 
doubt that the fraction of the fellowship consisting of 
technologists is rising to an important extent. I hope to 
seo this process continued until the imbalance which I 
believe to exist within the Society between engineering 
designers and research scientists is rectified. Active dis- 
cussions are in progress between the Council of the 
Engineering Institutions and the Society as to what 
further action might bring national advantage. 

It is, I think, generally conceded that one field of 
activity in which the scientific academies of the world can 
play an especially important part lies in the international 
relations of science. In recent years the Royal Society 
has been very active in promoting scientific contact and 
unterchange between Britain and the Eastern European 
countries, and much valuable collaboration has resulted. 
Special efforts were made successfully to open up relations 
with China, and as a result there are now a number of 
Chinese postgraduate students at work in British labor- 

*See p. 974 for awarda of medals- 


atories. Little has been done, however, to stimulate 
exchanges with Western Europe, on the not unreasonable 
assumption that these looked after themselves. A little 
investigation has shown, however, thet this was not so. 
A sample survey of a few British university science depart- 
ments showed that the number of postdoctorate students 
from Europe working in Britain was less than a fifth of 
those from the United States. A still greater ratio must 
exist between the numbers of British postdoctorate 
students working in the United States and in Europe. 

After much consideration withm the Royal Society, it 
was decided to attempt to raise funds adequate to make 
a notable increase in the scientific interchanges within 
Europe both by long and short visits and the organization 
of conferences. The foreign secretary of the Sooety 
undertook the process of making personal contacts 
throughout Europe with savants and organizations with 
the idea of working out common policies. While these 
exploratory contacts were being pursued, however, the 
Society felt it would like to start actual interchanges. 

The Society has already received a grant of £3,000 and 
has been promised £10,000 a year for 3 years from the 
Wates Foundation, and in addition £10,000 over 7 years 
from the Pergamon Press. The Society is deeply grateful 
for these gifts, and is energetically preparing ways and 
means of using this money to start the promotion of 
two-way interchanges and conferences in Europe. The 
Society recognizes clearly that these steps are only a 
beginning and that for Europe to make a substantial step 
forward towards a more integrated structure of science 
would mean much money and much organizing activity in 
all European countries which share these aspirations. To 
facilitate discussion within the Society of all the manifold 
problems relative to the international relations of science, 
the Council has created a new Committee on International 
Relations to advise it on all these matters. 

At the present time the Society has two direct working 
contacts with those parts of the government machine 
which deal with the international relations in science. 
One is a Standing Committee on International Scientific 
Relations set up by, and reporting to, the Council for 
Scientific Policy. This committee, of which Sir Harrie 
Massey is chairman, has already become an important 
link in the machinery for discussion and for feeding well 
considered advice into the administrative machine in 
Whitehall; reciprocally, of course, it makes for greater 
understanding among scientists of the problems of the 
Ministers who are concerned with the international 
relations of science. The second point of contact is a 
committee to advise the Ministry of Overseas Develop- 
ment on the scientific and technological aspects of the 
Unesco programmes. At present, Sir Wilham Slater is 
chairman. These two bodies provide direct contact 
between the Society and the Whitehall administrative 
machine. In addition, all five of the research councils 
have each invited the Society to nominate a fellow to 
attend their meetings of the council as an assessor. 

These growing contacts between the Society and the 
government administrative machine in Whitehall seem 
to me to be of great importance for the future of British 
science. I would fully expect, and greatly welcome, the 
further extension of such working contacts. The more 
the Society becomes involved in Whitehall, however, so in 
my view does it become of still greater importance for 
the Society to have a firm independent base from which 
to operate, which is adequately financed from private 
sources over the long term. 
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SOME PROBLEMS CONCERNING THE MARINE GEOCHEMISTRY 
OF VANADIUM 


By Dr. J. D. BURTON 
Department of Oceanography, University of Southampton 


It has long been recognized that the oceans must contain 
in solution all the chemical elements or, as we would now 
postulate, all the nuclides present on the Earth. Some 
are not detectable in sea water by present techniques, 
however, and for all but fourteen of the elements the 
concentrations are less than 1 p.p.m. Concerning the 
- minor constituents of sea water, there has been interest 
in the trace metals from a number of standpoints. Apart 
from the fundamental geochemical interest of their 
abundance and distribution, the problems of radioactive 
waste disposal into the seas have given impetus to in- 
vestigations of the extent to which marine organisms 
concontrate certain metals from their environment. 
Some trace elements and radioactive nuclides (both 
naturally occurring and artificial) show promise as tracers 
for the circulation of water masses in the ocean. A number 
of trace metals, such as iron and copper, are also known 
to play a part in biological processes although the question 
as to whether a lack of any trace metal in an available 
form ever limits primary organic production in a practical 
situation cannot be fully answered from the present 
evidence. 

Despite this increasing interest in the trace metals in 
the oceans, we still know little of their distribution with 
region, depth or time and of their possible importance to 
biological processes in the sea. The obtaining of reliable 
analytical chemical results is the first step towards a 
more detailed understanding of the factors which control 
the concentrations of the elements and their distribution 
between sea water, marine organisms and sediments. 
Advances in sampling and analytical techniques promise 
a much greater supply of these basic data in the near 
future. This is especially so now that there is increasing 
automation of the routine analysis of salinity, dissolved 
oxygen and trace inorganic nutrients such as phosphate 
and nitrate, which has hitherto been a main preoccupation 
of marine chemists. 

This article presents a general account of some aspects 
of the marine geochemistry of vanadium, which may 
serve to illustrate some of the problems concerning the 
more abundant trace metals. The object is not to present 
a comprehensive review but rather to indicate some ways 
in which improved analytical evidence may be of value 
to the marine geochemist. The recent treatise edited by 
Riley and Skirrow! provides more detailed accounts of 
many aspects which are necessarily treated briefly here. 


Vanadium in Sea Water 


For many trace elements the meagre and unreliable 
nature of the analytical data leaves great uncertainty as 
to the true range of concentration in sea water. Although 
determinations of vanadium in sea water are few and 
largely confined to the North West Pacific, an examina- 
tion of the principal determinations (Table 1) shows that 
most of the results, which have been obtained by a variety 
of techniques, lie within a comparatively narrow range. 
While this is net conclusive evidence of the reliability of 
the values, it does seem probable that the concentration 
of vanadium in surface sea water is generally in the range 
of 1 to 3 ug/l. Measurements in this laboratory? support 
.this conclusion and suggest that in shelf areas there is no 
systematic variation in the concentration of vanadium 
with water depth; the samples in this work were collected 
in the summer when such variation is most likely to occur 
as a result of biological processes which lead to a transfer 


of material to deeper waters. Some reservations are 
necessary, however, in accepting the concentrations as 
typical. The only values for waters far from the influence 
of land are those for the North West Pacific and there are 
no data whatsoever for the deep ocean waters which form 
the great bulk of the hydrosphere. Almost all the resulta 
have been obtained following an initial concentration of 
vanadium by co-precipitation with ferric hydroxide. 
Experiments?“ using vanadium-48 and added vanadium 
as vanadate show the quantitative nature of this procesa. 
The possibility cannot be excluded, however, that vana- 
dium in the form of organic complexes might not be 
recovered by this procedure. Virtually nothing is known 
of the distribution of vanadium between soluble and 
particulate forms; this distinction is eonventionally 
based on filtration through a membrane filter retaining 
particles greater than about 0-54. Finally, no investiga- 
tions have been made of seasonal variation in concentration. 


Table 1. PRINCIPAL DRTBRMINATIONS OF VANADIUM IN SHA WATER 


Samples Concentration 
No. (ugh) Authors 
Japanese in-shore Į 8-4-4-8 Ishibashi (ref. 24) 
5 1-3-2-9 Sugawara et al. (ref, 25) 
North-west Pacific 2 2-6-8-5 Ishibashi (ref. 24) 
pllidiinat E et Sugawara et al. (ref. 25) 
n-shore 
nenoro Š edey? Black and Mitchell (ref. 26) 
Bea 1 1-82 Chan and Riley (ref. 3) 
Black Sea 1 0-63 Zhevoronkina (ref. 27) 


Despite these uncertainties it appears that vanadium 
is a somewhat unreactive element in sea water showing 
relatively small variations in concentration. This would 
suggest that the element is present in the pentapositive 
oxidation state. Except where other factors are operative 
(such as carbonate complexing in the cage of uranium) 
the more conservative elements in the oceans are those 
with ionic potentials outside the intermediate range of 
about 3-10. The ionic potential of vanadium (V) is 
about 8-5 and that of vanadium (IV) considerably lower. 
A high oxidation state is necessary for the transport of 
vanadium in weathering processes. Also the oxidation- 
reduction potential of sea water favours oxidation of the 
transported material, but thermodynamically stable 
states are not necessarily attained by elements in sea 
water because the time taken to reach equilibrium may 
be long by comparison with their residence times in the 
oceans, perticularly when there is a lack of reaction 
surfaces. In relation to the uptake of vanadium by orga- 
nisms (see below) it is important to know the form of 
combination in which the vanadium is present. In 
aqueous solutions of sodium vanadate at pH similar to 
that of sea water, vanadium is present in the form 
[HVO], @ more complex anion than the vanadate 
species present at high pH; vanadyl cations are found 
under more acidic conditions*. Ion flotation techniques 
have been applied to sea water by Kalk’ to investigate 
this question; the amount of vanadyl] vanadium recevered 
was only about 1 per cent of the average vanadium content 
of sea water, but since the efficiency of the procedure for 
removal of vanadium was not established this result is 
not conclusive. 


Vanadium In Marine Animals 


Many trace elements are concentrated to a high degree 
by some organisms, and a wide range of marine animals 
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are able to concentrate vanadium from their environment, 
but the outstandmg feature of the marme biogeochemistry 
of this element ıs the remarkable extent to which it is 
concentrated in certain tunicates. The investigations and 
summaries of Webb’ *, Vinogradov? and Bertrand’* 
have enabled some order to be seen ın the many scattered 
observations on this subject. Subsequently, the work of 
Ciereszko et al.4!, in particular, has extended the range of 
analyses. 

The published analyses of tunicates have been confined 
almost entirely to the class Ascidiacea. In summary it 
appears that among these animals the ability to con- 
centrate vanadium 1s possessed to the most marked 
extent by members of the sub-order Phlebobranchiata, 
particularly those belonging to the families Ascidiidae 
and Perophoridae. In these species concentrations, on & 
dry weight basis, of more than 1,000 p.p.m. of vanadium 
in the whole animal have frequently been recorded. In 
most other species of the class Ascidiacea the amounts of 
vanadium are considerably less and some are within the 
range shown by members of other phyla, such as echino- 
derms and coelenterates, that is from about several 
parts per million downwards. There is little information 
on the remaining classes of the tunicates, namely the 
Thaliaces and Larvacea, except that Ciereszko et al. 
were unable to detect vanadium in the four species of 
salp which they examined. These workers have also 
established’? that, contrary to many statements which 
stem from an early and seemingly erroneous analysis", 
holothurians do not show an unusual ability to concentrate 
vanadium. 

The most remarkable observation on trace elements in 
ascidians concerns Molgula manhatiensis, a species which 
shows moderate concentrations of vanadium. Among 
animals of this species from the English Channel, Carliale** 
found that there were two groups of individuals, some 
containing from 29 to 98 p.p.m. of vanadium while others 
contained less than 2 p.p.m. This variation is not in 
itself so notable, but he also established that in the former 
group no niobium could be detected, while the animals 
which were low in vanadium contained 25-75 p.p.m. of 
niobium. This remarkable differentiation in uptake by 
individuals of a species warrants further investigation. 
It has been claimed* that Styela plicata, which also con- 
tains only moderate amounts of vanadium, contains 
150-300 p.p.m. of niobium and 100—410 p.p.m. of tantalum ; 
confirmation of these values by more selective analytical 
techniques is desirable. 

The distribution of vanadium within ascidians has been 
investigated by analysing separated tissues'*1* and by 
the use of radioactive vanadium-48 as a tracer!*.1*, More 
than 90 per cent of the vanadium in Phallusta mammillata 
has been shown to be present in the blood", With this 
animal it was possible to perfuse the vascular system to 
obtain tissues essentially free from blood, but generally 
there has been no accurate assessment of how much of 
the vanadium in the various organs was present in the 
blood supply of the tissues. The gut and branchial basket 
show high concentrations of vanadium; some workers 
have also found that the ovary contains considerable 
amounts. 

The physiological aspects of the uptake of vanadium 
remain rather obscure. In some animals, notably those 
showing very high vanadium concentrations, at least 
part of the vanadium is present as a chromogen in dis- 
tinctive blood cells termed vanadocytes. Some other 
ascidians show structurally simular cells in which Endean*® 
has shown vanadium to be negligible but iron to be present. 
The vanadium chromogen plays no established metabolic 
part; it appears to be a reducing substance in which 
vanadium (III) is complexed with sulphate and a protein™. 
It is fairly certain that vanadium is initially taken up by 
adsorption on the mucus of the branchial baskets, 
Kalk’ suggests that vanadium passes from the mucus into 
the blood plasma by pinocytosis, giving a supply of vanadyl 


NATURE 


977 


10ns which are reduced on membranes of the cytoplasmic 
vacuoles. Vanadate ions, if present, might also enter by 
less specific processes of anionic diffusion. 

Whatever the physiological behaviour and possible 
role of vanadium m these orgamiems, it is evident that 
highly selective mechanisms of uptake from sea water 
are operative. Uptake may occur from solution, but a 
possible contribution of particulate material cannot be 
excluded. For the elucidation of the nature of the processes 
concerned in the uptake of trace elements and the factors 
which influence these processes, more systematic investiga- 
tions are required on the concentrations of groups of 
chemically related elements. The situation m some ways 
may be compared with that in igneous rock geochemstry 
several decades ago, when numerous analytical observa- 
tions on trace elements in rocks and minerals had been 
obtained but on samples of such diverse omgin that only 
broad trends gould be assessed. Investigations of the 
distribution of elements between co-existing minerals and 
between rocks representing stages of crystallhzation of a 
common magma were necessary to enable more detailed 
formulation to be made of the laws goverming the behaviour 
of the elements ın magmatic differentiation. A rather 
better understanding of the processes which govern uptake 
of elements by organisms should emerge from the applica- 
tion of the ımproved analytical methods now available in 
comparative investigations of the levels of related elements 
in organisms and in water from a given area with due 
regard to seasonal variations. Knowledge of the distri- 
bution of the elements between dissolved and particulate 
forms is also necessary and, ideally, account should be 
taken of organically bound forms. I have already remarked 
that the fraction of vanadium present in particulate 
states in sea water is not known; it may well differ between . 
the coastal waters, in which ascidians are most numerous, 
and open ocean waters. For the related but less abundant 
elements mobium and tantalum, we have merely the 
sketchiest indications of the total concentration ın ses 
water. With generalized concentration factors, Goldberg? 
has been able to show a measure of agreement between 
the extent to which some divalent metals are concen- 
trated in marine organisms and the Irving-Williams order 
of stability of complexes of these cations. A body of 
information of the kind outlined here would form a basis 
for more exact interpretation of the physico-chemical 
processes involved in uptake. The complicated nature of 
the interaction between the organism and the environment 
and of the processes of uptake must, however, be empha- 
sized. 


Vanadium in Sediments 


Vanadium does not appear to be much more concen" 
trated in pelagic sediments than in igneous rocks, nor do 
there seem to be large differences between these sediments 
and those with a greater proportion of thogenous material. 
Ferromanganese concretions show somewhat enhanced 
contents of vanadium. In shales of marine origin there is 
a tendency for vanadium to be enriched in deposits of 
high organic content**. This may be associated with the 
deposition of muds under conditions of low oxidation— 
reduction potential when vanadium in a reduced form 
may be more readily incorporated through hydrolysis or 
combination with organic matter. Under anoxic con- 
ditions where hydrogen sulphide is present, precipitation 
of sulphides may also be a factor enhancing vanadium in 
the bottom deposits. For an overall assessment of the 
marine behaviour of vanadium it would be valuable to 
know the oxidation state of the element in sediments of 
high and low organic content and to have more inform- 
ation on vanadium in recent deposits underlying anoxic 
waters. 

High levels of vanadium are associated with petroleum, 
asphalts and bituminous rocks; vanadium porphyrin 
complexes have been found in these materials. There is no 
evidence to support the view, which is sometimes still 
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advanced on this basis, that ascidians have played an 
important part in the genesis of oil deposits. 
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OBITUARIES 


Sir Patrick Linstead 


Sm Patrick LrnsrEAD died on September 22, aged 64. 
His sudden death has deprived Britain of a man who was 
in full flight as an academic administrator, in his capacity 
as Rector of the Imperial College of Science and Tech- 
nology since 1955. At the same time he was a distinguished 
chemist and a man of broad intellectual interests. The 
transition of academics of rare ability from scientific to 
administrative work is no new thing, but Imperial College 
can count itself lucky in having had Linstead to lead it at a 
critical stage in its great expansion. He lived to see the 
expansion of engineering almost complete and laid firm 
foundations for the other developments in science, in the 
administration of the college, the library and facilities for 
the students. He has left his imprint very strongly on 
Imperial College, as may be seen not only from the 
magnificent new buildings and equipment but also from 
the galaxy of distinguished people among the academic 
staff, many of whom were brought to the College on 
Linstead’s own initiative. He was a man of great charm 
and tremendous energy, and he handled with great skill 
the difficult problem of translating into practice the needs 
and desires of the many departments and their professors 
and staffs. As well as the academic side he was particu- 
larly interested in, for example, students’ facilities for 
libraries and sports, and succeeded in establishing sub- 
stantial residential facilities which he always believed to 
be essential to the growth of the college as an advanced 
academic centre. An indication of the width of his inter- 
ests is the Jeading part he played in the establishment of 
the new London Business 8chool and in the development 
of fringe academic studies, such as economics and sociology 
at Imperial College. 
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OF his scientific work as a chemist it may be said that 
he pioneered work in the development of the chemistry 
of dyes and also in electrolytic synthesis and reactions at 
high pressures. His earliest published papers include 
studies of unsaturated acids, carbo-cyclic fused-ring 
compounds and the stereochemistry of catalytic hydrogen- 
ation. He attained many high academic honours, includ- 
ing the Meldola Medal of the Royal Institute of Chemistry 
and the Hoffman Medal of the German Chemical Society. 

Before coming to Imperial College he spent, in succes- 
sion, periods at Harvard as professor of organic chemis- 
try, at the Ministry of Supply as deputy director of 
scientific research, and as director of the Chemical 
Research Laboratory, Teddington. He came to Imperial 
College to succeed Sir Ian Heilbron as head of the Depart- 
ment of Organic Chemistry, but he had already been a 
student of the college and obtained his Ph.D. there under 
Sir Jocelyn Thorpe. 

He was elected a fellow of the Royal Society in 1940 
and was a member of council, vice-president, and finally 
foreign secretary until last year. He also made many 
important contributions to education culminating in his 
membership of the Robbins Committee. 

He had many outside interests including, for example, 
being a Trustee of the National Gallery. Linstead was a 
man who would have succeeded in any walk of life and 
in fact he did as much as any man could do in a life’s 
span, dividing his efforts as he did between government 
service, academic scientific work and higher educational 
administration. O. A. SAUNDERS 


Hermann Wiehle 


Ds. Hermann Wum died at Dessau on July 7 at the 
age of 82, and until his death was still adding to his invalu- 
able contributions to the study of European spiders, 
particularly those of Germany. The son of an innkeeper, 
he started professional life as a teacher in an elementary 
school in 1905, later becoming a middle school teacher 
and then rector in Dessau until 1945. He studied biology 
in his spare time at the University of Halle where in 1927, 
at the age of 43, he took his degree. After the war he 
worked for a tame in a training capacity in a wagon factory. 
He retired at the age of 70, then giving his whole atten- 
tion and energy to the study of spiders and doing some 
of his most valuable work. 

He first became interested in spiders in 1922 and became 
one of the great amateur workers of his day on this hitherto 
rather neglected group, being greatly encouraged and 
helped by Ulrich Gerhardt, who examined him for his 
degree on his ‘‘Beitrége zur Kentniss des Radnetzbaus der 
Epeiriden, Tetragnathiden und Uloboriden”’, which was 
later published. This was followed by three more papers 
on biology and web structure in 1928, 1929 and 1931, 
which were original and remarkable contributions at that 
tıme. In 1931 was published the first of his contributions 
to the Tierwelt Deutschlands, on Argopids, and from then 
onwards his work was mostly concerned with descriptions 
and taxonomy, culminating in his monographs in the 
Tierwelt series on the Linyphiidae (Linyphiinae) and 
Mioryphantidae (Erigoninae) in 1956 and 1960. His 
other contributions to the series dealt with the Theridiidae 
(1937), Atypidae, Oonopidae, Dysderidae, Sicariidae, 
Pholeidae, Mimetidae and Cribellates (1953) and Tetrag- 
nathidae (1965). He continued to publish a number of 
important papers describing species omitted in the earlier 
works. 

Although his chief interest centred latterly on taxonomy 
and structure he never lost sight of the biological and 
ecological aspects of the subject, and the ideas expressed 
in the introductions to his Linyphiid monographs and his 
paper “Der Embolus des männlichen Spinnentasters’’ 
(1960), although of necessity in part controversial, are 
of the greatest Interest and importance. 

GQ. H. Looxer 
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DATE OF THE PLIOCENE-PLEISTOCENE BOUNDARY IN NEW ZEALAND 


By Dr. W. H. MATHEWS 


University of British Columbia, Vancouver 


» 


AND 


Dr. G. H. CURTIS 
University of California, Berkeley 


Tum remarkably complete late Tertiary and Quaternary 
stratigraphical record in New Zealand has prompted 
many investigations of Pliocene—Pleistocene relations. 
Although the Pliocene and Pleistocene beds of New Zea- 
land were once identified on the basis of the proportions of 
living molluscan species in the fossil records!, more recent 
practice has been to place the Pliocene—Pleistocene bound- 
ary at the first indication in marine faunas or terrestrial 
” floras of a climatic deterioration leading to a condition 
cooler than now exists in the same locality? or at the 
first indication of the cooler condition itself‘. The former 
criterion for the beginning of the Pleistocene in New 
Zealand agrees with the recommendation of a commission 
of the Eighteenth International Geological Congress’. 
The commission recommended that the Pliocene—Pleisto- 
ceno boundary should lie at the first indication of climatic 
deterioration in the Italian Neogene succession. The choice 
is supported by the occurrence of glacial beds at Ross, 
Westland®.*, close to the Pliocene-Ple:stocene boundary 
as identified by means of a pollen associated with a cool 
climate? overlying marine beds with a warmer Pliocene 
(Waitotoran) fauna. The first cyclothem of a series 
ascribed by Vella’® to a glacio-eustatic change in sea 
level is, however, assigned by him to the New Zealand 
Pliocene on faunal evidence. If so, the local boundary 
may not necessarily mark the first appearance of glaciation 
beyond the polar and alpine regions in late or post- 
Tertiary time. 
- The relative duration of the New Zealand Pleistocene, 
as now defined, compared with earlier Tertiary stages, 
has been estimated by five New Zealand workers by 
comparing the amounts of evolutionary changes, sedi- 
x mentation, etc., for each stage’. By assigning 63-70 
mullion years for the total time for these Tertiary and 
Pleistocene stages'*!* a duration of 2-5 million years for 
the New Zealand Pleistocene can be obtained. It is thus 
of interest to ascertain by independent methods whether 
the duration of the Pleistocene in New Zealand is much 
longer than the traditional 1 million years, as seems to be 
the case in France and in the Sierra Nevada, California’, 
where Curry has found a till overlying basalt dated at 
3-2 million years and underlying latite dated at 2-74 
million years. 

The problem of obtaining material from the vicinity 
of the New Zealand Pliocene—Pleistocene boundary for 
radiometric dating was undertaken by Mathews. This 
consisted of a search for fresh volcanic rock in a sedi- 
mentary succession which had already been dated by 
palaeontological methods. The volcanic rock could be 
lava, pyroclastic debris, or volcanic detritus for which there 
was some indication of relatively rapid transfer from 
source to final site of deposition. It appeared at first 
sight that in an area of notable Pleistocene volcanic 

# activity as well as one with full Pliocene—Pleistocene 
sedimentary successions the task would be simple. Alas, 
however, very few suitable samples could be found for 
submission to Curtis at the University of California for a 
radiometric dating. 


An early Pleistocene silt near Te Moari, northern 
Hawkes Bay (New Zealand co-ordinates N.115/471919), 
contaming pellets of virtually unweathered pumice was 
first investigated. The pellets, carefully separated from 
the silt matmx, proved, however, to have such a high 
content of atmospheric argon, and such a low content of 
radiogenic argon, that no reliable date could be obtamed 
by the potassium-argon technique, and no flat surface 
could be ground on the pumiceous fragments large enough 
to allow us to apply the fission track method!*’, 

A sand in the lower part of the Pleistocene succession 
of the Wanganui basin (New Zealand co-ordinates 
N.138/857971) contains scattered pebbles of hypersthene 
andesite believed to have been derived from the Ruapehu- 
Tongariro volcanic area, about 50 miles to the north-east’. 
This pebbly sand lies about 750 ft. above the local Phio- 
cene—Pleistocene boundary (base of the Hautawa shellbed) 
in an almost continuous succession of early and middle 
Pleistocene (Nukumaruan and Castlechffian) sediments 
here nearly 4,500 ft. thick'®. The freshest of a collection 
of the pebbles were selected for dating in the hope these 
could provide a maximum age for a horizon only one- 
sixth of the distance from the bottom to top of this 
Pleistocene sequence. 


Table 1 
Sample No, Sample Welght K warst Age 
type {g) (percent) (percent) million years 
KA 1469 Whole rock 
andesite 8-6408 0 204 H 1-80 +15 per cent 

KAi618 Wholerock 16-2927 0 241 85 2-47 +16 per cont 

Agehl2 x10 year 3, 

4" 0:584 x 10~* year, 


One date (Table 1) obtained from these pebbles is 
1-89+0-27 milion years. Assuming that this accurately 
represents the age of volcaniam giving rise to the andesites, 
the pebbly sand can be no older than this. Assuming, 
too, that rates of accumulation for the first 750 ft. of the 
section were comparable with that for the full 4,500 ft. and 
that something like 75 per cont of Pleistocene time is 
represented by sediments (that is, the erosional interval 
at the top of the section corresponds to the remaining 
quarter of Pleistocene time), the 750 ft. of the beds might 
represent about 0-27 million years, and the beginning of 
the Pleistocene would therefore be no more than about 
2-15 million years ago. 

An extensive gently tilted sheet of basaltic lava overlies 
clays, sands, and minor gravels of earliest Pleistocene 
and Pliocene age**! at Timaru. The sheet, some 6 miles 
from north to south, rises gradually from sea level at the 
east coast of South Island to an elevation of 1,250 ft. 
some 10 miles inland. H. 8. Gair has told us that over this 
distance it is generally about 10 ft. thick and is not known 
to exceed 75 ft. To maintain such a limited range of 
thickness over such a large area it must rest on aremarkably 
undissected surface on the underlying silts and gravels. 
Accordingly, it is believed to have been extruded at or 
just after the close of the aggradational stage responsible 
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for the underlying sediments, and hence to postdate 
by a very brief time the highest beds of the underlying 
succession. Some 250 ft. of clays, sandy clays, sands and 
minor gravels separate the lava from the Pliocene—Pleisto- 
cene boundary picked on the basis of fossil pollen*?. The 
basalt is covered only by late Pleistocene loess*® which 
postdates the tilting and dissection of the lava and under- 
lying beds. The basalt sheet appears, therefore, to be of 
early or mid Pleistocene age, but the exact position within 
Pleistocene time cannot be determined from available 
geological evidence. 

A whole rock potassium—argon date (Table 1) obtained 
from a fresh sample of basalt, collected from a quarry 
(New Zealand co-ordinates 8.111/741552) at a point 
17-6 ft. below the top of the flow and about 10 ft. above 
its base, is 2-47+0-37 million years. It is noteworthy 
that the Timaru basalt has reverse magnotization™, a 
characteristic shared by nearly all dated volcanic recks 
from 1-0-2-5 million years old****, On the other hand, 
most of the rocks from 2'6 to 3:4 million years in age have 
normal magnetization. The present data, therefore, 
suggest that if there ıs an error ın the reported date for 
the Timaru basalt it should if anything be less rather 
than more than 2°5 million years old. 

There is a discrepancy between the observations for the 
Wanganui basin, ın which it was inferred, admittedly 
with the aid of several assumptions, that the maximum 
age of the Pliocene—Pleistocene boundary was no more 
than about 2-15 millon years (taking into account the 
0:27 million year standard deviation in the potassium- 
argon determination) and the minimum age of 2-5 million 
years (taking into account the 0-37 million years standard 
deviation) based on the Timaru basalt. This discrepancy 
may result (1) from a flaw in the assumptions leading 
to the 2-15 million year data from the Wanganui basin, 
(2) by leakage, or contammation, giving faulty dates, 
especially of the Wanganui material, or (3) conceivably, 
as hinted in Vella’s work, by the Pliocene—Pleistccene 
boundary being diachronous. 

In conclusion, however, the available dates do indicate 
that Pleistocene conditions in New Zealand began more 


NATURE 


DECEMBER 3, 1966 “vor. 212 


than 2 millon years ago, and probably nearer 2-5 million 
years ago, if the Timaru date is accepted as the more 
reliable. It may finally be added that further investi- 
gations using potessium—argon dating or the fission-track 
method where material is scanty, and palaeomagnetic 
investigations in combination with palaeontological ob- 
servations, may more sharply define the date of the New 
Zealand Pliocene—Pleistocene boundary. 

We thank the National Research Council of Canada 
and the New Zealand Geological Survey for support of 
field work, and the U.S. National Science Foundation and 
University of California for support of the age determina- 
tions. We also thank C. A. Fleming, R. P. Suggate, 
H. 8. Gair and J. T. Kingma of the New Zealand Geological 
Survey, together with M. Gage, University of Canterbury, 
and P. H. Phizackerley of B.P.-Shell-Todd Petroleum 
Ltd., for suggestions and criticisms. 
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QUANTITATIVE EMISSION SPECTROSCOPY IN MEDIA WHERE APPRECIABLE 
LIGHT SCATTERING OCCURS 


By ELOISE KUNTZ, FOUAD BISHAI and Pror. LEROY AUGENSTEIN 
Biophysics Department, Michigan State University, East Lansing, Michigan 


Tumen are many situations—particularly in biological 
systems—where quantitative spectroscopic measurements 
have been difficult to perform because the systems are so 
turbid. Most quantitative determinations of fluorescence 
and phosphorescence at 77° K have been conducted only 
in clear glasses in order to avoid errors from light soatter- 
ing. Recent measurements, however, of phosphorescence 
(P) to fluorescence (F) ratios for amino-acids and nucleo- 
tides in various frozen aqueous systems having different 
light scattering properties show that the effect of solvents 
on the P/F ratios is quite marked!-*. In order to evaluate 
the mechanisms underlying the effects of solvents and 
added solutes on emission and on intersystem crossing 
from excited singlet to triplet states, it is necessary to 
know the absolute values of the quantum yields. 

We have investigated the relationship of light scattering 
to emission intensity and developed a method which 
enables us to determine the quantum yields of tyrosine 
with a reproducibility of about +20 per cent in certain 
aqueous milky glasses. In particular, we have investi- 


gated which preparations have approximately linear 
Arrhenius plots of log emission intensity versus the recipro- 
cal temperature (1/7) as a means of ascertaining those 
cases in which we can correct for scattering in a predictable, 
quantitative way. To correct for scattering in frozen 
preparations, the relation between emission intensity and 
light scattering measured in starch preparations at room 
temperature is utilized. 

Grade A tyrosine and quinine sulphate were used with- 
out further purification. Spectroscopic grade glycerol 
and analytical grade hydrochloric acid, sulphuric acid 
and glucose were used in preparing the solvents. Hydro- 
lysed starch (of the purity normally used in gel electro- 
phoresis) was also used. 

Room temperature absorption spectra and coefficients 


were determined in a spectrophotometer using a standard x 


1 om absorption cell. For measurements down to 120° K, 
the solutions were sealed in “Teflon’-coated metal cells 
5 mm thick with quartz windows and mounted on the 
end of a cold finger in a metal Dewar flask. Emission 
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measurements were made in a spectrophosphorimeter® 
using either the 1 cm cell for front-face measurements (at 
room temperature) or quartz capillaries in a quartz 
Dewar flask for right angle measurements at 77° K, and 
for collecting the data required for the Arrhenius plots. 
Volume changes during freezing were determined by 
measuring the changes in length of the solution in a quartz 
capillary. 

The basic procedure used in making the measurements 
involved the determination of the intensity of both fluores- 
cence and phosphorescence and scattered light as a func- 
tion of temperature from 77° to 300° K. The results 
obtained in the turbid matrices were then compared with 
measurements in the essentially clear glasses formed 


from 6 N hydrochloric acid or from 67 per cent glycerol i in 


water (at pH 6). 

The quantum yield of fluorescence Qpr at room tempera- 
ture was obtained in the spectrophosphorimeter® using 
quinine sulphate as a standard (the quantum yield of 
which was taken as 0-55 (ref. 7)). The value of 0-21 which 
we obtained for tyrosine is in agreement with the results 
of Weber and Teale’. The emission spectrum (fluores- 
cence) of the tyrosine was recorded at room temperature, 
and without changing any sensitivity settings on the 
detector, the sample was cooled to 77° K and the spectra 
of both fluorescence and phosphorescence were recorded. 
Then the liquid nitrogen surrounding the sample was 
allowed to boil off and the sample was brought to room 
temperature over a period of about 30 min. The tempera- 
ture was monitored by a thermocouple embedded directly 
in the frozen matrix. During this warming period the 
emission spectra and scattering of the exciting hght were 
recorded at intervals of a few minutes. The emission 
spectra were plotted on an energy (cm) scele incorporat- 
ing all the corrections required by the wavelength charac- 
teristics of the excitimg source and the detector system. 
A preliminary estimate of Qr was obtained by comparing 
the areas under room temperature and low temperature 
fluorescence spectra and a corresponding estimate of 
Qrp was then made by comparing the areas under the 
fluorescence snd phosphorescence spectra at 77° K. 
These estimates of Qp and Qr were then corrected, as 
described here, for light scattering and the large changes in 
absorption associated with changes in volume observed 
on freezing. Finally, to test the vahdity of measurements 
in a given matrix system, the logs of the area under the 


A 


Intensity 
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Table 1 ea 
8 N hydro- 5N hydro- 67 0-55 
chloro ohloric per cent per cent 
acid acid glycerol glucose 
No. of Toesautemenia 10 4* 10 10 
r at room tem 0 015 0-015 0-27-08 O21 
nee 7 pure Clear Turbid Clear Turbid 
Raho of 0 2:0 1:18-1:18 1:18 
Fluorescents at 77° K 
030-046 088-041 042—068 041-078 
pea and 3.D. 0-86 + 0:06 O58+0-08 0-57+40-09 
Phosphorescence at 77° K 
059-096 06 —086 051-082 0-49~0-87 
Average and S.D. 0744012 062+0-10 0-6740-12 
Qr+Qp at 77? K 
Range 089-142 0-8 —1:26 094—150 100—160 
Average and S.D. 110402 104402 1164016 1:27+0-22 
Change ın volume —11 —1 per —11 per +9 per 
cen cent oen cent 
Qpr and Qp corrected for 0-99 1-08 1-04 1-88 
onango u 1n volume 
Average scatter correction 0 —0-08 —0:05 0-4 
Average presb Bo Qrt+Qp 0-90 0-85 099 0-98 


mao breakage occurred of the capillaries containing 5 N hydrochloric 


phosphorescence and fluorescence curves and of scattering 
intensity were plotted as a function of 1/7. 

It can be seen from Table 1 that the ranges of uncor- 
rected values of Qr and Qpr are similar for tyrosine in the 
three types of matrices studied here. When these values 
are corrected, as will be described, their average sum is 
essentially 1-0 whether the measurements were made 
(a) in the clear glasses formed in 6 N hydrochloric acid 
or in 67 per cent glycerol in water at pH 8, or (b) in the 
turbid matrices formed by the solutions containing 5 N 
hydrochloric acid or 0-55 per cent glucose at neutral pH. 
Furthermore, the shapes of the emission spectra and the 
positions of the wavelength maxima were identical, which 
suggests that the same excited states must be involved in 
phosphorescence and fluorescence throughout. 

The plots in Fig. 1 are of particular significance and 
show that there are only minor fluctuations from a smooth 
trend in the Arrhenius plots for fluorescence. Even when 
significant fluctuations in scattering are observed in a 
given small temperature interval, changes of comparable 
magnitude are not usually observed in either fluorescence 
or phosphorescence. The relatively large range of values 
for scattered light arises to some extent because of the 
difficulty in positioning the quartz capillaries in the excit- 
ing light beam reproducibly. Furthermore, some of the 
largest fluctuations in intensity were found to correspond 
to the formation of gas bubbles. Unfortunately, however, 
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degassing before freezing usually causes subsequent 
breakage of the quartz capillaries during the freezing or 
warming. Thus it is necessary to correct for changes in 
absorbance at low temperature and/or changes caused 
by light scattering. 

The effect of temperature on the absorption coefficient 
was determined for 5 x 10-* molar tyrosine dissolved in 
either 67 per cent glycerol or 6 N hydrochloric acid. After 
cooling the evacuated systems to 120° K (the lowest 
possible in our front-face apparatus) the spectra showed no 
changes other than an 11 per cent increase in absorbance. 
As both 67 per cent glycerol and 6 N hydrochloric acid 
contract 11 per cent on cooling, the change in optical 
density in these two matrices is clearly the result of 
increasing the number of absorbing molecules m the light 
path rather than changing their molar extinction cooffici- 
ent. Unfortunately it was not possible to obtain satis- 
factory absorption measurements in the turbid, frozen 
solutions which contain 5 N hydrochloric acid or 0-55 
per cent glucose. Accordingly, we simply corrected for the 
fact that these systems respectively contract 1 per cent 
and expand 9 per cent on freezing by assuming the 
absorbances at 77° K are 1-01 and 0-91 that at room 
temperature. 

An ideal treatment of the various factors which determ- 
ine the relationship between light scattering and emission 
intensity would require measurements of emission and 
scattering at all angles in an ‘‘integrating-sphere”’ appara- 
tus. Nevertheless, this relationship can still be quantita- 
tively explored as follows. 

The scattering at 90° from a frozen solution containing 
0-55 per cent glucose was 2-20 per cent of that from 
Magnesium carbonate powder in the same capillary. 
Although changing the position of the capillary in the 
exciting light beam caused the scattering at 90° from the 
frozen solution to vary by a factor of ten, the intensity of 
emission changed by only 27 per cent. 

The relationship between intensity of scattering and 
fluorescence (at 300° K) was then established by the 
following procedure. The fluorescent intensity of & 
1 x 10+ molar tyrosine solution in a quartz capillary was 
determined at 90° to the incident light. Starch powder 
was then added to the sample and the changes in measured 
fluorescent intensity and in the scattering intensity at the 
exciting wavelength were recorded while the starch 
granules gradually settled to the bottom. As a reault, 
the solution in the light path finally became clear and the 


Scatter intensity 





oF 1S 16 17 418 19 20 
Fluorescence Intensity 
Fig. 2. The dependence of the fluorescence Intensity from tyrosine on the light scattenng observed with starch granules present. 


ments were made either at 90° to the incident hght from samples in a 


face apparatus The scattering from the exciting hght was measured at 
Sample in capillary tube, 


suspension. Measurements at 90° to the incident light. 


NATURE 





Starch (per cent) 


DECEMBER 3, 1966 vouazi2 


scattering and fluorescence values returned to those 
prevailing before addition of the starch. As can be seen 
in Fig. 2, relatively small but linear increases in the 
measured values of fluorescence are associated with large 
increases in light scattering. 

Measurements were also made (in the front-face 
apparatus) at 45° to the incident surface using cella with | 
depths of 1 mm and 1 em. As shown in Figs. 2B and 20, 
similar relationships between fluorescence and scattered 
light prevailed although the actual intensities of both 
scatter and fluorescence were three times greater in the 
cell 1 cm thick than in the cell 1 mm thick. Neither the 
geometry nor the depth of the cells used therefore 
greatly affects the correctious to be made for scatter- 


ing. 

In order to correct our Qr and Qp estimates at 77° K 
we have assumed that the effect of scattering on emission 
in the turbid frozen samples is qualitatively and quantita- 
tively the same as that from the starch preparations at 
room temperature. Specifically, we have measured the 
intensity of the exciting light scattered at 90° from our 
frozen samples and then estimated from the data in Fig. 
2A the associated increment in Qp which should result. 
These average corrections are listed in Table 1 for the three 
types of preparations; those for the clear glasses are 
5 per cent or less whereas the average value is 40 per cent ` 
for the frozen glucose mixture. Even though the estimates 
of scattering varied considerably between individual 
measurements, the average corrected values of Qr and Qp 
agree quite well between the clear and milky systems at 
similar pH. This agreement suggests that whereas indi- 
vidual measurements vary considerably the average of a 
number of runs may be more accurate than the +0-2 
would indicate. This agreement further suggests that 
using the corrections based on starch incorporates cor- 
rections for other factors such as changes in refractive 
index’ and effective path length as a result of multiple 
scattering’. 

Although all the corrected average values of Qpr plus 
Qp are essentially 1-0 for tyrosine, there is evidence that 
the excited molecules interact differently with the four 
matrices. The thermal coefficients measured from the 
Arrhenius plots differ markedly depending on the solvent 
system. Furthermore, the P/F ratio increases with acidity 
and the phosphorescence decay times in 5 N or 6 N 
hydrochloric acid were 2-2 sec compared with 2'8 in the 
neutral pH range. 
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Tho resulta also show that there is good agreement 
between the corrected quantum yields for quinine sulphate 
in clear (0-1 N sulphuric acid+67 per cent glycerol) and 
milky (0-1 N sulphuric acid and also 0-1 N sulphuric acid + 
0-55 per cent glucose) frozen preparations. The total 
quantum yield at 77° K, however (we observe only fluores- 
cence!*), is 0-7-0-8 rather than unity. We have also 
made some preliminary investigations of the yields from 
2-amino purine in 67 per cent glycerol in phosphate buffer 
at pH 6-8, as our colleagues had found an apparent 
quantum yield in excess of 1-0 at 120° K (ref. 11). Simi- 
larly we found a Qr at 300° K of 0-:93-0-98—agsuming 
that Qr = 0-65 for quinine sulphate’. When the capillary 
was used for measurements at 90° to the incident light, 
however, we observed a smaller increase in intensity on 
cooling to 77° K than our colleagues observed in their 
measurements at 120° K in the “‘front-face” cell at 45° 
to the incoming light. Furthermore, when we made our 
corrections for 10 per cent shrinkage and for scattering we 
obtained a total quantum yield (agamn only fluorescence 
was observed’) of unity or slightly leas. We are now 
examining in detail whether this difference is the result 
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of the differing geometrical arrangements or of the fact 
that we used 2 : 1 glycerol whereas Drobnik and Yeargers#4 
used 2:1 ethylene glycol aqueous mixtures. We found 
that the glasses obtained with the ethylene glycol at 
temperatures below 120° K were highly crystalline and 
so badly cracked that it was impossible to apply the 
techniques described here for milky glasses. 

This investigation was supported in part by a U.B. 
Public Health Service research grant from the National 
Cancer Institute. 
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MANGANESE NODULES, TOPOGRAPHY AND THICKNESS OF QUATERNARY 
SEDIMENTS IN THE CENTRAL PACIFIC 


By T. C. MOORE, jun, and G. R. HEATH 
Scripps Institution of Oceanography, University of California, La Jolla, California 


Durma the 1965 Scripps Institution of Oceanography 
Wahine Expedition, we surveyed in detail a 230 km? area 
of abyssal hills ın the central equatorial Pacific (Fig. 1). 
Both the sea floor and ‘‘sub-bottom” acoustic reflectors 
were mapped with continuous profiling equipment. On 
completion of the survey we took thirty-eight core samples 
and made one camera station in the area (Fig. 2). By 
using free (boomerang) corers for twenty-seven of the 
cores we were able to obtain closely spaced samples which 
can. be accurately located relative to each other and to 
the bottom topography’. 

The objectives of the investigation were to study local 
variations in the properties of deep sea sediments, and to 
try to relate these variations to processes of pelagic 
sedimentation. To facilitate such an investigation, we 
chose an area within the “most normal” portion of the 
central Paoro basin?, far from continental land masses 
and major tectonic features. Sedimentation in such an 
area should be relatively undisturbed by large turbidity 
currents or volcanic eruptions. 

On the basis of the survey data and bottom samples, 
wo have assigned values to the following four variables: 

(1) Maximum depth at which Quaternary microfoasils 
were found in the cores. This depth 1s frequently marked 
by change in colour and an increase in consolidation of 
the sediment. All cores penetrated abyssal (‘‘red’’) clays 
which are rich ın siliceous microfossils, dominantly Radio- 
laria. The Radiolaria range in age from early Tertiary 
to Quaternary, and act as ideal “tracers” for studies of 
sediment mixing. Throughout this article “maximum 
depth at which Quaternary microfossils were found” and 
“thickness of Quaternary sediments” are used synonym- 
ously. 

(2) Distribution of manganese nodules. Nodules were 
collected by fifteen of the thirty-eight cores and are 
present in all photographs of the bottom. 

(3) Thickness of sediment between the deepost sub- 
bottom reflector and the sea floor. We assume that this 
deep reflector is at tho base of Rartt’s ‘first layer”. The 


overlying layer of sediment, which is 100-440 m thick, 
has markedly smoothed the surface topography (that is, 
the thickest sections occur in depressions and the thinnest 
on hilltops). The same pattern of thickness variations of 
first layer sediments has been noted by Shor‘ in the eastern 
equatorial Pacific. 


Kilometers 
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| Fig. 1. Location of area Investigated in detail, Water depths in stippled 
areas than 4 km. 
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(4) Shape of the sea floor. The principal topographic 
features are three high abyssal hills lying on a north-west— 
south-east trending ridge (a local divide) and a number of 
elongate lower abyssal hills and intervening valleys 
trending north-south (Fig. 2). Total relief ıs 280 m. 
Slopes based on Precision Depth Recorder soundings are 
generally less than 2°-3°, but reach 11° or more on the 
north side of the central high abyssal hill. 

Table 1 summarizes values for the four variables at 
each core location. 

Perhaps the most striking feature revealed by the 
tabulation is that the thickness of Quaternary sediment 
is not correlated with either the thickness of the first 
layer or the depth of the sea floor. It ıs, however, posi- 
tively correlated with the steepness of slope of the sea floor. 

All correlations were determined using the Kendall tau 
rank correlation test’. For thickness of Quaternary 
sediment and slope, tau = 0-48 (P < 0-0002); for thick- 
ness of Quaternary sediment and thickness of the first 
layer, tau = — 0:25 (P > 0:10); for thickness of Quate 
sediment and water depth, tau = 0:16 (P > 0-40). 
Values of P have been corrected for the effects of multiple 
tests on interrelated sets of data. 

This result 1s quite unexpected im the light of earlier 
findings which have suggested either that Quaternary 
sediments are accumulating more rapidly in valleys than 
on hills*-* or that substantial areas of the sea floor are 
at present receiving little or no sediment’. 

The lack of correlation between the thickness of 
Quaternary sediment and the thickness of the first layer 
could indicate either that the base of the first layer is not 
isochronous, even within the small area studied, or 
that the pattern of sedimentation which prevailed through- 
out the period of deposition of the first layer has changed 
markedly within the past million or so years. Neither 
depositional processes at abyssal depths nor the nature 
of the interface between the first and second layers are 
sufficiently well understood at present to allow us to 
choose between these alternatives. The problem should 
be clarified, however, during the next few years as results 
of deep sea drilling become available. 

The median values of each of the variables at core 
locations with and without nodules were compared using 





Fig. 2. Location of stations and generalized bathymetry of area in- 
vestigated in detail. Oontour interval 50 m. 
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Table 1. DATA OX CORES FROM LOCATIONS SHOWN IN FIG. 2 ARRANGED IN 
ORDER OF IXORHASING SLOPES 


Number of Thickness Tee 


Location Core Slope manganeso of of the Water 
No. No.* (percent) nodules Quaternary fret layer depth 
sediments (m) (m) 
(com) 

2 18F-7 O17 0 12-0 - 6,141 
27 Gg 1 64 0 1-0 8380 5,181 
28 24F-5 1-85 1 820 815 5,074 
24 24F-6 2:17 i 13-0 315 5,082 

9 21P 2°22 0 150 - 5,126 

9 21PG 2°22 0 48 - 5.126 
19 24F-1 2°25 0 60 280 5,080 
20 158 2:27 0 13 220 4,996 
28 19 241 0 1-4 840 5,084 
22 24-4 2-44 0 40 310 6,065 
20 24F-2 2-68 2 480 330 5,038 
21 247-8 2 90 0 50 825 5,055 

8 18 F-5 2 94 0 16-2 = 5,188 
26 G 812 0 8-0 850 6,100 
14 OFr~7 3-70 0 17°8 840 4,965 
18 OFr-6 4-00 0 15 - 4,982 
17 17G 417 0 210 300 6,042 
12 9F-5 417 + 0 2-2 - 5,008 
10 OF-1 444 0 22-0 285 6,111 
81 18F-7 4444 0 2-5 220 5,009 
36 18F-1 4:50 1 >111:0 800 5,180 

7 18F-1 454 0 19 0 300 5,065 

4 1838F 4:78 1 20-0 815 5,127 

1 18F-8 500 1 23 0 - 5,125 

6 18 F-2 5-18 0 18-7 805 5,084 
15 9F-8 5-63 0 160 326 4,942 

8 12¢ 5-80 0 14:0 210 5,181 

5 18 F-8 5-88 9 189 315 5,108 
32 18F-6 6-25 2 50-0 255 5,023 
38 18F-5 6-90 1 > 110-0 260 5,078 
11 OF-3 8-00 1 16-7 836 5,055 
16 11P 8:82 1 80-0 295 5,065 
18 11PG 8 82 0 400 295 5,085 
25 24F-8 Li 54 1 > 105-0 320 5,148 
85 18P-2 11:76 2 >111-0 310 5,160 
34 18F-8 12:50 2 48:0 295 5,138 
80 18F-8 12:76 1 >106 0 160 5,084 
18 14:28 1 114-0 100 4,950 


the rank-sum test’. The median slope at core locations 
where nodules were recovered 1s significantly greater 
than at locations where they were absent (P < 0-02). 
Values of the median thickness of the first layer and the 
median water depth at locations with nodules are not 
significantly different from the corresponding values at 
locations without nodules (P > 0-70 and P > 0-60, 
respectively). Walues of P have been corrected for the 
effects of multiple tests on interrelated sets of data. In 
view of the reported slow rates of growth of manganese 
nodules*-44, they might be expected to occur most 
frequently in areas where sediment is accumulating most 
slowly. In the area studied, however, this is not so, regard- 
less of whether the thickness of Quaternary sediment or 
the thickness of the first layer is used as an index of the 
rate of accumulation of sediment. 

In an attempt to throw more light on the distribution 
pattern observed, we compiled additional information on 
the occurrence of manganese nodules. Of twenty-one 
nodules collected, nineteen occurred at or very near the 
sediment surface. The remaining two occurred at depths 
of 15 and 60 cm in @ single core (location 25 on Fig. 2). 
From their abundance, diameters (1-6 cm), and approxi- 
mately spherical shapes we have calculated that the cross- 
sectional area of the nodules represents about 9-5 per cant 
of the area sampled by cores. For the nineteen cores taken 
on the steeper slopes the mean area, covered by nodules 
is 15 per cent, while for that half of the cores taken 
on gentler slopes the mean coverage is only about 3 per 
cent. These figures are probably minimal, because nodules 
with diameters greater than the core barrel are rarely 
sampled. Menard and Shipek™ have shown that average 
nodule coverage determined from cores is comparable 
with the minimum coverage revealed by bottom photo- 
graphs. A series of bottom photographs taken at location 
C1 (Fig. 2) show nodule coverage of 1-7 per cent over 
distances of the order of 100m. This range is consistent ` 
with the coverage deduced from cores, because the photo- 
graphs were taken in an area of very low slopes. 

In terms of nodule distribution, the area, we studied 
does not appear to differ greatly from the surrounding 
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“most normal’ region of the Pacific. We have data for 
- ninety-six additional cores from the region bounded by 
latitudes 5° and 15° N. and longitudes 140° and 160° W. 
Of these cores, nineteen contained manganese nodules— 
“which corresponds to a coverage of about 5 per cent of 
the area cored. Bottom photographs from two camera 
* stations in the same region show nodule coverage of 
1-16 per cent. It therefore appears that this portion 
of the Pacific basin has a sparse but fairly uniform surface 
coverage of manganese nodules, and that the variations in 
coverage over this large area (more than 10° km?) are no 
greater than the variations within the small area which 
we studied in detail. 
‘No other abyssal hills have been surveyed and sampled 
in sufficient detail to provide data suitable for comparison 
with ours. Consequently we cannot say whether the 
observed positive correlations between steeper slopes and 
the occurrence of manganese nodules and thicker Quater- 
— nary sections are unique features of the area studied, are 
- normal for large regions of the adjacent Pacific basin, or 
_ in fact exist wherever there are comparable abyssal hills. 
© Many mechanisms have been proposed to explain local 
variations in pelagic sedimentation. These include re- 
suspension by burrowing organisms followed by downslope 
i settling, small scale turbidity currents, “sweeping” of 
© topographic highs by bottom currents, and solifluction. 
All such mechanisms should lead to thinning of sediments 
“on hills and thickening in valleys. 
Menard? mentions that photographs showing a dense 
coverage of manganese nodules commonly show abundant 
benthonic organisms. He postulates that these organisms 
¿umay move the nodules about and keep them from being 
_ buried. This explanation seems reasonable but is difficult 
ither to prove or to disprove on the basis of present 
owledge of the abyssal benthos. 
The observed coincidence of thick Quaternary sediments 
d manganese nodules could perhaps be explained if it 
were assumed that the benthic fauna includes burrowers 
which mix Quaternary components into the underlying 
-gediment. The pattern we observe would require, how- 
ever, that benthic activity be greatest on the steeper 
| 2slopes—a situation for which there is little supporting 
= evidence. In addition, the depth to which burrow mixing 
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occurs rarely exceeds 30 cm (ref. 7) and is more commonly: 
5-10 cm—much less than the maximum thickness of 
Quaternary sediment observed (Table 1). Where the 
Quaternary section is greater than about 1 m in thickness, 
therefore, some lateral transport of sediment seems 
to be indicated. This conclusion is supported by the 
presence in most cores of uncorroded reworked Tertiary 
Radiolaria overlying highly corroded assemblages. 

The occurrence of thick sections on slopes rather than 
on valley floors suggests the possible presence of topo- 
graphic features capable of “trapping” downward-moving 
sediment. Perhaps “steps” separated by short. steep. 
slopes, of the type described by Loughridge™, could ac 
as suitable traps. Such structures would also tend to 
collect organie detritus and provide a favourable habitat 
for bottom dwelling organisms. 
suitable microtopography and an active berithos could- 
thus explain the association of thick Quaternary sections, 
higher concentrations of manganese nodules, and steeper 
slopes. 

We thank the officers, crew, and scientific staff of the 
R.V. Baird for their co-operation. We also thank Tj. H. 
van Andel, E. W. Fager, M. N. A. Peterson, and W. R, 
Riedel for reviewing the manuscript. The cruise was 
supported by the U.S. National Science Foundation and 
the U.S. Office of Naval Research. : 
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THE COIL PLANET CENTRIFUGE 


By Y. ITO, M. WEINSTEIN*, |. AOKIT, R. HARADA and Pror. E. KIMURA 
Department of Physiology, The Second Division, Osaka City University Medical School, Osaka, Japan 


AND 


K. NUNOGAKI 


Sanki Engineering, Ltd., Nagaoko-cho, Kyoto, Japan 


A CCOIL PLANET” centrifuge has recently been constructed 
for us by Sanki Engineering, Ltd., Nagaoka-cho, Kyoto, 

“which shows promise of being a versatile instrument 
for use in several fields of scientific research such as 
“particle separation, purification and analysis of chemicals 
and for testing the osmotic fragility of cells. It involves a 
‘slowly. rotating coil holder in a centrifugal acceleration 
_ field applied perpendicularly to the axis carrying a helical 
d tube, filled with the sample to be treated, which can be 
fixed to the holder in various ways. Fig. lisa photograph 
of an apparatus (‘CPC Analyser’). 

* Theoretical physicist, Nairobi University, Kenya. 


t Depsrtmens of Physiology, The First Division, Osaka City University 
Medical School, Osaka, Japan. 














Principle 


Physical analysis of the motion of a partiele in the 
rotating helical tube of a coil planet centrifuge has been 
carried out by means of a simple model as follows. 

(4). We consider a tube filled with a fluid of density 
Po and coiled into a helix of radius R, with its axis hori- 
zontal. We suppose that a spherical particle of radius a, 
density 9, is placed in the tube, and presume that it is 
required to study the motion of the particle when the helix 
undergoes uniform rotation about its axis with angular: 
velocity œ. See 

As a first approximation we neglect the lateral mot 
in the tube and assume that in a given turn of the 





The combination of a- , i ; 













the particle moves in a vertical circle of ra 
‘position of the particle can then be specified by the angle 
_ 0, as indicated in Fig. 2. = 
With this approximation, the particle is acted on by 
only two forces, the Stokes drag 
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‘where y is the viscosity of the fluid, and the net gravita- 
tional force tangent to the circular path 


(F) p= Pog sin 8 


‘The equation of motion is therefore 
ee år 


Fy = 








and on introducing the total angle of rotation of the 
helix, 2 = wt, this can be written_in the convenient form 
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where + is the relaxation time 
=) 
t= AS 


-cand we is the critical angular velocity 
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o where F, is the equilibrium Stokes velocity. We consider 
- separately the motion for 
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Fig, 1. The main body of the apparatus consists of three parts, each 
tapable of rotation as a unit: coil-holder 6 and interchangeable gear 7 
With shaft 8 (Part 1D; frame or a pair of arms 4 and disks 3 bridged with 
links 5 (Part TI); central shaft 1 and gear 2 which interlocks to gear 7 
of: Part I (Part IT). Simultaneous rotation of Parts FE and TIT at 
different angular velocity results in a revolution and a rotation of Part I 
as a-planet. The rotation of Part I is determined by the difference in 
angular velocity between Parts E and m and by the gear ratio between 

and7. 
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Fig. 2. The coil unit. 
point at 


= sin 0 = 1, that is, at 0=0, = sin, 0<0< %, and 
a Os 2 

at 0 = 7 — Oe Oe and z — 8e are the angles at which 
the drag of the liquid is just balanced by the gravitational: 
force so that the particle is in equilibrium when at rest. 
It is readily seen from physical considerations that ‘the 


equilibrium at 0, is stable while that at x—6, is unstable, 


More precisely, an analysis in the neighbourhood of the 
singular points shows that x — @, is an unstable saddle 
point while 6, is a stable node if at < ł tan 6, and a stable 
spiral point ifort > } tan be. Consequently, after a time 
of the order of +, the particle will remain fixed at Qe. Its 
angular velocity relative to the tube will then be 


dé 


that is, it will spiral down the helix at a rate independent 
of its size and density. 


ais 


(0). =~ <1, et<1. When 2s < 1, equation (1) 
@ 


has no singular points. The character of the motion, 
however, depends to some extent on the size of wt and we 
shall consider in detail only the physically interesting case 
@t <1. It can readily be shown that within this limit, 
after a time of the order of +, the angular velocity of the 
particle adjusts itself in such a way that the inertial term, 


OT ane’ becomes negligible, so that equation (1) reduces 
to 
dé 


Oe . 

Äi 1 z sin 0 (5) 
The particle then always rotates in the same direction as 
the tube, but more slowly than the tube when 0 < 0 < x 
and more rapidly when m < 6 < 2x. The two effects; 
however, do not quite cancel out, and the net effect is 
that, again, the particle spirals down the tube in a direction 
opposite to that of the tube rotation. 

To determine the mean angular velocity of this spiralling 
motion, we first calculate the time required for the particle 
to traverse one turn of the coil. We have from equation (5) 


ao 2 
a(2z) — 2(0) = f = A r -= 
9 1~—‘sin® Gee) 
@ @ 
The mean angular velocity of the particle relative to the 
tube is therefore 
2r 


Dra = o a = =o h- yG- (6) & 


Awe ; a 
which joins continuously on to the value at fd =l 





{equation (4)). 
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_ When o is close to ae, Õra is rather insensitive to the 


size and density of the particle. When te <1, however, 
o 


equation (6) becomes 
(7) 


so that, in agreement with experiment}, the rate of motion 
down the tube is proportional to at and (p — ¢»)?. Thus, 
when we <  < 1/7, the method should be quite effective 
in segregating particles of different size and density. 

In order to apply A-C to the coil planet centrifuge, the 
value of g should be replaced by that of the centrifugal 
foree acting on the axis of the rotating helical tube. 


I. Single Mediun 


Y Particles 


| Centrifugation 


i: ee EE 


II. Two Mutually Miscible Media 


Sy Medium & Medium B 


{ Centrifugation 





ITI. Two Mutually Immiscible Media 


Medium A Medium B 


| Centrifugation 


eee 
Soil Unit 
Fig. 3. Tubes are shown uncoiled before and after centrifugation. 


Application 


Preliminary experiments with the coil planet centrifuge 
have revealed some unexpected features of the apparatus 
in addition to the expected ones. The results are sum- 
marized in Fig. 3. 

(1) Single medium. When the tube is filled with a 
single medium and a particle mixture is introduced at 
one end, centrifugation separates the particles according 
` to the difference in size and relative density. This can be 
- applied to the separation of cells or intracellular particles. 

(II) Two mutually miscible media (gradient method). 
When the tube is filled with two mutually miscible media, 
the heavier in one half and the lighter in the other half, cen- 
trifugation produces a density gradient. After centrifuga- 
tion for some time, however, the gradient reaches a fairly 
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Fig. 4. Acrylic acid resin particles, Left: Particles before separation. BY 
Right: Particles collected from the fourth coil unit after centrifugation 
at 150g for 60 min, Calibration: 50x. ah 


stable state which is determined by various factors, such as 
the inner diameter of the tubing, the density difference 
and viscosity of the media used and the centrifugal force 
applied, etc. Such a gentle gradient is considered to be 
stable and in practice is introduced into the tube by 
means of a gradient-maker in a few minutes. A stable 
linear gradient made between physiological saline solution 
and distilled water can be used for osmotic fragility test- 
ing of blood cells. Red cells pipetted into the saline side 


of the tube are forced to travel through the gradient: Ae 


down to the point where haemolysis occurs, the distribu- 
tion of haemoglobin thus formed indicating the osmoti 
fragility of the sample. The most remarkable character- 
istie of this method is that each cell in the tube is exposed _ 
to a gradually increasing hypotonic environment for. 
haemolysis within a desired period. Because of the 
highly reproducible results with a minute amount of- 
blood sample (2-3 ul.), this method is most suitable for 
medical investigations on neonatal jaundice and. other. 
haematological disturbances and for screening tests of 
blood at blood banks. 

Besides these examples, the gradient method has broad. 
applications in scientific research including particle 
separation by density gradient, salting-out of chemicals 
by salt gradient, and elution with pH gradient. 

(III) Two mutually immiscible media (countercurrent 
distribution method). When two mutually immiscible 
media are used similarly, centrifugation forces these two 
media to interchange and in the final stage each unit of 
the coil is occupied by the two media nearly half and half. 
as illustrated in Fig. 3, III. Consequently, a small amount © 
of a sample injected beforehand at the interface of the 
two media, that is, the middle portion of the tube, is- 
distributed inside the tube according to the partition. 
coefficient. This new countercurrent distribution method — 
is applicable to microgram amounts of chemicals with a 
high efficiency that is expected to be equivalent to some 
thousand units of a conventional apparatus. When 
macromolecular media? are used, the centrifugal force can 
be adjusted in such a way that it overcomes the viscosity 
of the media and separation is completed in a short time. 

It is worth while mentioning that in the apparatus 
the coil could be replaced with a chamber in which living 
cells are embedded. Centrifugation would then induce a 
protoplasmic stirring in each cell by a circular movement 
of the intracellular particles, especially the nucleus; the 
effect of this on the cell function would be an interesting 
subject for investigation. 

The expense of this work was supported in part by a 
research grant from the Scientific Research Aid Board 
of the Ministry of Education (Japan). 
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"MEASUREMENTS OF CALCIUM-47 AND STRONTIUM-85 IN HUMAN SUBJECTS 


By JOAN HARRISON and Pror. K. G. MeNEILL 


Departments of Medicine and Physics, University of Toronto, Canada 


-THR metabolism of strontium in human beings has become 
subject of considerable importance because of the 
accumulation in the population of strontium-90 from 
fall-out. Strontium and calcium are chemically similar 
and both are localized in the bones. The body, however, 
_ diseriminates between the two elements and as a result 
the overall retention in bone of calcium is greater than 
that of strontium!-. 

Most studies on calcium and strontium metabolism have 
been made for periods of less than 20 days'-*. Calcium 
| ¿studios cannot be carried further because no suitable 

isotope is available. The long term whole body retention 





oe of strontium-85 has been measured in ten subjects by 


 Cohn®, three subjects by Rundo” and one subject by 

_ Fujita! The data have been reported as the sum of three 
“exponential excretion rates in which 21-32 per cent of 
-the radionuclide is excreted in normal subjects with a 

- biological half-life of more than 600 days. The data 
have also been reported as the sums of an exponential 
term and a power function (At) in which the rate con- 
stant b was from 0-16 to 0-20 (refs. 9-11). 

In this laboratory the calcium and strontium meta- 
bolism of fifteen subjects has been investigated, using 
‘simultaneous intravenous injections of calcium-47 and 

< strontium-85 tracers. Measurements were made on the 
urine and faecal activity for 9 days and of the whole body 
retention for periods up to 200 days. The subjects in- 
vestigated included normals, patients with osteoporosis 


and patients with steatorrhoea. These measurements sup- 


: plement the small amount of information about strontium 

: metabolism in humans which has hitherto been available. 
The wide variations in the intake of calcium and in calcium 
kinetics (Table 1) are of particular interest. 

Fifteen persons were investigated: six were physically 
< normal, four suffered osteoporosis, four had active 
_ Steatorrhoea and one boy of seventeen had idiopathic 
_ steatorrhoea successfully treated on a diet free of gluten 

(Table 1). Thirteen of the patients were studied in a 
metabolic unit on (individually) constant dietary intakes 
for at least one month before the investigation. The 
other two patients were studied in the general wards 





without a rigidly constant diet. The dietary calcium 

ranged from 175 to 3,000 mg/day in the fifteen cases. 
Each subject was given an intravenous injection of 

approximately 2 uc. of caleium-47 and 1 ue. of strontium: 


85. The isotopes were in the form of a sterile solution of 


calcium chloride and strontium chloride in distilled water. 
The specific activity of caleium-47 was more than 10 
pe. /mg and that of strontium-85 was 1 me./mg. 

Collections of daily urine and stool samples pooled in 
3 day batches were made for 9 days and analysed for 
tracer activity and stable calcium concentration. Whole 
body measurements of radioactivity were made at the end 
of the first 3 h, then at the end of each 3 day collection 
period for 9 days, and then at intervals up to 200 days. 

The whole body tracer retention measurements were 
made with a whole body scintillation counter described 
previously’. The areas of the photopeaks of the 1-30 MeV 
y-ray of calecium-47 and the 0-51 MeV y-ray of strontium- 
85 were measured with a 5 in. sodium iodide crystal and 
a 100 channel pulse height analyser. The measurements 
were corrected for radioactive decay and then expressed 
as a percentage of the initial (3 h) dose administered. 
The activities of the urine and stool samples were also 
measured by scintillation counter and compared with the 
activity of a standard. 

The serum, urine and stool calcium determinations 
were made by Campbell’s method. Assuming the 
equality of the specific activities of caleium-47 in urine 
and digestive juices, the endogenous stool calcium (ESCa) 
was calculated from the following equation: 

ESCa (mg/day) = 

: lci day 9-day stool Ca (per cent dose) 
urine calcium (mg/day) x 7-day urine Ca (per cent dose) 
The difference in timing allows for the lag of 2 days 
which usually occurs between the time tracer is excreted 
in digestive juices and in the faeces!*, The concentrations 





of calcium in the serum, urine, total stool and endogenous.. 


stool are shown in Table 1. 
The fate of calcium-47 and strontium-85 9 days after 
administration is shown in Table 2. The results are 


Table 1. 
Diet Serum Urine Stool Endogenous 
Case Sex Age Weight calcium caleium* calcium calcium stool calcium Diagnosis 
§ (kg) (mg/day) (mg percent) (mg/day) (mg/day) (mg/day) 
n SR F 30 85 175 9-5 75 278 167 anxiety state 
(2) F. H F 35 61 700+ 9-2 277 115 normal volunteer 
D DVV. F 34 58 1,030 9-2 165 850 128 depressive psychosis 
BY. F 43 52 1,400 192 1,571 260 schizophrenic 
AJ. M 28 81-5 1,800 10-4 215 1,602 105 normal volunteer 
6) E. T. E 43 50 2,100 10-2 245 2,061 198 manie depression 
TE. F 80 61-5 802 8-9 49 105 mild senile osteo- 
porosis 3 
F 47 61 844 8-9 380 653 122 osteoporosis 
i: F 57 50-4 897 9-2 155 940 160 osteoporosis 
i Gok W, F 87 39 1,000 + 8-3 15 115 osteoporosis 
er Se ae: Pa F 62 85-8 1,200 9-0 5 1,730 820 post colectomy and 
En E : 8 bowel resection. 
FOE es with steatorrhoea 
(18) a BR. M 68 55-5 1,270 9-0-9-4 68 1,930 386 massive small bowel 
RS tn eas resection with 
rocks steatorrhoea 
(18) Be R. M 70 52-5 1,980 9-8 140 1,586 250 massive small bowel 
et 3 resection with 
HRGA steatorrhoea 
(14) M. C. F 60 49 3,000 7-0-7-9 13 2,790 780 systemic mast cell dis. 
with steatorrhoea 
(15) A. M. M 17 43 1,078 9-8 17 818 165 idiopathic steatorrhoes 


“Normal range, 8-8-10-3 mg per cent. 
tMets were not constant. 


on gluten-free diet 


w 
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expressed ag percentages of the initial dose, and the 
“maxima and minima of the ranges in the various sections 
are indicated (see footnotes). The strontium/calcium ratios 
for urine excretion, stool excretion and whole body 
_retention at 9 days are also shown in Table 2. 

The retention of strontium-85 (Qsr) was plotted on a 
log scale against time (t) on a linear scale. Fig. 1 shows 
atypical plot. There is a progressive decrease in the rate 
of excretion which can be expressed as a three term 
exponential equation for values of ¢ of less than 200 days: 


Qsr = K, e- At+ K, 0t + Ky 07t 


Chs Ap and às are the excretion rate constants and K,, K: 
and K, are the fractions of the initial dose excreted at 
the respective rates. The values for the slowest excretion 
‘rate constant às and the fraction excreted at this rate 
“Ky are shown in Table 3. Values for cases 1 and 11 were 
- not obtained because these studies were discontinued after 
100 and 133 days, respectively. A; ranged from 0-0004 to 
0020, with a mean of 0-0013 (biological half-life Te = 
93/3; = 540 days). The fraction excreted at this rate, 
, ranged. from. 10-5 to 68 per cent. The measurements 
“were not continued for a sufficiently long time to estimate 
accurately the slowest excretion rate às and therefore 
_the values for the constants of the other two exponential 
terms K,, ìu K, and à, have a large probable error. 
Most patients excreted 50-80 per cent (K,) at the rate 
between 0-23 and 0-35/day (>) and 10-30 per cent (K,) at 
he rate of 0-03—0-07/day (à). The subjects with highest 
values for K, (cases 10, 14 and 15) excreted less initially; 
in these latter subjects values for K, were 10-30 per cent. 
The retention of strontium-85 was also plotted on a log 
-scalo against time on a log scale (Fig. 2). For measure- 
-ments made after 30 days, the results appear to fit a 
straight line which can be expressed mathematically as a 
power function 
: oS Qgp = Att, i > 30 days 


ere b is the rate constant and A is the theoretical 

























Table 2. FATE OF CALCIUM-47 AND STRONTIUM-85 9 DAYS FOLLOWING INTRAVENOUS INJECTION 
Stool excretion 
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Fig. 1. Strontium-85 whole body retention (percen 
normal 28-year-old male (A, J.) plotted on a log 
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Fig. 2. Strontium-85 whole body retention (percentage of dose) for a 





normal 28-year-old male (A. J.) plotted on a log scale against time 0: 
log scale. Qsar*#= 48H, ENE 


fraction of the initial dose excreted. at. this rate 
t= 1 day. Values for A and b are shown in Te 
These values may be compared with A = 50 and 6 
quoted by Dolphin and Jackson". — 
The direct measurements of the whole body burden at _ 
9 days were systematically less than the retention values _ 
estimated by subtracting data for excretion after 9 days . 
from the initial dose. The mèan value of this diserepancy =~ 





Retention t 
Sr 


Urine excretion 
“Ca aSr Sr/Ca "Ca T Sr/Ca Ca, Sr/Ca 
(per cent dose) (per cent dose} (per cent dose) (per cent dose) (per cent dose) (per cent dose) 
4-3 21-1 4:9 87 128 1-4 87-0 66-3 
30-6ł 61:9 2-0* 17-0 15-6 9-88 52-4* 23°1* 
20-0 473 4-2 13-6 131 0-06 86-4 89-6 
19-0 66-6 t 3-6 23-0 11-2 0-49 58:3 22-2 
20-5 50-2 265 %0 91* 1-0 70°5 40-7 
26°6 64-2 2-4 10-4 11-3 0-58* 54-0 245 
7-0 27-3 2-9 12-2 14-7 12 808 58-8 
282 62-0 22 8&2 102 12 83:6 27:8 
128 41-3 3-2 124 124 1-0 748 463 
23 10-2 a4 160 16-6 10 87 732 
011* 0-6* BS 84-0¢ 85-24 1-0 65-0 642 
54 27:3 51 25-1 193 O83 715 5a4 
11-2 40°6 3-6 17-4 13-3 0-76 TL4 46-1 
0-18 11 61 12-7 144 11 871 84:5 
0-5 41 82 t 49% O30 19t 946$ 86-6 t 





* Minima. 
+ Retention = 100 per cent — (urine + stool) per cent dose. 
t Maxima, 








Table 3. WHOLE BODY STRONTIUM-85 RETENTION EXPRESSED BOTH AS A SINGLE EXPONENTIAL Q3r = K, e-4s'; 100 <: < 200 DAYS AND 48 A POWER 
FUNCTION Qasr = Atb; 30 <t< 200 DAYS 


Case K, as No. of Retention at 100 days A b No. of | 
{per cent dose) (days) measurements (per cent dose) (per cent dose) measurements 
() S. R. 350 77 
(2) J.H. 10-5% 0-0007 6 9-6* 20* 
(3) D.V. V. 147 0-0016 5 13-0 39 
(4) E. Y. 15-7 0-0008 6 14-3 26 
AJ 22-0 0-0016 11 18°5 48 
(8) E. T 12-0 0-0020¢ 7 9-7 22 
(7) EB. PB. 22-0 0-0004* 4 21-0 52 
? 25:8 0-0019 10 21-2 24 
25-0 0-0018 6 21-0 46 
84-0 0-0009 3 30-0 110ł 
47-0 78 
26 0-0018 8 24-0 61 
27-0 0-0020+ 4 22-0 64 
65-0 0-00075 9 60-0 101 
68-04 0-00046 6 65-0F 108 





t Maxima, 
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was 12 per cent. This error may have arisen from changes 
in the distribution of tracer in the body over the first 
few days which would make the initial measurement too 
high; loss of calcium by other routes, however, cannot 
be excluded. In addition to this systematic error, there 
is on each measurement a random error of + 7 per cent. 
It may be noted that others, for example, Belcher and 
Dudley*, also find a discrepancy between excretion and 
retention data. In that case, however, the discrepancy is 
only a few per cent and this is probably caused by the 
use of a “scanning” counter, which minimizes the effect 
of non-uniform distribution of the isotope in the body. 
. It is usual to make estimates of retention of strontium 
| by the body from urine excretion data!?. The results 
“reported here show that even in those persons who have 


mo abnormality in calcium metabolism (cases 2-6) the 


variation in retention at 9 days (22-41 per cent) and the 
variation in urine excretion in this time (40-67 per cent) 
is such that attempts to assess strontium retention from 
-urine data may be incorrect by factors of two or three. 
In. the case of patients whose retention is known to be 
abnormal, however, the error can be much larger, par- 
ticularly in subjects with very low stable urine calcium ; 
incase 14, for example, the ratio of strontium retention to 
strontium excretion in urine is greater than that in 
normal subjects by a factor of one hundred. 

In the period 10-200 days, tracer is excreted from bone 
at a rate progressively slower in proportion to the amount 
in the body. In most subjects about half the strontium 
retained after 9 days had been excreted after 100 days 
{compare column 9, Table 2, and column 5, Table 3). In 
some abnormal subjects (cases 8, 11, 14 and 15) as little 
as a quarter was excreted in this period. The present 
results show that between 100 and 200 days strontium is 
excreted slowly and can be well expressed as a single 
exponential rate with a biological half-life (Te) of 230- 

_41,700 days (average 540 days). These values tend to 

-þe`more rapid than the values noted at the beginning of 
this articlo’-", This may result from the shorter length 

Of the present: investigations. 
> The percentage of the strontium retained after 9 days 
is In all cases equal to or less than the percentage of the 
calcium retained. Invariably, a higher percentage of the 
initial dose is excreted in the urine for strontium than for 
calcium. In endogenous gastrointestinal excretion stron- 
tium excretion may either be less or more than calcium 
excretion; on the average the two elements are excreted 


WAVELENGTH DEPENDENCE 
INTERSTELLAR 


NATURE 
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in equal amounts. ‘The two patients whose retentions of 
calcium and strontium after 9 days were about equal ex- 
creted little of either element in the urine and equal 
amounts of calcium and strontium in the stool (cases 11 
and 14). Both patients had severe steatorrhoea and a high 
concentration of endogenous stable calcium in the faeces 
(Table 1), which indicates little reabsorption of digestive 
juice calcium, Equal endogenous gastrointestinal exere- 
tion rates for calcium and strontium in these two patients 
suggests that there is no discrimination in the secretion of 
these elements by digestive juices, and supports Bauer’s 
observations that calcium and strontium are secreted in 
equal amounts into the gastrointestinal tract of rats over 
the first 24 h following intravenous administration’. 

This work was supported by grants from the Medical 
Research Council of Canada and a public health grant 
from the Department of National Health and Welfare 
and the Government of Ontario. 

Note added in proof. Recent. work by A. Hitehman, 
Joan Harrison and J. M. Finlay (Clin. Chem., in the press) 
shows that Campbell’s method" may give erroneously 
high values for stable urine calcium when concentrations 
are low (as in case 11 here). Correspondingly derived 
values for endogenous stool calcium could be erroneously 
high, but no such error would affect the conclusions drawn 
in this article. 
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OF THE POSITION ANGLE OF 
POLARIZATION 


By J. G. IRELAND, K. NANDY and V. C. REDDISH 
Royal Observatory, Edinburgh 


AND 
Dr. N. C. WICKRAMASINGHE 
Jesus College, Cambridge 


` Coyne and Gehrels? have recently reported a remarkable 


_ wavelength dependence of the position angle of inter- 


stellar polarization, For a majority of the stars between 
“galactic longitudes I = 120° and 191° the observed plane 

of polarization rotates through several degrees as the 

` wavelength varies over the visible spectrum, and this 
rotation is found to be in opposite senses on opposite 
sides of J" = 145°, 

A variation with wavelength of the plane of polarization 
may be understood if grains of different sizes contributing 
to maximum polarization at different wavelengths are 
oriented in distinct directions in space. Coyne and 


Gehrels' have suggested that grains of different mean 
sizes present in two or more clouds in the line of sight 
may be aligned by local magnetic fields in different 
directions. Such an effect, however, cannot account for 
a continuous rotation of the plane of polarization across 
the sky, nor can it explain any systematic variation with 
galactic longitude. This article presents an alternative 
hypothesis which seems to be in better agreement with 
observations. 

Consider a cloud containing a given size distribution of 
polarizing grains in the form of needles or platelets. 
Suppose a magnetic field through the cloud remains close 
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‘to a direction 1, for a time comparable with the alignment 
time of the grains, and is then rotated through a small 
“angle to a new direction l. More realistically we may 
: imagine a situation in which the field oscillates between 
the directions 1, and 1,, spending a relatively longer time 
close to these extreme directions and a shorter time in 
transit. When the field arrives at position l, grains 
originally aligned about 1, will begin to re-align themselves 
about the new field direction. We shall show that smaller 
grains align faster than the larger grains. Thus, if the 
magnetic field remains close to 1, for a time comparable 
with the time for a grain of average size to become aligned, 
the grain axes would be distributed according to size 
between the directions 1, and 1,. 

Let 6 denote the angle between the angular momentum 
vector and the axis of symmetry of the grain, and ĝ the 
angle between the angular momentum vector and the 

“magnetic field. For the Davis-Greenstein alignment 
i poms the average rates of change of 0 and 8 are given 
by? 

f —a” VB? 
<B>= = Ae sin ß cos B (y cos? 0+ sin? 6) (1) 


a * Re 
gis at ph (y—1) sin 0 cos 9 (1—}sin?ß) (2) 
o Iy 


‘where 2x” is the imaginary part of the paramagnetic 
{or diamagnetic) susceptibility, Z and yJ are moments of 
“inertia parallel and perpendicular to the symmetry axis, 
o is the angular velocity and V is the volume of a grain, 
and B is the magnetic field. The averaging is performed 
over one precessional period. For a graphite flake in the 
form of a flat oblate spheroid we have y <1, so that <f> 
and <6> are both negative. Values of B and 9 which 
were not initially zero would therefore decrease eventually 
< to zero, and the graphite flakes would line up with their 


| short axes (axes of symmetry) parallel to the magnetic 


field. We shall consider a grain which is completely 
“aligned with 6=0=0 when the magnetic field is in the 
‘direction 1,. Rotation of the field would only increase 
. §, while 0 would remain zero or close to zero. 

Equation (1) with 6=0 yields 


: ” WR 
<B> — i — sin § cos ß (3) 
ao l 
and if B is small this may be further approximated as 
, æ” VB? 
a 0 4 
b+ — Bw (4) 


_ The differential equation, (3), which governs the distri- 
| bution of grain axes may be solved to give 


tan @=8, exp(— at) (5) 
with a= bil ue (6) 
ao I 


In equation (6) writing Zæ Vea’, where p is the grain 
a” 
density, with — œ~ 6-6 x 10-14, the appropriate value for 
® 
graphite’, and B= 10-* gauss, we have 


3x 10-24 
= = sec" (7) 





a 


The characteristic alignment time 7 for a mean-sized 
“grain of radius @ is therefore 
l z 
= oy, Sec 
TS 3x 10-# 
“With @= 10-* om, t= 10° years; and for smaller grains the 


time scale is shorter, varying as (a/a)*. If the change in 
direction of the magnetic field from 1, to 1, takes place 


(8) 
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in a time scale less than or equal to about’ 10° years, we _ 
would expect the largest grains in a size-distribution to þe 
unaligned or only partially aligned, while the smaller 
grains would be more.closely aligned with the new field. 
direction. Such an effect may well account for at least the 
qualitative features of the observations of Coyne and: 
Gehrels'. : ; 
In general, the angle B which the axis of a grain of 
radius a makes with l, after a time t is given by equations” 
(5) and (7). Introducing 7 defined by (8), equation (5) 
may be expressed as CEG 
a? 3 
tan p=Ba exp - (O) G 
where = corresponds to the alignment time for @ gri 
mean size &. With this angular distribution of grain 
in the line of sight we could now calculate the position 
angle of the plane of polarization for various wavelengths. > 
Assuming that the light incident on an individual graphite 
flake is absorbed only in one plane of polarization? the 


angle @ of the plane of polarization of the emergent light 
after scattering from several particles is 


20a) 

2Q(a) 

where Q(a) and U(a) are the Stokes parameters for the: Bos 
individual particles given by oo 

Q(a) = P(a,) cos 2% | ( 

U(a) = P(a,A) sin 22 | gs 

P(a,d) and x being the magnitude of polarization an 
direction of the plane of polarization respectively. —_ 

Measuring angles from 1, and assuming that the number 
of polarizing grains with radii in the range from a to 

a+da is n(a)da we have ee eae 


& = $ tan` (10) 











h P(a,>) sin 28 n(a)da 
Í, P(a,d) cos 28 nada 





@i= 3 tan~ (42) 
with 8 given by equation (9). For a Gaussian distribution 
we set 

(13) 


The orientation 8, of the plane of polarization of the 
emergent light may now be calculated as a function of 4, 
provided P(a,d), n(a), ä, By and t/t are given. es 

For the quantities P(a,a), n(a) and & we adopt values” 
which give agreement with the interstellar polarization _ 
curve, and then choose 8, and t/= to match the observed — 
wavelength dependence of the position angle. Tt has o= 
recently been shown‘ that graphite grains, which àb present 
provide the best fit with the interstellar extinction ob- 
servations’, may also explain the observed wavelength 
dependence of interstellar polarization. To match the 
polarization observations with uncoated graphite grains,» 
however, it is necessary that small grains with radii of 
less than about 0-08 should be predominantly in the form 
of polycrystalline soot-like particles while larger sized 
particles should mainly be in the form of polarizing flakes. 
The size distribution n(a) appropriate for the polarizing 
flakes, therefore, would be expected to have a larger mean 
size and dispersion than that for all the grains. For 
P(a,r) we use the approximation* 


P(a,a) œ n a? ext 


n(a) x exp — (a—G)?/20? 





(14) 


where Qext is given by the Mie computations for graphite®. 
The values of AS=(B(A= llu) B= 0-33u)) for various 
values of d, o (assuming Gaussian distributions), t/t, 
and 8, are given in Table 1. It should be noted that if the 
curve of polarization against wavelength for a particle of a 
given size is more sharply peaked than that used. here, 
AB will be a larger fraction of 8, than the figures give 
Table 1. K 
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20 O5 TO- r5 20 Ob r0 LS 20 
06 01°02 03 O4 10 17 21 23 
OF O2 03 O4 04 L8 27 2:9 28 
0-7 03 O4 O4 O4 21 28 29 2-7 
05 O3 0-4 O4 O4 18 24 23 21 
02 03 03 03 03 10 12 11 OG 
01 03 03 03 0-2 03 03 03 02 
0 02 02 02 02 0 0 0 0 


. Some agreement with the position angle as a function 
f wavelength can be found, however, with 6,=70°, 

» €=0-08u, and o=0-02u. In Table 2, average 
‘of the relative position angles at seven wavelengths 
ve been calculated from Coyne and Gehrels’s observa- 
‘tions, and are compared with the theoretical results. In 





: ue these calculations the size range of 0-02u—0-3u has been 


_ adopted. Better agreement could conceivably be reached 
if we extend the size range beyond 0-3y, but extensive 

polarization computations for larger graphite particles 
are not available at present. 


`: Table 2. WAVELENGTH DEPENDENCE OF POSITION ANGLES RELATIVE TO 


hue) 


: ; 1-05 119 139 195 28383 279 3-04 
Coyne and Gehrels's ; 

observations 4° 2° L5 OF GF BP —3-5° 
Theory 23° 1-8° 11° ~0-6° —13° —16° ~1-6° 


There are two features of the Galaxy which may be 
considered in relation to the possible rotation of the inter- 
stellar magnetic field. If the field has the form of a helix 
with axis along the spiral arms’, stretching or com- 
pression of this helix will change the pitch and hence the 
< apparent angle of view of the magnetic field. The change 
in the direction of rotation of the plane of polarization 










a 


o= O12. a= 00u a= Qi2u 
05 10 15. 2:0 05 10 15 20 OS LO Ph 20 
04 07 09 11 12 22 3:0 34 O04 O8 11 13 
06 10 1:3 15 24 39 45 4-5 O7 12 ið 1 
18 12 14 25 27 42 46 4&5 10 15 19 21 
09 12 13 13 23 36 88 35 11 16 19 19 
@O 11 11 11 13 19 19 16 12 18 17 16 
09 10 09 08 O4 05 05 04 L2 b4 14 1B 
08 08 07 06 OL O1 O1 0 11 12 11 09 


which is observed at I? =145° may then be interpreted 

as indicating a compression on one side of this longitude 

and a stretching on the other side, possibly caused by a 

pressure wave travelling along the arm. It may be sig- 

nificant that I =145° is close to the boundary of the 

zone of avoidance of Wolf-Rayet stars? which extends 

through the anticentric quadrant and coincides with a 

region devoid of very young clusters and associations®. 

The regions in which star formation is now taking place! 

appear to be predominantly in longitudes below 145°. 
The second feature of the Galaxy which may be relevant 

is the bending of the outer edges of the plane indicated 

by the neutral hydrogen distribution?®. 
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MICRO STRUCTURES OF DENTAL ENAMEL OBSERVED WITH THE 
DIFFERENTIAL INTERFERENCE REFLECTED LIGHT MICROSCOPE 


By Dr. ROBERT HOFFMAN and Dr. LEO GROSS 
Waldemar Medical Research Foundation, Inc., Woodbury, New York 


THe enamel prism is the unit of tooth enamel. The 
properties of dental enamel are determined by the struc- 
. ture and organization of enamel prisms from the dento- 
senamel, junction to the surface of the tooth. It was 
thought that the enamel prism is surrounded by a pris- 
matic sheath!, but studies using electron microscopy 
have cast doubt on the existence of both the prismatic 
-sheath® and the interprismatic substance‘. 
The orientation of the enamel prisms varies from the 
_-dento-enamel junction to the surface of the tooth. A 


section through a tooth reveals longitudinal, oblique and 









transverse cross-sections of enamel prisms. The decussa- 
tion of the prisms results in what has been described as 
Hunter-Sehreger bands. The characteristic appearance of 
the Hunter-Schreger bands is thought to be an optical 

henomenon resulting from the presentation of different 
aspects of the enamel prism in its twisted course from the 


_ dento-enamel junction to the tooth surface’. 


> Dental enamel is the hardest organic tissue known. 
Through the years, dental tissues have been studied in 
_ thin ground sections viewed with transmitted light. 
Ground sections are difficult and time consuming to 
prepare. The brittleness and hardness of mature enamel 
limit the thickness of a ground section to about 30u, but 
ultra-thin sections of selected areas of enamel 1-2u thick 
have been prepared. When sections are thicker than one 
enamel prism, the course of transmitted light is complex. 


This tends to create artefacts and makes interpretation 
difficult’. Every technique of microscopy has been applied 
to the study of dental enamel, including polarized light, 
phase contrast, and interference microscopy. 

The interpretation of the optical properties of dental 
enamel in transmitted polarized light must be “regarded 
with the greatest suspicion’’*. The difference in the 
refractive indices and birefringence of the enamel struc- 
ture, as well as the imbibing liquids, limits the value of 
such observations’. 

Phase contrast illumination has made it possible to 
detect differences in refractive indices of 0-1 per cent, but 
small changes in refractive index, as well as small changes 
in tissue thickness, produce the same optical effect’, 

Observations by reflected light have given indifferent 
results on thick specimens prepared by polishing tech- 
niques. Decalcification has been used to remove all hard 
structure from the tissue. The alteration of component 
structures during decalcification and sectioning produces 
distortions and artefacts’. Replica techniques reduce 
these artefacts and duplicate the intact surface tissue. 
The replicas, imprints of gross and minute surface char- 
acteristics, can then be shadowed for microscopic observa- 
tion®1°, 

A new polarization interference microscope using 
reflected illumination (Nikon Frangon-Yamamoto system) 
by-passes the difficulties encountered with other methods 


= and-a polarizer and an analyser. 
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of observing the enamel structure. The dental structure 
is revealed with greater clarity and more detail, and less 
tissue preparation is required than was possible with 
other previously available methods. Fig. la, taken by 
vertical epi-illumination, shows a longitudinal cross- 
section through the lingual cusps of a human mandibular 
first molar. 
Fig. 16 reveals greater depth of detail through the 
polarization interference reflexion system. Compare the 
gross contour of the surface showing the elevation and 
depression characteristic of Hunter—Schreger bands. 
hee structures are presented sharply and clearly in 
relief, 
The Nikon Frangon—-Yamamoto system, like other 
microscopes operating on the polarization interference 
principle, provides an image of the structure in greater 
relief and contrast than can be obtained by bright field 
and phase contrast observation. In reflected polarization 
interference microscopy, the contour and the reflective 
properties of the surface alter the phase of the reflected 
light which is translated into greater contrast. The 
` smaller the change in optical path, the less the phase 
difference introduced. Under polarized light, the slopes 
of the asperities are revealed by a colour difference. This 
‘colour change can be made quite rapidly, revealing small 
differences in surface heights within the vertical resolution 
of objectives with N.A. from 0-1 to at least 0-5 (10-30 x ). 
- The variation of intensity and colour in the image corre- 
- sponds to the rate of change of height of the object, 
which is why these intruments are called differential 
~ interference microscopes"! Polarization interference 
microscopy markedly reduces glare. 

Two additional adjustments, an analyser and a com- 
pensator, are available with differential interference 

“qniecroscopes. To the usual optical components, the Nikon 
‘Frangon-Yamamoto microscope adds two Savart plates 
A schematic of the 
_ optical components is shown in Fig. lc. This microscope 
incorporates several novel features which make it easy to 
adjust, and give a marked advantage to the observer. 
Polished tooth structures were prepared for observation 
with the Nikon Frangon-Yamamoto system, using stan- 
dard metallographic techniques. An extracted human 
_ mandibular molar, erupted a minimum of 10 years, was 
embedded in methylmethacrylate and ground in longi- 
tudinal cross-section through the points of the lingual 
cusps. The specimen was ground with successively finer 
grits from 240 to 600, using silicon carbide paper on a 
grinder. The final metallurgical polishing was performed 
on a rotating disk at 1,150 r.p.m. against silk cloth using 


.°0-3y alumina as the abrasive. Black and white photo- 
graphs were taken with high contrast copy film. Colour 


: photographs were taken with Kodachrome ILA film. 
he surface of a highly polished tooth is not uniformly 


| flat. There are considerable areas of elevation and depres- 


“gion, some of which correspond to Hunter-Schreger bands. 
The architecture and surface contour of the tooth structure 
can readily be seen. Fig. 1b clearly shows the Hunter- 
Schreger bands as slight differences in elevation of the 

“enamel surface. 

The “hills and valleys” of the bands are produced when 
enamel prisms are polished at different angles from their 
longitudinal axis, a section transverse to the longitudinal 
axis resulting in a “hill” and the longitudinal cuts occupy- 
ing the “valley”. The sides of these elevations are 
‘transitional cuts. It is interesting that the scratch in 

Fig. 1b which appears to score the “hills” is an artefact ; 

the seratch scores the softer valleys”. 

The surface contour has very low amplitude, well 

within the vertical resolution of the objective, but this 

could be discriminated. The height of these “ridges” 

cannot be measured with a 40x objective (N.A. = 0-65), 

the vertical resolution of which is 0-9 (ref. 13). With a 

4x objective (N.A. = 0-10, vertical resolution greater 

than 8-2u) the colour change is very rapid. This colour 
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Fig. 1. a, Photomicrograph with ordinary light microscope of a polished 
dental enamel and dentine surface taken with refiected illumination. 
Note Hunter-Schreger bands and scratch line. b, Same area as Fig. la 
taken with the Nikon Francon-Yamamoto polarization interference 
microscope with reflected illumination. Note relief detail of Hunter- 
Schreger bands. c, Nikon Francon-Yamamoto differential inter-": 
ference microscope in reflected light. A, Object under observation; 
A’, image; O,, variable focal system; O., objective {F focus); 83, Sa 
plate of illumination side; S, Savart plate of objective side (compensa! 
Oc, ocular; 1, polarizer; 2, analyser. Egi 







b 
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change corresponds to the rate of change in optical path 
length owing to the surface contour. 

When a grey background is chosen, the asperities appear 
as black and white shadows. As the specimen is rotated. 
the elevations and depressions reverse. This can be 
simulated by rotating Fig. 1b. As this figure is rotated. 
the elevations appear as depressions. This illusion can be 
properly interpreted by making a scratch parallel to the 
elevations and depressions and noting the shadows. 

In Fig. 2a, at lower magnification, the dento-enamel 
Junction appears in the usual “scallop” shape. There are 
numerous enamel prisms cut at different angles to the 
long axis. Under higher magnification (Fig. 2b) there is a 
smooth enamel zone adjacent to the dento-enamel junc- 
tion. An enamel tuft extends from the dentine through 
the dento-enamel junction into the enamel. The enamel 
tuft is non-reflective, but does show some highly reflective 
particles within. The different texture of the Hunter- 
Schreger bands in Fig. 3 is thought to be a result of less 
caleification. Parts of the enamel prism and the prism 
boundary were notably less reflective. 

Enamel prisms near the surface of the tooth cut trans- 
verse to the longitudinal axis appear “horseshoe” shaped 
with openings facing in the same direction. In Fig. 4, the 
boundary of the prism is apparently due to the relief at 
the interface between two prisms. 

In Fig. 5 each enamel prism is clearly outlined. A 
scattering of highly reflective crystalline material is found 
throughout the section. Enamel prisms are cut at different 
angles. As the cut approaches the smallest cross-sectional 
area, the intra-prismatic surface appears smoother. The 
“inter-prismatic substance” appears to be a continuation 
of the substance of the adjacent enamel prism, an inter- 











Fig. 2. a, Dento-enamel junction, showing detail of enamel prisms and 

dentinal tubules, b, Enamel tuft and dento-enamel junction at higher 

magnification, The tuft is non-reflective with highly reflective particles 

scattered within. There is a smooth enamel zone adjacent to the dento- 

enamel junction. Note stippled nature of dentine and highly reflective 
particles within some enamel prisms. 
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Fig. 3. Three parallel “ridges” of Hunter~Schreger bands in an area of 
jess calcified enamel as indicated by a high proportion of non-reflective 
material. 





Fig. 4. Transverse sections of enamel prisms near surface of tooth. The 
prism boundary in this figure is due to the relief at the interface. 





Fig. 5. Polished enamel surface showing prisms cut at different angles 
to the axis, The intra-prismatic texture becomes smoother in the trans- 
verse sections. The prism boundaries are clearly detined in relief, 


pretation similar to the “keyhole” hypothesis of Meckel, 
Griebstein and Neal®. 

The polarization interference microscope brings out 
details on a natural, unpolished tooth surface not readily 
seen by other methods of direct observation. Fig. 6 shows 
prominences and hollows on the untreated interproximal 
surface of a bicuspid. The end of the enamel prisms and 
the ridges that represent the striae of Retzius are readily 
distinguished. 

Standard metallographic techniques'® are used to pro- 
duce a highly polished surface. When little or no surface 
deformation is present, as with very brittle materials, 
little or no etching is necessary. When excessive surface 
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oo Fig, 6. Unpolished (natural) enamel surface showing striae of Retzius and 
; the ends of enamel prisms, 


. deformation occurs, as with metals, etching is necessary 
to reveal the underlying structures. Crystal facets and 
orientation affect selective polishing and etching, which 
results in a differential rate of removal of the structural 
components. The simplicity and flexibility of metallo- 

. graphic techniques are distinct advantages ‘when applied 
to dental tissues. Mathieson!’ pointed out that minute 

differences in hardness of intra- and inter-prismatic 

> material would result in selective polishing, leaving a non- 
uniform surface. This unquestionably results in artefacts 
in transmitted light whether ordinary, polarized or phase 
contrast systems. Phase contrast systems in ultra-thin 
sections cannot distinguish between changes in refractive 
index or alterations in thickness. The Nikon Françon- 

Yamamoto system detects minute differences in the 

surface height. Throughout the literature, Hunter- 

Schreger bands have been thought of as an optical 
phenomena produced by the decussation of enamel 
prisms!~*, Little evidence of the surface contour of the 
bands has been presented. Fig. 1b shows that different 
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polishing rates produce the Hunter-Schreger bands, 

The theory of cone shaped intra-prismatic segments 
and the “pore system’’§ can also be studied using differ- 
ential polishing. The granular appearance of the intra- 
prismatic substance in Fig. 5 results from minute 
selective polishing variations. 

Thus our observations show that the Hunter—Schreger 
bands are low amplitude elevations which arise from a 
differential polishing rate of decussated enamel prisms. 

Dental enamel polished and observed with polarized 
differential interference reflected light microscopy. also. 
revealed that the enamel prism continued without inter- 
ruption into the region known as the “inter-prismatic 
substance” and appeared to be one structure. 
boundary between prisms is clearly visible regardless of 
organic content—an additional reason for doubting. the 
existence of a prismatic sheath in mature enamel. 
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MATERNAL REGULATION OF INTRA-UTERINE GROWTH 


By Dr. MARGARET OUNSTED and Dr. CHRISTOPHER OUNSTED 


Nuffield Department of Obstetrics and Gynaecology, The Radcliffe infirmary, 
and Park Hospital for Children, Oxford 


In 1938 Walton and Hammond reported to the Royal 
Society their classical studies on crosses between the 
_ Shetland pony and the Shire horse!. They showed that 
‘the birth weights of foals born te Shetland dams of Shire 
sires were closely similar to those of pure Shetlands. 
Similarly, foals of Shire dams by Shetland sires were 
roughly the same in weight as foals of the pure breed. 

Walton and Hammond advanced the notion that intra- 
uterine growth rate was determined by a maternal 
regulator, 

Recent studies by one of us?:? have suggested that, in 
the human species as well, maternal regulation determines 
the velocity of intra-uterine growth, and that the degree 
of constraint imposed is set, as in the horse, within fairly 
narrow limits in any given woman. Until recently all 
„human young of birth weight 2-5 kg or less were classified 
by an agreed international criterion as “immature”? or 
‘premature’. It is now known that about one-third of 
-all such infants owe their size to retardation in growth 
and not to the brevity of the pregnancy®. The growth- 
retarded infants can be recognized in many cases by the 
differential growth of organs? and by their behavioural 
maturity’. 

Many authors have described associations between 
various maternal factors and prematurity defined by the 


weight criterion®’-?. The operational definition of a 
growth-retarded infant is that its birth weight lies 2 
standard deviations or mere below the mean for the. 
duration of that gestation. The grid used to distribute. 
the birth weights was kindly provided by Prof. Neville 
Butler from the Perinatal Mortality Survey of the National 
Birthday Trust}, 

Comparison of mothers of growth-retarded proband 
infants with controls? showed that, in respect of maternal 
age, parity, abortion rate, ill-health, raised blood pressure, 
bleeding during pregnancy and duration of proband 
gestation, the two samples showed no significant differ- 
ences. There was a slight deficiency of tall mothers in 
the growth-retarded group, but their mean stature did 
not differ significantly from that of the controls. Heavy 
smokers were over-represented in the growth-retarded 
group, and Social Class I mothers were under-represented. 
None of these factors made anything more than a marginal 
contribution. 

Examination of reproductive experience prior to the 
proband showed that the duration of previous gestations 
did not differ from controls. Birth weights of siblings 
showed a striking difference: there were no large infants. 
Thus these mothers appeared regularly to constrain the 
intra-uterine growth of all their young. 


The 
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Table 1, Lrvenonn SINGLETON SIBLINGS CLASSIFIED BY STANDARD DEVIA- 


TIONG ABOVE OR BELOW THE MEAN BIRTH: WEIGHT FOR THE PERIOD OF 
ee Ae GESTATION 





Eee eae ee Growth- Growth- 

<0 Dveborn siblings Control retarded accelerated Total 
series series series 

Greater than +2 S.D. 8 0 45 53 
Greater than +1 S.D. 37 0 59 96 
Ranging from +1 to -1 5.D. 129 40 74 243 
Greater than —1 S.D. 34 39 1 74 
Greater than -2 S.D. 13 19 2 84 
221 98 181 500 


_ Next the obverse problem was explored*. A growth- 
accelerated infant was operationally defined as one 
whose birth weight was 2 standard deviations or more 
above the mean for the duration of pregnancy. The 
siblings of such probands were also accelerated in intra- 
uterine growth. In fact, the growth-accelerated and the 
growth-retarded series differed from controls to the same 
very highly significant degree but in the opposite sense. 

The median birth weight of the sibs of growth-acceler- 
<- ated probands was 3-913 kg. This contrasts with a median 

of 3-345 kg in control sibs, a median of 2-608 kg for sibs 
of growth-retarded probands and a median of 2-353 kg 
_ for sibs of that sub-population of the growth-retarded 
group whose birth weight was less than 2-268 kg (5 Ib.). 
The difference between the smallest and the largest groups 
ig greater than 3 standard deviations. 

The placentae of twenty of these growth-retarded 
infants were examined morphometrically (personal com- 
munication from Aherne), and found to be significantly 
“smaller than normal by weight. The size deficit appeared 
to affect mainly the parenchymal tissue. Histologically 
the majority of sections showed no clear abnormality, 
but occasionally avascular villi or intervillous fibrin 
deposition were encountered in excess of the usual 
“amounts. The over-riding impression, however, was that 
the main characteristic of these placentae was simply 
their relatively small quantity of villous tissue; what 
there was of this usually appeared histologically normal. 

“The suggestion that maternal regulation is prepotent 
in determining the velocity of foetal growth is supported 
by Morton's study'*. This showed that the interclass 
correlation between half sibs related through a common 
mother was 0-581, whereas that for those related through 
“a common father was 0-102. The correlation for full sibs 

-adjacent in the birth rank was, in these data, 0-523. The 
simplest interpretation is that maternal regulation 
accounts for much of the variance. 

Robson! showed that the correlation coefficients 
between the birth weights of maternal first cousins are 
Significant and positive and had values between 0-24 and 
0-135 according to the method of weighting used. The 
correlation coefficients between paternal and mixed first 
cousins were very small, and could not be shown to be 
significantly different from zero. Robson interpreted this 
88 evidence for the existence of a maternal genetic factor 
< in the determination of birth weight. 

: Morton“ found, in his study of human birth weights in 
_ Japan, that there is a significant decrease of the mean 

_ birth weight with in-breeding, and suggests that it seems 

_ very probable that this decline of human birth weight in 
< consanguineous matings is not a maternal effect, but a 

_ primary effect of homozygosity of the foetus. 

_ Penrose! described the pedigree of a proband whose 
birth weight was 17 Ib. 3 oz. The members of this large 

. sibship all weighed more than 13 Ib. at birth, and birth 

weights on both sides of the family, particularly the 
- paternal, were above average. He considered that the 

_ Most probable explanation for the excessively large 

_ birth weight of the proband was, or appeared to be, a 
combination of both foetal and maternal genetical factors, 
but that stimulation of some peculiar maternal reaction 
by incompatible foetal antigens inherited from the father 
was another mechanism to be considered. 

Recent experimental work on the velocity of placental 
growth shows that immunological factors are involved. 
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Billington, working with mice!’, has shown that antigenic 
dissimilarity of mother and foetus leads to the formation 
of a larger placenta. Hybrid foetuses have significantly 
larger placentae than pure-bred foetuses in mothers of the 
same genetic strain. He states that placental size depends 
primarily on the extent of trophoblast invasion of the 
maternal decidual tissue, and it follows that invasion, is 
more extensive when the trophoblast is antigenically 
dissimilar from the decidua than when it is similar, 
James!* has confirmed these findings and shown that they 
depend on the degree of antigenic dissimilarity and on 
the immunological state of the mother. Kirby’, using 
elegant techniques of egg transplantation, has shown that, 
even though transplanted trophoblast will grow vigor- 
ously in any other tissue of the body, in the uterus its 
invasiveness is constrained. When the decidua is not 
formed, trophoblast erodes the main body of the uterus. 
Quantitative constraint of the trophoblast in mice is 
probably exercised by a chemical specific to the decidua. 
It is of interest here also to note that Sciarra® and his 
colleagues have shown that a growth-promoting hormone 
is to be found in the syncytial cytoplasm of the villous 
trophoblast. This substance has been identified in human 
placentae as early as the twelfth week. 

If the quantity of growth hormone produced in early 
pregnancy were a function of trophoblastic exuberance, 
then a mechanism underlying the rules governing foetal 
growth might emerge. In our work we have shown that, 
although mothers of growth-retarded infants do not differ 
in mean adult stature from controls?, yet it seemed inter- 
esting to inquire into their own rate of growth as foetuses. 
A preliminary unpublished analysis of the birth weights 
of the mothers in the previous series? shows that birth 
weights of mothers who bore growth-retarded young were 
reduced as compared with those of the control mothers; 
and further, the smaller the proband infant, the smaller 
the mother at birth. 

The mothers of the group of smaller growth-retarded 
probands had a mean birth weight of 2-722 kg; mothers 
of the remaining group of slightly larger growth-retarded 
infants had a mean birth weight of 2-858 kg. These 
weights contrast with that of the mothers of control 
probands whose mean birth weight 3-220 kg. It was 
noticeable, however, that the mother8 of growth-retarded 
infants, although of lower mean birth weight than controls, 
seemed to fall into two groups—those of very low birth 
weight and those of average birth weight. 

Those who have studied the patterns of intra-uterine 
growth within pedigrees have usually considered that the 
evidence shows the prepotent force of the maternal 
genotype. An alternative notion arises from the findings 
reported here. It seems possible that the degree to which 
the maternal regulator constrains intra-uterine growth is 
a function of the degree of growth constraint imposed on 
the mother when she herself was a foetus. 

On the assumption that the human foetus behaves in 
a manner comparable with the mouse when in an anti- 
genically dissimilar uterus, we propose that the rate of 
intra-uterine growth is controlled mainly by two variables: 
the antigenic dissimilarity of mother and foetus, and the 
predetermined setting of the maternal regulator. Both 
these are quantitative in their action, and the rate of 
growth of any foetus is a reflexion of the relative potency 
of each of these factors. Thus, in any given sibship, the 
maternal constraint in utero will be relatively constant, 
but the rate of growth of each foetus will also depend on 
the dissimilarity between the mother and itself, resulting 
in infants of varying birth weight, which nevertheless tend 
to bunch on one side or the other of the mean. In the 
next generation, however, females of the sibship, having 
experienced a common level of constraint in utero, will exert 
a roughly similar level of constraint on their own foetuses. 

These theories can be put to the test in several ways: 
under experimental conditions in mice one or other of 
these variables could be kept constant. Thus, by trans- 
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planting genetically similar female fertile ova mto host 
mothers of dissimilar genotype, it may be possible to 
produce foetuses with differing rates of intra-uterine 
growth. If these in turn, when mature, were to act as 
host mothers to genetically similar young, then the velocity 
of intra-uterine growth of these foetuses should differ in 
spite of the antigenic similarity of the two situations. 

Work is in progress on the analysis of human pedigrees 
Our theoretical proposals generate the hypothesis, for 
example, that first cousins of growth-retarded probands 
through maternal uncles will not differ in birth weight 
from controls, whereas first cousins through maternal 
aunts will show evidence of marked constraint on the 
velocity of their intra-uterine growth. Data at present 
to hand do not conflict with this hypothesis. 

The theoretical notions advanced are proposed solely 
that they may provoke further observation and experi- 
ment. 

The personal studies were made under the supervision 
of Prof. J. Chassar Moir and Dr. Victoria Smallpeice. 
Thanks are due to Mr. J. Stallworthy, Mr. M. P. Embrey 
and the late Mr. W. Hawksworth for permission to study 
their patients. We are grateful to Dr. David Kirby for 
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his stimulating discussion and to Dr. W. Aherne for the 
morphometric examination of the placentae. 
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REVERSIBLE TRANSFORMATION OF LYMPHOCYTES IN HUMAN 
LEUCOCYTE CULTURES 


By Dr. H. YAMAMOTO* 
Biology Division, Oak Ridge Natlonal Laboratory, Oak Ridge, Tennessee 


Tue biastogenesis and proliferation induced by phyto- 
heemagglutinin (PHA) in human leucocyte cultures are 
well known. Drviding cells in these cultures have also 
been shown to arise from lymphocytes. Bender and 
Prescott? reported that two morphologically distinct 
types of cells synthesize DNA in leucocyte cultures, 
and these have been demonstrated by light and electron 
microscopy. It is, however, debatable whether the 
transformation of lymphocytes induced by secondary 
antibody response to PHA tn vitro is unidirectional or 
reversible’. 

I have examined the possibility that this transformation 
is a reversible process, which would imply that it may 
be possible to recover lymphocytes from transformed. cells 
by removing PHA from the culture medium after PHA 
has been in contact with the lymphocytes for 6, 12, 24 
and 48 h. The differential counts for each cell type in 
the culture were carried out using Giemsa stain, acridine 
orange and with the electron microscope. The total 
number of mononuclear cells involved in blastogenesis 
and dedifferentiation in this flow system was calculated 
approximately from ratios of eosinophils to mononuclear 
cells, excluding monocytes; eosinophils do not divide 
and keep well during these experimental periods. The 
culture method was that used by Bender and Prescott?. 
For fluorescence microscopy, smears were made from each 
specimen at each time interval, stained with acridine 
orange by a modification of the technique of von Ber- 
talanffy and Masin? and examined under light from a 
high preesure mercury vapour lamp, using Schott UG 1 
and BG 12 exciter filters (which provide intense blue-violet 
radiation) and suitable barrier filters. Relative sizes 
were measured with a filar micrometer. Specimens were 
fixed at intervals with osmium tetroxide or potassium 
permanganate, dehydrated through ethanol, embedded 
with epoxy resin and examined under an electron micro- 
scope. 

In smears stained with acridine orange, each of the 
types of cells involved in blastogenesis can be distin- 


* Present address: Department of Anatomy, Nara Medical University, 
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guished by nuclear and cytoplasmic size, number of 
nucleoli, nuclear fluorescent colour, and by the quantity 
of reddish cytoplasmic granules. Nucleoli, even in lympho- 
cytes, are clearly recognized with blue light (BG 12) 
without any barrier filter, as well as by electron micro- 
scopy. Fig. la-c shows histograms of the frequency 
distributions of relative nuclear and cellular sizes of mono- 
nuclear cells involved in blastogenesis in the leucocyte 
cultures (excluding monocytes): in buffy coat (Fig. la); 
in the culture after incubation with PHA for 72 h (Fig. 
18); and in the culture after incubation without PHA for 
72h (Fig. 1c). Fig. 1d~{ shows histograms of the frequency 
distribution of relative total nucleolar area per nucleus 
in mononuclear cells in the same specimens. In Fig. 1b 
and e, two morphologically distinct cell types, which are 
different from lymphocytes, can be recognized’. Thus 
the cell types in the leucocyte cultures can be classified as 
lymphocytes, small blastio cells (or intermediate cells) or 
large blastic cells. With acridine orange, lymphocytes 
show & small green homogeneous fluorescent nucleus with 
a single nucleolus, and scanty reddish orange fluorescent 
cytoplasmic granules; small blastic or intermediate cells 
show inhomogeneous yellowish green or yellowish fluores- 
cent nuclei with enlarged nucleoli and an increased number 
of reddish fluorescent cytoplasmic granules. The small 
blastic cells and their nuclei are larger than lymphooytos ; 
the large blastic cells and their nuclei are much larger. 
Among the yellowish fluorescent chromatin masses of the 
nuclei of large blastic cells, reddish orange fluorescent 
nucleoli, which are more numerous and larger, can be 
recognized. With the electron microscope* an increasing 
ribosome number (both free and bound types), developing 
endoplasmic reticulum (both vesicular and cisternal, and 
rough and smooth surfaced), an increasing number of 
Golgi complexes, and the appearance of myelin bodies 
and dense bodies can be observed during blastogenesis of 
lymphocytes in vitro. In addition to the inorease in 
nucleolar number during blastogenesis, a number of pars 
amorpha can be seen (two or three pars amorpha can 
sometimes be found in large blastic cells) and the nucleo- 
lonema also develops. On the other hand, the number of 
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ribosomes per unit length of nucleolonema was constant 
during the blastogenesis of lymphocytes. 

The total number of cells involved in blastogenesis was 
calculated from the ratio of eosinophils to mononuclear 
cells in cultures of blood from a donor with eosinophiha 
m the peripheral blood. The total cell population mvolved 
was counted, and it was found that the total cell popula- 
tion remained relatively constant except for the expected 
increases at cell division. After incubation for 48 h m 
mixture 199 with PHA, the total cell number gradually 
increased so that the population almost doubled in 96 h. 
This ig in agreement with the results of autoradiography 
using tritiated thymidine’, On the other hand, the 
eosinophil concentration between 48 and 96 h did not 
decrease when the leucocytes were cultured with PHA, 
nor did it decrease when the leucocytes were cultured 
in culture medium from which PHA was removed after 
contact with the lymphocytes (at 6, 12, 24 and 48 h). 
The ratio of the numbers of each cell type (lymphocytes, 
intermediate or small blastic cells, and large blastic cells) 
to the number of mononuclear cells (excluding monocytes) 
at each interval of incubation is shown in Fig. 2. The 
normal range for each cell type with continuous contact 
with PHA is shown by the shaded area. These rangea 
were obtained from cultures made from the blood of 
three men and one woman without haematological 
abnormalities. When PHA was left in contact 
with the lymphocyte series for 6 to 12 h in viro, a few 
lymphocytes were transformed to intermediate cells, but 
the intermediate cells did not become large blastio cells. 
When PHA was left in contact with the lymphocytes 
for 24 h, a decrease of the lymphocyte population similar 
to that ın the control took place, but the number increased 
again strikingly after incubation for 48 h. The fraction 
of small blastic cells also decreased after incubation for 
48 h, but increased again after 96 h. After contact with 
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Fig. 1. Relative sixes of nucle: and ocellis and relative areas of nucleoli 

expressed in terms of the nucleus of mononuclear cells, excluding mono- 

cytes’ diameters of nuclei and cells are calculated by the average of their 

major and minor axes, measured by flar micrometer, nucleolar areas are 

roughly calculated by the expression A equals Z(a x òb), ın which a is the 
minor and b the major diameter of nucleoli. 
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Fig. 2. Differential cell counts for each cell type involved in blasto- 
ponema and dedifferentiation in the human leucocyte cultures after 

ted contact of the lymphocyte series with PHA. After the limited 
period of incubation with P: the cultured cell suspensions were 
centrifuged and the cell ets resuspended in culture medium without 
PHA, and then incuba! again: 6-12 h of contact with PHA; A 
24 h of contact with PHA; O, 48h of contact with PHA, @, control 
cultures; continuous contact with PHA and centrifugation with test 
cultures. Shaded areas: range for routine cultures ın continuous 

contact with PHA. 


PHA for 48 h the decrease in the lymphocyte fraction 
was almost the same as in the control, but the fraction 
gradually increased again afte: incubation for 48 h. All 
experimental series in which the time of contact with PHA 
was limited showed a gradual decrease in the number of 
large blastic cells after 48 h of incubation. These results 
strongly suggest that the transformation from large blastic 
cells to lymphocytes by way of mtermediate cells is 
reversible after limited contact with PHA in human 
leucocyte culture. The experiment in which there was 
contact with PHA for only 24 h is eapecially striking. 
These results support the existence of a reversible process 
in leucocyte cultures, as has previously been suggested *-!°. 
These results also suggest that PHA may be necessary 
not only for the transformation of lymphocytes to inter- 
mediate cells but also for the transformation of inter- 
moediate cells to large blastic cella. 

This work was supported by the U.S. Atomic Energy 
Commission under contract with the Union Carbide 
Corporation. 
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BEHAVIOUR AND LIFE HISTORY OF THE WILDEBEEST 
(Connochaetes taurinus BURCHELL) 


By RICHARD D. ESTES 


Division of Biological Sciences, Cornell University 


THe migratory habits and population dynamics of the 
wildebeest (or gnu), a dommant herbivore in eastern- 
Africa steppe-savanna, have been studied in considerable 
detail by Grzimek and Grzimek!, Talbot and Talbot’, and 
Watson’, on the Serengeti Plains. From November 1962 
until June 1965, I studied the behaviour of a resident 
population of 14,000 wildebeest m Ngorongoro Crater, 
Tanzania, a caldera enclosing 104 square miles of mostly 
treeless grassland. Other resident and migratory popula- 
tions in East, Central and South Africa were also observed 
in order to validate results for the species as a whole. 
Some of the findings, to be published as a book on the 
behaviour and life history of the wildebeest, are sum- 
marized in the present article. 


The Social System 

As with most gregarious ungulates, wildebeest society 
is divided into two main classes: (1) nursery herds of 
females and young of the year, generally the most num- 
erous and cohesive class; (2) bachelor herds, comparatively 
loose-knit associations of yearling and older males. A 
small class of territorial males more or less distinct from 
(2) depending on the environment and season, is typical 
of many antelope societies. 

Large aggregations are characteristic of wildebeest, 
especially of migratory populations like that of the 
Serengeti. Most of the Ngorongoro gnus stayed in gather- 
ings of fifty to more than a thousand throughout the 
year; only 20-30 per cent were found ın separate small 
herds, averaging ten females, yearlings and calves, and 
scattered. across the crater floor within a network of 
territorial males. Some striking behavioural differences, 
summarized here, suggest that small herds and aggrega- 
tions are adapted to different environmental conditions. 

Small herds appear to be semi-exclusive and enduring 
associations derived from the tendency of females with 
young calves to band together, and probably also from 
continuing bonds between cows and their female calves. 
Strangers attempting to jom the herd are generally 
rejected. Each herd acts largely independently and re- 
mains within a restricted home range, often less than one 
square mile, during the rainy half of the year (November— 
May). The herds from a given locale aggregate on the best 
available pasture in the dry season, but the aggregations 
usually disperse at the end of the day as each herd returns 
to its accustomed ground. 

“Permanent” aggregations contain more or less distinct 
herdlike groupings, the exact nature of which remains 
to be determined. They are fluid and highly mobile, 
concentrating for up to a month or two at a time wherever 
the grazing is best, and make regular daily movements 
to and from pasture, in the long files characteristic of 
trekking wildebeest. The evening movement brings 
together many aggregations on the central plain of the 
crater, where they customarily spend the night on short 


grass. Instead of dispersing, aggregations mass in dense 
columns at dusk and when ruminating at night lie in 
linear bedding formations, no more than ten animals 
deep, which are able to disperse instantly when alarmed. 
Herdlike groupings were not discerned in these bedding 
formations. 

The behaviour of the Ngorongoro aggregations is essen- 
tially that of a migratory population, while small herds 
and an established territomal network are typical of a 
sedentary population. The co-existence of two systems 
adapted to different environments can be explained by the 
unusual nature of the ecosystem of the crater: 1t provides 
enough space for only a limited resident population of the 
usual type, but a productivity, stemming from compara- 
tively abundant rainfall and fertile volcanic soil, adequate 
to carry a much greater density. Perhaps the real key to 
its carrying capacity of around 25,000 large herbivores is 
the extensive marshes created by perennial springs and 
run-off from the surrounding highlands; up to 80 per cent 
of the game concentrates on the lush pastures the marshes 
provide through the long dry season. Thus the wildebeest 
population of the crater is divided up into a small number 
displaying the sedentary habits typical in habitats that 
provide permanent water and grazing, and a much greater 
number which lead a migratory existence within a very 
small ecosystem. A small number do leave the crater: an 
estimated 10-20 per cent left in November between 1962 
and 1965, migrated 7 miles to a valley separating the 
Crater Highlands from the Serengeti Plains, and returned 
the following May when the rainwater pans went dry. 

Evidence of a similar dichotomy in a related species 
has been found in Queen Elizabeth National Park, Uganda, 
among a population of topi (Damaliscus korrigum). In 
one area only small herds with territorial males were 
observed. Less than 3 miles away, separated by a small 
river, the main population of more than a thousand 
formed a single, highly mobile aggregation that included 
all males. These examples suggest there are no inherent 
differences between migratory and resident populations. 
On the other hand, habit and experience may be so 
important that sedentary animals could not readily 
adopt migratory habits, while migrants would be restricted 
to their traditional range. If a severe drought should 
cause the marshland grazing and main water supplies 
of the crater to fail, it would be most interesting to see 
what proportion of the wildebeest population would 
migrate right out of the area. 


Territorial Behaviour 


Territorial behaviour throughout the year ın the wilde- 
beest is an interesting phenomenon, considering that it is 
one of the few mammals in equatorial Africa with a strongly 
seasonal reproductive cycle. Presumably the basic repro- 
ductive function would be adequately served if males 
were only territorial around the month of peak rutting, 


1000 


when at least 80 per cent of all mature females copulate. 
Territorial behaviour is actually greatly attenuated in 
migratory populations, although temporary territories 
are established whenever an aggregation settles down, no 
matter how briefly. A sample of thirty-five known 
Ngorongoro males kept under observation for a full year, 
of which twenty-five kept the same territory, suggests 
that at least 70 per cent of all territorial males occupy 
their grounds for more than a year in resident populations. 
Eleven of nineteen were known to remain on territory 
for more than 2 years and it seems quite likely that 
established males continue to defend the same ground 
throughout their prime (10 years or more), if not prevented 
by accident, sickness, competition or changed environ- 
ment. 

The basis for permanent territories is probably keen 
competition for a limited number of desirable grounds, 
coupled with the potential opportunity to mate with the 
females that come into oestrus for another 5 months after 
the rutting peak. Males are almost certainly capable of 
reproducing all through the year. The sense of ownership 
gives established males a distinct psychological advantage 
over those trying to stake out grounds within the net- 
work, Permanently established males have a better 
chance of having and holding a territory during the 
Tigorous competition of the rut and therefore of reprodu- 
cing, because only holders of territories have the oppor- 
tunity to breed. All others are relegated to bachelor herds, 
wherein a percentage of perfectly fit looking adults may 
usually be found. A few males are able to participate 
in the rut at 28 months, but most only after another 
year; this contrasts with a breeding age of 15 months for 
75 per cent of all females. 

Once established, males maintain the territorial status 
quo through ritualized encounters performed daily with 
each neighbour, in which largely symbolic fighting is 
only one of some twenty possible steps involved in the 
ritual. The ritual seems also to fill a need for social 
contact; with no herd in his territory 80 per cent of the 
time, the average male would otherwise lead a largely 
solitary existence. Spacing between males averages 
about 60 yards in areas frequented by small herds, but 
varies from more than half a mile in marginal habitat 
to less than 30 yards in the middle of large aggregations. 

The entire wildebeest habitat is included in the terri- 
torial network, and therefore a herd is always in the 
territory of some male. When an aggregation moves on to 
unoccupied ground, males move with it and immediately 
set up territories. Thus a small class of the population 
(10-15 per cent) largely dominates the lives of all the rest 
through its herding, chasing and generally more aggres- 
sive behaviour. 

Tho effects of territorial activity may strike the observer 
as mainly disruptive: large aggregations are fragmented 
and kept in continual flux by herding and chasing males; 
herds attempting to move from point A to pomt B are 
forced to run a gauntlet of pursuing ‘males, and the 
separation of females and young that may result un- 
doubtedly contributes to a high post-natal mortality. But 
other, less conspicuous results are undoubtedly beneficial 
to the species. Bachelor herds are driven into the least 
desirable parts of the habitat and thus largely removed 
from food competition with small nursery herds. They are 
tolerated in large aggregations, however, withm which some 
succeed in setting up temporary territories, between 
resident males. Bulls accomplish the separation of yearling 
males from their herds, often against the vigorous defence 
of their mothers. The initial stimulus comes, not from 
sexual antagonism, but from the hostility females with 
young calves display toward yearlings. It seems that any 
animal which behaves conspicuously arouses aggression 
in the territorial male; thus individuals of either sex which 
are unwelcome in a herd are persistently chased out. 

Bulls provide some slight protection to nursery herds 
by occasionally attacking prowling spotted hyenas 
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{Orocuta crocuta). Much more important, members of the 
territorial network function as sentinels that warn of 
approaching danger, and bear the brunt of predation by 
lions, which prey chiefly on wildebeest where the two 
species are sympatric and apparently largely on territorial 
males. Considering the comparatively great vulnerability 
of a territorial existence, the selection pressure for a 
territorial existence all through the year must indeed be 
strong. 


Adaptive Features of the Reproductive System 

The reproductive cycle is characterized by sharp mating 
and birth peaks. The former occurs at about the middle 
of the long rains, the latter 8~8:5 months later about a 
month before the start of the long rains. Peak calving 
begins abruptly, continues at a fairly constant rate for 
2-3 weeks, then declines more gradually, with up to 20 
per cent of births spread over the following 4—8 months. 
Most births occur in the forenoon, in large aggregations on 
calving grounds preferentially located on short grass. 
Females tend to divide into pregnant, parturient and post- 
parturient groups, particularly the last. Labour can be 
voluntarily interrupted and delivery delayed indefinitely 
until the calf’s head emerges. Calves are able to stand and 
run within an average of 7 min after birth. Their light 
fawn colour contrasts with the dark brown of older 
animals. The following response is highly developed but 
initially unselective; recognition of the parent probably 
begins with the first successful suckling; it is facilitated 
by the active rejection of strange calves by other females. 
The afterbirth is not dropped for at least 3 hours after 
parturition, and is generally appropriated by vultures 
and jackals before the mother has a chance to eat it. 
There is no concerted defence of the young in wildebeest; 
the mother will defend its calf, but only after being over- 
taken in flight. 

Considered as an adaptation to life on the steppe- 
savanna, this system, which is common to the Alcelaphine 
antelopes, is less typical than one represented by the 
sympatric gazelles. The latter have no well-defined 
b ing season; females withdraw from their herds 
before parturition, and the cryptically coloured young 
are concealed for the first week or two. 

While the reproductive cycle of the wildebeest is 
undoubtedly geared to the climatic regime (and can be 
thrown out of phase by drastic climatic change), seasonal 
breeding in equatorial Africa is obviously not dictated by 
climate. This and all the other major features of the 
system have probably been shaped by predation, quite 
possibly by the one ranking predator on the young, the 
spotted hyena. Observations of hyena hunting behaviour 
and kills indicate that it selects new calves and mainly 
ignores those more than a few days old, which are far 
harder to catch, unless they are separated from a herd. 
When pursued, a female with calf invariably runs into 
the nearest herd. Survival chances for new calves are 
best where there are numerous slightly older ones that 
make it hard for a hyena to single out and keep a particu- 
lar quarry in sight. By selecting against calves born 
outside the season, particularly ahead of time, hyena 
predation thus acts to maintain a sharp peak; by the same 
token, mortality is far more severe in small herds than in 
large aggregations. Indeed, the consistently much higher 
percentage of calves found in concentrations throughout 
the year is one of the most significant observed differences 
between aggregations and small herds. It may help to 
explain the extraordinary success of migratory wildebeest 
populations under the generally rigorous environmental 
conditions of the African steppe-savanna. 

This work was supported by grants from the National 
Geographic Society, the New York Explorers Club and the 
Tanzania Ministry of Agriculture, Forests and Wildlife 
? Grzimek, M., and Grzimek, B., Z. flr Sdugetierkunde, 25, 1 (1960). 

* Talbot, L. M., and Talbot, M. H., Wudhfs Monographs, 12, 8 (1068). 
* Watson, M.. and Kerfoot, O., Z. flr Sdugerverkunde, 29, $20 (1064). 
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LETTERS TO THE 


ASTRONOMY 


Absorption Spectrum of 3C 9 


Babcall and Salpeter? and ourselves? independently 
pointed out that the spectra of quasi-stellar sources of 
large red-shift would probably show absorption lines as a 
result of the gas contained in clusters of galaxies lying 
along the line of sight. If the temperature of the gas is a 
few times 10° degrees, which seems likely from other 
considerations, we might expect to observe absorption 
lines due to H I, CIV, and NV. A possible example of 
this absorption occurs‘ in the spectrum of 1116+ 12, but 
the difference in red-shift between the source (z= 2-118 
(ref. 5)) and the absorbing cloud (z= 1-948) is sufficiently 
small for the cloud to be possibly associated with the 
source itself. 

We wish to point out that the photoelectric spectrum of 
30 9 (z=2-012 (ref. 6)) recently published by Field, 
Solomon and Wampler’? may show evidence of absorption 
by HI, CIV, and NV in a hot cloud with red-shift 
z= J]-62. The spectrum is shown in Fig. 1. The two 
apparent absorption features on the left have wavelengths 
~ 8180 A and ~3240A. The ratio of these wavelengths is 
~ 1-02, which is also the ratio between the rest wave- 
lengths of the relevant lines of H I (Lyman « 1216 A) and 
N V (1238 A), which would arise from a cloud with red- 
shift z= 1-62. Now the ratio between the rest wavelengths 
of CIV (1648 A) and Lyman « is 1-274. We would, there- 
fore, expect that the CIV absorption which results from 
this cloud to occur at ~ 4060 A, where indeed there are 
signs that absorption does, in fact, occur (although it 
would obviously be desirable to have observations at 
smaller wavelength intervals in this region, and also at 
wavelengths greater than 4200 A). 

There may also be absorption features at ~ 3500 A and 
~ 3800 A, although here one is dangerously close to the 
Lyman « emission line at 3666 A. If these absorption 
features are genuine they are likely to arise from C IV in 
clouds with red-shifts of 1-26 and 1-45. This would be 
consistent with the expectation? that there should be two 
or three times more CIV lines visible than Lyman « 
lines. The associated N V line with a red-shift of 1-45 
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Fig, 1.. The photoelectric spectrum of 80 9 (red-shift 2-01) obtained by 
Field, Solomon and vane The indicated absorption features may 
arise from H I, N V and O IV in a oluster of galaxies with red-shift 1-62. 
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would have to appear at ~ 3060 A which is not inconsistent 
with the trend of the spectrum in this wavelength region. 
The apparent peak at ~ 3085 A may, of course, be Lyman 
B emission from 30 9. 

The apparent widths of the Lyman « and N V lines 
with a red-shift of 1-6 are about 30 A, but the instrumental 
profile is also of this order, so that the actual lines may be 
narrower (though they would not have been detected at 
all if their widths were much leas than 10 A). The corre- 
sponding upper limit on the turbulent or expansion veloci- 
ties in the gas is ~ 1,000 km/sec, and on the kinetic tem- 
perature ~ 10° degrees. The actual kinetic temperature is 
probably much less than this, and we can obtain a rough 
estimate in the following way. 

A typical cluster of galaxies has a radius of about 1 
megaparsec (Mpc), and the gas density is likely to be in the 
range 10~-10-5 atoms/em*. Fig. 2 shows the optical 
depth due to Lyman a in such a cluster, as a function of 
kinetic temperature, assuming turbulent velocities ~ 500 
km/sec. We do not know a priors the relative abundances 
[nitrogen/hydrogen] and [carbon/hydrogen] in the cluster 
gas, but we can reasonably assume that they do not exceed 
their locally determined values. Fig. 2 also shows the 
optical depths due to N V and CIV, assuming that carbon 
and nitrogen have their full local abundances relative to 
hydrogen. Allowance has been made for dielectronic 
recombination®, but the errors arising from uncertainties 
in the cross-sections may amount to as much as 50 per 
cent. The observed optical depth of the Lyman « and 
N V lines is at least 1 (a similar limit on the optical depth 
was found by Baheall, Peterson and Schmidt‘ in their 
study of 1116+12). This restricts the kinetic temperature 
to values between ~1-:3x 105 and ~9 x 10° degrees, even 
if we take the highest likely gas density and assume that 
nitrogen has its local concentration. This temperature 
range is reasonable on other grounds*®"'. If carbon and 
nitrogen have lower relative abundances in the cluster, the 
corresponding curves in Fig. 2 should be displaced down- 
wards relative to the hydrogen curve. We can deduce 
that the [nitrogen/hydrogen] ratio is unlikely to be less 
than 1 per cent of its local value (though if it could be 
shown that the optical depths of Lyman a and N V were 
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comparable, this lower limit would be raised to 10 per 
cent). Nitrogen is probably not synthesized in the hot big 
bang", and, therefore, it appears that the gas in the cluster 
must be contaminated later by at least 1 per cent. This 
suggests that the newly formed nitrogen is distributed by 
means of a very violent explosion, in accordance with the 
considerations of Wagoner, Fowler and Hoyle. If 
[carbon/nitrogen] in the gas were to have its local value, 
we would expect the C IV absorption line to be at least as 
strong as the N V line throughout the expected tempera- 
ture range. Unfortunately, it is not posmble to derive a 
reliable lmit on the C IV optical depth from the published 
spectrum of 3C 9. 

No other ions would be expected to produce detectable 
absorption at these temperatures. O VI (1031 A) absorp- 
tion might be detected!3, however, from similar clusters 
with z> 2 when quasars with larger red-shifts are dis- 
covered. 

Finally, we note that the existence of an absorbing cloud 
with the intermediate red-shift of ~ 1-62 would strongly 
suggest‘ that the red-shift of 30 9 is cosmological in origin. 
One consequence of this would be that the steady-state 
model of the universe could almost certainly be ruled out". 
In view of the importance of these conolusions, and of 
other inferences which can be drawn from the absorption 
spectra of objects with red-shift >1, we would urge that 
all such spectra be obtained with as much precision as 
possible. 

D. W. Sorama 
M. J. REES 


Department of Applied Mathematics and Theoretical 
Physics, 
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THE SOLID STATE 


Pulse Radiolysis of Crystalline Ice and 
Frozen Crystalline Aqueous Solutions 


Tue formation of hydrated electrons involves electronic 
and orientation polarizations. This is quantitatively 
descnbed by 


AE = A(1/eop — 1/es)* (1) 


where AH is the transfer energy, A is a coefficient, top 
and g, are the optical and the static dielectric constants, 
respectively. The onentation polarization, which mainly 
determines the value of esin polar liquids, changes as the 
reciprocal of the temperature. As the temperature 
decreases, therefore, the maximum of the absorption band 
in liquid water shifts to the short-wave region’. The 
formation of a rigid lattice at the pomt of the phase 
transition from liquid to ice sharply decreases the mobility 
of the dipoles. Values measured for fast processes ts in 
equation 1 should be substituted by the values measured 
in an a.c. field of suitable frequency; for processes 
involving hydrated electrons, +t ~ 10-*-10-* sec. At 
— 10° C, cis between 3 and 20 if measured at a suitable 
frequency (10-104 c/s) (ref. 3). Equation ] then gives 
AE equal to between 1-45 and 0-45 eV, which corre- 
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Fig. 1. Optical abeorption spectrum of: a, crystalline ice; b, a frozen 
2x 10+ molar solution of lithium perchlorate; c, a frozen 2x 10~ molar 
solution of potassium hydromde. O, 288° K; C 235° K, A, 200° K. 


sponds to & Amax between 9,000 and 40,000 Å. If this 
reasoning were correct, the absorption maximum would be 
expected to shift into the infra-red when the temperature 
is below 0° C. 

To check the agreement between the theoretical predic- 
tions and the experimental results, we investigated the 
optical absorption spectra of crystalline ice and frozen 
crystalline aqueous solutions using electron pulse radiation. 
The spectra were recorded by means of a fast optical unit 
measuring 300-1,800 mp. A transparent single orystal 
of ice or a frozen solution was prepared in a special swing- 
ing cell with a thermally controlled jacket. 

Fig. la shows the absorption spectrum of crystalline ice 
at three different temperatures. Contrary to expectation, 
the absorption band is found in the same region of the 
spectrum as that of liquid water. The band is significantly 
narrower and as the temperature decreases a distinct 
shoulder appears in its left-hand part. It is most interest- 
ing that the absorption maximum continues to shift into 
the short wave region. With decreasing temperature, 
however, e continues to diminish’, and according to 
equation 1 this should shift Amax into the infra-red. 

Fig. 16 and o shows the spectra of frozen crystalline 
lithium perchlorate and potassium hydroxide solutions, 
respectively. In all cases the reaction of disappearance 
of the unstable intermediate compound responsible for 
the absorption spectrum had first order kinetics. In the 
presence of additives, the rate constant of the reaction 
of disappearance has a smaller value than that in ice 
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Fig 2. Temperature dependence of the rate constant of decay of the 
short-lhved intermediate compound. Ico; @, lithium perchlerate 
solution, V, potassium hydroxide solution 
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IS THERE TOO MUCH LITERATURE? 


PEOPLE have been complaining that there is too much 
to read ever since the development of printing presses 
in the fifteenth century. In most branches of learning 
there is probably a Parkinsonian law to the effect that 
the volume of the literature will always increase so as 
to become more than any individual can comprehend, 
which means that the efficient use of original sources is 
an essential part of all academic activity, requiring 
self-conscious attention and even deliberate study. 
So much is old hat, as historians have known for 
centuries, but the question naturally follows of whether 
scientists may not be protesting too plaintively at the 
flood of literature now reaching their laboratories. 
What are the special properties of what is frequently 
called the “information explosion” in science ? Which 
of these could be avoided ? And what could be done to 
make the scientific literature more suited to its purposes 
—whatever they may be ? 

That the sheer physical bulk of the scientific litera- 
ture is growing quickly is, of course, beyond dispute. 
Professor Derek Price has done a publio service in 
pointing to the exponential growth in time of several 
parameters related to the activity of the scientific 
community—the numbers of scientists at work, the cost 
of what they do and the volume of the original material 
which they publish. The most obvious characteristic 
of the scientific literature is the time-constant of these 
processes of growth. As a whole, the literature is 
probably doubling in bulk every decade or so. 

This is the immediate stimulus of the several 
attempts now being made to simplify access to this 
torrent of words and information. It is natural that 
attention should first be paid to the ways in which 
machinery could help with the management of the 
literature, and there is obviously a bright future for 
schemes to provide working scientists with lists of 
titles likely to be of immediate interest to them. It is 
to be hoped that the methods now being worked out in 
medicine and chemistry will eventually be applied in 
other parts of science. Yet the machine men are the 
first to insist that computers will not be able to rid 
scientists of the drudgery of reading some of the 
literature for themselves. Even if that were desirable, 
it would not be practicable. The retrieval systems so 
far devised will serve chiefly to provide some kind of 
an awareness of important articles which appear in 
unfamiliar journals. Those who now complain of the 
time they spend in libraries should not look for drastic 
savings from the coming of computers. 

Another characteristic of the literature is its frag- 
mentation, although that is frequently an advantage, 


not a drawback. Although specialization may increase 
the difficulties of keeping tidy catalogues, and may also 
impede the traffic in ideas between people with widely 
different interests, at the same time it helps to restrict 
the categories of journals and other publications which 
individuals feel obliged to read. This is probably most 
apparent in high energy physics, where fewer than 
half a dozen journals seem to satisfy most people’s 
curiosity, but there are also many other fields in 
which the bulk of the literature as a whole does 
not seriously complicate the process of identifying 
the original communications which must be read. 
This is one respect, at least, in which the problem 
of the literature has sometimes been exaggerated. 
Fragmentation is not in itself a good thing, but it has 
its compensations. 

Calculations like these, cheerful or otherwise, assume 
that the first objective in the handling of the literature 
is to help with the dissemination of the original pub- 
lications which already exist and with the writing of 
others like them. This begs a great many questions 
and, in particular, makes the assumption that the 
literature is already well suited to its purpose. 

That, unfortunately, is an illusion. As things are, 
too many scientific articles are written in the hope of 
attaining too many objectives. That they should serve 
to communicate information and ideas to other people 
is, of course, essential. But is it also necessary that 
they should serve as entirely self-contained and even 
historical records of work accomplished in the labora- 
tory? There should be different answers in different 
circumstances, but authors tend to err towards 
completeness, which makes the literature repetitive. 
Authors also err towards a kind of quasi-legal language, 
no doubt intended to avoid ambiguity but so convolu- 
ted—and so often in the passive voice—that it often 
creates boredom and even, paradoxically, confusion. 
Too often it seems to be forgotten that if the literature 
is worth writing at all, it is meant for reading. More- 
over, the literature should as often be stimulating as 
informative. Although the incidental value of the 
literature as a historical record or as a storeplace for 
factual information is undoubtedly important, these 
functions can and should be carried out in other ways 
(which is one reason for welcoming the growth of the 
secondary literature, data centres and organizations for 
compiling oritical evaluations of experimental data). 
In spite of all the care and money now being lavished 
on the management of the literature, people will be 
complaining about the literature, and justly, until 
matters like these are attended to. 
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NEWTON IN FRANCE 


La Méthode des Fluxions et des Suites Infinles 

By Isaac Newton. Traduit par M. de Buffon. Reproduc- 
tion de l'Edition de 1740. Pp. xxx+150. (Paris: 
Librairie Scientifique Albert Blanchard, 1966.) 28 
francs. 


Tae chief merit of this translation by Buffon of Newton’s 
treatise on fluxions and infinite series 1s its preface. The 
translation of the text 1s correct, but singularly lacking in 
elegance—which is surprising for an author so famous for 
his style. The impression of the original 1s of poor quality: 
the text is disfigured by numerous misprints (of which 
the translator, with some apology, gives a long list), 
and the diagrams are coarse woodcuts, unclear and some- 
times incorrect. The facsumile reproduction is not of the 
best, and makes some of the smaller type quite illegible. 
In spite of all this, the book has a real value as a historical 
document: it shows exactly in what guise Newton’s 
method was made available for the first time to the French 
mathematical students by the middle of the eighteenth 
century. Of course, when this translation appeared 
Newton had already in France a small group of brilhant 
disciples, such as Clairaut, Maupertuis and Buffon—not 
to speak of the learned Marquise du ChAtelet and the not 
so learned Count Algarotti. However, Maupertuis had 
then only just (in Voltaire’s words) ‘flattened the earth 
and Cassini”, while Voltaire himself was doing his share 
(like Algarotti) by writing his popular exposition of the 
Newtonian philosophy. Clairaut’s masterly treatise on 
the shape of the Earth was yet to come, as well as the 
translation of the Principia; and as late as 1752, the 
almost centenarian Fontenelle, that die-hard Cartesian, 
was still publishing a treatise on the theory of the planet- 
ary vortices. Against this background, Buffon’s transla- 
tion appears as the furbishing of a weapon, so to speak, 
for the arsenal of the Newtonians, and the spirited 
preface, in which the claims of Newton as the sole inventor 
of the calculus are vigorously asserted at the expense 
of Leibnitz, takes on all its significance. There are other 
points of considerable interest ın this preface (where 
Buffon, unhampered by the necessity of expressing foreign 
thoughts, displays his full talent): it begins with a discus- 
sion of the epistemological aspects of the concepts of 
infinity and infinitesimal magnitude that 1s remarkably 
sound and pointed, and also does justice to the ancient 
mathematicians; and it ends with a scathingly ironical 
account of Berkeley’s fumbling criticism of Newton’s 
ideas and of Robins’s pedantic efforte to explain these 
ideas better than Newton could ever have done; these 
polemics had then the savour of topical controversy: 
Robins is now deservedly forgotten, Berkeley undeservedly 
still remembered. L. ROSENFELD 


ATTACK ON DESCARTES 


The Downfall of Cartesianism 1673-1712 

A Study of Epistemological Issues in Late 17th Century 
Cartesianism. By Richard A. Watson. (International 
Archives of the History of Ideas, Vol. 11.) Pp. viii +158. 
(The Hague: Martinus Nijhoff, 1966.) 22.50 guilders. 


Ix 1663 Samuel Pepys learnt that his brother John, then 
at Cambridge, had studied Descartes to such good effect 
that he felt bound to take him to task for neglecting Aris- 
totle, of whose physics Jobn showed deplorable ignorance. 
Five years later Samuel bought Descartes’s “‘little book on 
music” in Duck’s Lane. At the end of the century 


William Whiston complained that at Cambridge Cartesian 
physics was an obstacle to the introduction of Newton’s, 
and in the general scholium, added to the second edition 
of the Principia in 1718, Newton himself thought it 
necessary to amplify his opening statement that “‘the 
hypothesis of vortices is pressed with many difficulties”. 
Finally, as late as 1723, John Clarke found it worthwhile 
to translate into English his brother Samuel’s Latin version 
of Rohault’s text-book of Cartesian physics which, it must 
be admitted, Samuel had made to seem rather ridiculous 
by furnishing the second edition (1702) with a running 
commentary of footnotes giving a Newtonian interpreta- 
tion. All this is fairly well known; what is probably less 
well known is that in 1673 the Abbé Simon Foucher 
delivered a shattering blow to the epistemological basis of 
the positive content of Descartes’s philosophy—a blow 
from which, despite the efforts of a number of orthodox 
followers of Descartes (including Rohault), it never 
recovered. Of course there need be no important incon- 
sistency in @ serious concern with a natural philosophy 
long after its author’s metaphysics has been rejected; our 
estimate of Faraday’s natural philosophy—even the most 
speculative—does not imply acceptance of his simple 
Sandemanian faith. But there are several reasons why 
the nature of the attack on Cartesian philosophy should be 
better known, for it was directed at the internal contra- 
dictions in his representative theory of perception which 
in turn grew out of the demonstrated nature of sound and 
heat and the analogical views on light transmission that 
led Galileo to the implicit acceptance of primary and 
secondary qualities. A further reason is the absence of a 
sharp distinction between physical and metaphysical 
ideas until Newton tried to draw it in the same scholium: 
Descartes’s semi-theological conception of inertia was a 
better approximation to Newton’s than was the more 
“scientific” appreciation of Galileo. And finally there is 
Descartes’s conclusion that all animals except human 
beings are unconscious automata, with the corollary that 
the operation of human will becomes a miracle, virtually 
conceded in Malebranche’s occasionalism, avoided by 
Descartes only by introducing & pseudo-mechanism of 
naive artificiahty. These are consequences of the 
philosophical assumptions attacked by Foucher. 

I have indicated the significance of this book to 


scientists rather than attempting the hopeless task of w 


deploying the closely reasoned argument from which 
Dr. Watson cites numerous (and usually translated) 
representative passages. The exegesis, which could have 
been rather arid, is carried out with great skill aided by 
two appendixes setting out in a schematic form the final 
Cartesian system and Foucher’s criticism. In the “‘empiri- 
cist’? rejection of Descartes, the treatment of Berkeley 
and Hume is a little hurried; but the review of the sus- 
tained correspondence between Foucher and Leibnitz 
brings out admirably the latter’s many-sided genius. 
Wuaram P. D. WIGHTMAN 


CONSCIOUSNESS OF TIME 


Zür Phänomenologie des Inneren Zeltbewusstseins 
(1893-1917) 

By Edmund Husserl. Herausgegeben von Rudolf Boehm. 

(Husserliana, Band 10). Pp. xliii + 484. (Den Haag: 

Martinus Nijhoff, 1966.) 38.50 guilders. 

STUDENTS of phenomenology will accord a warm welcome 


to this—the tenth—volume of Husserliana, issued from 
the ‘Arkiv’ in Louvain. No greater compliment could be 
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paid to it and its indefatigable editor, Dr. Rudolf Boehm, 
than to say that it fully maintains the high standard of 
its predecessors, both ın the integrity of the text and in 
the scholarly introduction and footnotes. The production 
of a work hke this, in view of the difficulty of Husserl’s 
traditional script, is something of a seven days’ wonder. 

The general theme is the phenomenology of the inner 
consciousness of time, and covers Husserl’s labours on 
this subject over a period of some twenty-four years. 
‘When one considers the almost ascetic quality of contem- 
plation demanded, collaborators must have been hard to 
find; nevertheless, the master established close touch 
with Edith Stein and Martin Heidegger. 

The main body of the volume consists of Husserl’s 
lectures around the years 1905-10. These form Part A. 
Part B is dedicated to the development around 1893- 
1901, with particular regard to ‘fresh’ and ‘repeated’ 
recollections in time-awareness. Epistemologically, the 
process runs roughly parallel to that of a weak gestalt, in 
reaching integration of the visual image. 

Historically, Husserl’s concern with the inner conscious- 
ness of time seems to stem from a much earlier problem 
which he may have inherited from Brantano (1838-1917), 
namely that of constitution. Characteristically, this 
started a search for structure, and found expression in a 
streaming potential surrounded by a “zone” (or horizon) 
of mmmediate retention of the past. Something akin to a 
species of sedimentation is then imagined to occur, result- 
ing in a state approachable only by acts of recollection. 
From this developed the Zeitigung, a term now current, 
which means & chronological genesis of events. 

It is noteworthy that Husserl became more and more 
inclined to give an idealistic slant to his use of the term 
‘constitution’. His primal variety related to inner time, 
indicating his appreciation of a dynamic element which 
provided, in the end, a static configuration. Physically 
interpreted, its system is labile, needing but a latent effort 
to produce stability. 

Phenomenology, for Husserl, is basic knowledge: his 
concept of constitution is no less vital for physics than it 
is for the continued existence of a philosophy without 
pre-suppositions. F. I. G. RAWLINS 


MATHEMATICS IN HISTORY 


The Role of Mathematics in the Rise of Science 

By Salomon Bochner. Pp. x + 386. (Princeton, N.J.: 
Princeton University Press; London: Oxford University 
Press, 1966.) 726. net. 


The Mathematical Practitioners of Hanoverian England, 
1714-1840 

By E. G. R. Taylor. Pp. xv+603+412 plates. (London: 

Cambridge University Press, 1966. Publshed for the 

Institute of Navigation.) 848. net. 


PROFESSOR SALOMON BOOHNER is a distinguished mathe- 
matician and also a learned man who has read deeply in 
the literature of ancient science and in the problems of 
historiography in general. In this book he brings together 
eight essays, on the history of science and on ancient 
science and on mathematics, together with a lengthy 
collection of ‘“biographical sketches”. Oddly enough, the 
studies of mathematica and its history are the least 
illuminating of the work. There is little trace of 
familiarity with the primary sources of the history of 
mathematics; and this is a fleld which a man such as 
Bochner could not touch without transforming it. One 
very important point is discussed repeatedly :' the failure of 
Greek mathematics to rise to the level of abstraction 
which has characterized mathematics since the Renais- 
sance. For the origins of this basic advance, Bochner 
reluctantly admits the ‘‘counting-houses of Lombardy 
and the Levant” as the only plausible candidates. For 
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me, 1t seems that the use of symbols in an algorithmic 
manipulation may have another tradition behind 1t, 
whose most famous representative is Ramon Lull. After 
all, Cardano was, among many other things, an algebraist 
and a Lullian. 

In his discussions of ancient science, Bochner 1s on 
firmer ground; it 1s unfortunate that he chose to interpret 
Aristotle’s Physics as a work in the restricted field we 
now describe by that name. In spite of this, his com- 
ments are frequently penetrating, and his references to 
modern theories apt. The best essay in the collection is 
on ‘‘The History of Science and Other History”. Ina 
cool but sympathetic examination of this young field and 
its special difficulties, Bochner has much to offer anyone 
who wishes to understand it. But the “biographical 
sketches” are a near disaster. These private jottings 
betray a negligence of all the canons of historical scholar- 
ship which Bochner invokes ın his essays, and to include 
such a miscellaneous collection of unrefined matenals 
was an inexplicable error of judgment. 

Although Professor Taylor’s work also deals with the 
history of mathematical work, the similanty ceases there. 
This work is a sequel to her earher book covermg Tudor 
and Stuart England. In it are the materials from which 
other scholara can produce histories which are not only 
interesting but also well founded. The bulk of the 
volume is taken up with the individual biographies—more 
than two thousand of them. If there can be any criticiem 
of these, ıt is that, without clear warning to the reader, 
they are restricted to the careers and publications of the 
men concerned, in their role as mathematical practitioners, 
Although there are references to the standard works from 
which most of the biographies are adapted, the reader 
using this as a source will come away with a one-sided 
picture of many important figures in eighteenth century 
science and technology. 

The relatively brief narrative at the beginning provides, 
in the author’s own words, “the everyday background to 
& period of notable advances and discoveries by a few 
scientific men whose names everyone knows”. Thus 
there is no attempt to provide a social history of this 
aspect of science. Even the final chapter, ‘“The Practi- 
tioners Disappear, 1820-1840”, continues with a list of 
notable practitioners up to the end, with no description 
of the phenomenon, or explanation of its occurrence just 
in that period. The value of the book lies in its bio- 
graphies, however, and in these there can be no doubt 
that Professor Taylor has made an enduring contribution 
to historical scholarship. J. R. Raverz 


FORGOTTEN PRECURSOR 


Lectures on Geology 

Including Hydrography, Mineralogy, and Meteorology, 
with an Introduction to Biology. By John Walker. 
Edited with Notes and an Introduction by Harold W. 
Scott. Pp. xlvi+ 280. (Chicago and London: The Univer- 
sity of Chicago Press, 1966.) $8.50; 63s. 


Jonn Warxme was born in Edinburgh in 1731, ordained 
in 1758 and, after occupying various pastorates, was 
ultimately elected Moderator of the General Assembly of 
the Church of Scotland in 1790. He seems in every sense 
to have been a successful and respected minister. “Hail, 
Walker, hail! this champion ever prove” began & poem 
by one of his less inhibited parishioners. But it is with 
John Walker’s no less substantial achievements as a 
naturalist that Professor Harold Scott’s splendid book is 
concerned. 

Within two years of his appomtment to the living at 
Moffat in 1762, where his ardent field collecting earned him 
the title “the mad minister from Moffat”, he was commis- 
sioned to make a survey of the Hebrides and Highlands. 
In the course of this he travelled some 3,000 miles investi- 
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gating the botany, zoology, geology, farming and fishing 
industries of the area and making a population census. 
This monumental regional survey gave rise to a report of 
over 800 pages. Largely on the basis of the quality of this 
report he was appointed Regius Professor of Natural 
History and Keeper of the Museum in the University of 
Edinburgh in 1779. 

It was there that he established what must be one of the 
earliest university courses in natural history. “I am to 
teach a science I never was taught,” he reflected in his 
opening lecture. The outlines of Walker’s lectures on 
natural history have now been collected and annotated by 
Scott, and his book is an important contribution to the 
history of late eighteenth century science. 

The lectures deal with meteorology, “hydrography”, 
geology and mineralogy. Additional lectures on botany 
and zoology formed part of the original series, but they 
are not included in the present volume. Yet it should be 
noted in passing that Walker was, as his delightful corre- 
spondence with Linnaeus makes clear, an eminent botanist, 
as well as one of the earliest exponents of the science and 
practice of agronomy. Walker’s range of geological 
observation and hypothesis was extensive. A classification 
of rocks and minerals, a scale of mineral hardness 
developed 40 years before that of Mohs, the origin of 
carbonates, oolites, petroleum, mountains, igneous and 
sedimentary rocks, the significance of dip and overlap of 
strata, river erosion, groundwater movement, oceanic 
thermal gradients, the interior of the Earth, the processes 
of fossilization, the possibility of stratel correlation—these 
were but some of the topics which he investigated. 

His contributions to each were not of equal merit. He 
asserted, for example, that “no species of plant or anımal 
is ever changed into another” and no species had ever been 
lost since the creation of the world, or any new one formed. 
But the distinctive feature of his approach to all these 
topics was his rigorous insistence on what we would now 
regard as scientific method, his insistence on observation, 
experiment and ‘‘the synthetic method of enquiry” and his 
abhorrence of easy and premature “theory”—‘“a name 
now frequently perfixed to the most trivial observations”. 

If, in the end, Walker provided no unified Lyellian 
scheme of geology, at least he surveyed the vast area of 
knowledge which geology involves, formulated the funda- 
mental questions which confront ıt, and pointed to the 
means of solving them. His essay on the origin of peat isa 
model of his whole approach. And all this four years 
before the abstract and 15 years before the major writing of 
James Hutton, 35 years before that of William Smith and 
50 years before that of Charles Lyell. 

On priority alone, Walker is entitled to an honoured 
place among the founders of geology. “Yet his influence 
may well have been far greater than this, for Scott has 
discovered that Walker’s pupils included Sir James Hall, 
John Playfair and Robert Jameson, three men who were 
to play & decisive part in the heroic age of geology. Their 
contribution is beyond dispute, but both they and Earth 
science owe what may well be a substantial debt to the 
forgotten “pious and virtuous” man who was their 
teacher, and who for twenty-four years professed in the 
University of Edinburgh “the arrangement, description 
and history of the works of creation contained in the 
terraqueous globe”, F. H. T. RHODES 


UNITY FOR SOCIAL SCIENCE 


The Study of Soclety 

A Multidisciplinary Approach. By Alfred Kuhn. (Social 
Science Paperbacks.) Pp. xviii+810. (London: Social 
Science Paperbacks in association with Tavistock Publica- 
tions, Ltd., 1966.) 42s. net. 

Pror. Kunn’s primary aim in this substantial volume is 
to make some contribution towards the greater unity 
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of the social sciences. At one point in his opening chapter 
he states that his book is “an attempt to synthesize 
into one set of analytical relationships the presently 
separate fields of economics, sociology and political 
science’. This, however, is a somewhat misleading claim 
for, as Kuhn himself recognizes elsewhere, he does not in 
fact attempt to cover all the aspects of behaviour and 
social structure with which the above disciplines are 
concerned. Rather, his efforts at synthesis are limited, 
fairly strictly, to the study of interpersonal relationships 
and of ‘micro’ social structures in so far as these can be 
thought of as complexes of such relationships. 

In these respects, the key concepts which Kuhn applies 
are those of transaction and organization—both defined 
in a very general way. Supplementary to these is a range 
of other concepts drawn chiefly from cybernetics, com- 
munication theory and ‘“‘systems analysis”. What, in 
effect, Kuhn achieves is to translate into his chosen 
language some sizable but mostly elementary slabs of 
the various social sciences, within the limits that have 
been noted. Inasmuch ss the translation appears for 
the most part to be reasonably accurate, this may be 
reckoned as a quite considerable intellectual feat. And, 
in one sense, Kuhn 1s in this way successful in his attempt 
to effect the unification of hitherto largely disparate 
fields of knowledge. It is much more doubtful whether a 
language of the kind in question, in which many social 
scientists will find ıt impossible to think, is likely to 
further either the development of the social sciences 
severally or of their integration at a theoretical, as 
opposed to a merely terminological, level. 

Jonn H. GOLDTHORPE 


LIBRARIANS AND READERS 


Libraries and the Organization of Knowledge 

By Jesse H. Shera. Edited and with an Introduction by 
D. J. Foskett. Pp. xix+224. (London: Crosby Loek- 
wood and Son, Ltd., 1965.) 30s. net. 


Special Library and information Services In the United 
Kingdom 

Edited by J. Burkett. Second, revised edition. Pp. 366. 

(London: The Library Association, 1965.) 60s. (L. A. 

members 45s.) 


Tams two books are in their very different ways expres- 
sions of the growing realization of the importance of 
being able to master the flood of publications which 
constitutes the record of human knowledge. In the era 
of what is called the hterature explosion, when complaints 
are heard from all sides, but particularly from the scientists 
and technologists, about the difficulty of keeping up with 
all relevant new knowledge, this is @ problem of vital 
concern to people in many fields and not just to the 
professional librarians and documentalsts. So much is 
apparent from the way in which specialists from other 
disciplines have attempted to contribute to a solution of 
the problems. But a real solution must be based on two 
things: a thorough understanding of library and informa- 
tion services as they exist, and an ability to bring fresh 
ideas to bear on them. The books by Shera and Burkott 
represent the two sides of the problem. 

Jesse Shera is one of the outstanding figures in library 
science in the United States. It was under his control 
that Western Reserve University set up a Center for 
Documentation and Communications Research and thus 
became one of the first universities to promote active 
research in scientific documentation with an emphasis on 
mechanization. Shera’s book is a collection of some 
nineteen papers, published between 1951 and 1964. The 
collection 18 diverse. Shera has fought for many worth- 
while causes ın his time: classification as a basis for all kinds 
of information retrieval, scholarship as the foundation of 


No. 5066 


library science, and many others. Other enthusiasms 
of his, such as that for the development of an adequate 
theory as the foundation of all professional practice, 
though no doubt apposite in their original context have 
not always been so happy when applied by others. But 
perhaps the most lasting impression from this volume 
is the forbidding character of Shera’s writing: his fondness 
for long words and involved sentences makes him difficult 
to follow. 

Mr. Burkett is also a teacher of librarianship, but in 
a very different tradition. His book when it first appeared 
in 1961 was something of a puzzle, because it did not 
seem to fit nto any known category. What it does is to 
give an account of the various types of special lbraries 
that exist, and describe in some detail representative 
specimens. Mr. Burkett has had the collaboration of 
many of the librarians of the libraries described, and, in this 
new edition, of his former colleague at the North-Western 
Polytechnic, Mrs. P. L. Ward. The new edition contains 
nearly twice as much material as the old. Mr. Burkett 
has also added a chapter on developments in training 
and research in librarianship. This book has already 
proved itself as a mine of information for students of 
librarianship, and also for librarians as a reference book. 
It deserves to be better known by users of libraries as 
well. Jaok BED 


ENERGY IN BRITAIN 


Coal and the Power Industries In Postwar Britain 

By E. 8. Simpson. (Longmans Geography Paperbacks.) 
Pp. xix+170. (London: Longmans, Green and Co., Ltd., 
1966.) 178. 6d. net. 


Ix his book Prof. Simpson has made good use of the 
reports of the nationalized fuel and power industries, the 
statistical digesta of the Ministry of Power, statistics 
issued by the oil industry, and other relevant documents. 
From the information so obtained he has given a balanced 
account of the changes since 1945 in the relationship 
between supply and demand of the several forms of energy 
available in Britain. He considers particularly the changes 
during the period 1950 to 1962. 

The book is divided into four main parts. In the first 
is a review of the plans for the development of the coal 
industry that were based on forecasts in 1950 and 1952 of 
the probable demands for coal over the years to 1965. 
There had been a period of shortage of fuel and demand 
for energy was increasing. In the circumstances it was 
not surprising that the plans aimed at an annual produc- 
tion of coal by 1960 of about 240 millon tons as compared 
with 217 million tons in 1950. As the author points out, 
these forecasts of demand proved to be too high. Though 
the demand for energy inoreased, the coal industry had to 
meet growing competition from oil. Total energy con- 
sumption in the country rose from the equivalent of 224 
million tons of coal in 1950 to 273 million tons in 1962, 
but the proportion met by coal fell from 90 to 70 per cent. 

In the second part there are chapters reviewing the 
position over the periods 1950 to 1953 when coal was in 
short supply for home and export demands, 1954 to 1956 
when indigenous supplies were augmented by imports of 
coal, and 1957 to 1962 when the demand for coal decreased 
and there was an accumulation of large stocks. 

There are four chapters in the third part on demands for 
coal by direct users such as domestic consumers, certain 
industries, and the railways, and for the production of 
electricity and gas, and including a chapter on oil as the 
major competitor of coal. In the fourth part, on the 
changing pattern of energy availability, there are chapters 
on the mining of coal, oil refining, and on the production 
and distribution of electricity and gas. 

The few defects in the book seem to have arisen from a 
lack of appreciation of certain technical considerations. 
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On page 69 it is said that, in the domestic market, gas 
had lost the equivalent of 1-4 mullion tons of coal per 
annum. This statement is based on the figures of the coal 
equivalents of the domestic consumption of gas of 9-9 
million tons in 1952 and 8-5 million tons in 1962 given in the 
statistical digests of the Ministry of Power. Standing alone, 
this statement may be misleading, because it does not 
take account of the fact that the decrease in coal equivalent 
was due to a change in the factor of coal equivalent used in 
the Ministry’s calculations from about 138 therms of gas 
equivalent to one ton of coal in 1952 to about 165 therms 
in 1962. In fact, as shown in another part of the book, the 
domestic consumption of gas in therms was about the same 
throughout the period. Since 1962, after the period covered 
by the book, the domestic consumption of gas has risen 
appreciably. With the recent discovery of large reserves 
of gas under the North Sea and in Yorkshire there will 
be considerable ghanges in the near future in the relative 
demands for the different forms of energy. 

In Table 29, on page 73, the figures for electricity con- 
sumption are in thousand million kWh and not millions 
as stated. In the footnote on page 91, the figure given for 
the calorific value of coal on a dry ash-free basis should be 
per pound and not per ton. On page 98, the calorific 
value of methane is given as 600 B.Th.U. per cubic foot; 
it should be about 1,000 B.Th.U. 

It would have been interesting if the author had included 
a comparison of the changes in productivity in the coal 
industry, as given in official documents, with the changes 
in the costs of production. The published figures for 
productivity quoted in the book refer to output per man- 
shift at the coal face and for all underground workers. 
On this basis the output per man-shift for underground 
workers rose by 26 per cent from 1950 to 1962, but the 
corresponding output per man-year rose by only 13 per 
cent. Over the same period, the overall wages cost per ton 
of coal produced increased by 55 per cent, but other costs 
increased by 160 per cent, so that the overall production 
cost increased by 92 per cent, that is, by a much greater 
proportion than equivalent to the rise in overall national 
prices due to inflation. 

The book is well written and is a useful review of 
energy problems in Britain between 1950 and 1962. It is 
good value. A. PARKER 


STATISTICS FOR DOCTORS 


Principles of Medical Statistics 

By Austin Bradford Hill. Highth edition. revised and 
enlarged. Pp. ix+381. (London: The Lancet, Ltd., 
1966.) 1658. net. 


In thirty years, appreciation of the vital contribution that 
statistical science can and should make to medical investi- 
gations has become general. No one has done more for 
this advance than Sir Austin Bradford Hill, and this book 
has been perhaps the single most potent influence. 

The new edition expands the discussion of clinical 
trials, especially in respect of ethical questions; umportant 
statements by the Medical Research Council and the 
World Medical Assembly are added as an appendix. The 
author has also incorporated ideas on association and 
causation which he has recently presented elsewhere, and 
which emphasize more strongly than before that experi- 
mentation ın medicine is not merely permissible but 
desirable, ethically and scientifically. They also bring out 
clearly the role of randomization in the design of a study, 
and the far greater difficulties of mterpretation which 
arise if planned experimentation is impossible or if 
randomization is neglected. 

Every medical student should read this book, and 
every clinical research worker should refer to it often. 

D. J. FINNBY 
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MONTE CARLO COMPUTING 


The Monte Carlo Method 

The Method of Statistical Trials. By N. P. Buslenko, 
D. I. Golenko, Yu. A. Shreider, I. M. Sobol’ and V. Q. 
8ragovich. Edited by Yu. A. Shreider. Translated from 
the Russian by G. J. Tee. Translation edited by D. M. 
Parkyn. (International Series of Monographs in Pure 
and Applhed Mathematica, Vol. 87.) Pp. xin+881. 
(London and New York: Pergamon Press, Ltd., 1966.) 
80s. net. 


Tum Monte Carlo method 1s a technique for estimating 
the solution, v, of a numerical mathematical problem 
by means of an artificial sampling experument. The 
estimate is a statistic the expected value of which is equal 
to z. Often the mathematical problem itself arises as a 
problem in probability. If the sampling experiment 
bears a close relationship to the original problem, then the 
method is often called the “crude Monte Carlo Method” 
or the method of simulation. 

In 1773, the naturalist Buffon, pointed out that x could 
be estimated by throwing a needle on a striped table- 
cloth. If the width of each stripe ıs equal to the length 
of the needle, the probability that the needle will touch 
more than one stripe is 2/7, so this can be estimated by 
throwing the needle a large number of times. Perhaps the 
Monte Carlo method should be called “‘Buffon’s method”. 
It has been used many times since, for example by 
Student in 1908 for discovering the distribution 
named after him. The method assumed additional 
importance with the advent of the electrome com- 
puter, and it was apparently given ite present name 
during World War IL by Fermi, von Neumann and 
Ulam. There are many problems which are too com- 
pleated to solve by conventional methods of caleu- 
lation, even on an electronic computer, and to which 
an approximate answer can be obtained on a com- 
puter with the help of a suitably constructed sampling 
experiment. Such an experiment requires the use of 
random numbers, or, more conveniently, pseudo-random 
numbers such as the digits in the decimal expansion 
of y2. 

The present book is, I think, the longest book on the 
Monte Carlo or Buffon’s method, but it is not comprehen- 
sive; there is, for example, less overlap than might have 
been expected with the book by Hammersley and Hands- 
comb. 

The chapters deal, in turn, with “Principles”, ‘Inte- 
grals”, “Neutron Physics”, “Servicing Processes”, ‘‘Com- 
munication Theory” and “Generation of Random Vari- 
ables’. The applications to communication theory are 
novel, and arise because of the occurrence of multiple 
integrals m some problems of detection of signals in 
noise. Multi-dimensional problems can sometimes be 
handled by Monte Carlo methods, even in an infinite 
number of dimensions, when classical methods are 
impracticable. 

There are naturally a number of errors or important 
omissions in what is an otherwise useful book. For 
example, on page 6, the heat-conduction equation is 
mentioned as an example of & problem that can be handled 
by Monte Carlo methods but “s not connected with the 
theory of probability’. What is overlooked here is that 
heat 18 itself based on the same kind of random walking 
of molecules that is used in its standard Monte Carlo 
solution. It is indeed possible that all laws of nature 
will ultimately be explained by means of the law of large 
numbers—I believe they will be—but the numerical 
solution of the mathematical problems will not usually be 
by direct simulation. 

The importance of testing pseudo-random numbers 
before using them is correotly pointed out but, on page 
273, the very useful “serial test’—in the binary scale it 
is the most useful test—is incorrectly defined, and a 


SUPPLEMENT tro NAT U R E or DecemBer 3, 1966 


Von. 212 
reference is given to a paper in which it was incorrectly 
used. 


There are 282 references. 

An English translation was previously published by 
Elsevier Publishing Company in 1964, but the present 
version is somewhat enlarged. The editor's name is 
misspelt on the spine. I. J. GooD 


SEQUENTIAL ANALYSIS 


Sequential Methods in Statistics 

By G. Barrie Wetherill. (Methuen’s Monographs on 

Apphed Probability and Statistics.) Pp. x+218. (London: 
ethuen and Co., Ltd.; New York: John Wiley and Sons, 

Inc., 1966.) 35s. net. 


Dr. WETHERILL’s book is a useful addition to the litera- 
ture on sequential analysis. It includes a good many of 
the results and practical applications of the subject which 
have appeared since the publication of Wald’s book in 
1947. The main theoretical results are given, together 
with the shorter proofs, while the reader is referred to other 
sources for more lengthy proofs. The remainder of each 
chapter surveys applications of the procedures proposed, 
discussing the difficulties involved and modifications which 
have been tried out. 

The first section of the book is devoted to Wald’s 
sequential probability ratio test since it allows general 
concepts to be illustrated and also some relatively simple 
resulta to be obtained. There is then an outline of the 
principles of decision theory with particular reference 
to ther use for deciding between sequential proce- 
dures. The following chapter considers one of the 
more thorny problems of sequential methods, namely, 
the question of estimation. The number of observa- 
tions in a sequential procedure is determined randomly 
and the argument, which is in essence philosophical, 
revolves around the question of whether to take this 
randomness of sample size into account. Dr. Wetherill 
presents the various opposing points of view clearly 
and fairly. 

Apart from a short account of two-stage sequential 
plans, the rest of the book is concerned with sequential 
solutions of problems contaming an element of search. 
These include stochastic approximation methods, 
procedures for finding maxima on response surfaces, 
estimation of parameters of quantal response curves 
and methods for selecting the best of a group of popu- 
lations. 

The book is clearly and concisely written and is amply 
provided with references. J. W. THOMPSON 


NUMERICAL ANALYSIS 


Theoretical Numerical Analysis 

By Burton Wendroff. Pp. xi +239. (New York: Academie 
Press, Inc.; London: Academic Press, Inc. (London), 
Ltd., 1966.) 88s. 


THE author’s am is said to be ‘‘to present numerical 
analysis as a legitimate branch of mathematics, deserving 
attention from mature mathematicians and students 
alike”. It seems to me that the author does not achieve 
this aim, for several reasons: (1) His idea of “legitimate 
mathematics” is far too narrow and appears to exclude 
statistical mathematics and even the highly effective 
theory of vector spaces—in fact, he confines himself to 
classical analytical methods, which are often clumsy and 
sometimes irrelevant. (ii) His subject hardly deserves the 
title numerical analysis, at least for the first three chap- 
ters; he concentrates solely on truncation error, and 
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almost ignores the more important rounding error. In 
fact, polynomial approximation would be a better descrip- 
tion of his subject in these chapters. (ii) “Stability” 15 a 
name given to certain operators and methods and seems 
largely detached from any reference to computational 
difficulty or rounding error. (1v) Most of his chapters are 
too short to do justice to any part of the subject, though 
the preface warns of this. 

Having said this, it is fair to say that the book contains 
a considerable amount of interesting subject matter, 
even though presentation in the standard manner of 
formal mathematical analysis often seems long-winded 
and stodgy. 

The five chapters deal with (1) “Interpolation and 
Quadrature”, (2) “Approximation”, (8) “Ordinary Dif- 
ferential Equations”, (4) “Solution of Equations”, and 
(5) ‘Partial Differential Equations”. In the chapter on 
approximation, it is interesting to see Bernstein poly- 
nomials used to give a constructive proof of Weierstrass’s 
theorem, though, on the whole, the theory seems to 
demonstrate the practical ineffectiveness of these poly- 
nomials. It is also salutary to find Faber’s theorem on the 
possibility of findmg a function to defeat any prescribed 
array of interpolation points. 

There are 58 items in the list of references (which would 
have been better in alphabetical order), but the docu- 
mentation seems to leave something to be desired. 
Hermite interpolation and the Hilbert matrix appear in 
rather unfamiliar form, and particular references would 
be interesting. 

This book will be of interest to numerical analysts 
with an active mathematical conscience. 

J.C. P. Moimr 


Physical 


ANALYSIS OF GRAVITY 


Gravity Anomalies: Unsurveyed Areas 

Edited by Hyman Orln. (Papers presented at the 
Symposium at Ohio State University, Columbus, Nov. 
18-20, 1964.) (Geophysical Monograph Series, No. 9.) 
Pp. xii+142. (Washington, D.C.: American Geo- 
physical Union of the National Academy of Sciences— 
National Research Council, 1966.) $7. 


Tae book consists of 17 papers at a symposium, together 
with chairmen’s introductions, adapted to form a Fest- 
schrift for Professor Heiskanen on his retirement. 

A map given by Uotila on pp. 4-5 shows the extent of 
the unsurveyed areas, which include most of Siberia, 
China, and the South Pacific. The papers are mainly 
concerned with new methods of observation and methods 
of interpolation across such regions, but also with smaller 
regions where gravity is known at a few stations and an 
average is wanted over the region. Many pendulum obser- 
vations have been made in submarines but, as time has 
gone on, systematic errors have appeared, and not all are 
yet explained. Gravimeters have recently been used on 
surface ships and aeroplanes with some success, but 
Caputo thinks that so far the best we can say is that 80 
per cent are within 10 mgal of the true values. Woollard 
and Strange give an interesting comparison of inter- 
polated and observed values, taking account of height. 
In one case, using points 450 km apart, they get errors as 
great as 33 mgal. When they use one intermediate point 
these come down to 5 mgal. In another, with control 
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POCKET DICTIONARY 


Concise Russian-English Scientific Dictionary for Stud- 
ents and Research Workers 

By Alexander Blum. (The Commonwealth and Inter- 
national Library. Pergamon Oxford Russian Series.) 
Pp. ix+122. (London and New York: Pergamon Press, 
Ltd., 1965.) 12s. 6d. net. 

Tus is a handy pocket-size paperback volume fully justify- 
ing the qualification of concise. The opposite to “concise” 
is “full”. A dictionary fully covering five sciences 
can be expected to contain 50,000 terms, but this is said 
to contain merely 3,250. The dictionary proper, arranged 
in double columns, extends from page 1 to page 84. To 
economize in space, abbreviations are used extensively. 
Especially valuable are the perfective and imperfective 
forms of the Russian verbs. No less valuable are the three 
appendixes dealing with summary of grammatical forms 
(pp. 87-105), common abbreviations (pp. 1098-115) and 
bibliography, manuals, dictionaries and encyclopaedias 
(pp. 119-122). 

In spite of its limitations this book may prove to be of 
great value to those who, with only a slight knowledge of 
the Russian language, wish to read a Russian scientific 
book or article. By way of criticiam one might 
that the Russian alphabet, printed on the back of the 
front cover, should be provided with English phonetic 
equivalents, and that the dictionary should contain more 
verbs and adjectives and fewer nouns. A small dictionary 
must obviously be selective, but the selection here seems, 
at times, to be purely arbitrary. For example, we find 
‘quartz’ but not ‘feldspar’ and ‘granite’ but not ‘basalt’. 

8. I. TOMKEIEFF 


Sclence 


points at 150 kn, residuals range from — 72 to +23 mgal; 
taking account of the geology brings the range down to 
— 43 to +22 mgal. With control points at 50 km, these 
almost disappear for one region but remain serious for 
another. 

Analysis of orbits of artificial satellites has given 
valuable information on the widespread variations, repre- 
sentable by the spherical harmonics up to the fourth 
degree. Kaula gives two maps of the elevations of the 
equipotential surfaces, one based on analysis of gravity 
and the other on satellites. They agree on depressions 
approaching 80 m over the North Atlantic and Central 
Asia; but m the Southern Hemisphere gravity leads to 
big elevations near Easter Island and Madagascar, of 
which the satellites show no sign. This is presumably 
due to scarcity of southern observations of gravity; the 
satellite results should be rehable. It looks as if it will be 
many years before the gravity data will give an effective 
supplement for the low harmonics. But all inequalities of 
the level surfaces give deflexions of the vertical and will 
affect determinations of the Earth’s equatorial radius. 
(The uncertainty of this is given (p. 142) as 0:15 m !) 
It appears that those due to the low harmonics can be 
well allowed for now, and a modification of Stokes’s 
formule that omits them will allow for most of the local 
effects near survey lines. A different modification is 
proposed by de Graaff Hunter. 

There are several papera dealing with gravity reduc- 
tions. Some of them still use methods of adapting gravity 
to an internal surface by displacements of matter. These 
seem to be useless complications, and it now appears that 
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the so-called indirect effect consista of two parts, one of 
which is entirely due to these displacements. 

Isostasy is still over-emphasized. It has been known 
since about 1913 that it ordinarily leaves residuals far 
larger than the errors of observation; later work has fully 
confirmed this and also found regions where the residuals, 
on any isostatic model, are ten times greater still. At best 
1t is & rough approximation with some flagrant exceptions. 
Glennie started a method that treats the form of the 
interface as an unknown to be found. As a supplement to 
explosion seismology it has given important results in 
American waters and in Russia. H. JEFFREYS 


STELLAR STRUCTURE 


Stellar Structure 

Edited by Lawrence H. Aller and Dean B. MoLaughlin. 
(Stars and Stellar Systems, Vol. 8.) Pp. xx+648+10 
plates. (Chicago and London: University of Chicago 
Press, 1966.) $17.50; 1268. 


Tars volume of the Compendium of Astronomy and 
Astrophysics has been eagerly awaited. There are rela- 
tively few books on stellar structure, and in a rapidly 
developing field a comprehensive review of the subject is 
most welcome in spite of the inevitably long delays in 
publication. 

The book consists of eleven articles on different facets 
of the problem of stellar structure, each wmtten by an 
author or authors actively engaged in the subject. Abso- 
lutely vital to any study of stellar structure is a knowledge 
of the elemental abundances, and the cross-sections for 
thermonuclear reactions and radiative absorption of the 
material. It is therefore fitting that the first three chap- 
tera, which are also the longest in the book, should deal 
with these topics. The first chapter is devoted to the 
origin of the chemical elements and deals with the various 
nuclear reactions which affect abundances, the variation 
of abundances from star to star, and the relation of the 
abundances of the elementa to the age of astronomical 
objects. The second discusses stellar energy sources and 
gives in some detail the theory of thermonuclear reactions 
involving light nuclei. A most valuable part of this con- 
tribution is the extensive tabulation of rate coefficient 
parameters and the nuclear energy level diagrams, 
although the data are not completely free from error. The 
third chapter deals with stellar absorption coefficients and 
opacities, and includes a comprehensive review of previous 
work, but the presentation of the results and the methods 
as two separate historical sequences seems awkward. The 
results of new calculations by the author for a number of 
astrophysical mixtures are given, together with an 
analysis of the effects of line absorption on opacity. 

The next two chapters, both of which are shorter than 
might have been expected, are devoted to models of main 
sequence stars and sub-dwarfs and to the theory of white 
dwarfs. The results of model calculations of main sequence 
and sub-dwarf stars are presented, while the direct 
concern in the treatment of white dwarfs is the physics of 
the problem. Conspicuously absent in both these chap- 
ters are discussions and details of the methods of model 
construction. 

There follow chapters dealing with novae, supernovae, 
various aspects of the internal dynamics of stars (including 
a substantial and detailed treatment of the more general 
problem of stellar stability) and with stellar evolution and 
age determinations. 

Perhaps the least satisfactory part of the volume is the 
combined preface and introduction, to which is relegated 
a brief statement of the basic equations and problems of 
stellar structure. Nevertheless, in spite of its short- 
comings, the book will serve, both directly and indirectly, 
as a valuable reference to the many aspects of the subject. 

T. R. Canson 
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DUST EVERYWHERE 
Particles in the Atmosphere and Space 
By Richard D. Cadle. Pp. vii+226. (New York: 


Reinhold Publishing Corporation; London: Chapman and 
Hall, Ltd., 1966.) 80s. 


Tus work is a survey of what is known about the many 
different small particles to be found throughout the 
universe. The treatment is largely descriptive and covers 
particles whose sizes lie between 0:05 micron and 1] om, 
and ranges from the lower troposphere to interstellar 
space. The author describes the nature, mode of forma- 
tion and effects of the atmospheric particles originating 
from the oceans, forest fires, dust storms, volcanoes and 
meteoritic dust. Much space is devoted to air pollution 
and cloud physics and there is a detailed chapter on radio- 
active fallout. Dr. Cadle is most at home in the atmosphere 
of the Earth, for the astronomical chapters which follow 
are somewhat sketchy and the references quoted are not 
always the most recent. 

The book is well printed and adequately illustrated and 
indexed. There are few misprints, but the photographs 
of noctilucent clouds on page 76 have been printed upside 
down. A minor defect is the mixture of units employed; 
on two successive pages of text there are used feet, miles 
and kilometres, cubio centimetres and cubic yards, and 
acres. Each chapter ends with a copious list of references, 
making the book a useful source of information on a wide 
range of topics. M. F. Ineuam 


EXPERIMENTS IN SPACE 


Scientific Experiments for Manned Orbital Flight 
Edited by Peter C. Badgley. (American Astronautical 
Society Science and Technology Series, Vol. 4.) Pp. 
xiv+358. (Baltimore, Md.: American Astronautics] 
Society, 1965. Distributed by Western Periodicals Co., 
North Hollywood, California.) $14.26. 


Tus book contains a selection of the papers presented at 
the Third Goddard Memorial Symposium on ‘Scientific 
Experiments for Manned Orbital Flight”? held in March, 
1966, in Washington, D.C. The purpose was to discuss the 
scientific aims and potential value of manned orbital 
flight. The first paper by the Deputy Administrator, 
United States National Aeronautics and Space Adminis- 
tration, the late Hugh L. Dryden, summarizes the oppor- 
tunities and procedures for American and international 
participation in the scientific programme of NASA 
manned space flights. He emphasizes the large number of 
scientific experiments which it will be possible to carry out 
in the extended Apollo and later programmes. 

Approximately two-thirds of the book is taken up by 
ten papers which deal with the uses of various types of 
remote sensors, particularly infra-red, in the determination 
of certain characteristics of the surface of the Earth from 
an orbital vehicle. They vary in content from the deserip- 
tion and the results of tests of apparatus which record 
infra-red responses to the interpretation of infra-red and 
radar returns. Of particular interest is a paper by 
Colwell and Shay in which they describe recent experi- 
mental evaluations of reading the energy emitted and 
reflected from the ground in analysing the type, growth 
and health of crops and forests. It is difficult, however, to 
understand the relevance of the papers to the subject of 
manned orbital flight because most of the sensors can be 
operated remotely. 

In a concise paper, Singer advances the thesis that a 
manned space vehicle provides an economical method for 
investigating the value of satellite meteorology. Trombka, 
Gill and Lewyn of NASA recount the lessons learnt from 
Mercury and early Gemini spaces flight concerning the 
flexibility which human beings bring to experiments 
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borne by satellites. Some of the basic physical, biological 
and physiological experiments which can be carried out in 
earth orbiting spacecraft are discussed, as is the poten- 
tiality of manned spacecraft in astronomical and terrestrial 
communications. 

The papers collected together in this book will appeal 
only to a amall group of readers, and particularly to those 
interested in remote infra-red sensing. There is no syste- 
matic treatment of the possibilities of scientifio experi- 
mentation in manned orbital flight. The quality of many 
of the illustrations, particularly the photographs, is poor 
and there is a lack of uniformity in the preparation of the 
text. J. ERN8TING 


WATER IN THE SKY 


The Hydrologic Cycle In the Atmosphere 

By O. A. Drozdov and A. 8. Grigor’eva. Translated from 
the Russian by I. Shechtman. Translation edited by 
R. Hardin. Pp. vi+282. (Jerusalem: Israel Program for 
Scientific Translations; London: Oldbourne Press, 1965.) 
108s. 


Tas translation is an suthoritative digest of much 
Russian work on moisture and moisture transport in the 
atmosphere. The emphasis is geographical rather than 
geophysical, climatological rather than meteorological, and 
largely devoted to the territory of the U.S.8.R. The title 
would lead one to expect a discussion of the theory of 
evaporation, of the general circulation of atmospheric 
moisture, and of the dynamical mechanisms for conden- 
sation and precipitation, but these do not appear although 
some Russian contributions in these fields are outstanding. 
Attention is by contrast directed to such questions as the 
statistical relationship between precipitation and atmo- 
spheric humidity and the contribution made by local 
evaporation to local precipitation—questions which seem 
to be less relevant the more the geophysics is understood. 
The most valuable chapter is perhaps that on moisture 
flux in the atmosphere, which includes reference to im- 
portant work in America and Britain. The chapter on 
macro-turbulent exchange is also notable as introducing 
important ideas due to Obukhov, Monin and Yudin. 

On the whole, the book has no great novelty, but one 
must be grateful to the authors for making a survey with 
almost 300 references, and to the publishers for providing 
a translation which will find a permanent place in the 
literature even if its interest is mainly historical. With 
the International Hydrological Decade upon us, and many 
new workers and new countries entering the field, this 
survey monograph of Russian work is particularly 


opportune. R. C. Suronirrs 
ATOMIC COLLISIONS 

The Theory of Atomic Collisions 

By Nevill Mott and Harrie Massey. (The International 


Series of Monographs on Physics.) Pp. xxii+ 858. 
(Oxford: Clarendon Press; London: Oxford University 
Press, 1965.) 120s. net. 


It is now more than thirty years since the appearance of 
the first edition of the Theory of Atomic Collisions, by 
N. F. Mott and H. 8. W. Massey. The work quokly 
became established as one of the classics of quantum 
mechanics and, for several generations of research workers 
on the quantum theory of scattering, it has been both the 
book from which they learned their craft and an indispens- 
able reference work. There can be few fields in theoretical 
physics in which more effort has been expended over the 

ast thirty years than in the quantum theory of scattering. 

t18 all the more a tribute to Mott and Massey’s book that 
it hag throughout this period remained the standard 
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treatise on the subject. Inevitably, the subject has 
expanded hugely since 1933; a measure of this growth is 
the fact that the 300 pages of the first edition, increased. 
to 388 pages ın the second, have now in the third edition 
grown to no fewer than 858 pages. Clearly, then, this 
edition may be regarded in some respects as a new book, 
but it is striking how well the general spirit and approach 
of the earlier work have been preserved. Indeed, on certain 
fundamental topics the orginal treatment survives with 
undiminished clarity. 

It will perhaps be helpful to give some general idea of 
the plan of the new edition and of the conmderable extent 
to which it goes beyond the scope of the second edition. 
The first ten chapters of the book, extending over nearly 
300 pages, are devoted to a treatment of single particle 
scattering in all its aspecte. There are some important 
and valuable new chapters here, in particular those on 
variational methods, on analyticity properties and the 
S-matrix, and on non-local and absorptive interactions. 
The next five chapters extend the general treatment first 
to two body collisions and then to many body collisions. 
These chapters also contain a great deal of new material 
such as the treatment of nucleon-nucleon collisions in 
Chapter XI and of the impulse approximation and 
multiple scattermg effects. A two-state approximation 
to the general collision problem is developed in Chapter 
XII and thereafter the generalized S-matnx treatment is 
described. There follow five chapters dealing with appli- 
cations of collision theory—four on atomic collisions and 
one on nuclear collisions. As the authors state, the treat- 
ment of applications is not comprehensive but, especially 
with regard to atomic collisions, it is remarkably full and 
gives an excellent picture of the progress ın this field during 
the past 10 or 15 years. As in the previous edition, the 
last two chapters of the book are devoted to the time- 
dependent perturbation theory approach to collision 
problems and to ® semi-classical treatment of some 
radiative problems. 

From this summary it will be clear that the new edition 
of Mott and Massey covers a vast amount of ground. It 
does this with a clarity of expression and a uniformity of 
treatment which ere not always found in works of such an 
encyclopaedic character. In encompassing so much of 
the recent expansion of collision theory the authors reveal 
their long mastery of the subject. In particular, the bias 
of the book towards the description of the best methods 
that can be applied to the important problems of atomic 
and molecular scattering is not surprising in view of the 
important contributions made over the years to this 
subject by Professor Sir Harrie Massey and his collabor- 
ators. However, the book will be equally valuable to 
those primarily interested in nuclear collision problems 
and it also contains excellent discussions of many of the 
analytical problems of collision theory. 

In conclusion, this must be reckoned as a most successful 
further edition of a book that has already established a 
great reputation. Although in recent years other texts 
have appeared which give excellent treatments of certain 
aspects of collision theory, the new edition undoubtedly 
provides a more complete discussion of the whole subject 
than can be found elsewhere. J. C. GUNN 


ATOMIC PHYSICS 


Atomic and Nuclear Physics 

By Derek L. Livesey. Pp. xi +525. Solution to Problems 
in “Atomic and Nuclear Physics”. Pp. 91. (Waltham, 
Mass., and London: Blaisdell Publishing Company, a 
Division of Ginn and Company, 1966.) $10.50. 

Ir is the professed aim of this book to cover the field of 
atomic and nuclear physics at the senior undergraduate 
level. Thus it tries to tread the narrow path of a treat- 
ment that is neither introductory nor advanced, and it 
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cannot be said that it entirely succeeds in this aim. The 
first six chapters, which cover the kinetic theory, the 
motion of electrons, electromagnetic radiation and the 
theory of relativity, are ın fact quite suitable for an mntro- 
ductory course, and the treatment here is not very 
different from that of the innumerable other books at 
that level. It skates over the difficulties of deriving 
Maxwell’s distribution and is definitely musleading on 
Bragg’s law. On the credit side, there is a very good 
section on the motion of charged particles ın electric and 
magnetic fields, there are no pictures of concentric circles 
to desoribe the Bohr theory, and there 1s a good discussion 
on how not to take too seriously the idea of standing 
de Broglie waves in the hydrogen atom. 

Then suddenly the book changes gear and plunges into 
quantum mechanics. ‘There is a sharp discontinuity in 
mathematical sophistication and within a few pages the 
student, who until then has had to deal with nothing 
more troublesome than differentiation, 1s expected to 
know about Fourier integrals, Hamiltonian mechanics, 
partial differential equations and matrix algebra. Not 
only is this out of keeping with what went before, it is 
out of keeping with what comes after, for the last three 
chapters, on the solid state, the nucleus and elementary 
particles, are largely descriptive. 

The simple fact is that the author has attempted to 
put three separate books between the covers of one and 
that ın consequence no single topic receives adequate 
treatment. The hst of subjects touched, mentioned or 
merely hinted at in the last three chapters is extremely 
comprehensive, but few of them are really compre- 
hensible. At times, for example in the treatment of 
nuclear models, one wonders whether the author himself 
is fully aware of the subtle difficulties that underlie the 
theory. Further, valuable space is devoted to matters 
which are now largely of historical interest. Why is it 
that so many authors treat atomic and nuclear physics 
from a historical point of view? We find positive rays, 
natural radioactive series, the Bohr theory for complex 
atoms, full details of Chadwick’s work on the discovery 
of the neutron and many other venerable topics. No 
wonder that there is room for only just over one page 
on the Mossbauer effect, and only ten lines on lasers. 

The book has a large number of problems which, 
according to the preface, form an mtegral part of the 
course. However, most of them involve little more than 
putting numbers into formulae, and while they may give 
a feeling for magnitudes, they do little to encourage 
thought and promote physical understanding. Each 
chapter ends with a reading list, the scope of which 
stretches from the popular to the very advanced. 

L. R. B. ELTON 


QUANTUM MECHANICS 


Quantum Mechanics 

By A. A. Sokolov, Y. M. Loskutov and I. M. Ternov. 
Translated by Scripta Technica, Inc. Pp. xix+ 537. 
(New York and London: Holt, Rinehart and Winston, 
Ino., 1966.) 888. 


Taas is a text-book of quantum mechanics at introductory 
level which lays heavy emphasis on the physical content 
of quantal phenomena. The selection of the material is 
along predictable lines and orientated towards the atomic 
and molecular structure side of the subject. The formal 
mathematical apparatus is kept in the background as far 
as possible, and the authors do not hesitate to appeal to 
plausibility arguments when dealing with such recondite 
effecte as the Lamb shift or the non-conservation of parity 
in the weak decays of baryons. This book would be very 
valuable as an aid to courses on quantum mechanics in 
the first and second years of the English University 
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Curriculum. It is unfortunate that the English edition 
suffers from a number of annoying defects, of which the 
most important is the high price; 88s. is too much for a 
book which, though well bound, is not set in type. The 
editing is also sloppy. I doubt that the Russian original 
subsumed the theory of the helium atom, neglecting spin, 
the optical spectra of alkali metals and Mendeleyev’s 
periodic system under ‘Relativistic Quantum Mechanics”’. 
The American editor has also added two appendixes on 
Hulbert Space and Transformation Theory and the Statisti- 
cal Assertions of Quantum Mechanics. These are abstract, 
formal, condensed and totally inaccessible to the student 
for whom this book is meant. There are also too many 
annoying errors of spelling such as Block for Bloch. 
The problems are valuable. S. Zomwav 


MORE QUANTUM MECHANICS 


Quantum Mechanics 

Non-Relativistic Theory. By L. D. Landau and E. M. 
Lifshitz. Translated from the Russian by J. B. Sykes 
and J. 8. Bell. Second edition, revised and enlarged. 
(Course of Theoretical Physics, Vol. 3.) Pp. xiii+ 616. 
(London and New York: Pergamon Press, Ltd., 1968.) 
100s. net. 


Tæ first English edition of this book was published m 
1959 and has come to be regarded as one of the standard 
texte in the field of quantum mechanics. It was reviewed 
favourably in Nature (183, 705; 1959) by Prof. N. 
Kemmer, who recommended it for the “serious student of 
theoretical physics’. Indeed it is not a book to be taken 
lightly, despite its clarity of presentation, and for this 
reason has rarely been recommended as a text for under- 
graduate courses. One notable feature of the book is 
the amount of space devoted to molecular physics and 
atomic collision theory, but this undoubtedly stemmed 
from the delay of ten years between the Russian edition 
and its translation into English. 

The new second edition does not suffer from this delay, 
and the time for translation has been reduced to approxi- 
mately one year. Style and presentation are essentially 
unchanged, but much revision and addition has led to a 
20 per cent increase of size—which is most reasonably 
reflected in the increase of price. The principal additions 
are the sections on “Addition of Angular Momenta” and 
“Nuclear Structure’. The first of these is an enlargement 
of a subsection of the first edition. The second is at a com- 
paratively elementary level, containing discussions on 
isotopic spin, nuclear forces, the shell model, and hyperfine 
structure of atomic and molecular energy levels. 

The section on “The Theory of Elastic Collisions” has 
been considerably rearranged and brought up to date. 
One new feature is the discussion of unitarity (conserva- 
tion of probability) and the restrictions which it imposes 
on scattering amplitudes, leading to a general derivation 
of the optical theorem. The analytical properties of 
scattering amplitudes and the dispersion relations which 
they satisfy are also briefly dealt with. The subsection on 
resonance scattering now extends to an all too brief 
mention of ‘effective range” theory. Finally, there 1s a 
subsection on the generalization of the theory to allow 
for spin-orbit forces in the scattering proceas. 

The chief fault of this book is the lack of contemporary 
ideas both in content and presentation. There is still no 
mention or use of the Dirac bra and ket notation, now 
widely used, especially in elementary particle physics. 
Even in potential scattering, in which this book is particu- 
larly good, there is no mention of the work of Regge in 
the complex angular momentum plane. This, together 
with some clumsy expressions, makes the book less palatable 
to me. It is to be hoped that Volume 4 of this series on 
“Relativistic Quantum Mechanics”, which is promised 
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by the publishers at the end of 1966, does not suffer from 
these faults. L. L. J. Vror 


S-MATRIX PRIMER 


Contributions to the Theory of Weak and Strong Inter- 
actions of Elementary Particles 

Edited by V. B. Berestetskii. Translated from the Russian. 

(Lectures read at the Spring School of Theoretical and 

Experimental Physics, Nor-Amberd, 3-14 April, 1961.) 

Pp. vi+170. (Jerusalem: Israel Program for Scientific 

Translations; London: Oldbourne Press, 1965.) 72s. 


Ir would seem profitless to translate a book in a rapidly 
changing field of physics five years after its publication 
and especially when it is a collection of lecture notes by 
different authors. The excuse for such notes is that they 
make up in topicality what they lack in cohesion and 
careful exposition. These lectures, however, given at 
Nor-Amberd in 1961, are good enough to preclude any 
such simple conclusion. While the few which are mainly 
concerned with symmetry properties of elementary par- 
ticles have been overtaken by ideas such as SU3 sym- 
metry and the Cabibbo theory, the core of the book forms 
a primer on S-matrix theory which still has value. 

The lectures give a concise connected discussion of the 
use of dispersion relations and unitarity in elementary 
particle dynamics, from the Kramers—-Kronig theory of 
photon scattering to applications of the Mandelstam 
representation. ‘The emphasis is on the mathematical 
techniques rather than the deep physical ideas and 
approximations; the exposition is generally clear through- 
out, but I found the lectures by Gribov and ter Martiro- 
syan particularly good. The drawbacks of antiquity 
appear here too: Regge poles are not mentioned, but the 
omission is not as serious as it may sound in that there 
are several books available complementary to these 
lectures; the reader will have to find them himself, 
however, for the references have not been brought up 
to date. 

With these reservations, the book can be recommended 
to theoretical research students as an introduction to 
“first generation” S-matrix theory. The translation by 
Zvi Lerman is crisp, though not always idiomatic. The 
price is in line with current trends but includes a hard 
cover. Hues BURKHARDT 


MECHANICS, CLASSICAL AND 
QUANTUM 


Classical Mechanics, Quantum Mechanics, Fleld Theory 
(Pure and Applied Physics: a Series of Monographs and 
Textbooks.) By Amnon Katz. Pp. x+207. (New 
York: Academic Press, Inc. ; London: Academic Press, 
Ino. (London), Ltd., 1965.) 680s. 


Taas book is the twenty-second in a series of monographs 
and text-books. Its four chapters lead from classical 
mechanics through quantum mechanics, including many 
particle systems, to the elements of relativistic 
theory. The emphasis is on a unified approach to classical 
and quantum physics, the passage from one to the other 
being through action principles and functional integration. 
Inevitably there is a certain loss of rigour in manipulation 
of the integrals, but apart from this the exposition is clear 
and well set out and provides a good overall picture of the 
subject matter. 

This is not a book to be used on its own by the beginner 
in quantum mechanics. The approach is useful as a 
unification but is both conceptually and notationally too 
complex for the average novice. There are few standard 
examples worked and none left as exercises. The hydrogen 
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atom and harmonic oscillator are ignored. In conjunction 
with the standard text, however, or used by those with a 
working knowledge of the basic material of classical and 
quantum mechanics, this book could provide a valuable 
insight mto the relationship between the two systems. 
Davin HARDING 


NUCLEAR STRUCTURE 


Nuclear Structure Study with Neutrons 

Edited by M. Néve de Mévergnies, P. Van Assche and 
J. Vervier. (Proceedings of the International Conference 
on the Study of Nuclear Structure with Neutrons, Ant- 
werp, 19-23 July 1965.) Pp. vi+6588. (Amsterdam: 
North-Holland Publshing Company, 1966.) 120s. 


ArT @ recent conference, it was estimated that both the 
number of active physicists and their publications are 
increasing exponentially with a trme-constant of 17 years. 
Presumably conferences themselves will follow a similar 
law. The number of conferences on nuclear physics in 
the past decade has increased significantly with a marked 
tendency towards specialization. 

This volume, which covers the proceedings of one such 
specialist conference, includes papers by invited speakers 
and by rapporteurs, together with abstracts of the many 
contributed papers. Seven sessions are reported under 
the headings—nuclear models and the neutron—nucleon 
interaction; nuclear spectroscopy; neutron resonances and 
strength functions; intermediate structure and the statis- 
tical model; neutron capture mechanisms and photo- 
neutron reactions; optical model; special topics. The 
invited papers and the rapporteurs’ accounts are authorita- 
tive and of current interest. Throughout, one is impressed 
by the quality of the experimental data being produced 
by time-of-flight neutron spectroscopy, large volume 
germanium—lithium y-detectors, polarized neutron sources, 
etc., and on the theoretical side by the continuing success 
of nuclear models, ever more sophisticated. The whole 
adds up to a wide coverage of neutron physics and this 
book must be of interest to all nuclear physicists, not just 
those concerned with neutrons. 

The abstracts of the contributed papers are only 
partially grouped according to subject, which is unfortun- 
ate because there is no index. One criticiam of editorial 
policy is that to save space only abstracts of the few short 
contributions actually read at the conference are given 
in the main text. As a result the value of the discussion, 
given verbatim, is reduced. For those interested, full 
details of all the short contributions are available in a 
separate publication, EANDC-45-8, in two volumes. 

J. M. CALVERT 


INTERNAL CONVERSION 


Interna] Conversion Processes 

(Including the Proceedings of the International Confer- 
ence on the Internal Conversion Process, May 10-13, 
1965, Vanderbilt University, Nashville, Tennessee.) 
Edited by Joseph H. Hamilton. Pp. xxv+669. (New 
York: Academic Press, Inc.; London: Academic Press, 
Inc. (London), Ltd., 1966.) 180s. 


Taxis book consists largely of the proceedings of a confer- 
ence on internal conversion processes held in Nashville, 
Tennessee, in 1965, and as such conference proceedings 
go it ig well produced. Contributors have been allowed 
enough space to make an adequate report of their work, 
and the invited review papers preceding the various 
sessions are extremely useful. However, no doubt realizing 
the rather limited value such proceedings usually have, the 
conference organizers or perhaps the editor have included 
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a historical introduction on the subject and introductory 
chapters on the theory (by Prof. M. E. Rose) and on the 
various experimental techniques involved. These should 
help a great deal to enable specialists in other fields of 
nuclear physics to assess the relevance for them of the 
large volume of work which appears in the proceedings 
of the conference. 

Indeed it is arguable that the result would have been 
even better if these earlier chapters could possibly have 
been extended from their present 73 pages out of 669. 

The book is completed by appendixes giving tables and 
graphs of various theoretical quantities important in this 
field. G. N. FOWLER 


ELECTRONS IN SOLIDS 


Optical Properties and Electronic Structure of Metals 
and Alloys 

Edited by F. Abelés. (Proceedings of the International 

Colloquium, held at Pars, 13-16 September, 1965.) Pp. 

ix+643. (Amsterdam: North-Holland Publishing Com- 

pany, 1966.) 120s. 


EXPERIMENTAL and theoretical work on band structures 
and Fermi surfaces has now reached the stage at which 
realistic models can be used in the interpretation of 
metallic properties. This volume reviews recent work in 
the field of optical properties, covering investigations in 
transition and non-transition metals, rare-earth metals, 
liquid metals, superconductors and alloy systems. Con- 
sideration is also given to magneto-optical and photo- 
emission techniques and to the additional information 
they yield about band structures. There is also a section 
on optical plasma effects. The impression derived from 
this book ıs of & rapidly expanding and powerful tech- 
nique for the study of metals; and the introductory papers 
of the conference justify, but only at the postgraduate 
level, the claim that this book could be used as a text- 
book on the subject of optical properties of metals. 
A. D. C. Grassre 


ALLOY PHASES 


Alloy Phase Equilibria 
By A. Prince. Pp, xi+290, (Amsterdam, London and 
New York: Elsevier Publishing Company, 1966.) 170s. 


Despirn the revolution in the teaching of metallurgy 
during the past twenty or so years, the study of phase 
equilibria in alloy systems must remain a central topic in 
metallurgy curricula. The recent publication of several 
excellent texts on the topic supports this view and the 
present volume is a valuable addition. Most of the book 
is devoted to binary and ternary equilibria, and includes 
some reference to non-equilibrium states, and the final 
chapter introduces quaternary diagrams. Commendable 
features include the introduction to thermodynamics given 
in the first two chapters and the chapter describing the 
recent work of Palatnik and Landau on the application of 
topo-analytical methods to the study of phase diagrams. 
Although it is to some extent regrettable that no mention 
is made of the experimental methods used in studying 
phase equilibria, the text as a whole 1s clear and authori- 
tative and reflects the author’s enthusiasm for his subject. 
It is profusely illustrated with excellent line drawings and 
there are several references to specific alloy systems which 
illustrate various phase reactions. 

The price of the book is likely to preclude its introduc- 
tion into “essential book lists” for undergraduates, but it 
is to be recommended as a standard text for all metal- 
lurgical libraries and for postgraduates and others working 
on alloy phase relationships. D. Lioyp THOMAS 
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MOLECULAR ORBITALS 


Introduction of Molecular-Orbital Theory 
By Arno Liberles. Pp.ix+198. (New York and London: 
Holt, Rinehart and Winston, Inc., 1966.) 48s. 


Ir is nowadays widely accepted that every student of 
chemistry should be introduced during his second uni- 
versity year, if not earlier, to those aspects of quantum 
theory which are indispensable to an understanding of 
valency and the electronic structure of molecules. Such a 
student may be assumed to have some familiarity with the 
elements of atomic physics up to, say, the experimental 
background of the Schrödinger equation and the replace- 
ment of Bohr orbits by atomic orbitals. He would also be 
familiar, probably from his schooldays, with the notions of 
momentum, kinetic energy, sine waves and simultaneous 
equations, and will very likely have taken a year of 
university mathematics as a subsidiary subject. 

Professor Liberles assumes that his students are ignorant 
of all this and reviews classical physics in four pages, the 
wave-particle dualism in two, and the theory of the atom 
in thirteen. He “develops” the Schrédinger equation (an 
important feature of the book, it is claimed) and then 
gives a naive but excessively long treatment of some 
simple solutions, taking perhaps a page to rearrange a 
simple equation but avoiding the points that students 
usually find difficult. Armed with a bare statement of the 
forms of the ls, 2s and 2pz orbitals, the reader meets 
H&ckel molecular orbital theory on page 65 and the rest 
of the book is concerned with applications to conjugated 
molecules. 

The quality of the exposition may be judged from 
excerpts such as this: ‘What is usually done is to select 
an eigenfunction arbitrarily and to assume that this is a 
solution of the Schrodinger equation. Then, using this 
function, it is possible to obtain eigenvalues”. There is 
also this description of the chemical bond: ‘The bonds 
holding the atoms together in a molecule are molecular 
eigenfunctions composed of atomic eigenfunctions’. Any 
teacher with a serious concern for his students will recoil 
from this garbled and damaging account of the subject. 
The text abounds not only in misleading statements and 
muddled scraps of jargon, but also in mistakes and 
omissions, bogus proofs and out-of-date material. The 
publication of this book could serve two useful purposes: 
it could provide students with a target for sharpening their 
own oritical skills; and it might induce somebody to write 
a better one. R. MoWEENY 


KINETIC THEORY 


Kinetic Theory of Gases 

By Walter Kauzmann. (Thermal Properties of Matter, 
Vol. 1. Physical Chemistry Monograph Series.) Pp. 
xili+ 248. (New York and Amsterdam: W. A. Benjamin, 
Inc., 1966.) $7.70. 


Tas two small books on the kinetic theory which have 
appeared in the past few years differ greatly in scope and 
satisfy very different needs. Hildebrand’s Introduction is 
written for the average student at an elementary and fairly 
qualitative level and includes a section on condensed 
phases, while Guggenheim’s Elements concentrates on 
gases and is probably most effective for the experienced 
research worker requiring a succinct résumé. In some 
ways this new book fills the gap. It covers roughly the 
same field as Guggenheim’s book but does so in a way more 
familiar to a student of chemistry. After a substantial 
discussion of equations of state and the velocity distribu- 
tion law, the final section of the book is devoted to & survey 
of molecular collisions and the molecular explanations of 
gaseous viscosity, diffusion and thermal conductivity. All 
this is also to be regarded as providing first year students 
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with the background for understanding an exposition of 
thermodynamics to be developed in two further volumes. 
The style is very readable and there is abundant evi- 
dence of the experienced teacher’s appreciation of a 
student’s difficulties, both in the thoughtful elaboration of 
fine points in the text and in the many original exercises 
_ and problems which are included. Nevertheless, a much 
*wider circulation would probably be achieved among 
undergraduates in Britain if the book were shorter. This is 
not merely & question of cost, but has more to do with 
whether the students can achieve a rewarding level before 
their initial enthusiasm flags. For example, there is 
probably no advantage to be gained by exercises which 
prepare for the Boltzmann derivation if these are of a 
similar order of difficulty to the full derivation itself. 
Again, it is surely not now necessary to set up two forms 
of virial equation and to work out the relationships 
between the corresponding virial coefficients. (On the 
other hand, if ninety pages are to be devoted to equations 
of state, should there not be a place for the neat applica- 
tion of the virial theorem itself, which gives some meaning 
to the ‘virial’ nomenclature ?} 

Despite these criticisms and some reservations about the 
project to produce three volumes—we shall be a long time 
ą getting out of the gas phase—this book is thoroughly 
recommended for the library. It is pleasant to read and 
attractively illustrated (though the dashes of royal blue 

are faintly evocative of a detergent advertisement). 

P. A. H. Wyatt 


UNDERSTANDING THERMO- 
DYNAMICS 


The Concepts of Classical Thermodynamics 

By H. A. Buchdahl. (Cambridge Monographs on Physics.) 
Pp. xi+223. (London: Cambridge University Press, 
1966.) 45s. net; $8.50. 


THs extraordinarily stimulating book presents classical 
(phenomenological) thermodynamics “against a back- 
ground of general physical theory” in terms of the cus- 
tomary four laws (zero, first, second and third). The 
second law is formulated as Carathéodory’s principle. The 
background, some of which is of a philosophical character, 
is treated in the preface (3 pp.) and in the introductory 
chapter. The zeroth law and the first law receive a 
chapter each, after which a mathematical chapter, headed 
“Integrability”, prepares the way for the introduction of 
Carathéodory’s principle. The author is particularly to 
be congratulated on the high degree of clarity he achieves 
in this chapter. Chapters 5 and 6 are both devoted to the 
second law, but from somewhat different points of view, 
while Chapter 7 deals with the third law. Chapter 8 deals 
with potentials, constitutive co-ordinates and equilibrium 
conditions, and finally, after a chapter headed ‘“‘Miscel- 
laneous Topics”, there are two chapters on applications. 
The first of these deals with situations m which equilibrium 
states only are contemplated, while the second involves 
some reference to “unnatural states” in connexion with 
the principle of entropy increase. The material in these 
two chapters is chiefly intended to serve a methodological 
purpose, 

The book is addressed to those who have already taken 
a first course in thermodynamics and who wish to pene- 
trate the subject further, particularly so as to gain a firmer 
understanding. Professor Buchdahi has been painstaking 
in this respect, and regards his book as supplementary to 
the standard texts he cites rather than as a replacement 
for them. There can be no doubt that he has been out- 
standingly successful in producing a clear, relatively 
simple and thoughtful account of the subject and one 
which maintains the reader’s interest throughout. A 
vigorous style of writing pushes the reader along at points 
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at which he might be tempted to waste time on matters 
not likely to yield to casual pondering. 

Granted, then, that the topic is to be phenomenological 
thermodynamics expounded in the traditional way, with 
Carathéodory’s principle instead of Carnot’s cycle, Pro- 
fessor Buchdahl has provided us with a satisfying book 
deserving the highest respect. The reasons he gives for 
his choice of presentation, however, are not wholly con- 
vincing. For example, he cites as chief consideration in 
favour of Carathéodory’s principle the achievement of 
a clear separation between the mathematical and the 
physical content of the theory, although it seems more 
likely that what really matters is the impartiality of this 
principle compared with the somewhat laughable emphasis 
on heat engines characteristic of other traditional presen- 
tations. In reality the most natural way of separating the 
mathematical from the physical aspects of a physical 
theory would seem to be the axiomatic way, supplemented 
by the provision of explicit rules of interpretation so as to 
establish an appropriate connexion between them. But 
Professor Buchdahl explicitly repudiates the axiomatic 
approach, possibly having overlooked the question of the 
rules of interpretation. In my opinion, a satisfactory 
treatment along these lines has been given by Giles? and 
stands a good chance of eventually displacing the tradi- 
tional one. 

Nevertheless we can certainly be grateful to Professor 
Buchdahl for this impressive book. W. K. Burron 


Giles, R., Mathematical Foundations of Thermodynamics (Pergamon Press , 
London, 1964). 


MATTER AND EQUILIBRIUM 


Non-Equilibrium Thermodynamics 

Variational Techniques and Stability. Edited by Russell 

J. Donnelly, Robert Herman and Iya Prigogine. (Pro- 
ofaS ium held at the University of Chicago, 

May 17-19, 1965.) Pp. ix+313. (Chicago and London: 

University of Chicago Press, 1966.) 72s. 


Lectures on Matter and Equillbrium 
By Terrell L. Hill. Pp. xi+306. (New York and Amster- 
dam: W. A. Benjamin, Inc., 1966.) $6. 


ALTHOUGH the wisdom of publishing the proceedings of 
conferences is sometimes doubtful, this cannot be said of 
the volume edited by Donnelly, Herman and Prigogine. 
The purpose of bringing together experts in non-equilib- 
rium thermodynamics and hydrodynamio stability prob- 
lems is revealed clearly in the following sentence from the 
foreword: “If concepts such as the thermodynamic 
potential could be generalized to cover non-equilibrium 
situations involving mechanical convection, it would 
become possible to discuss hydrodynamic instability in a 
fashion quite similar to the way in which phase transitions 
are discussed in chemical thermodynamics’. Moreover, 
the use of variational techniques provides a method of 
exploring non-linear problems which arise in these fields. 

The book is divided into six parts. The first two sections 
on non-equilibrium thermodynamics have articles by 
Prigogine, Glansdorff and Schechter on various aspects of 
variational methods in non-equilibrium thermodynamics 
and an extensive article by Hays on the variational formu- 
lation of the heat conduction equation with a temperature 
dependent thermal conductivity. There are also articles 
by Meixner on relaxation phenomena, Kluitenberg on the 
application of non-equilibrium thermodynamics to con- 
tinuum mechanics and Truesdell on the thermodynamics 
of deformation. 

The next two sections deal with various hydrodynamic 
stability problems and include extensive articles by 
Roberts on non-linear Bénard convection and Segel on 
non-linear hydrodynamical stability theory and its 
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application to thermal convection and curved flows. The 
final sections consist of statistical physical aspects and 
discussion contributions. 

It is to be hoped that this volume will provide a force- 
ful stimulus for further research in the general field of the 
stability of fluids. This is necessary not only to provide 
further understanding of fluid flow problems in general, 
but also for technological applications. 

The book is well produced and will be a necessity in 
every library catering for a serious study of the modern 
aspects of transport process 1n fluids and their applications. 

The latest volume by Professor Hill on matter and 
equilibrium is an introductory text aimed at a wide 
audience. The first six chapters which make up the smaller 
half of the book deal with states of matter, ideal gases, 
intermolecular forces, imperfect gases and Van der Waals 
equation, solids and liquids. (One even meets the equation 


3NkT | InN? 
= =z t a | U(r)g(r)rtdr.) 

The chapters on thermodynamics cover the first and 
second laws, binary liquid solutions and chemical equilib- 
num. 

The text is well produced with liberal spacing for equa- 
tions, diagrams and tables and the material presented in 
guch a manner that the average first year university 
student should finish the book with sufficient interest and 
understanding generated in the topics discussed to tackle 
more advanced texts from a firm footing. 

E. MoLAUGHIIN 


WYCKOFF ON CRYSTALS 


Crystal Structures 

Vol. 3. By Ralph W. G. Wyckoff. Second edition. Pp. 
vni+981. (New York and London: Interscience Pub- 
lishers, a Division of John Wiley and Sons, Inc., 1965.) 
2108. 


Tas is one of the essential secondary sources in the well 
constructed chain of data books on crystallography. Dr. 
Wyckoff must have been providing this admirable service 
for the past 45 years, for his first compilation of this kind 
appeared in 1924. The aim is simply the description of 
every crystal structure which has been reliably determined. 
Unit cell dimensions, symmetry data, atomic parameters, 
a projection of the structure and a drawing showing the 
packing of spherical space-filling atoms are provided for 
each structure. The accuracy of a structure is indicated 
only by the number of figures quoted. A full bibliography 
eliminates the reference back to earlier editions of Wyckoff. 
In this second edition (really the fourth) the loose-leaf 
presentation of the previous edition, so infuriating to the 
occasional user, has been abandoned in favour of the 
conventional book format. The great success of the bound 
book as a social invention has clearly inhibited the develop- 
ment of possible competitors. 

Every branch of science has the problem of coping with 
the information explosion. In crystallography the mass 
of data to be handled can probably be supported for 
several doubling periods yet. The difficulty is to present 
it in assumilable form, since the human brain can take in 
information (and make sense of it) far faster in forms 
other than the tables of numbers which are the diet 
preferred by computers. The problem resides in the 
computer—brain interface and is the matching of the 
computer, which has a very fast serial mode of operation, 
to the human sense organs and brain which, although 
slow, operate very effectively in a parallel mode. 

Wyckoff is perhaps the last of the big pre-computer 
compendia. His drawings of crystal structures as sphere 
packings can now be done automatically by computer. 
It must be said that the two-dimensional drawings are 
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not really very informative and do not compete with 
models. Stereoscopic pairs produced by computer would 
be welcome. Ball and spoke models, suitable as they are 
for human beings, are bulky, expensive, difficult to repro- 
duce and, above all, unsuitable for the computer which, 
with perhaps the hologram, is becoming our repository of 
information. 

We want to be able to ask more and more sophisticated » 
questions about our stock of solved structures. The great 
inventions of crystallography—the Patterson function 
and the Fourier transform-——were great because they 
admirably matched complex numerical data to the human 
brain. We need more inventions of this type which will 
enable us to organize more and more data about structures, 
to appreciate more complex structures and to show up 
deeper regularities in crystal structure’ Until these are 
produced Wyckoff will continue to be indispensable. 

A. L. MAOKAY 


ELECTRON MICROSCOPES 


Electron Microscopy of Thin Crystals 

By P. B. Hirsch, A. Howie, R. B. Nicholson, D. W. 
Pashley and M. J. Whelan. Pp. ix+549. (London: 
Butterworth and Co. (Publishers), Ltd., 1965.) 150s. 


A SUMMER achool of twenty lectures on electron miero- 
scopy was held in July 1963 in Cambridge. This book is 
substantially that course but expanded. The object was 
advanced instruction in the electron microscopy of crystal- 
line specimens and the content is restricted to the aspects 
originally treated in the lecture course. There are eighteen 
chapters. The first three deal with elementary instrument 
theory, specimen preparation and instrumental attach- 
ments. Illustrations are excellent and there is an extensive 
bibliography; there is much practical “know how” in 
these chapters. The next three chapters deal compre- 
hensively and compactly with the theory of electron- 
diffraction patterns and their interpretation. The 
mathematical treatment is condensed but sufficient. 
Then follow treatments of image contrasts, including 
Moiré patterns, examples of varieties of dislocations 
(with admirable pictures), and rather more formidable 
sections on wave-mechanical formulation and on theories 
of faulted crystals, in which stacking faults justly occupy 
@ prominent place. It is naturally to be expected that the 
main attention would be devoted to various kinds of 
dislocations, and indeed this is the case. Chapter 12 
extends the earlier mathematical treatments to include’ 
matrix formulation of electron diffraction. 

From that point onwards the nature of the content 
changes abruptly to a description of practical techniques, 
including dark field electron microscopy, contrast from 
two-phase materials (again well illustrated), periodic 
structures with their Moiré patterns, studies of magnetic 
domains, foil thickness measurement (non-optical 
methods), particle size determination and so on. The last 
chapter, which might have been an appendix, deals with 
inelastic scattering and Kikuch: bands. The editing 
seems slightly mixed up here, so that some items are 
out of position. 

The book ends with a curious collection of appendixes. 
A close-packed extensive table covering 19 pages is 
devoted to a list—it is nothing more—of mainly electroly- 
tic polishing techniques, and no fewer than 272 references 
are given. There is no really specialized know-how in 
this Lst. Cleavage, evaporation and deposition techniques 
for producing some specimens are also listed, but again 
no really essential details are given ın any of these tables. | 
Atomic scattering amplitudes for electrons for atoms from ¥” 
Z = l to Z = 104 are listed. Several pages are devoted 
to worked examples of indexed diffraction patterns and 
to typical problems. These will help the younger investi- 
gator. 


No Boes 


This is & very specialized book, well produced, with 
ample bibliographies. It is aimed at, and will be useful 
to, the practitioner. The young investigator, even if he 
absorbs but a small part of the formidable content, is 
likely to be able to exploit his electron microscope to 
better advantage. A further justification for this book 
hes in the fact that many applicants were turned away 
from the original summer school at which the lectures were 
given. We believe this book meets a very real need. It 
ig unfortunately somewhat expensive. 8. ToLansKy 


X-RAY DIFFRACTION 


Diffraction of X-rays by Chain Molecules 

By B. K. Vainshtem. Translated from the Russian. Pp. 
x+414. (Amsterdam, London and New York: Elsevier 
Publishing Company, 1966.) 130s. 


Tms book describes X-ray diffraction by the partially 
ordered polymeric materials which are important in living 
organisms and in synthetic plastics. It is a translation of 
the 1963 Russian edition, revised and enlarged by its 
author. 

The theory of X-ray diffraction by an assembly of 
electrons is given in the first chapter. This 1s followed by 
a disoussion on the symmetry and structure of chain 
molecules, and the diffraction of X-rays by an isolated 
chain molecule is considered in Chapter III in detail. 
The next two chapters are concerned with the relation 
between the diffracted intensity and the molecular 
arrangement in paracrystalline systems, described by 
interatomic distribution functions. In Chapter V the 
theory is applied to parallel systems of chain molecules 
(with various degrees of order) and m Chapter VI non- 
parallel and amorphous arrangements are considered. 

The line diagrams are numerous and good, but many 
of the half-tone reproductions (apparently copied from 
plates in journals) are less than adequate. The book is 
well and clearly written, the translation appears to be 
excellent and the examples and references cover a wide 
field. 

It is a notable contribution and should be much used. 

A. ELLIOTT 


TRANSPORT IN POLYMERS 


Transport Phenomena In Polymeric Films 

Edited by Charles A. Kumins. (Journal of Polymer Science, 
Part ©, Polymer Symposia, No. 10.) Pp. v+153. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1965.) 49s. 


Tue importance of the relatively slow transport processes 
which occur in polymers is at last being widely recognized. 
These processes affect the suitability of particular poly- 
mers for particular purposes and they also create the 
possibility of developing new and valuable separation 
techniques. A symposium with the title of this book was 
held by the American Chemical Society at Detroit in 
April 1965. The book contains in full the ten papers 
presented at the symposium, but records none of the dis- 
cussions which took place. 

The first paper, by Charles A. Kumins, who also edited 
the volume, gives a general introduction to current views 
on the molecular mechanism of transport in polymers. 
The remaining papers report the results of recent 
researches, which cover a very wide field. They include 
a theoretical discussion of the anomalous sorption of 
vapours by polymers in the glassy state and experimental 
studies of the transport of gases, vapour, water and ions 
ın amorphous, crystalline and filled polymers and 
elastomers. 
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The volume will be of value to workers already inter- 
ested in this field, because it contains articles by many of 
the most active contributors. It 1s not a book from which 
a beginner should expect to get a balanced and simple 
exposition of the subject. P. Meares 


EXPERIMENTAL PHYSICAL 
CHEMISTRY 


Laboratory Course In Physical Chemistry 

By Hugh W. Salzberg, Jack I. Morrow and Stephen R. 
Cohen. Pp. xvi+319. (New York: Academic Press, Inc. ; 
London: Academic Press, Inc. (London), Ltd., 1966.) 
$7.75. 


A FEW years ago there was a real need for modern texts on 
practical physical chemistry, but this need has recently 
been met and any new publication must justify its 
existence. One feature of this book is that it separates 
“background material”—the discussion of apparatus and 
general theory—from the experimental section, which 
makes for great flexibility in use. Unfortunately, the back- 
ground material is so extensive, covering some 130 pages, 
that there is room for only 39 experiments covering 100 
pages. Thus, in terms of cost per experiment, the price of 
the book is high. 

The authors state that the book is written for first-year 
undergraduates, which perhaps explains why the contents 
are more restricted than the title of the book implies. 
There is nothing about conductometric, potentiometric, 
amperometric or coulometric titrations, and no reference 
to phase systems of three components, polarography or 
colloids. On the other hand, there are a few esoteric 
experiments such as the determination of lattice constants 
of a cubic solid by X-ray diffraction. On the whole, the 
experiments chosen are useful, well set out and form a 
reasonably balanced selection apart from the limitations 
mentioned. 

An excellent feature of the book is the provision of five 
introductory chapters with a discussion of errors, accuracy, 
data processing, recording and reporting of data and the 
use and drawing of graphs. Most students are in great 
need of instruction and understanding in these matters, 
and they will find this a well-written, comprebensive and 
stimulating account. . The book also imeludes fifteen 
appendixes, most of which describe practical techniques 
such as glassworking and soldering. A. Q. CAMERON 


HANDBOOK FOR RADIOCHEMISTS 


The Radiochemical Manual 
Edited by B. J. Wilson. Second edition. Pp. 327. (Amer- 
sham: The Radiochemical Centre, 1966.) 650s. net. 


Tun Radtochemical Manual first appeared in 1962 in two 
parts, the first dealing with physical data of interest to 
users of radioactive materials and the second with the 
production of primary isotopes and the synthesis of more 
complex labelled compounds. In this new edition, parts 
one and two have been revised and combined and a 
considerable amount of new material has been added. 
The various chapters of the manual were written by senior 
members of the scientific staff of the Radiochemical 
Centre of the U.K. Atomic Energy Authority at Amer- 
sham and, as the director, Dr. W. P. Grove, points out in 
his foreword, they are based on personal experience of 
radiochemical work. A note on the cover suggests that 
this experience amounts to the impressive total of 200 
man-years. 

The first half consists of fourteen chapters dealing with 
various aspects of the production of radioisotopes and 
their application—in the fields of medicine, industry and 
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research. Of particular interest to the radiochemist are 
the chapters concerned with the synthesis of complex 
labelled compounds, measurement techniques and stan- 
dards. The new material included in this edition is found 
mainly under the heading of associated administrative 
topics and covers radiological safety, waste disposal and 
the packaging and carriage of radioactive matorials. To 
prospective users, the information on legislation intro- 
duced in the past few years to regulate the ownership and 
use of radioactive substances will be particularly valuable. 
This sete out clearly and concisely the various laws and 
codes of practice applicable to factories, research institutes 
and schools. Another useful addition is a short guide to 
the literature on radioisotopes. 

In the second half of the manual, information is pre- 
sented in readily accessible form in tables and charts. 
These include the physical data pertaining to more than 
250 radioisotopes with information on their availability, 
synthetic routes to many labelled compounds of carbon-14, 
phosphorus-32, sulphur-35 and chlorine-36, and graphs 
showing the transmission of gamma-radiation through 
shielding materials. 

In brief, the Radiochemtcal Manual is a remarkably 
comprehensive source of information relating to the pre- 
paration and application of radioisotopes and should find 
its way on to the shelves of all concerned with radio- 
active materials. It is particularly good value at 50s. 

A. MORGAN 


GLASS ELECTRODES 


The Glass Electrode 

By G. Eisenman, G. Mattook, R. Bates and 8. M. Fried- 
man. {An Interscience Reprint.) Pp. 327. (New York 
and London: Interscience Publishers, a Division of John 
Wiley and Sons, 1966.) 53s. paperback. 


To bring four review articles on the glass electrode under 
the same cover is a good idea. It is unfortunate, however, 
that the publishers were content to make the book a 
collection of reprints and no more. The four contributions 
do not appear to follow any logical sequence which might 
help the reader, and the absence of an index and retention 
of the original pagination considerably reduce the value 
of the book as a work of reference. The publishers excuse 
themselves for some of these deficiencies on the grounds 
of cost and difficulties of cross referencing, but few people 
in this country will regard 53s. as cheap for a paperback 
of this kind whereas some may have been prepared to 
pay rather more for a book easier to use. 

The two middle chapters are concerned with the 
classical application of the glass electrode to the measure- 
ment of pH. On this subject there are few sounder 
accounts than Bates’s admirable book Hlectromeirio pH 
Determinations. The chapter on glass electrodes is 
reprinted here from the latest edition (which has under- 
gone a alight change of title). Reading ıt in isolation, I 
felt, that some of ita importance had been lost. 

Perhaps the best balanced review is that by Mattock 
which stands happily as a comprehensive but critical 
account of pH. measurement. There is a sensible section 
on the circuits of pH meters which is just right for the 
person with a limited knowledge of electronics, and a 
useful section on the causes of failure of glass electrode 
systems. 

The first and quite the longest chapter is Eisenman’s 
monumental review taken from Advances tn Analytical 
Chemisiry and Instrumentation. The bulk of this article is 
devoted to the electrochemistry of cation sensitive glasses, 
a subject to which the author has been a major contributor 
over the past few years. A concluding section consists of 
a review of the literature of cation sensitive glass elec- 
trodes, and this is useful because it 1s comprehensive even 
if it is rather uncritical. The final chapter, by Friedman, 
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is concerned with sodium and potassium. electrodes and 
draws attention to their applications in animal physiology 
and medicine. The physiologist or climcian wishing 
to measure Nat and K+ by the potentiometric 
method should find this section most useful. 

C. ©. Moser 


SCHOOL CHEMISTRY 


Chemical Principles 

By William L. Masterton and Emil J. Slowinski. Pp. 
xxiv+668. (Philadelphia and London: W. B. Saunders 
Company, 1966.) 61s. 


TŒ first impression of this new American text-book 18 
of the excellence of its lay-out and presentation. How 
often has this been said of transatlantic books, and how 
seldom does any British publisher respond ? The contents 
are perhaps less outstanding, but the book contains 
enough good material to make it worth a place in the 
teacher’s bookcase and in the school library. The book 
starts, no doubt in deference to the peculiar structure of 
school science in the United States, with a rather dull 
review of first principles under the heading of basic 
concepts. To the reader from the United Kingdom, 
however, it ıs the relative modernity of certain sections 
of the rest of the book which makes it interesting. One 
of these ıs energy. That the concept of energy is intro- 
duced early in the course is itself significant. Only the 
Nuffield chemistry course in this country lays similar 
stress on the subject. The concept ıs treated sensibly 
and clearly by introducing heats of reaction and by 
leading from this to the Gibbs free energy. There are 
few problems to be faced in introducing the heat of 
reaction, although the authors make things difficult for 
themselves by rather sharply differentiating between the 
heat of reaction treated as an algebraic part of the chemical] 
equation, and the enthalpy which they treat as a separate 
thermodynamic function. The sign change involved 
leads to unnecessary difficulty. Gibbs free energy is 
described as the maximum amount of useful work that 
can be obtamed from a chemical reaction and entropy 
is introduced by means of the difference between AH and: 
AG. Some thermodynamicista will be disturbed by the 
inclusion of the idea of randomness even if it is heavily 
qualified. It is surprising to find no mention of Hess’s 
law. 

Other interesting aspects of this book are its approach 
to structure and bonding and the fact that inorganic 
chemistry is grouped by types of reaction (acid base, 
redox, precipitation, and so on) rather than by elements 
in their periodic groups. It is a pity that the introduction 
of many interesting modern ideas is not followed up by 
their use in the text which follows. 

M. J. W. Roerrs 


NEW INORGANIC CHEMISTRY 


Inorganic Chemistry 

By C. 8. G. Phillips and R. J. P. Williams. Vol. 1: Prin- 
ciples and Non-Metals. Pp. mii+685. Vol. 2: Metals. 
Pp. x+683. (Oxford: Clarendon Press; London: 
Oxford University Press, 1965, 1966.) 65s. net both 
vols. 


Tms important book begins, as do most modern inorganic 
texts, with brief and, therefore, to some extent unsatis- 
factory chapters on fundamentals such as wave mechanics. 
chemical thermodynamics, kinetics and the solid state; 
brief though the treatment is, this part of the book 
occupies 379 pages. Tho remainder of Volume 1 is 
devoted to the non-metals—-40 pages to the halogens but 
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only 33 to nitrogen, phosphorus, arsenic, antimony, bis- 
muth, carbon and silicon. Volume 2 deals with metals. 

The book makes extremely interesting reading. The 
authors have thought deeply about all aspects of the 
material they present, and have tried with much success to 
relate everything to fundamental principles. Electronic 
structure of atoms provides the framework; detailed 
changes in properties such as the variation of ionization 
energy with atomic number are uluminatingly described; 
concepts of energetics are constantly referred to; the 
mechanisms of the reactions of transition elements are 
discussed at length; modern ideas about the electronic 
spectra and magnetic properties of transition elements are 
introduced ; and there is a particularly valuable chapter on 
band theory in solids. Throughout the book, very few facts 
are presented without a gloss correlating them with some 
model or concept. 

With all these excellent features, it may seem strange to 
confess to a alight feeling of dissatisfaction on reading the 
book. This is not due to the very few factual slips, such as 
the perpetuation of the myth of the self-ionization of 
SO,. In places the unconventional arrangement has 
disadvantages; and it is a pity that silicon appears m 
Volume 1 and germanium, tin and lead in Volume 2. The 
usefulness of the terms ‘A4-group’ and ‘B-group’ metals in 
a modern text is alse questionable. But perhaps the most 
serious criticism is that the authors have in places 
allowed their very proper enthusiasm for principles to 
prevent them from giving a simple account of how com- 
pounds are made and of what sort of chemical individuals 
they are. Thus the book is surprisingly deficient ın infor- 
mation on some topics; furthermore, the arrangement 
makes it hard to find some of the information that is 
included. As a consequence, it is not an ideal book to be 
used as the sole inorganic text in a crowded degree 
course. On the other hand, it is essential and most stimu- 
lating reading for anyone seriously unterested in the 
application of physical principles to peg systems. 

E. A. V. EBSWORTE 


INSIGHTS IN CHROMATOGRAPHY 


Dynamics of Chromatography 

By J. Calvin Giddings. Part 1: Principles and Theory. 
Pp. xii+323. (London: Edward Arnold (Publishers), 
Ltd.; New York: Marcel Dekker, Inc., 1965.) 90s. net. 


CHROMATOGRAPHY is different things to different people. 
To the majority of workers in chemical and biological 
sciences it is a rapid, simple and elegant answer to a 
practical problem. As one may distil or crystallize with 
little knowledge of the associated fundamentals, so one 
may separate and identify with no background of the 
theory of chromatography. ‘Trial and error, based on 
analogy with previously successful methods, is the common 
approach in a new situation. It must not, however, be 
forgotten that the first dramatic developments in chroma- 
tography came as a result of the theoretical treatment of 
Martin and Synge, which gave an insight into the achieve- 
ment and potential of the method. Dr. Giddings writes 
of the work, in which he has been very active, of replacing 
the early crude but stimulating models with a more 
powerful and simple approach, based on the statistics 
of molecular movement. 

To Dr. Giddings, chromatography is the interaction of 
flow, diffusion and other processes, resulting in the 
evolution and eventual separation of component zones. 
Analyses of zone migration, zone spreading, diffusion and 
kinetics and the achievement of separations are clear, 
critical and readable. In a field hitherto rich in the 
wisdom of hindsight, it is encouraging to read that in 
the author’s opinion chromatographic theory has now 
outreached the state of knowledge of the columns them- 
selves and that the limit of theoretical accuracy is determ- 
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ined by the precision with which the structural and 
adsorptive features of the chromatographic medium can 
be described. The chapter on packing structure and flow 
dynamics, although acknowledging the need to use simple 
models and empirical parameters, leads to a surprising 
and significant comparison of the potentials of gas and 
liquid chromatography. Many topics are discussed in a 
way that sticks in the mind as, for example, the relevance 
and re-interpretation of the theoretical plate concept, 
and gradients and resolution. 

This work is an attempt to present the common founda- 
tions of the many forms of chromatography in a reasonably 
exact way. Parts of it will prove indigestible to the non- 
mathematical chromatographer. They are clearly indi- 
cated, and in general are not absolutely essential to a good 
understanding. On the whole, the treatment is more 
immediately relevant to the gas chromatographer, but it 
can be read with profit by anyone with an interest in 
“whys and wherefores”’. 

The book is well produced at a reasonable price. It is 
the first of three volumes, the second of which will deal 
with gas chromatography and the third with liquid 
chromatography. If the standard is maintained, it will 
be @ valuable series. J. E. Scorr 


ANALYTICAL ION EXCHANGE 


Analytical Applications of lon Exchangers 

By J. Inczédy. Translated by A. Pall. English translation 
edited by M. Williams. Edited by I. Buzás. Pp. xi+ 443. 
(London and New York: Pergamon Press, Ltd., 1966.) 
1058. net. 


In the relatively short history of ion-exchange resins, 
developments have occurred so rapidly that a monograph 
which surveys any area of their application is particularly 
welcome. This book was first published in Hungarian in * 
1962, and brought up to date the theory and practice of 
ion exchangers in the analytical field. The early chapters 
are devoted to 4 brief historical introduction and to a 
survey of the basic physical chemistry of exchange reac- 
tions from the viewpoints of equilibrium, selectivity and 
kinetics. Next there is a section on the theory and practice 
of ion-exchange columns. From Chapter 6 onwards the 
book deals with applications in quantitative inorganic 
analysis; chromatographic separations; redox processes; 
organic chemical and biochemical analysis; the collection, 
of physico-chemical data (ion valency, ion activity, 
complex stability and dissociation of electrolytes); and 
the purification of chemicals. Liquid ion-exchangers and 
ion-exchange membranes are also discussed. One feature. 
of the book is the very full bibliography given at the end 
of each chapter. The author and translators have com- 
pleted an excellent task, and the book can be recom~ 
mended strongly to all interested in the science and 
technology of ion exchange. R. M. BABREIR 


CLAY 


Clays and Clay Minerals 

Edited by W. F. Bradley and S. W. Bailey. (Proceedings. 
of the Thirteenth National Conference conducted by the 
Clay Minerals Society, Madison, Wisconsin, October 5-8, 
1064.) Pp.ix+453. (London and New York: Pergamon 
Press, Ltd., 1966.) 140s. net. 


Srxce the sixth Conference on Clays and Clay Minerals, 
the proceedings have been published as monographs in the 
Earth Science Series. The present volume—Monograph 
No. 28—contains the proceedings of the thirteenth 
Conference conducted by the newly formed Clay Minerals 
Society. This and future conferences will be numbered 
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in the established series to maintain continuity with the 
twelve preceding conferences which were sponsored by the 
National Academy of Sciences—National Research Council. 

This volume maintains the hgh standard of contribu- 
tions and production of its predecessors, including the 
index which makes the series a valuable work of reference 
as well as a record of conference contributions. 

The first ten papers record the symposrum on Structural 
Aspects of Layer Silicates with which the conference 
opened. In the general sessions which followed there 
were eight papers on various aspects of natural clays— 
traditional olay mineralogy but including an interesting 
account of the use of automated X-ray diffraction equip- 
ment. The final nmeteen papers were more general in 
character, and included a description of the swelling pro- 
perties of natural and artificial clays; infra-red and 
differential thermal analysis; ion exchange; the use of 
organoclays in producing radiation bonded polyethylene 
material resistant to solvents; electron microscopy and 
diffraction particularly for following the early reactions 
of kaolinite attacked by sodium hydroxide and calcium 
hydroxide; the effects of low temperature heat treatment 
and the thermodynamics of high temperature trans- 
formations; rheology of clays. 

The appendix is a valuable record of the present state 
of nomenclature in this particularly difficult field. The 
book is altogether a valuable addition to the series which 
all those interested in work on clays will want to have for 
reference. J. W. JEFFERY 


NATURAL PRODUCTS 


The Molecules of Nature 

A Survey of the Biosynthesis and Chemistry of Natural 
Products. By James B. Hendrickson. (The Organio 
. Chemistry Monographs Series.) Pp. xiii+189. (New 
York and Amsterdam: W. A. Benjamin, Inc., 1965.) 
87.70. 


Tars book, subtitled A Survey of the Biosynthesis and 
Ohemtsiry of Natural Products, consists of five sections: 
an introductory prologue, a general survey of the bio- 
synthesis of natural products and three chapters on 
selected natural producta—the acetogenins (a term not 
well received ın Britain) and phenylpropanes, the terpenes 
and sterols, and the alkaloids. In the United States the 
book is intended mainly for advanced undergraduate 
courses; in Britain it can readily be recommended 
as a stimulating outhne of natural product chemistry to 
students reading for honours in organic chemistry. It is 
probably too condensed to be useful to any but the most 
chemically minded undergraduates ın biochemistry, but 
1t would be useful prescribed reading for research students 
working in biochemical laboratories investigating bio- 
synthetic problems. 

The well known investigations of Cornforth and Popjék 
have demonstrated the brillant achievements in bio- 
synthetic investigations which can emerge from sympa- 
thetic collaboration between organic chemustsand biochem- 
ista, and this type of collaboration must become more 
widespread if progress is to continue in this difficult field. 
Therefore it ıs umportant for undergraduate chemists 
and biochemists to appreciate the contribution which 
each discipline can make to the general problem of 
biosynthesis. Unfortunately this book, in spite of 1ts 
subtitle, does not successfully provide a satisfactory 
picture of the role of the biochemist, for in spite of 
providing a pattern for a generalized view of the probable 
origins of natural products, the second chapter is bio- 
chemically superficial and occasionally incorrect. (For 
example, there are two mistakes m Chart 7 on the biosyn- 
thesis of the terpenes.) 

The chapters on the natural products themselves are 
much more successful, and a useful innovation is the 
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indication by the sign at the end of a paragraph that 
the evidence for the solution of a structural problem is 
complete and that the solution follows in the next para- 
graph. This allows the onquiring student to try to solve 
the problem before reading the solution. 

Altogether an interesting book and one worthy of a4 
place in the lhbrary of most departments of chemistry 
and biochemistry to serve, as the author himself appro- 
priately suggests, as a kind of dessert. 

T. W. Goopwiuyr 


STEREOSPECIFIC ELASTOMERS 


Elastomer Stereospecific Polymerization 

(A Symposium sponsored by the Division of Rubber 
Chemistry and the Division of Polymer Chemistry at the 
148th Meeting of the American Chemical Society, Chicago, 
Il., September 2, 1964. Advances in Chemistry Series, 
No. 52.) Pp. vii+155. (Washington, D.C.: American 
Chemical Society, 1966.) $5.50. 


Tms short book is a collection of eleven papers con- 
tributed to a symposium sponsored by the Divisions of 
Rubber and Polymer Chemistry of the American Chemical 
Society. There is no doubt that the material presented 
18 of high standard and is, on the whole, very relevant to 
the problem of stereospecific polymerization. The purpose 
of the book is presumably to present @ picture of this 
symposium which would otherwise be lost by publication 
of the papers in a number of journals. At the same time, 
the discussion which must have taken place is omitted. 
One is left wondering whether the effort of publication 
in this form is really worth while, especially when the 
cost ($5.50) is high. 

Except for an excellent review of aldehyde polymer- 
ization, the papers are concerned with the polymerization 
of individual diene monomers by catalysts based either 
on lithium alkyls or on Ziegler-Natta systems. Indeed, 
leaving aside a review of organometallic polymerization 
by Morton, the papers are exactly of the kind we would 
expect to find m a journal and range from the very 
theoretical to the intensely practical. 

In short, the material is good, the price is high, but was 
it worth the effort ? Q. M. BURNETT 


NUCLEIC ACID CHEMISTRY 


Procedures in Nuclelc Acid Research 

Edited by G. L. Cantoni and David R. Davies. Pp. 
xvi+667. (New York and London: Harper and Row, 
Publishers, 1966.) 200s. 


In this day and age any publication on nucleic acids is 
bound to attract attention, and to acquire all the books 
on the subject must prove a very costly business. This 
book, however, is a must, for it has been put together 
with great care by the editors with a formidable team 
of no fewer than seventy well known specialists in the 
field. 

The coverage has been arranged in various sections 
under the two main headings, “Enzymes of Nucleic Acid 
Metabolism” and “Isolation, Preparation and Oharacter- 
isation of Natural and Synthetic Nucleic Acids”. Bach 
of the chapters is clear and authoritative and makes 
fascinating reading for the non-specialist ag well as the 
specialist. References are up to date to 1965. Author 
and subject indexes are provided. Although the whole 
picture of nucleic acid structure and function is changing 
rapidly, this compendium will be most useful as a reference 
book for a considerable time to come. Meanwhile it 
will also serve to bring interested workers well up to date. 
It can be strongly recommended. M. Sracry 
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Biological Science 


PRIMATE ANATOMY— 
OLD WORLD MONKEYS 


Primates 

Comparative Anatomy and Taxonomy. By W.C. Osman 
Hal. Vol. 6: Catarrhinı, Cercopithecoidea, Subfamily 
Cercopithecinae. Pp. xxin+757+ 50 plates. (Edimburgh: 
Edinburgh University Press, 1966.) 3168. net. 


Tam sixth volume of this encyclopaedic compendium on 
the Primates deals with the first group of Old World 
monkeys and adds almost another 800 pages to the 2,500 
or sọ in the five volumes published between 1953 and 
1962. But the gap of four years since the publication of 
volume 5 (dealing with the final group of New World 
monkeys) has resulted in some change in impact in 
the present volume. Although the general concept and 
presentation remain the same, the reader is, almost from 
the first, aware of a higher standard of scholarship than 
the author had been able to attain during the rapid 
production of the first five volumes. 

In the scheme of Primate classification which Dr. Hill 
has adopted, the infra-order Catarrhini embraces the Old 
World monkeys (comprising the super-family Cercopithe- 
coidea) together with the apes and man (these bemg 
grouped in a second superfamily Hominoidea). The former 
comprises two living families (Cerocopithecidas and 
Colobidae) and it is to a single subfamily (Cercopithecinae) 
of the first of these (comprising the genera Cercoptihecua, 
Miopithecus, A i and Erythrocebus) that the 
new volume is principally directed. Introductory sections 
give historical surveys and generalized accounts of the 
systematic morphology of the Catarrhin: as a whole, 
and these lead to an overall description of the Old 
World monkeys (Cercopithecoidea). The volume then 
proceeds logically with more detailed accounts of indi- 
vidual genera of Cercopithesinae and, to the extent that 
information is available, for their separate species and 
sub-species. 

As with previous volumes in this series, no reader can 
fail to be impressed by the energy and enthusiasm which 
Dr. Hull has put into the production of this work. Much 
of his information is, of course, already published, but 
gaps in the literature have been filled wherever possible 
by extensive personal observation. As a result, the 
unevenness of existing knowledge is forcefully displayed 
—« feature which is probably one of the valuable contribu- 
tions that the series makes to contemporary studies of 
comparative Primate anatomy. 

As with previous volumes, however, there is much that 
can be criticized. For example, it may be that the method 
of presentation hinders comparison between genera, 
families and higher groups, although 1t may be retaliated 
that comparison of this kind is not feasible until all the 
data for the order have been collated and gaps in know- 
ledge filled wherever possible. It may, with equal fair- 
ness, be noted that the presentation does not usually 
show the numbers of specimens on which groups of 
descriptive observations have been based or the pattern 
of variability of each feature; often, however, this 
information does not exist and its accumulation by 
original observation, even on a small scale, is most 
laborious. Such labours, fairly quoted m Dr. Osman 
Hill’s volume, are only in their infancy and quantitative 
data even for the musculo-skeletal system (these forming 
an essential basis for the analysis of fossil members of 
the group to whose description a section of some 20 
pages of the volume is devoted) are still few. 


Although it 1s now recognized that future progress must 
stem from investigations employing quantitative tech- 
niques, such analyses rest on ideas derived from a frame- 
work of classical comparative studies such as those which 
constitute the substance of Dr. Osman Hill’s monographs. 
It is for the provision of this framework that younger 
students of primate anatomy will be grateful to him, and 
it is much to be hoped that his series of monographs will be 
continued to embrace the remainder of the Old World 
monkeys and apes. Enrico H. Asyron 


DISEASE AND MAN IN THE PAST 


Human Palaeopathology 

Edited by Saul Jarcho. (Proceedings of a Symposium 
held m Washington, D.C., Jan. 14, 1965, under the aus- 
pices of the Subcommittee on Geographic Pathology, 
National Academy of Sciences—National Research Coun- 
cil.) Pp. xiii+182. (New Haven and London: Yale 
University Press, 1966.) $7.50; 56s. net. 


Tms book is the text of papers read and discussions held 
at a Symposium on Human Palaeopathology arranged 
by the Subcommittee on Geographic Pathology of the 
United States National Academy of Sciences and the 
National Research Council in January 1965. By dividing 
the work into two parts, an attempt is made to separate 
the general from the particular. There is an introductory 
section devoted to the historical development of the 
subject in North America, to problems in human palaeo- 
pathology and to the pathology and palaeopathology of 
the skeleton. The second section deals with the conclu- 
sions which may be drawn from the findings at specific 
excavation sites together with a discussion of some investi- 
gations into the biodynamues of fresh bone and suggestions 
about their applicability to archaeological material. 

The book does not pretend to be a complete survey of 
the field of human palaeopathology, is disappointing in 
that it ignores all work carried out in other parts of the 
world, and, in addition, confines itself to the pathology 
of the skeleton, with the barest of references to the study 
of mummufied material. 

Even so, the historical survey of the development of the 
discipline in North America by Dr. Jarcho is masterly. 
So, too, is the contribution by Dr. Lent C. Johnson to 
the discussion of Dr. Putchar’s paper. It is rare to find 
such a well reasoned argument in favour of a frank return 
to the principles of Virchowian pathology. There is some 
exaggeration in the paper by Dr. J. E. Moseley; his 
contention that the majority of haematological disorders 
can be diagnosed from roentgenographs alone would 
scarcely meet with general acceptance among even the 
most enthusiastic of radiologists in Britain and is, indeed, 
sharply criticized by Dr. Blumberg and Dr. Kerley. 

H. Hueuxs 


SEX DETERMINATION 


Sex Determination 

By F. A. E. Crew. Fourth edition, revised. (Methuen’s 
Monographs on Biological Subjects.) Pp. viiit+188. 
(London: Methuen and Co., Ltd., 1965.) 21s. net. 


Pror. Cexw’s small but deservedly popular book has 
expanded from 54 to 106 pages of text and from 144 to 
960 bibliographic items in passing from the third edition 
of 1954 to the fourth edition of 1965. The increases are 
a reflexion of the rapid advances in genetics in the past 
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decade. These advances include human cytogenetics, 
which has disclosed hitherto unknown properties of the 
X and Y chromosomes of man, together with numerical 
and structural abnormalities of the sex chromosomes and 
their effects on the phenotype. 

The book is notable for its broad coverage of sex 
determining mechanisms in organisms ranging in com- 
plexity from the bacterium and paramecium to human 
beings and including representatives of the plant and 
animal kingdoms. The reader is made familiar with the 
different attempts made in the wild to achieve maleness 
and femaleness. They include the unusual device found 
in the marine worm, Bonellia viridis, where larvae develop 
as males if they happen to settle on the proboscis of a 
mature female, and as females if they settle on the sea- 
bed away from a mature female. In most forms of life 
sex is genetically determined, either at the gene level 
without visible differentiation of sex chromosomes, or 
with the evolution of two kinds of sex chromosomes, 
X and Y, and homogamety of one sex (usually the female) 
and heterogamety of the other. 

Attention should be directed to several points that will 
need modification when Prof. Crew’s book is next revised, 
and which are mainly connected with additions made in 
this edition to incorporate the new findings in human 
cytogenetics. Thus it is stated that Hsu became satisfied 
that the chromosome number for human beings is 46 
before the report of Tjio and Levan in 1956. Hsu has 
contributed much to cytogenetics, including hypotonic 
treatment of cultured cells as an aid in chromosome 
analysis, but he would be the first to say that the credit 
for revising the chromosome number from 48 to 46 goes 
to Tjio and Levan. Reference to the work of Jost would 
have shown that ovarian sex hormones are of little 
importance in foetal maturation of the female genital 
system of mammals, unlike the role of testicular evocators 
in male development. The X/X-isochromosome abnorm- 
ality is described as resulting in a male phenotype, 
whereas it is responsible for a few instances of gonadal 
dysgenesis in females. The significance of nuclei which 
are negative or positive for sex chromatin is not clearly 
described. ‘Positive nuclei indicate only that there are 
two X chromosomes (the complex may be XXY or 
XXYY in addition to XX) and negative nuclei indicate 
that a single X chromosome is present (XO in addition 
to XY). Inclusion of these facts would have put the 
findings of Moore on ‘‘sex reversal” in new-born babies 
in their proper light. The short chapter on the evolution 
of sex determining mechanisms might have included the 
work of Ohno and his co-workers on the constancy of the 
X chromosome in mammals, in the midst of much 
evolutionary variation in the number and morphology of 
the autosomes. 

I have a warm affection for Prof. Crew’s book, which 
contains a rare quantity of information in a volume 
small enough to be read and digested in a few hours. The 
time will be well spent by those who require an insight 
into the varied mechanisms of sex determination, their 
biological evolution and their history in the development 
of the science of genetics. Murray L. BABR 


HUMAN PLASMA PROTEINS 


Molecular Biology of Human Proteins 

With special reference to Plasma Proteins. Vol. 1: 
Nature and Metabolism of Extracellular Proteins. By 
H. E. Schultze and J. F. Heremans. Pp. xii+ 904. 
(Amsterdam, London and New York : Elsevier Publishing 
Company, 1966.) 300s. 


‘THERE are a number of excellent publications on human 
plasma proteins, but the authors of this volume point 
out that the area between the purely chemical and purely 
medical aspects has been somewhat neglected. Thus, 
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in this book, physiological considerations figure promin- 
ently and are linked up akilfully with chemical, physical 
and medical aspects. Recent developments in analytical 
and separation techniques have made possible the dis- 
covery of many proteins in the plasma and a good deal is 
already known about the function and structure of 
some of them. This is a rapidly expanding field, and a 
welcome feature of this book is that it brings together 
much information up to 1963 and part of 1964. 

There are four sections. The first contains a well 
presented general account of protein structure, and is 
followed by a survey of the many physical and chemical 
analytical methods used in protein investigation. Also 
included is an account of non-specific methods used in 
clinical chemistry. Limitations as well as advantages 
of the methods are pointed out. 

The second section contains a thorough survey, accom- 
panied by many tables, of the various individual proteins 
so far isolated. Detailed information about properties, 
function, chemical and biological properties is listed for 
about 40 proteins, and about twice this number known to 
be present from their biological activities, but which have 
yet to be characterized, are also listed. There follows 
a survey of the principal methods, some well established 
but others comparatively new, for fractionation of plasma 
proteins. The subject is again treated critically and the 
reader made aware of the pitfalls which may be en- 
countered. 

The third section starts with chapters on synthesis and 
turnover of plasma proteins. The first topic is introduced 
by a clear and adequate discussion of the role of nucleic 
acids and coding systems followed by the complementary 
processes, not involving nucleic acids, which complete 
the architecture of the proteins. Release and storage of 
proteins by cells and the local synthesis of plasma proteins 
in tissues and organs are well described and well illus- 
trated. Also included is a discussion of inherited deficien- 
cies of human proteins together with a valuable survey of 
non-pathological molecular variation of some individual 
proteins. A chapter on turnover discusses critically the 
use of radioactively labelled proteins and the interpreta- 
tion of results. Theoretical considerations underlying 
such studies are discussed and the mathematics here is 
not difficult to follow. Information so far available about 
turnover and distribution of various individual proteins is 
collected together. Though still a subject for further 
investigation, the probable sites of protein catabolism are 
indicated. The many aspects of protein exchange between 
mother and child are dealt with fully in a final chapter 
which ends with the development of the post-natal 
plasma protein pattern. 

The fourth and last section on extravascular fluids 
contains masterly accounte of the physiological processes 
of protein transport between the vascular tree and the 
interstitial spaces and of mechanisms of oedema formation. 
Present knowledge of the fluids of serous cavities is 
reviewed and is followed by discussions of various indivi- 
dual secretions such as urine, cerebrospinal fluid, milk 
and colostrum to mention only a few. The whole section 
forms what is probably the most complete collective 
account of non-vascular body fluid proteins yet published. 

This volume is a work of high scholarship and must be 
regarded as essential for all who are interested in the 
human plasma proteins. Although complete in itself, it 
is to be followed by a second volume on the pathology of 
plasma proteins. The high standard of printing is what 
we have come to expect from the publishers. Apart from 
the very few occasions where a word is misused or invented, 
the English would do credit to English authors. There is 
an adequate subject index but unfortunately no author 
index (there are several thousand references). Unfor- 
tunately, too, ita high price will put the book beyond the 
reach of most readers’ pockets, but it is to be hoped that 
it will not prevent its purchase by all medical and bio- 
chemical libraries. R. CONSDEN 
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HUMAN ECOLOGICAL GENETICS 


The Blology of Human Adaptability 

Edited by Paul T. Baker and J. 8. Weiner. Pp. viii+ 641. 
(Oxford: Clarendon Press; London: Oxford University 
Preas, 1966.) 105s. net. 


The Biology of Human Adaptability origmated from a sym- 
posium entitled “The Biology of Populations of Anthropo- 
logical Interest” organized jointly by the International 
Biological Programme and the Wenner-Gren Foundation 
for Anthropological Research, and held in Burg-Warten- 
stein in 1964. In his foreword, Sir Lindor Brown points 
out that the purpose of the symposium was to review the 
present state of knowledge in the general field of studies on 
human adaptability being planned in connexion with the 
International Biological Programme. To this end, nine- 
teen authors have contmbuted eighteen chapters con- 
veniently arranged in seotions on African, American, 
Asian, Circumpolar and High Altitude populations, 
together with an introductory section; the range of their 
interests is wide, and there are chapters by geneticists, 
anthropologists, anatomists, paediatricians, physicians 
and physiologists. 

The book certainly fulfils its major purpose, for even 
the most cursory examination reveals more of what is not 
known. about people than what is known. Nor is time on 
our side ın this matter, for as Neel and Salzano on South 
American Indian populations and Sanghvi on Indian tribes 
point out, the rate of cultural invasion of these areas is 
so great that shortly there will be removed for good the 
possibility of studying these primitive groups. 

The contributions to the book vary a good deal in 
quality. There are excellent chapters of methodology by 
Schull and Ainsworth Harrison. Kirk reports many 
intereating genetical data from Australia and New Guinea, 
as do Sanghvi from India, Edholm from South-Western 
Asia, Laughlin from Circumpolar and Tobias from 
Southern African populations. Though Tanner’s chapter 
on growth and physique is excellent, some of the others, 
particularly those concerned with physiological investi- 
gations, are less convincing. As might be expected, even 
primitive peoples are skilled in making effective cultural 
adaptations to climatic stress so that several investiga- 
tions have failed to demonstrate different capacities to 
adapt to extreme heat and cold, for example. So far, 
there is compelling evidence for genetic adaptation only 
in respect of hypoxia at high altitudes. Even negative 
evidence has its value, however, for it underlines the 
importance of knowing about cultural practices in under- 
taking an analysis of physiological (and, for that matter, 
genetical) characters; 1m short, the value—indeed the 
need—for an interdisciplinary approach to problems of 
human diversity. 

The editors are to be congratulated on producing this 
interesting volume which appears to be commendably free 
of errors. It will be of interest to those professionally 
concerned as well as to laymen. M. J. LAWRENOm 


BACTERIAL GENETICS 


Bacterlal Genetics 

By Werner Braun. Second edition. Pp. xiii+380. 
(Philadelphia and London: W. B. Saunders Company, 
1965.) 708. 


BAOTERIAL genetics has changed almost beyond recog- 
nition in the thirteen years since the first edition of this 

tbook; so now has the book. Although there are only 
sixty per cent more pages, the second edition contains 
incomparably more material than the first. Dr. Braun 
has a gift for concise description, and often conveys the 
essentials of complex series of experiments in & surprisingly 
short apace. 
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The book covers, of course, the familiar three methods of 
genetic transfer but, while mentioning the fragmentary 
information available on the genetics of Vibrio and 
Pseudomonas, it disappointingly omits any description of 
the genetic system of Streptomyces. There is a particu- 
larly extensive treatment of genetic phenomena leading to 
population changes, and the well stocked menagerie of 
mutants will provide useful reference material for the 
many of us who entered bacterial genetics with no formal 
training in bacteriology. Mutagenesis, especially its non- 
adaptivity, is treated well; there is a nicely illustrated and 
concise account of bacterial cytology, and two economical 
chapters covering transcription, translation and their 
regulation. 

Dr. Braun has a very individual view of geneticiste 
(witness the final ph of Chapter I) and 
is somewhat ill at ease about standard genetic concepts, 
which he appears to consider in some way out of date. 
(“Genes located at corresponding sites of homologous 
chromosomes . . . were [sic] referred to as alleles’’—p. 34.) 
His account of crossing-over in Chapter 12 has misleading 
diagrams, and it seems a pity to introduce the unnecessary 
complexities of a diploid life cycle when a haploid 
eukaryote would have served the purpose better. Em- 
barrassment at defining and then using the word “gene” 
leads to endless circumlocutions (“blocks of separate 
nucleotide sequences in the DNA molecule”—p. 81). The 
author no doubt seeks to make it easier for the non- 
geneticist to follow the book by these devices, but he 
seems to increase the possibilities of misunderstanding. 
The merits of the book, however, far outweigh its minor 
irritations. D. A. Horwoop 


BACTERIAL RECOMBINATION 
AND DNA 


Proceedings of the Symposium on Bacterial Trans- 
formation and Bacterlocinogeny 

August 13-16, 1963, Budapest. (Symposia Biologica 

H ica, Vol. 6.) Pp. 167. (Budapest: Akadémiai 

Kiadô, 1966.) 42s. 


Taa symposium contributions collected together in this 
volume reflect the range of experimental techniques, from 
the simple to the highly sophisticated, which are being 
used to study bacterial transformation systems, bacterio- 
cins and the functioning of molecules of DNA in their 
cellular environment. The participants came from eight 
different countries and several of the 22 papers are substan- 
tial: some are of the review type and others report new 
work in detail for the first time. Other contmbutors gave 
short reports of experiments under way at the time of the 
symposium (1963), 

The overall process of ‘‘transformation” is now well 
documented, at least for certain Gram positive bacteria, 
and the time has now come to study the constituent parte 
of this phenomenon. Szybalski and Opara-Kubinska 
concentrated on structural aspects of defined genetic 
marker regions of the donor DNA and, in addition to 
preliminary results concerning Bacillus subtilis, gave an 
excellent review of the ways in which donor DNA may be 
labelled so that it can be subsequently recognized in the 
transformed bacteria. The factors controlling competence 
(and hence the entry of donor DNA) are still only vaguely 
understood. Some progress has been made by Pakula, 
however, who induced competence in streptococci by 
means of a preparation, apparently an enzyme, isolated 
from the culture filtrates of these bacteria. In pneumo- 
cocci, Kohoutová asserted that potassium ions are required 
for the irreversible fixation of the transforming DNA and 
that DNase may function at some stage in the transform- 
ation process. At the molecular level, recombination 
between the incoming DNA and the host DNA was 
analysed by Hotchkiss, who gave a lucid account of the 
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effect of DNA concentration and temperature on the 
overall kinetics of transformation involving linked and 
unlinked markers. Recombination resulting ın hetero- 
zygotes was discussed by Hotchluss and also by Stahl. The 
latter recounted the use of phage heterozygotes made by 
Streisinger to support his deductions that the genetic 
material of phage T, is in the form of a circular (or con- 
tinuous) structure. 

The synthesis of bacteriocins (antibiotic proteins) is 
controlled by genetic determmants which, at least in 
Gram negative bacteria, appear to be extrachromosomal. 
The relevance of bacteriocinogeny in a symposium con- 
cerned with bacterial transformation becomes clear when 
it is shown that transfer of the genetic determinants for 
bacteriocinogeny can be achieved ın Hecherichta cols and 
Salmonella sumply by cell contact and at the same time 
other genetic markers may be introduced into the recipient 
bacteria. The three papers by Clowes, Wollman (report- 
ing the work of Nagel de Zwaig, Anton and Puig) and 
Watanabe gave ample evidence for this extremely inter- 
esting phenomenon. Practising microbiologists must 
note that not only chromosome transfer but also the 
plating efficiency of bacteria for bacteriophages can be 
profoundly altered by the presence of bacteriocinogenic 
factors. Comprehensive data concerning bacteriocinogeny 
ım other species were given by Ann Paterson (Pseudo- 
monas aeruginosa), Holland (Bacillus megaterium) and 
Hamon and Péron (Klebsiella pneumoniae and Aerobacter 
aerogenes). 

In the concluding papers of the symposium, Schaeffer 
introduces the idea that the induction of sporulation, like 
the induction of a lysogenic phage, may be the end result 
of a stoppage in host DNA synthesis. In the context of 
general mechanisms for the regulation of macromolecular 
synthesis in bacteria, Stent suggests how RNA synthesis 
may be regulated by transfer RNA. 

This symposium volume is well produced and there is a 
brief index. I have only one serious criticism: & sym- 
posium volume should be published as soon as possible 
after the event. A lag of three years is too long! Even 
80, many of the contributions are still of value since atten- 
tion was directed primarily to results and general 
principles rather than to a wealth of experimental oe 

B. A. Fry 


ZOOANTHROPONOSES 


Natural Nidality of Transmissible Diseases 

With special reference to the Landscape Epidemiology of 
Zooanthroponoses. By Evgeny N. Pavlovsky. English 
translation edited by Norman D. Levine. Translated by 
Frederick K. Plous, Jun. Pp. x+261. (Urbana, Il., and 
London: University of Illinois Press, 1966.) $8. 


Tue concept of a natural focus of disease infection is not 
new, nor is the relationship between geographical back- 
ground and type of disease. To this extent Pavlovaky’s 
book cannot be considered as a pioneering approach to 
the epidemiology of zooanthroponoses. Its value lies in 
presenting a synthesis of Russian investigations on 
zoonoses and epidemiology, as reflected by 174 references 
to Soviet papers compared with 36 non-Soviet references, 
of which some are either of an incidental nature or of 
now historical value. 

In the first chapter, the terms used in the text are 
defined and the premises necessary for the establishment 
of the study of the natural nidality of diseases are stated. 
The second is concerned with the veotors involved m 
natural transmission of pathogens, their activities under 
varying external conditions and the behaviour of the 
pathogens within the vector influencing transmissibility. 
The text, while basically informative, 1s marred by too 
literal a translation of the original, as evidenced by such 
expressions as ‘“‘cargo of . . . malarial plasmodia’’, “‘pos- 
terior bowel” and “large intestine” of insects. Similarly, 
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it is difficult to understand what is implied by “sem- 
mature ticks” or “partially mature ticks”. For some 
reason, these and other similar discrepancies are more 
prevalent in Chapter IT than elsewhere. 

Methods of possible vector transmission, the factors 
necessary for the continuance of natural foci and of the 
establishment of new foci form the subjects of Chapter ITT. 
This is illustrated by an extended account of tularaemia 
infection and of observations and experiments on Phle- 
botomus as the transmitter of the agent of Pendinsk sore 
in Central Asia, Transcaucasus and the Crimea. The 
infectivity of ‘donor’ and ‘recipient’ hosts is discussed in 
relation to the significance of reptiles and birds in virus 
‘turn-over’, the species and age of mammalian hosts as 
well as their physiological state. Tularaemia occupies half 
the text of Chapter V on ‘“‘natural-nidal diseases” and six 
other diseases are dealt with in the remaining half. The 
origins of new and secondary foci of disease infections in 
relation to (i) the behaviour of vectors and infective hosts, 
(i) geographic and palaeogeographic factors and (iii) the 
effects of the aggregate of climate and microclimatic 
factors are considered at some length in Chapter VI. It is 
a chapter of considerable significance for the biologist and 
the medical worker in that it emphasizes the need for 
integrated studies from a wide range of disciplines for the 
understanding of the problems of zoonoses. This same 
trend pervades the chapter on the landscape epidemiology 
of zooanthroponoses (Chapter VII) with specific reference 
to the development of virgin areas of the U.S.8.R. 

With the exception of the expressions already noted, 
the text is most readable and is supplemented by clear 
diagrams, good drawings and photographs. It is suitable 
for all grades of university studenta with a basic know- 
ledge of zoology and is of particular interest to parasitolo- 
gists and epidemiologists. Many of the concepte are 
excellent, but I can only agree with the editor in advising 
caution in accepting interpretations such as those offered 
on yellow fever, dengue and West Nile viruses. The 
editor has eased the task of the student by providing an 
excellent glossary of epidemiological terms used by 
Pavlovsky, which otherwise would be quite meaningless to 
students outside the Soviet Union. 

All in all, this is a stimulating book which emphasizes 
the importance and need for ecologically oriented parasit- 
ology and for broadly based zoological courses, incorpor- 
ating physiology and ecology, as a basis for understanding 
diseases common to lower animals and man. 

Don R. ARTHOR 


CHEMISTRY OF ANTIBIOTICS 


The Chemistry of the Antiblotics Used in Medicine 
By R. M. Evans. (The Commonwealth and International 
Library of Science, Technology, Engineering and Liberal 
Studies: Pharmaceutical Chemistry Division.) Pp. 
x-+226. (London and New York: Pergamon Press, Ltd., 
1965.) 258. net. 


Tam chemistry of the antibiotics has probably produced 
greater novelty and more surprises than any other area 
of natural product chemistry. Twenty years ago no 
organic chemist would have dreamed of finding a natural 
product incorporating aromatic nitro and dichloroacetyl 
groups, far less one with an aliphatic diazo group, yet 
examples of these unexpected structural features and 
many more have now been encountered among antibiotics. 
The elucidation of many of their structures constitutes 
monumental achievements in organic chemistry, and 
the methods by which the unusual structural features of, 


antibiotics have been diagnosed are themselves in many” 


respects novel and sophisticated. The whole field provides 
fitting subject matter for a book that should find ready 
acceptance among organic chemists interested in structural 
problems. 
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The author of this volume, in order to keep ins task 
within manageable size, has confined his attention almost 
entirely to the chemistry of those antibiotics which have 
found practical application in human medicme; they are, 
of course, those in which by far the widest range of readers 
will be interested, and their chemistry affords ample scope 

. for an exciting and stumulating survey of modern methods 
“of structural determination. Most of the published work 
on. the chemistry of the antibiotics has been concerned with 
the determination of their structures, in which almost 
every chemical technique capable of providing assistance 
has been brought into use; modern physical methods 
have also played a prominent part. To a lesser degree 
the structural findings have been confirmed by synthesis 
and the beginnings have been made of an understanding 
of the biosynthesis of some of the antibiotics. These 
various aspects of the chemistry of the antibiotics are 
treated in this book in a most judicious and balanced 
manner. The accounts of the determinations of structure 
are models of clear, comprehensive, accurate, and yet 
succinct description, and they convey a lively picture 
of the chemical detective work that has been carried out. 

A brief introductory chapter discusses the discovery, 
development and classification of the antibiotics, the last 
with regard to their sources and, more importantly, with 
regard to the chemistry, on the basis of their possible 
biogenetic origins and chemical structures. Although the 
structures of the antibiotics show considerable diversity 
they appear to arise from variations on a limited number 
of biogenetic themes which form the basis of the subse- 
quent chapters. Chapters 2, 3 and 4 deal with antibiotics 
derived respectively from one, two or more amino-acids 
and include chloramphenicol, the penicillins, cephalo- 
sporins, bacitracing and polymyxins. Chapter 5 deals 
with antibiotics derivable from sugars, such as the strepto- 
mycins and neomycins. The next three chapters illustrate 
the versatility of acetate and propionate as antibiotic 
precursors, providing fused ring systems (tetracyclines, 
griseofulvin), the macrocyclic so-called macrolides (ery- 
thromycin, ete.) and polyenes (nystatin, eto.). Chapter 9 
is concerned with a number of antibiotics which do not 
fall within this biogenetic classification (novobiocin, 
vancomycin, puromycin). A further chapter describes 
what is known of the modes and sites of action of anti- 
biotics, while two appendixes give the physical constants 
of the antibiotics used in clinical practice (in tabular 
form) and a brief account of a few antibiotics with anti- 
tumour activity. Each chapter is adequately documented 

‘ go that the original sources of information can readily 
be traced. 

The volume is typographically most attractive and it 
is pleasing to note the clarity with which carbohydrate 
stereochemistry has been presented, though, through an 
unfortunate lapse, the Park nucleotide near the end of the 
book is shown with both sugar residues belonging to the 
u-series. This small book can be warmly recommended 
as an authoritative and balanced introduction to a 
dynamic field of research. J. WALKER 


GAS CHROMATOGRAPHY OF 
STEROIDS 


Gas Chromatography In the Analysis of Steroid 
Hormones 

By Herbert H. Wotiz and Stanley J. Clark. Pp. xvi+ 288. 

(New York: Plenum Press, 1966.) $12.50. 


Tris excellent book is recommended to those entering the 
field of gas chromatography and in particular the highly 
specialized field of steroid analysis. Not only have the 
authors drawn on their extensive knowledge but they 
have incorporated contributions from other recognized 
authorities. 
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The earlier chapters are devoted to an introduction to 
the subject. The theory of the column and also column 
performance are dealt with concisely but adequately. 
The chapter on instrumentation is comprehensive and 
provides an excellent basis for the understanding of this 
part of the subject. There is a brief description of the 
various ancillary methods used both in the quantitative 
and the qualitative analysis of the separation products 
from the column. Mention is made of the usual means of 
detection such as ultra-violet and infra-red spectrophoto- 
metry, nuclear magnetic resonance and mass spectro- 
metry and optical rotatory dispersion. Attention is 
directed to the high cost of instrumentation. A brief 
outline of the history of steroid gas-liquid chromato- 
graphy is followed by a useful chapter on column pro- 
cedure. The decomposition of steroids during gas-liquid 
chromatography, irreversible sorption and the purity 
of standards and solvents are then dealt with adequately. 

The remainder of the book is devoted to the application 
of gas-hquid chromatography to the determination of 
steroids. Each chapter is subdivided into two sections, 
one dealing with the biochemistry and the evaluation of 
methods and the other with experimental procedures. A 
variety of methods of estimation for each group of steroids 
is set out and comparisons made. Progesterone and ita 
metabolic products, the androgens and related steroids, 
preganetriol, urinary oestrogens and the adrenocortical 
steroids are all dealt with. A further reason for recom- 
mending this book 1s that the authors have had personal 
experience of the methods discussed. D. B. Horn 


STEROIDS 


Hormonal Steroids 

Biochemistry, Pharmacology, and Therapeutics, Vol. 2. 
Edited by L. Martini and A. Pecile. (Proceedings of the 
First International Congress on Hormonal Steroids.) Pp. 
xxi+673. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1965.) 160s. 


Mors than thirty years have elapsed, as we are reminded 
in the introduction to this book, since the initial studies 
were made which led to the subsequent isolation and 
structure determination of the steroid hormones. Although 
the early work was mainly of chemical interest, the dis- 
covery of the anti-inflammatory effects of cortisone was 
the signal for the beginning of an intensive study of the 
methods of synthesis of these compounds and their 
derivatives, and their physiological and pharmacological 
effects. Since then practically none of the biological 
sciences has escaped the impact of this group of com- 
pounds, which are currently of major interest to chemista, 
biochemists, physiologists, clinicians and many others. 
The organization of an international congress was a 
logical development to provide a meetmg point for these 
various disciplines, and 1962 therefore saw the First Inter- 
national Congress on Hormonal Steroids which was held 
in Milan. This book is the second of two large volumes 
which record the proceedings of this meeting, and reports 
all the round-table discussions which were held. 
Although this volume reports only a part of the pro- 
ceedings, it contains a formidable total of seventy-one 
papers grouped in nine sections. The scope of the papers 
is best indicated by the titles of the topics discussed. In 
order, these are: recent advances in steroid chemistry; 
new anabolic steroids; regulating effect of progestational 
hormones; action of steroids on pituitary function; 
action of steroids on tumours; action of steroids on the 
central nervous system and behaviour; hormonal adjust- 
ment to space flight; steroid hormones and metabolites 
in blood; the adrenogenital syndrome. The large majority 
of contributions are quite short, dealing with specialized 
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aspects, and only a few (perhaps the more interesting) are 
of a more general and speculative nature. This is not a 
book, therefore, for the general reader but will appeal 
more to the steroid specialist. The papers are fairly well 
related to the title topics, although the section on space 
flight, for example, contains only one report of results 
obtained in animals following orbital flight, and the reat 
deal mainly with effects of various stresses, such as heat 
and vibration on animals and man. The section on the 
adrenogenital syndrome is also wider in scope than the 
title suggests and contains papers on the differential 
diagnosis of Cushing’s syndrome, and on steroid ex- 
cretion by patients with polycystic ovaries. The book 
is well produced and contains relatively few misprints 
and omissions. The price is high, however, and it seems 
unlikely that it will attract many private purchasers, 
particularly when one reflects that the two volumes 
together will cost more than £14. 

The disappointing feature of the book is that it reports 
results which were produced in 1962, and the pubbcation 
date of 1965 may therefore be misleading to the pros- 
pective buyer who may think he is obtaining a relatively 
recent survey of the field. Neither will he be enlightened 
by a careful perusal of the book, which in no place in- 
dicates the actual date of the conference. 

While the opportunity for scientists to meet and ex- 
change views on a topic of mutual interest is undoubtedly 
of value, it is rather more debatable how useful is the 
publication of the proceedings of such meetings. Some 
record is perhaps justified, but, in the main, the immediate 
purpose would seem to be to provide an opportunity for 
those people unable to attend the meeting, and for par- 
ticipants faced with the impossbility of attending a 
number of simultaneous sessions in which they are inter- 
ested, to study the papers at leisure. To serve this purpose 
well, publication must necessarily be made as rapidly as 
possible. In this case, to have to wait more than three 
years to see these proceedings in print is disappointing 
for authors and readers alike. V. H. T. Jams 


DIAGNOSTIC ULTRASOUND 


Diagnostic Ultrasound 

By Charles C. Grossman, Joseph H. Holmes, Claude 
Joyner and Edward W. Purnell. ( ings of the First 
International Conference, University of Pittsburgh, 1966.) 
Pp. xiii+519. (New York: Plenum Press, 1966.) $11.50. 


Sounp waves of suitable wavelength and energy can be 
used to explore or to destroy. In its destructive role 
ultrasound is now a useful tool for certain specialized 
surgical purposes, especially in otology and neurosurgery. 
‘The exploratory use of ultrasound has not been so success- 
fully developed and its future still lies in the hands of a 
relatively small number of enthusiasts. 

Some of these held an international conference at Pitts- 
burgh in 1965, and this volume contains the full text of 
all the papers delivered there and a verbatim account of 
the discussions, from the incisive to the trivial. The papers 
are also variable in quality, although they cover most of 
the fields of clinical application. They range from 
theoretical analyses of the physical problems and intrinsic 
limitations of the method to surveys of the state of the 
art in particular countries. 

The clinical applications considered fall into four main 
groups—ophthalmology, neurosurgery, cardiology and 
obstetrical-abdominal. In many respecte, the eye is the 
most rewarding object for study by ultrasound. Problems 
of coupling, sensitivity, resolution and scanning tech- 
niques are less serious for the eye than elsewhere and 
greater progress has resulted. Even so, the inherent 
limitations of the method are fully apparent from these 


papers. 
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The many papers on the neurological applications of 
ultrasound clearly demonstrate that confusion still per- 
sists. Terminology, methodology and interpretation are 
controversial and the clinical value of the method remains 
uncertain in spite of much patience and ingenuity. There 
are several papers on the diagnostic applications of ultra- 
sound in obstetrics and in the delineation of other 
abdominal masses, but they offer little that is signi-* 
ficantly new in either technique or achievement. 

The most valuable and interesting parts of the volume 
are the three papers on cardiological studies. Ultrasound 
has been successfully used in the study of valvular func- 
tion and of the generation of heart sounds. The findings 
have been carefully correlated with the results of tho 
classical methods of investigation and further progress 
seems probable. 

This book, like most congress reports, is a patchwork 
and its value is limited. The general reader is unlikely 
to venture far into its technicalities and the specialist 
can scarcely be satisfied by it. It is apparently repro- 
duced from typescript by lithography and some of the 
illustrations have suffered. There is no index. 

D. TavERNEB 


KNOW YOUR FAT 


Adipose Tissue 

Edited by Albert E. Renold and George F. Cahill, jun. 
(Handbook of Physiology: a Critical, Comprehensive 
Presentation of Physiological Knowledge and Concepts, 
Section 6.) Pp. vii+824. (Washington, D.C.: American 
Physiological Society, 1965. Distributed by the Williams 
and Wilkins Company, Baltimore, and E. and §. Living- 
stone, Ltd., Edinburgh.) 224s. net. 


THis volume consists of a preface and sixty-eight short 
monographs on every aspect of physiology, biochemistry 
and morphology that might have some bearing on the 
structure and functions of adipose tissue. The mono- 
graphs have been written by outstanding authorities who 
are actively involved in research studies in each of the 
fields under discussion. As might be expected, this book 
is fascinating to read and it will further stimulate research 
effort in this important field. The editorial task in the 
production of such a volume is immense and some possible 
criticiams are forestalled in the preface. The arrangement 
of the monographs frequently appears illogical, however, 


since those on closely related topics are often widely w 


separated and in some places techniques are discussed 
only after a detailed description of ther application. 
These peculiarities of the arrangement of the monographs 
will not trouble the discerning reader with some knowledge 
of the field who, in any case, is more likely to pick and 
choose certain sections than to attempt to read through 
the entire volume from start to finish. As the editors 
point out, conflicting opinions are expressed in different 
monographs; this is an advantage to the thinking reader. 

There are several monographs which discuss the morpho- 
logy of adipose tissue and these are beautifully illustrated 
with excellent photographs. The development and histo- 
genesis of adipose tissue are reviewed. Whether or not 
there are different forms of adipose tissue remains an open 
question. Some of those with a morphological approach 
incline to the view that all adipose tissues are the same 
and that differences in appearance probably relate to 
different stages in development. Whether this is so or 
not, there is no doubt about the great metabolic differences 
that can be observed between so-called “brown adipose 
tissue” and “white adipose tissue’? from other sites; v 
these matters are fully discussed in a chapter devoted to 
the physiology of “brown adipose tissue”. 

The biochemical chapters deal fully, as might be 
expected, with the nature of the fats found in adipose 
tissue, their possible origins, their biosynthesis, transport 
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and biodegradation. The possible importance of lipases 
in transport, their site in the cell and their possible 
significance in deposition and mobilization of fat are also 
fully discussed. A number of chapters also cover aspects 
of carbohydrate metabolism that have significance in the 
metabolism of adipose tissue cells. This is a matter of 
great and growing importance, especially with regard 
to the medical aspects of these problems. The use of 

“amino-acids as a source of energy and for lipogenesis is 
discussed. Little work on protein metabolism in adipose 
tissue has been done so far; further studies are likely to 
yield information of considerable interest. 

The physiological chapters deal with such subjects as 
the measurement of adipose tissue in the human subject, 
the energy storage function of adipose tissue, and the 
effects of diet, endocrine, nervous and psychological 
factors on adipose tissue. The great revolution in think- 
mg about adipose tissue that occurred in 1948 is being 
fully maintained; this tissue is undoubtedly one which 
is intensively active metabolically and which is subject 
to many different influences in the living animal. Some 
of the abnormalities that may occur under pathological 
conditions, especially in human beings, are briefly dis- 
cussed in appropriate chapters. 

A number of chapters deal with comparative aspects, 
both structural and physiological. A wide range of living 
creatures is considered and an interesting section deals 
with the adipose tissue of migratory birds. There is 
scope for the use of a wide range of animals in studies on 
adipose tissue. 

Anyone interested in lipid metabolism, lipid transport, 
or cell physiology will find this book a worthwhile addition 
to his library. It should be studied by all graduates in 
biochemistry and physiology and any medical graduates 
interested in metabolic aspects of disease; it should also 
interest and stimulate undergraduates in their final year 
who are in s position to be discriminating in their choice 
of reading, but it is also likely to appeal in part to a much 
wider circle and may encourage those in broader fields 
of biology to take a greater interest in adipose tissue. In 
spite of the great amount of information set out in the 
various chapters that comprise this volume, it is inescap- 
able that research in this fleld is still largely in its infancy. 

A. ©. FRAZER 


JAPANESE NEUROSCIENCE 


« Correlative Neurosciences 
Edited by T. Tokizane and J. P. Schadé. Part A: Funda- 
mental Mechanisms. in Brain Research, Vol. 
21A.) Pp. xi+363. (Amsterdam, London and New 
York: Elsevier Publishing Company, 1966.) 1158. 


Tem editors of this volume end their preface with the 
hope that “we trust that this volume will provide a means 
of evaluating the level of brain research in Japan”. The 
volume referred to includes Part B (not reviewed here) 
which deals with studies of a more clinical nature. In 
fact fairer evaluation would probably be obtained from 
a consideration of the papers given by home-based 
Japanese workers at the last International Physiological 
Congress, held in Tokyo in August 1965, Few British 
physiologists could fail to wonder at the enormous output 
of Japanese biologista working in cramped conditions 
(even by British standards) with far-from-negligible 
teaching loads. Industry such as this cannot fail to make 
its mark in science. 
It would certainly be invidious to compare the attain- 
ments of brain research in the two countries. My preju- 
dices compel me to regard dismally the two EEG studies 
in this volume, both of which reveal such unrewarding 
prospects, while a. number of painstaking neuro-anatomical 
studies are marred by an almost complete absence of 
original comment on the possible functional significance 
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of the findings. Happily these criticisms do not apply 
to the investigations involving the application of bio- 
chemical and histochemical techniques to the nervous 
system, and these papers, like those dealing with the 
processing of sensory information in the nervous system, 
provide interesting findings and good reviews; they also 
show that Japan has strong schools in some of the most 
fashionable branches of research in the nervous system. 
With the exception of one fine account of recent findings 
on the Mauthner cell, there is a conspicuous absence of 
papers dealing with the analysis of fundamental mechan- 
isms observed in single cells or in peripheral nervous 
structures, which surely does less than justice to the 
Japanese in a field in which their contribution is so great. 
The other omission, which I find surprising, is the whole 
subject of neural development as the primary, and not an 
incidental, topic of interest. Does this really reflect an 
absence of such research in Japan, or merely an unfor- 
tunate limitation imposed by the editors ? 

This collection of papers deserves attention in its own 
right, and only in the smallest sense as a picture of brain 
research in Japan. Investigators into the nervous 
system needed no such artificial stimulus to recognize or 
assess the contributions from that country, and indeed 
in this context other countries come much more readily 
to mind. Who would happily attempt to present the true 
picture of brain research in Great Britain at present ? 

J. Diamond 


PERIPHERAL NERVES 


The Peripheral Nervous System 

By J. P. Schadé. Pp. 230+3 plates. (Amsterdam. 
London and New York: Elsevier Publishing ee i 
1966.) 60s. 


ACOORDING to the publishers, this book gives a ak 
survey of the peripheral nervous system, presenting the 
anatomical, physiological and clinical aspects of the spinal 
nerves, the cranial nerves and autonomic nervous system 
in great detail. This claim may be misleading, for the 
book is short and based on a series of lectures on the 
peripheral nervous system given to medical students and 
physiotherapists over a number of years. It is intended 
as a basic course, not a comprehensive treatise. As such, 
it will be warmly welcomed by those intending to become 
clinical neurologists and will serve as a valuable reference 
book for clinical students, general practitioners and 
physiotherapists. 

The illustrations are accurate and beautifully executed. 
Moreover, the book comes complete with three loose 
coloured wall charts. The author has used all the teaching 
aids at his disposal to present the complexities of the 
anatomy of the peripheral nervous system as clearly as is 
possible and in this he has succeeded most admirably. 

A. G. M. WEDDELTI 


RADIOACTIVE DIET 


Radioactivity and Human Diet 
Edited by R. Scott Russell. Pp. xi+ 852. (London and 
New York: Pergamon Press, Ltd., 1966.) 1008. net. 


ENVIRONMENTAL radioactivity resulting from nuclear 
fission has stimulated extensive investigation of the 
contamination of human diet by various radioactive 
products of fission in many parts of the world. The 
present volume is edited by Dr. R. Scott Russell, who 
for the past ten years has directed the work of a British 
team in this field. 

An introductory section assesses current radiation 
exposure of people both from products of nuclear fission 
and from natural radioactive sources in the environment. 
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Later chapters deal with routes by which radioactivity 
enters the food both from terrestrial and marine sources. 
Separate consideration is given to radioactive forms of 
strontium, caesium and {odine in their passage from soil 
to plant to man, and special reference is made to the change 
in the environmental distribution of radioactivity in 
successive croppings of an edible plant. 

The book is divided into five more or less self contained 
parts each provided with a fairly extensive bibliography. 
This makes for easy reference to a particular topic but 
does involve repetition of certain basic information which 
hes added materially to the length of the work. As a 
book of reference on this subject, it is almost unique and 
must provide an important source of information to those 
concerned with environmental contamination and 888001- 
ated problems. The basic material of the volume, 
provided by eight contributors, is the result of joint 
investigations by chemists and physicists as well as agri- 
cultural and biological scientists. It is another fascinating 
example of a team enterprise. G. E. HARBISON 


WHERE PLANTS COME FROM 


The Origin of Cultivated Plants 

By Franz Schwanitz. Pp. vi+175. (Cambridge, Mass. 
Harvard University Press; London: Oxford Gaiveruty 
Press, 1966.) 388. net. 


Træ origin of cultivated plants has proved a more and 
more fruitful problem with the application of experimental 
methods. Breeding, chromosome studies and archaeology 
have converged in helping us to understand both crop 
ongins and human applications. This book is not, 
however, concerned with such far-flung enquiries. Rather, 
it offers a popular discussion of the improvement of crops 
by selective breeding. These are well illustrated by 
photographs and diagrams. But the explanations are 
loose, often unauthenticated and sometimes irresponsible. 
The author is German, but he fails to mention the most 
illuminating of all German ideas on domestication— 
Engelbrecht’s study of unconscious selection {in 1916). He 
does refer, however, to the mythical or comical achieve- 
ments of Burbank and Michurin. And, as for his chromo- 
somes, did he really see such things ? The publishers may 
be said to be also somewhat irresponsible. For Harvard 
University has been the home of some of the most notable 
contributors to this subject—East, Sax and Mangelsdorf, 
for example. In view of this record, the press of the 
university might have taken more care of its reputation. 
C. D. DARLINGTON 


RADIOACTIVE SOIL 


Radioactive Contamination of Soil and Plants 

By R. M. Aleksakhin. Translated from the Russian by 
N. Kaner et al. Edited by 8. Alexander. Pp. iv+ 108. 
(Jerusalem: Israel Program for Scientific Translations; 
London: Oldbourne Press, 1965.) 47s. 


ALTHOUGH this book claims to review all data accumulated. 
to date, the delay caused by the publication in Moscow 
in 1963, and translation and re-publication in Israel in 
1965, means that the data quoted refer to nuclear tests to 
the end of 1961 with added information from 1962. 

On the whole the translation of the Russian book is 
well done and makes interestmg reading. The few minor 
mistakes in the choice of the correct English equivalent 
are of little consequence. Spelling is good with one or 
two exceptions (such as “Scott Russel”). A transcription 
mistake on p. 49 refers to 16 per cent strontium-90 
(presumably 16 x 146,000 c./100 ml.). The use of sub- 
headings within the chapters would have improved the 


reading. 
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The first part deals with the nature and properties of 
radionuclides, the nature of fallout and its distribution 
on the surface of the Earth after various types of nuclear 
explosion. The effects of radiation on plant tissues are 
mentioned briefly, but the dose rate quoted from 1 ne. 
only should have referred to alpha-activity rather than to 
average fallout. 

The next chapter has a misleading title “The Uptake of 
Fission Fragments by Plants...” dealing almost exclu-* 
sively with strontium and caesium with only occasional 
reference to others. Iodine is badly neglected. The bulk 
of the data given is familiar to those who have read 
reports by the United Nations and the Agricultural 
Research Council. Considerable emphasis is placed on the 
validity of strontium and caesium units, but this is by 
now old news. A very useful feature in this chapter, 
and indeed in the whole of the book, is the large amount 
of factual information presented in an orderly manner 
together with references to its origin. 

In the remainder of the book the main theme is that the 
soil is the chief competitor for radionuclides in solution 
thereby restricting uptake by plants. Ways of restricting 
uptake of fallout by plants are then reviewed, and particu- 
larly ploughing, the use of lime, potassium salts, fertilizers 
and chemicals. The radioactive contents of various foods 
are quoted, some quite uselessly in counts per second 
rather than in pico-curies. D. C. Picxmprme 


PLANT EVOLUTION 


An Evolutionary Survey of the Plant Kingdom 

By Robert F. Scagel, Robert J. Bandom, Glenn E. Rouse, 
W. B. Schofield, Janet R. Stein and T. M. C. Taylor. 
Pp. xi +658. (London and Glasgow: Blackie and Son, 
Ltd., 1966.) 80s. 


Ta reader who takes at their face value the title of this 
book and the statement inside the jacket that “this con- 
temporary view of morphology . . . emphasizes evolu- 
tionary trends” is likely to be disappointed. Although it 
presents a thorough survey of the plant kingdom, equally 
divided between vascular and non-vascular plants, there 
is no more evolutionary emphasis than is to be found in 
many text-books of botany. 

The short paragraphs at the end of some sections rarely 
do more than state evolutionary possibilities, with no 
attempt at discussion or the appraisal of theories. The 
evolution of the seed habit is dealt with in half a page; 
we are told that the authors feel that Thompson has 
presented a good case for its homosporous origin, but are 
given no indication of the arguments on which his case is 
based. Fortunately, the book includes excellent reference 
lists by means of which such topics may be more ade- 
quately pursued. 

If one forgets evolution and considers this as a book 
about plant morphology and reproduction, it is more 
satisfying. It describes a large number of types, living 
and fossil, well distributed through the plant kingdom. 
It is very well illustrated, but the concentrated text 1s not 
easy to read. It is a useful book to have available to 
students for reference, and will be helpful to university 
teachers faced with the need to lecture on plant groups 
with which they are not too familiar. J. L. Crospy 


CACTI 
Das Kakteenlexikon 
Enumeratio Diagnostica Cactacearum. By Curt Baoke- 
berg. Pp. 741. (Jena: Veb Gustav Fischer Verlag, 1966.) 
48 MDN; 8le. 9d. 


AFTER the completion of the six volume monograph Die 
Cactaceae (see Nature, 196, 871; 1962) it was an excellent 
idea to produce this single volume digest more suited to 
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the amateur pocket. The format recalls Bailey’s Hortus, 
with genera and species in alphabetical order for ease of 
reference, but there are also a key to genera (36 pages) and 
chapters on cultivation and geographical distribution of 
Cactaceae, with eighteen maps. To reduce costs, the 468 
illustrations (some in colour) have been grouped together at 
the start and end, but they are cited in the text and hence 

to find. Authorities for names are given and some 
synonyms. There are 107 new taxa and combinations, as 
well as descriptions of many widely grown and recently 
introduced cacti for which no valid names have yet been 
published. 

The death of Curt Backeberg in January 1966 may be 
said to end an era in cactus taxonomy—one is tempted to 
christen it “The Schizocene”—in which fine subdivision 
of genera and species was carried to an even farther 
extreme than by Britton and Rose (1919-23). Already 
the pendulum is swinging in the opposite direction, and 
with the advent of more conservative concepts, many of 
Backeberg’s names are bound to disappear. But this will 
take a long time, and there is the immediate need for a 
. convenient, overall survey of the family including all the 
new accessions of recent years. That need is well met by 
Das Kakteenlextkon. To the ever increasing circle of 
amateur cactus growers clamouring for pictures and 
descriptions, it will be a boon; it also offers remarkable 
value for money. G. D. Rowney 


FUNGI IN ITALIAN 


If Genere ‘“‘Chaetomium”’ 

Microfunghi della Celulosa e Della Carta Attività e 
Inquadramento Sistematico. Da Giorgio Mazzucchetti. 
Pp. xii +364 (43 plates). (Roma: Ente Nazionale per la 
Cellulose e per la Carta, 1965.) n.p. 

THe first twenty pages of this book are devoted to an 
account of the morphological features of the genus 
Chaetomium; pages 21-28 to aspects of physiology in cul- 
ture; the next 243 pages to a key and descriptions of the 
species recognized; and, finally, 92 pages to plates and a 
bibliography. The last and largest taxonomic section is 
based on the recent monographs of Ames (1963) and 
Udagawa (1960) and the descriptions appear to be accurate 
translations into Italian of these authors’ descriptions. 
The forty plates are copied from other publications with 
all the defects and virtues of the originals. The morpho- 
logical and physiological data summarize published 
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AGRICULTURAL HISTORY 


A Ros of Agricultural Science in Great Britain [620— 
954 

By E. John Russell. Pp. 493 + 7 plates. 

George Allen and Unwin, Ltd., 1966.) 63s. net. 


Tus is a remarkable book both because the late Sir John 
Russell was more than 80 when he finished writing it 
and on, account of the extreme clarity and comprehensive- 
ness of the picture he presents. He begins by emphasizing 
that no boundaries have yet been defined for agricultural 
science. He himself treats it as the study on broad lines 
Yof the relations between the growing plant and ita environ- 
mental factors, including also methods by which the 
plant may be changed to make it conform better to some 
desired standard. He adds that farm animals and their 
products now form part of the subject. Agricultural 
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accounts save for some original data on media and the 
effects of pH, temperature and relative humidity on 
growth in plate culture. No information is provided con- 
cerning the mechanism, effectiveness, or biological signifi- 
cance of the abilities of species of this genus to degrade 
cellulose or about their other interesting attributes such as 
the thermophilic species. 

The work is essentially an adequately acknowledged 
compilation. It will be useful to Italian speaking readers 
who neither read English nor possess the works of Ames or 
Udagawa and who are concerned to identify species of 
Chaetomium. J. H. BURNETT 


BIRD POPULATION 


Population Studies of Birds 
By David Lack. Pp. v+341. (Oxford: Clarendon Press; 
London: Oxford University Press, 1966.) 63s. net. 


Tum author, who has so successfully pioneered ecological 
studies as Director of the Edward Grey Institute of Field 
Ornithology at Oxford for the last 20 years, has written 
this book as a sequel to The Natural Regulation of Animal 
Numbers, published in 1954. Here he analyses further 
data amassed in the last 12 years, as well as long-term 
studies on fifteen species of birds. These are presented in 
seventeen chapters which are packed with information and 
argument. Though Professor Lack has produced convin- 
cing evidence that the balance between birth rate and mor- 
tality is best explained by density-dependent factors (as 
postulated by A. J. Nicholson), he discusses the case of 
Andrewartha Birch for random control by the environ- 
ment and that of Wynne Edwards by an innate population 
limiting mechanism. 

An unavoidable limitation imposed by studies of birds 
which migrate is that few data may be available during 
their six month absence in another hemisphere. This is 
apparent in Lack’s otherwise masterly account of the 
population fluctuations of the white stork, Ciconia ciconia, 
in Europe. The large mortality which has occurred in 
Africa as a result of the use of insecticides on locust 
swarms can but briefly be referred to. This emphasizes 
the fact that every species must be studied daily over 
365 days of the year in order to establish the complete 
analysis. This book is a model for all who undertake field 
studies on living creatures. It is indispensable to such 
scientists and at the same time invaluable to all those 
who study birds. H. B. D. KETTLEWELL 


Sclence 


science began, and remained until the latter part of the 
nineteenth century, as the application of chemistry to 
agriculture. 

Starting from Sir Francis Bacon, Boyle and the Royal 
Society at ite foundation, the author describes, often in 
considerable detail, the work of the men--and in the 
present century the women—who have contributed to 
the science, and of the institutions which have been 
created to further it. He refers to the scientific ideas 
current at the time and often the prevailing economic 
conditions. He adds sympathetic thumbnail sketches 
of the leading If he dwells a shade too long on 
Rothamsted and the early days of Wye College, that is 
perhaps understandable. The picture he leaves is primar- 
uly a colourful one of human endeavour and of new know- 
ledge being gained by human intuition and intellect. He 
shows, too, how hard some of the medieval ideas died 
and how the solution of some problems was impossible 
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until particular fundamental knowledge, for example, 
of the subject of microbiology, had been acquired. 

It ıs an open question whether the agricultural industry 
would or could itself have established or maintained the 
vast amount of research which has been in progress since the 
nineteen-thirties on all aspects of agnculture. The author 
shows how the State intervened at a fairly early stage, at 
first almost by accident with “Whisky Money” and then 
more purposefully with Lloyd George’s development 
fund. The author and evidently other directors of 
research were much relieved when eventually they no 
longer had to beg for all or for large proportions of the 
money they needed. Nor is there any suggestion that 
the use of State money has placed any restraint on the 
freedom of individual research workers. 

If it is accepted that the justification for agricultural 
research, whether fundamental or applied, must be its 
benefit to this most basic of all industries, the book only 
hints at the relationship between research workers and 
farmers. Until the foundation of the agricultural societies 
from the end of the eighteenth century onwards, there 
seems to have been virtually no contact. Even then, 
husbandry was improved more by the efforts of a handful 
of well to do and educated landowners who had acquired 
an interest in new ideas than as the direct result of 
scientific research. The research workers of the early 
twentieth century were, generally speaking, men in touch 
with the soil, but it has taken two world wars to bring 
science directly to bear on the industry as a whole. Sir 
John Russell ends, however, with a warning against a new 
danger. Research is now devoted mainly to the more 
fundamental problems and is conducted by teams of 
highly trained scientists rather than agriculturalists. 
The State’s advisory service is also a separate body. The 
problem is how to maintain the contact between scientist 
and farmer that was stimulated by the needs of war. 

The book offers valuable background knowledge for 
administrators as well as for research workers. The last 
chapter, in which the author summarizes five stages of the 
development of agricultural research, may almost be 
regarded as an introduction to his main theme. 

D. F. Barton 


TOOL HISTORY 


Men, Machines and History 

The Story of Tools and Machines in Relation to Social 
Progress. By 8. Lilley. Pp. xiv+352+48 plates. 
(London: Lawrence and Wishart, 1965.) 45s. net. 


Tue first edition of this book was completed in 1946, 
though the imprint is 1948; this second edition is based 
on sources available up to the beginning of 1965; hence 
the revision and enlargement cover nearly twenty years. 
When it is recalled that the first nuclear power station, 
producing only 5,000 kW, started production near 
Moscow only in 1954, that the ‘‘modern” form of computer 
made its first fully automatic calculation in 1949, and 
that automated transfer lines became effective only in 
1954, we do not have to consider the dubious relevance of 
space flight to human welfare to appreciate the great 
enlargement necessary to make the new edition up to 
date. The chapters on nuclear power, computers, auto- 
mation and the conquest of space occupy nearly a hundred 
additional pages. ‘There are two brief chapters on other 
recent developments, and a concluding chapter on the 
prospects for a new social structure in which the remark- 
able achievements of a relatively small part of the world 
may be extended to the whole human race. The great 
increase in the available evidence has compelled Dr. 
Lilley to omit the problem of measuring technological 
progress discussed in the original work. 

Lilley takes the view that there have been two techno- 
logical revolutions—one ending about 2500 8.0., the other 
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“beginning modestly in the Middle Ages and growing in 
speed and volume ever since’. If we must have revolu- 
tions at all, this seems as good a division as any: it does 
at least emphasize continuity in growth and change 
rather than the miraculous births so beloved of less 
critical historians than Lilley. Lilley’s temperament is 
also evident in the caution with which he treats docu- 
ments, warning against the assumption that models an 
reconstructions necessarily represent accurately the 
original machines, which in some cases would never 
have worked; the same caution extends to the question 
of priorities and influences in respect of Hast and West. 
Though he makes no claim to completeness, the reader 
should get from the first part of the book a fair idea of 
progress from the Bronze Age to 1660, which Lilley takes 
as marking the beginning of the English capitalist indus- 
trial phase of history: one notable omission here is the 
gun-founding clock-making gold-work complex of the 
city of Nuremberg at the end of the fifteenth century 
and the beginning of the sixteenth. The review of the 
“Capitalist Era” up to 1945 1s necessarily highly selective: 
I found especially teresting Lilley’s conclusion (to which 
I had come some years ago) that the last decade of the 
nineteenth century saw the establishment, though not 
the wide diffusion, of the great majority of modern 
technological advances: it 1s only since the last war that 
a new momentum has been created at a level the conse- 
quences of which beggar the imagination—though not 
Lilley’s, whose extrapolations seem rash to me. 

It will be appreciated that Lilley is convinced that the 
historical process has reached a stage where socialistic 
planning alone can “give life and give it more abundantly” 
to the whole of mankind. Though one may not be con- 
vinced by his arguments, one must respect his fair- 
minded exposition: he neither shouts nor sentimentalizes. 
I read the book with great pleasure and no little instruc- 
tion. There are forty-eight finely produced plates; but it 
is depressing to find that at forty-five shillings the pub- 
hshers use a paper inferior to that of the edition produced 
in the stress of 1948. W. P. D. WIGHTMAN 


MATHEMATICS OF MECHANISM 


Advanced Mechanism 
By Joseph Stiles Beggs. (Macmillan Series in Mechanical 


Engineering.) Pp. xiv+270. (New York: The Mao- 
millan Company; London: Collier-Macmillan, 1966.) j 
105s. 


Tas writing of a book on mechanisms presents special 
difficulties. At its simplest level the subject can be 
treated by elementary and direct methods of analysis, but 
a point is quickly reached beyond which it is not possible 
to go without heavy mathematical reinforcements. 
Moreover, the hierarchy of practical mechanisms is far 
from orderly: to set up a coherent framework thus 
becomes a major problem in its own right. 

Confronted by these and other obstacles, Professor 
Beggs has added a valuable book of twelve chapters to 
the literature of the subject. It begins with chapters on 
the transformation of co-ordinates and components, dis- 
placements of rigid bodies, screw displacements, velocities 
and accelerations in plane and spatial motion, and contact- 
ing surfaces. This amounts to rather more than a third of 
the book. The treatment is highly analytic and general- 
ized. Vectors are represented both as column matrices 
and also as square matrices associated with antisymmetri- 
cal tensors, although there is no explicit reference to ten- 
gors in the text. There are, however, references to dual 4 
numbers and quaternions but these seem more digressive 
than useful. 

The next two chapters describe graphical and matrix 
methods of analysis and set the pattern for much of what 
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follows. Matrix methods are applied to the kinematics of 
a number of complicated spatial mechanisms in analyses 
which are presented in detail: in addition to their purely 
illustrative function these examples contain original 
results by the author which should be of permanent 
value. 

A short chapter on design is followed by a section on the 
dynamics of mechanisms, including inertia forces and 
balancing. The topics, although given a rather uneven 
general treatment, are well supported by original worked 
examples. Finally, matrix methods are applied to prob- 
lems of machinmg complicated surfaces, chiefly geara, 
and to the optics of mirrors and scanners. 

The text is illustrated generously. There are no set 
questions for use by students and the book 1s definitely 
not for beginners. But specialists will find much of value 
in it. L. MAUNDER 


AUTOMATIC CONTROL 


Fundamentals of Automatic and Remote Control 

By 8. A. Ginzburg, I. Ya. Lekhtman and V. 8. Malov. 
Translated by R. Farkas and J. J. Schorr-Kon. English 
translation edited by J. M. Howl. (International Series of 
Monographs in Automation and Automatic Control, Vol. 
7.) Pp. xv+498. (London and New York: Pergamon 
Press, Ltd., 1966.) 100s. net. 


Wrra the “knowledge explosion” in control engineering, it 
is no more possible to write a moderately sized text-book 
to encompass the entire field than to write a satisfactory 
introduction to European history. The authors of Funda- 
menials of Automatic and Remote Control write for an 
audience which was not trained in the field and attempt to 
explain how and what the various components in & control 
system do; what they deal with they explain well. They 
stress components and devices such as transducers, tacho- 
meters and selsyns as well as some basic theory such as 
polar plots and step response. 

Unfortunately, there is much left out. The authors 
state in their preface that “description is confined to 
electrical components and systems; mechanical, hydraulic 
and pneumatic systems employed in automation have been 
omitted through limitations of space”. Fair enough, but 
the omissions include references to control theory after 
the mid-fifties, such as the maximum principle and 
dynamic programming ; cybernetics is given @ one line 
mention and this only in connexion with computers and 
not with control systems as such; Lyapunov receives one 
line without a hint as to the connexion of his methods 
with those discussed in the book and there is no mention 
of controls with regard to non-deterministic inputs. 
Moreover, what is discussed is confined almost entirely 
to linear systems, so that the reader may be given a false 
impression of the generality of the principles enunciated. 
In short, there is no hint, let alone a discussion, about the 
powerful abstract basis of control theory. Because no 
dates are given for the original Russian text, it must be 
assumed that this book is at least ten years old. 

PAUL ALPER 


HYDRAULIC TURBINES 


Hydroturbines 

Design and Construction. By N. N. Kovalev. Translated 
from the Russian by M. Segal. Pp. vi+682. (Jerusalem: 
Israel Program for Scientific Translations; London: 
Oldbourne Press, 1965.) 153e. 


Or all the prime movers, water turbines have been the 
most neglected in English technical literature. There are 
no standard works of reference dealing with mechanical 
design and little is being published. In the Soviet Union, 
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with its vast resources of water power, a national water 
turbine industry has been established, and several volumes 
rather simular in scope and presentation to that by Kovalev 
have appeared in the last decade. Parts of these have 
been translated in Britain under the auspices of the 
Department of Scientific and Industrial Research as it 
used to be, so that some of the contents of this volume are 
already familiar. Nevertheless, this is the first exhaustive 
design manual for water turbines to have become generally 
available in English. 

The manual 1s chiefly concerned with the vertical shaft 
Kaplan and Francis turbines. The coverage 18 impressive. 
As well as the discussion of construction and detailed 
calculation of components of these machines, the relative 
costs of many design variants are compared and the 
variants themselves are shown in considerable detail. 
Much of the value of the book lies ın 1t8 hundreds of design 
sketches, both of major componente and of such details 
as sealing arrangements. These convey the design 
concept better than any amount of descriptive matter, 
and are taken from a wide range of manufactured turbines. 

Although the basis on which the relative costs of com- 
ponents are considered is sound, there are occasions, 
which can only be accounted for by scarcity, when a 
premium seems to be put on the use of machine tools with 
an accompanying disregard of the costs of manual labour. 
Some of the cost analyses used in justifying the choice of 
an engineering solution are, therefore, not applicable in 
British conditions. Most of the demgn problems dealt 
with are fairly conventional, but there are several excep- 
tions such as the comments on the construction of fabri- 
cated (welded) shafts, the notes on methods of manu- 
facturing split Francis runners, and the chapter on the use 
of water lubricated rubber hned bearings. The methods 
used in calculating components follow a familiar pattern 
in that an epproxunmate solution is usually looked for, and 
the analysis ıs often verrfied by plant tests, Although most 
of these methods are well tried, some are novel and must 
therefore be regarded with caution. The methods sugges- 
ted for caloulating stresses m runner blades of medium 
head Francis runners are in this category, for it 1s difficult 
to imagine that a runner blade—a shape of considerable 
complexity—can be satisfactorily approximated to by a 
simple curved bar. On the other hand, this simplification 
does give a workable method of calculating stress which 
can be confirmed by plant tests and which therefore pro- 
vides a solution where very little was available before. 
On the other hand, it is good to see a relatively simple 
method for dealing with the high localized stresses at the 
junction of spiral casing and speed ring; normally one 
needs a computer for predicting them, and it may be that 
the formulae given will make it possible to do this more 
simply. 

Although much of the book is taken up by methods of 
calculation of Kaplan runners, there are no details of 
analytical or even numerical methods for determining the 
stresses in Kaplan runner blades anywhere else but at the 
blade flange. On the other hand, there are detailed site 
measurements of stresses under various conditions in a 
very large Kaplan vane. Similarly, no attempt ıs made 
to show how to determine the bending stresses and deform- 
ations in a speed ring. Where the complexity of the prob- 
lem is such that a mathematical solution 1s not readily 
available, Kovalev prefers to rely on an empirical rather 
than an analytical approach. 

The chapters on the hydraulic aspects of water turbines 
are more than adequate, but cover much the same ground 
as many available handbooks. One interesting addition 
is an account of how water turbines have been standard- 
ized in the Soviet Union. The various model runners 
available are listed, together with graphs showing what 
they can do when made ın standard sizes and set to work 
under a range of suitable heads. Standardization is one 
of the umportant problems of the industry, and could be 
solved only by a single authority prescribing the solution 
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for the various water power developments of the Soviet 
Union. 

The chapter on turbine regulation is adequate when 
dealing with possible layouts of equipment, and with the 
calculation of sizes of pressure receivers and the descrip- 
tion of the interaction of governor components, but there 
is no mathomatical treatment of the problem. It is 
possible that the various methods of analysis in this book 
would not be regarded as adequate by a mathematician, 
but the purpose of the book is clearly to teach design and it 
attempte to do so by the best available combination of 
theory and empirical results. Apart from a few slips, the 
translation is good. The value of the book would be much 
enhanced if only some of the many references quoted 
were to become available, for almost none of the formulae 
quoted are derived in the text. E. GOLDWAG 


VISCOUS FLUIDS 


Low Reynolds Number Hydrodynamics with Special 
Applications to Particulate Media 

By John Happel and Howard Brenner. (Prentice-Hall 

International Series ın the Physical and Chemical Engin- 

eering Sciences.) Pp. xiii +553. (Englewood Cliffs, N.J., 

and London: Prentice-Hall Inc., 1965.) 1208. 


Tue dimensionless quantity called the Reynolds number, 
defined as the product of typical values of the density, 
velocity and length scale, divided by the viscosity, 
is a measure of the importance of viscosity in a fluid flow. 
A Reynolds number small compared with unity implies 
that viscous effecte are dominant and that the inertia or 
acceleration of the fluid is of secondary importance, the 
motion being governed by a balance between pressure 
forces and viscous stresses. Low Reynolds number 
hydrodynamics, or slow viscous flow, has been one of the 
leas fashionable branches of fluid mechanics, lacking the 
glamour, possibly, of high speed aerodynamics and large 
scale geophysical phenomena. Yet, as the authors of this 
book point out in their mtroductory chapter, problems of 
slow viscous flow arise in many fields of science and techno- 
logy from physics to medicine, including high speed aero- 
dynamics. The field is full of fascinating and difficult 
problems, and interest has in fact been increasing in the 
last decade and a half. There is certainly a need for a 
comprehensive and authoritative text on the subject. 
The greater part of this book, despite its length, is 
concerned with only one topic in the field—namely the 
problem of a particle moving through a fluid at rest 
and with the complete neglect of the acceleration terms, 
either in an unbounded fluid, in the presence of walls 
or in the presence of other particles. This topic is the 
one that lends itself most readily to mathematical analysis, 
and the authors have gone into great detail in describing 
the flow about spheres and ellipsoids and the forces on 
bodies of general shape. This material is likely to be 
valuable to students or to those wishing, for example, to 
know the drag on a sphere or ellipsoid moving in a pipe 
or channel. The non-mathematical reader may find the 
going hard, for although there is nothing intrinsically 
difficult in the analysis, the full panoply of the Gibbs 
vector notation is used and familianty with ourvi- 
linear co-ordinates and eigenfunction expansions is 
assumed. There is some discussion of the important prob- 
lem of particle motion in non-uniform flows, which would 
be the rule in many if not most applications, but it is 
somewhat limited. The intriguing effects of inertia on 
flow at low Reynolds number, which have become promi- 
nent in the last few years, are mentioned only in passing. 
The last two chapters on flow relative to assemblages 
of particles (as, for example, in porous medias) and the vis- 
cosity of suspensions give the impression of having been 
added so as to make the book of more practical interest. 
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They are not closely connected with the theme of the 
preceding sıx chapters. This part of the book does not 
contain much that is fresh or stimulating, but it may be 
considered a useful survey of these subjects. 

In summary, this book provides a useful, detailed and 
connected account of the motion of small particles through 
uniform fluids at rest when the inertia is completely 
negligible. For accounts of lubrication theory, the effects 
of inertia, flows with free surfaces, motions of non-uniform 
fluids, and so on, the reader will have to look elsewhere. 

P. Q. Sarrman 


UNDERWATER ACOUSTICS 


Applied Underwater Acoustics 

By D. G. Tucker and B. K. Gazey. (The Commonwealth 
and International Library of Science, Technology, Engin- 
eering and Liberal Studies: Physics Division.) Pp. xvi+ 
244. (London and New York: Pergamon Press, Ltd., 
1966.) 278. 6d. net. 


In this text, the authors aim to provide an introduction to 
the fundamentals of acoustics as applied to underwater 
detection and communication. It is not possible in a 
small volume to cover in detail all aspects of the subject 
and here the accent is on transducer systems for which 
the authors mghtly make no apology. 

The first two chapters survey the general field of under- 
water acoustics from a modern point of view, and state the 
problems involved. An account of the relevant classical 
acoustic theory follows, leading to a general outhne of 
sound propagation in the sea. In the last two chapters, 
which constitute nearly half the total text, the subject 
matter is discussed in more detail. A treatment of the 
theory and design of underwater transducers is followed 
by a lucid account of the theory of directional arrays and 
the synthesis of array patterns. The work concludes with 
a selection of problems and solutions. 

Although intended primarily for students, this book 
should also be of value to those concerned with many 
aspects of underwater acoustics. It is up to date, has a 
good bibliography and is very reasonably priced. 

R. I. Tarr 


STRESS, TIME AND TEMPERATURE 


Mathematical Theory of Creep and Creep Rupture 
By K. Q. Folke Odqvist. (Oxford Mathematical Mono- 
graphs.) Pp.ix+170. (Oxford: Clarendon Press; London: 
Oxford University Press, 1968.) 48s. net. 


Tue word ‘‘fatigue” as a failure process in metallic mater- 
1als is by now well known to laymen. The meaning of 
“oreep’’, or the deformation of a material with time under 
specified conditions of stress and temperature, is almost 
equally universal. The original investigations of Andrade, 
between 1910 and 1914, established the classical relation- 
ship between strain and time, but little attention was paid 
to this work by engineers until 1922, when Dickenson 
showed that short duration tensile teste at high tempera- 
ture were completely misleading as a basis for the choice 
of materials for long service under high temperatures, 
even at low streas. 

Since then, experimental work to improve the tech- 
niques of creep measurement has gone hand in hand with 
the use of engineering methods of stress analysis to predict 
the lifetime of components. After 1945, the tremendous 
effort applied to dislocation theory in plasticity deflected 
the main line of investigation towards a better under- 
standing of the mechanisms of creep deformation and a 
proper appreciation of effects due to grain size, micro- 
structure, and crack nucleation. The macro-picture 
cannot, as yet, be appreciated from this standpoint, as 
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emphasized by the author of the present volume, which 
endeavours to present a view suitable for the engineer 
to use in the designing of structures. 

Such a complex subject inevitably involves some major 
assumptions, acceptable to the designer but not neces- 
sarily to the scientist concerned with deformation mecha- 
nisms. The mathematical theory builds up to cover beams, 
membranes, plates, shells and thick-walled tubes. Relaxa- 
tion is dealt with very briefly, although the jacket claims 
it as one subject receiving “‘special attention”. A table of 
creep constants of typical structural metals is admitted 
to be incomplete, but at least some thermal history of 
specific steels is given—a rare concession in tables of this 
kind. A short chapter on dislocations, preceding the 
main theory, 1s rather superfluous, and makes curious 
reference to “arbitrary assumptions” as if all the mathe- 
matical theory presented by the author were untarnished. 
Nevertheless, problems of stability and exercises in the 
proper utilization of creep testing data are distinct con- 
tributions to knowledge in high temperature applicatioris 
and are presented with great clarity. Mechanical, chemical, 
aeronautical and “space’’ engineers will benefit most 
from this book. C. R. Torrie 


FERROUS ALLOYS 


The Technology and Properties of Ferrous Alloys for 
High-Temperature Use 

By M. Q. Gemmill. (Newnes International Monographs 

on Materials Science and Technology.) Pp. xii+ 242. 

(London: George Newnes, Ltd., 1966.) 70s. net. 


Tms monograph begins & series aiming to cover various 
aspects of materials acience and technology in relation to 
the needs of engineering design and construction. High 
temperature steels serve well in this context to illustrate 
important problems and prinerples in developing alloys 
and producing components in a field of stringent service 
conditions. In this field the author hopes to give “both 
engineers and metallurgists greater insight mto one 
another’s problems”, and the theme that their activities 
are complementary and should be co-ordinated is brought 
out by the treatment adopted. 

Metallurgical matters are mostly dealt with in some 
detail and depth, and this necessitates the assumption 
that the reader is familiar with certain basic topics such 
as the constitution and structures of plain carbon steels. 
The first chapter outlines some aspects of dislocation 
theory, however, before briefly reviewing theories of high 
temperature mechanical properties. 

The second chapter gives a broad and critical treatment 
of relevant testing procedures. There follow four chapters 
on the relation of constitution and structure to high tem- 
perature properties of carbon steels, ferritic steels, and 
simple and complex austenitic steels. Aspects of corrosion 
resistance and welding are effectively covered in separate 
chapters. The final chapter, ‘Mechanical Properties and 
High Temperature Engineering”, deals with design stress- 
ing and with the use of high temperature steels in 
land power plant, gas turbines and the petrochemical 
industry. 

The book is well illustrated, both with respect to test 
result data and microstructures, and it includes chapter 
summaries and substantial lists of references. An interest- 
ing feature is that it deals with the technological approach 
of various countries in this field. There are a few misprints 
or phrases to be queried—for example, some of the 
definitions in Table 1 require critical attention. 

The book should be of interest and value to final-year 
degrees students in metallurgy, materials science and 
mechanical engineering as well as to practising metal- 
lurgists and engineers. D. R. F. Wusr 
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NUCLEAR ENERGY LAW 

Law Relating to Nuclear Energy 

By Harry Street and F. R. Frame. Pp. xviii +320. 


(London: Butterworth and Co. (Publishers), Ltd., 1966.) 
110s. net. 


A BOOK on the law relating to nuclear energy is timely, and 
no more suitable author could have been found than 
Professor Street, with his wide knowledge of the law of tort 
and particularly of the problem of liability. The book is 
excellently organized. It begins with a descnption of the 
roles of all the organizations in the United Kingdom 
dealing with atomic energy—government departments, 
the Umited Kingdom Atomic Energy Authority, the 
Central Electricity Generating Board, the South of Scot- 
land Electricity Board and private industry. It passes on 
to deal with the licensing of nuclear installations, the 
question of civil liability both before and after the Nuclear 
Installations Act, 1965, and the detailed rules about the 
use and transport of radioactive materials. At this stage 
it becomes necessary to consider international regulations, 
and the book deals comprehensively with the activities of 
the International Atomic Energy Agency, the European 
Nuclear Energy Agency, the European Atomic Energy 
Community and the European Organization for Nuclear 
Research. Liability arising from the operation of nuclear 
installations outside the United Kingdom is then discussed, 
as are the special problems of nuclear ships and patents. 
The texts of the principal United Kingdom statutes and 
international conventions concerned with questions of 
nuclear energy are given in one appendix and a glossary 
of atomic terms in another. 

To produce as comprehensive and lucid an exposition 
of so difficult a subject in just over three hundred pages 
18 a remarkable achievement on which the authors are to 
be warmly congratulated. D. H. N. Jonsson 


CANE SUGAR TECHNOLOGY 


Introduction to Cane Sugar Technology 

By G. H. Jenkins. Pp. xvii+ 478. (Amsterdam, London 
and New York: Elsevier Publishmg Company, 1966.) 
116s. 


Tus book, originally intended as a text-book for post- 
graduate students, is written in such a comprehensive and 
informative way that it 18 certain also to be welcomed by 
many practismg engineers, chemists and technologists in 
the sugar industry. The usual mistake of trying to cover a 
wide technological subject in too much detail has been 
wisely avoided, and the result is a text which is highly 
readable and relatively easy to follow, even without 
previous specialized knowledge. The volume is up to date 
and contains a certain amount of information from 
Australian sources, hitherto unpublished or scattered in 
publications not readily available. Recommendations for 
further reading lead inevitably to P. Honig, G. P. Meade 
and E. Hugot, from whose standard works on sugar tech- 
nology the author frequently quotes. 

The book deals competently with all important aspects 
of cane sugar production—cane preparation, feeding, 
imbibition, crushing, juice extraction, defecation, clari- 
fication, evaporation, sugar boiling, centrifuging, drying 
and storing. Mill capacity and power, most significant 
items in mull economy, are discussed critically. The dif- 
ficulty of obtaining reliable data for friction coefficient 
and friction load, major components of total power 
requirements, ıs duly emphasized. When discussing the 
chemistry of defecation and clanfication, the author 
quite rightly makes the point that 3-5 per cent of the 
soluble cane juice solids consists of still unidentified non- 
sugars which may include some with a profound effect 
on the mechanism of the process. The principles and 
practice of sugar boiling, as distinct from crystallization, 
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are presented in a simple form. The term crystallization 

r “crystallization ın motion” is reserved for the supple- 
mentary stage of crystallization by cooling and mechanical 
stirring. Sutficient consideration 1s given to steam genera- 
tion, designs of boilers commonly used, and steam 
efficiency. The technology of sugar refining is only very 
briefly treated, just enough to explain the importance of 
the refining qualities of raw sugar. 

The practice of listing references at the end of each 
chapter leads to needless repetition and a considerable 
waste of space. The few typographical errors could have 
been elummated by more careful proof-reading. This 
book shows a practical approach, is well balanced, amply 
illustrated, and pleasing in style. It can be recommended 
confidently. D. Gross 


FRESH FISH 


Fish and Fish Inspection 
By John D. Syme. Second edition. Pp. x1+211. 
don: H. K. Lewis and Co., Ltd., 1966.) 42s. net. 


Tas substantial revision of the only work of its kind now 
treats such important industrial developments since 
1949 as fish freezing at sea and mechanical fish smoking 
in addition to other aspects of fish handling at sea and port, 
including salt-curing, canning and fish meal. The author 
is port health inspector at Grimsby and the book 1s written 
in a practical fashion primarily for men preparing for 
examination as inspectors of meat and other foods of the 
Royal Society of Health. The fish side of food inspection 
is still very much neglected in comparison with meat, 
which has special health hazards, and this book presents 
much useful information for the purpose. There are only 
ten pages of precepts regarding actual methods of fish 
mspection, for which of course there id no substitute for 
practical experience. Three chapters cover fishing vessels, 
grounds and catching and handling at sea. There are fifty 
pages describing the external characteristics of the princi- 
pal commercial species. Fish parasites and diseases and 
eleansing of shell fish are referred to briefly. A final 
chapter summarizes United Kingdom legislation on fish. 
The aspirant would do well to check the Latın noman- 
clature. C. L. Corra 
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PESTS 


Natural Pest Control Agents 

(A Symposium sponsored by the Pesticides Sub-division 
of the Division of Agricultural and Food Chemistry at the 
149th Meeting of the American Chemical Society, Detroit, 
Mich., April 8, 1965. Advances in Chem. Series, No. 53.) 
Pp. vi+ 146. (Washington, D.O.: American Chemical 
Society, 1966.) $5.75. 

Tams symposium comprises twelve brief but meaty 
contributions. The introductory paper explaims that 
“natural pest control agents” are the complex chemicals 
secreted by organisms for defence or aggression. The 
next six papers deal with agents for controlling insects 
(attractante, repellents, toxins), and it 1s mtriguing to learn, 
for example, that the edible parts of turnips contain 63 
ppm. of a substance designated 2-phenylethylisothio- 
cyanate which at 0-5 per cent (w/v) is more lethal to 
insects than ‘Lethane 384’. Two other papers are 
concerned with agents for controlling plant diseases, 
namely antifungal substances and virus replication 
inhibitors present in various plants. Another two are 
devoted to agents for controlling plant processes from 
germination to senescence, with the question of producing 
selective herbicides well to the fore. Chemists may admire 
paper 11 as “ʻa beautiful piece of research on the isolation 
and structure proof of the toxin from Helminthosporium 
sativum” (a fungus of barley), but agriculturalists will 
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certainly be interested in it as an indication of the possi- 
bility of “a structural type of systemic herbicide”. 

From various indirect remarks throughout the volume, 
1b 1s clear that the late Miss Rachel Carson has stimulated 
a considerable effort in the United States to find “natural 
pest control chemicals’. Since chemical pesticides are 
indispensable (at least for the present), such “natural 
chemicals” are preferable because they are less persistent. 
The danger, of course, is that the chemists will proceed * 
to synthesize ultra-stable analogues which may be as 
undesirable as chlorinated hydrocarbons. Although 
chiefly for chemists, this book also contains much useful 
information for biologists engaged ın pest control. 

ALEO MILNE 


ANIMAL HEALTH 


Advances in Veterinary Sclence 

Vol. 10. Edited by C. A. Brandly and Charles Cornelius. 
Pp. xiii +305. (New York: Academic Press, Inc.; London: 
Academic Press, Inc. (London), Ltd., 1965.) $13. 


THE contents of this volume are somewhat heterogeneous. 
The opening chapter deals with intrauterine foetal 
surgery, the next four chapters with four anımal diseases— 
vesicular exanthema, Rift Valley fever, bovine enzootic 
leucosis, and mycoplasmosis—while the last two chapters 
are concerned with the application in modern vetermary 
practice of two groups of therapeutic agents, namely, 
sulphonamides and antibiotics. 

Surgery performed on a foetus in utero is gradually 
assuming an outstandingly significant role in studies of 
animal development, and for that reason the chapter on 
intrauterie foetal surgery will be read with much interest 
and appreciation by all investigators of the manifold 
aspects of foetal physiology and pathology. Up to now, 
the foetal lamb seems to have had more than its fair 
share of interest from surgeons, but other species are 
beginning increasingly to receive attention. The day may 
not be far off when intrauterine techniques will have 
achieved a degree of perfection sufficient to attempt a 
surgical correction of foetal deformities. 

Vesioular exanthema, once a dreaded disease of pigs, 
has now been practically vanquished. The key to eradica- 
tion was surprisingly simple: compulsory cooking of 
garbage intended for pig feeding. Rift Valley fever, the 
acute arthropod-borne viral disease first studied system- 
atically some thirty years ago in a sheep farm in the Rift 
Valley of Kenya, still constitutes a dangerous threat to * 
livestock, particularly in Africa. If the long list of 
references attached to that chapter is ın any way indicative 
of the research effort, then the eradication of RVF must 
surely be in sight. Bovine enzootic leucosis, which is 
probably also viral in nature, prefers Europe to Africa. 
The tumours which it produces in cattle, once variedly 
described as lymphosarcoma, lymphoblastoma or leuk- 
semia, constitute the most common type of neoplasia in 
cattle. As no treatment exists at present for leucosis, 
total slaughter of the affected herds seems to represent 
the only practicable way of eliminating foci of the disease. 
Mycoplasmosis, referred to in the preface to the volume as 
“an insidious malady of multiple host spectrum . . 
grudgingly yielding to scientific attack”, provides another 
example of a disease which so far has resisted chemo- 
therapy. Yet it is a particularly serious malady, in view 
of the possible role of mycoplasmas in heart disease. 

The two concluding chapters, dealing with sulphon- 
amides and antibiotics, carry the hope that eradication 
by slaughter may not be the sole means of protecting 
livestock from their manifold and serious infestations. * 
Nevertheless, one would also wish to be assured that 
treatment of the food-producing animals with the various 
potent therapeutic agents will not unduly saree fe the 
human consumer. . MANN 
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without additives and does not change when the concen- 
trations of the additives vary between 2 x 10+ and 1-5 x 
10+ molar. This indicates that the trapped particles 
decay. The perchlorate and hydroxyl] anions seem to 
aot as the traps. 

Fig. 2 shows the dependence of the rate constants of 
decay on temperature for the three cases in question. 
The three straight lines have almost the same slope. 
This seems to indicate that decay results from the same 
process in all cases: a process with an activation energy 
of 6 + 1 keal/mol. 

The results obtained in this study do not agree with 
the solvated electron theory which 1s being developed at 
present. The decisive part in the formation of the 
particle investigated is probably played by processes 
involving purely electronic rather than electron—dipole 
interactions. 


V. N. SHUBIN 

V. A. ZeIGgUNOV 

V. I. ZOLOTAREVSKY 
P. I. DOLIN 


Institute of Electrochemistry, 

Academy of Sciences of the U.S.S.R., 
Moscow. 

Received October 26, 1066. 
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? Baxendale, J. H., ZA. Mendeleev Soc., 11, 168 (1966). 
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Mechanism of Settling in Cement Paste 


Wuen a freshly prepared cement paste is left at rest, 
the cement particles tend to settle downwards. Water 
displaced in the motion permeates up through the paste 
and accumulates as a layer on the top. This process 18 
described as segregation or “bleeding”? when it occurs in 
concrete. A study of the bleeding of Portland cement 
paste, mortar and concrete, treated as a special case of 
sedimentation, has been carried out by Powers? and 
Steinour*-*, In their experiments they measured the settle- 
ment of the upper surfaces of paste samples in cylindrical 
containers. At the concentrations normally used in 
practice, with water~cement ratios of 0-30-0-65 by 
weight, a linear rate of settlement was observed for the 
first 30 min or so of a test, and the rate then decreased 
until settlement stopped!. Similar tests made on the same 
kind of paste, but on samples of different heights, showed 
that the initial rate of bleeding remained the same regard- 
leas of height. Powers inferred that these results “‘ulus- 
trated the whole process of bleeding, showing not only tho 
‘movement visible at the top surface but also simultaneous 
changes that go on below the surface’!. He deduced that 
during the settling period there are four zones within the 
paste. At the top is a layer of clear water, followed by a 
zone of constant water content (initial water-cement 
ratio) and constant rate of settling. Below this is a 
transition zone of decreasing water content and decreasing 
rate of settlement, which extends to the bottom zone of 
maximum compaction and zero rate of settlement. 

In order to establish the true existence of the zones 
predicted, it is necessary to make direct measurements 
on the variation of density with depth in a cement paste 
throughout the settling period. If a collimated beam 
of gamma rays 18 directed at a column of cement paste, 
then the intensity of the radiation transmitted will 
depend on the concentration of cement particles in the 
path of the beam. An apparatus utilizing this principle 
has been developed, based on a design by Preiss*® for 
measuring the density of concrete cubes. By moving 
the beam up and down the settling column and measuring 
the transmitted & radiation at each level, it is 
possible to calculate the change in concentration along 
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the length of the column as the suspension settles (Fig. 1). 

Suspensions of cement pastes have been poured into 
parallel-sided ‘Perspex’ contaimers positioned in the path 
of a beam of gamma radiation from 4 caesium-137 source. 
Radiation transmitted through the paste has been 
detected with a scintillation crystal and photomultiplier. 
Both the source and detector have been shielded by being 
positioned inside lead blocks mounted on a rigid frame. 
Apertures drilled in the lead blocks were used to collimate 
the beam, so that the maximum beam width seen by the 
suspension and detected was 2:2 ın. By raimng and 
lowering the frame on a pulley system, the intensity of 
the transmitted radiation was measured at all positions 
along the column. The intensity of radiation at each 
level was measured by recording the counte in a set time 
of 100 sec. Count rate was plotted against height for 
various times during the settling period. 

A typical set of results obtained during the settling of 
a column of cement paste of water—cement ratio 0:45 is 
shown in Fig. 2, The graphs show that there is initially 
a uniform count rate for all positions along the column. 
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Fig. 2. Change of count rate with height during settling of a 0 45 water- 
cement ratio (by weight) paste. Initial paste height equals 40 om., 
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A decrease in the count rate soon develops at all levels, 
and becomes greater with depth. This indicates that 
there is an increase in density throughout the whole 
volume of paste, the increase being greater with depth. 
No zones of constant count rate appear, showing that 
once the settling starta then there are no zones with a 
constant content of water. Changes of count rate at 
ag aa continue until the settling ends after about 
2h. 


A preliminary check has been made on the results 
obtained with the gamma ray apparatus by leaving some 
of the columns of cement paste to harden on completion 
of a settling test. The hardened columns were then sec- 
tioned at different vertical levels and the densities of 
these sections measured directly. The measured density 
showed a gradient from top to bottom similar to that 
shown by the gamma ray apparatus. 

The work carried out on the settling behaviour of 
cement pastes is still at an early stage and the resulta can 
only be regarded as tentative; however, the results 
obtained to date differ from the theory of bleed settlement 
proposed by Powers'. They are more in agreement with 
data published in one of his later papers‘, where the 
density of samples taken from columns of hardened 
cement paste was measured, and found to vary in a 
continuous manner from top to bottom. 

An understanding of the mechanism of settling in 
cement is important because of the fundamental part 
that ıt plays in the formation of voids or “bleed pockets” 
in placed grout or concrete. Paste sedimentation 1s also 
likely to affect the results obtamed when testing other 
physical properties of fresh cement paste, mortar or 
concrete. This is especially significant in tests where the 
paste is left at rest for any length of time. 

I thank Prof. J. D. Bernal and Dr. J. W. Jeffery for 
the use of the facilities of the Department of Crystallo- 
graphy, Birkbeck College, and Dr. 8. Chatterji, who has 
taken a great interest in the work. I also thank Dr. R. A. 
Bcott and the Cementation Co., Ltd., for allowing me 
time to pursue this study. 


J. WEHEELER 


Department of Crystallography, 

Birkbeck College, 

Malet Street, London. 
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CHEMISTRY 


Poison-resistant Zeolite Catalysts 


A BRIEF investigation has been made of the possibility of 
producing poison-resistant catalysts for some gas-solid 
reactions by using the molecular sieve properties of zeolites. 
Most catalyst poisons act either by being adsorbed more 
strongly on to the catalyst than the reactants or by 
reacting on the catalyst to give products which are strongly 
adsorbed. The reactive catalytic species are in many cases 
metal ions or atoms on the surface of the catalyst where 
they are freely accessible to poison molecules. By enclos- 
ing the catalytic ions or atoms within the pores of a zeolite 
having the correct pore size it should be possible to prevent 
access of large poison molecules to the catalytic ions 
while smaller reactant molecules have easy access. 

We have demonstrated this effect for the reaction 
between oxygen and methane, using palladium catalysts 
which are readily poisoned by silicon or halogen-containing 

The former produce non-volatile silicon oxides 
on the surface, the latter strongly adsorbed halogen 
atoms. Two general types of catalyst were compared; 
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one (type 1) in which palladium was supported on the 
external surface of the zeolite, and one (type 2) in which 
palladium was supported within the crystal lattice of the 
zeolite. To prepare type 1 catalysts, palladium hydroxide 
was precipitated on to the external surface of Linde 
molecular sieves 13X and 44 by stirring each sieve in an 
aqueous solution of palladium nitrate. This method gave 
a solution of pH 10. The sieves were drained and dried at 
400° C in air to give catalysts 1X and 14, respectively. 
Catalysts 2X and 24 were prepared by stirring Linde 
molecular sieves 13X and 44 in an acetate buffer solution 
at pH 6 containing ammonium chloropalladite, draining 
and drying in air at 400°C. The concentrations of the 
palladium salt solutions were sufficient to replace 20 
per cent of the exchangeable metal ions of the zeolite, 
and the preservation of the zeolite structure in all catalysts 
was confirmed by X-ray diffraction measurements. 
Catalysts LA, 1X and 24 were brown in colour, indicating 
the presence of palladium on the external surface of the 
sieve. Catalyst 2X was white, indicating that very little 
palladium was on the external surface. The activities 
of the freshly prepared catalysts in the oxidation of 
methane were similar. Molecular sieves 13X and 44 
which carried no palladium did not oxidize methane at the 
temperatures used in these experiments. 

Catalysts 1X and 2X were maintained at a temperature 
of 377° C in a stream of air containing 8 torr of hexamethyl 
disiloxane and their reactivities in the oxidation of methane 
were determined at intervals; the effects are shown in 
Table 1. The pore size of molecular sieve 13X is about 10 Å 
(ref. 1) and, in view of the size of the hexamethy] disiloxane 
molecule it should be very difficult for ıt to reach the 
internal surface of the sieve. This is confirmed by the 
date in Table 1. It is possible that a small amount of 
hexamethy] disiloxane may enter the 13X sieve since the 
molecule is not spherically symmetrical and in one 
orientation could enter the pores of the sieve. This may 
account for the small continuous drop in activity shown 
by the 2X catalyst. 


Table 1. HyFEoTs OF POISONS ON CATALYTIC ACTIVITY 


Catalyst poiso. Catalyst aidati rik poset 
poison 0: on exposure 
to poison to initial activity 
Hexamethyl disiloxane 1X OL 
Hexamethy! disfloxane 2X 8 
Carbon tetrachloride 1X 0 05 
Carbon tetrachloride 2X 00 
Carbon tetrachloride 14 0-0 
Carbon tetrachloride 2X treated with hexa- O1 
methyl! distioxane 
Carbon tetrachloride 24 treated with hexa- 1-0 
methyl disiloxane 
Chlorine 24 treated with hexa- a0 


methyl disiloxane 


LX, Molecular sieve 13X with palladium on external surface. 
2X, Moleoular sieve 13X with palladium on internal surface. 
14, Molecular sieve 44 with tum on external surface. 
2A, Moleculsr sieve 4A with palladium on internal surface. 


To confirm that the poisoning of these catalysts does 
depend on the sieve action of the zeolite, the poisoning 
effects of carbon tetrachloride on these catalysts were 
compared. Carbon tetrachloride is a spherically symmetri- 
cal molecule with a diameter of approximately 6 A and 
therefore cannot enter the pores of molecular sieve 44 
which have a diameter of 4 A (ref. 1). Molecules of carbon 
tetrachloride do, however, have free access to the internal 
surface of molecular sieve 13X. riments with hexa- 
methyl disiloxane showed that part of the activity of the 
2A catalyst was easily destroyed, which confirms that 
some of the palladium is on the external surface of the 
sieve; this is consistent with the brown colour of the 
catalyst. In order to destroy the activity of this external 
palladium the catalyst was exposed to hexamethy] disil- 
oxane vapour until ite activity for the oxidation of methane 
reached a constant value. For purposes of comparison the 
2X catalyst was similarly treated although the decrease 
in activity was less for this catalyst than for type 24. 
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The effects of exposing the catalysts to æ pressure of 
3 torr of carbon tetrachloride vapour are shown in Table 1. 
The 24 catalyst, the only one in which carbon tetrachlor- 
ide could not reach the active palladium atoms, is the 
only one which is not poisoned. When this catalyst was 
exposed to chlorine, which is a molecule small enough 
to enter the pores of the catalyst, a complete loss of activity 


3 was observed. 


We conclude that it is possible in the case of reactions 
of small molecules to produce catalysts which are resistant 
to poisoning by larger molecules by using the molecular 
sieve properties of zeolites. Experiments of the type 
described make it possible to determine whether or not 
the catalytic sites are on the external or internal surface 
of the zeolite. The results reported also indicate that both 
methane and carbon tetrachloride can react on single 
atoms of palladium. 

We thank Mr. N. J. Cutts for the X-ray diffraction 
measurements, 

J. Q. FETH 
H. B. HOLLAND 


Safety in Mines Research Establishment, 
Ministry of Power, 

Sheffield. 
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Organochlorine Insecticide Residues in 
Compiete Prepared Meals in Great Britain 
during 1965 


Pusticipr residues in man and his diet have sometimes 
aroused considerable uneasiness and have been much 
investigated. A number of systematic surveys of DDT-type 
compounds and HEOD (the major constituent of technical 
dieldrin) in human adipose tissue have been carried out 
in the United States. Residues of human fat have been 
investigated in Great Britain®4, and other, less systematic, 
surveys of residues of organochlorine insecticides in the 
body fat of the general population have been carried out 
in a number of sountries!*-!9, 

The three main modes of entry of a compound into the 
human body are inhalation, absorption through the skin, 
and ingestion. In the case of the population not exposed 
to insecticides by their occupation in the United States*, 
food was found to contribute more than 90 per cent 
of the DDT absorbed. The situation in the United King- 
dom is probably similar; concentrations of organochlorine 
insecticides in the atmosphere and rain water’! (and 
presumably in drinking water) are extremely low, and the 
intake of HEOD and DDT-type compounds from these 
sources is unlikely to exceed 0-5 ug of HEOD and 1-5 pg of 
DDT-type compounds/person/day. Organochlorine inseo- 
ticides which enter the body through the skin may come 
from domestic insecticidal preparations, used for instance 
as mothproofing agents. This route of entry 1s usually 
considered to be of minor importance; the mam route of 
absorption is through the gastro-intestinal tract as a 
result of ingestion of trace residues in the diet. 

The residues of DDT-type compounds in complete 
prepared meals in the United States have already been 
determined??.43.%3, Analyses of total diet samples (pre- 
pared and cooked) for many organochlorine insecticides 
have been made in systematic surveys4-**, but similar 
systematic surveys of complete prepared meals have not 
been reported in the United Kingdom, although analyses 
of certain items of uncooked food have been made*?*}. 
On the basis of published results it is impossible to make 
any estimate of the average daily intake of organochlorine 
insecticides by people in the United Kingdom either in 
absolute terms or in relation to the acceptable daily intake 
(mg pesticides/kg body weight/day) as defined by the 
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World Health Organization*?**, This 1s because (a) only 
certain items of food were analysed; (b) some of the 
samples analysed were probably not representative of 
normal agricultural practice; and (c) the items were 
analysed in the unprepared and uncooked state. 

We report here the preliminary results of analyses of 
complete prepared meals for organochlorine insecticides. 
The total diet, representing the normal average seven day 
intake in Great Britain**, was prepared, cooked and 
composited every 2 weeks. Portions of the prepared 
diet were taken for analysis; average 7 day samples of 
milk were also collected; these were analysed separately. 
This was partly for practical convenience in view of the 
large volume of liquid involved, and also because liquid 
milk is a major component of the diet for some classes of 
persons and it was considered important to investigate 
residues in milk alone. The analyses were performed by 
gas-liquid chromatography, and thin-layer chromato- 
graphy was used for qualitative confirmation of identity 
where possible. 

The individually prepared but uncooked items corre- 
sponding to two separate 7 day periods were also analysed 
in order to assess the variations in residues between 
different types of food and to test for any losses of organo- 
chlorine residues during cooking; no significant losses 
were detected. The variations in insecticide content in 
different types of prepared food (uncooked) are shown 
in Fig. 1; in general only DDT-type compounds and 
HEOD were detected and the highest concentrations of 
both were found in fats and meats. 

The concentrations of total DDT-type compounds and 
HEOD in 7 day combined samples of milk collected 
during 10 separate weeks in March—December 1965 are 
shown in Fig. 2. For both insecticides, concentrations 
tended to decline and it will be interesting to check 
whether later analyses confirm this apparent trend, | 
either as a continuous decline of residues in milk or as an 
annual cycle. The average concentration of total DDT- 
type compounds in the samples of milk was 0-0060 p.p.m.; 
the averages for bulk milk samples in 1963 and 1964 were 
0-0035 and 0-005 p.p.m., respectively*?:*. The average 
concentration of HEOD in these ten samples of milk 
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was 0:0028 p.p.m. compared with 0-003 and 0-002 p.p.m. 
for 1963 and 1964, respectively. In the ten samples of 
milk collected in 1965 pp’-DDE constituted some 60 
per cent of the total of DDT-type compounds. 

Analyses of samples of the total diet (prepared and 
cooked) for 7 days taken at different times during March 
to December 1965 showed that analytically detectable 
amounts of only DDT-type compounds and HEOD were 
present; aldrin, heptachlor, heptochlor epoxide, endrin 
and lindane (except in one sample) were not detected 
(lower limits of detection, < 0-002 p.p.m.). 

The weekly intakes for each person, calculated on the 
basis of the concentrations of total DDT-type compounds 
(pp’-DDT + pp’-DDD + pp’-DDE) and HEOD, have 
been caloulated for each of the nine samples and these are 
shown in Fig. 3. The weekly intakes of total DDT are 
more variable than those for HEOD; the average weekly 
intakes of both compounds over the 9 month period are 
0-39 mg total DDT and 0-12 mg of HEOD. If the average 
intakes of these materials in milk are added (this is a 
slight overestimation of the actual intakes, because there 
was some milk in the meals) the average weekly ingestion 
rates are 0-43 mg and 0-13 mg, respectively. The average 
weekly intake of total DDT-type compounds in the United 
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States?? was 2-2 mg, about five times that found in the 
United Kingdom survey. This ratio of 5 : 1 for total DDT 
in the American diet as compared with the British diet 
is similar to that for the ratio of this type of compound 
in the body fat of the general populations of the two 
countries. 

The average daily intake of total DDT-type compounds/ 
kg body weight (taking 70 kg as the average body weight) « 
in Great Britain is 0-0008 mg; the acceptable daily intake 
assessed by the World Health Organization is 0:01 mg. 
The average daily intake/kg body weight of HEOD is 
0-00026 mg; no acceptable daily intake of this compound 
has been established as yet, but this estimated intake is 
considerably lower than the minimum intakes used in 
animals studies in which the effects have been minimal or of 
uncertain significance**. 

The estimates of average daily intake given are for an 
average person, @ statistical abstraction. Many factors 
influence food intake and rate of consumption, but the 
estimates of average intakes of DDT and HEOD will, 
by definition, be reasonably good indications of the 
rates of ingestion of these compounds by the majority of 
people. The possibility of assessing actual individual 
intakes is being investigated, but meanwhile the average 
total diet survey 1s continuing. 


J. ROBINSON 
A. E. J. MOGL 


“Shell” Research, Ltd., 
Tunstall Laboratory, 
Sittingbourne, Kent. 
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Synthetic Resins resistant to Fungal Attack 


‘Tue difficulty of preparing paints, varnishes and lacquers 
having resistance to fungal attack is well known. In 
particular, drying oils, even when incorporated in alkyd 
resins, aro known to provide a source of organically 
combined carbon for fungal growth. The method of pro- 
stecting paints by the addition of fungicides is unsatis- 
factory'“, mainly because the additives become ineffec- 
tive long before the end of the useful life of the paint. 
The use of pigments with fungicidal or fungistatic proper- 
ties is more promising, but there are fow of these pigments, 
and they either limit the possible colour or decrease the 
durability of the paint. 

Ideally the problem would be solved by producing a 
paint vehicle which because of its chemical composition 18 
not subject to fungal attack. In attempts to develop paints 
resistant to fungal attack, those containing a chlormated 
rubber vehicle have shown promuse. Similarly it has been 
found that polyvinyl chloride sheet formulated with 
plasticizers which do not support fungal growth ıs resis- 
tant to fungal attack. The use of chlorinated alkyd 
resins as fungus resistant paint vehicles therefore seemed 
worthy of investigation. 

Alkyd resins of high chlorine content have previously 
been prepared using tetrachlorophthalic and chlorendic 
anhydrides with the object of developing resins with 
improved fire-retardation properties. These do not appear 
to have been tested for antifungal properties and it is 
conjectured that the aliphatic straight chain portion 
needs to be protected from attack. 

Polyhalogenated fatty acids tend to be unstable and so 
it was deaded to chlormate an alkyd resin directly, 
rather than to react chlormated fatty acids with phthalic 
anhydride and glycerol. In the conditions chosen the 
chlorine should react with the unsaturated fatty acid 
portion of the resin molecule, in preference to the aromatic 
ring. 

Chlorination was effected by bubbling chlorine through 
a solution of the resin in carbon tetrachloride. The 
reaction mixture first darkened and then gradually became 
lighter, until a pale yellow liquid remained. Two resins 
were prepared: (a) contained 28 per cent chlorine, and 
(b) contained 38 per cent chlorine. Analysis confirmed 
that the chlorine had entered the aliphatic part of the 
resin molecule. Resin a was a light brown, highly viscous 
liquid, and resin b was also light brown, but solid at room 
temperature. 

#@ ‘Two paints pigmented solely with titanium dioxide 
were made, one from each resin, and in order to assess 
their resistance to fungal attack they were exposed at the 
Joint Tropical Research Unit at Innisfail, Queensland, 
at latitude 17° 32’ 8. on the north-east coast of Australia. 
It has an average annual rainfall of 140 in.; 110 in. fall 
between December and May. The average relative humi- 
dity varies from 83 per cent to 87 per cent. The average 
temperature varies from 58° F in July to 88° F in January; 
the average mean for the year is 74°F. The conditions 
are thus those of a tropical secondary rain forest. 

Titanium dioxide pigmented control paints, based on a 
linseed oil, the unchlonnated alkyd resin and chlorinated 
rubber were also exposed in conjunction with a trial 
which included a variety of fungicides and pigments 
representing twenty-seven paint systems in all. 

After 3 months at Innisfail the linseed oil paints were 
covered by a predominantly black fungus. This fungus 
has not yet been positively identified in the laboratory 
but, from previous experience of the Innisfail area, it is 
suspected of being Pullularia pullulans (renamed Aureo- 

Basidium), together with lesser amounts of Monitlia 
suiphila, Oladosporium herbarum and Trichoderma viride. 

The chlorinated alkyd pamts have now been exposed 
for 9 months and show little fungal growth. The trial 
continues; a private communication from Bain at 
Innisfail states that, judged by their film integrity 


NATURE 


1039 


and resistance to fungal growth, the chlormated alkyds 
and chlorinated rubber paints are the best of those m the 
present trial. Based on a scale in which 10 represents no 
growth and 0 represents complete coverage of the test 
panels by fungal growth, the two chlorinated alkyd 
paints and the control paints were rated as follows: 
resin (a), 9; resin (b), 9; chlorinated rubber, 9; unchlori- 
nated alkyd, 6; linseed oil, 0. 

The results suggest that the development of media 
that are inherently remstant to fungal attack may repre- 
sent & fruitful approach to a solution of the problem of 
fungal growth on paints in tropical areas. 

I thank L. A. Hill for helpful advice during this work. 


A. P. Ferris 


Australian Defence Scientific Service, 

Department of Supply, 

Defence Standards Laboratories, 

Maribyrnong, Victoria. 
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Activation Energy for Benzene Hydrogenation 
over Supported Nickel Catalysts 


Tam vapour phase hydrogenation of benzene has been 
widely studied, but considerable doubt still remains about 
the activity of various catalysts and the activation energy 
of this highly exothermic reaction. 

A series of experiments! to study mass and energy 
transport in porous catelytio structures has enabled us 
to assess in detail some of the conflicting literature on this 
reaction as carried out with supported nickel catalysts. 
In particular we were concerned with the range of operat- 
ing temperatures below 150° C, in which it is relatively 
well established that the nickel catalysed reaction is first 
order in hydrogen and zero order in benzene? *, and that 
the reverse reaction does not occur at an appreciable rate. 
The mechanism of the catalysis under such conditions is 
not necessary for the purposes of this communication; 
what is of interest is the wide range of values given mn the 
hterature for the activation energy of the reaction under 
these conditions. Reported values range from 6 kcal/mole 
to about 12 kcal/mole, and there is a pattern to the varis- 
tions: the lower values are associated with hydrogenation 
studies using nickel films, higher values with nickel incor- 
porated in various porous support materials. While the 
experimental conditions used in many of the reported 
studies are not sufficiently well defined to allow unqualified 
conclusions, it appears probable that the higher values of 
activation energy reported for the supported catalysts 
are the result of errors introduced into the hydrogenation 
rates by diffusion}. f 

Rates of hydrogenation were measured in a single pellet 
differential reactor, using a commercially available 
nickel on kieselguhr catalyst (Harshaw Ni-0104P), 58 
per cent nickel by weight, made up into pellets of density 
1-70 and 1-84 g/c.c. and with a Brunauer-Emmett—Teller 
(BET) area of about 80 m*/g. Four 0-001 in. diameter 
iron—constantan thermocouples were embedded at vary- 
ing radial positions within the porous matrix of the 
catalyst, which was in the form of 0-5 in. diameter cylin- 
ders. Rate measurements were made for the reduced 
and stabilized catalyst under steady conditions, using a 
gas mixture rich in hydrogen (mole fraction 0-83) over a 
range of pellet surface temperatures below 150° ©. The 
stability and reproducibility of catalyst activity were 
verified by check runs with the reduced catalyst at 150° C 
throughout the experiment. The diffusional effects on 
the reaction system were observed by measuring the 
temperature profile withm the pellet for each determina- 
tion of reaction rate. 


1040 


The temperature profile measurements can be inter- 
preted by the development of Weisz and Hicks‘ for the 
effects for internal mass and heat diffusion on the activity 
of porous catalysts. For the benzene hydrogenation 
under the experimental conditions, temperature and 
concentration profiles within the cylindrical catalyst 
pellet are given by numerical solution’ of the following 
equations 
D, d0g 


Cape eae ee a) 
dT K.a? 
K. p t7 g 4AE = 0 (2) 


in which D, and K, are the effective diffusivity and thermal 
conductivity within the porous catalyst-support structure, 
Cx the concentration of reactant hydrogen, k the reaction 
velocity constant, AH the heat of reaction, T the tempera- 
ture, and | the radial dimension. The boundary values 
specify symmetrical temperature and concentration 
profiles at the pellet centre and fix the values Cy, and Te 
at the pellet surface. 

Fig. 1 shows an Arrhenius plot of the rate constant, 
obtained from a typical series of experiments with the 
1-70 g/c.c. pellet. This rate constant is based on the overall 
observed rate, r,, calculated from the measured cyclo- 
hexane conversion in moles/min/g catalyst, and the 
hydrogen partial pressure, Pg, in mm of mercury. Thus 
k = (r; Pu) moles/min/g of catalyst/mm mercury. The 
apparent activation energy is obtained from the least 
squares fit to these rate data (Fig. 1). The value obtained 
is about 12 keal/mole. Similar results were obtained 
with the pellet of higher density. Fig. 2 shows experi- 
mentally measured values of the temperature within the 
catelyst pellet corresponding to one of the rate measure- 
ments (closed circle in Fig. 1). The dashed line in Fig. 2 
representa the temperature profile from solution of equa- 
tions (1) and (2) for an assumed activation energy of 
11-7 kcal/mole, which is typical of the values accepted for 
the catalyst-aupport combination used’; the solid line 
is the solution for an activation energy of 6-5 kcal/mole. 
The parameters B = (AHD,Oy,)/(K.T')) and y = H/RT 5, 
where Æ is activation energy and R the gas constant, arise 
when equations (1) and (2) are expressed in a dimension- 
less form. These parameters can be estimated by man 
oni 
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trial from best fit between computed and experimental 
values. In this respect it should be noted that, though 
some improvement in the fit shown in Fig. 2 could be 
achieved by small changes in the values of the parametere 
for the particular run, the values reported are those which 
give the best fit of profiles for all the runs. The value of 
E = 6-5 keal/mole thus refers to the interpretation of 
data from all the experiments. 

It is clear from this analysis that the effects of diffusion 
on the reaction are considerable. The value of the activa- 
tion energy determined from the Arrhenius interpretation 
of overall rate measurements is approximately twice as 
large as that determined from proper consideration of 
transport effects. We think that these results confirm the 
hypothesis that activation energies reported for this 
reaction over supported catalysts may be seriously in 
error because of diffusion; in this case the value of E = 
6-5 kcal/mole obtained well with reported values! 
for unsupported (film) nickel catalyst. 


Joan B. Burr 
Jamms P. Ieva 
Department of Engineering and Applied Science, 
Yale University, 
New Haven, Connecticut. 
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films, ‘Ann Arbor, Michigan). 
2 Madden, W. F., and Kemball, O., J. Chem. Soo., 802 (1961). 
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Immunochemically Significant Fluoresceins: 
Structure Determination by Nuclear 
Magnetic Resonance Spectroscopy 


DEsPITH increasing use of antibodies labelled with fluor- 
escein in immunochemical studies, the exact structures of 
the labelling substances have remained unknown. The 
normal synthetic method! certainly produces 5- and 6-suby 
stituted fluoresceins, but it has not been possible to assign 
structures to the nitrofluorescein isomers I and IX. Borek! 
reported an infra-red study from which he concluded that 
iwomer I compounds were 6-substituted and, necessarily, 
isomer II derivatives were 6-substituted. The nomen- 


_elature I and II refers to the order in which the isomers 
rystallize from acetic anhydride’. 

An examination of the nuclear magnetic resonance 
spectra of the diacetates of the two isomers reveals that 
isomer I is 5-nitrofluorescein diacetate (Fig. 1) and isomer 
II is 6-nitrofluorescein diacetate (Fig. 2). 






















We chose the nitrofluorescein diacetates because of 
_ their appreciable solubility in chloroform. It was pre- 
sumed that the oxygen bridge and the O-acetyl groups 
. would shift the protons in the xanthene ring to higher 
field (with respect to benzene), while both the lactone 

carbonyl and nitro groups would shift the phthalyl proton 
s peaks to lower field. The spectrum arising from the 

_ protons of the phthalyl ring would then be recorded with- 
out interference from other aromatic hydrogen resonances, 
and interpretation of the splitting patterns for the two 
_ isomers would allow the structure to be assigned un- 
ambiguously. 

_ The phthalyl portions of the spectra are shown in Figs. 
_3and 4. Each compound had a methyl to aromatic proton 
atio of 6:9 with the methyl hydrogens absorbing at 
| 139.c/s. For each isomer, six of the aromatic hydrogens 
resonating at highest field were found in two peaks at 
417 and 436 c/s, respectively, in the ratio 4:2. The 
absence of splitting is curious, but these resonances are 
‘unquestionably associated with the xanthene ring, because 
‘they appear in both spectra. (The expected splitting 
: pattern for the xanthenyl protons is observed in deuterium 
oxide at a pH of 8-5.) All spectra were obtained at con- 
centrations of 12-20 per cent (w/v) in deuteriochloroform 
using tetramethylsilane as an internal standard with a 
Varian A-60 spectrometer. 

_ Inspection of structures 1 and 2 leads to the conclusion 
what the spectrum arising from the phthalyl ring of the 
former would be from an ABX proton pattern, while that 
from 2 would be of an ABC set of hydrogens*. Among 
the resonances expected in each case would be a peak 
without. ortho ‘splitting, at C, in 1 and C, in 2. Because 
the proton at C, in 1 has two ortho electron withdrawing 
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groups, while that at C, in 2 has only the nitro group in 
an ortho position relative to it, the first order singlet (no. 
ortho splitting) for structure 1 should appear at a higher 
frequency than that for 2. A singlet appeared at 539 cjs 
for isomer I and 489 c/s for isomer II, with each showing 
meta splitting. The spectra of two model compounds, 
methyl 3-nitrobenzoate and methyl 3-nitroacetophenone, ` 
reinforced our interpretation. : 

The chemical shifts and coupling constants enabled the 
remaining peaks from both isomers to be assigned. z 
Besides the 539 c/s peak, the other member of the AB ©: 
pair in isomer I (Fig. 3) is the C, hydrogen, which pro- 
duced the 518 c/s doublet with fine structure (Je; ~ Sof 
Je- © 2 c/s) attributed to meta splitting. Finally, th 
was a sharp doublet at 450 c/s which, because. of th 
absence of meta splitting as well as its small shift from 
benzene, fits the X proton at C, in 1, The assignment 
structure 1 to nitrofluorescein I diacetate is further si 
ported by the integration ratio (1: 1:1) and the 89 o/ 
spread for the phthalyl proton resonances caused by the | 
wide variation in electron density at carbons 4,6 and 7. 

The five-line (first order ortho splitting) pattern from 
the phthalyl ring of isomer II (Fig. 4) was spread only by. 
30 c/s, which indicates that the three protons exist in a, _ 
similar electronic environment, as in structure 2.. The 
presonce or absence of meta splitting permitted complete 
assignment of the peaks besides the meta split peak for 
C, (489 e/s, J,- œ 2 c/s). The doublet without mela 
splitting at 502 ¢/s fits the C,-proton, and the Cyhydrogen 
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Fig. 3. Phthalyl portion of the nuclear magnetic resonance spectrum 

of nitrofluoreseein I diacetate measured on a 12 per cent solution (w/v) 
in deuteriochioroform. cue 
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Fig. 4. Phthalyl portion of the nuclear magnetic resonance spectrum - 
of nitrofluorescein H diacetate measured on a 13 per cent solatio 
(w/v) in deuteriochloroform, i Serag 
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doublet. at. 516 ¢/s showed the expected fine structure 
{fgg a 8 e/s). 

Since all the immunochemically significant fluoresceins 
(amines, isocyanates and isothiocyanates) are derived from 
the nitrofluoresceins by straightforward reactions, the 
positions of substitution are now known: the I series is 
5-substituted, and isomer IT compounds are substituted 
at C,. It is noteworthy that infra-red data led Borek? to 
suggest structural assignments opposite to those which 
nuclear magnetic resonance so clearly imposes. 

We thank Dr. Roger M. McKinney, who supplied the 
nitrofluorescein derivatives. 

Howarp S. Corry, gun.* 
FREDERICK ©. CHURCHILL, IT 
Biology/Chemistry Section, 
Technology Branch, 
Communicable Disease Center, 
Publie Health Service, 
Savannah, Georgia. 
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Pearl River, New York. 
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3 Pople, J. A., Schneider, W. G., and Bernstein, H. J., High-resolution Nuclear 
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Pulsed Radiolysis of Gases: Direct 
Observation of 'S Carbon Atoms in Carbon 
Dioxide, Carbon Monoxide and Methane 


THe reactions of free carbon atoms with both organie and 
inorganic molecules have been extensively studied in 
the gas phase!~‘. In their investigations of the reactions 
of 4C-atoms in organic systems, Wolfgang et al.? obtained 
a thorough knowledge of the products and were thus able 
to develop a general mechanism for carbon atom reactions, 
but little is known about the specific rates of these reac- 
tions and about the electronic state of a reacting carbon 
atom. 

By means of pulsed radiolysis®, we have been able to 
observe the optical absorption of a transient species in 
earbon dioxide irradiated by electrons. This spectrum is 
assigned to a carbon atom in the 48 state, and the same 
absorption has been seen in irradiated carbon monoxide 
and methane. 

The pulsed 250 kV electron source used in this work will 
be described in detail elsewhere. It produces single 
pulses about 0-2 usec in duration. Gas samples free 
from air were irradiated at pressures which allowed an 
energy deposition in the gas of about 6x 10" eV/pulse. 
A stainless steel irradiation cell (capacity 4-6 1.) was 
equipped with an internal mirror system based on the 
White design® and was used with path lengths of up to 
13m. The half width of the analytical flash was about 
2 usec, Spectra were recorded with the aid of a Hilger 
medium spectrograph using Ilford HP3 plates. Life- 
times of the transient absorption were determined from 
optical density measurements made at different intervals 
of time after the electron pulse. 

“All gases were purified by normal vacuum line tech- 
“niques, and methane was further purified by passage over 
freshly deposited getter (Mischmetal). The total dose 
received by any gas sample did not exceed 5x 10! eV. 

For the three gases studied only one transient absorp- 
tion was observed in the spectral range 2300 A-4700 A. 
In each case it was found at 2478 x (see Fig. 1) and 
appeared as a single sharp line with no evidence of struc- 
ture. The wavelength calibration of the spectrograph was 
confirmed by means of a carbon are, the persistent spectral 
line from which corresponded exactly to the absorption. 
The line is therefore assigned to the (1P <~ 4S) transition 
of the carbon atom, 

The half-life of the 18 carbon atom produced in different 
systems is shown in Table 1. In pure methane the 
absorption was only visible immediately following the 
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Fig. 1. The transient absorption spectrum caused by COS) at 2478 Ain 

the upper trace was photographed 1 usec after the electron pulse. The 

lower trace shows the continuum ot the flash lamp before the electron 
pulse, 


electron pulse and disappeared completely after several 
usec. 

The maximum optical density of the absorption in 
earbon dioxide was about 6-06, but in carbon monoxide 
the optical density immediately after the pulse was about 
twice this value. We take this to mean that the yield of 
CCS) atoms in carbon monoxide is about twice that in 
carbon dioxide. At this stage it is not possible to discuss 
the nature or the kinetic order of the reactions of COS} 
in pure carbon dioxide or monoxide. In view of the 
marked effect of small amounts of propylene, methane 
and hydrogen on the half-life of the transient, it is probable 
that in these cases C(L8) atoms undergo rapid insertion er 
addition reactions as suggested by Wolfgang’. Deactiva- 
tion to a lower electronic state by a purely physical 
mechanism seems to be rather unlikely. 





Table 1. HALF-LIFE oF CUS} IN VARIOUS Gas SYSTEMS 
System Pressure (torr) fy, _ (zee) 
co, 460 ~ 500 
co 600 ~ 100 
CH, 1,000 Very low 
CO,+1 per cent O, 460 ~ 100 aie 
CO,+5 per cent CH, 480 ~ 80 
CO,+10 per cent H, 530 ~ 20 
CO, +1 per cent CsHe 460 5-10 


Further development of the experimental technique 
should enable absolute rate constants for many reactions 
involving C(4S) atoms to be determined. Furthermore, 
careful analysis of products in, for example, carbon dioxide- 
additive systems may allow the primary yield of carbon 
atoms to be calculated. It should be borne in mind, 
however, that carbon atoms may also be produced initially 
in other low lying electronic states OP or WD) and react. 
with additives to give a similar product pattern. 


G. M. MEABURN 
D. PERNER 
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Light Emission after Pulse Radiolysis of 
Aqueous Solutions of Dyes 


THE fluorescence of aqueous dye solutions induced by 
ultra-violet and X-irradiation was the subject of an 


earlier investigation?. 
“was postulated to involve the reactions of the primary 
products formed in an irradiated aqueous solution’. 


The emission induced by X-rays 


It 


‘seemed useful to carry out additional investigations of 


these systems by the pulse technique, and as a result an 


‘unexpected delayed emission was observed when dilute 
aqueous solutions of several dyes were pulse radiolysed. 


Argon-flushed solutions of four dyes (rhodamine B, 


acriflavine, fluorescein and eosin) have been shown to emit 
light. up to 100 usec after a 2 usec pulse of 4 MeV electrons. 


The emission in each case corresponds to the fluorescence 
spectrum of the dye. Various dyes at concentrations 
between 5 x 10-7 and 10-5 moles/l. were investigated. 


~The time characteristics and total light output varied 





h concentration as is illustrated for various solutions 
‘hodamine Bin Fig. 1. It can be seen that at some 


concentrations the emission continued to increase up to 


15 usec after the pulse. The total light output with 
rhodamine B reaches a maximum at ~ 2x 10- moles/I. 
Comparison of the maximum emission with a standard 
(p-terphenyl in xylene)! led to a maximum G value for 
dye emission of the order of 10> light quanta/100 eV. 


This appears to be about a thousand times more efficient 
-than the fluorescence induced by 8-5 and 24 keV X-rays 


at the same concentration of dye!. 

The behaviour of the rhodamine B, acriflavine and 
fluorescein emissions towards various hydrated electron 
and hydroxyl scavengers was investigated. The effects 
were similar to those found in previous analogous studies 
on the X-ray induced fluorescence. The electron scaven- 
gers hydrogen peroxide, oxygen and nitrous oxide quench 
the emission of all three dyes with considerable efficiency. 


_ The addition. of small amounts (~ 10-*-10-* moles/l.) of 


an 











He aqueous. rhodamine -B solutions. 


iodide to 2x 10-* molar acriflavine or fluorescein leads to 
initial considerable inerease in emission. Larger 
quantities of iodide quench the emission. This effect 


_of potassium iodide on acriflavine solutions is illustrated 
in Fig. 2. 


Similar progressive addition of potassium 
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Fig.1, Time dependence of dye emission for varying dye concentrations. 

Emission measured at 5750 A after pulse radiolysis of argon-saturated 

t Dose per pulse ~ 150 rads, ’ 

Observed emission; ----, calculated emission. Inset: Actual oscillo- 

scope trace obtained using 2x 10-* molar rhodamine B. One large 
division horizontally is 10 zsec. 
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Fig. 2. Time dependence of dye emission for varying concentrations of — 
potassium iodide. Emission measured at 5050 A after pulse radiolysis 
of srgon-saturated aqueous acriflavine (10-* moles/l.) containing var ous pe 


concentrations of potassium iodide. Dose per pulse ~ 150 rade. | 





iodide to rhodamine B, however, leads to only a small 
increase in emission before quenching begins above 
10-* molar potassium iodide. On the other hand, progres- 
sive addition of the hydroxyl scavenger sodium formate to. 
either acriflavine or rhodamine B leads to no increase ii. 
emission at any scavenger concentration in the range” 
10-*~-10-! moles/]. Quenching becomes apparent: at 
formate concentrations greater than 10-5 moles/l. 

Absorption changes following pulse radiolysis: of 
rhodamine B, acriflavine and fluorescein were also studied, 
in the range 3500-8000 A, to assist in determining the 
precursors of the delayed emissions. Species detected 
by their absorptions in this range, besides the dyes. 
themselves, were eag, semi-reduced dye radicals (Dred), 
and radicals originating from oxidation of the dyes by _ 
OH: (D'oxia) No transient spectra were found. which 
could be assigned to triplet-triplet absorptions. Thus 
triplet states are unlikely to be involved in the emissions. — 

The X-ray induced fluorescence of aqueous dye solutions 
was previously? suggested to arise from the reaction of | 
hydrated electrons with oxidized dye radicals formed. 
mainly by direct electron impact. This mechanism cannot 
hold for the present delayed emissions at the low dye 
concentrations used. l 

Another possible source of delayed emission which 
involves only electrons is the reaction of a second hydrated 
electron with semi-reduced dye: 


aJo : 
(2) 


The increase in emission induced by X-rays on the. 
addition of small amounts of iodide was explained. by 
assuming that hydroxyl radicals quench part of the 
emission by reacting with the precursor, é-aq. Iodide 
removes this quenching OH’. Such an explanation might 
also hold for the similar increase in delayed emissions 
produced on pulse radiolysis. A survey of the rates of 
reaction of OH: with formate and iodide in neutral solu- 
tion’, however, suggests that both constants are simi! 
namely, in the region of 10° 1./mole/sec. Formate 


€-aqg + Dye—>D rea 


€-aq + Dsyea -———> Dye* 

















"not lead to increased emission and iodide does, and there- 


<; fore the increase in emission with iodide cannot be simply 


explained by the scavenging of OH-. The implication 
_ might be that OH: radicals actually contribute towards 


the delayed emissions. On the other hand, other values 
-o for the rate of reaction of OH: + I- are about 102° 1./mole/sec 


(ref. 4 and Sommermeyer, K., and Priitz, W., unpublished 

results). If this higher rate were correct, then the mechan- 

ism involving quenching of emission by OH: might still 

be the right one. 

A possible emission-forming mechanism which involves 
both OH: and e~aq is 

e-aq + D'oxia — ~ — Dye* (3) 

OH: + Drea _ Dye* + OH- (4) 


= where D'oxia is formed by way of the reaction 


OH: + Dye —> D'oxid (5) 
and D-req is formed by way of reaction (1). The enhancing 
effect. of potassium iodide can then be explained by the 


further reactions 
OH: +I- -> I-+0OH- (6) 


T -+ D're — Dye* +I- (7) 


=: The inerease in emission on addition of iodide requires 


_ that reaction (7) be more efficient than (4). Formate 
radicals (COO-) would not be expected to oxidize D-req 
and would therefore not lead to increased emission. 

The absorption which results from semi-reduced dye 


and oxidized dye radicals was found to have a lifetime in 


the region of a millisecond when the two were present 
together. Therefore the reaction 


Doxia + D'req —> emission (8) 
Jeannot be the source of emission. 

Although none of the mechanisms for production of 
delayed emission seems entirely satisfactory, calculations 
were carried out of the emission time characteristics 
-expected according to reactions (2), (3) and (4). These 


©. calculations only applied to rhodamine B solutions which 
show. minor enhancement with iodide. 


The necessary 
rate constants were measured from the time dependencies 
of aq, D-oxia and Drea absorptions. Reaction (2) leads 
to good agreement between the calculated and the 
measured time characteristics for a dye concentration of 
8 10-* moles/l. With the dye at a concentration of 
» §x10-? moles/l., the observed delayed emission lasts 
longer than is actually caleulated: this could be explained 
by assuming that in reaction (2) e-aq can also be replaced 
by H atoms. Reaction (3) gives satisfactory agreement 
«between calculated and measured emission time charac- 
teristics for all dye concentrations, as can be seen from 
Fig. 1. Equation (4) gives a significantly longer delayed 
emission for all dye concentrations than was observed. 
= ‘The reaction quantum yield is ~ 0-02 in the absence of 
_  lodide at a dye concentration of 10-* moles/l., if reaction 
>: (2) is the source of emission. Reactions (3) and (4) lead 
to slightly smaller yields. 
Pwo of us (W. P. and K. S.) thank the Deutsche 
. Forschungsgemeinschaft for support of this work. 
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PHYSICS 
Stability of Concentric Laminar Mixing in 
a Tube 


Tue stability of mixing between two streams which are 
initially concentric and fully developed laminarly is a 
problem of fundamental interest in fluid mechanics. 
The problem is an original one. The configuration. is 
similar to that which occurs in axi-symmetrical, enclosed 
laminar diffusion flames. In the case of the flame, how- 
ever, mixing between the reactants, that is, both exchange 
of momentum and chemical mixing, is accelerated by 
strong temperature gradients. 

The isothermal mixing of two air streams has been 
investigated experimentally. The concentric flows were 
carefully developed to give, at entry into the mixing 
tube, the Poiseuille velocity profile in the inner tube 
and the corresponding distribution in the annulus. The 
Reynolds number of each of these flows was varied sys- 
tematically, but the lower critical value of 2,300 for laminar 
flow was not exceeded. In some experiments the Reynolds 
number of the total flow after mixing was, however, 
greater than the critical value. The progress of mixing 
was explored by radial traverses at consecutive axial | 
positions along the mixing tube using a calibrated minia- 
ture pitot tube. i 

In thirty-one experiments in which different combina- 
tions of the Reynolds numbers of the initial laminar flows. . 
were used, it was found that the final stable profile was. _ 
either laminar or turbulent depending on the relative 
magnitude of the initial Reynolds numbers (Fig. 1). The 
boundary dividing the two types of flow was a narrow one 
and was firmly established by approaching it from either 
direction. Pseudo-turbulent velocity profiles were also 
observed for certain combinations of Reynolds number 
even when the Reynolds number of the total flow was less 
than 2,300. The weight of other experimental evidence, 
however, indicates that such turbulence will diminish 
and the Poiseuille profile will eventually emerge. ; 

Some stages in the development of representative 
examples of these mixing flows are shown in Fig. 2a, 
b, c and d. 

The persistence of laminar conditions throughout the 
development of mixing for some Reynolds number com- 
binations and the breakdown to turbulence for other 
combinations is consistent with the concept of neutral 
stable and unstable disturbances which is well established 
in boundary layer theory (Tollmein-Schlichting) and 
which has also been supported by recent experimental 
investigations into the stability of laminar flows in a tube. 

Of some importance to this investigation is the length 
of tube required for the development of the single Poiseuille 
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Fig. 1. Type of flow in mixing region. ©, Laminar; 
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file corresponding to the experimental points within In this figure Van, Vin are the bulk velocities of the annular 
, laminar flow field in Fig. 1. If the Reynolds number and inner flows respectively. D is the diameter of the 
the annular flow is fixed, there is a unique value of the mixing tube and Aan/4in is the ratio of the cross-sectional 
yynolds number of the flow in the inner tube which area at the point where the flows enter the mixing tube. 
makes the development length a minimum, and vice The same mechanism that causes breakdown from __ 
ersa. The results have been correlated in a reasonably laminar flow to turbulent flow in the mixing flow is also 
tisfactory way by the co-ordinates shown in Fig. 3. responsible for the spontaneous excitation into vibration. a 
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Fig. 3. Laminar mixing length criterion, 


of enclosed laminar flames in a state of steady diffusion 
when an arrangement identical to that in the mixing 
studies is used. Systematic experiments with those 
flames have established the existence of critical relative 
velocities of the reactants above which steady diffusion 
flames are excited into a state of vibration. The vibrations 
may be stable or unstable. Details of these experiments 
have been presented elsewhere!. 

The experimental work on isothermal mixing was carried 
out by Mr. W. 8. Hall. The two investigations are being 
continued. 


B. E. L. DECKKER 
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PHYSIOLOGY 


Negative Pressures in Knee Joints 


Guyton! established the concept of a negative inter- 
stitial tissue pressure, and observations which I have 
made on the knee joints of rabbits, cats, dogs and man 
have supported this idea. One hundred and sixty -eight 
observations were made on normal knees, thirty- -six in 
eats, thirty in rabbits, ninety-two in dogs and ten in man. 
‘The pressure was found to be between —2 and —10 mm 
of mercury in no less than 165 of these observations; the 
exceptions were one cat where a pressure of — 14 mm of 
mercury was found—though the contralateral knee had a 
pressure of — 7:5 mm of mereury—and one cat and one 
dog both of which had a pressure of + 1 mm of mercury— 
- though there was no detectable clinical effusion. 

This negative pressure was maintained in the animals 
' when saline was infused at a constant rate. In each 


< animal the critical level of this rate of infusion was well 


defined, and was related specifically to the size of the 
joint and approximately to the body weight of the 
animal; above this level intra-articular pressure rose. 

: Marked variations in intra-articular pressure, said to 
oceur. on movement’, have not been found in normal 
joints in man or experimental animals when the joint 
was moved actively or passively while bearing no weight 
nor when it was involved in the movement of walking in 
man. The pressure in the knee joint was seen to be 
minimal just short of full extension, when there was a 
small amount of fluid in the joint and when the intra- 
articular pressure was above zero. It was seen to be maxi- 
mal in full flexion. This rise in pressure was associated 
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with: the tone in the quadriceps muscle and the strain 
on the lateral expansions from the patellar tendon. 
Section of the femoral nerve reduced the rise in pressure 
while section of the femoral nerve and the medial and 
lateral patellar expansions almost abolished intra- 
articular pressure on knee flexion. 

Raising the intra-articular pressure had little effect 


1 


on the clearance of iodine-131 from the joint as long aspa 


pressures above 40 mm of mercury were not used. Above — 
this level clearance of iodine-131 from the joint was 
reduced. Human serum albumin iodated with iodine-131 
had a faster joint clearance at pressures between 10 and 
55 mm of mercury, an observation which may be of 
importance when considering the clearance of large mole- 
cules from joints after injury. 

Exercise of the knee joint in man was associated with a 
rise in intra-articular pressure up to 5 mm of mercury 
after 20 min on a bicycle with fixed wheels, using a 5 kg 
friction in an untrained man, and after 45 min in a fit 
parachutist. This rise in intra-articular pressure was 
associated with changes in the electrical response of both 
the ipsilateral and the contralateral muscles acting on the 
knee joint. This may help to explain the stiffness following 
exercise and the contralateral symptoms of patients with 
joint effusions and apparently normal contralateral 
joints. 

f I thank the Leverhulme Trust for a research fellowship 
during the tenure of which this work was done. 


B. Reeves 
Department of Applied Physiology, 
Royal College of Surgeons of England. 
‘ Guyton, A. C., Circulat. Res., 12, 399 (1963). 
3 Guyton, A. C., Circulat. Res., 16, 452 (1965). 
3 Eyring, E. J., and Murray, W. R., J. Bone Jt. Surg., 46A, 1235 (1964). 


Daily Torpor induced in White-footed Mice 
(Peromyscus spp.) by Starvation 


WHITE-FOOTED mice have frequently been reported to 
be heterotherms or incipient hibernators with variable 
body temperatures? and two species have been found 
in a state of torpor in outdoor nest boxes in winteri. 
In a systematic study of Peromyscus eremicus, daily 
torpor was interpreted as a summer phenomenon occurring 
at moderate ambient temperatures in response to aridity?®. 


As a result of finding that a wide variety of types of 


periodice dormancy exists among small animals*, we 


undertook to examine systematically daily torpor in ay 


five species of white-footed mice. It is our intention 
to define a physiological pattern of daily torpor common 
to the genus. 

The species studied were: Peromyscus crinitus, P. boylei, 
P. eremicus, P. maniculatus, and P. leucopus. Daily 
torpor has been observed in two other species in our 
laboratory’. This torpor occurs at all seasons of the year 
when starvation is sufficient to reduce significantly the 
body weight, and this is particularly so when animals have 
become fat under laboratory conditions. Daily torpor is 
considered a special pattern of temperature regulation 
with some similarities to “classical” hibernation. Torpor 
makes survival possible when the animals are confronted 
with limited resources of energy—regardless of whether 
this is the result of low temperature or lack of moisture. 

Body temperatures were recorded for a total of 112 
cycles of torpor from fifteen individuals, three of each 
species. The metabolic rates were simultaneously recorded 
during several of these cycles. 

While the animals were under ‘Nembutal’ SRA SEIOES 
(70 mg/kg) a 30 gauge copper-constantan thermocouples 


was implanted in the peritoneal cavity just behind the ie 


kidneys. The leads were implanted subcutaneously 
on both sides of the body and emerged at the back of the 
neck and were connected to a recording potentiometer. 
The animals were placed in 1,000 cm? clear plastic cham- 
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-bers which contained a small amount of bedding, and 
¿wore allowed free access to water; the containers were 
maintained at a constant temperature. A regime of 
13 h of light followed by 11 h of dark was maintained. 
_ In order to record their metabolic rate the animals were 
kept in airtight 420 cm? plastic containers, with ports 
for the thermocouple leads and room air to be passed 
through (the air was subsequently made to flow through 
>a paramagnetic oxygen analyser connected to a chart 
recorder). 

Freshly implanted animals were kept at room tempera- 
ture (23°-25° ©), with limited rations of sunflower seed, 
“until they became torpid—usually 2-5 days after implanta- 
tion. Once daily torpor had been elicited, the ambient 
temperature was lowered every 2-3 days in decrements not 
exceeding 3° C in order to determine the lowest body 

“temperature beyond which each animal could not survive. 

. Often, however, the animals became intractable and 
_ destroyed the thermocouple leads, prematurely ending the 
experiment. [he average duration of torpor, measured 
from the beginning of entrance to the beginning of arousal, 
was 5-2 h. The maximum duration of torpor for each 

species is listed in Table 1. 

The entrance into torpor for two of the species, P. 
crinitus and P. maniculatus, initially coincided with the 
onset of the light period. After the animals were accus- 
_tomed to a particular light regime, however, their en- 
~ trances preceded the light period by as much as 1-5 h. 
For any new light regime the initial torpidity always 

coincided with the light period. 

The stimuli and preparations for daily torpor induced 
by starvation are clearly different from those observed for 
hibernation’. 

Episodes of either type of torpor are similar, however, 
=- when body temperature and metabolic rate are compared. 
_ Immediately before entrance into torpor there are fluctua- 
tions of both body temperature and metabolic rate 
similar to those recorded during normothermic periods. 

Occasionally there are fluctuations of body temperature 
as great as 5°-6°C, and there is frequently an increase 
in metabolic rate just before entrance. Both metabolism 
and body temperature usually fall smoothly, but there 
can be independent fluctuations of either as is shown by the 

-small temperature increase during entrance in Fig. 1. 

The initial drop in metabolism is more rapid than that 
‘observed for body temperature. In general, the difference 
(AT) between body temperature and ambient temperature 
during torpor is smallest at high ambient temperatures 
and greatest at low ambient temperatures. Thus at an 
ambient temperature of 27°C the AT may be 1°-2° C, 
while with an ambient temperature of 0°C the AT will 
be 13°-17°C. White-footed mice are therefore able to 
regulate their temperature, albeit at a reduced level, 
during torpor and unlike hibernators do not allow their 
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Fig. 1. Body temperature (closed circles) and metabolic rate (continuous 
line) recorded simultaneously for a single Peromyscus crinitus. This 
record is typical of the other species. 
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Table 1, TEMPERATURE AND TIME CHARACTERISTICS OF PERIODS OF Torron 
OF WHITE-FOOTED MICR 


Lowest Range of Maximum Maximam 


y No.of body tem- ambient arousal duration == 
Species periods perature temperatures rate of torpor 
of torpor (°C) CO (° C/min) {h) 
P. eremicus 17 19-0 9-5-22-1 0-43 1b. 
P. boylet 23 18-0 11-0-21-0 0-54 88 
P. leucopus 19 17-0 11-0-21-5 0-42 113 
P, crinitus 28 17-0 12-2~26-5 0-51 9-5 
P. maniculatus 25 13-4 ~0-5-27:5 0-64 108 
SONONE 


body temperatures to approach low environmental i 
temperatures. Further evidence of the constant regulat 
ability during torpor is the observation that a sli 
decrease in the ambient temperature often elicits aro 

If the body temperature of a torpid animal falls bel 
critical level (roughly 15° C) spontaneous arousal may 
be initiated, and if initiated will not be completed. I 
animal is immediately rewarmed and fed it may recover, 
but more often it will die. The lowest body temperatures 
from which our animals aroused, together with the range: 
of ambient temperatures over which they successfully 
became torpid, are listed in Table 1. 

During arousal both metabolic rate and body tempera- 
ture increased rapidly. The rate at which body temperature: 
increased varied between 0-15° and 0-64° C/min when 
calculated on the basis of the fastest 15 min period of 
arousal. Toward the end of arousal the increase in-body~ 
temperature diminished and a level between 33°C and” 
36° C might be maintained for several hours. After dis- 
turbance, such as feeding, body temperature immediately 
increased to the normal active level of 36°-39° Ci ©. ; 

The implications of our data on daily torpor fall into : 
two categories: (i) features which preclude its designation 
as faulty temperature regulation, and (ii) features which j 
distinguish it from ‘‘elassical’’ hibernation. 

If daily torpor were faulty temperature regulation, then 
the rapid decline in metabolism during entry into torpor. 
followed by spontaneous and rapid rates in restoration 
of body temperature and metabolism would not occur. 
Thus there is not a gradual deterioration of the temper- 
ature regulative ability, but a re-setting of body 
temperature to a reduced but controlled level. The 
body temperature is kept well above freezing during torpor 
and spontaneous arousal can be initiated. 

Unlike “classical” hibernation, however, no lengthy 
preparatory period is necessary. Because daily torpor 
occurs only when an animal is partially starved there are 
obviously too few innate metabolic reserves to allow torpor 
to continue for extended periods of time. 

These data demonstrate that daily torpor in the genus 
Peromyscus is a closely regulated physiological adaptation 
which can be utilized at any time of year for coping with a 
limited energy supply. It is intermediate in degree 
between homeothermy and ‘‘classical’’ hibernation and 
can be considered to be one of the wide spectrum of 
adaptations in which periodic dormancy is utilized in 
response to stressful environmental conditions. 

This investigation was supported by the U.S. Public 
Health Service. 
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~ — Timing of Injection of Pregnant Mare’s 
Serum for the Anoestrous Breeding of Ewes 

= We have been able to induce fertile oestrus in anoestrous 
<o Romney ewes by placing a sponge impregnated with 

- progestagen* in the vagina and injecting a follicle stimulat- 

“Ing dose of 1,000 1.v. of pregnant mare’s serum (PMS) 
on the day of removal of the sponge'. There was, however, 
no significant increase in the percentage of multiple births 
with this treatment. 

We have since been able to increase the conception rate 
‘and the percentage of multiple foetuses by injecting 
‘PMS 2 days before removing the vaginal sponge. 

.. The experimental animals used were 150 7 year old 
-> Romney ewes which had lambed during June, July and 
August, 1965, and which were run with ten crayon- 

-harnessed Southdown rams on pasture at Hamilton, 
New Zealand, from December 17, 1965, unti] May 15, 1966. 
Four groups of thirty ewes (groups 1-4) were treated 
with sponges and PMS from December 17, 1965, and 
one group of thirty ewes (group 5) was not treated and 
served as a control group (Table 1). The ewes were examined 

< each day at 9 a.m. to determine whether they had mated. 
‘Table 2 compares the degree of synchronization as 
indicated by the number of ewes in oestrus on day 14— 

that is, those which were counted at 9 a.m. on day 15. 

The number of ewes in oestrus on day 14 was signifi- 
eantly higher for the groups treated with PMS on day 11 
compared with those treated on day 13 (P < 0-01). 

On day 66, fifteen ewes selected at random from each 
group were killed and the number of foetuses determined. 
Table 3 presents the results of this examination. Of the 
fifteen untreated ewes slaughtered, pregnancy had not 
been established long enough in all ewes to determine 
the number of foetuses present. 





Table 1. TREATMENT OF GROUPS 1-5 


No. of Day 0 
i ewes 17/12/65 Day 11 Day 13 
Group 1 30 Spongesin 1,00010. PMS Sponges out 
2 30 Sponges in 1,000 Lu. PMS, sponges oat 
3 30 Spongesin 7501.0. PMS Sponges out 
4 30 Sponges in 750 Lt. PMS, sponges out 
5 30 Bil Nil Nil 
Table 2. OCCURRENCE OF ORSTRUS 
Group No, of ewes No. of ewes in Ewes in oestrus 
oO. treated oestrus on day 14 day 18-35 
1 30 27 30 
2 30 21 29 
3 30 28 29 
4 30 22 29 
5 30 i 6 


Table 8. NUMBER OF CORPORA Loma AND VIABLE FOETUSES PRESENT ON 
AY 


Mean Mean 


No.of Ewes No. of 


Dose 

Group No. Day of No. of ewes with corpora preg- viable 
No. of of PMS from 0 to >4 corpora lutea nant foetuses 
: ewes PMS (1.0.) 0 1 2 3 >4 perewe (%)  perewe 

(Of ewes slaughtered) 

1 15 11 1,000 1 4 6 2 2 23 60 1-0 

2 15 18 1,000 2 8 3 1 1 15 33 03 

3 15 34 750 — 65 7 3 — 1-9 87 16 

4 15 13 750 — 10 5 — — 13 27 0-6 

5 15 0 0 — 9 & L— Lb — — 


-<The number of corpora lutea, the percentage of ewes 
pregnant and the number of viable foetuses are all 
-o significantly greater for day 11 compared with day 13 
(P< 0-05). The dose of PMS had no significant effect 
on these traits. 
The administration of PMS 2 days before removing 
‘the sponges resulted in better synchronization of oestrus 
with an associated increase in the percentage of preg- 
nancies and foetuses. 

Edgar and Ronaldson? reported that the concentration 
of progesterone in ovarian venous blood falls dramatically 
on the sixteenth day of the oestrous cycle, when follicle 
development is already well advanced, and this fall in 
the concentration of progesterone is rapidly followed by 
oestrus and ovulation. 


* 6-Methyl-17-acetoxy progesterone (‘Repromap’, The Upjohn Company). 
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The injection of PMS while progestagen is still being 
absorbed from the vaginal sponge, followed after 2 days 
by the withdrawal of the sponge, appears. to simulate the 
situation in the normal oestrous cycle. 

Note added in proof. Lambing data for the remaining 
fifteen ewes in each group have now been obtained. They 
agree with the results obtained at slaughter, except that 
the percentage of ewes pregnant in group 3 averages 
67 per cent. E. M. ROBERTS 
University of New South Wales, 

Kensington. 

D. G. EDGAR 
Ruakura Agricultural Research Centre, 
Hamilton, New Zealand. 


1 Roberts, E. M., and Edgar, D. G., J. Reprod. and Fertil. (in the press). 
? Edgar, D. G., and Ronaldson, J. W., J. Endocrinol., 16, 378 (1957). 





Transport of Eggs from the Fallopian Tube 
to the Uterus as a Function of Oestrogen 


Ir takes about 3 to 4 days for eggs to reach the uterus 
after oestrus in most mammals, regardless of the length of 
the tubes'. In the rabbit the transport of eggs through 
the ampulla to the isthmus of the tube takes only a few 
minutes?*, but 3-4 days‘-* are required for transport to 
the uterus. The eggs do not seem to be transported at 
the same speed during their passage through the whole 
tube, but they stop in the isthmus or in the uterine tubal 
junction and await some action of the tube which will 
transport them into the uterus. 

Progesterone secreted from the newly formed corpora 
lutea is apparently the active agent. Several facts have 
been reported concerning the transport of eggs to the 
uterus: (a) it occurs when the corpus luteum is in “full 
bloom’’)}7; (b) it is accelerated in the rabbit on the fourth 
day of pseudopregnancy®, and by administration of pro- 
gesterone after mating? !°; (c) the rapid transport of eggs 
in the opossum (24 h) is due to the large number of 
corpora lutea produced at each ovulation’; and (d) egg 
transport is accelerated in superovulated domestic 
animals4-14. Oestrogen, however, has been reported to 
block the tube so that the eggs are “trapped” there!*-15-18, 
The transport of eggs can be slowed down in super- 
ovulated cows by application of oestrogen’. 

Recent work on the transport and development of 
rabbit eggs has shown that transport is speeded up and 
caused to degenerate by the administration of oestrogen 


` 





after insemination and ovulation®:?® and also by treat- 
ment with progesterone for 3 days before ovulation?! | 
Transplantation of eggs into the ampulla of the Fallopian | 
tubes of non-ovulated oestrous rabbits clearly demon-. 
strates that the transport of eggs from the tube to the 
uterus is speeded up by oestrogen, while progesterone 
counteracts the oestrogenic effect and slows down the: 
egg transport for a few days. 

About fifteen fertilized eggs (at the pronuclear to the 
two cell stage) recovered from superovulated rabbits 1 day 
after insemination were transplanted®* into the ampulla 
of the left tube of groups of oestrous rabbits. These 
recipient rabbits were fed either with 0-1 mg ethinyl 
oestradiol/rabbit for 2 days immediately before transfer 
and 1 day after transfer, or with 2 mg medroxyprogesterone 
acetate/rabbit for 3 days before or 2 days after trans- 
plantation. They were killed at various times after | 
transplantation and their left tubes, uterine horns and — 
vaginae were flushed with saline to recover the eggs. 
Several trends emerge from the data presented in Tg 
(a) In the control animals 44 per cent of the eggs ‘ 
the uterus 41 h after transfer. This is faster than in the 
untreated, mated and ovulated rabbits with newly formed 
corpora lutea, in which no eggs reached the uterus 48 h 
after insemination, or 36 h after ovulation’. This shows . 
that in the oestrous rabbit endogenous oestrogen is active 




































































NO. 5066 DECEMBER 3, 1966 


in the transport of the eggs to the uterus. (b) When 
séhing! oestradiol was fed 2 h before transplantation and 
the next morning, 38 per cent of the eggs reached the 
uterus 24 h after transfer, and 47 per cent of the eggs 
lh after transfer. This shows that egg transport was 
speeded up by exogenous oestrogen. The low recovery 
rate (29 per cent) 41 h after transfer indicates a downward 
, expulsion of eggs from the tube caused by oestrogen 
treatment. (c) When medroxyprogesterone acetate was 
fed to the animals 2 h before transfer and on the following 
days, no eggs had reached the uterus 41 h (two feedings) 
or 65 h (three feedings) after transfer. If, however, 
medroxyprogesterone acetate was fed only twice and the 
animals were examined 65 h after transfer, 94 per cent of 
the eggs had reached the uterus. This shows clearly that 
exogenous progesterone is active in the retention of eggs 
in the tube and that when administration of progesterone 
‘stops the eggs are transported into the uterus by the 
action of endogenous oestrogen. (d) When medroxy- 
progesterone acetate was fed for 3 days before transfer, 
4 per cent of the eggs reached the uterus 42 h after 
transfer, showing that pretreatment with progesterone 
ean also accelerate the transport of eggs. This can be 
explained thus: (1) the activity of exogenous progesterone 
lasts for a short time and then the activity of endogenous 
oestrogen is resumed; (2) the exogenous progesterone may 
stimulate the subsequent action of endogenous oestrogen ; 
(3) the resumption of endogenous oestrogenic activity is 
at an accelerated rate when exogenous progesterone is 
‘given; and (4) the tube “recovers” or “adapts” itself 
~ from the initial stimulation by progesterone. 
Microscopical examination has revealed that the eggs 
recovered from the tubes were normal. A small proportion 
were, however, in a state of degeneration, owing to their 
early arrival in the uterus, as had been shown to be the 
ease for 1 day old rabbit eggs transferred from the tube 
to the uterus, 
The results of this investigation show that accelerated 
egg transport in the 4 day old pseudopregnant rabbits® 
results from the fact that the tube only recovered from the 
initial stimulation by endogenous progesterone on the 
fourth day. This is similar to the acceleration of egg 
transport caused by the application of progesterone 
before ovulation or before transplantation which I have 
found. The rapid egg transport in the superovulated 
domestic animals!!~!4 is probably caused by the activity 
of the progesterone, secreted from the already formed 
corpora lutea, which affects the transport of those eggs 
vulated later, as in the case of pretreatment with 
edroxyprogesterone acetate. As for the eggs “trapped” 
i the tube after administration of oestrogen, it has 
been shown that only a few eggs were trapped in the 
ubes** and that the previous observation of eggs 
apped'*15-18 is probably a result of differences in 
dosage and oestrogens used and in the time of adminis- 


Table 1. EGG TRANSPORT IN NON-OVULATED OESTROUS RABBITS AFTER 
TREATMENT WITH MEDROXYPROGESTERONE OR WITH ETHINYL OESTRADIOL 


Num- Time of 


Compounds Num- ber of examin- Eggs recovered 


and day of ber of eggs ation(h Total* Tubest Uterit Vaginat 
xo feeding recip- trans- after 
ients ferred transfer) 
41 40-41 27(66) 14(52) 12(44) 1 (4) 
46 23-24  $7(81) 23 (62) 14(38) 0 
58 40-41 17(29) 9(53) 8(47) 0 
edroxyprogesterone acetate 
On. rad 3 39 41 38 (97) 38 (100) 0 0 
45 65 42 (93) 42(100) 0 0 
51 65 31 (61) 1(8) 29(94) 13) 
41 40-42 33(81) 1(8) 381(94) 1 (8) 





—1,and 0 


* Percentage, in parentheses, based on the number of eggs transplanted. 
+ Percentage, in parentheses, based on the number of eggs recovered. 
t Feeding, 2 days, 1 day and 6 h before transfer. 
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tration, or mechanisms such as the imbalance Haiwan. 
endogenous progesterone and exogenous oestrogen in 
individual animals. P 
This work was supported in part by grants frorn the : 
Population Council and the National Institutes of Health, 
U.S. Public Health Service, and a research career award 
from the National Institute of Child Health and Human: 
Development, U.S. Public Health Service. I thank 
Miss Dorothy M. Hunt and Miss Nancy Mitchell for 
their assistance. 
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Delayed Inflammatory Response dite. to 
Catecholamines and Serotonin 


Willoughby and Spector! have shown that adrenaline 
and noradrenaline, as well as their precursors dopamine“ 
and dihydroxyphenylalanine (DOPA), inhibit partially or 
completely the acute vascular inflammatory response 
induced by heat or histamine. We have used very similar 
techniques: catecholamines, serotonin or precursors were 
injected intradermally and 20 ug histamine was injected’ 
at various times afterwards into the depilated abdominal 
skin at the same site. Immediately after the histamine 
injection, the rats were injected intravenously with - 
indian ink and killed 1 h later. The intensity of accumula- - 
tion of carbon at the site of histamine injection was 
measured? in the abdominal skin removed and taken asa 
measure of vasodilatation and increased vascular per. 
meability. The morphology of blood vessels and. mast 
cells was examined by a transparent skin technique? = 
It was found that the vascular response induced. by — 
histamine was inhibited for 30 min after the intradermal. 
injection of either 1 ug adrenaline or noradrenaline or of 
5 ug dopamine or DOPA (Fig. 1). This confirms the’ 
findings of Spector and Willoughby. During the same 
period, tyrosine had no effect on the vascular response; + 
however, when histamine was injected later into the 
site of injection of the amines, not only was there nọ >. 
inhibition but also the vascular bed was extremely sensi)... 
tive to the stimulus. 1-6 h after the local administration 
of a minute amount of noradrenaline, the intensity and 
extent of increased permeability in response to histamine 
were as much as 200 per cent higher in experimental than 
in control rats. This amount of histamine produced no 
vascular or mast cell damage in the normal rats, but 
2-6 h after adrenaline or noradrenaline it caused the mast. - 
cells to become swollen, and many of them were disrupted; 
at the same time, the walls of minute vessels ruptured 


























at several sites and within a few minutes large numbers of 
earbon particles migrated across the damaged vascular 
wall far into the connective tissue matrix. This increased 
response to. histamine is somewhat less marked after the 

“local administration of 5 yg dopamine or DOPA; and 
was not observed after the injection of tyrosine, and none 
of these latter substances produced vascular or mast cell 
damage. 

In a similar way, the intradermal injection of 0-5 ug 
serotonin (5-hydroxytryptamine) augments the increased 
permeability induced by histamine for 30 min, and the 
vascular bed becomes strongly sensitive to histamine 
‘during the next 6 h. The serotonin precursor 5-hydroxy- 

_ tryptophan has no inhibiting effect, but a dose of 5 ug 

had a similar but less intense sensitizing property, while 
the lower precursor, tryptophan, was inactive. Neither 
serotonin nor the precursor damaged the vascular endo- 
thelium or mast cells. No delayed sensitization to hista- 

«mine was detected when histamine itself was given at time 
zéro. 
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Fig. 1. Effect of noradrenaline (NE), dopamine or DOPA on the vascu- 
lar permeability induced by histamine in rat skin, when substances were 
“Injected intradermally at 0 h and histamine at different times thereafter 
at the same site, Each mark represents average readings in eight rats. 
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a Wig. 2. Same experiments as in Fig. 1, when serotonin (6 HT) or 5- 
we hydroxytryptophan was injected intradermally at 0 h. 


Our results recall the delayed phase of the acute inflam- 
-matory reaction described by Miles et al.*. It is instructive 
-that apart from histamine the biological amines which 
are thought to mediate the immediate inflammatory 
-- response have such a delayed long lasting but transitory 
-affect on the minute vessels. 

The delayed sensitization by catecholamines is sur- 
prising, especially as adrenaline is a natural anti-inflam- 
matory amine and contributes first to the development 
of the inflammatory response’. This anti-inflammatory 
effect later swings to the opposite extreme, an aggravation 
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of the inflammatory reaction at. the level of the vascular 
bed and the perivascular mast cells. The delayed inflam- 
matory response, mast cell and vascular damage is wholly 
restored in 18-24 h. 
B. Gézsy 
L. KATÓ 


Institute of Microbiology and Hygiene, 

University of Montreal, 

Canada. 

1 Willoughby, D. A., and Spector, W, G., J. Path. Bact., 88, 159 (1964). 
? Gözsy, B., and Kátó, L., Intern. Arch. Allergy, 19, 168 (1965). 

2? Kátó, L., and Gözsy, B., Rev. Canad. Biol., 21, 175 (1962). 

+ Miles, A. A., Fed. Proe., 20 (Part 2, suppl. 8), 141 (1961). 


Blood Sugar Concentration after Glucose 
Tolerance Test and Simultaneous Iron 
Tolerance Test 


THE concentration of sugar in the blood during the Staub- 
Traugott glucose tolerance test is influenced by several 
factors, including extra-pancreatic mechanisms. The 
utilization and deposition of the ingested glucose are 
influenced by the amount of insulin excreted and also by 
the functions of the liver, the adrenals, the thyroid and 
the autonomic nervous system, etc. Diseases of the liver, 
such as hepatitis and cirrhosis, can produce an increase | 
in the secondary peak of the glucose tolerance curve— 
similar to that shown in diabetes. 

This communication describes the characteristic changes 
in blood sugar concentration after a Staub—Traugott 
glucose tolerance test administered at the same time as an 
oral iron tolerance test. Forty-two healthy persons were 
examined. 

In the first experiment, fasting subjects were given an 
oral glucose tolerance test in the morning; 50 g glucose 
were ingested at the onset of the test and 50 g given 
again 90 min later. One week before or after the first 
experiment the subjects were given glucose simultaneously 
with iron. One hour before the beginning of the glucose 
tolerance test, the subjects were given 1-5 mg of iron per 
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Fig. 1. Results of glucose tolerance test (Staub~Traugott) (—--~—) 
and results of glucose tolerance test with simultaneous oral adminis- 
tration of iron (~-———). 
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kg body weight (administered orally as ferrous ascorbinate 
solution). 

Fig. 1 shows a plot of the mean values of blood sugar 
concentration against time and the spread of the mean 
values (P < 0-001). The statistical mean value of the 
normal Staub-Traugott curve to an error of P < 0-001 
is also plotted. 

Our results! show that simultaneous oral ingestion of 
glucose by the Staub-Traugott method and ferrous iron 
produces a higher concentration of blood sugar after the 
X second administration of glucose. In most of our cases 
the second increase in blood sugar concentration was 
more than 20 mg per cent higher than the first peak, and 
~ reaches “pathological” levels. The deviations are statisti- 
-cally significant. 

We interpret this effect to mean that the simultaneous 
strain on the depot function of the liver cells for two 
ifferent metabolites, namely, for iron and for carbo- 
ydrates, leads to a partial insufficiency of liver function. 
It seems unlikely that the simultaneous ingestion of iron 
alters the resorption of glucose or reduces pancreas 
“function. 


G. BRÜSCHKE 
H. HERRMANN 
P. SCHMIDT 
D. Vorer 


Faculty of Medicine, 
Humboldt University, 
Berlin. 


x Breen G., Herrmann, H., and Schmidt, P., Disch. Gesundheitsw., 19, 1085 
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BIOCHEMISTRY 


Effect of Ingestion of Milk on Concentrations 
of Blood Alcchol 


Durie the course of work in which ethyl aleohol was 
used for measurements of body water, Miller and Stirling} 
have shown that the metabolism of alcohol is increased 
by the taking of food containing 1,000 kcal 1 h after the 
alcohol. 

In view of the current interest in the relationship 
between the consumption of alcohol and road accidents, 
we thought it worth while to use the same technique to 
measure the effect of milk on the levels of alcohol in the 
blood. We chose milk both because it is so generally 
ivailable and because it can be readily taken in large 
uantities. Our preliminary tests showed only small 
hough consistent effects when 1 pint of milk, contain- 
ing 380 kcal, was taken 1 h after the alcohol. Con- 
siderable effects on the concentration of blood alcohol 
‘were demonstrated in subjects taking milk before the 
alcohol. 

On each of two occasions, ten subjects between the 
ages of twenty and forty (five male and five female) 
were given a dose of 25 ml. of ethyl alcohol in the morning, 
without having taken any breakfast. On the first occasion 
the alcohol was given 90 min after the ingestion of 1 pint 
of water, and 30 min after the ingestion of a further 
half pint. On the second occasion, milk was substituted 
for the water. . 

The amount of alcohol in the urine was measured 
90 min after the dose of alcohol and thereafter at intervals 
of 30 min; this is the method used by Pawan and Hoult? 
for the determination of body water. The interval of 
90 min before the first measurement was chosen because 
both maximal alcohol concentration in the blood and 
adequate equilibration with the tissues.-have occurred 
` by this time. From this information, the concentration of 
‘alcohol in the blood can be calculated because it is the 
same in the water moiety of both the urine and the 
blood’. l 
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Tho effect of the ingestion of milk was to reduce the 
average maximal concentration of ‘aleohol by nearly 
50 per cent (Fig. 1). Without milk, five of the ten subjects 
had a concentration of alcohol of more than 30 mg/100 mi: 
with milk, only one had this concentration. The corres- 
ponding numbers that had a concentration of more than 
20 mg/100 ml. were eight without milk, and three with 
milk. 

No attempt was made to assess accurately the effects 
of the alcohol on the signs or symptoms of intoxication 
Obvious changes, Lowever, were recorded, and it. 
clear that these reflected the levels of alcohol in the bl 
Since the amount of alcohol given to all subjects w. 
same, the effects on both blood alcohol concentrati 
and degree of intoxication were roughly inversely 
portional to body weight, and were, for example. 
in the heavier males than in the lighter females. Wit : 
milk, all the female subjects, and three of the male _ 
subjects, showed signs of intoxication, from @ slight 
feeling of dizziness or sleepiness to uncontrollable giggling 
and laughter, and inability to focus. When the alcohol 
was taken after the milk, the effects were reduced in. all 
the eight affected subjects; no effect was seen ab all in © 
five of them, and only mild sleepiness in three of them. 
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Fig. 1. 


concentration. 25 mi. alcoho) (equivalent to ane double whisky) was. 


given 90 min after the ingeation of one pint of water and 30 min aftera T 
further half pint of water, On the second occasion, milk (lower curve) =: 


was taken instead of water (upper curve). 


Both the levels of alcohol reached in the blood, and the _ 
signs and symptoms of intoxication, are considerably .. 
reduced in subjects who take alcohol after the ingestion 
of milk, rathor than on an empty stomach. Our rest 
do not indicate the extent to which this is caused b 
increase in metabolism, and to what extent by a deere 
in the rate of absorption, but in general they confirm the 
widespread belief in the value of taking milk before 
alcoholic drinks in order to reduce the likelihood of 


intoxication. 
D. 8S. MILLER 


J. L. Straune 


Joun YUDKIN 


Department of Nutrition, 
Queen Elizabeth College, 
London, W.8. 
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Extraction, Purification and Chemical 
Determination of a Hepatic Factor inducing 
Contraction of the Spleen 


TEDESCHI et al. investigated the mechanism of the splenic 
contraction caused by changes in the portal circulation? 
and the effect of raw extracts of liver, spleen and kidney 
on the smooth musculature of various organs in vitro 
and in vivo*, Their results showed that these extracts 
contain a factor which causes powerful contractions of the 
spleen, but which has only a slight effect on the motility 
of the intestine and on the arterial pressure, and which 
increases the contractility of the uterus only after pre- 
treatmont with oestrogens. 

The pattern of the response showed that this factor was 
not adrenaline, acetylcholine, histamine or 5-hydroxy- 
tryptamine, nor was it one of the better known poly- 
peptides such as oxytocin, vasopressin, angiotensin, 
substance P, kallidin, bradykinin and similar substances 
which influence the activity of smooth muscle. 

We therefore tried to isolate the factor from raw liver 
extract and to determine its chemical nature; the test of 
activity used in this experiment was the effect on the 
motility of the ileum of the rabbit in vitro, and of the 
small intestine and the spleen of the dog in vivo?. 

Bovine liver was removed immediately after death 

and homogenized without delay in 3 volames of saline 
at 0° C, The mixture was centrifuged for 10 min at 
1,500g and 0° C. The supernatant was saturated with 
ammonium sulphate and allowed to stand for a few 
hours at 4° C and the precipitate was then collected. 
After washing with a saturated solution of ammonium 
sulphate the precipitate was dialysed against water at 
4° C, using a membrane with a mean porosity of 48 A, 
until the salt was completely removed. The residual 
material (partly in solution, partly as a precipitate) was 
then heated for 30 min in a water bath at 100° C and 
centrifuged. The clear supernatant obtained after lyophil- 
ization was used as the basic material in the purification 
of the active fraction. 
- The lyophilizate was extracted several times with cold 
acotone and with a 5:3 solution (v/v) of acetone and 
ether; it was then dissolved in water and centrifuged to 
remove insoluble matter. The supernatant was then 
fractionated by paper chromatography. The various 
fractions were stained on the paper with bromocresol red 
and a 0-1 per cent solution of ninhydrin in n-butanol. 

Two chromatographic separations were carried out, 
the first with propanol, acetone, ammonia and water 
(60: 30:4:20) and the second with n-butanol, acetie 
acid and water (40:10:50). In the first treatment the 
active substance could be eluated with water and was 
localized in a band (Rr, 0-02) which stained blue with 
ninhydrin and yellow with bromocresol red. Chromato- 
graphy with the second solvent was repeated twice: 
the active substance had an Rp of 0-08. Figs. 1 and 2 
show the activity of the active substance. 

The activity of the rabbit ileum in vitro is stopped by 
adding the active substance to the perfusion fluid. On 
the other hand, the activity of the dog intestine in vivo 
is stopped only briefly after intravenous injection of the 
active substance; but the spleen contracts rapidly and 
powerfully. 

The active fraction isolated chromatographically was 
subjected. to electrophoresis on 3 x 40 em paper strips, 
using a 0°75 molar acetate buffer, pH 4-5, molecular 
conductivity 0-075 mhos/mole. Electrophoresis was 
carried out for 4 h at 160 V and 2-5 m.amp. The electro- 
pherograms were developed with a 0-1 per cent solution of 
ninhydrin in butanol, with benzidine* and with bromo- 
eresol red. Two fractions appeared which moved towards 
the cathode—the more mobile fraction stained blue with 
ninhydrin, and the other stained brown with benzidine. 
No yellow colour could be obtained with bromocresol red 
after these two fractions had separated. 
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When electrophoresis was carried out at other pH 
values and at other ionic strengths, the results were less 
clear. The disappearance of the yellow staining with 
bromocresol red was associated with loss of biological 
activity. This loss appeared to be connected with the 
separation of a carbohydrate and a protein fraction; 
however, the activity did not return when the two electro- 
phoretie fractions were brought together again in solution. 

The active substance was hydrolysed for 48 h in 6 
normal hydrochleric acid. Bidimensional chromato- 
graphy of the resulting mixture of amino-acids was 
carried out using propanol, acetone, ammonia and water 
(60 : 30 : 4 : 20) and phenol saturated with water, and the 
amino-acids were stained with ninhydrin. A typical 
chromatogram is shown in Fig. 3. 


I 
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Fig. 1. Effect of addition of purified active bovine liver extract to the 
fluid perfusing rabbit ileum in vitro. Time, 5 sec. 
Fig. 2. Effect of intravenous injection of purified active bovine liver 


Upper trace, contraction of spleen; lower trace, 


extract In dogs. i 
Time, 5 sec. 


activity of amall intestine. 
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Fig. 8. Bidimensional chromatogram of hydrolysate of the active 

substance. Solvents used were: propanol, acetone, ammonia and 

water (60 : 30: 4 : 20) horizontally (1); and phenol saturated with water 

vertically (2), The amino-acids shown are: 1, cysteine; 2, aspartie acid; 
3, glutamic acid; 4, serine; 5, glycine; 6, alanine. 





Aspartic acid, glutamie acid, glycine, alanine and 
serine were present, and a very high concentration of 
cysteine was found. 

. The substance in the liver which causes the spleen to 
contract is probably connected with the protein com- 
ponent because it can be precipitated by adding salt and 
eannot be dialysed. After denaturing the proteins with 
heat, the substance remains in solution and becomes 
dialysable, but it maintains its activity. The substance 
has a protein and a carbohydrate component, and separa- 
tion of the two fractions by electrophoresis leads to the 
loss of biological activity. 


F. PETRELLI 
O. MURRI 


Institute of General Physiology and 
Biological Chemistry, 
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Ttaly. 
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Effects of Alloxan Diabetes, Starvation 
and Hypophysectomy on Total 
Phosphofructokinase Activity in Rat Heart 


In vitro experiments with the isolated perfused rat heart 
and partially purified rat heart phosphofructokinase 
(PF RK) have shown that the enzyme may be regulated by 
intracellular concentrations of adenine nucleotides, in- 
organic phosphate and citrate’. In particular, the 
acute changes which can be induced in PFK activity 
in the perfused heart by factors which inhibit respiratory 
chain phosphorylation and by the oxidation of fatty acids 
and ketone bodies have been attributed to changes in the 
concentration of these metabolites'-*. The activity of 
PFK is also diminished in perfused hearts taken from 
alloxan-diabetic and starved rats'~*. The effect of alloxan- 
diabetes has been attributed to inhibition of PFK by an 
increased concentration of citrate in the diabetic muscle?-®. 
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The offects of diabetes and starvation are not acute and 
so it has seemed important to ascertain whether these 
agents have effects on the total PFK of rat heart, and the 
effects of hypophysectomy have also been studied. In 
liver, chronic alloxan-diabetes and starvation were found 
by Weber and Singhal’ to lead to a 50 per cent decrease 
in PFK activity. i 
The sources of chemicals and enzymes are those given 
previously?:*, Hearts were obtained from male albino 
Wistar rats. Details of weight and induction of alloxan- 
diabetes are given in Table 1 and diet was as described 
previously!. The effects of hypophysectomy were investis — 
gated in rats of the Charles River strain purchased to- — 
gother with age matched controls from the Charles River 
Breeding Laboratories and used 7 days after hypophysec- 
tomy. Rats were injected intraperitoneally with 6 
of ‘Nembutal’ and 100 u of heparin and ‘were: 
decapitated and bled. The ventricles were: rapidly 
excised, rinsed at 0° with 0-9 per cent sodium chloride, 
blotted gently, weighed and extracted once with 10 ml/g 
of 50 mmolar tris-acetate buffer, pH 8, containing 50 
mmolar magnesium sulphate, in a source homogenizer. 
The homogenate was centrifuged at 2° C for 10 min at 
3,7009g. The activity of PFK was assayed in the süper- 
natant by the change in extinction of NADH at 366 mp. 
in a 4 em light path, The fructose . 1,6-diphosphate 
formed was converted by the addition of aldolase, triose 
phosphate isomerase and «-glycerophosphate dehydro- 
genase, to a-glycerophosphate with concomitant. oxida- 
tion of NADH. The assay medium, pH 8-0, contained 
50 mmolar tris acetate; 1 mmolar magnesium chloride; 
2 mmolar ATP; 1 mmolar glucose 6-phosphate with 
fructose 6-phosphate held in equilibrium with phos- 
phoglucose isomerase (20 ug/ml. as an ammonium sul- 
phate suspension); 125 umolar NADH; 10 mmolar 
cysteine; 0-01 per cent bovine plasma albumin; 20 
ug/ml. of aldolase; 7-5 ug/ml. triosephosphate. isomerase, 
and 7-5 pg/ml. of «-glycerophosphate dehydrogenase 
(as ammonium sulphate suspensions). The reaction. 
was performed at 22° C in a total volume of 3 ml. and 
was initiated by the addition of 10 ul. of heart extract. 
Blank determinations were made using the mixture 
minus the hexose phosphates. Readings were taken at 
1 min intervals between the first and fifth minute of 
incubation. The rate over this 4 min period was constant 
and proportional to enzyme concentration. One unit of 
PFK activity is defined as that amount of enzyme 
catalysing the formation of 1 umole of fructose 1,6-diphos- <<; 
phate/min at 22° C. Control experiments have shown 
that (a) extraction of the enzyme is complete since the 









Table 1. EFFECTS OF DIABETES, STARVATION AND HYPOPHYSECTOMY ON 












TOTAL PHOSPHOFRUCTORINASE ACTIVITY IN RAT HBART OO co) 
Phosphofructe- 

Rat Plasma glucose kinase activity: 

Experi- Rat weight (mg/100 ml.) (U/g) Mean: 

ment (g) Mean and range +standard error 
1 Normal fed 300 183 (158-193) 157 +.0°3 (7) 

Alloxan-diabetic 1,376 (931-1,862) 15-9404 (5) 

2 Normal fed 200 159 (147-190 renam P 
Alloxan-diabetic 785 (491-1,378) 13*1 + 06 (6): 

3 Normal fed 200 152 (137-167) LTB 404 t i 
Alloxan-diabetic 874 (524-1,410) 167 +03 (9 

4 Normal fed 100 191 (169-215) 19-6 + 0-2 (8) 
Alloxan-diabetic 1,126 (657~-1,784) 18-9 + 0-5 (8) 

5 Normal fed 120 130 (117-141) 191 +055) 
Alloxan-diabetic 467 (422-502) *17-420°3 {3} 
6 Normal fed 200 177 (166-187) 14-5 £0°5 (6) 
Starved (4 days) 87 (70-111) 718-2 + 0°3 (6) 
T7 Normal fed 100 173 (150-217) 17-4 +02 (6) 
Starved (4 days) 75 (82-91) *13-7 + 03 (6) 
8 Normal fed 190 170 (156-189) 19:003 (9) 
Hypox fed 150 152 (140-163) *14-8 + 0-4 (9) 


Number of observations in parentheses. In experiment 1 alloxan-diabetes 
was induced with 60 mg alloxan/kg injected intravenously 48 h previously; 
in 2, 8 and 4 with 200 mg alloxan/kg intraperitoneally 48 h previously; in 5 
with 120 mg alloxan/kg administered intraperitoneally 6 days previously to 


rats starved for 30 h before injection and then fed freely. 


estimated with glucose oxidase. 
* P<0-02. 


t P<0-05 > 0-02. 


For other differences P > 0-05. 


Glucose was 














loss of PFK activity occurs within the period of these 
experiments (up to 8 h). 
The results of these experiments are shown in Table 1. 
The. total PFK activity of hearts from normal rats 
IMeasured at 22° C varied in different experiments from 
14-1 to 19-6 v/g wet heart. This activity is considerably 
in excess of that required for the highest rate of glycolysis 
measured in the perfused heart at 37° C (2:4 umoles of 
fructose. 1,6-diphosphate/min/g wet heart, calculated 
from known data*). Alloxan-diabetes of 48 h duration 
“induced either by intravenous or intraperitoneal admini- 
stration of alloxan had no significant effect on total PFK 
activity. This finding is consistent with the view that 
< the 30 per cent diminution in PFK activity in perfused 
- hearts from rats with alloxan-diabetes of 48 h duration 
results from inhibition of the enzyme by an increased 
< eoneentration of citratet-§, 
_ In rats in which alloxan diabetes had been induced 6 
days previously by the method of Weber and Singhal? 
total PFK activity in the heart was diminished by about 
“10 per cent. Total PFK activity in the heart was 
- diminished after 4 days of total starvation and 7 days 
efter hypophysectomy. Chronic alloxan-diabetes, starva- 
tion and hypophysectomy thus have effects on total 
PFE activity in rat heart which could be of regulatory 
significance. 
We thank the British Diabetic Association and the 
Royal Society for grants. One of us (C. I. P.) is the 
holder of a Science Research Council studentship. 
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Inhibition of Gonadotrophin by a Highly 
Purified Pineal Peptide and by Synthetic 
Arginine Vasotocin 


‘Tamer is evidence in the literature which suggests that 
o the pineal gland is capable of inhibiting the action of 
‘gonadotrophin!-, but the prineiple involved has not been 
identified or characterized. Wurtman et al.*? demon- 
strated that melatonin reduces the weight of the ovary 
and decreases the incidence of oestrus in rats, and Chu 
et al.® have reported an anti-oestrus effect of melatonin 
im both rata and mice, but Ebels and Prop? were not able 
to influence gonadal. weight or the oestrous cycle with 

< melatonin. Soffer et al.4 have also reported that melatonin 
is unable to inhibit the stimulatory action of human 
ehorionic gonadotrophin (HCG) or human menopausal 
gonadotrophin (HMG) on mouse uteri, but that these 
stimulatory actions could be inhibited by pineal extracts. 
In 1963, a peptide found in the bovine pineal gland was 
identified as arginine vasotocin. Some preliminary 
experiments with this peptide suggested an antigonad- 
otrophic effect in immature mice. This antigonado- 
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trophic effect was destroyed by trypsin. Recently", lysine _ 
vasotocin (8-lysine oxytocin) was identified and charac- 
terized in the pig pineal gland for the first time:as a 
natural hormone. The functions of vasotocins in the — 
epithalamo-pineal neurosecretory system are so far un- 
known, and so we have investigated the possible action of 
these peptides on the gonads. A powder was prepared 
from the pineal gland as described previously. The 
concentrate was purified by chromatography on a 2x 175 | 
em column of ‘Sephadex G-25’ using 0-5 molar acetic acid” 
as the eluent. The active fractions were pooled and | 
applied to a 2x 55 em column of DEAE ‘Sephadex A-25’ | 
equilibrated with the same buffer. The active fractions 


obtained from DEAE ‘Sephadex A-25’ were pooled and 


lyophilized. The biological activities of the resultant. 


material cannot be distinguished from those of synthetic 


arginine vasotocin. The activities of natural and syn- 


thetic arginine vasotocin were determined by assays of a 


rat pressor and oxytocic activity according to the terms 
of the U.S. Pharmacopeia. RAP* immature female 
mice (8-10 g) were used. The mico were treated for 3 
days, receiving daily 0-1 ru of either purified pineal peptide 
or synthetic arginine vasotocin and 0-2 10 of pregnant 
mare’s serum gonadotrophin (PMS). The substances were 
injected subcutaneously at the same time, but at different 
sites. The animals were killed on the fourth day. The 
results are shown in Table 1. 


Table 1. EFFECT OF TREATMENT FOR THREE Days WITH PINEAL PEPTIDE 
AND SYNTHETIC ARGININE VASOTOCIN ON THE WEIGHT OF OVARIBS AND. 
UTERUS OF IMMATURE MICE TREATED with PMS 


Ovaries Uterus 
Treatment No. of  (mg/i00 g) (mg/100 g) 
animals 2 SLE. + SLE. 
Saline control 10 6244 110412 
PMS (0-2 10) A 10 100+9 750 + 58 
PMS (0-2 10) + pineal peptide (0-1 U) 10 53 t4 328 + 34 
PMS (0-2 10)+synthetic arginine 10 5545 335 + 82 


vasotocin (0-1 U) 


Our experimental data clearly demonstrate that the 


stimulatory action of PMS on mice uteri and ovaries can: 
be inhibited by both highly purified pineal arginine 
vasotocin and by synthetic arginine vasotocin. It there- 
fore seems that the inhibitory principle from bovine pineal 
gland is identical with arginine vasotocin. Investigations 
to determine the physiological significance of these results 
and to find any other endocrine functions of the vaso- 
tocins from the epithalamo-pineal neurosecretory system 
are in progress. 

We thank Dr. J. Rudinger (Institute of Organic 
Chemistry and Biochemistry, Czechoslovak Academy of 
Science) for his suggestions concerning the purification of 
the pineal peptide, and Dr. M. Bodanszky (The Squibb 


Institute for Medical Research, New Brunswick) for the K 


synthetic arginine vasotocin. 
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‘Chemical Studies on Some Nigerian 
Foodstuffs—“Gari”’ 


- Cassava (Manihot utilissima), also known as manioc, is 
one of the most important food crops in West Africa. 
There are many varieties, including, for example, “‘sweet”’ 
and “bitter”. Some Hausas in the northern part of 
Nigeria eat the sweet variety raw. The roots of the bitter 
variety contain a cyanogenetic glycoside, linamarin, which 
is hydrolysed to glucose, acetone and hydrocyanic acid 
by the enzyme linase. 

Cassava can either be boiled and eaten as a vegetable or 

else grated, fermented and fried to produce “gari”, the 
staple foodstuff of Nigeria. Gari can be dispersed in cold 
water and eaten with bean flour (akara) or fish. It imparts 
- a slightly sour taste to the water and serves as a good drink. 
It can also be made into a pudding (eba) by adding boiling 
water, which is eaten with vegetable soup and meat. In 
view of the importance of gari as a foodstuff it would be 
useful to know what changes occur when cassava is 
converted into gari. 
' Oxalic acid was determined by Dye’s method!, while 
analyses for hydrocyanic acid, crude protein and crude 
fibre were made by the A.O.A.C. methods’, potassium 
by flame photometry and other nutrients by means of a 
photoelectric spectrometer. Table 1 shows a typical 
analysis of the samples. Table 2a gives the distribution 
of the main inorganic constituents, Table 2b the minor 
inorganic constituents, and Table 3 the oxalic and hydro- 
eyanic acid contents. All determinations are based on the 
percentage of dry matter. 








Table 1. PROXIMATE ANALYSIS OF CASSAVA AND GARI 
(Results are expressed as percentage of dry matter) 
Dry Crude Ether Crude Carbo- 
matter protein extract fibre hydrate Ash Calories 
Cassava 28-50 2-58 O46 0-43 94-12 2-41 391 
Gari 85-60 080 0-10 1-40 81-80 1-46 323 
Table 2. (a) MINERAL STATUS OF CASSAVA AND GARI, MAJOR ELEMENTS 


Fraction of dry matter (per cent) 
Foodstuff Nitrogen Phosphorus Potassium Calcium Magnesium 


Cassava ORL O-151 1-38 0-12 0-04 
Gari 024 0-044 O52 0-07 0-00 
(b) MINERAL STATUS OF CASSAVA AND GARI, MINOR ELEMENTS 
Fraction in p.p.m. of dry matter 

Sod- Man- Cop- Molyb- Alum- 
Foodstuff ium ganese Iron per Boron Zine denum inium 
‘Cassava 56 12 18 8-4 3-3 24 0-98 19 
Gari 74 12 22 43 6-6 19 17 30 


Table 3. OXALATE AND HEDROOYINIO ACID CONTENTS OF CASSAVA AND 
i ARI 


Oxalate Hydrocyanie acid 
Foodstuffs (per cent) (mg per cent) 
Cassava 0-32 338 
Gari 0:26 19 





Gari is prepared from cassava flesh by grating the 
roots after they have been peeled, and then allowed to 
ferment for 4 days in sacks with heavy stones (these help 
to eliminate excess moisture)*. The content is dried and 
fried in iron pans at 80°-85° C. For a good quality gari 
“Olowonyo”’ the product is sieved. Collard and Levis 
found that the fermentation oceurs in two stages. Coryne- 
bacterium manithoo breaks down the starch to produce 
organic acids which decrease the pH, and this leads to the 
hydrolysis of linamarin during which gaseous hydrocyanic 
acid is evolved. This state is completed within 24 h. 
The production of the organic acids stimulates the growth 
of a fungus, Geotrichum candida, which produces the alde- 
> hydes and esters responsible for the characteristic flavour 
OF gari. 

Fresh cassava tubers contain, on average, 20-30 per 
cent starch, while the dried roots contain about 80 per 
cent; however, the latter are poor in protein oil, ash and 
crude fibre. In the production of gari from cassava about 
20-40 per cent of the protein is lost. The product is 
mainly starchy with very little protein (about 0-9 per 
cent). It is therefore essential that gari is taken with 
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sufficient vegetable and meat to make up for its deficiency 

in protein. There is a tendency among some groups to 
drink gari without sufficient protein supplement and this 

is popularly believed to lead to “angular stomatitis’. 

A decrease of about 10-20 per cent in the carbohydrate 
content also occurs during preparation, and all in all gari- 

is about 18 per cent less calorific than cassava. The 
increase in the crude fibre (from 0:43 to 1-40 per cent) 
probably results from the increased concentration. of the 
fibre per unit weight after roasting. There are important 
differences also in the ash content (~50 per cent less in 
gari), and these are associated with a 50 per cent decrease 
in the content of calcium and more than 60 per. cen’ 
phosphorus. The calcium : phosphorus ratios of cassa 
and gari are 0-87 : 1 and 1 : 1-6, respectively, and th 
gari is much closer to the recommended ratio (142 
balanced foodstuffs. Although gari is relatively poor 
iron compared with vegetables, it could provide much ae 
the daily iron requirement because large quantities : 
are eaten at each meal. (If it is assumed that an adult _ 
could consume on average about 200 g dry matte: fe 
each meal, this would amount to about 4:4 mg or about 
35 per cent of the daily iron requirement.) The concentra- 
tions of other minor elements are included in Table 26 for. 
comparison. ae, 

The presence of oxalates in food is thought to impair the 
absorption of calcium, When consumed, the oxalate com- 
bines with dietary calcium and magnesium to form. 
insoluble salts which are not available for use by the body 
and are lost in the faeces. When gari is prepared from —_ 
cassava the oxalate content is decreased by about 20 pet 7 
cent. The total amount of oxalate (0-2-0-3 per cent) — 
present in cassava and gari, however, is too small t be 
toxic, and the only disadvantage is that because the 
content exceeds that of calcium, the excess combines with 
calcium from other sources in the diet and makes that 
unavailable. Kohman‘* has found that oxalate is present 
in most foods in trace quantities but that in spinach,- 
beet tops, parsley and rhubarb it constitutes about 10 
per cent of the material (dry weight). 

Cyanogenesis has been extensively studied in many 
plants mainly because of the possible toxie effect of 
hydrocyanie acid on livestock. Hydrocyanic acid. does 
not occur free, but combined with sugars as insoluble, 
non-toxic compounds known as cyanogenetic glycosides. 
The six cyanogenetic glycosides studied most are -amy-— 
gladin, lotusin, dhurrin, sumbunigrin, linamarin..and 
lotaustralin. Amygladin is the best known and was first 
isolated in 1830 from bitter almond. On hydrolysis it 
yields glucose, benzaldehyde and hydrocyanic acid. | 

Nearly all the hydrocyanic acid is given off during 
fermentation. The rest is lost during frying. For this 
reason it is essential to fry at a high temperature. T 
chief advantage which gari has over raw cassava is: 
decreased content of hydrocyanic acid. If an adult we 
to consume 200 g dry matter of gari this would amoun! 
to 0-0038 g of hydrocyanic acid—a safe and possibly — 
negligible amount. The same quantity of cassav 
however, would amount to 0-078 g which, on the assum 
tion that-0-6 g is a lethal dose for man, is toxic’. 

The main problem connected with the use of cassava 
as a foodstuff has been to reduce the content of hydro-. 
cyanic acid. Paula and Rangel’ were able to reduce. the. . 
hydrocyanic avid content of cassava to nes 









































Hydrocyanio acid 


(mg/100 g) 
Fresh root 3-9 
Sun-dried root 17 
Oven-dried root o6 
10 min boiling 0-0 


In commercially processed cassava foods and flour, 
the hydrolytic enzymes of the root remain unchanged. 
These enzymes catalyse the condensation of hydrocyanie 
acid with aldehydic compound to form cyanhydring, so 





that the addition of glucose to unprocessed cassava root 
- causes the hydrocyanic acid to disappear on formation 
of glucocyanohydrin’.. It is therefore suggested that 

a quantity of glucose (equivalent to the quantity of 

hydrocyanie acid present) should be added when foods 

are being prepared from cassava. 

The prospects of commercial production of gari are good. 

The Federal Institute of Industrial Research has a scheme 
. for mechanizing its production. The roots are tumbled 
-together in water to remove the skin by mutual contact, 
and grating is achieved by a small machine capablo of 
handling 30 cwt. of peeled roots/h. The mash is then 
seeded with 4 day old cassava liquor in aluminium tanks 
(this reduces the time for fermentation from 4 days to 1 
day), Itis then centrifuged to a moisture content of 2-50 
er cant and dried at 120° C. The product is automatically 
sieved and collected in large drums. The process gives a 
yield of 30-35 per cent with improved quality. The 
‘Institute also adds about 5 per cent groundnut or soya 
beans to boost the protein content. With a protein eon- 
tent increased to about 8-10 per cent, gari would serve 
not only as the main source of starch and calories but also 
as an effective protein supplement. 

The analysis of plant samples was carried out by Dr. 

A. L: Kenworthy, Michigan State University, and was 
supported in part by a Ford Foundation grant. 
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Influence of Temperature on the Seasonal 
Changes of Carbohydrate Metabolism during 
the Dormancy of the Grape Vine 


We have already investigated the changes in carbohydrate 
metabolism. of the grape vine (Riparia portalis and 
Berlandiert x Riparia T 5 C) during dormancy in autumn 
and winter. A succession of periods of synthetic and 
hydrolytic processes was shown, and these produce starch 
from the sugar = starch interconversion. We showed that 
‘these periods may er may not depend on temperature 
changes in the environment. The least dependent period 
was held to be the accumulation of starch in autumn and 
then its hydrolysis in early winter. For the second period, 
the so-called low starch maximum, it has been found that 
ite duration and degree of development are related to 
temperature changes, which may move the equilibrium of 
the enzyme processes toward the hydrolysis or the 
synthesis, respectively? ®. 
The results of our research, reported here, give the 
perimental evidence for the inhibition of synthesis 
daring the hydrolytic period of the starch maximum 

which occurs in autumn, because the course of hydrolysis 
cannot be reversed by a change of temperature. 

In December sections of shoots, 20-25 em long, were 
collected from rootstock containing predominant amounts 
of sugar and were stored at —10° C. Some of these 
sections were later subjected to a temperature of 
+24° C. Their content of starch and sugar was determ- 
ined periodically with anthron reagent®. At —10° C 
the hydrolysis of starch continued (some hemicellulose 
was also hydrolysed). At the usual time for low starch 
maximum, spring, a slight synthesis of stareh could be 
observed—sooner in R. portalis, which sprouted earlier, 
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and somewhat later m Berl. x Rip. T 5 C—with a small 


decrease in the total carbohydrate. 

The samples of the shoots stored at — 10° C were 
removed on December 10 and January 28 respectively to 
+ 24° C, the optimal temperature for starch synthesis. 
As Fig. 1 shows, the shoots of both varieties when sub- 
jected to + 24° C on December 10 showed a rapid decrease 
in sugar content, as well as in total carbohydrate content, 
without the formation of the low starch maximum of 
spring’. At the same time the low starch maximum of 
spring developed rapidly in the shoots subjected to 
+ 24° C on January 28, followed by a rapid decrease in 
total carbohydrate. The data prove that in both varieties 
the synthesis of starch is inhibited at about December 10 
even under the most favourable conditions of temperature,’ 
whereas by about January 28 it may be induced under the 
same conditions. 

These phenomena show that there are physiologically 
and biologically differentiated periods of dormancy in the 
grape vine. These clearly discernible periods are evidently 
regulated by the co-ordinate activity of the synthesizing. 
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Fig. 1. Changes in the carbohydrate content of the lignified vines stored 
at different temperatures. (, Total carbohydrate; O, sugar; @, 
starch. «mme, — 10° C (storage from 10.12.59-10.5.60); 
+24° C (storage from 10.12.59-20.2.60); - - - - 
28.1,60-10.3.60), 
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‘and hydrolytic enzyme systems. We do not doubt that, 


‘as in other plants‘, the amylophosphorylase with Q-enzyme 


and the amylosynthetase systems also function in the 


grape vine during the autumnal synthesis of starch. We 


think that 8-amylase is most important in removing the 


s : starch maximum of autumn, a suggestion which is sup- 


ported by the simultaneous appearance of the maltose’. 
We explain the lack of starch synthesis at this time by 
the competitive inhibition of phosphorylase by ß-amyl- 
ase®7, As soon as the 8-amylase causes no more inhibition, 
the phosphorylase can perform its synthetic function. As 
discussed above, the development of the starch maximum 
at this time depends on temperature alone. 


J. EIFERT 
A. EIFERT 


Research Laboratory of Viticulture, 


State Farm, Balatonboglár, Hungary. 
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HAEMATOLOGY 


Changes in Platelet Membranes possibly 
associated with Platelet Stickiness 


Wuew adenosine diphosphate (ADP) or thrombin is added 
to human platelets in plasma the platelets aggregate and 
some ADP is metakolized’*, but it is not yet clear which 
metabolic pathway is involved. Incubation for 30 min 
with 10-3 molar iodoacetate prevents platelet aggregation 
but cyanide does not, and it might therefore have been 
thought that only the glycolytic pathway was involved 
in the membrane changes leading to platelet aggregation. 
Potassium uptake by the human platelet is not inhibited 
by either iodoacetate or by potassium cyanide*, but plate- 
lets incubated with both enzyme inhibitors together cannot 
take up potassium. Gorstein and Carroll conclude that 
platelets can obtain energy for potassium transport from 
either respiration or glycolysis, and that both pathways 
must be blocked to prevent ion transport. Weissbach 
and Redfield’ came to the same conclusion about the 
uptake of 5-hydroxytryptamine (5-HT) by platelets. 
The experiments described here show that the inhibition 
of platelet aggregation is remarkably similar to the 
inhibition of potassium uptake. Human citrated platelet- 
rich plasma (PRP) is incubated in 2 ml. portions with 


‘godium cyanide or sodium iodoacetate or with both for 


5 min at 37° C. The PRP is then stirred in a cuvette and 
ADP added (Fig. 1). Alone, neither enzyme inhibitor 
prevents aggregation; together, aggregation is almost 
completely prevented; and ADP cannot induce aggre- 
gation even when 100 times stronger. Portions of 
heparinized (3-6 units/ml.) PRP at 24° C were similarly 
incubated with the inhibitors and 0-7 g of fine glass 
beads were added to the stirred PRP (Fig. 2). Neither 
inhibitor alone has any effect. Together they inhibit the 
effect of glass, and even strong ADP does not cause 
aggregation. Thus, aggregation (and the shape change 
described later) induced by glass are inhibited only when 
both inhibitors are present together. Glycolysis pre- 
sumably plays a major part in the development of the 
membrane change induced by ADP or contact with glass, 
as strong iodoacetate alone can prevent aggregation, but 
the experiments clearly show the potentiating effect of 
inhibiting the two pathways together. 

In addition to the direct study of platelet aggregation, 
it is also possible to obtain indirect information about 
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the change in the membrane leading to aggregation by 
investigating the change in shape that usually precedes 
aggregation. It has. recently been shown’ * that ADP 
and thrombin (but not adrenaline) cause platelets to 
become more symmetrical and aggregation is always 
immediately preceded by this change in shape, whether 
aggregation occurs at once, as when ADP is added, or 
after a delay of 60 sec when collagen is added. This sug- 
gests that the change in shape is a necessary condition for 
the development of the ability to aggregate under these. 
circumstances. Adenosine and strong iodoacetate prevent 
this shape change, and they also inhibit aggregation. — 
Ethylenediamine tetraacetic acid (EDTA) and toluene’ 
sulphonyl arginine methyl ester (TAME) inhibit aggrog 
tion but do not change the shape and therefore probabl 
act at a later stage. The shape change induced by glass!” 
occurs immediately on adding the glass, that is, 40 sec. 





before aggregation begins. This suggests that a moch- : 
anism may be involved that is different from the shape _ 


change induced by ADP or collagen which immediately © 
precedes aggregation. Adrenaline can cause aggregation 

without altering the mean platelet shape, indicating 

perhaps yet another kind of stickiness. 

Zucker and others had previously noted the change of. 
shape from a smooth disk to a spiny sphere on adding 
ADP. Recently, Bull and Zucker? have reported that. 
the shape change is accompanied within 30 see by a 26- 
per cent increase in volume; this must represent. an 
explosive uptake of water, and it is reasonable to assume 
that these shape change phenomena indicate a similar 


explosive uptake of water. Platelet sphering produced by — 


lipophilic molecules like cocaine probably involves 4 
different mechanism, perhaps blocking a phosphoprotein 
kinase’. BEVERS: 
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Fig. 1. To citrated PRP at 37° © was added: (1) saline; (2) potasstiim 

cyanide, final concentration 5x 10~ molar; (3) potassium jodoacetate, 

5x10- molar; (4) cyanide and iodoacetate. After 5 min incubation, the 

PRP was stirred and 5 x 10-* molar ADP was added at the arrows. In (4) 
5x 104 molar ADP was also added at A. 


4. ; 





Fig. 2. 
sium cyavide, final concentration 2x 10 molar; (3) 10> molar potas- < 
sium iodoacetate; (4) iodoacetate and cyanide. After 5 mia incubation, =o C) 
the PRP was stirred and 0-7 g of glass beads added as indicated by the 


To heparinized PRP at 24° C was added: (1) saline; (2) potas- 


arrows. In experiment 4, 5 x 107 molar ADP was added at 4 and the 
5x 10+ molar ADP also added at B. cae 
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__If human citrated PRP is incubated with strong ADP 
_ (8 x 10“ molar) without stirring, the platelets are 
initially capable of aggregating but do not aggregate 
because they do not collide with sufficient force. If this 


_ PRP is stirred after incubation for 60 min, the platelets 


do not then aggregate and no further addition of ADP 
will then cause aggregation, although adrenaline will. 
Similarly, platelets incubated without stirring with 
-adrenaline for 90 min will not then aggregate with 
adrenaline, although they will aggregate if ADP is added. 
If the plasma in each experiment, after centrifuging down 
the platelets, is added to more PRP it will produce aggre- 
- gation; ao excess ADP or adrenaline, respectively, survives 
. incubation and no excess of inhibitors has occurred in the 
is pinima, These experiments suggest that in time an equi- 
hbration of the aggregating agent occurs across some 
_ membrane when these platelets have again become “non- 


sticky”; but exhaustion of some substrate or building up 


of an inhibitor at an appropriate site is also possible. 
When ADP and probably other aggregating agents such 
as thrombin and collagen, but not adrenaline, are added to 
_ PRP, a number of changes oecur in the platelet membrane 
which result among other things in the ability of platelets 
_ to aggregate or stick to surfaces. Tho following processes 
are probably involved: (1) ADP is metabolized at the plate- 
let surface; (2) this metabolism may involve either the 
respiratory cycle or glycolysis; (3) the permeability of 
- the membrane to water is greatly altered; (4) potassium 
transport is a related phenomenon. 

- These experiments were supported by grants from the 
Medieal Research Council and the British Heart Founda- 
tion, 

J. R. O'BRIEN 

-Portsmouth and Isle of Wight Area 
Pathological Service, 


¿o Milton Road, Portsmouth. 
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Comparative Action of Methyl and Isopropy! 
_ Methane Sulphonates on the Peripheral 
Leucocyte Count in Monkeys 


` ALKYL esters of alkane sulphonic acids are capable of 
-inducing a variety of biological lesions in mammals, 
depending on the nature of the alkylating group. In 
particular, the spermatogenic epithelium is affected by 
-> these agents in several different ways’?, Some of the 


-> simple alkane sulphonates such as busulphan (1,4 di- 


_ methane sulphonoxy butane)? and methylene dimethane 

‘sulphonate’ have a marked antitumour action. As part of 
ime work designed to gain more information on the mode 
action of alkane sulphonates in general, the pattern of 
mts in the peripheral leucocyte count of the monkey 
s determined in an attempt to throw some light on the 
site of action of the methyl and isopropyl esters of methane 







(aul yhonic acid. During these investigations we found that 


_ these two agents have a marked specificity of action 
_ On the peripheral leucocyte elements in this species. 
_ Tho time between the administration of isopropyl esters 
- of methane sulphonic acid and the appearance of a marked 
fall in the neutrophil count suggests that this particular 
compound must have exerted its action at an early stage of 
neutrophil development. 

40 mg/kg methyl methane sulphonate was administered 
intravenously to a monkey and produced lymphopenia 
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within 24 h of administration (Fig. 1). Recovery begins 
8-10 days after administration. Repeated doses of 40 
mg/kg at intervals. of several days maintained a low 
lymphocyte count, without any appreciable change 
in the peripheral neutrophil levels. There was, however, 
a marked tendency for the lymphocyte level to return to 
normal levels more rapidly after the third and subsequent. 
doses, but the lymphocyte levels returned to a very low 
level 24 h after each dose of methyl methane sulphonate 
(Fig. 3). 

Isopropyl methane sulphonate (20 mg/kg intravenously), 
on the other hand, produced a marked decrease in the 
number of circulating neutrophils about 12 days after 
treatment (Fig. 1) and recovery took place 18-26 days 
later. Five daily doses (10 mg/kg intravenously) of the 
isopropyl derivative preduced a dramatic fall in the 
peripheral neutrophil count (Fig. 2) 12-15 days after 
the first dose, and necessitated antibiotic treatment on the 
twenty-third day because local infections developed. 
During this period there was no dramatic change in the 
lymphocyte count. 

In one experiment the two compounds were given to the 
same monkey with an interval of about 2 months (Fig. 1), 
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Fig. 1. Comparative leucocyte response in the same monkey. after 

Po ee methane sulphonate (20 mg/kg intravenously in Sorenson's 

buffer, 1/15 molar, pH 7) and, 49 days later, methyl methane sulphonate 
(40 mg/kg intravenously in saline), 
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Fig. 2. Leucocyte response in monkey following five daily doses of 
isopropyl methane sulphonate (10 mg/kg/day) given intravenously in 
Sorenson’s phosphate buffer, 1/15 molar, pH 7. 
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Fig. 3. Leucocyte response during a series of treatments of monkey with 


methyl! methane sulphonate. Down were administered intravenously in 
saline. 


and the results clearly showed a marked difference in 
action between the two alkyl esters. 

The interval of more than 12 days between the day of 
administration of isopropyl methane sulphonate and the 
subsequent onset of neutropenia suggests that at least 
this order of time must elapse between the earliest stage 
of development of the neutrophil and its appearance in the 
peripheral blood. This would support the view that the 
myelocyte pool is a transit population requiring 4 or 5 
= days to traverse. This, together with the 5-6 days taken 

for stem cells to become myelocytes, brings the total 

period of time for development from stem cell to peri- 
pheral blood cell within the period suggested by the 
results with isopropyl methane sulphonate. 
More detailed bone marrow investigations are in pro- 
gress with this latter agent in these laboratories. 
B. W. Fox 


_ Christie Hospital, 
Manchester. 
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MICROBIOLOGY 


Micro-organisms attached to Marine and 
Freshwater Sand Grains 


_ Ture have been few studies on the microbial flora of 
= marine and freshwater sands. Early work! was con- 


o cerned with the estimation of bacterial numbers in the 
-samo way as had been the practice for mud sediments, 


that is, numbers were quoted as bacteria/g of wet sand. 
Pearse, Humm and Wharton? appear to have been the 
first investigators to consider bacteria in detail on the 
surfaces of marine sand grains. We? extended this work 
and gave estimates of total and viable numbers of bacterin 
per unit surface area of sand grain surface from various 
intertidal sources. Round‘ reported diatoms on the 
surface of freshwater sands, and suggested that the latter 
isa specialized habitat. The present report extends our 
concept of the sand grain as a habitat for micro-organisms 
by (1) recording the distribution of different groups of 
micro-organisms on the surfaces of sand grains, (2) 
showing how this varies geographically and at different 
tidal levels and water depths, and (3) comparing marine 
and freshwater sands. 
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Micro-organisms on sand grains are difficult to examine . 
im situ, but we have obtained repeatable pictures by 
treating sand grains with osmic acid and Bouin’s fixative, 
and then staining with carbol fuchsin. P 

Our results on marine sands show that micro-organisms 
and organic material are always present on the surfaces 
of grains. They are not evenly distributed, however, but 
are localized in patches between which there are large 
areas of bare surface (Fig. 1). The patches are often found 
in hollows and cracks on the sand grain. Some sand 
grains are heavily coated with these patches while others: 
are almost bare. eee 

The micro-organisms belong to a wide range of groups — 
and include bacteria, blue-green algae (Cyanophyceae 
diatoms (Bacillariaceae), and possibly yeasts (Ascon 
cetes) and early stages of brown seaweeds (Phaeop! 
When micro-organisms from these groups are present, 
are often found as discrete colonies of a single sp Be 
(Fig. 2). The colonies are usually small and may contain 
only 10 to 100 individuals. This is particularly noticeable _ 
for bacteria and blue-green algae. 

We have also conducted shore transects and depth pro- 
files on intertidal and sublittoral marine sands. Shore 
transects show that the area of a sand grain’s surface 
covered by staining material increases down the shore and 
into shallow water. The number of micro-organisms, 
however, is highest from about mid-tide level to low water. 

The results from the depth profiles demonstrate that 
the number of micro-organisms is greatest at the surface 
and rapidly falls off within a few centimetres depth. The 
area of a sand grains surface covered by staining 
material varies randomly with depth. Certain miero- 

























Fig. 1. Low-power photomicrograph of sand grains. Note theowers 

patchy distribution of stain on the centre sand grain; large areas of the 

surface are bare, and the stain tends to be located in hollows. Intertidal 
sampie. ; 
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Fig. 2. Oil-immersion photomicrograph of a colony on the surface of a. pen 
sand grain. The colony contains about eighty bacteria. Intertidal — 
sample. ; 
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organisms are limited to very narrow. bands of the order 
of 1mm depth. 

‘Sands from freshwater sources show essentially the same 
pieture. Samples were taken from River Moriston which 
flows. into Loch Ness (Inverness), from Loch Morar 
(Inverness), and from Loch Leven (Kinross). Micro- 
organisms and organic matter are distributed in patches 
over the surfaces of grains, and micro-colonies of single 
apecies. are common. The same wide range of micro- 
organisms is present, and some of the diatoms even 
“appear to be identical in size and shape with those on 

marine sand grains. 

Transects across Loch Leven from the shore out to 
depths of 2 m showed that there was a distinct trend in 
the microbial flora. At the deeper stations the number 
of micro-organisms, particularly of diatoms, increased, as 
did. the percentage of sand grain surface covered by 
patches. 

0 There was a noticeable difference in the amount of 
organic matter and micro-organisms between the placos 
sampled. The sand grains from Loch Leven had most 
material on their surfaces, followed by those from Loch 

< Ness; and then those from Loch Morar. Geographical 
differences were also noticed between samples of marine 
sands: intertidal sands on the Ayrshire and Buteshire 
coasts were rich in numbers and species of micro-organisms 
compared with samples from intertidal sands in the 

Mallaig area. 

We consider it significant that the large geographical 
variation among samples of freshwater sand, and also 
among samples of marine sand, is much greater than the 
absolute difference between marine and freshwater sands. 
Similarities between marine and freshwater sands may 
extend to species level; if this is so, it would be interesting 
to know the ionic requirements of the species involved. 

- Our results on the localized distribution of micro- 
organisms on the surfaces of sand grains show that these 
surfaces. provide a distinct and characteristic micro- 
habitat: On the surface of a given sand grain, there are 
< obvious differences in the structure of microbial popula- 
“tions over short distances. At one point there may be a 
-diatom colony consisting of five to ten cells, then a bare 
surface for 20u; close to this a crack on the surface may 

be filled with intensely staining material and on its edge 
might sit a small bacterial colony (Fig. 3). All the miero- 
organisms we have seen are closely attached to the surface 
and several of them may be undescribed species. Round‘, 
for instance, has reported new species of diatoms from the 


deeply staining 
patch 


bare surface 





diatoms ———————— 


bacteria 


bacteria 


blue green 


I 
1004 algae 


Fig. 3. Diagram of the localized distribution of micro-organisms and 
staining patches on the surface of a sand grain. 
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surfaces of freshwater sand grains. It would also be 
interesting to know whether the species of micro-organ- 
isms on sand grains are limited to this habitat or can move 
into the interstitial water. Their presence as micro- 
colonies suggests that many of them are fixed. At this level 
extracellular metabolites? are likely to influence species 
composition and numbers, and there will probably be 
competition for food. 

The geographical and local differences in the microbial 
populations of sand grains from marine and freshwater 
sources are likely to be paralleled by differences in the 
productivity of these sands. The observed differences may 
also account for the localized distribution of various inver- 
tebrate species on what are apparently uniform beaches, 
and may suggest reasons to account for the discrete sub- 
strate preferences of many marine organisms*-*. Similar 
considerations might also apply to freshwater inverte- 
brates living in sand, although their numbers and species 
are more restricted than in the marine environment”. 

We thank Dr. P. S. Maitland and N. C. Morgan for 
discussion and help. The sampling on Loch Leven forms 
part of the International Biological Programme research 
for Loch Leven. 
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Thermal Resistance of Salmonella senftenberg 


Salmonella senftenberg strain 775W (N.C.T.C. 9959) is 
considerably more heat resistant than other salmonellaet-*, 
This strain was originally reported in 1946 in the United 


an investigation into the effect of heat on Salmonella in 
food materials, we have measured the heat resistances of a 
range of Salmonella strains isolated from various sources. 
The strains which we examined included thirty-six senf- 
tenberg strains, thirty-two of which were supplied by Dr. 
Joan Taylor, Salmonella Reference Laboratory, Colindale, 
London. Twenty of these cultures had been isolated from 
human sources. 

All strains were first screened by determination of the 
decimal reduction times according to the method of Katzin 
et al.?. These determinations were carried out at 60°C 
(140° F) in ‘Difco’ heart infusion broth (pH 7-4) with 
blood agar as the recovery medium. Those strains having 
a decimal reduction time exceeding 1 min were further 
examined by determining the thermal death time accord- 
ing to the principles described by Anellis et al.* for Sal- 
monella in liquid egg. These authors adopted the symbol 
F,,) to denote the thermal death time at 140° F, where 
the F,,) value is the number of minutes required to destroy 
completely a known bacterial load at 140° F. In our Fy 4 
experiments, heart infusion broth was used as both 
heating menstruum and recovery medium, and the initial 
concentration of cells was about 2 x 107/ml. 

Our results showed that S. senflenberg T75W (N.C.T.C. 
9959) had an F,,, value of 37 min, which agrees approxi- 
mately with that reported by Anellis c alè. Of the other 
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thirty-five strains of S: senftenberg one strain (from our 
_own collection and isolated in England from home-killed 
meat) was shown to possess comparable heat resistance; 
the F i value was 39 min. These two strains of S. senf- 
nberg have F,,) values about ten times those of all other 
salmonellae tested, for example the F,,, value of S. 
typhimurium was 3-5 min. 
bs In the United States, Bayne et al.* reported that heat 
“resistant S. senftenberg had not been re-isolated, and our 
strain appears to be the first heat resistant strain reported 
in the United Kingdom. None of the other 34 S. senften- 
_» berg strains used by us and isolated in various parts of the 
world showed thermal resistances comparable with the 
above two resistant strains. It therefore seems likely that 
= heat resistant S. senfienberg strains have in the past 
played little part in the occurrence of Salmonella infections 
due to this particular serotype. 
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BIOLOGY 


Hepatic Antigen in Sera from Patients 
with Liver Disease 


_  Axtmostr one hundred enzyme activities have so far been 
detected in human sera. There is evidence that most 
of the serum enzymes are released from tissues, so that 
tissue constituents ean be detected in sera, especially 
under pathological conditions such as liver disease. In 
experiments with animals it was shown that liver proteins 
appeared in the perfusate of the liver?*, or hepatic antigens 

` in sera with experimental hepatic injury*. This com- 

# munication reports the existence of hepatic antigen in 

“serum from humans with liver disease. 

Post-mortem human liver, homogenized in 0-25 M 
sucrose with a Waring blender, was extracted with sodium 
deoxycholate to a final concentration of 0-5 per cent’. 
The insoluble residue was centrifuged off at 105,000g 
for 60 min, and the supernatant liquid was dialysed against 
physiological saline, successively lyophilized, and stored 
‘at — 20°C until use. The deoxycholate extract obtained 
in this way was referred to as hepatic antigen. Anti- 
serum was obtained from several rabbits which were 
immunized with hepatic antigen by a method using 
adjuvants. The antiserum was absorbed with pooled 
human sera until gel diffusion produced no precipitins 
with human serum, and further absorption with boiled 
guinea-pig kidney was used to remove Forssman antibody. 

Fig. 1 shows a double diffusion analysis’ of hepatic 
antigen in sera, developed with antiserum. No pre- 

--eipitin lines were formed in sera from normal controls, but 

> some sera from patients with liver disease showed lines. 

_Precipitin lines were not influenced by the absorption 

technique with guinea-pig kidney, and appeared to fuse 

with each other. Fig. 2 shows an immunoelectrophoretic 
analysis®, which demonstrates that hepatic antigen in 
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serum migrates to the 8-globulin area, in which hepatic. 
antigen was identified as a different component from _ 
serum proin such as immunoglobulins or transferrin. 
In Fig. 3, the hepatic antigen from the serum was shown 
to be as a component of the hepatice antigens roprmsontad 
by two precipitin lines. 

Serum hepatic antigen was detected in 26 per cant of 
the sera from patients with liver disease (Table 1). The 
highest positive rate was found in sera from patients with | 
chronic hepatitis, but not with acute hepatitis. In Table 2, 
the relationship between hepatic antigen and transaminase _ 
activity is shown for sera from patients with liver disease. 
The positive sera show higher glutamic oxalacetic trans- 
aminase (GOT) and glutamic pyruvic transaminase 
(GPT) activity compared with the negative sera, These 
differences were not, however, statistically signifi ant. 
This investigation shows that hepatic constituer 
possibly tissue constituents, appear in sera with. live 
disease, but does not exclude the possibility that they also 






Fig. 1. Ouchterlony plate‘ or detection of hepatic antigen. S.H., Serum: 
with chronic hepatitis; T.K., serum with liver cirrhosis: AH, antie 
human liver rabbit serum absorbed with pooled human sera; AH LaF A, 
AHL absorbed with guinea-pig kidney. 


Fig, 2, Immunoelectrophoresis of serum hepatic antigen. P.K., Serum 
with liver cirrhosis. AHE, anti-human liver rabbit serum absorbed with 
pooled human sera and guinea-pig kidney: ANHS, anti-normal human 
serum horse serum; HA, precipitin line of hepatic antigen. 








Fig. 3. Immunoelectrophoresis of the deoxycholate extract of human 
liver and serum hepatic antigen. HL, Deoxycholate extract of human 
liver; S.H., serum with chronic hepatitis; AHI, anti-buman liver 
rabbit serum absorbed with led human sera and guinea-pig kidney” 


HA, precipitin lines of hepatic antigens. 
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Mable 1. HAPATIO ANTIGRN IN SERA 
See ; DONG, Positive sera 
Diagnosis cases No. Per cent 
Acute hepatitis 6 1 17 
Chronic hepatitis 28 10 36 
Liver cirrhosis 24 4 17 
Liver eancer 4 1 25 
Normal controls l4 0 8 


Table 2.. RELATIONSHIP BETWEEN HEPATIC ANTIGEN AND TRANSAMINASE 
ACTIVITY IN SERA WITH LIVER DISEASE 


Serum No. GOT GPT 
Hepatic antigen cases (anit) (unit) 

Positive 17 152 173 

Negative 35 68 75 





“occur in sera from healthy controls, because the antiserum 
- was thoroughly absorbed with pooled normal sera. 

< Actually, enzymes or collagen-like proteins’, detected in 
‘normal human sera, indicate that tissue components are 








- released into the blood stream, even under normal con- 


ditions. Although the exact significance of serum trans- 

-aminase activity is not clear, higher transaminase activity 
may indicate tissue damage, and an increased permeability 
of the cell membrane. 

Electrophoretic analysis showed that proteins from liver 
particles migrate mainly in the albumin or pre-albumin 
area, while cell sap proteins migrate in the $-y globulin 
area*®.. The serum hepatic antigen identified in the 8- 
globulin region should therefore originate from the cell 
sap of liver. These results, however, do not exclude the 
possibility that hepatic particles are released into the 
blood, because each hepatic cell constituent seems to have 
a different metabolic fate in blood. In fact, two types of 
GOT, which were isolated from the mitochondrial and the 
cell sap fraction of the liver, were followed in circulating 
blood. The half-life for the mitochondrial GOT was 


ealeulated as 54 min, and for the cell sap GOT as 11-8 h,- 


so that the latter may usually be detected*:*. Because the 
serum hepatic antigen shows increased activity of serum 
transaminase, it may also be characterized as a component 
of the cell sap of liver. This assumption is supported by 
the fact that the antigenic activity of circulating antibody 
in liver disease is associated mainly with the cell sap frac- 
tion of the liver™. 
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-Effect of Some Insecticides on the Hatching Rate 
of Hens’ Eggs 


Wrru the increasing use of pesticides in agriculture and 
horticulture, there have been many reports of their 
“presence in the eggs of a number of species of birds'~?, 
These reports have augmented the widely felt apprehen- 
‘sion that some of these chemicals may have harmful effects 
on wild and domesticated animals, Detailed investiga- 
tion of this topic is needed, and so far as we are aware 
there are only two studies of pesticides directly injected 
into the egg*-*. Our preliminary work has been to screen 
a range of insecticides. Known quantities are injected 
inte the yolk, using the method of McLaughlin et al.}°. 
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“Acetone is normally the solvent or diluent because most 


insecticides are practically insoluble in water. All doses 
are of equal volume in each experiment: thus 0-02 ml. 
of a 25 per cent solution, injected into a 50 g egg, delivers 
5 mg of insecticide, giving a dose of 100 p.p.m. A typical 
experiment involves 100 eggs, divided into four batches of 
twenty-five. One batch (A) is left untreated, one (B) has 
injections of solvent only and two batches (C and D) 
are given the pesticide in different doses. At the comple- 
tion of incubation hatched chicks are counted, examined 
and destroyed and all unhatched eggs are opened and 
examined. Table 1 gives the percentage of hatch rounded 
to the nearest 10 per cent, calculated as the hatch of 
Cor D x 100, divided by the hatch of B. The names of the 
insecticides have been taken from Martin", where the. 
L.D.s55 values for rats for most of the compounds can be ©. 
found. A total of about 8,000 eggs has been used in these: | 
experiments. 

Most of the compounds tested have little effect at 
concentrations of 10 p.p.m.; the exceptions are rotenone 
and endrin, the former, a naturally occurring compound, 
being much the more dangerous. Aldrin is completely 
lethal at 100 p.p.m.; chicks which do hatch soon die in 
convulsions. Most of the other organochlorine insecticides 
seem almost harmless, though the action of TDE (from 
experiments using 500 eggs) appears capricious. Twenty- 
seven species of wild birds the eggs of which were found to 
contain organochlorine insecticides have recently been 
listed*. All but two, with 17-1 and 12-5 p.p.m., had total 
concentrations of less than 4 p.p.m. Elsewhere it has been 
shown that in eggs of seventeen species of sea birds the 
highest total concentration found was 8-9 p.p.m. Al- 
though there is the obvious danger of relating findings 
in one species to those of others, it seems reasonable to 
assume that such concentrations are not adversely: 
affecting the hatchability of the eggs of these forty-four 
species. Moreover, Ash and Taylor'’, after feeding breed- 
ing pheasants with gamma-BHC, found no decrease in 
hatching from eggs containing about 20 p.p.m. With 
regard to the organophosphorous insecticides, our results 
show these to be more dangerous than the chlorinated 
hydrocarbons. They frequently cause, in both hatched and 


Table 1 
(1) Dose given: 200 p.p.m.=10 mg/egg. (Selected comprunds only.) 
Percentage 
of hatch 
100 Dieldrin 


90 DDT, dicofol, gamma-BHC, TDE 
80 Methoxychlor 
70 Malathiont, ethion 

0 Binapacry!, mecarbam { 


(2) Dose given: 100 p.p.m. = 5 mg/egg. (All compounds.) 


Percentage 
of hatch 
100 DDT, dieldrin, ethion, gamma-BHC 
Ethion 1: *,ethion 1) , ethion i} 
Malathion 1? DDT 1) gamma-BHC1/ 
90 Chlorbenside, dicofol, malathion* 
80 Methoxychlor, TDE 
70 Mecarbam, dichlorvos 1 ) *, ethion 3) *, ethion 1) 
malathion 1 7 malathion 1/ malathion 9 / 
60 Binapacryl, dichlorvos, endosulphan, morphothion, trichlorphon 
Mecarbam 1i * 
Malathion 3° 
50 Aldrin, parathion 
40 Carbarylt, menazon*, mecarbam 3: *, morphothion 1) $ 
malathion 1) malathion 3) 
morphothion 3} $, ethion 1:3 
malathion 1; malathion 3 i 


, dichlorvos 1) * 
malathion 3; 


30 Demeton-S-methy! 
(as ‘Metasystox’), 

20 Endrin 

0 Nicotine, phosphamidon*, schradant, rotenone. 


(3) Dose given: 10 p.p.m. =0-5 mg/egg. (All compounds except methoxychlor.) 
Percentage 
of hatch 
100 Aldrin, dieldrin, dicofol, endosulphan, ethion, mecarbam, 
_ menazon, demeton-S-methyl (as ‘Metasystox’), phosphamidon 
90 Binapacryl, chlorbenside, DDT, gamma-BH€, malathion, nico- 
tine, prratalon, schradan, trichlorphon S 
80 Carbaryl, dichlorvos, morphothion, TDE 
40 Endrin 
0 Rotenone (at 5 p.p.m., 10 per cent hatch; at 1 p.p.m., 80 per cent), 
* Slight abnormalities or a few chicks deformed. 
+ Less than half the chicks or embryos deformed. 
t More than half the chicks or embryos deformed. 
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cent carbon dioxide and nitrogen mixture. About. 
500 eggs, at the twenty-first day of development at 
room temperature (16° C + 2° C), were placed in each 
of ten flasks under a number of different experimental 
regimes (Table 1). The reducing agent used was 0-02 
molar sodium dithionite, similar to that used previously‘. 


> unhatched chicks, skeletal deformities and stunted or 
- blanched feathers. ‘The doses required, however, to cause 
_ death or deformity are relatively high, and these substances 
are probably less likely to pass unchanged through the 
_ metabolic processes of the hen to the egg than are the 
organochlorine insecticides. Landauer and Clark!? have 
+ demonstrated the danger that altogether harmless amounts 

of potentially teratogenic substances may in combination 





Table 1, PERCENTAGE HATCH OF C. lari EGGS IN DIFFERENT MEDIA 


“prove powerfully synergistic, and a small experiment Buffer Gas phase pH oe Percontage 
with malathion and EPN by Marliac and Mutchler* Bicarbonate 5 per cent carbon dioxide 6-0 4 20-51 
confirms this. Our work, dealing mainly with combina- and nitrogen 

j i : ; i Sa » ” 2 6-0 = 33-05 
tions with malathion, also provides evidence of such is : 4 7-0 a 43-09 
synergism. Table 1, however, shows the great variability " » z a9 - pee ri 

of activity not only with respect to the insecticide combi- ‘t " 8-0 ks 13-04 

_ nations but also in the proportions to each other in which Phosphate ” » T + oe D 

they are used. ” ikt” " 72 + 19-29. 

i Two objections can be admitted to our methods and ” ” 72 = 265 


conclusions. The dispersion of insecticide in the yolk 
of the injected egg may differ from the state resulting 
_ from its addition through the metabolic processes of the 
| hen. We hope to clarify this point by means of radio- 
active tracers. The second objection is that the small size 
of the batches used (twenty-five) renders suspect the 
. figures given for the hatching rates. This objection we 
hope to meet by publishing more detailed analysis else- 


The best hatch was obtained in a phosphate buffer 
solution, pH 7-2, that contained a reducing agent and 
had a 5 per cent carbon dioxide and nitrogen atmosphere... 
In all cases, except that of the bicarbonate buffer, pH’ 
6-0, and 5 per cent carbon dioxide and nitrogen, where 
the reducing agent was present a better hatch was ob- 
tained than in its absence. The reducing agent would, 
therefore, appear to be an important part of the stimulus 


where of embryo mortality. 
© We thank the Agricultural Research Council for a grant 
` and the following firms who supplied chemicals for 
testing: Baywood Chemicals, Ltd., Boots Pure Drug Co.. 
Ltd., Ciba Laboratories, Ltd., W. J. Craven and Co., 
_Ltd., Fisons Pest Control, Ltd., Imperial Chemical 
Industries, Ltd., May and Baker, Ltd., Murphy Chemical 
Co., Ltd., Pan Britannica Industries, Ltd., Sigma Chemi- 
eal Co., Ltd., and “Shell” Research, Ltd. 
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. Experiments on Eggs and Adult Specimens of 
Cyathostoma lari E. Blanchard, 1849 


_ A-NUMBER of experiments were performed on the eggs of 
-Cyathostoma lari in an attempt to identify the stimuli 
that cause the eggs to hatch, both inside and outside the 
host}?, This could indicate the regions where the larvae 
hatch from the eggs and penetrate the gut mucosa. 
Infection with C. lari probably occurs through the small 
-intestine. The larvae pass out of the egg shell by the dis- 
placement of one of the operculi (and penetrate the host 
-taucosa). When they hatch, the larvae must penetrate 
‘a hard shell with an inner layer of lipid. In Ascaris 
_ lumbricoides hatching occurred in vitro when the contents 
of the egg were appropriately stimulated to produce 
“hatching fluid’’?-4, 
` The effect of pH, atmosphere and reducing agents on 
" hatching of O. lari, using a Warburg apparatus to maintain 
a constant temperature and atmosphere, was investigated. 


-Two gas phases were used, atmospheric air and a 5 per 





for hatching. The results suggest that hatching occurs 
somewhere in the gut where there is a fairly high pH; 
for example, the anterior part of the small intestine. 
It seems unlikely that the eggs would hatch in the proven- 
triculus or gizzard where the pH is about 4-0. Soa 
Experiments were also performed on adult female 


C. lari. Their survival time on or in different media was = 
recorded. The in vitro culture of nematodes and other _ 


parasitic organisms is a branch of parasitology that has 
only recently received much attention, and this work will 
aid the understanding of the physiology and metabolic 
processes of the helminths in question. This was done 
mainly to ensure the survival time of adults and to 
observe the maturation and hatching of the eggs and 
larvae. 


Table 2, SURVIVAL TIME OF MATURE, FEMALE C. lari IN 4 NUMBER OF 
DIFFERENT MEDIA 3 





Number of Survival time = 
Medium worms/dish 
Sterile 0-85 per cent saline at room tempera- 
ture 1 it 
at 37° C 1 1-8 
Sterile 0-85 per cent saline plus penicillin and 
streptomycin at room temperature 1 I-10 
at 37°C 1 1-4 
Blood agar 
in Petri dishes 2 2-5 
in McCartney bottles 1 2-3 
Normal chick serum 1 1-21 


In the investigation adult female worms were kept — 


alive on a number of media (Table 2) after some had been 


washed in terramycin or in a penicillin and streptomycin 
solution (300 u/ml. and 0-3 mg/ml., respectively) for 
10 min, to remove bacteria. The blood agar used was a 
nutrient agar containing 20 per cent blood by volume: 
All the vessels used in these experiments were steam 
sterilized, at a pressure of 15 Ib./in.? for 15 min. The 
nutrient agar was sterilized and when the temperature 
had dropped to 56°C the blood was added. The chick 
serum was not sterilized, nor were any antibiotics added. 

The experiments using blood agar and chick serum 
were performed in an incubator at 37°C. All the hel- 
minths used in these experiments were transferred to new 
media every day from their bottles. The worms were 
lifted with heat sterilized forceps. 

The worms moved actively in the saline and serum, 
but only slowly on the blood agar, and seemed to lose 


their red coloration the longer they were kept in vitro, 


until they were white. This was probably caused by 
breakdown of haemoglobin and the inability of the worms 
to obtain any from the surrounding medium. The worms 
were judged to be dead when they failed to move when 


(days) a 
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placed in the new medium. -Often the worm would dio 


between transfers and would have degenerated by the next 
time. transfer was attempted. The worms kept in a 
medium free from bacteria lived longer than those in a 
contaminated medium, 

The death of the worms could have been the result of 
lack of nutrients, or an inability of the worm to extract 
them from the medium in which it was placed. The 
blood pressure of the host animal may force blood into the 
worm, so that if this pressure is lacking the worms may 
not be able to feed. Death could also be caused by a 
number of other factors, such as a lack of oxygen or an 
accumulation of waste products. 

When a parasite is removed from its host there are 
probably many changes in the physiology of the animal, 
and conditions which are favourable for in vitro growth 
are probably entirely unlike those in the host animal. 
"Physical properties of the surrounding medium may be 

important in the in vitro culture of nematodes. Other 
purely structural features of the environment, such as the 
diameter of blood vessels or folds on the surfaces of 
membranes, may be important. Very few parasites can be 
cultured in vitro; those which are normally cultured 
are from cold-blooded animals. All the metazoans that 
have been cultured with any success and the media 
in which they were grown have been listed’. 
The worms in the present work were kept in or on 
“several chemically complex media, but they all had a 
short survival time (21 days maximum in normal chick 
serum). This may be the result of an inability to utilize 
the foodstuffs present. The worms may also require 
blood pressure for feeding as suggested earlier. No specific, 
chemically defined media have yet been developed for the 
culture of metazoan parasites. Blood has not been used 
in all attempts to culture parasites. The nutritional and 
other chemical requirements of parasites are extremely 
complex and require detailed investigation. 
W. THRELFALL 
Department of Biology, 
Memorial University of Newfoundland, 
St. John’s, 
Newfoundland, 
Canada. 
+ Threlfall, W., thesis, Univ. Wales (1965). 
` © -Phrelfall, W., Nature, 208, 1167 (1965). 
* Rogers, W. P., Nature, 181, 1410 (1958). 
<4 Rogers, W. P., Proc. Roy. Soc., B, 152, 367 (1960). 
-+ Dougherty, E. C., Ann. N.Y. Acad. Sci., 77, 27 (1959). 


Citrus Petal Bioassay based on the 
Indolyl-3-acetic Acid Effect on Flower Opening 


‘Dy our work on auxins of citrus plants we have found that 
citrus petals are suitable material for “organ” bioassay 
as a complement to conventional hormone bioassays’. 

Citrus petals, like most petals, show very rapid growth 
reactions during flower opening. These reactions are 
enhanced by increases in temperature. Opening of the 
flowers is associated with differential growth processes 
which cause the ventral side of the petal to grow more 
than tho dorsal side’. The degree to which the petals 
are open can be measured in a similar way to the opening 
of pea hooks? or to the splitting of pea stems* by measur- 
ing the angle between the tangents to the tip and to the 
base of the petal’, This communication describes the 
bioassay based on citrus petals which we have developed. 

About 5 ml. of a 1 per cent solution of agar, containing 
3 per cent sucrose, was poured into small Petri dishes 5 em 
in diameter. Flowers of different citrus species can be used 
when they attain their maximum length just before 
opening. The first stage of opening (Fig. 1) consists of 
the separation of a petal and this is followed by the 
opening, within a day, of the others. 

Six petals were taken at random from flowers which 
were nearly open and implanted into each agar dish, so 
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‘that their -basés were embedded to a depth of about 


2 mm and held in place (Fig. 1). One millilitre solutions 
of growth regulators or plant extracts were added to the 
agar in each dish. They were also incorporated into the 
sucrose agar before pouring. Dishes were maintained in @ 
humid atmosphere at room temperature either in the dark 
or in continuous light. When the effects of darkness and 
of light were compared there were no marked differences. 

Measurements were taken after 22-24 h. At least five 
replications consisting of six petals were used for each 
treatment. Fig. 2 shows three different experiments 
carried out at slightly different temperatures with three 
citrus species. The effect of temperature during the assay 
period is as would be expected. It seems that better 
results can be obtained at relatively low temperatures 
(17° C) than at higher ones (25° C). At lower temperatures 
the growth processes are obviously slowed down, and 
therefore measurements taken after the same interval 
of time as those from plants kept at higher temperatures 
may reflect earlier stages of reaction. 

In all cases growth was promoted when solutions of 
indolyl-3-acetic acid (IAA) which were 107° molar were 
added to the agar; however, solutions which were 10-7 
molar were sometimes effective. These concentrations are 
within 1 unit of log concentration of most auxin bioassays 
as summarized by Larsen*. The sensitivity is even greater 
if the dilution of LAA in the agar medium is taken into 
account. 

Gibberellic acid (GA) at a concentration of 10-*-10-* 
moles/l. failed to cause a stronger curvature than control. 
Synergism of IAA and ascorbic acid (AA) also increased 
the curvature of petals (Table 1). In this case measure- 
ments were taken after only 11 h, in order to detect earlier 
stages of the growth reaction. This would explain the 
generally lower values compared with Fig. 2C. 

Table 1. SYNERGISM OF INDOLYL-3-ACETIO ACID AND ASCORBIC ACID IN 
INCREASING CURVATURE OF SEVERED ‘EUREKA’ LEMON PETALS 
(Temperature of 25° C in darkness) 


Treatment Degrees of curvature 
Water control 92-6 
AA,3x 10> molar 87-7 
IAA, 10-* molar 128-4 
AA, 3x10 molar+ TAA, 10 molar 142-6 
Standard error 8-2 


Shamouti orange petals were bioassayed, after extrac- 
tion with cold methanol. Extracts were chromatographed 
and ten paper segments were each eluted with | ml. of 
water at 40° C. Eluates were then poured into dishes. 

There was greater growth in the treated specimens 
than in the controls at different Rr values, while inhibition 
was relatively small. 

It has been shown by conventional techniques that 
citrus petals contain considerable concentrations of 
natural promoters and very small amounts of natural 
inhibitors, as compared with other flower parts. Our 





Fig. 1. Citrus petals embedded in agar sucrose medium during bioassay. 
On the right ig a citrus flower at the correct stage for use, 
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Fig. 2. Effect of IAA on curvature of citrus petals measured after 22 h. 
Three separate experiments.) 


wnpublished results show that they also contain larger 
-concentrations of ascorbic acid than other flower parts. 
Although the data presented are preliminary it seems 
. that citrus petals offer promising material for bioassays, 
especially when natural regulators of citrus plants are 
.-being tested. Further improvements may be introduced 
by taking into consideration the interaction of tempera- 
ture and time of measurement. 
c Petals do not seem to have been used before as bioassay 
material for auxins, and to our knowledge it has not 
-previously been demonstrated that auxins play a part in 
«flower opening, although flower opening is a classical 
example of rapid curvature, through growth. The fact 
that petals are reactive to indoly]-3-acetic acid, to ascorbic 
acid and to natural promoters found in flowers seems of 
<- considerable interest, for it implies that similar regulation 
‘may be found in vivo. 
co This investigation was carried out under a grant from 
the U.S. Department of Agriculture. We thank Mr. J. 
©. Harany for skilful technical help. 


E. E. GOLDSCHMIDT 
S. P. MONSELISE 
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Hebrew University, 
Rehovot, Israel. 
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Occurrence of Azaleatin and Caryatin in 
Eucryphia 


ALTHOUGH quercetin (Fig. 1), R = R’ = H) itself fre- 

"| quently occurs in the leaves and flowers of higher plants, 
its simple mono and dimethyl ethers (apart from iso- 
-= rhamnetin, the 3’-methyl ether) have very rarely been 
reported. Azaleatin, the 5-methyl ether (Fig. 1), R’ = 
Me, R = H), for example, was first isolated from the 
flowers of Rhododendron mucronatum in 1956 (ref. 1) and 
has since been recorded in forty-four other Rhododendron 

_ “species, in Plumbago capensis, in Ceratostigma willmottiana*® 
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and in- Carya pecan’. Caryatin, the 3,5-dimethyl ether 2 
(Fig. 1), R =R = Me), has only been found once*in the 
bark of the latter plant, together with azaleatin. We now. — 

wish to record the occurrence and distribution of both 


these rare quercetin methyl ethers in the leaves of species ; i 


of Eucryphia (Eucryphiaceae). 


Pigg 
O 


X 


HO 


| 
RO O 
Fig. 1. 





The inhibition of hydrogen bonding betwee 
hydroxyl group in the 5-position and the 4-carbo 
group gives azaleatin, the property possessed by flavon 
lacking a 5-hydroxyl group (that is, fisetin and robin 
of intense fluorescence in the ultra-violet. Thus, azale; 
is readily detected in hydrolysed plant extracts by. 
chromatography, and although its Ær (0-49) is close to that 


of quercetin (0-42) in the ‘Forestal’ solvent, it is clearly ne 
distinguishable from quercetin and other common flavo- 


nols in other solvents (Rps in butanol-acetic acid—water. | 
are 0-48 and 0-64, respectively). 
during surveys of the phenolic constituents in the leaves © 
of dicotyledonous’ and monocotyledonous plants. (un- 
published results of Bate-Smith) showed that a substance 
with this unusual fluorescence at the appropriate Ry 
occurred in only one out of more than a thousand plants ex- 

amined, that is, in Bueryphia glutinosa (Poepp. et En 
Baill. Detailed examination of the phenolics of- this 
has confirmed the presence of azaleatin in the leaf. Doe 
isolated aglycone agreed in every respect with authentic 

material. Azaleatin, known in Rhododendron and Plum- 







bago as the 3-rhamnoside, azalein!-’, is present in Kueryphia 


as the 3-galactoside and as a 3-bioside, probably the 3- 


arabinosylgalactoside, and is accompanied by the 3- —- 


galactoside of quercetin. 


A third constituent in E, glutinosa (Rr 0-80 in ‘Forestal’} o 


had the blue colour in ultra-violet normally associated» 


with caffeic esters and related compounds, but spectral 
examination (Amax 253 and 347 my) showed it to be a- 
quercetin derivative. Its spectral properties indicated. 


that it was the 3,5-dimethyi ether, for it gave a positive 


sodium acetate shift (indicating a free 7-hydroxyl group- 


ing), a positive boric acid shift (indicating a free 3’,4’- 0 


dihydroxyl) and a stable alkaline shift (3- hydroxyl : 


blocked), but it gave no aluminium chloride shift, showing 


that the 3- and 5-hydroxyls were substituted. Its identity 
as the 3,5-dimethyl ether, caryatin, was confirmed by 


demethylating it to the 3- and 5-monomethyl ethers oe 


and eventually to free quercetin. ee 
Azaleatin and caryatin were also found in a nerbatium a 
specimen of Eucryphia cordifolia Cav. and in the fresh — 


leaves of E. nymanensis (E. cordifolia x E. glutinosa) 
and E. x intermedia Bausch (E. glutinosa x E. lucida); 


but they were absent from E. lucida (Labill.) Baill. itself, 
from E. moorei F. von Mueller and from F. milligants 

Hook f. The latter species had a constituent agreeing — 
in all respects with dihydroquercetin, 3,5,7,3' 4’-penta- ; 


hydroxyflavanone (Rp in ‘Forestal’ 0-77, dark in ultras 


violet becoming mustard yellow when fumed with am- ` 
monia and turning red in visible light after prolonged — 
fuming). 
are from south-eastern Australia and Tasmania, whereas 
the other two species are South American, so that there’. 
is an apparent correlation between the occurrence. of 
quercetin methyl ethers and plant geography in this 
genus; the above survey represents a complete coverage 
of the genus as at present known. ; 
The discovery of azaleatin in the Eucryphiaceae brings 
the number of families with this character to four; the | 
others are the Juglandaceae, Plumbaginaceae and 








paper 


The records obtained 








The three species lacking azaleatin and caryatin — 








- e0ae. These families are similar in being predominantly — 
_ woody in character, and although they are placed far 


| apart in most systems they all show closer affinities with 


the. Rosalean. families. (for instance the Leguminosae) 
than their present positions suggest. 
E. C. BATE-SMITH 
Low Temperature Research Station, 
Cambridge. 
J. B. HARBORNE 
S. M. DAVENPORT 
Department of Botany, 
University of Liverpool. 
‘Wada, E., J. Amer. Chem. Soc., 78, 4725 (1956). 
ct Harborne, J, B., Arch. Biochem. Biophys., 96, 171 (1962). 
20% Sasaki, T., and Mikami, M., Yakugaku Zasshi, 88, 897 (1963). 
+ Sasaki, T., Yakugaku Zasshi, 84, 195 (1964). 
* Bate-Smith, E. C., J. Linn. Soe. (Bot.), 58, 95 (1962). 


Inhibition of Gibberellic Acid Induced Formation 
of «Amylase by Abscisin I 


Asscisrn IT (Ab IT) is a hormone which accelerates abscis- 
sion and which is isolated from young cotton fruit}. It 
is the best characterized and most widely investigated 
of the naturally occurring abscission accelerators*. It 
is identical with dormin, a dormancy factor isolated from 
buds of Acer and Betula’. The physiological action of 
‘Ab IL is the acceleration of abscission of young fruit, of 
defruited pedicels and debladed petioles of cotton. This 
hormone also accelerates senescence in detached radish 
leaves, counteracts indolyl-3-acetic acid in the growth 
of Avena coleoptiles and counteracts gibberellic acid (GA) 
in the barley endosperm system‘. 

Gibberellic acid is known to break dormancy in a 
number of higher plant systems, and so it has been pro- 
posed that the balance between dormancy and growth 
may be achieved by a balance of the levels of dormin 
(Ab TI) and GA‘. It is therefore of considerable interest 
to determine at what metabolic stage these hormones act 
and interact. This report describes the interaction of 
Ab IL with barley aleurone cells. 

Ab II inhibits the production of -amylase which is 

“triggered by GA in isolated aleurone layers and does not 
significantly alter the rate of respiration or the pattern of 
phosphorus-32 labelling in phosphorylated metabolic 
intermediates, nor does it inhibit total protein synthesis 
or RNA synthesis as measured by carbon-14 labelled 
leucine and uridine incorporation. Ab II must therefore 
exert its inhibitory effect on another process. All data 
are consistent with the possibility that Ab IT acts at the 
same (unknown) site as GA. 

Halved endosperms of barley seeds (Hordeum 
vulgare, var. ‘Himalaya’) were sterilized with 1 per 
cent sodium hypochlorite, and pre-incubated on 
moist sand for 3 days. The seed coats and aleurone 
layers were removed from the starchy part of the 
endosperm under aseptic conditions and incubated at 
25° Cin sterile 25 ml. Erlenmeyer flasks containing 
2 ml. of 10- molar sodium acetate buffer (pH 4-8) 
with 10-* molar calcium chloride. One drop (0-05 

ral.) of a solution containing 0-5 mg/ml. of strepto- 
“mayein, mysteclin and penicillin was added to prevent 

‘i bacterial growth. Other solutes (such as GA, Ab IT, 
labelled leucine and uridine) were added. Duplicate 

‘treatments involving ten halved aleurone layers each 

‘were used in all experiments. At the end of the 
incubation period the a-amylase activity was de- 

termined in the medium surrounding the aleurone 

< layers and in a 0-2 molar sodium chloride extract of 

the tissue as described earlier®. Ab II has no effect 
on the «-amylase assay. 

The first experiment, showed that Ab IT is indeed 
an effective inhibitor of the production of «-amylase 
which is triggered by GA (Table 1). No marked 
changes in the respiration of the aleurone layers, 
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Table 1. INHIBITION OF THE GA Ixpucep FORMATION OF a-AmYLASE 
ee eee a a eee 


Treatment ug of a-amylase 
Control 284 
Ab H 10-7 molar 126 


Ab If 2-5 x 107 molar 


Aleurone layers were incubated in 10 
molar calcium chloride and 3 x 10-* molar 


92 


molar acetate buffer (pH 48), 0-01 


determined in a Warburg respirometer, are observed in 
response to GA or Ab II (Fig. 1). There is a small gradual 
increase in oxygen uptake in the presence of GA (with and 
without Ab IT) and a gradual decrease in the absence of GA 
(without, but especially with, Ab II). These changes are 
attributed to the greater and lesser availability of sub- 
strates as a result of the production or lack of production of 
hydrolases. In order to investigate the effect of GA and 
Ab II on phosphorylation, aleurone layers were incubated | 
without hormones, with 5 x 10-® molar GA, with 2-5 x 10-# ` 
molar Ab IT, and with 5 x 10-8 molar GA and 2:5 x 10-¢ 
molar Ab II for 12 h and then given a pulse of 100 pe. 
of labelled phosphate for 2-5 h. A hot ethanol extract 
of the aleurone layers was run on a two way chromato- 
gram in phenol and water and butanol, propionic acid 
and water’ to separate the phosphate esters. A compari- 
son of the autoradiographs of the chromatograms revealed 
no qualitative differences and no great quantitative 
differences between the treatments, indicating that the 
hormones do not act on phosphorylation. lt was con- 
cluded from these experiments that Ab II does not exert 
its inhibitory action on «-amylase formation by interfering 
with either respiration or phosphorylation. 

Protein synthesis inhibitors such as puromycin, p- 
fluorophenylalanine, and cycloheximide inhibit the forma- 
tion of a-amylase and the incorporation of carbon-14 
labelled amino-acids into the cellular proteins of the 
aleurone layers*. Abscisin II prevents the formation of 
«-amylase without inhibiting the incorporation of labelled 
leucine into the cellular proteins. Aleurone layers were 
incubated with 1-0 ue. of labelled leucine (‘L-leucine- 
U-C-14’, specific activity of 230 me./mmole) with and 
without 10-* molar Ab II. After 24 h the aleurone layers 
were homogenized in 0-2 molar sodium chloride and a 
portion of the cleared homogenate was precipitated with 
trichloroacetic acid in the presence of 0-01 molar leucine 
and filtered on a membrane filter. Radioactivity was 


determined by counting the filter in a gas flow counter. 
The results indicate that Ab II does not prevent the 
formation of e-amylase by inhibiting all protein synthesis. 
Indeed, the same number of counts were incorporated in 
the presence and absence of Ab II (‘Table 2). 





4 8 zu 24 


12 
Hours 
Fig. 1. Effect of GA and Ab II on the respiration of isolated aleurone 
layers. O O, Control; @ --- @, 25x 10* molar Abil; A A, 
50x107 molar GA; A--- A, 50x10 molar GA and 2-5 10-4 
molar Ab IT. 
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Mable 2.. EFFECT oF AB: IT-ON THE INCORPORATION OF LABELLED LEUCINE 
INTO CELLULAR. PROTEINS AND ON THE UPTAKE AND INCORPORATION OF 
<o LABELLED URIDINE IN THE RNA oF ISOLATED ALEURONE LAYERS 


C.p.m./ten halved 


i Experiment Treatment aleurone layers 
- Incorporation of labelled leucine in salt Control 242,300 
“cosoluble protein 10-* molar Ab IT 245,200 
¿Incorporation of labelled uridine in Control 32,900 
eee al RNA 10“* molar Ab IT 27,540 
“Uptake of labelled uridine in methanol Control 69,100 

~ soluble fraction 5x 107 molar Ab IT 51.660 


“oc Each flask contained ten halved aleurone layers and 2 ml. of 10> molar 
avetate buffer (pH 4-8) with 0-01 molar calcium chloride and 1-0 ye. of label. 


There is evidence®:** that the formation of -amylase 
by aleurone layers in response to GA may be mediated 
through DNA directed RNA synthesis. Actinomycin D, 
an inhibitor of DNA directed RNA synthesis, when applied 
at a concentration of 100 ug/ml. inhibits the formation of 
a-amylase by 65 per cent while inhibiting uridine incor- 
poration by 70 per cent (my unpublished results). Causal 

“relationship between the two has not yet been shown. 
The possibility that Ab II acts in a similar way was 
< investigated by measuring the effect of the hormone on 
“the incorporation of carbon-14 labelled uridine into the 
RNA of the aleurone layers. Aleurone layers were 
incubated with 1-0 ue. of labelled uridine (‘Uridine-2-C-14’ ; 
20 me./mmole) with and without Ab II (10-* molar or 
5 x 10-7 molar). After 24 h the aleurone layers were 
rinsed several times with an ice cold solution of 5 x 10- 
molar uridine and homogenized in methanol containing 
2:5 per cent sodium acetate. The RNA was extracted 
according to the method of Cherry™®. Uptake of labelled 
uridine was determined by measuring the radioactivity 
in the clear methanol supernatant of the original homo- 
genate. Abscisin II inhibited uptake of labelled uridine 
into the methanol soluble fraction by 25 per cent and 
incorporation into RNA by 17 per cent (Table 2). The 
inhibition of incorporation is attributed to the decreased 
uridine uptake and is believed to be non-specific. 

The nature of the interaction between GA and Ab IT 
“was studied by measuring «-amylase formation in the 
presence of various concentrations of the two hormones. 
A linear response is obtained when «-amylase production is 
measured at GA concentrations of 3 x 10 to 3 x 10-* 
“molar. Within this range Ab II at 10-? molar and 2-5 x 
10-7 molar causes different degrees of inhibition. Total 
a-amylase was measured after 21 h incubation and the 

“amino-acids in the medium were determined with a ninhy- 
drin reagent. The result of such an experimert is repre- 
sented graphically as a Lineweaver—Burk plot in Fig. 2. 
The inhibition by Ab IT at a given GA concentration can 
be partially overcome by increasing the concentration of 

GA, but the inhibition is not strictly competitive since 

the lines do not intersect on the ordinate. 

- Gibberellic acid triggers the formation of several hydro- 
lases (for instance, a-amylase, protease, phosphatase) 





0-33 x 10° 10° 


0-33 x 10° 
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Lineweaver-Burk plot of the interaction of GA and Ab II on the 


2. 
Fig. production of a-amylase by aleurone layers. 
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by the aleurone cells". The production of proteases by 
isolated aleurone layers is increased eightfold by GA 
(J. V. Jacobsen, unpublished results) and in the presence 
of the hormone a large amount of amino-acid is released. 
Determinations of these free amino-acids, which are not > 
reported here, indicate that the release stimulated by GA 
is inhibited by Ab TI. At various concentrations of GA 
and Ab II the amino-acids follow the same trend as the 
a-amylase. Although there is here an enzyme (a-amylase) 
in one case aud a reaction product (amino-acids) in the 
other, it seems probable that Ab II inhibits the GA 
stimulated formation of both «-amylase and protease in 
a similar way. ee 
It is difficult to interpret the interaction between GA 
and Ab II in terms of their respective sites of action 
Even if both were in competition for the same site, it, is 
unlikely that this would manifest itself as a competitive 
inhibition on the production of a-amylase, The formation 


of the enzyme is probably several steps removed from the 


site of action of the hormones. Furthermore, this involves _ 
a complex living system, and not a simple enzyme- | 


substrate-inhibitor system for which the kinetic analysis _ 


was devised. It appears that Ab II is unlike all the other: 
inhibitors of «-amylase formation which we have studied 
so far. It does not affect respiration or phosphorylation, 
nor the rates of total protein and RNA synthesis. The 
response of the aleurone layers to GA consists of a qualita- 
tive change in protein synthesis, possibly the result of-a 
small qualitative change in RNA synthesis. GA does not 
elicit its response by affecting the rate of these processes,. 
neither does Ab IT prevent the GA response in. this: way. 
It is therefore possible that the interaction of both bor- 
mones is derived from their action at similar or identical 
sites. aoe 
The experiments were carried out with 50 ug of Ab TI 

isolated from young cotton fruit and provided by Prof. 
F. T. Addicott. We thank Miss Nancy Joseph for techni- 
cal assistance. The work was supported by the U.S. 
Atomic Energy Commission. 

Maarten J. CHRISPEELS 

J. E. Varner 


AEC Plant Research Laboratory, 
Michigan State University, 

East Lansing, Michigan. 
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Conidiation of Neurospora crassa 


THE vegetative mycelium of Neurospora crassa can, 
during the course of its development, successively initiate 
three types of reproductive structure. These are the 
macroconidia, microconidia and ascogonia which develop 
into protoperithecia and, after fertilization, into perithecia 
with ascospores. Problems of macroconidial differentiation 
(conidiation) in Neurospora are interesting from both a 
morpho-cytological and a physio-biochemical point of 
view}. 

Morphological differentiation of macroconidia occurs 
mainly by a process of constriction and severance of pre- 


formed, aerial hyphae (similar to the development: of: ee 
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Fig. 1. Left, Neurospora crassa, cytochrome mutant (Ci), grown for 
7 daya at 25° C on the conidial medium; (a) arthrospore type of conidial 
formation; (b) budding of a lateral conidium, in vivo. Right, Neurospora 
sitophila, albino strain (‘Dodge’), grown 7 days at 37° C on Westergaard 
and Mitchell medium; (b) bud on a preformed conidium, in vivo. 


arthrospores). Occasionally, budding of preformed conidia 
is observed. The frequency of conidial formation can be 
increased under certain experimental conditions (conidio- 
genous growth media, as described below; higher tem- 
perature of incubation such as 35°-37° C), and especially 
in certain mutants (Fig. 1). Furthermore, such factors as 
cell wall composition, distribution of nuclei, mitochondrial 
structure, carotenoid synthesis and localization are likely 
to undergo changes at conidiation. Comparative electron 
microscopical studies of both vegetative and conidiating 
hyphae are being carried out by us to elucidate these 
factors in the wild type and morphological mutants. 
Biochemical differentiation of conidia is investigated 
more easily by analyses made on the vegetative hyphae. 
Differential growth media have been developed which 
allow of control of conidial differentiation. Such media 
provide ammonium salts as an alternative nitrogen source 
in tho liquid synthetic medium of Westergaard and 
Mitchell enriched in citrate, which maintains the mycelial 
state, unlike nitrate which favours conidial differentia- 
tion?*, In the nitrate medium, conidiation is as intense in 
the presence of other organic acid salts of the Krebs cycle 
as it is with citrate, while pyruvate, a glycolytic inter- 
mediate, is inactive in the same conditions. Only the 
earbon compounds of the glycolate series (especially 
glycine) as well as bicarbonate (2 x 10-? molar) or p-xylose 
(2. per cont, replacing the usual sucrose as the carbon 
source). can induce conidiation in ammonium citrate 
medium in which mycelial growth only will normally 
occur. We have found that the zinc level appears to be of 
critical importance (from the trace element solution4, 
minimum of 2-0 mg zine/l. final medium) if conidiation is 
to be totally prevented in the ammonium medium. 
Comparative biochemical analyses of nitrate for conidial 
growth and ammonium for mycelial growth cultures have 
revealed strong alcoholic glycolysis proceeding in the 
“mycelial cultures: increased accumulation of ethanol up 
-= to the fourth day of mycelial culture (average of 3-5 g/l. 
"Of filtrate). Acotaldehyde trapped in bisulphite® fully 
` inhibits conidiation in the nitrate medium. On the other 


e “hand, inhibition of glycolysis by known inhibitors (10-3 


‘molar iodoacetate, 10-* molar sodium fluoride or by a 
quinone such as 10-5 molar phthiocol) provokes intense 
eonidiation of N, crassa grown on the ammonium medium. 
These new facts show how crucial is the type of pyruvate 
metabolism (fermentative or oxidative) in determining 
whether morphogenesis in N. crassa will produce non- 
conidiating or conidiating hyphae. Additional evidenen 
for such a role comes from preliminary work on aconidial 
mutants such as the ‘Fluffy’ strains (Nos. 45 and 46 from 
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“Table 1. ISOCITRATE LYASE Activity IN EXTRACTS FROM Neurospora crassa 


(wMolar glyoxylate/mg protein/h)} 
Age of cultures Morphological type 


days) Mycelial Conidial 
2 0-70 140 
3 0-45 0-95 


{The results represent the average of three experiments. Determination 
of proteins was made by the biuret method. Growth at 25° C. 


the Fungal Genetics Stock Center, Darmouth College, 
Hanover, U.S.A.) which produce no macroconidia and 
present a high alcoholic glycolysis as revealed by their 
accumulation of acetaldehyde (up to 4 mg/g dry weight) 
and ethanol in the nitrate medium which usually mediates 
conidiation, 

In an effort to determine whether there is an oxidative 
trigger mechanism operating in the pyruvate-acetaldehyde 
conversion in conidiating cultures of N. crassa, measure- 
ments of critical enzyme activities associated with the- 
Krebs cycle and its alternative, the glyoxylate cycle, as 
well as the pentose shunt, have been investigated compara- 
tively in both mycelial and conidial cultures. Concerning 
the possibility of the involvement of the glyoxylate cycle, 
an important difference in isocitrate lyase activity has 
recently been found when comparing crude extracts from 
mycelial and conidial cultures, using the Dixon—Korn- 
berg method for measuring enzyme activity (Table 1). 

In the young, 2-day cultures, conidiation was initiated 
on the surface of thin mycelial mats. The 3-day conidial 
cultures presented their typical powdery, orange cushion 
of conidial chains while the mycelial cultures remained flat 
and whitish, with their vegetative hyphae incapable of 
breaking the liquid surface of the culture medium (except 
along the flask walls). 

It may be of interest. to add that in extracts from the 
‘Fluffy’, aconidial strains of N. crassa grown for 7 days on 
the conidial medium (no macroconidia formed, slight 
bulging of the hyphal tips only), the isocitrate lyase 
activity was always two to three times lower (average of 
0-2 umolar glyoxylate/mg of protein/h) than in the control 
extracts from the wild type strain (Lindegren). 

Thus, we have confirmed in the conversion of the 
mycelial to the conidial culture that the activity of the 
key enzyme of the glyoxylate cycle in Neurospora, 
isocitrate lyase’, is more active at conidiation, which has 
already been shown in the highly conidiated cultures of — 
this mould grown in acetate’. 

We thank the Swiss National Research Fund for support 
in this work. 
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CYTOLOGY 


Regular Supply of Large Numbers of 
Standard Continuous Line Cells 


Tue use of continuous line tissue culture cells appeals to 
many biologists because successive quantitative experi- 
ments may be carried out on standard populations of 
genetically homogeneous cells. But there are many 
difficulties in such standardization which are magnified 
when large numbers of cells are required. The major 
hazards are genetic change and contamination of cultures 
by a variety of organisms. The most insidious sort of 
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contaminant is the organism the growth of which is partly 
suppressed by the antibiotics in the medium so that its 
presence goes undetected for many passages. 

Our present investigation concerns the new proteins 
that are made soon after infection with herpes virus, 
and for it we require large replicate batches of cells— 
chiefly BHK 21 cells!. The regime that we have developed 
for supplying them is designed primarily to mamtain the 
genetic stability of the line by keeping a master stock 
of frozen cells from which aliquots are taken at regular 
monthly intervals. Cells are never passaged serially 
for more than fifty generations. We take rigorous precau- 
tions against contamination; besides the general pre- 
cautions against air-borne contamination, all media and 
cells are checked regularly for the presence of pleuro- 
pneumonia-like organisms, bacteria, yeasts and fungi. 
To minimize the risk of unseen contamination most 
cultures are kept in medium free of antibiotics; contami- 
nation is discovered early and little effort is wasted on 
cryptically infected material. 

Our scheme is shown in Fig. 1. The original BHK 21 
013 cells obtained from Dr. Ian Macpherson were propa- 
gated in modified Eagle’s medium? with 10 per cent 
tryptose phosphate broth and 10 per cent calf serum, 
but in early cultures we use no antibiotics (ZTO-). Only 
into later cultures are antibiotics incorporated (HTC*). 
The cells were rigorously investigated for the presence of 
bacteria, yeasts, fungi and pleuropneumonia-like organ- 
isms with negative results. A master stock of cells grown 
with no antibiotics was preserved: by freezing 5 ml. 
aliquots at —70°C in 70 per cent Eagle's medium, 20 
per cent calf serum and 10 per cent glycerol. 

From this master stock, which was fifty generations 
removed from the original clone, sub-lines of cells (A, B, 
0, and so on) are started at 4-weekly intervals. Hach 
sub-line consiste of a stem line and several branch lines 
(Fig. 1). The stem line is maintained by serial passage in 
ETO-, and is subcultured every third day. Stem line 
cells are grown as monolayer cultures in 4 oz. flat medical 
bottles, and examined for the presence of bacteria, 
fungi and yeasts by plating on suitable media at each 
subculture. Cultural investigation for the presence of 
pleuropneumonia-like organisms is carried out at weekly 
intervals. 

In order to produce the large numbers of cells that are 
required for our investigations a branch line is started 
from the stem line each week. Each branch line (1, 2, 3, 
and so on) is subcultured three times only (a, b and c). 
At each subculture it is examined for the presence of 
bacteria, yeasts, and fungi by plating on suitable media. 
The first subculture (a) is into three 80 oz. Winchester 
bottles, each of which is inoculated with 2 x 107 cells in 
200 ml. of #7'C+. These are grown at 37°C as rolling 
cultures?*, Four days later the cells are collected. Approx- 





Big. 1. Diagrammatic representation of the regmme used for the produc- 
tion of large numbers of standard continuous line cells. 
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imately 2-5 x 10 cells are obtained from each bottle 
(total 7-5 x 108). From these cells a further ten Winchester 
bottles (b) are set up each with 4 x 107 cells in 200 ml. of 
ETC*. After 3 days the contents of these bottles are 
collected and approximately 3 x 10° cells are obtained 
from each (total 3 x 10°). These are used to set up thirty 
Winchester bottle cultures (c) each with 6 x 107 cells 
in 400 ml. of ETC+. After 4 days the contents of these 
bottles are collected; an average of 6 x 10° cells is 
obtamed from each bottle. The total number of cells 
available for experimental purposes from all thirty bottles 
is 1-8 x 10°, that 1s, approximately 18 g wet weight. 
At this time the branch line is discontinued. 
By varying the time schedule, this protocol can be 
adapted to produce replicate cultures of cells of any line 
or strain. In this laboratory we have used it to produce 
BHK 21 C138 cells, HEp cells, HeLa cells and RK 13 cells. 
Since the method was introduced eighteen months ago, 
we have had only three major episodes of contamination. 
In each case one branch line was lost and experimental 
work was hampered for 1 week. Even in these circum- 
stances there were usually enough cells (from b) stored at 
4° C to carry out modest experiments involving only a few 
hundred million cells. 
W. I. H. SaeppEN 
P. WDY 

Medical Research Council Virus Research Group, 

Department of Virology and Bacteriology, 

University of Birmingham. 

1 Macpherson I., and Stoker, M., Virology, 16, 147 (1962). 

* Vantsis, J. T., and Wildy, P., Virology, 17, 225 (1962). 

3 Russell, W. C., Gold, E., Keir, H. M., Omura, H., Watson, D. H., and 

Wildy, P., Virology, 28, 103 (1964). 
i House, W., and Wildy, P., Lab. Pract., 14, 594 (1965). 


PSYCHOLOGY 


Choice Reaction Time as a Function of 
Stimulus versus Response Relative Frequency 
of Occurrence 


THe well known fact that choice reactions to alternatives 
of unequal frequencies of occurrence are faster for the 
more frequent alternatives has mainly been studied in 
tasks with a 1:1 correspondence between stimuli and 
responses’-®. In such situations, stimulus and response 
relative frequencies are confounded and it is impossible 
to tell which variable is critical ın determining the reaction 
time. An answer to that question would help to locate 
preparatory adjustments in the cham of processes inter- 
vening between reception of the stimulus and production 
of the response. 

Separation of stimulus from response effects can be 
achieved by considering situations where more than one 
stimulus corresponds to each response, as was previously 
done for the case of number of categories’? and also 
for that of transition effects’. Frequencies can be arranged 
so that, for example, stimuli of equal frequencies call for 

onses of unequal frequencies. 

me A the experiment reported here, there were always four 
stimuli, with relative frequencies 0-55, 0-15, 0-15 and 0-15, 
and two responses, each response corresponding to two 
stimuli. Response frequencies were thus 0-70 and 0-30. 
For convenience, stimuli will be labelled as follows: 
HH (high stimulus frequency, 0-55; high response fre- 
quency, 0°70); LH (low stimulus frequency, 0-15; high 
response frequency, 0°70); LL (low stimulus frequency, 
0-15; low response frequency, 0:30). If reaction time was 
affected by response frequency, apart from stimulus 
frequency, the prediction was that it would be shorter for 
stimulus LH than for both stimul LL. If in addition 
stimulus frequency per se had no effect, stimuli HH and 
LH would produce about the same reaction times. 

The stimulus display consisted of a ‘Nixie’ indicator 
tube (Burroughs Cn. B 50113) with letter-shaped cathodes, 
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fixated on vertical panel at eye level, and covered by a 
red glass to reduce brightness. The response consisted 
of pressing one of two horizontal keys. The beginning of 
each trial was signalled by a brief flash in a pre-warnmng 
lamp mounted 2 cm above the ‘Nixie’. One second later 
a warning click was delivered through earphones, and was 
followed after a constant foreperiod of 0-5 sec by the 
appearance of one letter on the ‘Nixie’. The sequence of 
stimuli was controlled by a punched tape reader. Reac- 
tion times were measured on a decade timer. 

Eight paid volunteers were submitted to a hundred 
trials on each of five sessions. Four stimulus sets (WT'-SN; 
XM-TL; TM-WR,; RM-TX) were used. Each subject 
worked with the same set and the same stimulus-response 
code throughout. Each stimulus set was given to two sub- 
jects with two opposite stimulus-response codes. The 
relative frequencies of occurrence of the four letters were 
varied from session to session. On session one, the 
practice session, all letters were presented with equal 
frequencies. On the four experimental sessions, the relative 
frequencies were 0:56, 0-15, 0-15, 0-15, each letter being the 
frequent one on one session. The stimulus-response 
correspondence was displayed on a strip of cardboard 
under the ‘Nixie’, and the frequent letter was encircled. 
On the exper:mental sessions, the subjects were told after 
each trial whether they had been ‘“‘fast’ or “slow”, 
meaning faster or slower than the average reaction time 
of the previous session. Premiums were given for fast 
reactions, and penalties levied for errors, at the rate of 
five fast reactions for one error. 

Fig. 1 shows that the mean correct reaction time is 
systematically shorter for stimulus HH. This effect is 
shown by every subject at every session. On the other 
hand, there is no tendency, at any stage of practice, for 
stimulus LH to produce shorter reaction tumes than stimuli 
LL. In the second session, it gives in fact longer reaction 
times (seven subjects out of eight, P = 0-07 by a two- 
tailed sign-test), but the difference disappears on the 
following session. 

It is clear that in this situation, the relative frequency of 
the response does not affect the reaction time, and that the 
only critical variable is the relative frequency of the 
stimulus. There is no detectable trend in the direction of a 
response effect, and one has thus no reason to suspect 
that further practice would substantially alter the picture. 

Further experiments are needed before the conclusion 
can be extended to situations with more than two responses 
or more than two stimuli for each response. If they 
were confirmed, the present results would imply that the 
short reaction times to frequent signals are achieved by 
preparation of the early stages of the information proces- 
sing mechanisms, those concerned with the identification 
of the stimulus. It must be emphasized that in this experi- 
ment, care has been taken, when arranging stimulus 
sets, to avoid pairs with obvious perceptual similarities, 
like P and R. If both letters of such a pair called for the 
same response, the analysis of the stimuli could presum- 
ably be reduced to the time necessary for detection of the 
common element, and results suggestive of s response 
effect might be produced. 

The fact, apparent in Fig. 1, that the proportion of 
errors is much larger for stimulus LH than for HH can be 
considered as another aspect of stimulus-specific prepara- 
tion. 

Note added. This communication had been submitted 
for publication when an experiment by LaBerge and 
Tweedy’, exploiting the same basic approach, came to our 
notice. The subjects had to give one response to the 
occurrence of one stimulus—a green rectangle—and an- 
other response to the occurrence of either of two other 
stimuli—e blue or a red rectangle. The probabilities of the 
responses were held constant at 0-40 and 0-60, but the 
probabilities of the two stimuli calling for the 0-60 res- 
ponse were shifted at certain points from 0-30-0-30 to 
0-10-0-50 and then to 0-50-0-10. The shifts produced 
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stumull LL (low stimulus frequency, 015; low response frequency, 0-80). 


significant changes in corresponding reaction times. This 
demonstration of the stimulus frequency effect is similar 
to that deriving from the comparison of reaction times 
to stimuli HH and LH. On the other hand, LaBerge and 
Tweedy found that the response to the green stimulus 
was always slower than the response to the two other 
stimuli when these were equiprobable, and as slow as the 
response to the low frequency (0-10) blue or red stimulus 
when the frequency bias was introduced. They interpret 
this finding as showing that a strong response frequency 
effect is present beside the stimulus frequency effect. 

This conclusion is of course not confirmed by the results 
of the present experiment, which has been specifically 
designed to test for the presence of a response effect. 
An alternative explanation for LaBerge and Tweedy’s 
results would follow from the remark about the possible 
role of perceptual similarity which has been made before. 
It is conceivable that a common test for the detection of 
blue or red can be established. Because this combined 
event had the higher probability, it was worth starting 
with this test, and such a strategy would explain that 
reaction times to green were slower. When, for example, 
blue was made more frequent, the test was changed into 
one for reddish blue permitting a fast detection of blue and 
a slower detection of red. 

This work has been partially subsidized by the Belgian 
Fonds National de la Recherche Scientifique in the form 
of a Crédit aux Chercheurs. 


PAUL BERTELSON 
FRangorse TISSEYRE 


Laboratoire de Psychologie, 
Université Libre de Bruxelles. 


2 Bertelson, P , and Barreele, J., J. Exp. Peychol., 70, 448 (1965). 
*Palmagne, J. 0., J. Math. Paychol., 2, 77 (1065). 

3 Fitts, P. A., Peterson, J. B., and Wolpe, G., J. Ezp. Psychol., 85, 607 (1663). 
t Hyman, R., J. Exp. Psychol., 45, 188 (1958). 

t Leontiev, A. N., and Kriunchik, E. P., Soviet Psychol. Psychiat., 1, 24 (1968). 
*Morin, R E., Forrin, B., and Archer, W., J. Exp. Psychol., 61, 89 (1981). 

1 Rabbitt, P. M. A., Nature, 183, 1212 (1959). 

* Bertelson, P., Natures, 208, 217 (1965). 

? LaBerge, D., and Tweedy, J. R., J. Bap. Peychol., 88, 477 (1984). 


+ 


DECEMBER 3, 1966 


FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


No 3066 


Monday, December 5 
PLASTICOS INSTITUTE (at the Institution of the Rubber Industry, 4 Konsing. 
ton Palace Gardens, London, Te at 2.30 p.m.—Dr. J. B. A. Pearson 
“Anomalous Flow ın Polymer Melts 


UNIVERSITY COLLEGE LONDON (in the Ph oia 
Tondon, W.C.1), at & pm .—Prof, R. B. Po 
Anti body Structure”. 


Thente; Gower Street 
“Recent Btudies of 


INSTITUTION OF ELECTRICAL ENGINEERS (at Savoy Place, London, W.0.2), 
at 5.80 p.m.—Discussion meeting on ‘Temporal Development of Spar. 
Sree in Nitrogen and Air’ opened by Dr. D. J. Tedford. 


‘AL INSTITUTION, LIBRARY CIROLR (at 21 Albemarle Strest, London, 
at 6.80 Ray Sa Jessie Dobson. “Medical Education in the 
n 


s an O TOURATHIOAT Soormty (at 1 Kensington Gore, London, 8.W.7), at 
—''The Last Pilgrimage” (colour film with commentary by Mme. 
on Th. “Uliens de Schouten) 


ROYAL Soorsry oF ARTS (at John Adam Street, Adelphi, London, W.C.2 
at 6 p.m.—Sir Bertram Waring: “Management Orgamzzation and Effieleni 
(last of three Cantor Lectures on “Human Problems in Industry”). 


SOCIETY OF CHEMIOAL INDUSTRY, LONDON SECTION (at 14 Belgrave Square, 
London, 9.W.1), at 6.30 I eee Frank Morton: “Education and the 
Chemical Industry—The ging Pattern” (Jubilee Memorial Leoture). 


Ww, 
Eigh 


Tuesday, December 6 


IXSTPTUTION OF OHEMIOAL ral ay SOUTH EASTEEN BRANCH (joint 
eating with the Chemical Engineer! ot of the Society of Chemical 

Industry, at Victoria Halls, Victoria House, Southampton W, London, 
W.C.1), at 9.15 a.m.—Symposium on “Design for Safety”. 


ROYAL SOOIETY OF ARTS, COMMONWEALTH SHOTION (at John Adam Street, 
Adelphi; Lon London, W.C.2), “at 5.15 p.m.—The Hon. Sir Alexander Downer, 
“The Influence of Immigration on Australia’s National Character’ 

<8ir Thomas Holland Memorial Lecture). 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SEOTION (at the Eccleston 
Hotel, Victoria, London, 8.W.1), at 5.80 p.m.— Research Discussion Evening. 


UNIVERSITY OF LONDON (at the Institute of Child Health, Guilford Street, 
London, W.C.1), at 5.36 pni A ‘A. M. Dawson: “Small Bowel Enz es 
with special reference to ‘bohydrate Absorption”. ‘ourteenth of 
lectures on “The Scientific Basis of Medicine” ee by the British Post- 
graduate Medical Federation.)* 


INSTITUTION OF ELECTRONIC AND RADIO ENGINEERS, RLECTEO-ACOUSTIOS 
Gznour (at the London School of H. lone and Tropical Medic:ne, ne. Koppel 
Street, wer Street, London, W.C.1 6 p.m.—Mr. F. H. Brittain 
Introduction to Acoustic Measurements” 


ROYAL METHOROLOGIOAL SOCIETY 
Tondon, 8.E.1), at 6 p.m.—Mr. L. P. 
{to be repeated on December 7). 


PLASTIO INSTITUTE, LONDON SECTION (at Imperial Chemica House, 
Millbank, Tondon 8. we , at 6.30 p.m.—Mr. J. J, Boam: “Water Soluble 
Resins”; Mr. P. d H : “Acrylic Resins”. 


BOOIETY FOR ANALYTICAL OHBNISTRY, ATOMICO-ABSORPTION SPECTROSCOPY 
GROUP {at the Ro Astronomical Society, Burlington House, Piccadilly, 
London, W.1), at 6.80 p.m.—Second Annual General Meeting, follow! by s 

TERIOR ting on “Resonance Detectors and Their Future Effect on 
Atomic Absorption Spectroscopy” opened by Afr, AL D. Amos. 


INSTIFUTION OF ELEOTRICAL ENGINEERS, LONDON GRADUATE AND STUDERT 
acti (at Enfield College of Technology, Queensway, Bnfiold), at7 ia), at 7 pA .m.— 
Dr. D. N. Truscott; “Process Automation and the Electri 


in the Conference Hall, County Hall, 
muth: “Meteorology and Agriculture” 


Wednesday, December 7 


UNIVERSITY OF LONDON (at the Postgraduate Medical School of pene 
Du Cane Road, London, W.12), at 2 p.m.—Prof, F. T. G. Prunty: ren 
Techniques in the Investigation of Abnormalities of Androgen Rabon d 


UNIVERSITY OF LONDON (in the Engineering Lecture Theatre, University 
College, Gower Street, London, W.C.1), at 6 p.m.—Prof. Otto Mohr (Technical 
University of Berlin}: “The Participation of Industrial Firms in Engineering 
Education in y”.* 


ROYAL Socrary oF MEDICINE, HISTORY OF MEDICINE SHCTION (at 1 
Wimpole Street, London, w m at 5. 16 p.m.—Prof. T. McEwen: “The Seed 
Bag and the Urn" (Malthus Commemoration Meeting). 


TXSTITUTA 0 F MATHEMATIOS AND ra, APPLICATIONS (in Lecture Theatre 
No. 2, Phymoa Department. Imperial Collage, London, 8.W.7), at 5 30 p.m.— 
Dr. Q. E. Gadd: “Onderstanding Ship Resistance Mathematically”. 


INSTITUTA OF PETROLEUM (at 61 New Cavendish Street, London, W.1), 
at 5.30 p.m.—Mr. M. E. Hubbard: ‘‘The Comparative Coats of Ol Transport 


—To and Within Europe”. 
INSTITUTION OF ELHOTRORIO AND RADIO ENGINWERS, RADAR GROUP 
gt E Bedford; Square. London. W.0. 0. De at 6 p.m.—Mr. D. H. Boycott, Mr. 
L. Hillman and Mr. J. H. G. H : “The Design of Radio d avigation 


Stations for Unattended Operation”. 


PHARMACBUTIOAL SOOIETY OF oa BRITAIN (at 17 Bloomsbury Square, 
London, W.C.1), at 6 p.m, mre W. Hadgraft: ‘Pharmaceutical Science 
and the “Hospital Pharmacia * (Harrison Memorial Lecture). 


ROYAL SOCISTY OF ARTS of John Adam Street, Adelphi 
at 6 p.m.—Prof. D. Gabor, F.B.S.: “Holography—P 
Lenses in Three Dimensons"’. 


» London, W.C 2), 
tography "Without 


NMUNTAL ENGINEERS, PACKAGING GROUP (in the 
Mechanical Engineering De nt, Imperial College, Exhibition Road, 
London, 8.W.7), at 6 p.m, A H. 8. Kenyon: ‘Environmental Faotors in 
Military Packaging Req ts”. 
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BOCIRTY FOR ANALYTICAL CHEMISTRY (in the Chemis t, 
Imperial College, South Kensington, Lon n 8.W.7), rd ee 
Zaman: Organic Polarography in the Determination of Physical Constants” 


Thursday, December 8 


‘AL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9.45 a.m.— 
Pee he J. Harrison: “Biological Communication” (Civil see Lecture), 


-Rovat Sootnty (at Burlington House, Plocadilly, London, W.1) at 430 
m.—Prof. P. W. Bran, F.B.8.' “Obligate Parasitism ‘ 
souwonhoek Lecture). ace ta Mingi: (Tho 


UNIVERSITY OF LONDON (ın the Engineering Lecture Theatre, Universi 
College, Gower Street, London, W.O. iat 5 : m.-~Prof, Otto Monr (heck. 
apis of Option of Uetaaddotn a arn a wontons Saa de Bs 
ration o uo asa of Nonlinear 
DP (further lecture on December 9).* n 


INSTITUTE OF PETROLBUN, EOONOMICS AND OPHRATIONS GROUP (at 61 
New Cavendish Street, London, W.1), at 6.80 p.m.—Mr, Searby: 
“Atomic Energy”. l Ps Ta by: 


INSTITUTION OF ELECTRIOAL ENGINENRS 


at Savoy Place, 
At 5: 30 go pm. m. Go meeting on on Highs 4 roe As P), 


-Voltage Switchgear” opened by 


et oF Lomnox (at the Institute of rata galeh Guilford 
London, W.0.1), at 6.30 p-m.—Dr, Ina J. “The Pathelone at 
Post-Traumatic Dementia of inten Jootutes on “Tho Scientific 
Hee Medicine” organized by the British Postgraduate Medical Federa- 


INSTITUTION OF ELECTRONIO AND RADIO ENGINEERS, JOINT LER ~ 
LE. E. ourora GROUPS (at the London School of Hygtene and Tropical 
Medicine, Keppel Street, Gower Street, London, W.C.1), at 6 p.m—Collo- 


quium on nature Computers", 
Om AND COLO CHEMISTS’ Loxpon Sorrow (in the 
Physics De nent. Imperial Coll Ponders poo ees » at 6.80 Mr. 
ee fates: “Moetallo-Organio rimer Coat ngs pa 


SOCIETY FOR ANALYTIOAL CHHAMISTRY, Brórocióat, ALarnops GROUP 
“The Feathers”, Tudor Street, London, B C.4), at 630 aa Teeatee 
second Annual General Meeting followed by an Informal Discussion on “The 
Principles of Immunoassay” opened by Dr. K, W. Taylor. 


ROYAL SOOIBTY OF TROPICAL MEDIOINE AND HYGIENE {at Manson House, 
26 Portland Place, London, W.1), at 7.30 p.m.—-Colonel Traub (U.8.A.): 
“Some Unusual Aspects of the Epidemiology of Scrub Typhus in Pakistan”, 


SOOTY of CHEMICAL INDUSTRY, O18 AND Fats GROUP (Joint meeting 


with the = Section, at the onal Coll of Techn 
treet, Liverpool, 3, at 7.30 p.m.—Dr. W. D. Raymond. oTi Hata and and 


Thursday, December 8—Friday, December 9 


UNIVERSITY Or LONDON (in Lecture Theatre 1, Department of Chemical 
Engineering and Chemical Technology, Imperial College of Science and Tech- 
nology, London 8.W. ak at 11 a.m. and 2.15 p.m. daily—Dr. Myron Tribus 
(Dartmouth Collage Hanover, Now Hampshire): Bymposlum on “Informa- 
tn Tor in Boonies and Enginsering—with special reference to Thermo- 


Friday, December 9 


BloowwMicaL Socrmry (at the Institute of crepe oe Manudale 
Hospital, Denmark Hill, London, 8.B.6}—466th Programme 
include a Collogquam on “Cerebral Constltuonts and Temtation? 


ASSOCIATION OF APPLIED BIOLOGISTS (at the Royal Soclety of Arts, John 
Adam Street, Adelphi, London, W.C.2), at 11 a.m eo Bclanttg Povo m 


INSTITUTION OF ELECTRIOAL ENGINEERS (at Savoy Place, London, W.C.2), 
at 5.30 p.m.—Discuasion meeting on “Rati of Bingle-Phase yitthour 
Meters for Domestio Premises” opened by Mr. L. B. 8. Golds and Mr. H 

vegrove. 


SOCIETY FOR ANALYTICAL CHEMISTRY, MIOROOHEMIOAL METHODS GROUP 
{at the Royal Society, Burungton House, Piocadilly, London, W.1), at 6.45 

.m.—Twenty-thırd Annual General Meeting, followed by Mr. R. Goulden. 

‘Some Arorgohomioal Methods of Use ın Pesticides Analysis” {retiring Chair- 
man’s dress, 


ROYAL THLEVISION Soorsty (at 70 Brompton Road, London, 
7 p.m.—Mr. T. Chapman: 
Selection”. 


Roya [xsrrrvrion Ag 21 Albemarie Street, Tondon, W.1), at 9 pm. as 
Michael Swann, F.R. “Quality in the Adst of ,Quantity—-The Pro 
of Science and the Rete pone the Robbins Age”. 


8.W.3), e 
“A Mults-Directional Scanner for Commodi 


Saturday, December 10 


Ixnug LONDON EDUCATION AUTHORITY (at the Horniman Museum, 
London Road, Forest Hill, London, S.B. 28), at 3.80 p.m.—Mr. B. L. 8. 
Bruce-Mitford: “The Button-Hoo Ship-B: a 


Monday, December 12 


TASTITUTION OF ELECTRICAL ENGINEWRS, LONDON GRADUATE AND STUDENT 
SECTION (at Savoy Place, London, W.C.2), at 6.30 p.m.—Ar. J. A. Batolffo, 
C.B., C.B.B., F.R.8.;: Presidential Address. 


ROYAL GEOGRAPHIOAL SOCIETY (at 1 Kensington Gore, London, 
H. Lamb: 


B.W.7), 
at 8.15 p.m.—WMr. H. : “Britain’s Changing Climate”. : 


Monday, December 12—-Saturday, December 17 


UNIVERSITY OF CaMBRIDGB, Sonoor or CLINICAL RESEAROH AND POST- 
GRADUATE MHDIOAL TEACHING Ant ch urchill College, Cambridge)}—~Introduc- 
tory Courso on “The Biology of 
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APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

LABORATORY SUPERVISOR (preferably with a pass degree or equivalent 
qualification, and experience in running pink or biochemistry laboratories) 
IN TUE DBSPARTMENT OF BroloGy—The University Seoretarv, University 
House, Bailrigz, Lancaster, quoting Ref. L.188/B (December 12). 

ASSISTANT (with a degree ın pharmacy) IN Peon or—The Registrar, The 
University, Manchester, 13, quoting Ref. 245/66 (December 1 

STAFF TUTOR (with a good honours degree in physics) oF ae PHYSICAL 
SorENoEsS—The Registrar, University College of Bouth Wales and Monmouth- 
shire, Cathays Park, Cardiff (December 14) 

Sexton LECTURER or LECTURER IX SocloLOGy—The Registrar, The 
University, Hull (Dooember 1 TO 

Sexton LECTURER IN CHEMIATEY—The Registrar 
coe of Biratnelyde; par Street, Glasgow, C.1, quoting Ref. 67/66 

acom 

LECTURER or ASSISTANT LEOTURER (preferably with research interests in 
mathematical pay) Tk MATHBMATIO8-—The Deputy College ecu 
Westfield College niversity of London), Kidderpore Avenue, Hampestea 
London, N.W.3 mber 17). 

LECTURER IN MEDIOMNE—The Registrar. The University, Sheffield Disem: 


ber 21) 

ASSISTANT LECTURER IN PHILOSOPHY—The Registrar, The University. 
Hu ll (December 30). 

TROTURER or ASSISTANT LROTURER ee wish ra with research interests in 
the application of computers) IN THE CENTRE—The Re 
University of East t Anglia, Earlham Hall, Norwich, NOR 88C (Decem. 

LECTURER or ASSISTANT ae ee a good degree, preferably in the 


W.0, r ( 
Loreen (preferably with experience in either palaeontology and strait 
gtaphy, or engineering poolo and hydrogeology) IN THE DBPARTMENT 0: 
gt ken University an, Nigerla—The Inter-University Council, 
88 Bedford Place, Landon; W.C.1 (December 31), 
PROFESSOR OF MATHEMATICS, ASSOCIATE PROFESSOR OF MATHEMATICS 
and an ASSISTANT PROFESSOR OF ALIATHEWATIOS—-The Dean of Arts and 
Sclence, Brock University, 8t. Catherines, Ontario Canada (December 31). 
ASSISTANT DIREOTOR OF RESEARCH IN THE DEPARTNENT OF ANIMAL 
PaTHOLOGY in the School of Veterinary Medicıine-——G. R. Anderson, General 
Board Office, Umversity of Cambridge, The Old Schools, Cambridge (January 


14). 

CHAIR OF PHYsIOAL CHEMISTRY —The Registrar, University of Strathclyde, 
George Street, Glasgow, C.1 (January 14). 

LABORATORY SUPERINTENDENT (of Lecturer Status) IN THE DEPARTAMENT 
OF CHEMISTRY, to undertake teaching and research in some branch of 
chemistry, as well as admimustrative duties—The Secretary, University of 
Edinbargh, Old College, South Bridge, o, Edinburgh (January 15). 

LEOTURHR (prefera ly with & medical ut the holder of a degree in 

logy will be considered) IN PHARMACOLOGY at the Universit; 
pe Town--The Secretary-General, Association of Commonwealth a 
vereities (Branch Office), Marlborough House, Pali Mali, London, 8.W.1; 


and The Registrar, University of Cape Town. Private Bag Rondebosch, 
Capo T Town, South Africa (Jannary 16). 
ENIOR LECTURER or LECTURER ey. with special interests in 


classical or functional analysis) IN cs in St Salvator’s Coll 
The Secretary, Univermty of St. Andrews, College Gate, St Andrews, 
Scotland (January 28). 

LROTURER (prefera iy with special interests in physical chemistry) IN 
CHEMISTRY; and a LECTURER IN ORGANIO CHEMISTRY at the University of 
Otago, Dunedin, New Zealand—The Association of Commonwealth Uni- 
versities (Branch Office), Marlborough House, Pali Mali, London, 8.W.1 (New 
Zealand and London, January 81). 

READER IN THE BIOCHEMISTRY OF CANOER IN THE DEPARTMENT OF 
CLINICAL BrooHBwstTRY—The Registrar, University of Newcastle upon 
Tyne, 6 Kensington Terrace, Newcastle upon Tyne, 2 (January 81 

ASSISTANT PROFESSOR IX THE DEPARTMENT OF ZOOLOGY—Tho Head, 
Department of Zoology, University of Western Ontario, London, Ontario, 


BIOOHEMIST (with at least a first- or second-class honours degree or equiva- 
lent, and 1 preferably. a knowl of vabtarlólo ) initially for research into 
the behaviour of proteins in kz and during cheesemaking—The Secretary, 
the poha Instituto for Research In Denying (University of Reading), Shinfleld, 
Reading, Berks, quoting Ref. 66/30. 


GRADUATE RESBAROH ASSISTANT to participate in a research project con- 
cerned with pa telot havur and blood chemistry in arterial thrombosis 
and myocar infarction—The Secretary, St. 8 Hospital Medical 


School, Paddington, London g W.S. 

MASTER to take charge of ‘physics teaching throughout the 8chool—The 
Master, Wollington College, Crowthorne, Berkshire. 

POSTDOCTORAL BHSBARCH ASSISTANT (with previous experience in the 
field of glycogen metubolisns. or {n the fractionation of particulate cellular 
constituents) IN THE DEPARTMBANT OF BIOCHEMISTRY for work on the ultra- 
structural aspects of glycogen metabolism—Prof. W. J. Whelan, Royal Free 
Hospital School of Medicine, Hunter Street, London, W.C 1 

RBSEARCH ASSISTANT IN THR CHEMISTRY Der ARTATMST for full-time 
research into the radiation hazards presented by artificial radioactivity in the 
envirooment—-Dr. on Chemistry Department, The University of 
Glasgow, Glangow, W 2. 

ReESHARCH ASSISTANT (preferably with previous experience n biooheniatiy. 
biophysics or physiology and in the use of isotopes) IN THE METABOLI 
Uxit—Tho Medical Supermtendent, Western General Hospital, Edinburgh. 

RESEARCH ASSISTANT, RASHARCH FELLOW or RESEARCH STUDEXT (with 
an honours degree in a relevant subject sach as apphed mathematics, physics 
or numerical analysis) at the Tidal Institute and bservatory, to participate 
In a two year reeearch project to study the generation, propagation and 
methods a forecasting storm and related tidal phenomena in the 
North Sea and adjacent areas—-The Registrar. The University Liverpool, 
quoting Ref 302 

RESEARCH ASSISTANT (m with a degres or equivalent qualification, and 
Peete experience 1n the measurement of the properties of dielectrics or 

gh-voltage engineering) IN THB DEPARTMENT OF KLEOTRIOAL ENGINEBRING, 
for research into dielectric The Registrar, Quen to high xaltaga, reot 
current power transmission—The Regis ueen Mary College (Univermty 
of London), Mile End Road, London, E 1 

BEsHAROH ASSOCIATE (post-doctoral or equivalent experience) to complote 
a 3-year project already commenced involving mucro-biolomical and bio- 
chemical investigations of the breakdown of pymdine- and nitroaromatic- 
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based herbloides-—Dr. i B. Cain, Department of Botany, The University, 
Newcastle upon Tyne, 1. 

TECHNICIAN IN THE DEPARTMENT OF CHEMISTRY to assist in the routine 
operation of two mass spectrometers (A.E.1. MS 12 and MB. 8)— 
Laboratory Superintendent. Department of Chemistry, The University, 
Oxford Road, Manchester, 13. 


REPORTS and other PUBLICATIONS 


(not included ın the monthly Books Supplement) 


Great Britain and Ireland 


Industrial Pest Control Association. Pest Control Products and Services. 
Pp. 72. (London: Industrial Pest Control Association, 1966.) 5s. 199 
Mintatry of Technology. Building Research 1965: The Report of the 
pulding Research Station Steering Committee with the Report of the Direc- 
aldini, Research. SIX pragt 1e plates. (London: H.M. 8ta- 
tionary Office, 1966.) 148. net. ee 
wo 'todactory Practical Metailography : a basic Course of Microstruc 
nae prea mens. By Dr. A. B. Batley, Second edition. 
Role Of Mirostructure In Metals: an Introductory a 
bes we ieee Pp. v+65. 16s. 6¢. (Betchworth, Surrey: 
Services, 

BBC Engineering onder Ko. 63: The Design of Transmission Tanes 
and Single-State Switching uits for a Line-8tore Standards Converter. 
By . Rout, W. K Geddes and A. H. Jones,. Pp. 27. (London: 
British Broadcasting Cor eat: 1966.) 5s. [199 

The Nationa) Council for the Unmarried Mother and Her Child. Annual 
Report, April 1965—March 1966. Pp. 56 (London: The National Connen 
for the Unmarried Mother and Her Child. 1966.) [199 

Ministry of Power. Safety in Mines Research 1965: Forty-fourth Annual 
Report of the Safety in Mines SET Ta rer tea Pp. 88+4 plates. 
(London, H.M. Stati Ra Office, 1 88, n 209 

The Figlu Test for Follo Acid Deon. “Bp. 7. (Poole: The B: (20 


Driana Vol 82, No. 407 (September 1966): Trends in Paychogerlatn 
ol. 82, No. ember nds in 
are: Pp. 159-104. (London: Political and Economic Planning, 19985 

© os sintetry of Health; Scottish Home and Health Department. Radio- 
logical Hazards to Patients: Final Report of the Committee. Pp. v+ 38. 
(London: H.M. Stationery Office, 1966) 8s. 6d. net [219 


Other Countries 
World Health O; ization. Public Health Papers, No. 30: Nolse—An 


Occupational and Public Nulsance. By Alan Bell. Pp.131. (Geneva: 
World d Health Organization; London: H.AL Stationery omt, 1966.) one 


al Fs 33. 
©. pean 


francs; $2. 
Pabiteat ions de l'Institut National pour l’ tude Agronomique du Congo. 
Série Technique No; 74: Plantation de Pins dans le Hant atanga., Par 


Paulie Science Çongresa Honolulu, “Hawa, 1961. pre, fot 
Hawail: Blahop Museum p 
Institute of and aeee Crate. “Collection of Summaries. Vol 5: 


Papers Published by the Sorentific Workers of the Institute in 1985. Pp. 36. 
(Praha, Institute of Sera and Vaccines, 1966.) [209 

On the Nature of Universal Cross-Action. By Mason M. Taylor, Pp. 70. 
(New York: Dodd, Mead and Company, 1966.) 209 

Report of the International Clearinghouse on Science and Mathematics 
Curricular Developments 1966. Compiled under the direction of J. David 
Lockard. (A Joint Project of the American Association for the Advancement 
of Botence and the Selenting Teactun; „Center, University of Maryland.) 
> AAAS. Se rakes Clearing- 


Commonwealth of Austrahba: B 


Geophynics. De ent of National Developm: a : 250, 000 Geological 
Series. Explana' ntory Xot Sotes, Cooktown, Qld., Bhoot sD/éE18. International 
Index, Compiled Lucas and de Ke: Pp. 82. ¢ 


. (Parkes, 
A.C.T.: Bureau of E Guoan a Geology and Seoph ics, 1965.) (200 
Annals of the New York coma of Sciences. Vol. 186, Article 2: 
Laminar Flow of a Composite Fluid~—an Approach to tho Rheology of Blood. 
By aye Nubar. Pp. 88-68. (New York: New York Academy of Belenos, 
1986.) $2. 
Ceylon: “National Museums Department. Administration Report Ri the 
Director of National Museums for 1968-614. Pp. 23. Administration Report 
of the Director of National Museums for the Financia! Year 1964-65. Pp, 28. 
(Colombo’ National Museums Department, 1965 and Ewe [229 
Annals of the Transvaal Museum. Vol. 25, No. 3 eck-List, with 
8 tie aan to ve Snakes of Southern Africa. By V. Fitzamons, Pp. 
35-80, Vol. 28, . 4: 7 
(Gren Rea wae Vol. 25, No. 5: On Equus (Hippoty 


Gray) from “Sterkfontein Extension” Transvaal, Sout rea Wey ie 
endreg. 91-08. Vol. 25. No. Notes on Non-Marme Afoll tom 
Mozambigue uid Bechuanaland, vi a Checklist of Bech uanaland 8 wine 


By A. 0, Van Bruggen. Pp. 990-112 + 
of Lamunae (Coleopt era’ Cerambycidae) from Southern Aica. By J. W. 
foe Stephan Breuning. Pp, 113-116. (Pretoria. aL 
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Atomic Absorption Plus 


For high speed analysis by atomic absorption 
you need the comprehensive facilities of the 


Unicam SP90 Spectrophotometer. You need the 


selection of cathode lamps, burner fuels, wave- 
lengths, slitwidths and scale expansion to suit 
your analysis exactly. You will value the facility 
for flame emission. Your most inexperienced 
operators will appreciate the burner system— 


UNICAM. 





Precision 
Spectrophotometers 








totally enclosed for high stability and safety. 
When your operating routine is established you 
will consider automatic operation. With the 
SP90 you can attach an automatic sample 
changer, plug in a recorder, load 32 samples and 
let the system operate unattended. The 

Unicam SP90 offers the finest value available. 
Send for details today. 





Tel CULMS awanan 
Te upueta 1000 


Unicam Instruments Limited 
York Street Cambridge England 
Telephone Cambridge 61631 Telex 81215 
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Some Restrictions on Models of Quası-stellar Chie 
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Density and Pressure in the Chapman—Jouguet Plane as Func- 
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oe age Shock.—Dr. A o Senine eee an L 

ielow . x 
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S. B. Digby ; r 
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Factor ın Serum inhibiting Bone Marrow Mitoses after X- 
irradiation of the Spleen.—B. Dalos i 
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WHAT KINDS OF CITIES? 


Tue Greater London Council, a newcomer among public 
authorities, is saddled with the considerable responsi- 
bility of making a long-term plan for the development 
of what remains one of the largest conurbations in the 
world. The council is due to finish its work by the end 
of 1968, and it has taken the wise precaution of making 
public its preliminary ideas about city planning and 
about the future of London. What it has to say is 
important not merely for the eight million people 
living in the London area but also for those who live in 
other cities. After all, hints about the developing 
quality of urban life are to be cherished, sometimes as 
signals for protest and rebellion. From this point of 
view, the interim report on the planning exercise will 
be read attentively, for it contains much that is muddled 
and much that should provoke quite eloquent protest. 

The first need in planning is to know what is to be 
accomplished. A city is a device for serving the 
diverse needs of its inhabitants, so that the starting 
point for planning should be an analysis of the features 
of city life which city dwellers consider to be important. 
At this stage, in other words, the G.L.C. should be 
deeply engaged in a fundamental programme of social 
research intended to discover not merely how many 
people commute to work and own lawnmowers, but 
what proportions of them would welcome æ chance 
to exchange these habits for others. The problem is 
always to strike a balance between the great advantages 
of city life, social, cultural and economic, which are 
in some way or another functions of the size of the 
population, and the great disadvantages of noise, 
smoke, wasted time and congestion—also dependent 
on size. Ideally, a city should provide as many 
opportunities as possible for fruitful contacts between 
its inhabitants without offending their sensibilities, 
which means that it is necessary to find out not merely 
how people will exchange amenity for social contact 
but also how the development of technology, present 
and imminent, may shift the balance. Unhappily, 
the G.L.O. seems more satisfied with rules of thumb 
and platitudes such as ‘“‘the purpose will be to ensure 
the most effective development of London as a whole 
so that it may play its proper part as the political 
and economic capital of the nation”. 

The dangers of this planning without principles are 
nowhere more clearly apparent than in what the plan 
has to say about the integration of housing and of 
transport in the London of the future. The promise 
seems to be a mixture of the ingredients of the fabric 
of city life according to the present recipe. The report 
says, for example, that the final plan is likely “to 
maintain the essential characteristics as evidenced 
from the present pattern of settlement . . . and to 


clarify and articulate the structure wherever possible”. 
Even though there is still time for the G.L.C. to change 
its mind, this looks depressingly like a promise that 
the future will resemble the present. To be sure, 
the council is likely to push on with two or three 
schemes for making something very much like parkland 
out of the Lea Valley, but, on the other hand, it seems 
determined to fight off high buildings with all the 
misguided zeal which previous London councils have 
exercised in this self-destructive cause. “Building 
high should not be a means of providing more accom- 
modation on a site than would normally be permitted”, 
says the report, which goes on to say that, before the 
Second World War, high buildings were endowed with 
the dignity of a “church, town hall or university”. 
The trouble is apparently an irrational nostalgia, yet 
there are many reasons to believe that a city the size 
of London would be better designed for its social and 
cultural functions if more people lived more closely 
packed at the centre. It is true that many existing 
high buildings have not been successful, but that should 
be blamed on their architects, not on their height. It 
would be entirely within the terms of reference of the 
London planning operation if the G.L.C. were to 
explore ways of building high successfully. 

This conservatism about the physical fabric of the 
city appears to be reflected in what the interim plan 
says about the transport system. The council seems 
to be pinning its faith on the better management of 
facilities like those at present in use although the 
London Transportation Study will be in a position to 
work out, when the planners get down to details, the 
implications of their more detailed suggestions. For 
the time being, however, the report is full of notions 
about the restriction of parking, the provision of new 
roads and keeping pedestrians away from motor cars. 
The trouble, of course, is that these devices leave out 
of account the close relationship between the transport 
system and the distribution of population. But the 
more compact the city, the less complicated is the 
transport system, the greater the opportunity for using 
new means of transport, and the greater the chance 
that city dwellers can reach the country easily and 
even keep it constantly in view from an eyrie on some 
forty-ninth floor. 

To say all this does not, of course, imply that the 
forty-ninth floor would suit everybody, or even that 
high buildings are the only way in which a city the 
size of London can be given social cohesion. Compact 
development is possible with buildings no higher than 
half a dozen stories. It is also entirely possible that 
the best design of a modern city would be some arrange- 
ment in which sub-cities with a quarter of a million 
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people or so were spaced at distances of several miles 
in a country setting, but linked together with a trans- 
port system so efficient that a person could reckon 
on getting from any point to any other in, say, fifteen 
minutes. Possibly this is the sort of thing which the 
G.L.C. intends, in its interim planning report, by the 
statement that London may come to look like “an 
irregular cellular structure, flexible in design and 
permitting variety of choice and contrast of environ- 
ment”. At this stage, however, it would be rash for 
anybody to think that he knows what would be the 
ideal shape for a city like London at the end of this 
century. The only way to decide that is to mount a 
programme of research and inquiry in which all the 
techniques of what is sometimes called systems analysis 
are applied to the problem of designing cities which are 
really big and yet congenial as well. 

This, ideally, is how the planners at the G.L.C. 
should spend the time between now and the end of 
1968. No doubt they will be inhibited from doing so 
by what seems to be the inherent incapacity of city 
planners to see that change can be swift as well as 
deliberate. And certainly it is daunting to imagine 
how radical changes in the character of large cities 
could be accomplished if these had to be constituted 
from smaller steps each of which would be attended 
by the obstacles which at present make it hard to 
divert roads or to demolish isolated buildings. But 
what may be impossible within a decade may be 
child’s play in fifty years, for the natural renewal of 
cities is surprisingly rapid on a time scale measured 
in half centuries. What this implies is that the planners 
should seek some grand strategy for replanning London 
that will provide a vision of what the city could be 
like fifty years ahead, and that they should then design 
their contemporary rules and regulations to nudge the 
city in that direction. It is true that they would have 
continually to re-define their long-term target. It is 
also true that some of their plans might be overtaken 
by unpredictable events. But that is no reason why 
the exercise should not be attempted, and, indeed, 
this is how the G.L.C. could make its reputation as a 
planning authority—and also make a city that people 
would enjoy not merely now but in the future. 


NEW DOCTORS 


Tax Harvard Medical School, long distinguished for its 
medicine, has now further enhanced its reputation by a 
series of recommendations for the recasting of the 
medical curriculum. Although the Faculty of Medicine 
is still brooding on the report of the Sub-Committee 
on Curriculum Planning, that document is likely to 
have an important influence not merely at Harvard 
but at other medical schools in the United States. 
Indeed, it deserves to be read widely in Europe as 
well as in North America, and particularly by the 
members of the Todd Commission now studying 
medical education in Britain. In spite of frequent 
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evidence to the contrary, the pattern of medical 
training is not an entirely national idiosyncrasy. 

The sub-committee starts from the view that rapid 
and planned change is inevitable in a “profession 
with its roots in science and its goal to serve society”. 
It infers that the new curriculum for the four-year 
medical school should be flexible enough to cater for 
diverse backgrounds and ambitions, and that it should 
provide the kind of training that will allow a doctor 
to go on “assimilating new knowledge after gradua- 
tion”. In practice, it would like to see less rote learning 
and less of the atmosphere of a trade school, a core 
curriculum with much more time for elective courses 
permitting study in depth, the intermingling of bio- 
logical, behavioural and clinical sciences within the 
curriculum and continuing contact with patients 
not merely so as to provide object lessons in pathology 
but also as a means of drawing out the wish of students 
to make medicine a public service. At Harvard, the 
practical value of the report will stem chiefly from the 
proposals for a core curriculum supported by elective 
courses, for this will make it possible for intending 
specialists to tailor their learning more accurately 
to their needs. Although there is no question that 
doctoring demands some measure of maturity, it is 
hard to defend the present system in the United States 
whereby four years of an undergraduate course are 
followed by four at medical school, two on an interne- 
ship at a hospital, two more on military service and 
then, at last, the kind of specialist training on which 
the practice of advanced medicine must depend. 
This pattern restricts unduly the entry of bright people 
into medicine, and the Administration’s plan to provide 
scholarships and loans for medical students will not 
fully compensate for this. The sub-committee was 
undoubtedly required to work within the existing 
framework, but there is probably much more that 
could be done to match the character of medical edu- 
cation to the contemporary needs of the United States. 

Outside the United States the importance of the 
report of the sub-committee will be its declaration of 
confidence in a more flexible and liberal curriculum. 
For if a core curriculum is viable at Harvard, it is not 
an outrageous possibility elsewhere. Equally, there 
is much of interest in the Harvard proposals that 
medical students could follow some of their elective 
special interests as if they were engaged on postgraduate 
courses in science. Alongside the core, there are 
opportunities for study in depth. Inevitably, the 
report will strike an echo from those in Britain who, 
some years ago, advocated a pre-clinical course in 
human biology which would be of value to others than 
intending doctors, followed by more conventional 
clinical training in a teaching hospital. The aims of 
the sub-committee at Harvard have also something 
in common with those of the constitution of the new 
medical school at the University of Nottingham. 
Yet this is a field in which people are unwilling to do 
things for the first time, so that proof that innovation 
does not spell disaster is enormously valuable, wherever 
it may come from. 
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NEWS AND VIEWS 


Another Accelerator 


THERE is good news this week for British high energy 
physicists. NINA, the electron accelerator at the 
Daresbury Laboratory of the Science Research Council, 
was operated successfully for the first time on Decem- 
ber 2. Designed for an energy of 4 GeV and a current 
in excess of 1 uA, early indications were that NINA 
would reach these targets easily. There are two similar 
machines already in operation—the joint Harvard- 
MIT 5 GeV machine at Cambridge, Massachusetts, 
and a machine working at near 6 GeV in Hamburg. 
The energy of NINA is lower, but the beam intensity 
is higher; currents of 0-5 uA have already been 
obtained, and currents of several uA are confidently 
predicted, although the target of 10 nA may prove 
unduly optimistic. At reduced current, energies of 
4:5 GeV have already been obtained. This has been 
achieved by efficient injection of electrons and by 
operating at much higher radio frequency power than 
existing machines. The ring around which the electrons 
are accelerated has long straight sections between the 
curved ends, which makes it possible for experimental 
apparatus to be inserted very easily. The accelerator 
is likely to be used mainly by the northern universities, 
and the universities of Manchester, Liverpool, Glasgow 
and Lancaster have already suggested experiments. 
Possible experiments are those on quantum electro- 
dynamics at very small distances, the production of 
elementary particles such as K mesons, and the testing 
of symmetry models for elementary particles. 

High energy physics is an expensive business. The 
£4-5 m which NINA has cost, however, is chicken feed 
compared with the cost of the CERN programmes, 
particularly the proposed 300 GeV particle accelerator. 
The design for this machine is now settled, but it 
remains to obtain the approval of the governments 
both for the site—twelve have been suggested so far (see 
Nature, 211, 337; 1966)—and for the budget. Although 
the question of a British contribution to this new 
machine has been discussed by the Council for Scien- 
tific Policy, no decision has yet been reached. It is 
thought that the administrators would welcome a 
chance to delay the decision for a year. 


Open Persuaders 


Some of the resentment in Britain at the departure of 
scientists and engineers for the United States has been 
embittered by advertisements appearing in the United 
States which offer to help American employers recruit 
from the United Kingdom. One offender is Careers 
Incorporated of Los Angeles, New York and London, 
which provides a kind of packaged deal for intending 
employers. The company quotes a number of American 
corporations, including Ampex, Avco, Bell, Bendix, 
Boeing, Douglas, General Dynamics, Genera] Electric, 
Grumman Aircraft, Itek, Texas Instruments, United 
Aircraft and Westinghouse, among its customers and 
is now seeking to extend the use made by American 
companies of what are called the “Career Centers”. 
Careers Incorporated said in a brochure distributed 
early in 1966 that “this June another group of American 
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employers will use the Career Center method to hit 
England hard” and also promised intending users of 
the service that they will be “completely protected 
from bad ‘brain drain’ publicity” because of the 
confidential character of their involvement with Careers 
Incorporated. The company was then hoping to have 
2,000 British scientists on its books by June. American 
employers were offered a 10 per cent discount for 
signing up before May 16 and were told that the fee 
for using the Career Center in London for one week 
during 1966 would be $3,250—a charge which included 
hotel accommodation. The company’s brochure also 
suggests to potential employers in the United States 
that the cost of moving a British family to California, 
“air travel and household goods complete”, amounts 
only to $1,500. 

Although there is no suggestion that Careers Incor- 
porated does anything but make it easier for those who 
wish to move to the United States from England to do 
so, the frankness of its advertising seems to have 
caused dismay in influential circles in Britain. An 
official of Careers Incorporated said on the telephone 
earlier this week that operations similar to that carried 
out this year would be mounted in 1967, probably 
beginning in February or March. 


Television Discreet 


A FORM of television so discreet that even the British 
House of Commons might feel enthusiastic about ‘it 
was described by Dr. L. H. A. Pilkington at the Royal 
Institution on Friday, December 2. The system uses 
two lasers. Light from the first passes through an 
optical system and scans the object. The scanning 
light is scattered and picked up by means of a photo- 
multiplier tube, which converts it into electrical 
energy. The signal is then amplified and used to 
modulate the output of the second laser. The varying 
intensities of light from the second laser pass through 
the same or a similar optical scanning system which 
converts its signal back into a representation of the 
object. The system therefore replaces both the 
television camera and the television set. 

In simple form the system can only show one- 
dimensional objects, but Dr. Pilkington also demon- 
strated a more sophisticated design developed by the 
Perkin-Elmer Corporation in the United States. This 
can show two-dimensional pictures on a television 
screen, and has some distinct advantages compared 
with conventional systems. Since the scanning laser 
is its own light source, no lighting apparatus is needed. 
In the Royal Institution lecture theatre the system 
operated in almost complete darkness, and produced 
clear pictures on the screen. Since the laser camera 
does not focus light and form images in the same way 
as a conventional camera, it is free from depth of focus 
restrictions. 


Flans for Caltech 


A new 60 in. telescope for the Palomar Mountain 
Observatory was promised by the president of the 
California Institute of Technology, Dr. L. A. DuBridge, 
in his annual report for 165-66, the seventy-fifth 
anniversary of the foundation of Caltech. The most 
up to date photometric telescope built, it will supple- 
ment the 200 in. Hale telescope which is iteelf being 
improved by electronic instrumentation. For the radio 
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astronomers, Dr. DuBridge said that a new 130 ft. 
telescope was being built at Owens Valley and that 
further instruments are planned for the future. Ultim- 
ately, the intention is to extend the existing inter- 
ferometer by using up to ten antennae moving on two 
tracks at right angles to a total span of several thousand 
feet in each direction. 

Dr. DuBridge also reported that, during the year, 
Caltech’s assets had increased from $149 m to 
$163-5 m, and endowment fand assets from $74-9 m to 
$78-7 m. Expenditure over the year had been equal 
to income, at $26-4 m; this was made up of $18:3 m 
on instruction and research, $5-1 m for administration 
and plant operation and maintenance, $1-9 m for 
scholarships, fellowships and other student aid, and 
$1-1 m for auxiliary enterprises. 


Glue Research 


Teas Gelatine and Glue Research Association, which 
recently moved from London to Birmingham, held its 
thirtieth Panel Meeting last week in London. This 
reflected less a nostalgia for old haunts than a desire to 
make it as easy as possible for members of the associa- 
tion and other guests to attend. 

In the morning Dr. R. J. W. Reynolds and Dr. J. D. 
Seddon of Imperial Chemical Industries, Ltd., read a 
paper on the grafting of vinyl polymers on to poly- 
peptides. They showed that N-halogenated polyamides 
and polypeptides may be used with metal carbonyls 
for the formation of graft polymers, and put forward a 
possible mechanism for grafting. After lunch Dr. P. 
Johns of the research association described recent 
advances in bone research. He was concerned mainly 
with the physical structure of bone, which is still 
uncertain, and suggested ways in which the organic 
and inorganic components of bone might best be 
separated. 

The discussion of Dr. Johns’s paper was followed by 
a symposium on gelation, chaired by Mr. A. M. Kragh 
of ford, Ltd. Dr. G. Stainsby and Mr. D. Ledward 
of the University of Leeds described experiments 
which show that if gels are tempered at about 25° C, 
their jelly strength at lower temperatures is consider- 
ably increased. Dr. P. Johnson, Mr. R. W. King and 
Mr. A. C. R. Thornton of the Department of Colloid 
Science at Cambridge described sedimentation, electro- 
phoretic and fluorescence experiments on gelatine gels. 
Their results can be explained by a dynamic theory of 
gel formation, in which equilibrium is obtained when 
the cross linking bonds between the chains are formed 
and broken at the same rate. Finally, Mr. J. W. 
Janus of Kodak, Ltd., discussed the rigidity of gels 
during temperature cycling. The structures introduced 
at high temperatures seem to be completely different 
from those at low temperatures and are more stable. 


Tobacco Research 


Prorsssorn Frank Droxens is to become director of 
the Tobacco Research Laboratories, Harrogate, in 
succession to Dr. T. D. Day. Professor Dickens has 
been involved in biochemistry research since the 
twenties, and has turned his attention to the bio- 
chemistry of cancer in recent years. In 1933-40 he was 
director of research to the northern division of the 
British Empire Cancer Campaign. He is Philip Hill 
professor of biochemistry at Middlesex Hospital 
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Medical School and chairman of the British National 
Committee for Biochemistry. 

The Tobacco Research Council has made a name for 
itself lately with its survey Environmental and Personal 
Factors in Lung Cancer and Bronchitis in Northern 
Ireland, 1960-62. This strikingly confirms the work 
of Doll and Hill, who showed the connexion between 
lung cancer and smoking. This survey is striking not so 
much because of what is new in the findings, but 
because the Tobacco Research Council is financed by 
the leading British tobacco companies. Professor 
Dickens will be a further feather in its cap. 


More about Tsetses 


Tue Report of the Director of the East African Tryp- 
anosomiasis Research Organization for 1965 is moder- 
ately optimistic. The staffing position of the organiza- 
tion improved remarkably, with a large number of 
applications for posts as research officers. Clerical 
and technical staff continue to be a problem, because 
of the many overseas scholarships which are available 
to the kind of school leavers which the organization 
likes to recruit. 

The most significant advance in the work of the 
organization was the discovery that cattle can act as 
reservoirs of Trypanosoma rhodestense in sleeping sick- 
ness areas. osomes isolated from a cow in 
an area of Rhodesian sleeping sickness were injected 
into a volunteer and produced a T. rhodestense 
infection—the first time that direct evidence incrimin- 
ating cattle has been found. It was also found that the 
trypanosome could re-establish itself in another cow 
when cyclically transmitted, which indicates that 
domestic and other animals represent a serious hazard 
in endemic areas. 

The way in which tsetse flies transmit trypanosomes 
from humans suffering from trypanosomiasis was also 
studied. It was shown that this can happen even 
when perasitaemia cannot be diagnosed in the patient 
either by blood film examination or by mouse inocula- 
tion. This is important, because it means that even 
patients who feel well enough to walk about can trans- 
mit the infection if they are bitten by tsetse flies. 


African Plant Conservation 


Tas Association pour l'Etude Taxonomique de la 
Flore d’Afrique met at Uppsala in September to 
consider the conservation of African vegetation. 
This is a serious problem; plant associations and 
vegetation types will not survive indefinitely unless 
something is done to preserve them, and in Africa it is 
only zoological conservation that has popular support. 
Plants, however, provide the habitats for the animals, 
and. so the conservation of vegetation is as important 
to the zoologist as to the botanist. This is now recog- 
nized by the managers of nature reserves where, as 
the conference was told, there is still need for a more 
scientific approach to organization. Knowledge of 
the ecology of the areas involved is of primary impor- 
tance, but this knowledge is not always readily avail- 
able; it should have a more important place in the 
education of both children and their teachers. 

The conference received detailed reports of the 
vegetation and the steps which are being taken to 
conserve it in each African country south of the 
Sahara. The situation is desperate in Somalia, where 
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-intensive over-grazing now coincides with a decrease 


S in rainfall, and in the whole of East Africa the most 


urgent problem is the preservation of many acres of 


forest. In southern Africa about 30 per cent of the 


indigenous vegetation has completely disappeared, 
but interest in plant conservation is growing, and many 
nature reserves have been established. In west 
Africa a few carefully placed reserves could embrace a 
large proportion of the rare endemic species and 
representative samples of vegetation types and habitats. 
A large central Kalahari reserve was urged for Bots- 
. wana in south tropical Africa. 

In Madagascar the existing reserves have been placed 
so as to conserve as many as possible of the types of 
- vegetation found on the island, but there are interesting 
plants, such as the endemic family Didieriaceae, which 
still need protection. There are also endemic species 
on the Seychelles, and these are likely to become extinct 
unless they are protected soon. 

Conservation of vegetation in Africa will not be easy; 
it can conflict with other projects. In some areas, for 
example, control measures against tsetse fly and sleep- 
ing sickness have involved extensive clearance of 
interesting forest vegetation. The conference, however, 
. was hopeful and, recognizing the urgency of the situa- 
tion, decided to select one area from each country 
where immediate action is most necessary. 


Boom in Biology 


Tue Biological Education Committee appears to be 
confident that increasing numbers of pupils at British 
schools will follow courses in biology in the years 
ahead. On the basis of a survey undertaken in 1965, 
the committee considers that there will have been an 
overall increase of 48 per cent in the numbers sitting 
Advanced level examinations in biology between 1963 
and 1966. The number of Advanced level candidates 
in 1963 was 12,900 and is expected to have reached 
19,100 in 1966. Although a part of this increase is 
due to the increase of the school population, the com- 
mittee which supervised the survey considers that there 
is also a real growth of interest in biological subjects 
(Biological Sciences in Sizth-forms and at Universities 
in the United Kingdom, Institute of Biology). 

The survey has shown that roughly 29 per cent of 
the boys now studying biology at British schools do so 
because they wish to enter medical schools. Intending 


doctors make up 15 per cent of the girls following 
biology courses. Although 27 per cent of the girls 


were intending to become teachers, only 5 per cent of 
the boys following biology courses were so motivated. 
In a somewhat clouded sentence which seems to belie 
its optimism, the committee says that the viability of 
“school biology may depend “on the number of pupils 
intending to enter medical and similar careers”. 

The report of the committee includes an attempt at 
a survey of the present practice of universities, both in 
the education of undergraduates and in the acceptance 
of candidates from the schools. It records the emer- 
gence of departments and schools at British universities 
with titles such as Biological Sciences and Molecular 
_ Beience, the tendency of botanists to be more ready to 
change their existing courses than the zoologists, and 
the reluctance of a great many professors of botany 


and of zoology to see these two subjects amalgamated. 


The general conclusion is that the teaching of biology 
will be influenced, in the years immediately ahead, 
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by the movements of curriculum reform now under 
way, and by the likelihood that biology will play a 
more important part in general education. The com- 
mittee considers that the training of biology teachers, 
both before and during their careers, is the major 
problem, and suggests that there may be a conflict of 
interest in the universities between the needs of “future 
research workers” and of teachers. It is not clear 
from this just what changes the committee would like 
to see, and this is one of the ways in which the impact 
of the survey will be less sharp than it might have 
been. Another is that the great volume of statistical 
information in the report has been presented so 
starkly that it reads more like a railway timetable- 
than a document of public interest. i G 


Cells for Safe Vaccines 


THE economic production of viral vaccines depends on 
cultures of animal cells which provide a substrate on 
which viruses can be grown in sufficient numbers. 
The Committee on Cell Cultures of the International 
Association of Microbiological Societies collects and 
distributes information on in vitro tissue culture. sub- ° 
strates in general, but particularly about those used 
for virus growth in vaccine production. Its latest 
report stresses the need to use a substrate free from all 
detectable contaminants. ae eae 

For the past twelve years vaccine makers have used 
primary non-human cell cultures—cell populations 
derived from animal tissue in its first in vitro culture 
and which has not been sub-cultivated. These have 
been found to have undesirable properties, however, 
chiefly because of contamination by unwanted viruses. 
Cultures of cells from the rhesus monkey, for example, 
can be inherently infected with simian virus 40, and 
this was found as a contaminant in some inactivated 
poliomyelitis vaccines prepared six years ago from 
cultures of these cells: simian virus 40 is- known to 
cause the production of tumours in hamsters.. Another 
danger inherent in cultures which are contaminated 
with unwanted viruses results from viral hybridization. 
Material from simian virus 40 can unite with adeno- - 
virus 4—responsible for some human respiratory — 
disorders—when the two are grown together on the 
same substrate. The hybrid is a virus which is sero- 
logically adenovirus, but which can also cause the 
development of tumours in the cheek pouch of the 
hamster. The presence of such a hybrid in an adeno- 
virus vaccine is obviously dangerous. 

Pure cultures are the objective, but purity is not 
assured by the current practice in which new cell 
populations are continuously derived from fresh animal 
tissue. Contamination can be more easily avoided 
when serially cultured cell strains are used as sub- 
strate. A single tissue from a single donor can’ be 
sub-cultured to give large quantities of a diploid 
cell strain, which can be stored at low temperatures 
and thoroughly examined for contamination before 
use. This makes possible the provision of a uniform 
and fully characterized standard stock of seed cells 
which can be used as the basis of cultures for the 
production of large quantities of a number of viral 
vaccines. The use of human cells for this purpose is 
obligatory for at least one group of viruses—the 
thinoviruses—which are the cause of unpleasant 
respiratory disorders in children, and which grow 
poorly or not at all in other than human diploid cells. 
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The Committee on Cell Cultures has recommended 
that serially cultivated human diploid cells should now 
be considered in the production of vaccines, as long 
as certain criteria are satisfied. The strain should be 
derived from normal human foetal tissue; cells should 
not show morphological, biochemical or chromosomal 
changes during propagation; they must be free from 
extraneous micro-organisms and must not induce 
tumours. The committee has also recommended that 
the cells used should give a high yield of the virus 
which is to be used for the production of vaccine. A 
number of field trials have already been carried out, 
and more than 200,000 people have received vaccines 
(produced from virus cultures in the human cell 
strain designated WJ-38) against poliomyelitis, adeno- 
virus 4, measles, rubella and rhinovirus. There have 
been no undesirable effects. 


New Allosteric Hypothesis 
from a Correspondent in Molecular Biology 


Tux Benesches give compelling evidence in favour of 
a hypothesis recently introduced by themselves to 
account for a number of hitherto mystifying features 
of haemoglobin chemistry in an article in Proc. U.S. 
Nat. Acad. Sci., 56, 1268 (1966). They also suggest 
that the new scheme may have a general bearing on 
the so called allosteric enzymes in which activation 
(or inhibition) is brought about by small concentrations 
of ligands, which may or may not be substrate molecules 
(“homotropic” or “heterotropic” systems). Haemo- 
globin represents the archetypal homotropic system, 
in which the binding of oxygen at one site increases 
the affinity at others, sterically remote from it. It 
is known that in haemoglobin species in which, for 
example, two haem groups are in the oxidized (ferric) 
state, the oxygen affinity of the remaining haems is 
inereased. In effect, therefore, the oxidized haems act 
on their partners as though they themselves were 
permanently oxygenated. 

- The Benesches showed earlier that if a fully func- 
tional haemoglobin is mixed with a completely oxidized 
(ferric) haemoglobin, and if the conditions of tempera- 
ture and ionic strength are properly chosen, the same 
type of enhancement of oxygen affinity occurs. They 
surmised that an interchange of sub-units is responsible 
according to the following scheme in which (a8) 
represents a sub-unit in the so called R-state (low 
oxygen affinity), («8)* a sub-unit in the O-state (high 
oxygen affinity) and («8)° an oxygenated sub-unit. 
(The concept of sites in two affinity states is central 
to the hypothesis formulated by Monod, Wyman 
and others.) A fully oxygenated tetramer is in dis- 
sociation equilibrium, («8)} = 2(«8)*. Exchange with 
deoxygenated sub-units then takes place, with 
formation of an O-state sub-unit: (a$),+(a8)° = 
(a8)* («8)°+ (#8), and this is followed by oxygenation: 
(xB)* (aß)? —> (a8). Since the central step requires 
the oxygenated sub-unit (28), it follows that only 
molecules capable of symmetrical dissociation in this 
way can participate in the reaction. 

The Benesches have now shown that no exchange (as 
judged by the increase of oxygen affinity) occurs with 
myoglobin, with isolated haemoglobin « and fp chains, 
or with the species Bf (which is found naturally as 
haemoglobin H). With oxidized S haemoglobin 
(«*8°)> (where the + superscript indicates the ferric 
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oxidation state), and with other such haemoglobins, 
the oxygen affinity was enhanced. An interesting 
corollary is the existence in solution of mixed species 
(«*8*)(«48*) which have not been observed experi- 
mentally. The results lend support to the idea that 
the mixed species are not observed simply because any 
fractionation procedure such as electrophoresis will 
displace the equilibrium between tetramers and dimers 
so as to reveal only the forms with extreme mobility 
(«*8*), and (a*B) The work of Simon and Konigs- 
berg is particularly interesting in this context (Proc. 
U.S. Nat. Acad. Sci., 56, 749; 1966). Covalent cross- 
links were introduced between the two §-chains of 
haemoglobin tetramers, thereby preventing dissocia- 
tion into sub-units. It was found that although the 
oxygen uptake capacity remains unimpaired, the 
haem-haem interactions are completely annihilated. 
These workers suggest that the conformational change 
known to occur on oxygenation is prevented by the 
cross-links, but it is clear that sub-unit interchange 
would equally be impossible. It seems entirely reason- 
able to suggest that exchange of substrate-bearing 
sub-units with free sub-units may be responsible in 
general for the formation of states of high affinity. 
It has often been remarked that such enzyme systems, 
subject to control by ligand binding, appear all to be 
made up of sub-units in a state of reversible aggrega- 
tion. 


Lunar Orbiter Il 


Tue photograph (right) is a view of the floor of the 
erater Copernicus from the south taken from a height of 
45 km by Lunar Orbiter II five minutes after midnight 
{G.M.T.) on November 24, 1966. Copernicus is 96 km in 
diameter and 3-2 km deep, and the near rim of the 
crater is 53 km from the crater Fauth at the lower edge 
of the picture. The hills rising from the floor of 
Copernicus are 300 m high, and slope at 30 degrees 
or 80. 





The photograph above shows the neighbourhood of 
Copernicus taken by the 3-148 m reflecting telescope at 
Lick Observatory. Fauth is the double crater, shaped 
like a keyhole, near the bottom (south) edge of the 
photograph. 
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Parliament in Britain = ss 

‘Tux well informed debate on British Waterways in the 
House of Commons on November 18 was noteworthy 
for the firmness with which the Governments state- 
ment on transport policy and the annual report of the 
British Waterways Board was criticized for failing to 
recognize the inviability of through routes and for the 
‘inadequacy of a five year inspection period. Opinion 
-expressed in the debate was almost unanimous that a 
25 year guarantee was essential. Mr. Grant-Ferris 
_ also challenged the idea of closure of canals by statutory 
order instead of the normal procedure of a private 


Bill. 


in answering a question about disease in fish in the 
‘House of Lords on November 29, the Minister without 
Portfolio, Lord Champion, said research into colum- 
naris: disease in Great Britain and Northern Ireland 
started this year when the seriousness of the outbreaks 
-in the Irish Republic first became evident. The 
`: work so far, which had been in close collaboration with 

scientists in the Irish Republic, had been directed 
_ mainly at elucidating the nature and causes of the 
disease and means of transmission. The three Fisheries 
Departments in England, Scotland and Northern 
Ireland, the Torry Research Laboratory of the Ministry 
of Technology, the Central Public Health Laboratories 
and the Freshwater Biological Association were all 
co-operating. Altogether nine scientists, with their 

supporting staffs, were now concentrating on the 
. investigation, though not all exclusively, and the 
_ Minister of Agriculture, Fisheries and Food was re- 

eruiting an additional bacteriologist for full-time 
work. 


_ IN reply to questions on aircraft noise in the House of 
Commons on November 30, Mr. J. Snow, Parliamentary 
-Secretary to the Ministry of Aviation, said that in the 
present financial year £385,000 had been allocated for 
research aimed at reducing such noise. The new 
. research facilities coming into operation, which in- 
eluded an anechoic chamber at Farnborough and the 
new laboratory at Ansty, Coventry, for examining 
noise problems on large scale compressors and intakes, 
were achieving some results, but although there was no 
shortage of money, there was a real shortage of ideas. 
The Minister of Aviation, Mr. F. Mulley, added that one 
of the Concord design objectives had been that noise 
_ on take-off and landing should not exceed that of the 
`- present large subsonic jet aircraft. Sonic bang was a 
_ different problem but it could not be alleviated signifi- 
cantly by changes in the design of the aircraft. We 


were concerned to keep the noise of take-off and landing 
down to a minimum. 


The Concord would climb 
rapidly and cruise at a very high altitude, and a noise 
attenuator was being developed which, if successful, 
would make a significant reduction in noise up to 5 
decibels. Mr. Mulley also said that the industrial 
membership of the Aeronautical Research Council 
had been increased from three to five, and the council’s 
terms of reference and structure would be revised in 
the light of current discussions. Pressed as to the 
‘programme for research, development and production, 
Mr. Mulley insisted that the programme must consist 
of specific projects and not generalities, and referred to 
a decision to increase research on helicopters. 
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University News: Bradford 
Dr. W. L. WILKINSON, at present employed by the 
Atomic Energy Authority, has been appointed to: the 
second chair in chemical engineering. He is known for 
his work on control systems for chemical process plants 
and on the properties of non-Newtonian fluids. 


Edinburgh 


Dr. Wittiam Hayes, at present director of the Medical 
Research Council's Microbial Genetics Research Unit 
and honorary senior lecturer at the Royal Post-graduate 
Medical School of London, has been appointed to a per- 
sonal chair of molecular genetics. He is best known for 
his discovery of sexual differentiation in bacteria. 


ppointmen ts 


Dr. Minton U. CLAUSER has been appointed director of 
the Lincoln Laboratory at the Massachusetts Institute of 
Technology, and Mr. C. Robert Wieser has been appointed. 
deputy director. Dr. Clauser has been concerned mainly 
with aeronautics, first with the Douglas Aircraft Comi- 
pany, and later at Purdue University and on N.A.S.A.: 
committees. Mr. Wieser has been concerned with the 
control systems of ballistic missiles. 


Dr. Leon GoLDBERG has accepted a research chair in 
pathology and the associate directorship of the Institute 
of Experimental Pathology and Toxicology at Albany, 
New York, and will be leaving his present position as | 
director of the British Industrial Biological Research 
Association in March 1967. He is known for his work on 
food additives and toxicology. 


Announcements 


Pror. H. W. Toomrson, of St. John’s College, Oxford, has 
been awarded the John Torrence Tate International Gold 
Medal, for distinguished service to physies. Prof. Thomp- 
son is known for his work on spectroscopy, principally. 

in the infra-red region, and is foreign secretary of the 
Royal Society. 


Tue Medical Research Council has announced the forma- 
tion of an Infant Nutrition Research Division in the Dunn 
Nutritional Laboratory at Cambridge under Dr. Elsie 
Widdowson. The new division is really a continuation of 
the Department of Experimental Medicine at Cambridge, 
the director of which, Prof. R. A. McCance, retired at 
the end of the last academic year. He has now become 
director of the Infantile Malnutrition Research Unit in 
Uganda. 


A SYMPOSIUM on Astrogeology, sponsored by the 
Departments of Geology and Mineralogy and Astronomy 
in the University of Michigan, in co-operation with the 
Institute for Science and Technology and the Bendix Corp- 
oration, will be held in the University of Michigan during 
March 22-24. Recent research based on photographs and 
data transmitted to Earth by satellite and lunar landing 
vehicles will be discussed. Further information can be 
obtained from Prof. E. Wm. Heinrich, Department of 
Geology and Mineralogy, The University of Michigan, 
Ann Arbor, Michigan 48104. 


A CONFERENCE on “Air Traffic Control Systems Engineer- 
ing and Design”, sponsored by the professional group on 
radio navigation and radio location of the I.E.E. Elec: 
tronics Division and the radar and navigational aids 
group of the Institution of Electronic and Radio Engin- 
eers, will be held at the Institution of Electrical Engineers 
during March 13-17. The subjects to be covered are 
information services and data handling and displays. 
Further information can be obtained from the Joint 
Conference Secretariat, Institution of Electrical Engineers, 
Savoy Place, London, W.C.2. 
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Meteorology and Supersonic Flight’ 


by R. F. JONES 


Meteorological Office, Bracknell 


Fig. 1. One of the greatest hazards to 
supersonic transport aircraft are the moun- 
tain-like cumulonimbus clouds. As a result 
of their association with severe turbulence, 
hydrometeors and hailstones, they are 
virtually impenetrable. The photograph, 
< taken at 18,000 ft., shows cumulonimbus 
clouds associated with a squale line over 
Oklahoma. Dense cirrus anvils occur at 
about 40,000 ft., and, although not visible 
on the photograph, cumuliform tops pene- 
trated the anvils to heights above 50,000 ft. 
~ Hailstones of 2-5 in. diameter were observed 
beneath these storms. (Courtesy of Dr. 
W. T. Roach.) 


< ACCORDING to present intentions the prototype aircraft 
of a commercial supersonic airliner will be flying in 1968 
and operational use of these aireraft by some of the 
airlines of the world is likely in the early 1970’s. The 
proposal to introduce these aircraft has raised some new 
-meteorological problems both for the design of the air- 
Graft and for its future operations. The first aircraft 
will have a cruising speed of about Mach 2-2 and a cruising 
height of 55,000-65,000 ft. (16-20 km). Later aircraft 
may have a speed around Mach 3 and a cruising height 
near 70,000-75,000 ft. (21-23 km), but this article is 
concerned with the problems of the early aircraft, although 
similar problems will be met with by later aircraft. 

From about 5,000 ft. the aircraft! is expected to climb 
at a speed near Mach 0-9 to a height between 25,000 and 
35,000 ft. at which height acceleration to cruising speed 
will commence. The exact height at which acceleration 
will begin depends on a number of factors not least of 
which will be the sonic boom regulations imposed by the 

en ‘country of the aerodrome of departure. Until experience 
is gained with the prototype aircraft it is impossible to 
say exactly what the average sonic boom overpressure 
at the ground will be during the acceleration phase with 
the aircraft at a given height, but it is confidently expected 
that acceleration will be possible within the height range 
mentioned. As well as sonie boom there are other factors 
which determine the optimum conditions in which tran- 
sonic acceleration can take place and these will be men- 
tioned later. Acceleration will continue until a speed of 
Mach 2-2 is reached at a height of about 53,000 ft. from 
which height cruise flight will commence. As a result of 
temperature limitations on the materials of which the 
aircraft is constructed the speed of Mach 2-2 will never 
be exceeded. During cruise flight as the fuel is consumed 
and the aircraft becomes lighter the aircraft will climb 
slowly reaching its maximum height of about 60,000 ft. 
at the point at which it commences its descent to the 
arrival aerodrome. Deceleration to below sonic speed 
will take place at about 50,000 ft. and thereafter the 

® aircraft will behave much the same as a normal subsonic 
jet until landing. 


* Substance of a lecture delivered to the Executive Committee of the 
World Meteorological Organization, May 30, 1966. 










In discussing the special meteorological problems. 
convenient to divide the flight into four phases 
first is the take-off and climb at subsonic speeds during 
which the aircraft can be expected to behave like, and. 
have similar meteorological requirements to, present-day 
large subsonic jet transports. It will, however, fly more 
quickly and climb more rapidly. than they do. and this 
may give added importance to the effects of ambient 
temperature and impact with hydrometeors. 

The thrust of a jet engine decreases with increasing 
atmospheric. temperature and in calculating the perfor- 
mance and flight pattern for normal operations in temi- 
perate climates it is customary to base the calculations 
on the International Standard Atmosphere (ISA)... This. 
is a mean profile of the variation of temperature with 
height and therefore there are variations from ISA on 
every occasion on which the aircraft ascends and the. 
variation can be considerable. On days when the atmo-: 
sphere is considerably warmer than standard there‘is a. 
decrease in available thrust for acceleration of the air- » 
craft with the result that greater time is spent in reaching 
the height at which transonic acceleration is planned to 
commence and the transonic acceleration itself is retarded. 
If the temperature at thé planned height for transonic 
acceleration were considerably greater than standard, 
and if at higher altitudes there were a return towards 
standard temperature or even temperatures which were 
colder than standard, it would be a considerable advantage 
to delay the transonic phase of flight until this greater 
height is reached. An accurate forecast will therefore be 
required of the profile of the variation of temperature 
with height for the whole of the climb phase and particu- 
larly for the transonic altitudes for the initial planning 
of the aircraft flight track and decision on the fuel load 
to be carried. 


Solid Hazards 


As aircraft speeds increase even in the subsonic range 
the effect of impact damage from water droplets, hail and 
ice erystals on the forward facing parts of the aircraft 
increases, especially on those parts having a small radius 
of curvature and therefore a high efficiency of catch. 
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Fig. 2. Damage to propeller spinners after flight in hail. 
{Courtesy of British European Airways.) 


At high subsonic speeds it is possible that only hail and 
raindrops in the high concentrations and sizes associated 
with heavy rain can inflict significant damage. The most 
vulnerable part is the radome which, because of its 
construction of materials which must be transparent to 
short radio waves, is composed of less resistant materials 
than the remainder of the aircraft. Very considerable 
damage to radomes has been known to occur on high- 
speed——but still subsonie—flight through heavy rain 
and/or hail. It will be important, therefore, that even in 
the subsonic climb the aircraft should if possible avoid 
areas of heavy rain. This requirement can be met in 
part by means of the airborne weather radar with which 
the aircraft will be equipped, but there will undoubtedly 
be a need to know before take-off the precise location of 
heavy rain areas and their expected development and 
movement. The climb to the transonic acceleration 
height will normally be accomplished within about 
100 nautical miles (n.mi) of the acrodrome of departure 
and therefore it seems that the requirement for pre-flight 
information can best, and perhaps only, be met by the use 
of weather radar based at the acrodrome of departure. 
The radar to be used would need to be sufficiently power- 
ful to detect heavy rain at ranges in excess of 100 n.mi 
using a wavelength not significantly affected by attenua- 
tion and capable of giving accurate information on loca- 
tion and vertical extent. This probably implies 10 em 
wavelength radar with large aerials and plan position 
indicator and range height indicator displays. Of equal 
importance will be to pass the information on present 
location and future movement of rain areas to the pilot 
within a short time before his departure. The development 
and movement of heavy rain areas are such that the 
required precision is unlikely to be attainable over periods 
much in excess of 1 h and therefore here there is a real prob- 
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lem of communications to be solved. Implicit also in 
this is that the radar displays will need to be under 
continuous surveillance by trained personnel whenever 
storms are observed or forecast to occur. It seems very 
important that early steps should be taken in conjunction 
with the operational staff to solve these information and 
communication problems. 


Sonic Boom 


The next phase of flight will be the transonic phase, and 
it appears that for the transonic acceleration to be eff- 
ciently carried through this phase of flight should prefer- 
ably take place in smooth air and that aircraft manoeuvres, 
voluntary or involuntary, should be avoided. At the same 
time the flight path should be so positioned in height and 
geographical location to give the minimum disturbance 
at the ground from sonic boom. Meteorological factors 
are important to both these considerations and raise 
new problems for the meteorological forecaster. 

The intensity and location of the sonic boom at the 
ground depend on aircraft characteristics such as speed, 
size, weight and lift, on its height and the way in which 
it is being manoeuvred and its acceleration, and also 
on the wind and temperature structure between the 
aircraft and the ground and the turbulence in the surface 
layers. The wind and temperature structures are impor- 
tant because the speed of sound is proportional to the 
square root of temperature and the actual track of a sound 
ray propagated from a point is governed by the local 
speed of sound added to the local wind. Turbulence 
in the surface layers is important in the sense that it 
leads to a “scintillation” effect where local turbulent 
fluctuations in temperature and wind lead to local en- 
hancements or decreases in the overpressures of sonic 
booms. Except in the broadest sense the turbulent 
fluctuations in the layer near the ground are quite unpre- 
dictable and the magnitude of the effect on sonic boom 
overpressures must be handled statistically. It appears 
that the effect of turbulence would very rarely lead to 
local overpressures exceeding by a factor of two those 
predicted by propagation theory which does not take into 
account turbulence. The temperature and wind structure 
between the aircraft and the ground are considerably 
more important because the curvature of the sound rays 
from different points on the aircraft track can lead to 
focusing and an enhanced sonic bang. Much work has 
been done on the difficult problem of focusing brought 
about by aircraft manoeuvres and acceleration as well 
as by meteorological factors, and no doubt more remains 
to be done, but it appears at present that meteorological 


factors assume importance only in a restricted range of + 


aircraft speed from Mach numbers somewhat greater than 
1-0 to about 1:3. Meteorological information is therefore 
crucial to the focusing problem only in the transonic 
phase although the wind structure will affeet the position 
relative to the aircraft track of the unfocused boom at 
higher aircraft speeds. At these higher speeds the air- 
craft will usually be at a greater height so that the inten- 
sity at ground level will be reduced, but in the transonic 
phase of flight on departure the aircraft will be at a 
relatively low height and also near its greatest weight, 
because only a relatively small amount of fuel will have 
been consumed, and the boom intensities may be serious. 
There will therefore be a requirement for detailed temper- 
ature and wind information in the transonic zone which 
may extend up to 50,000 ft. and some 200 n.mi from the 
aerodrome of departure. 

Quite apart from considerations of sonic boom there 
will be a need to forecast accurately temperatures for the 
transonic zone because of the effects of departure of 
temperature from standard on fuel consumption and 
consequential pre-flight planning. It has been stated? 
that an increase of 5° C in ambient temperature produces 
a 25 per cent deterioration in acceleration between Mach 
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bI and Mach 20. This would lead to an important 
< ineroase in fuel consumption and time and distance 
“before cruise height is reached. A significant error in 
- forecasting temperature in this phase of flight could be 
reflected in a decrease in fuel reserves for the rest of the 
flight and also in enhanced sonic boom effects in ground 
__. aroas where they should have been avoided. In a discus- 
“gion of twenty-four chosen cases illustrating the range 
of temperature either side of standard on the North 
Atlantic route?, Serebreny concludes that the transonic 
and acceleration phase of flight is the most critical portion 
of the flight profile with respect to fuel consumption. 

It will be very desirable for the transonic phase of flight 
to take place in non-turbulent air, because other activities 
on board the aireraft during this phase require that 
voluntary or involuntary changes in aircraft attitude 
should be avoided. Forecasts will therefore be required on 
the existence of turbulence in cloud or clear air in the 
transonic zone. This raises a difficult problem and it 

-geems unrealistic to expect that the forecaster will ever 
be in a position to make such forecasts with complete 
reliability. Occasions will inevitably arise when turbulence 
will unexpectedly occur, but the incidence of these occa- 
sions can be reduced—at least so far as severe turbulence 


severe wind shear in the vertical or horizontal. The latter 
may be forecast by conventional techniques from existing 
information on the upper air, but the former will require 
a more detailed knowledge of the existence and distribu- 
tion of cumulonimbus clouds than is usually available at 
present. This also appears to imply the installation of 
weather radars within a terminal area of a departure 
aerodrome but with the range over which the information 
is available extended to at least 200 n.mi. Whether this 
can be achieved with a single well sited and powerful 
radar or will require a network of radars feeding informa- 
tion to a central point is a matter which is at present 
being investigated. 

The question of damage by impact with hydrometeors 
assumes a vital importance for the transonic phase of 
flight, but it is uncertain as yet what the minimum size 
of hydrometeor is that can cause significant damage, 

pot in the catastrophic sense but in contributing to a slow 
erosion of aircraft surfaces. It is clear that it will be 
essential for the aircraft to avoid heavy rain and hail, 
but the extent to which it will be advisable to avoid all 
rain or snow or even all cloud has not yet been clearly 
defined. At heights of 25,000-35,000 ft. in temperate 
climates large hydrometeors are probably only associated 
-with cumulonimbus clouds, which it is essential to avoid 
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in any event during this phase of flight because of their 
associated turbulence. It is fortunate indeed that radar 
enables us to determine with accuracy the present location 
of active cumulonimbus clouds, but it is clear that the 
meteorologists will need to undertake further investiga- 
tions of the way these clouds develop and propagate. 
An important aspect which requires further research is 
the margin by which detectable storm centres should be 
avoided—to avoid both the turbulence and precipitation— 
for it is known that significant turbulence can be exper- 
ienced in the clear air in the vicinity of cumulonimbus 
clouds and also that precipitation, sometimes in the form 
of hail, can fall from the overhanging anvil of an active: 
storm cloud into the clear air beneath. Present. informa- 
tion suggests that a 10 mile margin horizontally and 
5,000-10,000 ft. vertically should be used. The whole 
problem is clearly more acute in tropical regions both . 
because of the greater vertical extent of storm clouds in 
those areas and the greater frequency in some. tropical 
areas with which storm clouds occur. 


Giant Hailstones 


Hailstones can grow to substantially greater diameter 
than raindrops, because water drops greater than about 
5 mm diameter break up on falling, and therefore there 
can be no doubt that one of the greatest hazards: to 
supersonic flight is provided by hail. It is very important, 
therefore, that the hail shafts associated with cumulo- 
nimbus should be avoided. No reliable radar method 
exists to distinguish positively between hail and heavy 
rain except perhaps from the actual intensity of the echo 
received. The radars to be used should therefore be 
equipped to give accurate quantitative measurements of 
echo intensity, corrected for range and beam width, and 
further investigations are required at each location to 
establish a threshold of echo intensity above which the 
probable existence of large hail can be inferred. 

The third and usually more lengthy phase will be the 
cruise phase at Mach numbers in excess of 1-5 and heights 
exceeding about 50,000 ft. rising to 60,000-65,000 ft. 
The most important problems here seem to be variation 
in temperature and the rare but potentially disastrous 
possibility of encountering cumulonimbus cloud tops at 
these heights. 

At Mach 2-2 in the ISA the effects of kinetic heating 
are such that the temperature of some parts of the air- 
craft surface is approaching the value at which a marked 
decrease in the tensile strength of a good aluminium alloy 
begins to be apparent*. There will, therefore, be an overall 
limitation on speed of an aircraft made with conventional 
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Wig. 3. Damage to leading edges of tail plane and star- 
board fin of Elizabethan aircraft after flight in hail. (Cour- 
tesy of British European Airways.) 
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Fig. 4. Plan position indicator photograph of cumulonimbus 
radar echoes seen on a 10 cm wavelength radar based on the 
Bones. The circular range markers are at intervals of 5 miles. 
The llustration indicates the kind of problem which can arise 








when an attempt is made to find a flight path clear of the 
influence of cumulonimbus clouds. (Crown copyright reserved.) 


materials, and with temperatures higher than ISA it will 
be necessary to decrease the Mach number of flight to 
keep the stagnation temperature below the appropriate 
maximum value allowed. For a temperature 5° C above 
the ISA temperature! the limiting Mach number will be 
reduced to about 2-15 with a reduction of 15 knots in 
the true air speed and a consequent increase in total 
-fuel consumption. The effect is, of course, more marked 
for greater departures of temperature from standard: 
Tt will, therefore, be necessary in planning a flight to 
take account of expected temperature variations on the 
eruise flight (as well as on the transonic phase) and, in 
consequence, accurate forecasts of the temperature over 
the whole route will be required. 


‘Sudden Temperature 


A further problem has arisen which is of concern in 
engine design and this is the effect of sudden variations 
in the temperature. The engine intake is designed in such 
a way as to reduce the airflow at the engine entry to 
subsonic speeds and this is achieved by varying the intake 
- geometry according to the Mach number of the airflow 
at intake entry. A change of air temperature leads to a 
change of Mach number, and if the change is large and 
sufficiently quick it may exceed the capabilities of the 
system which changes the intake geometry. It has been 
important, therefore, to give some estimates of the 
magnitude of sudden temperature changes which may 
occur in quasi-horizontal flight at transonic and cruise 
altitudes. Very limited information is available on varia- 
_ tions of temperature over horizontal distances of the order 

of a few miles at the heights of interest, and it is important 
that every opportunity should be taken to increase this 
“Knowledge. Recent flying in the clear air in the neighbour- 
_ hood of severe storms in the Oklahoma region has revealed 
temperature variations of the order of 10°C in 1 n.mi 
and. variations of this magnitude are being catered for in 
engine design. It seems likely that large variations in 
temperature over short distances will only occur above 
‘or to the side of cumulonimbus tops which penetrate the 
stratosphere or in well marked mountain waves, but 
further research is needed. In the forecasting sense, 
warnings of the existence of very high cumulonimbus 
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tops and conditions suitable for marked lee waves will 
be required. : See 

Probably the greatest hazard to supersonic flight 
would be the inadvertent penetration of a cumulonimbus 
cloud at cruise speeds. In temperate climates the pene- 
tration of cumulonimbus to heights of 50,000-60,000 ft. 


will clearly be a rare event but, nevertheless, tops to He 


these heights have been reported. In tropical climates 
the hazard may well be more frequent, but little informa- 
tion is available in all areas on the distribution of tops 
when they occur and the frequency with which they might. 
be expected to be encountered in world-wide operations. 
Radar, even with its limitations of accurately measuring 
the height to which an echo from a cumulonimbus extends, 
provides a way of assessing the magnitude of the problem, 
and it is urged that investigations should be made and 
reported in the coming years. Of importance also is an 
assessment of the temperature variations which may 
be encountered above and to the side of such tops and the 
turbulence in these areas, because avoiding action must be 
taken and it is important to know by what margin a 
detected top should be missed. 

The importance of the problem has been recognized 
and the aircraft will carry airborne radar to assist in 
avoidance, but it must be remembered that at the speeds 
involved very little time is available for the pilot ‘to 
recognize the existence of a potential hazard and to take 
avoiding action. A change of course by 90° which would be 
necessary to avoid a line of impenetrable cumulonimbus 
would require nearly 100 miles to complete. Associated 
with this problem is the real need for guidance material 
for the pilot in the interpretation and use of the displays 
afforded by airborne weather radar. 

Detection of the tops of cumulonimbus clouds must 
be made at ranges up to 200 n.mi with equipment which 
must inevitably, because of limitations of aerial size, 
have a considerable vertical beam width, and therefore 
precision in the estimation of the actual height of the 
top will not be great. To avoid making useless detours 
of tops which are safely below the aireraft cruising heights 
the pilot will need to know at least that it is not unreason- 
able for the tops to be approaching his height. This 
implies a need to forecast as accurately as possible the 
probable height to which cumulonimbus tops may extend 
on the route to be flown. 

The frequency of occurrence, and intensity when it 
oceurs, of turbulence at the operating heights and speeds 
of supersonic aircraft is one of the most difficult problems 
on which advice is required. An aircraft in flight filters 
from the whole spectrum of atmospheric turbulence those 
frequencies to which it is most susceptible, so that it js 
not immediately obvious that what is experienced as 
turbulence by one aircraft will be experienced to the same 
intensity, or indeed at all, by another aircraft with greatly 
different configuration, weight and speed. Disturbances 
of small wavelength, for example, can have important 
effects on the fatigue life of an aircraft but cannot be 
expected to have much effect on the bodily movements 
of the aircraft which impose stress on important parts 
of the whole structure. At the other extreme, distur- 
bances of long wavelength can move the aircraft bodily 
but smoothly so that the aircraft “rides” the waves and 
again no unacceptable strains are imparted to the struc- 
ture. Between these two extremes is a spectrum of wave- 
lengths which in acting on the aircraft cause it to roll or 
pitch and impose strain on the structure. What con- 
stitutes a “small” or “long” wavelength may differ con- 
siderably from one aircraft. to another, although it is 
probable that the longer wavelengths assume added 
importance as speeds increase. It follows that experiences 
deduced from one aircraft are not directly applicable to 
another, particularly as in this case when the size, shape 
and speed are so very different from all others. What is 
required is a knowledge of the whole power spectrum. of 
atmospheric turbulence independent of the measuring 
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instrument so that aerodynamicists and designers can 
deduce the effects on the structure of any aircraft they 
design. Such power spectra have only recently been 
obtained and are far too few at supersonic aircraft alti- 
tudes to give reliable statistics for operation on & world- 
wide scale. From experience gained with U-2 and other 
aircraft there are some general grounds for believing 
that the turbulence deareases with height above the 
tropopause but that it does not become negligible. If 
the existence can be inferred of a continuous spectrum 
of turbulence feeding energy from the long wavelengths 
to the very short ones, then a decrease at one part of the 
spectrum should be reflected in a decrease at a longer 
wavelength part and it might be inferred that a supersonic 
aircraft would also experience less turbulence as its height 
mereases above the tropopause. While we are d 

with a random distribution of turbulent eddies this sup- 
position may indeed be true, but there is also evidence 
of true non-turbulent wave motion in the atmosphere— 
mountain lee waves, for example, and possibly gravity 
waves set off by the sudden intrusion of cumulonimbus 
tops into the stable stratosphere. We do not know enough 
of the amplitude and wavelengths of these disturbances 
to be certain that they will not pose a problem to a fast 
moving aircraft. Nor do we know enough about the 
interaction of separate trains of waves or of mechanisms 
which may cause a “breaking” of the waves. Further 
investigation is clearly desirable, but in the meantime it 
seems clear that any forecasts for supersonic aircraft 
should look closely mto the possibility of wave-motion 
in the stratosphere and carry warnmgs of the likely 
location and severity. In addition will be required the more 
conventional, but still far from sitisfactory, forecasting 
of the likelihood of clear air turbulence in association 
with wind shear and, of course, the fore- 
casting of convective movement, although, 
apart from severe storms, this will be 
primarily a tropical problem. 

Ozone even in small concentrations is & 
poisonous gas, and it is thought that con- 
centrations greater than 0-1 p.p.m. by 
volume should not be tolerated within the 
aircraft for any length of time. Concen- 
trations of this strength are, of course, 
normal in the atmosphere at 50,000-60,000 
ft. and may reach on occasions ten or even 
fifty times this strength, while at greater 
operating heights a value 100 times the 
tolerable limit may be encountered. The 
manufacturers have long been conscious of 
this problem, and fortunately ozone is not 
a difficult gas to destroy. It is uncer- 
tain at present how much ozone will 
survive the high temperatures of the 
firat stages of compression within the engine 
(the air is already considerably heated by 
dynamic heating before entering the engine at all) from 
which the cabin air will be taken. It is relatively simple, 
however, to provide reducing materials before the air 
reaches the cabin to maintam the cabin concentration 
at an acceptably low value. The filters cause an unpopular 
weight and maintenance penalty, but indications are that 
they will nevertheless be provided. In the event, with the 
usual safety factors used, there should be no requirement 
for daily forecasting of ozone concentrations although 
further evidence of the variation with height and hori- 
zontal distance would still be valuable. 


+— Subsonic—>+— Transonlo —><-Suporsonic 
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Radiation Risk 


The problem posed by cosmic radiation has also caused 
considerable concern. At present it appears that, for the 
Mach 2 aircraft certainly and probably also for the Mach 3 
aircraft, the normal galactic and solar cosmic radiation 
does not present any hazard. The problem is very different 
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for the rare but important outbreaks of cosmic radiation 
associated with solar flares. These may provide unaccep- 
tably high radiation doses to passengers and particularly 
to the crew since several flights may be made during a 
single period of enhanced solar activity. This is particu- 
larly true for the higher cruising altitudes of the Mach 3 
aircraft but is not neghgible for the Mach 2 levels. An 
element of very short period forecasting (10-100 min) 
18 available from observation of the Sun's disk and the 
monitoring of high energy protons which reach ground 
level at high geomagnetic latitudes. The very activity 
itself, however, is resporsible for considerable inter- 
ference with radio communications so that even if 4 
system of urgent communication is devised there can be 
no certainty that the information can be transmitted 
to an aircraft in flight. The problem is most severe at 
high geomagnetic latitudes as, for example, on trans- 
polar flights and at high altitudes, and protection to the 
passengers and crew will be provided by descent to a lower 
altitude where the screening from the atmosphere above is 
adequate. Descent to flight altitudes in tho region of 
40,000 ft. would be necessary. Rehable warnings cannot be 
expected to reach an aircraft in flight in time and therefore 
it is intended that a radiation monitoring instrument 
be carried which will give audible warning to the crew 
when the acceptable limit is exceeded. Nevertheless, once 
an exceptional event has been recorded, the effecta may be 
noticeable at flight altitude for several hours and there is 
merit in providing a warning in the pre-flight planning 
stage so that the flight may be cancelled or programmed 
at a lower safe altitude, with the pilot alert to a possible 
warning from the cockpit instrument. Ways of providing 
this urgent information to the authorities in time for 
remedial action are under investigation. 
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Fig. 5. Diagram showing the regions over which different meteorological phenomena 
pose problems for the operation of supersonic transport aircraft. 


With the moratorium on air testing of nuclear devices 
the level of artificial radioactivity at flight altitudes 
has fallen to a value small compared with the naturally 
occurring level. In the event of further air testing the 
position would need urgent review with a regular monitor- 
ing of radioactivity levels. $ 

The final phase of flight is, of course, the descent and 
landing. Deceleration to subsonic speeds is expected to 
take place in the region of 50,000 ft., substantially higher 
than for the transonic acceleration phase. The problems 
of sonic boom and avoidance of turbulence and precipita- 
tion are correspondingly less and the aircraft is expected 
to have handling characteristics comparable with those 
of the present-day large subsonic jets with similar require- 
ments for information, notably wind-shear, for the final 
approach and landing. 

1 BOAC, J. Inst. Nav., 18, 498 (1885). 


* Sorebreny, 8. M., J. Inst. Nav., 18, 128 (1865). 
* Courtney, A. L., J. Roy. Ac. S00., 68, 598 (1964). 
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BOOK REVIEWS 


YADIN’S MASADA 


Masada ` 

Herod’s Fortress and the Zealots’ Last Stand. By Yigael 
Yadin. Pp. 272. (212 illustrations.) (London: Weiden- 
fold and Nicolson, Ltd., 1966.) 638. net. 


Iris impossible to avoid using the word unique in connexion 
with Prof. Yadin’s excavations at Masada, and difficult 
to avoid using it at least four times. First, the site is 
uniquely meaningful to Jews as the locale of the magnifi- 
cent gesture of defiance by their forebears in A.D. 73, when 
almost a thousand Zealots committed suicide rather than 
submit to Rome. Second, it is a site of unique archaeo- 
logical importance, because the palatial buildings that 
Herod the Great erected there in the first century B.O. 
have scarcely been disturbed since they were destroyed 
in 73, and have thus been preserved to a remarkable 
degree for antiquarian study. Third, the excavation 
itself was unique, both in the quality of its leadership 
and the enthusiasm of the thousands of volunteers who 
flocked to the shores of the Dead Sea to share in the 
effort and excitement. And, finally, this book is surely a 
uniquely successful example of what a popular account 
of such an archaeological adventure should be. 

After introductory chapters, Yadin takes the reader 
on a conducted tour of the site, and in lucid prose, with 
attractive plans and excellent photographs, re-creates the 
splendours of Herod’s desert retreat—the palaces and 
baths, the synagogue (the earliest yet found), the fortifica- 
tions and the administrative buildings. The state of 
preservation of the remains and the scale on which they 
were excavated have made Masada a veritable museum 
of late Hellenistic art and architecture, in which the wall 
paintings and mosaics take pride of place. More poignant, 
if of less scientific value, are the remains of the final 
Zealot occupation, the discarded relics of their last tor- 
mented hours on earth, while both poignant and invaluable 
are the written testimonies, including portions of fourteen 
Hebrew scrolls, some of them Qumranic. Yadin de- 
scribes all this against a background of history drawn from 
Josephus, and with constant reference to the trials and 
triumphs of the excavators themselves. The ancient 
and the modern stories are superbly knit together, and 
although academic controversy will no doubt one day 
ensue from the final scientific report, for the present both 
professional and layman can enjoy and profit from this 
admirable book. P. J. Parr 


GENESIS OF GENETICS 


A History of Genetics 
By A. H. Sturtevant. (Modern Perspectives in Biology.) 
Pp. viii+165. (New York: Harper and Row, Publishers, 
1965.) 448. 
No history of genetics can ignore three places in which 
key work was done in the early days: the Kéningskloster 
in Briinn; Merton House in Granchester, near Cambridge; 
.and a small laboratory, 16 ft. by 23 ft., in Columbia 
University, New York. The experiments in the Konings- 
kloster were history before the history of genetics really 
began, but we are privileged still to have with us people 
who worked with Bateson and others who worked with 
Morgan. in those early exciting days, and to have their 
retrospective accounts written with first hand knowledge. 
Punnett’s article, “Early Days of Genetics”, enlivens our 


understanding of what life was like for those connected 
with Bateson around 1904, and the present book is a 
history of genetics by one of Morgan’s most famous 
associates and students. 

Though brief, it is a balanced history of genetics up to 
about 1950. It brings out for the thinking reader not only 
the interdependence of discoveries, but the extent to 
which controversy and difficulty repeatedly arose from 
ignorance and error. A notable example of this is con- 
sidered in the chapter on pre-Mendelian times, when so 
much depended on knowledge of fertilization in plants 
that no one was agreed about. We often forget, for 
example, and we may be forgiven inasmuch as Mendel 
did not mention it in his paper, that Mendel had to satisfy 
himself by experiment that only one pollen grain was 
necessary to produce a seed, @ vital factor in his work. 

From the first pre-Mendelian chapter, the author takes 
us through chapters on Mendel, the period 1866-1900, the 
rediscovery, genes and chromosomes, to linkage and the 
“fy room”, as Morgan’s laboratory was called. Thereafter 
the remaining chapters make no attempt at chronological 
treatment, but consist of a set of essays on the develop- 
ment of different aspects of genetics, in which the growth 
of discovery is recorded. 

This book is easy to read. It is a history of genetics, 
not of biochemical genetics or population genetics or any 
other adjectival branch of the subject, so that the treat- 
ment is balanced, and it really is a history in the sense 
that nothing comes from nowhere. There is continuity. 
Discoveries are not presented solely as starting something, 
but also as arising from something. Biochemical genetics, 
for example, begins in 1902 and has a framework set by 
Garrod, Bateson, Wheldale, Onslow, Scott Montcrieff 
and Wilson, who suggested that nucleic acid was respon- 
sible for heredity as early as 1896. 

The book has, however, two slight deficiencies. One, 
which Sturtevant acknowledges, is its bibliography which 
includes only some of the work mentioned. This, though 
understandable, seems a pity, for with a more complete 
bibliography the book would provide an excellent basis 
for a “reading course” in genetics. 

The second is that, though excellent as a history of 
discoveries, it lacks personality and hence does not gener- 
ally succeed in generating atmosphere and excitement. In 
fact the only personality in the book is the fly room. 
When we reach this room the book suddenly takes life 
and we get a glimpse, such as only the first hand historian 
could give us, of what it is like to be part of a laboratory 
that bursts with communal excitement. However, this 
glimpse alone would make the book worth while, and a 
co-ordinated history of genetics discovery was badly needed. 
A good deal of genetical knowledge is required to read it 
with maximum profit, but all who do will be grateful 
to the author, for few but he could look at the origins of 
genetics in the light of present-day genetics with so much 
first hand experience. J. M. THODAY 


BAMBOO 


The Bamboos 

A Fresh Perspective. By F. A. McClure. Pp. xv +347. 
(Cambridge, Mass.: Harvard University Press; London: 
Oxford University Press, 1966.) 80s. net. 

Tms excellent account of the bamboos is particularly 
valuable from the standpoint of taxonomy and plant 
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description. The book is in three parts which deal with 
(a) the bamboo plant in seedling, mature and reproductive 
stages, (b) propagation by seed and vegetatively, and (c) 
classification and taxonomy. The book is well produced 
and reasonably free from typographical errors. The 
ninety-nine figures include many excellent photographs, 
superb line drawings and graphs, all of commendable 
clarity. The photographs are well captioned and suffi- 
ciently explanatory to tell the story of the bamboos 
almost without reference to the text. 

The bamboos are members of the grass family but have 
many distinctive characters sufficient to place them in 
a maajor subfamily (Bambusoideae). For example, many 
are woody and tree-like, they have a prominent rhizome 
system, the leaf blades are subtended by petioles and the 
differences in form between the sheaths enveloping the 
young culms and those borne on the leafy twigs are 
important in classification. There are also characteristic 
floral differences between bamboos and other Granineae, 
some of which are rather diffuse and very variable within 
the Bambusoideae. These taxonomic characters show 
the group to be primitive and to possess a morphology 
not seen in the herbaceous grasses. 

No student of the Granineae is fully conversant with the 
family unless he has some knowledge of bamboos. This 
book provides that knowledge. If one is to be critical 
of this valuable treatise, it is to express regret at the 
paucity of agronomic information. What, for example 
are the basic nutrient needs of different genera and 
species of bamboo and what are their management demands 
when grown as plantation crops ? McClure does himself 
less than justice when he deals with the economic potentials 
of presently cropped “wild” grasses and with the added 
potential which could be developed if these were to be 
replaced by plantations. Clearly, these crop aspects 
have enormous potential in connexion with a number of 
industrial products, such as paper, houses and animal 
fodder. Bamboos have been used in China and elsewhere 
for all kinds of human purposes including weaving, house 
building, and gourmandizing (bamboo shoots). 

The author touches on enough of the agronomic features 
and economic virtues of the bamboos to show clearly the 
vast fund of experience which has accumulated over 
a lifelong study of this subfamily. It would therefore be a 
pity if we could not look to the publication of a companion 
volume dealing more fully with these features; perhaps a 
second edition could be made to fulfil this purpose. 
The book can be commended to geographers, taxonomists, 
physiologists and horticulturists. It should also be 
stimulating to the paper industry and building contractors 
everywhere. The full and proper exploration of the 
bamboo might well reduce costs and make for lighter 
construction of houses. The publishers are to be con- 
gratulated on the excellence of presentation of a useful 
work. Wraim Davies 


FREUD AND OTHERS 


Depth Psychology, A Critical History 

By Dieter Wyss. Development, Problems, Crises. Trans- 
lated by Gerald Onn. Pp. 568. (London: George Allen 
and Unwin, Ltd., 1966.) 528. net. 


A work of this kind is a formidable task. Froud himself 
was a prolific writer who revised many of his views in 
the light of experience, and the understanding of adult 
human personality by reference to experiences long past 
and forgotten has had a strong fascination for a large 
number of speculative writers whose primary interest may 
derive from therapy, education, criminology, anthropology 
or, indeed, any one of the social sciences. 

The plan of the book is straightforward and the treat- 
ment is clear. There is a very full account of the progress 
of Freud’s thought, including references to those who 
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influenced or in some sense foreshadowed his later develop- 
ments. Brücke, Herbart, Brentano, Meynert, Fechner 
and, of course, Charcot and Breuer all appear, and there 
is frequent reference to the “Project for a Scientific 
Psychology”? which Freud outlined in the remarkable 
correspondence with Wilhelm Fliess. 

The story then moves on to the assessment of the 
systems of Abraham, Ferenczi, Fenichel and of prominent 
members of the British group such as Edward Glover, 
Ernest Jones, Anna Freud and Melanie Klein. In the 
same orderly way, the appraisal embraces the contribu- 
tions of well known authors such as Alfred Adler, Horney, 
Fromm, Reik, Sullivan, O. G. Jung, Reich, Kardiner and 
Rank; but a welcome feature is the review of the work 
of the New York Group including H. Hartman, E. Kris, 
R. Lowenstein, René Spitz, Phyllis Greenacre and Erik 
H. Erikson, and of a number of other authors such as 
Paul Federn, Thomas French, Sandor Rado and Ernest 
G. Schachtel, who are not so widely known in Britain 
outside specialized psycho-analytic circles. Especially 
valuable, and the more so because the philosophical roots 
are discussed, are the accounts of the development of 
existential analysis and the associated movements on the 
continent of Europe which emerge from the appraisal of 
the systems of Ludwig Binswanger, Triib, Viktor von 
Weizsacker, Henri Ey and others. 

A vast panorama of thought is thus available to the 
reader and the author’s task is not made easier by the 
fact that an authoritative biography of Freud by Ernest 
Jones and readable works of appraisal in this general 
field have been already provided by Ruth Munroe, Clara 
Thompson and Patrick Mullahy. The distinction of the 
present work lies in its extensive coverage and the con- 
sistent attempt to show how the various systems of 
thought derive from their several sources. The last of 
the three main parts of the book is devoted to an exam- 
ination of the scientific standing of the system of depth 
psychology. This is interesting, but tends to lose some- 
thing in intensity for the reader because of a somewhat 
laboured treatment of the essential features of defensible 
scientific systems and the reappearance of some of the 
issues mentioned earlier in the book. There are also sur- 
prisingly few references to empirical studies designed to 
test Freudian hypotheses. Without the original German 
text for comparison, it is impossible to assess the accuracy 
of Gerald Onn’s translation, but it should be recorded that 
the English version reads very well. 

F. V. SMTA 


ALKALOIDS DOCUMENTED 


Spectral Data and Physical Constants of Alkalolds 
Edited by J. Holubek and O. Strouf. Pp. 29+ Data 
Cards 1-300 (in 2 volumes). (Prague: Publishing House 
of the Czechoslovak Academy of Sciences; London: 
Heyden and Son, Ltd., 1965.) 460s.; $69. 


A COMPREHENSIVE documentation of the physical con- 
stants and of all the various kinds of spectra of the 
alkaloids would undoubtedly be of immense value not 
only to alkaloid chemists but to all those interested in 
heterocyclic chemistry. Indeed, the great variety of ring 
systems and chromophores encountered in alkaloid mole- 
cules would give to such a subject universal appeal. A 
complete documentation of this kind is obviously at 
present no more than an idle dream, but on a much more 
practical level, a Czech group, headed by J. Holubek and 
O. Strouf, have embarked on the documentation of the 
physical constants, and of the ultra-violet and infra-red 
spectra, of the alkaloids. It is a pleasure to welcome the 
first two volumes in this series, which together contain 
the data for 300 alkaloids. A supplementary issue of 100 
data sheets is promised (at a cost of 140s.) and subsequent 
issues of 100 data cards are also planned. 
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The data are very clearly presented on pages approx- 
imately 21 x 28 cm, with the data for each alkaloid on 
both sides of one page. The first side gives the name, 
molecular formula and full structural formula of the 
alkaloid, together with its melting point, specific rotation, 
apparent dissociation constant (m 80 per cent methyl 
‘Cellosolve’), the botanical origin and supplier of the 
sample, the ultra-violet spectrum, a list of the botanical 
species in which the alkaloid has been found to occur (with 
full bibliography) and, where appropriate, references to 
papers dealing with the absolute configuration. The 
reverse side of the page is devoted to the infra-red g 
The apparent dissociation constants, like the ultra-violet 
and infra-red spectra, have all been determined in the 
authors’ laboratory so that consistency in measurement 
and presentation is assured. The ultra-violet spectra were 
recorded in methanol using a Zeiss-Jena VSU universal 
spectrophotometer, and are presented in familiar form; 
actual values of Amax and logi g are also quoted. The 
infra-red spectra were recorded using a Zeiss-Jena UR 10 
spectrophotometer, an instrument unfamiliar to most 
Western European and American readers, but which 
seems from published data to be comparable in per- 
formance with the standard British and American spectro- 
photometers using sodium chloride or lithium fluoride 
optics. Almost all the spectra, which are recorded linearly 
in wave numbers, have been measured in mineral oil 
suspension in the ranges 3,800-3,200 om-! and 2,000- 
700 om-'; where the alkaloids are soluble, the spectra 
have also been measured in 6 per cent chloroform solution 
in the ranges 3,800-2,600 cm- and 2,000-800 em-. 
Thus the spectra of 60 per cent of the alkaloids have 
been determined in both media. As well as depicting the 
absorption curves graphically, all the corrected maxima 
have been tabulated after calibration of the instrument; 
this is a time consuming activity for the authors that 
moat users of this book will thoroughly appreciate. 

As the authors point out, this particular mode of 
presentation of the spectra omits the range 2,000-2,600 cm-1 
where, for most substances, no absorption bands of any 
importance occur. Of the 300 compounds, however, 
fifteen exhibit significant absorption in this region; these 
are ricinine, which contains a nitrile group, and fourteen 
hydrochlorides of tertiary bases. To this extent these 
spectra are incomplete. 

In a field as wide as this, the selection of substances is 
of paramount importance; selection must, however, be 
determined to a large extent by the availability of appro- 
priate alkaloids, and in any case omissions in the present 
collection may be rectified in future supplements. The 
authors have obviously been aware of the importance of 
selection, and have taken great pains to ensure that a 
wide range of alkaloids is included. In fact, almost all 
the prominent groups of alkaloids are represented, and 
the only major omission I noticed was the Erythrina 
group. Needless to say, it has not been possible to include 
all the numerous sub-groups, and it is hoped that some 
of the more important ones, such as the oxindole and 
indoxyl groups, will be represented in future supple- 
ments. 

Naturally, in a compilation of this kind, the text is 
minimal, and amounts only to 2-5 pages of introduction 
describing the scope of the work and the methods of 
obtaining and presenting the data. There is also a biblio- 
graphy of 1,115 references, which relate principally to the 
isolation of the alkaloids. The earliest references cited 
seem to be the famous contributions of Séguin (1814) and 
Setirner (1817) describing the isolation of morphine. 
The most recent is dated 1964. References to the elucida- 
tion of absolute configuration are also quoted without 
restriction of date; in contrast, papers dealing with eluci- 
dation of structure or relative stereochemistry are only 
cited if published after 1960 or after the publication of 
Drgebnisse der Alkaloid-Chemte bis 1960 (Boit). I would 
have preferred to see quoted the definitive papers or, if 
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such do not exist, leading references concerned with the 
chemistry and stereochemistry. 

The data cards are bound ın durable handsome dark 
blue binders by a mechanism which makes the file seem 
like a book when it is not ın use. For really satisfactory 
inspection of the data, each page must be removed, but 
this is easy. The data are printed on thick, porous paper 
which is why there are only forty pages to the centimetre. 
The work is thus extremely heavy—vVol. 1 alone weighs 
almost 3 kg—and might be expected to survive rough 
treatment in a laboratory. The publishers have clearly 
resigned themselves to the fact that few private indi- 
viduals but only libraries will buy the work; the price 
works out at ls. 6d. per alkaloid. 

There is at present no competitor in the field. The only 
compilation of a similar kind is confined to indole alkaloids 
and is not commercially generally available. The com- 
pilation by Holubek and Strouf can be warmly recom- 
mended, and it is hoped that other chemists working in 
the alkaloid field will give every encouragement to the 
authors by sending them appropriate samples of alkaloids 
for inclusion in future supplements. J. E. Saxton 


SOURCE-BOOK FOR 


ORGANOSILICON CHEMISTS 


Organosilicon Compounds 

By V. Bazant, V. Chvalovsky and J. Rathousky. Vol. 1: 
Chemistry of Organosilicon Compounds. Pp. 616. Vol. 2, 
Part 1: Register of Organosilicon Compounds. Pp. 699. 
Vol. 2, Part 2: Register of Organosilicon Compounds, 
Pp. 544. (Prague: Publishing House of the Czechoslovak 
Academy of Sciences; New York and London: Academic 
Presa, 1965.) 200s. each volume or 560s. the set. 


ALL who work with molecular compounds of silicon must 
be concerned at the growth and rate of growth of the 
volume of important and original published work that 
they have to read. As a consequence, any book or sub- 
stantial review that can act as a collected source of refer- 
ences is bound to receive a favourable first reading. The 
monumental work by Professor Bazant, Dr. Chvalovaky 
and Dr. Rathousky has the additional merit that it con- 
tains a wide coverage of work published in Russian 
journals; to those who cannot, to their shame, read 
Russian, this is particularly important and useful for 
the years immediately before cover-to-cover translations 
of these journals became readily available. There is 
certainly a need for a book of this kind; it should be said 
at once that this is in the main a very satisfactory book. 

Though bound in three volumes, it is really in two 
parts. Tho first part, Volume 1, contains a survey, 364 
pages long, of the chemistry and properties of organo- 
silicon compounds, together with 185 pages of references. 
The other two volumes consist of lists of organosilicon 
compounds, arranged (in places a little eccentrically) by 
molecular formula with references to papers where particu- 
lar physical properties and reactions are described; the 
division between the two parts comes at Si,Cy,H,F,;. 
The references themselves are all set out in Volume 1. 
Thus Volume 1 can be taken on its own; Volumes 2, 
and 2, however, are almost useless without Volume 1. 

As an account of organosilicon chemistry that is both 
general and detailed, Volume 1 is a valuable addition 
to published work. The arrangement is by chapters deal- 
ing with the formation and properties of bonds between 
silicon and the different atoms or groups, with a long 
section on carbon-functional compounds at the end and a 
short chapter on silicon and its bonding properties at 
the beginning. There is an immense amount of detail, 
which enhances the usefulness of the volume as a source- 
book, but makes it less attractive to the reader; he ia 
likely to prefer the sections of sustained writing, like the 
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passage on the direct synthesis, to the equally important 
but necessarily disjointed sections on, for example, 
silicon hydride addition reactions. Tables set out refer- 
ences to the microwave, infra-red, ultra-violet and Raman 
spectra and other physical properties of groups of com- 
pounds, but relatively few of the physical data have been 
included. This is perhaps a pity, particularly since all the 
references concerned should in any case be listed under the 
appropriate compound-headings in Volume 2, but Volume 
1 is already long. The treatment can be criticized in detail: 
I should have preferred to see more about thermodynamics, 
while the sections dealing with the interpretation of 
physical properties are occasionally a little uncritical; 
but this criticiam is largely subjective, for no single 
volume can contain a complete and balanced account of 
organosilicon chemistry. Taken as a whole, this account 
ig a thoroughly interesting and instructive one. Indeed, 
the authors are too modest when in the preface they say 
that they set out to write “a brief guide to literature 
searches for methods of making and breaking bonds at 
silicon”; their Volume 1 is very much more than this. 
It is particularly unfortunate that though the book was 
published in 1965, relatively few references later than 1961 
have been included. The authors make it clear in the 
preface that their ‘deadline’ was September 1961; even 
though translation was involved, a delay of 4 years in the 
publeation of a book that covers a rapidly expanding 
field is very serious. 

The two halves of Volume 2 are quite different in 
character. After a preface in wi.ich the arrangement 
of the volume is described in detail, and the system of 
nomenclature is defined, there follows the register of 
known organosilicon compounds. For each compound, a 
molecular and a structural formula are given, followed by 
a list of simple physical properties, such as boiling point 
or refractive index (though vapour pressure equations 
have not been included), A code is used to indicate 
references to determinations of other physical properties, 
including spectroscopic and structural studies; code 
letters similarly describe methods of preparation (with 
yields) and chemical] reactions, while observed analytical 
results together with theoretical values recalculated 
by the authors from the molecular formulae are also 
supplied. The code is easy to follow, and the whole idea 
is excellent, even though in some places the references 
are to very sketchy reports. It is good to see that simple 
inorganic silicon compounds have been included. The 
preparation of this register must have involved an enor- 
mous amount of work and effort; naturally there are some 
mistakes and omissions. A cursory check revealed a few 
of these. There are enough omissions to make it clear 
that the book is not an absolutely definitive coverage 
of published work; none the less, anyone who wants a 
specific piece of information about a particular compound 
should turn first to Volume 2 of this book before embarking 
on the tedious process of making a general search. 

Organosilicon chemists have good cause to be grateful 
to the authors. It is the more unfortunate that such an 
important book should be so horribly expensive. The 
printing is good and the translation effective—I found 
only one place in which the sense had been lost. But 
while evory organosilicon chemist will want to have access 
to this work, he cannot be blamed if he tries to persuade 
his library to acquire it. E. A. V. EBSWORTH 


STRUCTURES FROM SPECTRA 


Interpretive Spectroscopy 

Edited by Stanley K. Freeman. Pp. vi+295. (New York: 
Reinhold Publishing Corporation; London: Chapman and 
Hall, Ltd., 1965.) $17.50; 140s. 

Tue rapid growth in the use of spectral techniques, par- 
ticularly in organic chemistry, increasingly requires that 
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research workers have some knowledge of the interpre- 
tation of a variety of types of spectra. As an attempt to 
meet this need, Interpretwwe Spectroscopy enco 

within the covers of a single book the topics of ultra-violet 
absorption spectroscopy, infra-red absorption spectro- 
scopy, far infra-red spectroscopy, mass spectrometry and 
proton nuclear magnetic resonance. Each contributing 
author has faced the problem of condensing material into 
a single chapter. The author of the section on infra-red 
spectroscopy gives an introduction to the most important 
considerations in using infra-red spectra in structure 
determinations, and he goes on to consider as an example 
the infra-red characteristics of the carbonyl group. He 
summarizes his solution to the problem as follows: ‘“The 
goal proposed is certamly not that of complete coverage of 
the subject. Rather, it is to give the neophyte a ‘feeling’ 
for the various known molecular environmental factors 
that can influence the carbonyl group, and of acquainting 
him with a number of basic phenomena of which one must. 
be well aware when attempting to reason his way into the 
interpretation of infra-red spectra.” 

In general, each chapter provides a summary of general 
considerations and empirical rules and shows how these 
are applied to a variety of examples. It is likely to be a 
helpful book to those who already have some experience of 
these applications, and who find themselves applying a 
number of these techniques, wishing to leirn more of 
them, but who have no call to specialize in any one of 
them. D. J. Mousey 


NMR IN SOLIDS 


Nuclear Magnetic Resonance and Relaxation in Solids 
Edited by Lieven van Gerven. (Proceedings of the XIIIth 
Colloque Ampére, University of Leuven, 1-5 September 
1964.) Pp. xxtv +422. (Amsterdam: North-Holland 
Publishing Cor-pany, 1965.) 90s. 


THe power and range of nuclear magnetic resonance as a 
tool for the study of the microscopic structure of materials 
are strikingly illustrated by this report of the most recent 
of the international conferences organized by the Groupe- 
ment Ampère (Atomes et Molécules par Etude Radio- 
Electroniques). The report contains eight invited and 
sixty-five contributed papers. With a few regrettable 
exceptions, they are reproduced in full. Since the titles of 
these conferences are indicative rather than mandatory, 
not all the papers deal with solids or even with nuclear 
resonance. Eighteen papers on nuclear resonance in 
liquids and gases and six papers on dielectric relaxation 
lie outside the main subject, but these are conveniently 
segregated from the rest of the text. Rix of the invited 
papers and forty-eight of the contributions are in English 
and the rest are in French. 

The invited papers succeed well in representing the 
livelier areas of contemporary research, but the absence 
of a paper on nuclear resonance in strongly magnetic 
materials is rather surprising. The contributed papers 
average about half the length of the invited ones and deal 
with a wealth of topics. Almost every possible type of 
material structure from elemental gases to proteins is 
represented. Of the papers dealing with solids, roughly 
one half are concerned with non-metallic materials. 
Representative topics include the effects of magnetic 
ordering of electron spins in copper sulphate, hydrogen in 
inorganic glasses, nuclear relaxation in organic solids, and 
relaxation due to paramagnetic impurities in ionic 

Roughly another quarter reflect the current 
lively interest in the electronic structure of metals and 
alloys, particularly those containing the transition 
elements. The remaining quarter or so deal with recent 
developments in the theory of spin dynamics and in 
experimental techniques. Two interesting examples of 
the latter are the use of nuclear resonance to measure 
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very slow atomic motion and to detect coherent phonons. 

In the papers on liquids and gases the main concern 18 
with the effects on the nuclear resonance of fluctuations 
due to motion in inter- and intra-molecular interactions. 
These papers and those on dielectric relaxation are not 
without interest, but they are really too few and hetero- 
geneous to be representative of their fields, and would 
have conveyed their benefits more widely in the published 
literature than at a conference devoted primarily to 
nuclear resonance in solids. 

While the general reader must not expect a cohorent 
picture of nuclear magnetic resonance in solids, ho will 
find a wide sample of activities in the field. For such a 
reader and for the student entering research, the compre- 
hensive range of topics and associated references will be a 
useful entry into the specialist literature. The specialist 
himself will be conscious of the delay in publication but 
should find the documentation and the full edited discus- 
sions useful. The production of the book is excellent, with 
clear diagrams and a well edited text containing few 
mistakes. J. BUTTERWORTH 


SELENIUM, TELLURIUM AND 
POLONIUM 


The Chemistry of Selenium, Tellurium and Polonium 
By K. W. Bagnall. (Topics in Inorganic and General 
Chemistry, Monograph 7.) Pp. viiit+200. (Amsterdam, 
London and New York: Elsevier Publishing Company, 
1966.) 708. 


Dr. BAGNALL’S book concerns three somewhat neglected 
members of the periodic table. The need for a manage- 
able, concise and up-to-date treatment of selenium, 
tellurium and polonium has been felt by undergraduates 
and research students alike, and in the rather over- 
populated world of chemical ‘hterature’ it is pleasant to 
welcome just such a book. One theme of the book is to 
accommodate polonium in the context of the chemistry 
of the heavier elements of Group VIB, but knowledge of 
polonium is stil unfortunately such that comparisons 
are inevitably limited. The attempt to redress the balance 
of knowledge has meant that certain aspects of the 
chemistry of tellurium and more particularly of selenium 
have not received due attention. To undergraduates 
the volume will present no problems, being set out in 
the classical format evident from the following chapter 
headings: “The Discovery and Uses of the Elements”; 
“Separation, Purification and Determination”; ‘The 
Elements, the Hydmdes and other Derivatives”; ‘The 
Oxides, Oxo-acids, Sulphides and Sulphur-oxo-acids’’; 
“Halides”; ‘Salts formed with Oxo-acids’; and 
“Carbon Compounds”. Factual information is well pro- 
vided, and some of the anomalies and uncertainties which 
have been underlined should certainly stimulate the 
interest anticipated by the author. Explanations come 
less easily, admittedly, and a judicious sentence or two 
would have helped to outline the shape of the wood as 
woll as the trees; for example, the stereochemistry of 
selenium (IV) and tellurium (IY) compounds is described 
only for individual molecules despite the fact that the 
general stereochemical features for such systems are now 
fairly well defined. 

Readers will appreciate the lucid style of the book, 
which is pleasingly free of ambiguity; the few errors, 
such as the reference to the infra-red frequencies v,~v, of 
BeF, and a rather misleading description of the SeF, 
molecule as a “distorted tetrahedron”, do not alter the 
general impression. For the research worker there 1s a 
useful bibliography. This has been pruned to restrict it 
to reasonable proportions, and the list of references is by 
no means comprehensive enough to make this the com- 
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plete source-book of wformation about selenium and 
tellurium. Despite the obvious need to limit the number 
of references, it is questionable whether the signposta to 
the appropriate literature are always as numerous and 
well chosen as they might be. 

Except for a few trivial errors, the printing and general 
presentation of the volume leave nothing to be desired. 
This is a sound and useful account that will be of value 
to students at all levels, and to specialist chemists as a 
first reference in matters concerning selenium, tellurium 
and polonrum. A. J. Downs 


THE SOLAR CORONA 


Physics of the Solar Corona 

By I. S. Shklovskii. Second edition. Translated by 
L. A. Fenn. Translation edited by A. Beer. Additional 
material translated and edited by A. J. Meadows. (Inter- 
national Series of Monographs on Natural Philosophy, 
Vol. 6.) Pp.x+475. (London and New York: Pergamon 
Press, Ltd., 1965.) 120s. net. 


Borar physics has developed within the past decade to 
an astonishing degree. There are now whole text-books 
dealing only with some special aspects of solar research. 
Shklovskii’s book, now in 1ts second edition, consists of not 
fewer than 475 pages of a morphology devoted entirely to 
present knowledge of the solar corona, & field of research 
to which the author himself has most actively contributed. 
The corona is at present of special interest since we are 
dealing with the outermost atmosphere of the Sun, a 
subject still presenting many most difficult and unsolved 
physical problems. Since the outer parts of the solar 
corona continuously merge into the interstellar space, this 
whole subject is at the same time of tremendous actual 
interest for modern space research. These considerations 
have even given rise to quite a new research line in astro- 
physics which may rightly be called experimental astro- 
physics. 

The book gives a good survey of present knowledge of 
the solar corona, including first the more elementary 
fields of research in this line during the past decade. 
But then it turns with special emphasis to the most 
modern investigations and to the connexion with radio 
astronomy and with research into the interplanetary 
medium. 

The first hundred pages of the book cover the main 
results of various observations of the corona; a great many 
of them were collected by solar eclipse observations of 
various kinds. A further chapter is devoted to the emission. 
and absorption spectra of the corona, a most fascinating 
field for spectroscopists, followed by a well written review 
of quantitative chemical analysis of the corona using all the 
information presented by the available spectroscopic 
evidence. The author then turns to the physically quite 
difficult theory for explaining the deviation from thermo- 
dynamic equilibrium in the upper layers of the solar 
atmosphere and in the corona, and he then describes the 
ultra-violet and X-ray radiation of the Sun, originating 
mainly within the corona. This chapter also takes into 
account the influence of the short wave solar radiation on 
the ionization of the atmosphere of the Earth—important 
for modern telecommunication. Spectacular results have 
recently been produced in this line by extended pro- 
grammes of rocket research. There follows a short outline 
of modern radio astronomy and of radio emission from the 
Sun, most of which originates in the highest layers of the 
Sun and in the corona. The different theories of the solar 
corona, all still more or less in dispute, are outlined in a 
further chapter and, finally, there is a discussion of the 
interplanetary matter between the Sun and the immediate 
surroundings of the Earth which nowadays is of great 
importance. 
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The book 18 quite well illustrated, and the bibliography, 
which has 274 entries but is by no means complete, gives a 
good introduction to the subject. It would have been 
valuable to have had more entries ın the subject index. 
The book is certainly a good and well informing publication 
in this special field of modern astrophysics. 

H. von KLUBER 


Applied Optics and Optical Engineering 

A Comprehensive Treatise. Edited by Rudolf Kingslake. 
Vol. 3: Optical Components. Pp. xiv+374. (New York: 
Academic Press, Inc.; London: Academic Press, Inc. 
(London), Ltd., 1965.) 120s. 


Tas book reviews the optical and mechanical problems 
involved in designing and manufacturing optical compon- 
ents. There is a broad treatment of the lens design 
process and separate chapters sketch the characteristics 
of the main types of lens system—photographic objectives, 
microscope objectives, and eyepieces and magnifiers. 
It is, perhaps, not surprising in a volume of this kind 
that there is some overlap between the general review 
and the more detailed chapters, but cross-references are 
not always given in the text. There are chapters on the 
manufacture of lens systems, on lens testing, and on the 
coating of mirrors. The design and production of spectacle 
lenses are dealt with separately, and there is a chapter on 
plane mirror and prism systems. 

The volume will be useful to those entering, or broaden- 
ing their interest ın, the field of optical technology; mm 
many parts of the subject the treatment is insufficiently 
detailed to enable them to tackle specific design and 
production problems without further study, but it does 
present the overall picture in a useful way and indicate the 
line of approach. R. S. LoncHursr 


Handbook of Chemistry and Physics 

A Ready-Reference Book of Chemical and Physical Data. 
Edited by Robert C. Weast and Samuel M. Selby. Forty- 
seventh edition. Pp. xxviii+1,858. (Cleveland, Ohio: 
The Chemical Rubber Company: Oxford: Blackwell 
Scientific Publications, Ltd., 1966.) $17.50; 168s. 


Tan Handbook of Chemisiry and Physics really needs no 
introduction. It is now as much part of the scientific 
scene as the Bunsen burner, and it is just as handy to 
have around. Although “handbook” is now something 
of a misnomer, with more than 1,800 quarto pages, a 
vast amount of information is compressed into it. 

Each edition is larger than the last, and the forty- 
seventh is no exception. It has about 150 more pages 
than the forty-sixth and contains more than twenty 
new tables. The most useful addition will probably turn 
out to be the new table of gravimetric functions and their 
logarithms. Others include tables of the properties of 
magnetic materials, new information in plastics and 
carbohydrates, and a greatly revised classification of 
elementary particles. 

The book has the same format as the previous edition, 
which makes the information very easy to find. It is 
undoubtedly well worth 8 guineas (£8 8e.). 

J. Spznour 


Isotopes in Experimental Pharmacology 
Edited by Lloyd J. Roth. Pp. xiv+488. (Chicago and 
London: The University of Chicago Press, 1965.) 90s. 


Tum general availability of isotopes since the Second 
World War has provided enormous stimulus to the 
definition of metabolic pathways. Routes of biosynthesis 
have been well defined for metabolites elaborated by the 
plant kingdom. In the animal world, and particularly in 
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human medicine, the use of isotopically labelled com- 
pounds of potential medicinal mterest has enabled a 
solution to be provided to many of the problems concern- 
ing the distribution and metaboliam of drugs. Since the 
thalidomide incident this area of experimental pharma- 
cology and toxicology has acqmred a great sense of 
urgency and importance, In this context therefore it is 
particularly appropriate that a volume dealng with the 
use of isotopes in experimental pharmacology together 
with their application to problems in neuropharmacology 
and toxicology should recently have been published. 

Isotopes in Experimental Pharmacology reports thirty- 
six contributions made at an international conference 
held at the University of Chicago ın 1964 to discuss the 
general subject of isotopes and their application to the 
various aspects of experimental pharmacology. The con- 
ference, the first to consider this topic, was held under the 
auspices of the U.S. Atomic Energy Commission, the 
International Atomic Energy Agency and the Rockefeller 
Foundation Grant for Nuclear Medicine. 

Seven general areas of mvestigation formed the subject 
for the conference, the boundaries of which may be most 
readily appreciated from the list of these areas: isotopic 
labelling of drugs; activation analysis; autoradiography; 
compartment analysis and dynamic measurements; drug 
biotransformation; biochemical pharmacology; and deu- 
terum effects. 

Like all similar publications, the contributions are 
uneven in length, content and significance. Indeed, several 
of the contributions are so brief that they might with 
advantage have been omitted entirely. Despite this 
minor criticism, however, the book is a most valuable 
contribution. to those topics previously designated. The 
publication is extremely well produced, copiously illus- 
trated with appropriate graphs and formulae, and by 
present-day standards extremely modestly priced. 

It will constitute a permanent source of reference, 
particularly for the appropriate literature, for those con- 
cerned with this rapidly developing branch of pharme- 
cology. W. B. WHALLEY 


Enzymes in Serum 

Their Use in Diagnosis. By Keith 8. Henley, Ellen 
Schmidt, and Friedrich W. Schmidt. (A Monograph in 
the Bannerstone Division of American Lectures in 
Living Chemistry.) Pp. xi+120. (Springfield, IN.: 
Charles C. Thomas, 1966.) $5.75. 

Tue authors intended this monograph as a primer for 
clinicians and also hoped that it would be useful to 
clinicians setting up or expanding clinical laboratories. 
The first half is thus devoted to methodology and patho- 
physiology. In this, techniques are inadequately described 
for a beginner, although the professional will find the 
bibliography excellent. There is no guidance as to the 
most practical current methods. Commendably, inter- 
national units are used throughout; although for 
phosphatases and amylase, for example, there is no inter- 
national substrate and corrections to 25°C may be 
unreliable in human work. Older units in brackets would 
have been a great help to most readers. 

The second half, on diagnostic applications, opens 
with the liver and biliary system and has the excellence 
we expect of these authors. The section on heart is also 
good. Those on skeletal muscle and cancer are not helpful, 
possibly reflecting current limitations in diagnosis, but 
more could have been said on following the progress of 
cancer, a major part of work today. The final five chapters 
are impartial surveys in other fields, with again good 
bibliography. This book thus seems designed for the 
American market. British clinicians may find the second 
half valuable, but it is hoped they will leave the choice 
and execution of methods to professionals, who will 
undoubtedly find the bibliography throughout invaluable. 

J. R. Hons 
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OBITUARIES 


Professor Harold Burton 


Hanotp Burton, who died on September 1, aged 65, 
graduated from the University of Sheffield, and then 
spent 2 years in research with Dr. James Kenner on the 
influence of nitro-groups on the reactivity of substituents 
in the benzene nucleus. This was followed by 3 years on 
the staff of Burroughs Welloome and Company. These 
early experiences gave him a life-long interest in the 
mechanism of organic reactions and in chemotherapy. His 
mechanistic outlook was further strengthened when, after 
a period of research in association with Professor C. 8. 
Gibson for the Chemical Warfare Department, he joined 
the staff of Professor C. K. Ingold at Leeds in 1927. There 
he became responsible, during the next 20 years, for 
organizing the teaching of organic chemistry to medical 
students. For this his earlier work, including that with 
Gibson at Guy’s Hospital, was a very good preparation. 

In collaboration with the Department of Physical 
Chemistry two most successful courses were designed 
which enabled students of mediome in later years to keep 
abreast of the rapid advances on the chemical side of their 
profession. It was typical of Burton that, while preparing 
the course, he attended the lectures of the professor of 
physiology. Both students and senior members of the 
Faoulty of Medicine greatly respected him and deeply 
appreciated his devotion to their interests. , 

After the appearance of a joint paper with Ingold in 
1928, on mobile anion tautomerism in the simple three- 
carbon system, he continued to work on this subject for 
some years; later, in collaboration with Shoppee, this 
research was extended to cyclopentenones. 

Between 1940 and 1948 he published a series of papers on 
aromatic and heterocyclic sulphonyl derivatives which 
were an outcome of his contacts with the pharmaceutical 
industry and with his medical colleagues. His work 
on complex formation and re-arrangement of p-hydroxyl- 
aminobenzenesulphonamide clarified some unexplained 
observations of earlier workers and afforded evidence of 
his ability to elucidate a series of obscure reactions by some 
neat and simple experiment. This was further illustrated 
by his work on the formation of diphenyl sulphoxide from 
thiophen-2-sulphonyl chloride and magnesium phenyl 
bromide. 

In 1947 Burton succeeded Professor C. K. Tinkler in the 
chair of chemistry at King’s College of Household and 
Social Science (later re-named Queen Elizabeth College) in 
the University of London. During the following years the 
College developed considerably and has recently embarked 
ona new building scheme. In collaboration with Dr. F. G. 
Praill ho commenced a lengthy study of acylation and 
similar reactions in which he utilized the acetylium and 
acetic anhydridium ions, CH, CO— and (CH, CO),0H in 
the form of their perchlorates. He showed that mixtures 
of acetyl chloride and silver perchlorate readily acylate 
anisole giving p-methoxyacetophenone, and that benzyl 
perchlorate gives diphenylmethane with benzene. 

Burton served the profession of chemistry in many ways. 
He was one of the honorary secretaries of the Chemical 
Society from 1949 to 1055, vice-president of the Royal 
Institute of Chemistry from 1951 to 1953 and its honorary 
treasurer from 1953 to 1963; he also gave much service to 
the Bureau of Chemical Abstracts. This may have con- 
tributed to some extent to his extremely wide knowledge 
of organic chemistry which was aided by his early interest 
in reaction mechanism. 
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Burton was an expert gardener, and his neat hand- 
writing was in keeping with his teaching, his research work 
and his administration. A colleague said recently—“he 
was the epitome of reason and good sense”. 

FREDERIOK CHALLENGER 


Dr. James Powell 


Dr. James Huan Power. died on September 28 after 
a short illness. He had retired from the Admiralty in 
1954 after 38 years service devoted to the study of 
underwater weapons and their effect on ships’ structures. 

He was educated at the University of Liverpool and was 
for a short time on the staff as demonstrator and lecturer in 
physics. He joined the Admiralty shortly after the out- 
break of war in 1914, working first with Rutherford, and 
then with W. H. Bragg on the problem of submarine detec- 
tion using directional hydrophones. Later he worked on the 
motion of buoyant mines in tideways, but his real life work 
on the recording of the pressures from underwater explo- 
sions using piezo-electric gauges began with his association 
with Dr. A. B. Wood. This was an ambitious undertaking 
in those days; the cathode-ray oscillograph had only just 
been developed and amplifiers that would deal properly 
with a ‘‘once-only” steep fronted type of pulse simply did 
not exist. This meant that all the early work was done 
with very heavy tourmaline gauges in order to give enough 
voltage and charge to actuate the oscillograph directly. In 
a sea trial the problems of adequate cable insulation and of 
positioning such gauyes accurately could be very severe. 
They obtained reliable results and established that the 
pressure due to a given charge could be predicted to 
within a few per cent. 

The situation did not really change until the last war, 
when reliable amplifiers became available, permitting the 
size of gauges to be reduced. Smaller and more robust 
gauges could then be brought nearer to the charge without 

Powell played a leading part in directing this 
development, and the fact that the British contributions 
to this field match the results obtained by the United 
States with much more manpower is largely due to him. 
He was a ‘founder member’ of the Naval Construction 
Research Establishment at Rosyth. Although not a 
theoretician, he followed the theoretical work on the 
hydrodynamics of the pulse itself and on the damage to 
ships’ structures which was carried out during the last 
war, and was always helpful in devising experiments to 
check difficult points. He made important contributions 
to the vital problems of how to scale up from model experi- 
ments and of how to arrive at numerical measures of 

Powell’s personality was marked by absolute loyalty and 
unfailing courtesy to those both below and above him. 
This was combined with the humility and the willingness to 
listen to everyone that mark the true researcher. These 
qualities brought him many friends, some of whom feared 
that his retiring nature was ill-suited to the rough and 
tumble of Civil Service politics. He certainly did get leas 
than his real due; he even declined a promotion on one 
occasion! Nevertheless, he was able to do work of 
permanent value in organizing the Admiralty branch of 
the Institution of Professional Civil Servants, in which he 
became a leading figure. 

Admiralty research establishments necessarily employ 
a wide variety of people, naval types active and retired, 
professional administrators, naval constructors, scientists 
and engineers of every type whose trainings are so different 
that real communication problems can arise and can reach 
a point at which the efficiency of the work suffers severely. 
Powell was a past maater at smoothing away these diffi- 
culties. He had great tact and the imagination to see 
almost every point of view. 

He is survived by a widow, a son and a daughter. 

H. N. V TEMPERLEY 
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BEHAVIOUR OF THE EARTH’S MAGNETIC FIELD DURING A REVERSAL 


By C. G. A, HARRISON 
Marine Physical Laboratory, Scripps institution of Oceanography, University of California, San Diego 


AND 


B. L. K. SOMAYAJULU* 
Department of Earth Sciences, University of California, San Diego 


On the Papagayo expedition of the Scripps Institution of 
Oceanography an oriented gravity core (Harrison, C. G. A., 
Belshe, J. U., Dunlap, A. S., Mudie, J. D., and Rees, A. I., 
in preparation) was obtained from 14° 477 N., 119° 
51-6’ W. in a depth of 4,240 m of water. The core was 
medium brown in colour, with some light mottling. 
There appeared to be no disturbances in it and the type of 
material was similar throughout the core. The core was 
sampled for palasomagnetic measurements in the follow- 
ing way. The core and its liner were split in half vertically, 
and glass cylinders were then pressed into one of the 
surfaces so produced and extracted full of sediment. 
The axes of these cylinders were thus horizontal and the 
internal diameter of the cylinders was 1:7 cm. The 
sediment usually occupied a length of about 1-7 cm, 
which gave a total volume of about 4 cm? of wet sediment. 

The direction and intensity of the natural remanent 
magnetization, and of the magnetization remaining after 
demagnetizing the samples in a peak field of 100 oersteds, 
were measured on & sensitive astatic magnetometer. The 
magnetic susceptibility was measured using a low field 
a.c. bridge method. The results are shown in Figs. 1 
and 2. The demagnetization was achieved with a tumbling 
apparatus similar to that described by McElhinny'. 

There is clear evidence from the directions of magnetiza- 
tion of the demagnetized samples that this core contains 
material deposited during a period when the Earth’s 
field was reversed in polarity. It can be seen from Fig. 2 
that the samples from the reversed zone have acquired an 
unstable component of magnetization along the normal 
field direction, as their intensity of magnetization in- 
creases (except for one sample) on demagnetization, 
whereas the intensities of magnetization of the normally 
magnetized samples decrease without exception. 

If it is assumed that sedimentation in this core has been 
continuous up to the present, the pattern of revorsals 
in this core can be successfully correlated with the pattern 
of reversals found in continental rocks*?. Thus the change 
from normal to reversed magnetization between 148 cm 
and 144 om corresponds to the change from the Jaramillo 
normal event to the Matuyama reversed epoch at about 
0-9 x 10° yr, and the change from reversed to normal 
magnetization between 116 cm and 108 om corresponds 
to the change from the Matuyama reversed epoch to the 
Brunhes normal epoch at about 0-7 x 10° yr. 

This core was dated by the ionium-thorium method‘ 
and the results are shown in Fig. 3. A half life of 75,200 
yr for ionium* was used in the calculation of the rate 
of sedimentation, which was 2:0 mm/1,000 yr for the top 
60 om of the core. This figure compares very well with the 
sedimentation rates obtained from dating the magnetic 
horizons; these rates are 1-6 mm/1,000 yr for the Brunhes 
epoch and 1:7 mm/1,000 yr for the last part of the Matuy- 
ama epoch. This core was kindly examined for micro- 
fossils by W. R. Riedel of the Scripps Institution of 
Oceanography, but an insufficient number were present 
for any palaeontological horizons to be defined. 
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Table 1. Q FAOTOR (RQUAL8 INTENSITY OF BIAGNETIZATION/MAGNETIC TOP 
SUSE aes) 141 
Natural remanent 
Sample No. magnetization 70 oersteds 120 oersteds 
1 o 0-126 0-198 
2 0-374 0111 0-187 142 
8 0-102 0-200 0-199 
4 0-170 0-218 0-088 
5 O-1i2 0-254 0-204 
6 0 057 0-084 0:077 
7 0-084 0-084 0-064 143 
8 0-202 0 055 0-041 
8 0-126 0 043 0-036 
10 0-374 0-188 0-128 
iW 0 528 0-801 0-262 
0-519 0 815 0-860 144 
18 0-568 0-881 0 248 a 
14 0-870 0-195 0-163 5 
15 0-185 0-026 0-074 £ 
16 0-819 0-215 0-127 145 % 
In order to investigate what happens to the Earth’s 8 
magnetic field during a reversal, a series of smaller samples a 
were taken in the other half of the core, spanning the ve. 2 
lower reversal, between 141 cm and 151 cm from the 5 
top of the core. Fig. 4 shows the positions of these sixteen = 
samples, and the positions of the samples taken 144 cm 147 5 
and 148 cm from the top of the core. The smaller samples E 


were 0-95 em internal diameter and were taken in cellulose 
nitrate tubes, the walls of which were 0°25 mm thick; 
the thinness of the walls made it possible to keep distur- 
bance produced in the sediment samples by the sampling 
process to a minimum. The length of the sediment in the 
tubes was about 1-3 om, giving a sample volume of about 
0-92 om?. Taking a sedimentation rate of 2-0 mm/1,000 
yr, each of these small samples will have sediment de- 
posited over a time of 4,800 yr. There is, however, an 
overlap between samples, and the centres of the samples 
are only “2,400 years” apart. 

The natural remanant magnetization and magnetic 
susceptibility of these samples were measured, and the 
samples were demagnetized at 70 oersteds and again at 
120 oersteds and their magnetization again measured. 
The directions of magnetization are shown in Fig. 5 and 
values of the ratio of the intensity of magnetization to 
susceptibility are listed in Table 1. 

In common with the larger samples, these small samples 
show directions of natural remanent magnetization which 
are quite scattered. The scattering is greatly reduced by 
demagnetization at 70 oersteds, but the pattern is not 
much changed by further demagnetization at 120 oersteds. 

The samples divide up into predominantly normally 
and reversely magnetized groups. Samples 1-7 are 
reversely magnetized, and samples 8-16 are normally mag- 
netized; however, some of the samples have anomalous 
properties. Samples 9 and 15 seem to have an unstable 
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Fig. 3. Ionfum-thorium activity ratio plotted as a function of depth. 
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magnetization, as their directions of magnetization 
change much more than do those of the other samples 
after demagnetization at 120 cersteds. In addition, 
sample 15 has a Q factor (ratio of remanent magnetization 
to magnetic susceptibility) which fluctuates quite con- 
siderably. The ratio was reduced to one fifth of its value 
after demagnetization at 70 cersteds, and was increased 
three times after demagnetization at 120 oersteds. 
Samples 2 and 4 have high @ factors compared with other 
samples from the reversed zone. If this is coupled with the 
fact that the directions of natural remanent magnetization 
for these samples can scarcely have been produced by the 
addition of approximately normal to approximately 
reversed directions of magnetization, these samples seem 
to have anomalous properties. After demagnetization, 
samples 1, 3 and 5 have a mean Q factor of 0-199 + 0-003 
and samples 10-14 and 16 have a mean Q factor of 0-213 
+ 0-038. These figures show that almost all the normal 
magnetization later acquired by the samples from the 
reversed zone has been removed. 


It is suggested that the variation of the strength of 
the Earth’s magnetic field can sometimes be estimated 
by measuring the variation in the Q factor‘. Several 
workers, such as Opdyke et al.” and Einarsson’, have 
used the strength of the magnetization to measure 
field strength. Momose et al.” used the ratio of natural 
remanent magnetization to thermal remanent magnetiz- 
ation to estimate variations in field strength. Van Zijl e 
al.1° used the ratio of natural remanent magnetization to 
thermal remanent magnetization after they had demag- 
netized both in an alternating field of 219 oersteds. Any 
mothod involving thermal remanent magnetization is not 
applicable to sediments, and therefore we propose to use 
the Q factor to measure changes in the field strength. 

The following observations have been made on a series 
of five deep sea cores from the Eastern Pacific. In any 
one core the intensity of natural remanent magnetization 
or demagnetized natural remanent magnetization is 
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Fig. 5. Directions of ies arena of the small samples plotted on equal area nets. ie 
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positively correlated with the magnetic susceptibility, 
with a correlation coefficient (|r|) which varies between 
0-256 and 0-659 (for forty to fifty samples). If the natural 
remanent magnetization and susceptibility values are 
normalized by dividing by the mean values of natural 
remanent magnetization and susceptibility for each core 
it is found that the least square regression lines have 
slopes between 35° and 56°. For the same cores the Q 
values and susceptibility values are correlated with 
values of |r] between 0-015 and 0-227. The normalized 
values of the slopes are between — 15° and +27°. Thus 
there 18 easentially no correlation between Q and suscepti- 
bility. 

The results of this study are that (a) there are no stable 
direstions of magnetization which lie away from the 
normal or reversed groups and (b) samples 6, 7 and 8, 
which lie immediately above and below the reversal, 
have the lowest Q factors. Thus it seems likely that this 
reversal of the Earth’s magnetic field occurred at least 
in part by a reduction in the intensity of the main dipole 
field, and that this persisted for about 5,000-10,000 yr. 
It is not known whether dumng this period of reduced 
intensity the Earth’s main dipole field became zero in 
strength—as has been suggested for the dynamo model 
of the Earth’s magnetic fleld4'—and then increased in the 
opposite direction, or whether the main dipole field swung 
around through 180°. If either happened, the period of 
change must have been much less than 5,000 yr, other- 
wise some samples would have had a much smaller 
natural remanent magnetization intensity (if the mag- 
netic field became zero) or stable directions of magnetiz- 
ation would have been observed away from the normal 
and reversed groups. 

No discussion has boon given of the non-dipole field. 


‘It is known that the non-dipole field drifts westwards at a 


rate of 0:18°/yr™, and it has been postulated that over a 
time of 5,000 yr the non-dipole field would be almost 
completely averaged out’. It is certain that the average 


vector of the non-dipole field over this period of time 
should be less than one-tenth of the strength of the usual 
dipole field, and so should not interfere with the inter- 
pretation, which is based on intensities of magnetization 
which seem to be about one-fourth of those produced in 
samples when no reversal is taking place. 

Further work should be carried out on the problem 
of the detailed behaviour of the Harth’s magnetic field 
during a reversal. It would be desirable to study the 
phenomenon in a core which had a more rapid sedimente- 
tion rate than ours, such as one of the Antarctic cores 
described by Opdyke et al.’. In some of these cores a 
1 em sample would have a magnetization representing 
an average of the Earth’s magnetic field over only 1,250 
yr. To study shorter times than this would introduce 
complications in that the non-dipole field would start to 
become important. 

This research has been supported by the U.S. National 
Science Foundation, the American Chemical Society, and 
the U.8. Atomic Energy Commission. We thank J. 
Lawson for taking the core and J. Crouch for making 
many of the measurements. 
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EQUAL AREAS OF GONDWANA AND LAURASIA 
(ANCIENT SUPERCONTINENTS) 


By Dr. ROBERT S. DIETZ and WALTER P. SPROLL 


Institute for Oceanography, Environmental Science Services Administration, Silver Spring, Maryland 


THE continents of the world seem more or less randomly 
located over the Earth’s surface. There appears to be 
little symmetry in the disposition of these sialic (granitoid) 
“plateaux”. For example, the amount of land in the 
northern hemisphere 18 100 x 10* km? while that in the 
southern hemisphere is 48 x 10* lon’, a ratio of 2: 1 (ref. 1). 

Many theories have been offered to account for the 
distribution of continents. An early example is the 
tetrahedral hypothesis of continent distmbution of 
Lowthian Green, common in bygone geology text-books*:?, 
Green supposed that the Earth was cooling and contracting 
and, in becoming smaller, tended to take on the shape of 
an inverted tetrahedron. The continents, he suggested, 
formed at the points and edges of the tetrahedron so that 
Antarctica occupied one point while Asia—Australia, the 
Americas and Eur—Africa occupied the three edges. We can 
now dismiss Green’s concept because we no longer believe 
the Earth to be contracting. Also the continents are not 
elevated portions of the mantle but are plateaux of sialic 
rock resting isostatically in the mantle. We remain 
today without any satisfactory theory to explain the 
distribution of continents around the globe. 

Perhaps the usual adherence to continental fixity is a 
main difficulty. If continents have instead drifted, then 
they may have had an earlier and perhaps more “‘logical” 
plan. The distribution of the contments may not always 
have been as complex as it is now, given that all the 
continents of the world were configured in the Palaeozoic 
into two supercontinents: Laurasia (North America and 
Eurasia) and Gondwana (South America, Africa, Australia, 
Antarctica, India, Malagasy and some other micro- 
continental fragments). The Leurasia-Gondwana concept 
has several aspects of simplicity. For example: (1) there 
would be just two supercontinents rather than the six 
major continents plus other sialic pieces which exist now; 
(2) Gondwana and Laurasia were rudely circular and 
Gondwana may have been entirely surrounded by a 
continuous mountain range‘; (3) Gondwana was located 
in the southern hemisphere and Laurasia was at least 
mostly in the northern hemisphere. It would seem that 
the geography and geology of land masses may have been 
somewhat simpler in the past than at present. 


Equal Areas of Laurasla and Gondwana 


It occurred to us that the areas of Gondwana and 
Laurasia might be quite similar. This would provide 
still another aspect of Gondwana~Laurasia simplicity. 
An analysis of their areas was therefore undertaken. 
The areas of continente quoted in the usual atlases were 
unsuitable because the geological limit of continents is 
delineated not by the shorelines but rather by the 1,000- 
fathom isobath which marks half the isostatic freeboard 
of continents’. Such a mensuration includes extensive 
continental shelf and upper-slope areas. While we 
expected rude similarity, we did not anticipate the close 
equality achieved whereby Laurasia has an area of 
100-7 x 10° km? and Gondwana has an area of 100-6 x 10 
kum’, or @ difference of only 100,000 km? (approximately 
the area of Iceland), or only 0-1 per cent (Table 1). The 
closeness of this agreement must be fortuitious as there 
is a considerable margin for error in the computation: 
the exact position of the selected isobath, assumptions 
about the composition of these two supercontinents and 


post mid-Mesozoic accretions to continents. We can 
suppose that these measurements reveal an agreement in 
size to within 1 per cent or so, however, which remains 
most remarkable. 

The total area of the Earth is 610x10* km? eo that 
nearly 40 per cent is occupied by continental crust as 
developed by our measurements. In round numbers, 
the Earth’s area is thus about 500 x 10° km? and Laurasia 
and Gondwana each about 100x 10° km? so that each of 
these supercontinents occupied 20 per cent of the Earth. 
Monard’ cites a figure of 41 per cent continental crust. 
His slightly larger figure is probably derived frem his 
using the 2,000-metre isobath to delimit the continents, 
while we used the shallower 1,000-fathom isokath; also 
we have not included oceanic highs (fully detached from 
continents) except for Malagasy and the northern Sey- 
chelles, New Zealand and South Georgia, as these are 
clearly sialic blocks. 

To compute the areas of Gondwana and Laurasia, the 
National Geographic Society’s 16 in. diameter globe of 
1963 (scale 1:31, 363, 200) which displays bathymetry 
as well as landmasses was used. To measure areas, the 
area grid on their plastic quasi-hemispherical measuring 
cap, together with quadilateral areas of longitude and 
latitude of continental interiors, were used. The method is 
thus not highly precise but we considered it sufficiently 
accurate in view of uncertainties in the basic assumptions. 
Laurasia was considered to consist of Eurasia, North 
America and Greenland. Gondwana was considered to 
include the continents of Africa, Austraha, New Guinea, 
Antarctica, South America; the subcontinentsa of India, 
Malagasy and New Zealand, and the northern Seychelles 
Bank “microcontinent’’. The principal microcontinent 
used in our Laurasia measurement is Rockall Bank’. 
The Tibetan Plateau was regarded to be two continents 
thick (70 km) consisting of both an Asian top plate and an 
Indian under plate; its area is therefore included as a 
part of the Indian subcontinent as well as being a part of 
Eurasia. Arabia is, of course, included in Africa of which 
it is geologically a part. The contact between Gondwana 
and Laurasia is taken as a line along the axis of the Persian 
Gulf and continued through Iraq and Syria to meet the 
axis of the Mediterranean Sea. 

It appears likely that additional microcontinental 
fragments will eventually be identified, especially in tho 


Table 1. EQUAL ARRAS OF LAURASIA AND GONDWANA*® 


Laurasiat Gondwana 

Eurasie 7049x 10" km? Africat 37-80 x 10° km? 

North America 85389x10*km* Australia and Now 
amo GuJnea 18-31 x 10° km! 
1065-88 x 10* km" New Zealand 2-69 x 10% km? 
Antarctica 16-91 x 10* km? 
India — 618x10'km* South America 22-36 x 10° km? 
92-97 x 10° km! 
India + 519x 10' km? 
Himalayan Ovorlap$ + 2-44 x 10¢ km! 
100-69 x 10° km?’ 100-60 x 10* km? 


or 1007 x10* km’ or 100:6 x 10° km? 


* Continental areas include continental shelves and upper continental 
slo to the 1 000-fathom isobath. 

Taurasia excludes the Phillppine Islands and southern Centra] America. 
This represents 1-35 x 10* square kilometres. No account is taken for posible 
post nid-Mesoxote accretion to continents by orogeny, etc. 

t By Himalavan Overlap we mean that part of the Indian subcontinent 
presumed to underlie the Tibetan Plateau. great d must be two 
continents thick to satisfy riper e 

§ Includes Arabia, Malagasy and the northern portion of Seychalles Bank: 
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Indian Ocean, which would add to the area of Gondwana. 
Such additional areas, if discovered, might be partially 
offset by finding that the continental area around New 
Zealand is not as large as is indicated by the 1,000-fathom 
isobath—-which now includes an undersea area more than 
three times as large as this landmass itself. Our computa- 
tion has uncertainties, but there remains a close equality 
of areas of Gondwana and Laurasia which would not be 
altered except in detail by any new findings re 
crustal extent. The principle seems established that 
these two supercontinents, as the “drifters”? thought, 
were of almost identical size. 


Our result must be meaningful and so invites some 
speculation. Is the Laurasia-Gondwana version of drift 
correct, or were the continents in the Palaeozoic all part 
of a universal landmass like Wegener’s Pangaea as many 
modern drifters suppose®)?:*? The equal areas of Gond- 
wana and Laurasia would seem to argue for the reality of 
this two supercontinent version of drift and against the 
Pangaea version. It is difficult to conceive of a reasonable 
process whereby Pangaea would be split into equal halves 
—it would be fortuitous and so unlikely. 

Continental drifters would also like to know whether the 
postulated mid-Mesozoic break-up and dispersal of the 
continents was a unique event in geological history, or 
whether continents, from time to time, have split and 
drifted, reconfiguring their outline. The equivalency of 
areas argues for a simplicity of drift history—even possibly 
that the mid-Mesozoic break-up was unique in Earth 
history. 

A speculation which might reasonably account for the 
equal areas of these two supercontinents is as follows. 
Runcorn** has suggested that orogenic revolutions and 
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continental drift may have been controlled by the growth 
of the Earth’s core which in turn caused the modes of 
latitudinal toroidal convection cells in the Earth’s mantle 
to increase from one cell to a five cell pattern. This 
progression, however, would not account for the equal 
areas of Gondwana and Laurasia, but an even simpler 
scheme of the Runcorn type would. Suppose that the 
convection made in the Palaeozoic and earlier was n= 2 
—that is, there were just two toroidal latitudinal cells 
(Fig. la). Such convection cells would rise at the equator, 
move towards the poles and descend at the poles. If the 
Earth originally accreted as a cold ultramafic body and 
gradually warmed up, as is now generally supposed, then 
continental or sialic rock would have been slowly generated 
by differentiation from the Earth’s mantle. Assuming 
original uniformity in the composition of the pristine 
Earth, then equal volumes of mantle would generate equal 
volumes of sial. In the two convection cell scheme, the 
southern hemisphere would supply all the sial for Gond- 
wana while the northern hemisphere would supply all the 
sial for Laurasia, etc. The continents may then have been 
accreted by sea-floor spreading with its conveyor belt 
tectonics accompanied by collapsing continental rises?/1%, 

The reason for the present distribution of continents 
still remains enigmatic. But we suggest that the answer 
hes in the new and more complex mantle convection cell 
patterns which began in the mid-Mesozoic. The problem 
is probably complex and the process still active, and the 
cells may have undergone recent changes hke the possible 
switch of the Pacific tail of the worldwide mid-ocean rise 
from beneath the Darwin Rise to beneath western North 
America®. One attempt to identify the pattern of con- 
vection cells in the modern world is that of Girdler#*, who 
arrived at a five cell pattern. We doubt that Girdler’s 





a 


a, Diagrammatic representation in early geological time of Laurama around the North Pole and of Gondwana around the South Pole by 


thee haremit tion from mantle convection cells. Two 


toroidal cells are shown ın opposte hemispheres having a harmonic configuration for 


pe = = Laurasia and Gondwana are shown to be both polar and sate Mo are aware, but attempt no explanation, that, at least at the ond 


of the Palaeozoic, Gondwana and Laurasia probably were not so symmetri 


For example, Gondwana was glaciated and Laurasia was 


ae 
b, Diagrammatic representation of the disposition of continents on the modern Earth approximately along a selected great circle. A five-fold 


toroidal cell pattern (n = 5) 1s shown (adapted from Girdler**). 

response to more complex convection 

the number of convection cells, 1s omitted. In this dia 
1s necessarily 


Laurasia and Gondwana are shown as having been fra 
rn. A possible change in the core size between a and b, as suggested by 


ted and drifted in 
corn as controling 


tic representation we do not mean to umply that we pelieva the modern cell pattern 


gramme 
n = 5, but only that ıt is now more complex than ıt was before the mid-Mesoxoio break-up. 
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solution is the last word, but it would seem to be the 
correct sort of approach. When the correct final solution 
is attained, perhaps it could account for the modern 
distribution of continents using the simple Gondwana- 
Laurasia configuration as the initial situation (Fig. 1b). 
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EXCESS « CHAIN SYNTHESIS RELATIVE TO 8 CHAIN SYNTHESIS IN 
THALASSAEMIA MAJOR AND MINOR 


By Dr. ARTHUR BANK and Pror. PAUL A. MARKS 
Department of Medicine, Columbia University College of Physicians and Surgeons, New York City 


Tum thalassaemia syndromes are a group of hereditary 
haemolytic anaemias of man characterized by a decreased 
amount of haemoglobin A (a* 8%). In thalassaemia 
major, the anaemia is severe and the disease is usually 
fatal early in life. Individuals with thalassaemia minor 
have a less severe clinical and haematological picture. 
The simultaneous presence of genes for B thalassaemia and 
a B chain mutant, such as sickle haemoglobin (88), has 
been shown to result in a, selective decrease in the amount 
of haemoglobin A compared with that of the abnormal 
haemoglobin. This has led Pauling and others to postulate 
that the synthesis of structurally normal 8 chain is seles- 
tively affected by the 8 thalassaemia gene™. The mecha- 
nisms which produce the decrease in 8 chain synthesis 
are at present unknown. It has been suggested that an 
amino-acid substitution not associated with an alteration 
in the net charge of the globin molecule may lead to a 
decreased rate of B chain synthesis*. So far, no such 
substitutions have been found in the § globin of patiente 
with thalassaemia’. Alternatively, the defect in thalas- 
semia might be due to an alteration in genes controlling 
the rate of synthesis of structurally normal globin**®. 
In vitro experiments using intact reticulocytes of patients 
with thalassaemia major have revealed a decreased 
eapacity of these cells to synthesize haemoglobin A when 
com; with reticulocytes from non-thalassaemic 
subjects". In a cell free system the defect in B thalassaemia 
cain been localized to the polyribosome fraction of these 
cells’. 

When reticulocytes of patientes with thalassaemia 
major are labelled with radioactive amino-acids, the 
specific activity of the g chain of purified haemoglobin A 
has been found to exceed that of the B chain®.*, These 
resulta were thought to be consistent with a decrease in 8 
chain synthesis in the erythroid cells of patients with 
thalassaemia‘; in addition, it was suggested that a relative 
increase in a chain production might also explain the 
data"*, The present investigation demonstrates that 
in thalassaemia, in addition to an excess of radioactivity 
associated with the « chains relative to that of B chains of 
haemoglobin A, newly synthesized « chains are present 
in erythroid cells which are not incorporated into haemo- 
globin A. These data provide evidence that excess « 
chains are synthesized by the cells of patients with B 
thalassaemia and are not present as haemoglobin A. In 
addition, the cells of patiente with thalassaemia major 
produce more « chains compared with B chains than those 
with thalassaemia minor. In the cells of patients with 
thalassaemia major, the rate of « chain synthesis exceeds 
that of B chains by 500-1,500 per cent, while in the cells 
of patients with thalassaemia minor, the rate of « chain 
synthesis exceeds that of 8 chains by two to three times. 


Heparinized venous samples of blood were obtained 
from patients and the cells collected and washed as 
previously described®. The cells were incubated with 
one volume of a modified Krebs-Ringer bicarbonate 
solution’® and either 0-033 volumes of tritiated leucine 
(3-94 me./umole) containing 1 mc./ml. or 0-033 volumes 
of isoleucine, valine, or leucine labelled with carbon-14 
(0-24 me./umole), or a mixture of purified amino-acids 
labelled with carbon-14 (0-21 yc./mymole) containing 
0-1 me./ml. Stroma-free haemolysates were prepared! 
and ribosomes removed from the haemolysates by centri- 
fuging for 2 h at 50,000 r.p.m. Globin was prepared from 
the haemolysates by the acid acetone method'*. In each 
investigation, the rate of incorporation of radioactive 
amino-acid into globin was linear for at least one hour of 
incubation. 

Separation of a, B and y globin chains. The a, B and y 
globin chains were separated by column chromatography, 
using a modification of the method described by Clegg 
et al.. 20-150 mg of globin were dissolved in starting 
buffer containing 8 molar urea, 0-045 molar 2-mercapto- 
ethanol and 0-01 molar sodium hydrogen phosphate, 
pH 6-3, and dialysed against this buffer for 2h. Individual 
globin chains were eluted from a 1x 20 carboxymethyl- 
cellulose column with 700 ml. of an exponential gradient 
from the starting buffer to one containing 0-1 molar sodium 
hydrogen phosphate at room temperature at a rate of 
1 ml./min. Fractions containing 4-8 ml. were collected 
and analysed for optical density at 280 my and for radio- 
activity. For this latter measurement, the total protein 
in these fractions was precipitated by adding trichloroacetic 
acid to a final concentration of 10 per cent after 1 mg of 
bovine serum albumin had been added. The precipitates 
were then washed, re-suspended with 0:2 ml. of con- 
centrated formic acid and 10 per cent TCA, heated at 
90° O for 30 min and filtered on to ‘Millipore’ disks 2-5 cm 
in diameter. The disks were then dissolved in 10 ml. of 
Bray’s solution’ and counted in a liquid scintillation 
counter. 

This chromatographic procedure separated the a, 8 
and y globin chains from the stroma free, ribosome free 
haemolysate (Fig. 1). This was established in preliminary 
experiments using erythroid cells prepared from blood 
obtained from the umbilical cord of newborn infants 
because of its high content of y chains, in addition to 
a and B chains. The cells were labelled with “C-isoleucine 
as well as tritiated leucine. Isoleucine is present in y 
chains but not in œ and ß chains, while leucine is present 
in all the globin chains. The early peak of optical density 
associated with “C-isoleucine is present in cord blood, but 
not in normal adult blood, which contains no haemo- 
globin F or y globin chains (Fig. 2). This is evidence that 
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this peak contains y globin chains. The identification of 
the « and B globin peaks has already been established!*. 
Globin. chain is. The rate of synthesis of « 
chains relative to that of 8 chains (referred to here as the 
a/B ratio) was determined in erythroid cells of non- 
thalaesaemic subjects with haemolytic anaemias and 
subjects with thalassaemia major and minor. The non- 
thalassaemioc subjects included patients with auto-immune 
haemolytic anaemias, sickle cell anaemia and pernicious 
anaemia. The «/8 ratio in the experiments with cells 
of non-thalassaemic subjects averaged 1:0 (Table 1; 
Fig. 2). The «/§ ratio in investigations with cells of 
patients with thalassaemia major averaged 5-2, while that 
of patiente with thalassaemia minor averaged 2-3 (Table 1; 
Figs. 3 and 4). In two experiments, there was no appreci- 
able change in the a/f ratio after the cells had been 
incubated for different periods with radioactive amino- 
acid (Table 1, subjects A. A. and I. J.). There was no over- 
lap in the values for the «/B ratios of the patients with 
thalassaemia major, thalassaemia minor or subjects with 
haemolytic anaemias other than thalassaemia. The ajg 
ratio of the patients with thalassaemia minor was inter- 
mediate between that of patients with thalassaemia 
major and that of non-thalassaemic subjects. This 
finding is consistent with the concept that patients with 
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Fig. 1, The elution pattern of radioactivity and O.D.s.. 1n ee 

chains obtained from OMO chromatography, One ml. of um! we 
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Fig. 2. The elution pattern of radioactivity and O.D. in the globin 
chains obtained rrom GMO ohromatogra hy. %7 mL of packed cells from 
tlont With pernioione anaemia (8.A. was inoubated with the urified 


amino-acid mixture for 60 min at 37° O and globin as de- 
scribed in the text. ae 
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contin o btained from OMO chromatogra) cells 
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purified “0 amino-acid * O and globin prepared 
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Fig. 4. The elution pattern of ee and O.D.s in the globin 


chaina obtained from, OMC ohromatogreyh 0-45 mL. of cella 
thalassaemia min 


from a patient with ort T.) was incubated with the 
punifled nO aminoacid mixture for 60 min and globin prepare as 
described ın the text. 


thalassaemia minor are heterozygous for the thalassaemic 
gene, while patients with thalassaemia major are homozy- 
gous for this gene. 

Ratio of «jB chain synthesis in haemoglobin. The nature 
of the excess a chains synthesized relative to that of B 
chains in thalassaemia major was investigated by separa- 
ting haemoglobin fiom the total haemolysate using 
chromatography on a column of carboxymethyl cellulose 
as described by Heywood et al.*, The ratio of the radio- 
activity in « chains to that in 8 chains i in haemoglobin A 
of & patient with thalassaemia major was 1-9, This 
finding is in agreement with those of previous investiga- 
tions**, The ratio of the radioactivity in « chains relative 
to that in 8 chains in the total haemolysate of this patient 
was 4:8. Less than 40 per cent of newly synthesized a 
chains present in the total haemolysate prepared from 
cells of this subject could be recovered in purified haamo- 
globin A. By contrast, more than 90 per cent of the 
radioactive 8 chains in the total haemolysate were re- 
covered in haemoglobin A. The recovery of haemoglobin 
A from total haemolysates using this carboxymethyl 
cellulose column chromatography procedure?’ 
between. 85 and 95 per cant. Thus, these findings indicate 
that while almost all the 8 chains synthesized are present 
in haemoglobin A, less than half the « chains are in haemo- 
globin A. The nature of the a chains present in haemo- 
lysates of cells of subjects with thalassaemia major which 
are not in haemoglobin A remains to be determined. 
The higher degree of labelling of « chains compared with 
B chains in haemoglobin A could result from an exchange 
between unlabelled « chains in haemoglobin A and soluble 
free labelled « chains. Exchange of haemoglobin chains 
in solution has been demonstrated at neutral pH". The 
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Table 1 
Time of 

Patient Diagnosis Isotope incubation y * o p.m.8 a8 
(min) B a ratio 

I.W. Autoimmune haemolytic anaemia 7H leu 80 400 5,650 6,950 1-2 
J.K. ” ” » ” 80 120 5,800 5,900 1:0 
8. A. Pernicious anaemia uO AA mix 80 0 6,600 6,800 09 
a 60 0 18,910 12,188 o-9 

R. W. Sickle cell anaemia ug val 80 840 9,350 9,980 11 
an o 

MQ Jeu Average 1-0 

A.A. Thalassaemia major *H leu 80 200 800 1,500 50 
40 AA mix 20 112 155 782 50 

R. M. " ” *H leu 90 9,500 2,800 19,500 6-7 
F. Z. A i 5 20 875 300 600 14:3 
A. 0. és D uO AA mix 20 229 889 1,881 4:8 
Ld. ” ” ʻi 10 187 177 1,020 57 
E 80 590 485 2,605 54 

% 60 610 830 4,000 43 

Average 52 

L.L. Thalasssemia minor with sickle trait "O AA mix 60 0 87,700 81,500 2-3 
G. G ” » » » » u 60 1,000 2,419 24 
M. L. Thalassaemia minor 60 215 1,785 8,820 25 
T.T ” ” n 60 1,410 2,775 20 
Average 23 


* These ¢.p.m.s represent the total amount of radioactivity in globin associated with the a, 8 and y chain peaks eluted from CMO columns (as 


shown In Figs. 1-4). The methods used to determine the total 


extent to which such exchange can occur in the intact 
cell is unknown. 

There are several possible explanations for the greater 
amount of labelled « than B chains in cells of patients with 
thalassaemia, These include: (1) synthesis of very un- 
stable § chains which are rapidly destroyed; (2) decreased. 
rate of B chain synthesis which could be due to a pro- 
longation of the synthetic time for globin chain or a 
decreased amount of globin chain synthesis without a 
change in synthesis time; or (3) the presence of a pool 
of pre-formed unlabelled 8 chains on the ribosomes or in 
the soluble fraction of the cell. It is not possible at present 
to decide which, if either, of the first two mechaniams might 
account for the observed excess of labelled « chains 
relative to B chains. With respect to the third possible 
mechanism, if a pool of non-radioactive 8 chains were 
present, and accounted for the asymmetric labelling of « 
and 6 chains, then as incubation of the cells in the presence 
of labelled amino-acid proceeds and radioactive $ chains 
are formed the «jB ratio would decrease toward unity. 
No significant decrease in the «/8 ratio was detected during 
incubation for 1 h (Table 1). This finding makes it 
unlikely that a significant pool of unlabelled B chains 
exists either on the ribosomes or in the supernatant 
fraction of these cells. 

Evidence has been presented which suggests that, in 
the rabbit, B chains are required for the release of « 
chains from the ribosomes'*. The «/8 ratios in the present 
experiments indicate that « chain release from ribosomes 
may occur without B chaims in cells of subjects with 
thalassaemia. The «/8 ratios obtained could be explained 
(as indicated earlier) if unstable B chains were produced. 
which released « chains but were then destroyed. Alterna- 
tively, « chain release from the ribosomes might normally 
occur associated with B chains in the cells of non-thal- 
agsaemic subjects, while in thalassaemic cells with a 
defect in B chain formation, a chains can be released 
without B chains. 

It has been suggested}’1* that the inclusion bodies 
present in erythroid cells of patients with B thalassaemia 
may represent precipitates containing excess a chains. 
Cells which contain these precipitates may be preferen- 
tially destroyed in the peripheral blood and bone marrow, 
accounting for the haemolytic component present in 
thalassaemia major and minor. The destruction of cells 
containing excess « chains could explain the failure to 
find large amounts of « globin in the circulating red cells 
of these subjects. The combination of « chams with y 
chains to form haemoglobin F may prevent a portion of 
the excess a chains from precipitating in these cells. 


loactivity are detailed in the text. 


This might explain why cells with increased amounts of 
haemoglobin F survive longer in thalassaemic subjects 
than those with predominantly haemoglobin A (ref. 19). 

On the basis of our deta and those of previous 
workers’ *°-*? the following may be considered as the 
possible pathogenesis of B thalassaemia. The primary 
genetic defect leads to decreased or altered mRNA for 8 
chains. This leads to decreased production of B chains 
with a relative excess of « chains produced and released 
into the supernatant fraction of the cell. These excess 
a chains form insoluble inclusion bodies. The presence of 
these inclusion bodies predisposes the cells to preferential 
destruction, which accounts for the haemolytic mani- 
festations of thalassaemia. 
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REGULATION OF SERUM FATTY ACIDS, FREE GLYCEROL AND 
ACETOACETATE DURING PROLONGED FASTING IN 
OBESE AND LEAN PEOPLE 


By GUIDO ZIMMER 


Institute for Vegetative Physiology, University of Frankfurt am Maln 


STARVATION periods of different lengths have been used 
to obtain comparative information on the regulation of 
fat metabolism in adipose and lean people and also to 
effect a controlled reduction in weight'!-!*°. Despite the 
work which has been done, agreement as to the interpre- 
tation has not yet been reached. Starvation for short 
periods!’-1® has revealed different effects on peroral 
carbohydrate load’, and so prolonged fasting seemed to be 
convenient for the study of metabolic changes in lean and 
obese individuals, especially because several categories of 
fat metabolism, that is, free fatty acids, free glycerol, 
esterified fatty acids, and acetoacetate could be com- 
pared simultaneously. We have carried out experiments 
of this kind. 

The experiments were started with a group of fifty-six 
persons; however, sixteen men and women were later 
excluded, because they did not follow the conditions set 
for the testa. Twenty persons of normal weight and twenty 
adipose individuals were examined; none of them 
suffered from endocrine, metabolic or other organic 
diseases. Group N (normal) comprised twenty lean 
persons, four women and sixteen men aged 18-58 yr, 
with an average age of 33 yr. Deviations from the normal 
weight were between —12 per cent and +11 per cent, 
— 5 per cent average in terms of the Broca index. Group 
A (adipose) comprised twenty persons, seven women and 
thirteen men aged 17-63 yr, with an average age of 42 yr. 
Some of this group had an essential hypertonus and clinical 
manifestations of arteriosclerosis. Deviations from the 
normal weight were between +22 per cent and +121 
per cent; the average was +40 per cent. 

There were no restrictions on food supply for at least 
3 days before the beginning of the experiments apart 
from a salt limit if necessary. For technical reasons the 
experiments were started in the afternoon. The last 
regular lunch was given at 12-30. At 14-30 each person 
was given a test meal which was rich in carbohydrate 
(93 g of carbohydrate, 1 g of fat, 9 g of protein; a total 
of 426 cal). During the following 42 h only drinks free 
of calories were allowed. Tobacco, coffee, tea or other 
sympathomimetic drinks were not allowed. The indivi- 
duals were allowed to leave their beds for a short time 
only. Before blood samples were taken, the subjects 
had lain uninterruptedly for at least 2 h. 

Blood was drawn from the forearm veins 2-5, 18, 26 
and 42 h after the test meal. Free fatty acids were 
determined in the blood serum by a modification of the 
method of Dole", free glycerol by the method of Kreutz™ 
and esterified fatty acids by the method of Rosenthal, 
Pfluke and Callerami**. Acetoacetate was determined 
by the method of Walker’? and blood sugar by an auto- 
analyser technique. 

Groups N and A are symbolized in the graphs by the 
means and the standard deviations of the means. The 
experiments were started always in the afternoon and 
so the means taken 2-5 h after the test meal must not be 
compared with values for fasting periods?. While fasting, 
the adipose and the lean people show similar but quantite- 
tively different metabolic changes; free fatty acids first 
rise rapidly, and later more slowly. By the end of the 


experiments the lean group showed an increase in free 
fatty acids to about 395 per cent of the initial values. 
The relatively high starting values of the adipose group 
rise gradually; after the twenty-fifth hour the change in 
free fatty acid concentration in the serum is no longer 
significant. The final concentration is not more than 
170 per cent of the initial concentration. The absolute 
values of free fatty acids are similar in both groups at the 
end of the tests, after 42 h, but there is a tendency, in the 
lean people, to a further increase which the obese do not 
show. 

Acetoacetate increases significantly after the eighteenth 
hour of the experiment in both groups. Ketosis usually 
increases quickly in group N, the final values exceeding 
the initial ones by 520 per cent. Group A develops a 
lesser degree of ketosis. The final values reach 358 per 
cent compsred with the initial values. The deviations 
from the mean are large in both groups at the end of the 
experiments. Blood sugar levels in the normal group 
show a greater tendency to decrease to low values than 
in the adipose group. 

The levels of free glycerol often show a remarkable 
inconstancy in the same person under constant conditions. 
This inconstancy can be illustrated in the gross deviations 
from the mean in both groups. The tendencies of the 
changes are, however, clear. The content of free glycerol 
increases in the course of the experiments, as do free 
fatty acids, but this increase comes later and is not 
significant before the eighteenth hour of the experiments 
in the lean group. The content in the 42 h samples comes 
up to 213 per cent of the initial value after 2-5 h. In 
comparison, group A shows high initial values and, after 
a decrease until the eighteenth hour, a smaller relative 
increase. The final concentration reaches 132 per cent 
of the initial value. The means of the concentrations in 
the sera of group A are greater than those of the group 
N throughout the experiments; the differences after the 
eighteenth hour are no longer significant. 

High contents of esterified fatty acids with large 
deviations from the means are shown at the beginning 
of the experiments by group A. These values significantly 
exceed those of group N. In the course of the experi- 
ments these high values gradually decrease. Lean persons 
show only small changes in the esterified fatty acids. 

These and the preceding investigations!-* indicate 
that adipose people normally regulate their free fatty 
acids at a higher concentration than lean ones. The 
adipose organism readily adjusts these concentrations 
after a short postprandial suppression’. The concentra- 
tions of acetoacetate resemble those of free fatty acids 
and they are significantly correlated with one another™. 
We saw slightly higher concentrations durig the first 
period of fasting (until the eighteenth hour) in group A 
and a higher rate of increase during the second period 
(from the eighteenth to the forty-second hour) in the 
normal controls. 

The mechanism of ketosis has been successfully elabor- 
ated™*.*¢, A ketosis is brought about in the peripheral 
blood by an overflow of ketogenic material to the 
liver??. 
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The mobilization of fat in group N, with a steep rise 
in the content of free fatty acids from low initial values, 
suggested a disproportion between supply and utilization 
of fatty substances for direct oxidation"; the liver could 
form more acetoacetate, This could account for the steep 
rise in acetoacetate in group N. 

In comparison, fat mobilization in group 4 is rapidly 
increased. The initial concentrations of free fatty acids 
are high, and adipose persons seem to increase rapidly 
their utilization of fatty substances for direct peripheral 
oxidation. We can thus interpret the rapid rise of free 
fatty acids after a short postprandial suppression? in the 
first period of fasting and the flatter curve which later 
expresses the concentration of these acids. There is 
probably no essential disproportion between the supply 
and utilization of fatty substances; the stream of keto- 
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genic material to the liver is not as great as in group N. 
The curve expressing acetoacetate concentration remains 
relatively flat. We have therefore not established ketosis 
here as we have in the normal controls. 

In agreement with earlier investigations**-**, the clear 
dependence of the uptake of fatty substances (chylo- 
microns) in the peripheral depots on the alimentary 
condition of the animals investigated has been shown 
again®*, The uptake and metabolism of triglycerides were 
gonty reduced when rats were deprived of food for 2 

ays. 

When more fat is mobilized there is less uptake of fatty 
substances in the peripheral depots. This conclusion 
might prove to be a basis for interpretation of the high 
concentration of esterified fatty acids frequently observed 
2-5 h after the test meal in group 4. If there is a prompt 
fat mobilization after a meal in group A the peripheral 
fat depots are probably not in a suitable state to take up 
large amounts of lipoproteins or triglycerides. This 
could result in the permanent high concentrations of 
esterified fatty acids in many adipose persons’, as was 
recently reported}, 


-> 
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Glucose tolerance teste are also relevant to the problems 
discussed here. Peroral** and intravenous* injections of 
glucose have shown that glucose assimilation is lower in 
adipose than in lean people. 

Investigation of growth hormone concentrations in 
the serum of fasting, lean and obese subjects has revealed 
striking differences, and conclusions similar to ours have 
been drawn!'. The observations and communications 
on the rate of turnover of labelled fatty acids in the 
plasma***.2* suggest the conclusion that the adipose 
organism is adapted to a quantitatively increased fat 
oxidation. 

I thank Prof. K. Jahnke for his encouragement during 
this investigation. 

This investigation was supported by a grant from the 
Deutsche Forschungsgemeinschaft. 
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IN VITRO DESTRUCTION OF HUMAN FIBROBLASTS BY NON-IMMUNE 
LYMPHOID CELLS 


By GÖRAN MÖLLER”, VERA BECKMAN and GÖRAN LUNDGREN 
Laboratory of Transplantation Immunology, Department of Surgery, Soraflmerlasarettet, Stockholm 


Immun reactions mediated by cells against various types 
of cellular antigens have been demonstrated by various 
authors in cultures of tissues from experimental animals". 
Particular attention has been focused on the development 
of techniques for the detection of histoincompatibility re- 
actions between human beings*-§. Such methods also have 
obvious implications for investigations on autoimmunity 
and tumour-specific antigenicity in man. As has previously 
been shown in animal systems, immunization of the 
lymphoid cell donors against an allogeneic target is not a 
necessary prerequisite for the destruction of target cells 
mediated by lymphoid cells; non-immune lymphoid cells 
can efficiently damage allogeneic target cells, provided 
they are aggregated to the targets by phytohaemagglutinin 
(PHA) or heterologous antisera®’. The reaction occurs 
only in histoincompatible cell mixtures and syngeneic 
lymphoid cells similarly aggregated to the target have 
no effect’. Several workers have shown toxic effecta of 
normal lymphoid cells on allogeneic target fibroblasts 
in the absence of added substances‘*.* but syngeneic 
controls to exclude non-specific effects were not carried 
out. Various experiments summarized elsewhere? led 
to the suggestion that one cause of damage to target cells 
by allogeneic lymphoid cells was close contact with foreign 
histocompatibility antigens carried by the lymphoid 
cells; this reaction did not appear to be related to immuno- 
logical reactions, and occurred in situations where immuno- 
logical recognition was precluded, for example, when 
semisyngeneic F, hybrid lymphoid cells were aggregated 
to parental target cells. Added force was given to this 
conclusion by the finding**" that not only lymphoid cells 
but also allogeneic neoplastic cells of either lymphoid or 
fibroblastic origin could bring about the destruction of 


* Malling address: Department of Tumour Biology, Karolinska Institutet, 
Stockholm, 


target cells in viro and in vivo. The reactions observed 
are probably analogous to those found by Hellstrém!-4 
in investigations on the allogeneic inhibition phenomenon 
occurring with tumour grafts exposed to foreign trans- 
plantation antigens. He observed that the growth of 
tumour cells confronted én vivo with foreign H-2 iso- 
antigens was inhibited. Various experiments 

that immunological reactions were not involved and 
suppression of tumour growth could be reproduced in 
vtiro by treating the tumour cells wtih foreign antigenic 
extracta. 

The finding that non-immune lymphoid cells can affect 
histoincompatible target cells in tissue culture makes the 
system suitable for investigating antigenic discrepancies 
between cells of human origin, in particular as presensi- 
tization of the lymphoid cell donor is not necessary. In 
the course of the previous experiments & rapid and simple 
technique, analogous to that described by Granger and 
Weiser*, was developed to investigate the interaction 
between normal lymphoid cells and various allogeneic 
targets in tissue culture, based on the ability of the 
lymphoid cell suspensions to cause plaques to appear in 
monolayer cultures of target cells*. This method has been 
used in the present experiments with human fibroblast 
cultures and lymphoid cells from the peripheral blood of 
both autochthonous and allogeneic origin. We paid 
particular attention to characterizing the kinetics and 
dose relationships of the system. Furthermore, investiga- 
tions have been initiated to test the ability of various 
agents to potentiate or suppress the damaging effect of 
added allogeneic lymphoid cells. 

Fibroblast cultures were initiated from skin biopsies 
of healthy donors. The skin was cut into small pieces, 
which were placed separately in chicken plasma distzi- 
buted in the forma of a thin ring in a plastio Petri dish with 
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a diameter of 5 cem. After clotting, a drop of chick embryo 
extract was added to the plasma and distributed evenly 
by turning the dish. The cultures were incubated without 
medium in a humid atmosphere for 24 h and 3 ml. of 
Eagle’s medium in Earle’s solution was then added. The 
medium contained 10 per cent human AB serum and 
600 xo of pemoillin, 0-1 g streptomycin and 30 10 
mycostatin per ml. The mixture was incubated in an 
atmosphere of 10 per cent carbon dioxide in air. A mixed 
growth of epithelial cells and fibroblasts developed after 
about a week. The cultures were trypsinized 1-3 weeks 
later and the cells were transferred to new dishes. Only 
fibroblast-like cells grew out of these cultures. In the 
plaque experiments described later 3 ml. of a fibroblast 
cell suspension containing 105 cells per ml. were added to 
each Petri dish, and allowed to grow for 24-48 h before 
the experiment. Several experiments were performed 
with established tissue culture lines of human origin 
(Hep and Hela), and some of these are reported here for 
comparison. The technical details were the same as those 
described already. 

Lymphoid cells were isolated from permpheral blood. 
Freshly drawn blood was defibrinated by shaking with 
glass pearls and subsequently mixed with 3 per cent 
golatine (one part of gelatine to three parts of blood) 
and allowed to sediment for 30-60 min at 37° C according 
to the method of Coulson et al.15. The supernatant con- 
taining the lymphoid cells was washed twice in medium, 
and the resulting supernatant withdrawn and replaced 
with 1-2 ml. distilled water. After lysis of the red cells 
(30-60 sec) the solution was made isotonic by adding 
sodium chloride. The lymphoid cell suspension was 
diluted to the desired concentration, which varied from 
2x 108 to 20 x 10® cells/ml. In most experimenta 5 x 10¢ 
cells/ml. were used. The lymphoid cells were irradiated 
in plastic Petri dishes at a dose rate of 1,000r./min. The 
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X-rays were filtered through 0-05 mm aluminium. The 
X-ray dose was calibrated with a standard amount of 
medium in the Petri dishes. 

The plaque experiments were carried out by adding 
0-1 ml. of the lymphoid cell suspension to preindicated 
sites on a monolayer of human fibroblasts. Autoch- 
thonous and allogeneic lymphoid cells were always added 
to the same Petri dish at different sites. The cultures 
were not moved for 30 min before incubation at 37° C, 
so as to allow the cells to settle down. One Petri dish 
from each group was removed at regular intervals, and 
its contents were washed in saline, fixed in 5 per cent 
formalin and thereafter stained with haematoxylin. 
Plaques were recorded with the naked eye and under the 
microscope, and graded from + to ++ ++; + indicates 
a clearly visible plaque without complete destruction of 
the monolayer and + +++ complete destruction of the 
monolayer in an area with a diameter of 2~3 cm. In 
certain experiments the cultures were treated with 
cortisone acetate, chloroquine diphosphate, PHA or 
streptolysin. As a rule the substances to be tested were 
added to the medium shortly before adding the lymphoid 
cells. The medium was not changed during the experi- 
mental period. 

In mice, agents such as PHA or heterologous antibodies 
are necessary for the formation of plaques after addition 
of non-ummune allogeneic lymphoid cells, whereas immune 
cells are efficient in the absence of these substances*-*1¢. 
In human systems, however, a detectable effect was 
produced without PHA. Allogeneic lymphoid cells 
added to otherwise untreated monolayer cultures caused 
plaques to appear after 1-7 days depending on the 
number of lymphoid cells and the particular condition. 
The speed of development and the size of the allogeneic 
plaques increased with the number of lymphoid cells 
(Table 1). Apart from one experiment, in which all 


Table 1. FORMATION OF PLAQUES BY NON-DINUNH LYMPHOID CELLE ON MONOLAYER CULTURES OF HUNAN CELIS 


No, of 


Allogeneic ikola Substances 
Targót lymphoid cells/ added to the 


Plaques with allogeneic lymphoid cells at day 
2 3 4 5 6 


Plaques with syngeneic lymphoid cells at dav 
1 2 3 4 5 6 vi 


plaque cultures 1 7 
LL IM 2x 108 - ++ tet - - 
7, PHA +++ ++++ - - 
10° - +++ - 
PHA +++ ++++ + + 
2x10 - +44 + 
a PHA tet ++ 
PP PH 2x10 — + + + - - 
a PHA +++ t++++ teh + + ++ +++ 
10* -= +++ +++ teed ++ t+ tet 
ve HA tee t+ +++ 
8x10 ~= +++ ++++ +++ ++ +++ +++ 
= PHA ++++ ++++ t+t+ t+tt 
GL CS 6x10! — ttt tttt ~ - + 
om PHA tee teed teet tet + + ++ +++ 
a 8treptolysin ++ +++ Peet beet - ~- + + 
GM TZ 5xl® — - - + ++ - - - - 
a Beato! ee +++ Fett +++ - - + ++ 
» ysin tee +++ ++ ++ - - - - 
LL PA 5x10 - - - + - - - + 
7 PHA tht +++ Feet ttett - - + + 
PHA* ++ + ++++ - - + + 
GM LB 5x10" — ~ + ++ - - - + 
PHA ++ +++ +++ - + +++ 
GM LBE 5x10 - + ++ ++ t+ -= + + + 
Btreptol pia ets 2° g 
eptolyain ++ +++ ++++ = + +++ +++ 
GL AG O rotoli +++ +++ +++ - - ++ 
ptolysin ++ ++ +++ +++ - - ++ 
BS BS 6x10 ia - -~ AA + — - -= ~ 
n + +++ + ++++ - - ++ +++ 
HeLa J@ 10 - ~ + 
Hela Jp wh PHA ++ +++ 
Hep PG 2x10 H - - TER TER 
Y PHA - ~ - 
10° = ~ - ~ 
Exo - - a ti 
n PHA + ++ ++ 
Hep PN 2x10 - - = + 
» PHA + ++ ++ 
1o å = - + ++ 
bs PHA ++ + +++ 
8x10% ~ ++ ++ +++ 
’ PHA +++ +++ +++ 


* These monolayer cultures were pretreated with PHA for 24 h and thereafter carefully washed bofore adding the lymphoid cella, 
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oses of autochthonous and allogeneic lymphoid cells 
ere equally efficient, there was a marked difference 
“between the speed of development and size of autochthon- 
ous and allogeneic plaques. Plaques caused by autochthon- 
ous cells were rare or absent with 2-5 x 105 lymphoid cells, 
but appeared more regularly and reached a larger size 
with 10° cells. With this cell dose, however, there was 
still a clear difference between autochthonous and allo- 
geneic plaques. As a rule, the largest cell dose used 
(2-3 x 10° cells) gave rise to early and large autochthonous 
plaques and obscured the difference. 

If PHA in a total dilution of 1/100 was added to the 
medium, allogeneic plaques appeared more rapidly and 
reached a larger size at all cell dosages used. Usually 
the plaques became clearly visible after 12-24 h even with 
the lowest cell dose (Table 1). The appearance of autoch- 
thonous plaques was also accelerated by PHA. The 
difference between the effect of autochthonous and 
allogeneic cells was always clear with 2-5 x 105 lymphoid 
cells, but became less clear in some experiments with 10° 
and 2-3 x 10° cells (Table 1). Plaques with autochthonous 
lymphoid cells are rare in mouse systems, but may appear 
for various reasons with human cells. Thus, non-specific 
damage to the monolayer can be caused by cell crowding 
or the plaques may appear because of antigenic dis- 
. crepancies between the lymphoid cells and the fibroblasts 
ven though they were derived from the same individual. 
he presence of autochthonous plaques in many experi- 
ents does not invalidate these techniques for the de- 
action of histoincompatibility, because clear differences 
between allogeneic and autochthonous cells were obtained 
with small numbers of cells. 

It was not necessary to have PHA in the medium in 
order to accelerate the appearance of plaques after the 
-allogeneic lymphoid cells were added. When the target 
cells were pretreated with PHA for 24 h and afterwards 
ashed carefully before adding the lymphoid cells, allo- 
eneic plaques still appeared at an accelerated rate 
Table 1). Plaque formation could also be potentiated by 
treptolysin (total dilution 1/10 from a solution with a 
titre of 0-16). Streptolysin did not, however, accelerate 
he development of autochthonous plaques to the same 
extent as PHA (Table 1). Otherwise, the characteristics 
-of the reactions in the presence of streptolysin were 
similar to those obtained with PHA. Streptolysin, 
‘however, did not cause mixed aggregation of the lymphoid 
cells and the fibroblasts. Consequently, aggregation 
between lymphoid cells and target cells is not a necessary 
condition for the accelerated development of allogeneic 
plaques. 

_ The dose of PHA used was found to be optimal for the 
stimulation of DNA synthesis in lymphoid cells. The dose 


a 





b 
Fig. 1. 
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Plaque formation by non-immune human lymphoid cells from peripheral 
blood on monolayer cultures of human fibroblasts. Allogeneic (ID) and autochthonous 
(1) lymphoid cells were added to the indicated sites. Chloroquine (30 ag) was present 
in the medium. The Petri dishes were fixed and stained after (a) 3 and (b) 6 days. 
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of streptolysin used was the highest tested and also stimu- 
lated synthesis of DNA in lymphoid cells. PHA, however, 
was far more efficient than streptolysin in this respect, 
although both agents potentiated allogeneic plaque 
formation to the same extent. The same dose of PHA 
caused marked damage to and inhibited the growth of 
the target monolayer cells. This was revealed by the low 
density of cells in fibroblast cultures treated with PHA 
compared with untreated cultures and was further 
confirmed and quantitated by measurements of the 
synthesis of DNA in fibroblast cultures treated 
with PHA (measured as their ability to incorporate 
labelled thymidine) and by counting the total number 
of fibroblasts at various intervals after treatment with ` 
PHA. A marked suppression of DNA synthesis and a 
distinct decrease in the number of fibroblasts always- 
occurred after PHA treatment. Streptolysin, on the other 
hand, had no detectable effect on the growth of the 
fibroblasts and did not suppress their synthesis of DNA. 

It is not yet known how streptolysin and PHA po- 
tentiate the capacity of allogeneic lymphoid cells to cause 
plaques on monolayers of fibroblasts. Several possi- 
bilities seem plausible. (1) Both substances may interact 
non-specifically with the target cells, making them gener- 
ally more susceptible to added lymphoid cells, thereby 
increasing the ability of both allogeneic and autoch- 
thonous cells to cause plaques (a general decrease of the 
threshold of plaque detection). This possibility cannot be 
excluded, because PHA inhibited the growth of fibroblasts 
and also increased the ability of autochthonous cells to 
cause plaques. Streptolysin did not suppress the growth 
of fibroblasts, however, but appeared to facilitate 
preferentially the expression of allogeneic plaques: 
(2) Both substances may act synergistically with the 
allogeneic lymphoid cells in the destruction of the fibro- 
blasts. By influencing the same functions of target cells 
as the allogeneic lymphoid cells they would specifically 
accelerate the formation of plaques caused by allogeneic 
cells. (3) PHA and streptolysin may only affect the 
lymphoid cells by making them more competent to cause 
destruction of target cells. Both substances are competent. 
to transform lymphoid cells and to stimulate their DNA, 
RNA and protein synthesis in the same way as specific 
antigen stimulates presensitized cells‘, and this possi- 
bility cannot be excluded. PHA was, however, found to 
stimulate the incorporation of labelled thymidine into the 
DNA of lymphoid cells five to ten times as much as did 
streptolysin, although both agents were equally efficient 
in potentiating allogeneic plaque formation. No dis- 
tinction can be made between these possibilities on the 
basis of available evidence. 

We tried to suppress the development of plaques by 
irradiating the lymphoid cells with X-rays 
or treating the mixed cultures with cortisone 
and chloroquine in the presence or absence 
of PHA or streptolysin. Although these 
experiments are still in a preliminary stage, 
some of the results will be reported. 

Irradiation of allogeneic lymphoid cells 
with 4,000, 5,000 or 10,000 r. did not com- 
pletely suppress their ability to cause the 
formation of plaques by themselves or in 
the presence of PHA or streptolysin (Table 
2). The size of the plaques and their rate of 
development were influenced by irradiation, 
however, and, as a rule, the plaques were 
smaller and developed later compared with 
plaques obtained with unirradiated lym- 
phoid cells. The doses of irradiation were 
sufficient to suppress the stimulation of 
DNA synthesis induced by PHA in lym- 
phoid cells. It is not yet clear whether 
the smaller size of the plaques and their 
delayed development were caused by- an 
effect of irradiation on some functions of the 





cing 

lis pee e at tho site of addition on the 
< monolayer. Preliminary experiments indicated, however, 
~ that irradiation reduced the number of surviving PHA 
treated cells five to twenty times within 2 days of treat- 
ment. In previous experiments in mouse systems! -!9, 
irradiation of lymphoid cells did not decrease their ability 
to cause plaques on incompatible embryo cells. Our 
method was not quantitative, and small differences may 
have passed unobserved. There may be a real difference 
between human and mouse systems, however, which may 
be related to the prolonged survival of untreated human 
lymphoid cells compared with mouse cells in tissue 
‘ulture. 

“We. also tested the effect of cortisone (50-150 ug/ml.) 


i: and chloroquine (10-30 pg/ml.) on the capacity of allo- 


a geneic lymphoid cells to cause plaques, because both 


substances are thought to suppress DNA synthesis and 


o transformation of lymphoid cells brought into contact 
with foreign histocompatibility antigens or PHA‘17, 


> Neither cortisone nor chloroquine had any significant 


effect. on the ability of allogeneic or autochthonous lym- 
| phoid cells to cause plaques by themselves or in the 
presence of PHA or streptolysin (Table 2). 

Various doses of cortisone (10-200 ug/ml.) did not sup- 
-press the stimulation of DNA synthesis in lymphoid cells 
-+c of human origin treated with PHA or allogeneic lymphoid 
cells. Cortisone had no detectable effect on the growth, 

DNA synthesis or survival of human fibroblasts. On the 
other hand, chloroquine in all doses tested completely 
suppressed the DNA synthesis of lymphoid cells, whether 
Induced by PHA or allogeneic cells, but this was pre- 
umably caused by a reduction in the number of persisting 
lymphoid cells rather than by a specific suppression of 
DNA synthesis in surviving cells, as the number of lym- 


Fhinroquine, Chloroquine also depressed the growth of 
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ted their DNA cynthia 

that chloroquine did. ni 
suppress t pi n of allogeneic plaques, although the 
drug completely inhibited the DNA synthesis of stimula- 
ted lymphoid cells and greatly reduced their number. 

To sum up, we found that monolayer cultures of human 
fibroblasts were by contact with allogeneic 
lymphoid cells from non-immune donors, whereas autoch- 
thonous lymphoid cells did not show the same 
unless larger numbers of cells were added. The spe 
development and the size of the plaques increased w) 
the number of allogeneic lymphoid cells added. In. th 
presence of PHA or streptolysin, allogeneic plaques ” 
appeared at an accelerated rate and could be detected 
after only 12-24 h. These substances also potentiated the 
development of autochthonous plaques, but there was a 
clear difference between autochthonous and allogeneic 
plaques, the latter appearing earlier and reaching a larger 
size. When large numbers of lymphoid cells were added 
the difference between the two types of plaque was often 
obscured. 

Irradiation of the allogeneic lymphoid cells with 4,000- 
10,000 r. did not destroy their capacity to cause plaques, 
but it decreased the rate of development and the size 
of the plaques. Cortisone and chloroquine had no sig- 
nificant effect on the formation of allogeneic plaqu 
Both X-irradiation and chloroquine efficiently suppres: 
PHA and allogeneic cell-induced stimulation of DN. 
synthesis of lymphoid cells. In addition, both substan 
markedly reduced the number of lymphoid cells remainin; 
The mechanism by which allogeneic lymphoid cells cau 
the appearance of plaques remains unknown. A number of 
experimental findings in analogous animal systems, 
summarized elsewhere!", indicated that one component 
of the destruction of allogeneic target cells mediated by: 
lymphoid cells was non-immunological: target cells 
appeared to be damaged by contact with foreign histo- 
compatibility antigens carried by the lymphoid cells 


eee Table 2. ATTEMPTS TO SUPPRESS PLAQUE FORMATION CAUSED BY NON-IMMUNE LYMPHOID CELLS ON MONOLAYER CULTURES OF HUMAN CELLS BY TREATMENT 


WITH X-IRRADIATION, CORTISONE AND CHLOROQUINE 


os Allogeneic ee 

: et neie - 

; Target tymphoid phoid 

cells cells/ 

plaque 

5x10 - - 
4. 


Treatment of Substances 
lymphoid added to the 
cells culture 


LB 


ss 


“a PHA 

” . PHA 

i‘ Streptolysin 

z f A Streptolysin 

” Cortisone 450 ug 

M Cortisone 450 ug 
and streptolysin 

Cortisone 450 ug 

Cortisone 450 ug 
and streptolysin 

Chloroquine 90 ug 

Chloroquine 90 ug 
and streptolysin 

Chloroquine 90 pg 

Chloroquine 90 ug 
and streptolysin 


Streptolysin 


Streptolysin 
Cortisone 600 ug 
Cortisone 600 uz 
and streptolysin 
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Hogeneic inhibition).. Inthe present test system, 
owever, it cannot be excluded that target cell damage is 
iso caused by reactions carried out by the allogeneic 
lymphoid cells against the target cells. Further experi- 
ments are needed to elucidate the roles of lymphoid cell 
reactions and phenomena analogous to allogeneic inhi- 
ition in the destruction of the target cells. Whatever the 
mechanism, however, the plaque technique allows a 
simple and rapid detection of antigenic discrepancies 
between human lymphoid cells and different targets 
and may be useful, therefore, for histocompatibility 
typing and investigations on autoimmunity and tumour- 
‘specific antigenicity in human systems. This is illustrated 
‘by a recent study!*, in which the plaque technique 
‘described here was used to study the possible existence 
of antigenic differences between normal and neoplastic 
cells from the same individual. 

This work was supported by grants from the Swedish 
Medical Research Council and the Swedish Cancer Society. 


PHYTOHAEMAGGLUTININ (PHA), an extract of Phaseolus 
vulgaris, has been widely used to agglutinate red cells in 
the preparation of suspensions of white cells'*. In 1960 
it was shown that PHA can stimulate growth and mitosis 
f cultured lymphocytes. Since then several different 
characteristics of these factors have been used to show that 
the mitogenic activity of PHA is distinct from the agglu- 
tination of erythrocytes‘-*. PHA agglutinates leucocytes 
as well as red cells!" and its mitogenic activity declines 
when the leuco-agglutinins are removed by adsorption on to 
‘white cells!*. Repeated failure to separate and purify the 
mitogenic and leuco-agglutination activities has led certain 
investigators®:!:13 to conclude that the mitogenic response 
‘results from leuco-agglutination and that the two factors 
are identical. The work reported here gives evidence for 
the existence of at least three separate and distinct 
activities of PHA which affect lymphocytes: a leuco- 
agglutinin, a factor inducing RNA synthesis, and a factor 
inducing DNA replication (mitogenic factor). 

Red kidney beans (Phaseolus vulgaris) were finely 
ground and 1 kg of the meal was extracted and fractionated 
ý the method of Börjeson et al.* by precipitation with 
30-65 per cent ethanol. Dried PHA, which had been 
stored at 4° C for more than a year, was used in these 
investigations. The protein content of the preparations 
and fractions was measured by its optical density (O.D.) 
at 280 mp. 

Assays of biological activity of PHA. DNA-synthetic 
-or mitogenic activity (MA) was measured by the incorpora- 
tion. of thymidine-2-“C into DNA of human peripheral 
leucocytes exposed to PHA, by the method of Tormey and 
Mueller. The incorporated radioactivity and optical 
density of the preparations show a linear relationship 
‘when plotted on log-log co-ordinates (Fig. 5). Mitogenic 
activity was evaluated by the use of PHA concentrations 
hich produce a response in the linear range, and by extra- 
olation of the linear part of the response curve to the 
evel of incorporation in cells without PHA. The optical 
ensity at this point, which represents the amount of 
HA needed before stimulation of incorporation could be 
etected, was designated 1 U of mitogenic activity. This 


* Present address: Laboratory of Perinatal Physiology, Box 5095, Puerta 
o Tierra Station, San Juan, Puerto Rico. 
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DIFFERENTIATION OF THE BIOLOGICAL ACTIVITIES OF PHYTO- 
HAEMAGGLUTININ AFFECTING LEUCOCYTES 


By Dr. AMERICO RIVERA, sun..* and Pror. GERALD C. MUELLER 


McArdle Laboratory for Cancer Research, University of Wisconsin Medical School, 
Madison, Wisconsin 






method of expression of activities gave highly reprodu i 
determinations of the activity of a given preparation: 


RNA-synthetic activity was determined by the method A 


of LeMahieu and Mueller!’ which assays PHA by its- 
stimulation of incorporation of cytidine--H into RNA. of 
human leucocytes. The data were plotted and expressed 
in the same way as the mitogenic activity data (Fig. 6). 
Erythro-agglutination (EA) was measured by the tech- 
nique of Sever!*, using microtitre equipment. Fifty - 
microlitres of a 0-5 per cent suspension of washed, human, — 
type O, red cells was added to 50-ul. samples of serial - 


1:2 dilutions of test material in 0-15 molar sodium — 


chloride. After incubation at 37° C for 1-2 h or at 4°C 
overnight, the haemagglutinin titres were read. The date 
are expressed as the reciprocal of the final dilution which 
gave complete agglutination, divided by the optical. 
density of the PHA in that dilution. The sensitivity of the 
assay varied significantly, and so internal controls were. 


always included and fractions and preparations from one : 


experiment were assayed simultaneously. Only differences | 
in agglutinating titres which were greater than two-fold fe 
were considered significant. 7 

The method of the erythro-agglutination assay was used 
to measure the extent of leuco-agglutination (LA); in this 
case rat thymocytes from 3—4-week-old female rats were 
the test cells. The thymuses were teased apart in cold 
isotonic saline; the resulting cell suspension was filtered 
through gauze and diluted with saline to a concentration 
of 6x10? cells/ml., and 50-ul. aliquots were added to 
serial dilutions of PHA. The titres were expressed in the 
same way as the erythro-agglutination titres. The same 
cautions regarding variability and reliability apply to 
them. 

Chromatography. Solutions of PHA were chromato- 
graphed on columns of ‘Bio-Gel P-200 or ‘Sephadex 
G-200 and eluted at pH 7-4 with phosphate-buffered 
saline. Similar patterns were obtained with both gel 
filtration columns. ‘Bio-Gel P-200 resolved PHA into 
two major peaks containing protein (Fig. 1). The first 
peak corresponded to a molecular or aggregate size of 
approximately 100,000. 
the white cell activities and some of the red cell activity 
A comparison of the recoveries and specific activities 
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_ the three principles shows that the leuco-agglutinating 
_ and mitogenic activities were purified two-fold; that they 
. fractionated in the same way, and that they were not 
‘resolved: by this procedure (Figs. 2 and 3). The active 
fractions isolated from either ‘Bio-Gel’ or ‘Sephadex’ 
columns (Fig. 2, IL and ITI) were used in later investiga- 
‘tions. 
=: Columns of cellulose phosphate retained PHA at pH 5-0 
but not at pH 7-4. Stepwise elution of the columns with 
increasing concentration of sodium chloride in pH 5-0 
phosphate and citrate buffer produced the patterns shown 
-in Fig. 4. While much of the optical density of the prepara- 


“tion was eluted with 0-078 molar and 0-156 molar sodium 


chloride, only the material eluted with 0-312 molar sodium 
chloride showed activity toward white cells. This fraction 
tended to separate into two peaks of optical density; both 
zones displayed leuco-agglutinating and mitogenic activi- 
ties. Although the peaks did not separate completely, 
there were marked differences in the relative specific 
activities in the two areas and in the ratios of mitogenic 
to leuco-agglutinating activities, suggesting that they were 
separate principles. The mitogenie factor predominated in 
. the leading edge of the first peak, while the leuco-agglutin- 
cating activity coincided more closely with the elution of 
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oe = determined he P mi 
i ions collected at a 20 cm pressure head, man numerals identify 
anona aa fractions tested for biological activity (Figs. 2 and 3). 


Specific activity of LA; EA and MA x 10* 





Fig. 2. The specific activities of leuco-agglutination (LA), erythro- 

agglutination (EA) and mitogenesis (MA) from PHA separated on ‘Bio- 

Gel P-200'. Fig. 1 shows the distribution of Q.D. of these fractions. The 

eee activities are expressed as described in the text. 0, Unfraction- 

ated starting material, II and ITI were used as the starting material in 
most subsequent experiments, 
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Fig. 3. Recoveries of O.D. and biological activities of PHA fractionated 
on ‘Bio-Gel P-200. The data are from the fractionation depicted in 
g.d. 
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Fig. 4. PHA (17-28 O.D. units of fraction II from ‘Bio-Gel P-200’) was 
fractionated on a 2 x 24 em cellulose phosphate column equilibrated with 
2:44 x 10* molar citrate and 5-15 10+ molar disodium phosphate 
buffer, pH 5-0. The PHA was eluted with stepwise increases of buffer 
containing the concentrations of sodium chloride noted, and 2 mi, frac- 
tions were collected. Five adjacent fractions were combined and 
assayed for O.D., LA, and EA; ten fractions were combined for the assay 
rs) 


the optical density. The apparent dispersion of biological 
activity among heterogeneous proteins suggests that a 
class of rather similar proteins display the leucocyte 
activities. It can be concluded that the two activities are 
not identical and exhibit some heterogeneity on frac- 
tionation. 

Cellulose phosphate fractionation clearly distinguished 
erythro-agglutination from the principles affecting lym- 
phocytes. Sometimes erythro-agglutination, free of leuco- 
agglutinins, oceurred in material eluted with 0-078 and 
0-16 molar sodium chloride, as well as in the trailing edge 
of the peak eluted with 0-312 molar sodium chloride. 
Recovery of this activity was very poor, ranging from 
4 per cent to 30 per cent. The erythro-agglutinins appeared 
to be less stable than the leuco-agglutinins, and to aggre- 
gate and lose activity on concentration and purification. 

Chemical sensitivity. To assess the role of sulphydryl | 
groups in the fractionation of PHA, the active fraction. 
from the ‘Sephadex G-200’ column was passed through 
‘Bio-Gel P-60° and then treated with 10-4 molar mercapto 
ethanol in pH 5-0 phosphate and citrate buffer. The 
elution pattern of the treated PHA chromatographed on 
cellulose phosphate in the presence of 10-4 molar mercapto 
ethanol was the same as that of untreated preparations 
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‘three activities were found in the fraction eluted with 
12 molar sodium chloride, although the extent of leuco- 
_agglutination had declined (Table 1). After recovery from 
the cellulose phosphate column, the treated fraction was 
passed through ‘Bio-Gel P-60’. An unexpected result was 
‘the complete cessation of erythro-agglutination and an 
80 per cent loss in leuco-agglutinin activity, which occurred 
Without appreciable change in the mitogenic. activity 
(Table 1). Evidently chromatography on cellulose phos- 
phate in the presence of the sulphydryl reagent mercapto- 
ethanol modified, but did not destroy, the two processes 
of agglutination. Whether the loss of activity after 
“passage through ‘Bio-Gel P-60’ was due to filtrative 
| removal of a small entity or to adsorption of the active 
_ principle is now under investigation. These investigations 
- demonstrated that the leuco-agglutination is distinct from 

_the mitogenic activity, and that agglutination of white 
cells is not necessary for the induction of DNA synthesis. 
_ This observation may have practical significance in prepar- 
Ing a clinically useful mitogen from PHA. 


Table 1. EFFECT or MERCAPTOETHANOL ON BIOLOGICAL ACTIVITY OF PHA 


Fractionation Untreated PHA Treated PHA 
procedure EA/O.D. LA/O.D. EA/O.D, LA/O.D. MA/O.D. 
‘Bio-Gel P-60° 1,450 5,700 1,350 43,200 2,500 
: Cellulose phosphate 470 7,500 1,580 25,300 2,120 
"Bio-Gel P-60° 3,400 13,600 0 4,400 2,120 


PHA preparations were exposed to 10-4 molar mercaptoethanol before and 
during chromatography on cellulose phosphate. The text describes the 
assays of erythro-agglutinating activity (EA), leuco-agglutination activity 
SALA), and mitogenic activity (MA). 


There has been an undetailed report’? that treatment of 
PHA with meta-periodate destroyed its growth-promoting 
activity. We found that treatment of the active fraction 
from ‘Sephadex G-200’ columns with 0-2 molar sodium 
periodate for 90 min at 4°C destroyed the mitogenic 

-activity (Table 2). Leuco-agglutination and erythro- 
agglutination were, however, unaffected. This finding 
_ confirms the independence of leuco-agglutination and the 
_ mitogenic activity. 


‘fable 2. EFFECT or SODIUM PERIODATE ON BIOLOGICAL ACTIVITY OF PHA 


Experiment EA/0.D. LA/O.D. MA/O.D. 
Control 1,300 42,700 2,380 
Treated 1,700 54,000 172 
Control 4,000 15,400 3,840 
Treated 300 9,100 770 


Concentration of sodium periodate was 0-2 molar, 


In another report! we described an assay for PHA 
activity based on the induction of RNA synthesis in 
n cultures of human peripheral lymphocytes. Our previous 
experience was that this activity paralleled DNA-syn- 
thetic (mitogenic) activity, but the mitogenic activity 
| Was much more sensitive to periodate treatment than was 
-stimulation of RNA synthesis (Figs. 5 and 6). In one 
_ experiment treatment with periodate destroyed 99 per 
“cent of the mitogenic activity, but only depressed the 
_ RNA-synthetic response by 40-50 per cent. 
‘Before the biological activities were measured, it was 
o necessary to remove the periodate, and for this the 
| periodate~-PHA mixtures were passed through a ‘Bio-Gel 
| P-P column, which eliminated materials with a molecular 
weight less than 6,000. It is possible, therefore, that the 
periodate did not destroy the mitogenic factor but cleaved 
a small active principle from a carrier protein, leaving the 
_ latter intact. Whatever the reason for loss of activity, 
these data show that the entity which induces DNA 
synthesis is distinct from that which induces synthesis of 
_ RNA. In addition, this is the first evidence that PHA 
“ contains a separate principle which stimulates RNA 
| synthesis in lymphocytes. 
The mitogenic response of lymphocytes may depend on 
previous induction of RNA synthesis, a relationship 
suggested by combination of graded concentrations of 
untreated PHA with a constant amount of material 
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treated with periodate in the assay for mitogenic activity. 
In Fig. 5 it can be seen that this combination changes the 
slope of the response curve. At low concentrations of 
untreated PHA the preparations appeared to act syner- 
gistically, which suggests that the induction of RNA was 
limiting under normal assay conditions. PHA treated 
with periodate did not interfere at all with the activity of 
the untreated PHA. 

Different chemical sensitivities have been used to show 
that PHA contains at least three separate principles 
which affect lymphocytes: a leuco-agglutinin; a principle. 
inducing RNA synthesis, and a mitogenic factor. None of 
the three factors was isolated in pure form, despite all 
attempts, which have included electrophoresis in Geon 
slabs, and ionic exchange on columns of cellulose, DEAE 
cellulose, carboxymethylcellulose, and sulphoethylcellu- 
lose. The activities were associated with protein, but were 


distributed heterogeneously with respect to the distribu- i 


tion of the protein during fractionation. Our observations _ 
favour the possibility that the active principles are carried 
on several similar protein units with an average. molecular: 
size of about 100,000. Further experimentation should 
show whether the units are distinct. proteins or aggregates 
of smaller sub-units. 

This work was supported by a postdoctoral fellowship 
from the National Cancer Institute, U.S. Public Health 
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Fig. 5. The effect of periodate treatment on DNA-synthetie (MA) 
activity of PHA. One millilitre of PHA (fraction II from ‘Sephadex 
G-200°) was treated with 1 ml. of 0-375 molar sodium iodate for 90: min 
at 4° ©. The reactants were separated by gel filtration on ‘Bio-Gel 
P-60' and the eluate was assayed for mitogenic activity by the DNA 
method of Tormey and Mueller. ©, Control PHA, W, periodate- 
treated PHA; @, untreated control PHA plus 0-02 O.D. units of 
periodate-treated PHA. 
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Fig. 6. The effect of periodate treatment on RNA-synthetic activity of 

PHA. The material and method of treatment were as described in Fig. 5; 

the RNA-synthetic activity was assayed as described by LeMahieu and 
Mueller. ©, Control PHA; @, periodate-treated PHA. 
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ACTIC ACID AS A FACTOR IN THE PRODUCTION OF IRREVERSIBILITY 
: IN OLIGOHAEMIC SHOCK 


By Dr. WILLIAM SCHUMER 


“ci University of California, Davis Medical School at Sacramento County Hospital, 2315 Stockton Boulevard, Sacramento, California 


| EARLIER investigations have revealed that with graded 
_ haemorrhage there is a decreased perfusion in peripheral 


 tissues'*. This decreased perfusion produces the micro- 


< eireulatory changes of pooling, sludging and absence of 
: flow... These are indicative of microcirculatory irreversibil- 


ity; that is, reinfusion of blood does not return the micro- 


circulation to a normal state. There is a correlation 
between -these microscopic changes and mortality. As 
_ the changes appear, the mortality increases. Microscopic 
“irreversibility was found to occur when 50 per cent of the 
total volume of blood of the animal had been removed?-‘. 
‘Shock is a state in which there is a peripheral vascular col- 

` lapse: or decreased perfusion through non-vital tissues 
=- (skin, musele and gastrointestinal tract) and therefore 
- anoxia will have its greatest metabolic effect in these cells. 
_ There is an increased production of lactic acid secondary 
_tothis anoxia. Other investigations have found that vaso- 
_eonstrictors (norepinephrine) used with only 30-40 per 
cent of the total volume of blood bled produce depressed 
hon-vital tissue perfusion, increased lactic acidosis and 
decreased survival rate’. The use of vasodilators such as 


nitrates. or phenoxybenzamine produces the opposite 


_ effect. even when 55 per cent of total volume of blood is 
removed*. Vasodilators augment tissue perfusion, and 


thereby decrease the production of lactic acid, increase 


the pH and the rates of survival. This has led us to 


“propose the following mechanism for death in shock. In 


order to maintain a normal flow of blood to vital organs, 
_ it is necessary to divert blood from the peripheral tissues. 
In diverting this blood there is a decreased perfusion to 
the cell which produces anoxia. Anoxia will produce 
anaerobic metabolism which will have as its end result 
the production of increased lactic acid. Lactic acid is 
& strong metabolic proton producer, and therefore de- 
creases the pH to a point where it has its effect on the 
_ Mital-organ molecular and enzyme reactions. This pro- 


a duction of metabolic acidaemia leads to death. Accord- 


ingly, if lactic acid were the promoter of the metabolic 


 acidaemia, then giving the animal the concentration of 


© lactic acid found in the irreversible shock state, 65 per 


a cent of the volume bled, should cause death with decreased 


pH... Investigations already quoted have shown that the 
lactic acid concentration found in the irreversible shock 
state is 7-99 mmoles/l. of body water. When lactic acid 
has been infused in normovolaemic dogs it has caused 
death in every case and produced microcirculatory 
changes of irreversibility as visualized in the omental 
microcirculation. 
/ Twenty mongrel dogs of the same sex and of approxim- 
ately the same weight were used in this investigation. 
The animals were anaesthetized with sodium pentobarbital 
(25 mg/kg). A No. 14 polyethylene catheter was placed 
in the right femoral artery for bleeding, and another in 


the right femoral vein for injection. A small, lateral 
flank incision was made from which the omentum was 
freed and tacked to a cork-bordered slide on the stage of a 
microscope. Light from a source beneath the stage was. 
passed through a Zeiss C heat filter to prevent the 
omentum from drying. The omentum was kept moist 
by saline moistened packs. The microcirculation was 
microphotographed at magnifications of 150-640 times. 
The lower magnification was used for the general picture 
of arteriolar, venular and capillary anatomy, and the 
higher magnification for a study of sphincter function. 

In the first part of the study the ten animals were 
given 8 mmoles of sodium lactate/l. of body water and the 
pH studies on the blood were carried out. In the second 
part of the study ten animals were given 8 mmoles of lactic 
acid/l. of body water. In the third part, ten animals 
were given 8 mmoles of 0-1 normal hydrochloric acid 
and pH measurements of the total blood were made. 
The infusion of lactic acid and sodium lactate was regulated 
at the rate of twenty drops a minute for 30 min and was 
injected into the catheter in the inferior vena-cava. The 
dosage was 0-3 mmoles/min. 


Table"1. SURVIVAL EFFECT OF INFUSION oF LACTIC ACID IN NON-BLED 
Microcirculation 
No. of Survival pH at signs of 
animals death irreversibility 
Infusion of lactic acid 10 0 68+04 + 
{8 mmoles/l. body water) 
Infusion of sodium lactate 10 10 7-36 + 0-3 0 
(3 mmoles/l, body water) 
Infusion of 0-1 normal hydro- 10 0 7040-2 + 
ehloric acid (8 mmoles/i. 
body water) 


The above chart reveals the mortality, pH at the end of experiment, 
condition of microcirculation of dogs i with metabolic proton donors 
such as hydrochloric and lactic acid in comparison with sodium lactate. 

The results are presented in Table 1. All animals 
which received lactic acid or 0-1 normal hydrochloric 
acid in concentrations to 8 mmoles of body water suc- 
cumbed. The photomicrographs reveal that the micro- 
circulation is similar to that in an animal which has had.. 
65 per cent of its total volume of blood removed (Figs. 
1-3). There was increased sludging, pooling and retarda- 
tion of flow as the lactic acid was infused. The five animals 
which were treated with sodium lactate in order to increase 
the lactate ion concentration survived. Minimal differ- 
ences from the control animals were observed in experi- 
mental animals. It was evident that the hydrogen ion 
was the significant factor in the production of the 
irreversibility. The observed fall in pH was related to 
the amount of lactic acid infused. 

The effect of pH on the production of cellular aggrega- 
tion inthe peripheral microcirculation has been investigated _ 
further by the injection at the same dosage of 0-1 normal 
hydrochloric acid and observation of the omental miero- 
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circulation. The same findings concerning cellular aggre- 
gation were noted with a different proton donor (Fig. 4). 
In this laboratory and others it has been found that a 
buffer such as tris (2-amino-2-hydroxymethyl!-1,3 pro- 
panediol) or 5 per cent sodium bicarbonate will protect 
the animal against microscopie irreversibility produced 
by a large volume of haemorrhage (bleeding 55-65 per 
cent of the blood volume of the animal) and produce an 
improved rate of survival’. 

Recent studies of the omentum, ileum and muscle 
have shown that large intracellular ‘“‘pools”’ of lactic acid 
are produced with increased haemorrhage*. When the 
blood volume is returned to normal there is an increased 





Fig. 1, Control. Note streamlines in the venule (V) and arteriole (A). 
Arrows {indicate bifurcation sphincter - ¢ indicates capillaries. [( x 180.) 





Fig. 2. Infusion of 4 mmoles lactic acid, intravenously. Note absence 
of streamlines in the arteriole and venules, and sludging and pooling in 
the capillary system, (x 180.) 
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Fig. 3. Control. After bleeding 65 per cent of the animal’s blood volume, 
Note similarity between Figs. 2 and 3. Cellular aggregation, pooling 
and absence of flow. {x 180.) 





Fig. 4. 
chioric acid. 


Microcirculation after infusion of 8 mmoles of 0-1 normal hydro- 
Note cellular aggregation in the ascending arm of bifurca- 
tion, and the absence of streamlines. (x 180.) 


serum lactic acid and acidosis as a result partly of the 
excretion of the intracellular lactic acid into the replen- 
ished vascular volume. 

In clinical work, banked blood augments the increase 
in acidity after infusion because blood preserved with 
ACD (acid-trisodium citrate-dextrose solution) has a 
pH of 6-8 (ref. 9). 

From the foregoing it can be stated that the increase in 
H+ ion produced by anaerobic metabolites may be the 
prime factor in producing refractoriness to return of 
volume. Lactic acid is the most common and earliest 
of the proton donors produced in anaerobic metabolism, 
and therefore the lactic acid infusion and subsequent 
death of all the animals with a microcirculatory picture 
of irreversible shock are significant. The marked increase 
in intracellular and extracellular lactic acid does have a 
physiological effect in the vascular smooth muscle. 
Investigations have revealed that lactic acid in low con- 
centrations acts as a vasoconstrictor, while at high con- 
centration it produces vasodilatation. These physiological 
activities on smooth musele mimic what occurs in situa- 
tions in which there is only a low volume of blood. The 
constrictions at first, and the refractory vasodilatation 
in the terminal stages of shock, are consistent with the 
concentration of lactic acid found in the cell and serum!°-"), 
These observations further modify the therapy of shock 
by suggesting a monitoring of the pH of the serum as 
the blood volume is reinfused and the buffering of excess 
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_ hydrogen by adequate buffer solution (5 per cent sodium 
~ bicarbonate). =o eee 
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SECRETION AND SYNTHESIS OF AMYLASE IN THE RAT PAROTID 
GLAND AFTER ISOPRENALINE 


By PAULINE BYRT 


Radiobiological Research Unit, Cancer Institute Board, Melbourne 


CATECHOLAMINES, and sympathetic agents in general, 
are considered much less effective in causing salivary 
secretion in animals than parasympathetic agents')?. 
The volume of saliva produced is small and variable com- 
pared with that produced by a parasympathetic drug such 
“as pilocarpine. The investigations to be described, how- 
ever, which were based on direct measurement of the 
concentration of enzymes in the parotid gland of rats 
before and after secretion, indicate that the catecholamine 
“4Asoprenaline (1-(3,4-dihydroxypheny!)-2)-isopropylamino- 
ethanol) is a very powerful stimulant of secretion. More 
than 98 per cent of the amylase in the rat parotid gland 
is secreted as a result of a single injection of isoprenaline. 
-Several other catecholamines have also been tested for 
-their effect in stimulating the secretion of amylase. The 
only compound tested which had an effect with a potency 
comparable with isoprenaline was 1-(3,5-dihydroxy- 
pheny])-2-isopropylaminoethanol. 

isoprenaline has also been shown to have a powerful 
trophic action on the rat parotid and submandibular 
glands*~*. The enlargement of the gland in response to 
isoprenaline is rapid and results from both cellular hyper- 
trophy and hyperplasia. This dual property of isoprena- 
line, that is, to produce both secretory and trophic effects, 
has been utilized in investigations of the kinetics of 
secretion and resynthesis of amylase in the normal rat 
parotid gland, and also in the enlarged gland produced 
by the repeated administration of isoprenaline. It was 
found in the control rat that the resynthesis of amylase 
following secretion occurred at an exponential rate until 
the concentration of amylase in the gland had returned 
to normal. 

The rats used in these experiments were Canberra 
Black males weighing 140-170 g. Animals were starved 
24 h before treatment, and were killed by spinal disloca- 
tion. The parotid gland was rapidly removed, weighed and 
placed in ice-cold saline (9 g/l.). The removal of the 
entire parotid gland free from adventitia and all associated 

“lymph nodes is particularly difficult in animals treated 
with isoprenaline 2 h before killing. Reliable results 
<o were obtained, however, by pinning the animal out on a 
_ dissecting tray to place the adventitia associated with the 


gland under tension. The glands were minced, and homo- 
genized in ice-cold saline, made up to 10 ml. and stored 
at —4°C until assay. Complete homogenization was found 
to be a critical step in obtaining reproducible results. 

For assay of amylase, homogenates were suitably 
diluted in saline and immediately assayed by the starch- 
iodine method of Huggens and Russell, modified by 
Varley*. Some preparations exhibited a lag of 1-2 min 
before hydrolysis reached a linear rate and in all cases the 
rate decreased when approximately two-thirds of the 
starch had been hydrolysed. Therefore, samples were 
removed at 3 min, and at least two other times during the 
linear phase. Under these conditions, the rate of reaction 
was proportional to the enzyme concentration over the 
range investigated. In this assay, 1 unit of activity is 
defined as the amount of amylase which digests 1 mg 
starch in 1 h at 37° C. 

Solutions of isoprenaline sulphate were freshly prepared 
before each intraperitoneal injection, the drug being 
dissolved in saline (9 g/l.) immediately before injection. 
To bring about glandular enlargement in rats, isoprenaline 
was administered in a dose of 10 mg twice daily for 6-16 
days. 

The effects of different doses of isoprenaline in stimu- 
lating the secretion of amylase in control glands and in 
enlarged glands, respectively, are shown in Table 1. It is 
evident that the sensitivity of enlarged glands to the 
secretory effect of isoprenaline was retained despite 
repeated stimulation with the agent. While isoprenaline 
treatment caused the weight of the gland to increase by a 
factor of eight, the total amylase in the gland increased 
by only 1-3. The concentration of amylase had therefore 
decreased to about a sixth of its original concentration. 
Two hours after a single injection of isoprenaline tissue 
concentrations of amylase were reduced to similar con- 
centrations in both control and enlarged glands (0-21 + 0-02 
u/g wet weight and 0-42 + 0-20 u/g wet weight respectively, 
which are not significantly different). 

The effect on amylase secretion of a selection of com- 
pounds related to isoprenaline was also determined and the 
results are shown in Table 2. Noradrenaline, adrenaline 
and ‘Adriano!’ are all very toxic to the rat, however, and it 


Table 1, EFFECT or IsoPRENALINE ON DEPLETION OF AMYLASE FROM RAT PAROTID GLAND 


: Before injection 10 mg 
Single dose (10 mg), amylase, 243 41-6 0-52 +0-07 
total x 10° 
Concentration units/g 
wet wt. x 10° 872 +085 O21 +0-02 
Weight of gland (g) 0-275 + 0-010 0-244 + 0-023 
16 days, amylase, total x 10° 810 +49 7-09 +347 
Concentration units/g 
wet wt. x 10° 1:48 +027 0-42 +0-20 
Weight of gland 218 +013 1-69 +010 


2h after Percentage depletion 
lmg 0-1 mg 10 mg img 01m 
3°82 +089 20-2 +15 98 84 17 
143 +025, 739 +055 98 84 16 
0-266 + 0-080 0-273 + 0-011 H 3 1 
148 +40 - 87 52 = 
0-70 +018 - 72 53 a 
212 +015 - 23 3 - 


Animals were starved 24 h before injection. The 16 day animals were treated with isoprenaline (10 mg b.d.) for 16 days, fed ad lib. until the seventeenth 


day. They were then starved 24 h before injection. This treatment allowed the concentration of amylase 


n the gland to rise to the maximum, although the 


gland weight decreased slightly during this time. Results are recorded as the mean + S.E 


y 
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18 impossible to administer a dose comparable in molar 
concentration with that of isoprenaline. Schramm’ 
used parotid slices in vitro and found that adrenaline has 
considerable secretory activity at a concentration of 
10-* molar, and also that it 18 as effective as parasympa- 
thomimetic agents’, ‘Alupent’ was the only compound 
tested which showed secretory activity in vivo. Its potency 
was slightly but significantly less than that of isoprenaline. 
It is of considerable interest that ‘Alupent’ is also the 
only compound in this group found to stimulate growth 
of the salivary glands*’. 

The kinetics of secretion and synthesis of amylase 
after & single dose of isoprenaline were investigated; the 
results are shown in Fig. 1. Amylase accumulates in the 
gland at an increasing rate from about 2-17 h after 
secretion, when synthesis ceases. Qualitatively similar 
results were obtained with enlarged glands. Fig. 1 shows 
the effect of isoprenaline on control glands and glands of 
rats treated 6 days with isoprenaline. While the iso- 
prenaline is apparently less effective in stimulating amylase 
secretion in the gland treated for 6 days (see also Table 1), 
the actual concentrations of amylase in normal and en- 
larged glands 2 h after it had been injected were not 
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significantly different (176410 u/mg wet weight and 
271452 u/mg wet weight, respectively). ; 

The effect of a second injection of isoprenaline given 
8 h after the first, that is, during the synthetic period, 
is shown in Fig. 2. Secretion of amylase again occurs, and 
its concentration in the gland is reduced to a level similar 
to that after the first injection. The number of unite 
secreted in response to this second injection (1-2 x 105 U) 
is greater than the number of units retained by the gland 
after the first injection (0°46 x 10°). Presumably, some of 
the newly (2-8 h) synthesized amylase is secreted in 
response to the second injection. 

The synthesis of amylase in the gland from 2-17 h after 
an injection of isoprenaline (see Fig. 2) can be described 
by an equation of the form A=exp(bt+e) where A is 
the amylase concentration, ¢ is the time, and b and c are 
constants. It was of interest to know whether the syn- 
thesis could also be described by an equation of the form 


A = bet? +5,t+b, 


An analysis of variance was, therefore, carried out on the 
logarithmic and quadratic equations of best fit. 


Table 9. EFFECT OF ISOPRENALINE AND RELATED COMPOUNDS ON SECRETION OF AMYIASE 


Percentage of orlginal 


le Nocaf concankrauon of Bigntficanoe m 
Trade name Dose o 0.0 amy’ 1n paro 
cea (mg) aie animals 2h after injection (99 par cent) 
= 8 (100) 
a" 
ie aaa Re Isoprenaline 10 88 6 018 + 
HO 
1-(8,4-Dihydroxypheny!)-2-isopropylaminosthanol sulphate 
HO 
oonan Alupont 10 - 6 044 + 
HO 
(1-8,5-Dihydroxyphenyl)-2-isopropylaminosthanol 
ees Adrenaline 0-5 27 2 1200 - 
H 
(8,4-Dihydroryphenyi)-2-methylaminoethanol 
res l Adrianol 1 £0 4 (Balog) 940 - 
al 
H 
l-1-{m-Hydroryphenyl)-2-məthylaminoethanol hydrochloride 
no D—onon—om, Hon, Sympatol 10 41-4 6 108 0 - 
(p-Hydroxyphenyl)-2-methylaminoethanol tartrate 
<_ p-onon—on—wa—on, Ephedrine 4 19-8 5 96-0 - 
OH; 
2-Methylamino-1-phenylpropanol hydrochloride 
E aaa Noradrenalne 025 1-48 1 140-0 - 
HO 
1-1-(3,4-Dihydroxyphenyl)-2-amimoethanol 
Bronkephrine 4 71 6 920 = 


H = CHOR-OR-NH, 
CH, 


HO l 
CH, 


1-(8,4-Dıhydroxyphenyl)-2-amıno-1-butanol hydrochloride 
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The quadratic equation was expressed in the form 
A by 
ras b + b, + re 


This was desirable because the variance increased with the 
concentration of amylase. 

Tho analysis is shown in Table 3. It can be seen that 
the loganthmic equation A =exp(1-025-+ 0-230 t) (where 
A is the number of units amylase/10°, and ¢ is the time 
in hours) is a good fit for the data. The quadratic equation, 
however, was not a good fit, as the variance about the 
quadratic regression was significantly greater than the 
variance of observations taken at the same time. 


Table 8. ANALYSIS OF VARIANCR 


Fitting logarithmio and quadratic curves by the method of least squares to 
amylase synthesis in rat parotid mand 


Aw Soor nas ama, t = time in hours; by, bu, Ùe and c, constants 


Witting 4 mt bel + Oy + 


d.f. 8.8. M.S. 


FR 


About quadratic regression 2 0-290238 0-145116 482 
Due to quadratic regression 2 4.591145 

Botween times 4 4881878 

Within times (error) 34 1-023890 0-080114 

Total 38 5805268 

M.S. (about quadratic regression) 4-82, and is significant at 2-6 per cent 





4.8. (within times) at level of F (2,34) 


Fitting 4 = exp +o). 


d.f. 8.8. M.8. F 
About logarithmic regression 8 0-052038 0017846 <1 
Due tol thmic regression 1 17-874583 
Between 4 17-4286571 
Within times (error) 84 0-814861 0 028052 
Total 38 18-2409382 


M.S. (about logarithmic regression) 
M.S. (within times) 
A = exp(1-025 + 0:2380 f). 





is not significant. 


The logarithmic kinetics of amylase synthesis are 
difficult to explain in the light of protem synthesis as it is 
known today. If amylase synthesis ceases at 17-18 h 
because of some negative feedback mechanism, it seems 
unlikely that the amylase operates some positive feedback 
during the period of synthesis. Investigations by electron 
microscopy! have indicated that there is an inerease in 
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Fig. 1. Tims course of amylase secretion and resynthesis In rat parotid 


gand followme 1soprenalne. Animals were starved throughout the 
ezporiment, O———-O, Normal gland, 10 mg isoprenaline st 0 h; 
~= — a ©. normal gland, 10 mg tsoprenaline at Qand 8h; @ 





9, 

6 days isoprenaiımne, 24 h after the last Injection), 10 mg 

h. At least five anumals were used to obtain each point. 
The graph shows the mean +.F. 
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SALIVA 







PAROTID 


1 2 8 4 5 6 7 8 
Hours 


Hg ay Viner oe of amylase In saliva after animals were starved 24 h 


0 
Ť Isop. 


ection with 10 mg isoprenaline, and anaesthe with 
shite throughout the expenment. Baliva was collected from the 
mouth which was ae washed out with saline. The graph shows 
the mean + S.K. of results from sıx animals. O, Total amy: 
in the saliva; @, total amount of amylas in the parotid gland. 


endoplasmic reticulum in parotid gland cells after a 
stimulus to secretion. Takahama and Barka!! have also 
reported an apparent increase in endoplasmic reticulum 
im the rat submaxillary gland 1 h after an injection of 
isoprenaline. They considered that it is likely, however, 
that this was caused by structural rearrangement, because 
pulse labelling with tritiated uridine indicated no stimu- 
lation of the synthesis of nuclear or cytoplasmic RNA 
at this stage. It would be of conmderable interest to 
know whether the rate of amylase synthesis is dependent 
on the concentration of ribosomal or other RNA in the 
gland, or on other factors. 

It was possible to collect the saliva secreted by anaes- 
thetized animals, which had been starved 24 h previously, 
after a single injection of isoprenaline. Neither the sub- 
maxillary nor the sublingual gland contains significant 
amounts of amylase, and thus saliva was collected from 
the mouth, which was washed out with saline at frequent 
intervals (Fig. 2). Secretion was complete after about 
2 4, at which time a quantity of amylase comparable 
in amount with that origmally present in the gland had 
been collected. It therefore appears that the exponential 
rise in the concentration of amylase in the gland after 
secretion ıs not an artefact resulting from a decreasing 
rate of secretion superimposed on a linear rate of amylase 
synthesis. 

There has been considerable difference of opinion as to 
whether agents which stimulate secretion in a gland also 
directly stumulate protem synthesis. Hokin and Hokin}*, 
who used pancreas slices in vitro, showed that cholinergic 
drugs stimulated secretion but not synthesis of amylase. 
Schucher and Hokin!* have commented: “It has been 
assumed by many physiologists that stumulation of enzyme 
secretion in pancreas leads to an accelerated rate of enzyme 
synthesis. This belief forms the basis of many investiga- 
tions in vivo on the relationship between RNA and 
enzyme synthesis”. From their mvestigations they con- 
cluded: “It is possible that the so-called cycle of secretion 
and resynthesis of pancreatic enzymes, based on fall and 
subsequent rise in enzyme or zymogen granule content 
of the pancreas following food or cholinergic stimulation, 
may merely reflect a constant rate of enzyme synthesis 
with superimposed variations in secretory rate’. On the 
other hand, Farber and Sidransky' showed an increase in 
incorporation of radioactive amimo-acids into pancreatic 
protein 4 h after injection of pilocarpine; also Rapp’, 
who carried out in vitro investigations with rat parotid 
slices, presented evidence that pilocarpine stimulates 
both the synthesis and secretion of amylase. 


Pay 


No soe7 DECEMBER TO, 1966 


Gromet-Elhanan and Winnick?* have examined in vivo 
changes in the concentration of amylase in the parotid 
gland of starved rats after treatment with pilocarpine 
and feeding. They showed that amylase was resynthe- 
sized in the gland for a period of about 18 h after the 
wutial stimulus and that the maximum rate of amylase 
synthesis ın particular, and protein synthesis in general, 
in the gland occurred about 17-18 h after the mitial 
stimulation. Contrary to the view that an agent which 
stimulates secretion also directly stimulates protein 
synthesis, Gromet-Elhanan and Winnick showed that 
incorporation of radioactive amino-acids into the general 
protein of the gland is inhibited for 2-3 h after secretion. 
The present work agrees well with these observations. 
These workers did not observe an exponential rate of 
amylase synthesis, but this may have been obscured in 
thew system by the slower and less complete secretion of 
amylase. The general similarity between their results 
and the present ones with the sympathomimetic agent 
suggests that, once the cell has secreted, a series of events 
is automatically initiated which results in the restoration 
of the original amount of amylase in the cell. The time 
taken for this restoration after a single secretory stimulus 
seems to be independent of the original means of 
stimulation. 

It is, however, unportant to examime the suggestion 
of Schucher and Hokin in more detail. It seems unlikely, 
for several reasons, that the present results can be ex- 
plained solely by assuming a linear rate of amylase syn- 
thesis superimposed by an exponentially decreasing rate 
of amylase secretion. Secretion of saliva from an injection 
of isoprenaline can be observed for only 2-3 h at the most, 
after which time the rate of secretion is comparable with 
that of unstimulated animals. The rate of synthesis, 
however, continues to increase for 17-18 h. Also, amylase 
synthesis stops abruptly at 18 h, when it has reached its 
original concentration, and there is no secretory stimulus 
at this time as the animals are starved. Virtually no 
isoprenaline remains in the gland after about 4 h, and 
therefore if the presence of isoprenaline itself is required 
to act as a stimulus, secretion would be negligible after 
this time. 

Considerable work has been carried out on the process 
of secretion in the parotid gland. It has been shown that 
amylase is mainly stored in the “zymogen” granules?’, 
and that the secretion of amylase in tissue slices is de- 
pendent on oxygen, inhibited by dinitrophenol and 
cyanide, but not affected by inhibitors of glycolysis. 
Potassium ions were essential for the process, and the 
addition of a high concentration of potassium to the 
medium containing the slices was as effective as adrenaline 
in causing secretion’. These investigations and electron 
microscopy investigations? on the rat parotid gland 
indicate that the contents of the zymogen granules are 
discharged into the cytoplasm before secretion in saliva. 
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Scott and Pease also present evidence that the disappear- 
ance of the zymogen granules from the cytoplasm, after 
stimulation by pilocarpine, or fastang-refeeding takes 
15-20 min, and that the time taken for restitution of all 
granules takes from 3 h (after pilocarpine) to 6 h (after 
refeeding). These times are considerably shorter than the 
present results, and those of Gromet-Elhanan and Winnick 
obtained by & direct measure of the amount of amylase 
in the gland. This indicates that the presence of zymogen 
granules in the cytoplasm cannot be used as an indication 
that the cell has completed the resynthesis of these com- 
ponents which were lost during secretion. 

The present investigations have thus shown that a 
single injection of isoprenaline causes virtually complete 
secretion of amylase from the rat parotid gland. Such a 
large depletion of amylase from the gland is not observed 
after stimulation with parasympathetic agents, such as 
pilocarpine, which gives a variable small depletion, or 
even with pilocarpine combined with feeding after a fast. 
Isoprenaline, therefore, could be of great value in com- 
bination with techniques such as electron microscopy 
and cell fractionation procedures in experiments designed 
to investigate changes which occur in the gland cell during 
secretion and resynthesis of protein. It has also been 
possible to demonstrate that resynthesis of amylase 
after secretion in the parotid gland occurs at an exponen- 
tial rate for about 15 h, and then abruptly ceases, when the 
concentration of amylase has been restored to its original 
concentration. 

I thank Dr. H. A. 8. van den Brenk for his help and 
encouragement during this work, and Dr. G. Gregory, 
Department of Statistics, University of Melbourne, 
who carried out the statistical analysis. I also thank 
Mr. Selwyn Glanvill and Miss Valerie Moore for their 
assistance. 
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INHIBITION OF GROWTH AND REGENERATION IN HYDRA 
BY CROWDED CULTURE WATER 


By LARY V. DAVIS 
Department of Zoology, University of Hawall, Honolulu 


Suveray authors! have found a substance or substances 
in the external medium of crowded cultures, capable of 
inhibiting the growth or regeneration of various species 
of hydroids. 

The source, nature, and function of this inhibitory 
substance have, however, remained unclear. It has been 
suggested that inhibitors play a major part in the control 


of morphogenesis? or in the control of population density’. 
In addition, it has been suggested that the inhibitory 
factor is ammonia‘. On the other hand, it has also been 
proposed that the observed inhibitory activity of crowded 
culture water is caused by an increase in the bacterial 
concentration and is unrelated to any normal function 
in the hydroid polyp*. 
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This communication reports experuments which show 
the presence of an inhibitory factor in another species of 
hydroid, and some aspects of its chemical nature. 

Hydra (Chlorohydra viridissuma Florida Strain, 1961, 
and Hydra littoralss) have been mamtained using the mass 
culture methods of Loomis and Lenhoff*, as modified by 
Muscatine?. In all the experiments on regeneration, 
the inhibitor was taken from the medium of crowded 
cultures of C. viridissima. The crowded cultures were 
maintained under exactly the same conditions of tem- 
perature, light, feeding, and medium changes as the 
stock cultures. They differed in that their density was 
approximately 80-125 hydranths/ml., while that of normal 
cultures was not allowed to exceed 2-0 hydranths/ml. In 
addition, penicillin G (sodium salt) at concentrations of 
125 or 250 ug/ml. and polymyxin B sulphate (10 or 20 
ug/ml.) were routinely added to the crowded cultures to 
eliminate the possibility of bacterial contamination. 
Bacteriostasis was checked at intervals by pour plate 
counts on nutrient agar, and by direct counts in a Petroff— 
Hauser bacteria counter after staining with a 1 per cent 
aqueous solution of methylene blue (Table 3). 

For use, the medium was withdrawn from crowded 
cultures using a 50 ml. syringe, then filtered to remove any 
debris. The crowded culture medium was collected on the 
morning of the day of use, before feeding the cultures, and 
then stored at room temperature until needed (usually 
6-8 h later). 

To measure the rate and extent of regeneration the 
following criteria were used: first, the number and length 
of regenerating tentacles were determined at 18 h, and 
again at 42 h, after their removal. The rate of regeneration 
R was estimated by the relationship 

pa Nua Nils 

ty ae ty 
where N, and WN, are the numbers of tentacles at times 
t, and t, respectively and L, and L, the lengths of tentacles 
at these times. Second, the number of tentacles which 
had regenerated 72 h after removal (at which time re- 
generation is essentially complete) was determined, and 
used to express the completeness of regeneration. The 
number and length of regenerating tentacles were de- 
termined using a dissecting microscope with an ocular 
micrometer. All measurements were made at a magni- 
fication of 15x, after the tentacles had become fully 
extended. 

All regeneration experiments were performed on hydra 
fed 6-8 h previously which had been taken from logarith- 
mucally growing cultures, and which had one bud in an 
early stage of development. These hydra were then 
amputated immediately below the hypostome and ten- 
tacles while in the fully extended condition. After amputa- 
tion, the hydra were allowed to regenerate in 1-0-1-2 ml. 
of medium in the depressions of spot plates mamtained at 
25 + 1° C in a covered water bath. Antibiotics were added 
to all media, including those contaming control animals. 

Experiments were also carried out to determine the 
effect of crowded culture medium on the asexual budding 
rates of intact animals of the same species. In these 
experiments, five hydra were placed in 30 ml. of culture 
medium in & Petri dish. Several such cultures were then 
maintained for 1 week under the optimum conditions for 
growth®, except that in the test cultures crowded culture 
medium was used for the twice daily medium changes. 
The number of hydranths present in each dish was deter- 
mined daily during the experiment. The logarithmic 
growth constant “‘k’’ was then calculated according to 
the method of Loomis’. 

Table 1 shows the results of these experiments on growth 
rates. The two “k”? values shown for each category in 
the table were obtained in separate trials. Although there 
was considerable variation in the amount of inhibition 
obtained, the growth rates of hydra grown in crowded 
culture medium were consistently below those of control 
animals. 
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The results of several regeneration experiments are 
summarized in Table 2. It was found that the values 
for the rate and extent of regeneration for animals allowed 
to regenerate in crowded culture medium were significantly 
lower (P< 0-01) than the corresponding values for control 
animals. 


Table 1. EFYEOT OF CROWDED CULTURE MWDIUM ON LOGARITHMIO GROWTH 


or HYDRA 
Species Medium k 
O. viridissima FOM* 0 40, 0-89 
O. wridissina COM t 000, O28 
O. viridissima, amomot FOM 0-87, 0-41 
viridistima, o CCM 0-21, 0 28 
H. littoralis FCM 0-32, 0 32 
H. litorals CcmM 017, 027 


* Fresh culture medium. 
Crowded culture medium. 
Albino = free from algae. 


Aeration of the crowded culture medium, by bubbling 
for 45 min with aur free from carbon dioxide, did not alter 
the inhibitory activity (Table 2), indicating that radical 
changes in the partial pressures of oxygen or carbon 
dioxide were not responsible for the observed inhibition. 
Heating the crowded culture medium to 100° C for 2 min, 
however, appeared to destroy most of the inhibitory 
activity (Table 2). 


Table 2. Eyyect Oy UNTREATED, HEATED, AND AERATED CROWDED CULTURE 
MADIUH, AND OF FEBRSH CULTURE MEDIUM PLUS AMMONIA, ON THR BE- 
GENERATION OF Ohlorokydra isnma 


Number Mean Tate Mean nave 
Mediam of 
regeneration tentacles s Tegmeraied 
FOM 189 
(+ $10) (t+ 6.84) 
COM 178 Q &1 
(40°10) (£0-41) 
Heated OCM* 36 0-87 61 
Aerated CCM. 86 Odd 51 
FCM plus ammonia 18 not 61 
(5 ugfml.) determined ł 


* Heated to 100° O fi 
Aerated by bubbil: oe anh free from carbon dioxide for 45 min. 
Rate not Laan because of moderately severe depression of animals. 


Determinations of pH, ammonia concentration, and 
bacterial concentration indicated that none of these 
factors was responsible for the observed inhibitory 
activity (Table 3). That NH, was not responsible for the 
inhibition was also indicated by the results of experiments 
in which NH, was added to fresh culture medium. Al- 
though the concentration used (5 ug/ml.) was at least 
five times higher than that found in the crowded culture 
medium by direct nesslerization, and was sufficient to 
cause a moderately severe physiological depression of the 
regenerating animals, it did not affect the number of 
tentacles regenerated (Table 2). 


Table 8. COMPARISON OF pH, AMMONIA, AND BAOTERAL. CONCENTRATIONS 


OF NoRMAL* AND CROWDED CULTURE MEDIUM 
Bacterial concentration 
Medium pH NH, (bactera/ml. 
Gana Viable counts Total counts 
Normal 
culture 7-85 <i 2 xi% 62x 10" 
medium 
Crowded 
oulture 7 80 <1 41x10 19x107 
medium $ 


* Culture meal takon from logarithmically growing cultures. 
Determined by direct neaslerization. 
All determinations made on samples known to be inhibitory. 


Samples of crowded culture medium were eluted on 
columns of ‘Sephadex G-25’ and G-100. The inhibitory 
activity appeared in the region of molecular weight 
greater than 5,000 but less than 100,000. Crowded culture 
medium was also incubated with bovine pancreas trypsin? 
at pH 7-5, and this procedure destroyed all the inhibitory 
activity. These results suggest that the wnhibitory factor 
is a protein, and that a high degree of integrity is necessary 
for its activity. 

While it cannot be concluded definitely that the 
inhibitor is a protein, ıt does appear that the observed 
inhibition is not due to any of the variables previously 


¥ 
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suspected, such as ammonia, carbon dioxide, or bacterial 
contamination. 

It would also be premature to conclude definitely that 
the inhibitor contamed in the crowded culture medium 
normally operates within the animal to control morpho- 
genesis. It is quite possible, however, that this is indeed 
the case. It is also possible that the inhibitory factor can 
function es a means of population control, under certain 
conditions, by the feedback inhibition of bud production. 
Experiments are now in progress to elucidate these pointa 
more fully. 

I thank Drs. C. Hand and L. Muscatine for help in this 
investigation, and for comments on the manuscript, and 
Dr. F. Haxo for use of facilities. This work was supported 
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Wuen photons fall on an eye, their energy is absorbed 
by the visual pigments of the photoreceptor cells (rods 
and cones in vertebrates; retinular cells in vertebrates). 
This process is followed by a change in the membrane 
potential of the photoreceptor cell, the so-called generator 
potential. Between the onset of a light of moderate 
intensity and the beginning of the generator potential, 
however, there is a latency of several milliseconds. This 
suggests that one or more events may intervene between 
the absorption of light by the visual pigment and the 
onset of the generator potential. Considerable interest 
has therefore been stimulated by the recent discovery of 
the so-called early receptor potential (ERP)!*, The 
ERP, which has been reported only with extracellular 
recordings in vertebrate eyes, has the following charac- 
teristics: it can be recorded only when very intense lights 
are used; its latency of onset is of the order of mucro- 
seconds; it persists when the cells of the eye are depola- 
rized with increased concentration of extracellular 
potassium ion; it persists when the eye ıs frozen; its 
amplitude, before saturation, 1s a linear function of light 
intensity and of the amount of rhodopsin activated by 
light; it does not become completely adapted with 
repetitive stimulation; and it has, in the albmo rat, the 
action spectrum of rhodopsin!-!*. For these reasons, the 
ERP may represent an early and perhaps direct mani- 
festation of the absorption of light by rhodopsin. (Compare 
refs. 6, 9 and 10.) 

It would be of considerable advantage to be able to 
investigate the ERP by means of intracellular recordings 
in invertebrate photoreceptors, and therefore we have 
attempted to elicit the response in the lateral eye of the 
horseshoe crab, Limulus polyphemus. 

In order to obtain a sufficiently intense light, a 75 W, 
continuous-aro xenon lamp was used. By focusing the 
light from this arc, several milliwatts of radiant power 
could be delivered to a single ommatidium. By means of 
an electromechanical shutter, ight pulses as short as 
5 msec could be produced. With such intense lighte, 
considerable care was taken to shield those components 
of the recording system (for example, silver—silver chloride 
wires) which might themselves generate photoelectric 
effects. The tip of the micropipette filled with potassium 
chloride. however, had to be in the light beam when 


positioned inside a retinular cell, and therefore an in- 
vestigation of the effects of intense lights on microelectrode 
tips was necessary. It was found that lights of the in- 
tensity used during the biological experiments produce a 
photoconductive effect in potassium chloride mucro- 
electrodes. In our recording system (peak-to-peak noise 
of 50 pV; input impedance of 1013 ohms; and grid current 
of 10-18 amp), this increased conductance was demons- 
trable only with currents greater than 10-!° amp flowing 
through the microelectrode. Thus potasmum chloride 
microelectrodes show no detectable photovoltaic effect. 
Moreover, no light-induced potential could be produced 
by filling the microelectrode with potassium chloride 
saturated with methylene blue or after plugging the tips 
of the microelectrode with tissue fragments from the eye. 
All the observations to be reported were recorded in a 
system with the appropriate light shielding and with 
grid current of the order of 10-1* amp. The head-stage 
ampltfier was d.c. coupled to & paper recorder for con- 
tinuous monitoring of membrane potential and a.c. 
coupled to an oscilloscope, with a time constant of 0-1 sec. 

When a short pulse of our most intense light stimulated 
a retinular cell}*, the transmembrane potential of which 
was recorded with an intracellular microelectrode, & 
depolarizing potential of 0-5-1-5 mV amplitude was 
evoked (Fig. 1, “p” of line SW). The latency of the 
potential was less than a half millisecond. This value 
represents the limit of resolution with our present equip- ~ 
ment, where the “‘rise-time’” of the light stimulus was 
about 1 msec. Moreover, the potential lasted for the 
duration of the light pulse. (In many experiments, the 
depolarizing potential was followed by a hyperpolarizing 
phase subsequent to the cessation of the light pulse— 
Fig. 1, “p” of line SW.) The mechanism underlying this 
response has yet to be completely elucidated, and therefore 
we shall call it a photoelectric potential (PEP) rather 
than an ERP, for which a specific mechanism has been 
umphed (refs. 1-12; see below). 

This PEP persisted when the cell was depolarized by 
increasing the extracellular potassium ion concentration 
(Fig. 1) and when the tissue was frozen (Fig. 2) (to — 10°C, 
the temperature below which recording from a pipette 
filled with potassium chloride was no longer practicable). 
With the onset of freezing, the cell depolarized and the 
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generator potential was abolished. At the same time, 
the PEP reversed polarity; however, because the cell 
did not recover on thawing, it is not known whether the 
PEP evoked at —10° C represents an intracellular or 
extracellular recording (see below). In addition, the 
amplitude of the PEP was linearly related to the intensity 
of the light used. Moreover, the PEP does not become 
completely adapted with repetitive stimulation. 

The light source used in these experiments was not 
sufficiently intense to make possible a detailed examina- 
tion of the action spectrum of the PEP with narrow-band 
interference filters, and therefore the exact wavelength 
of maximum sensitivity is unknown. With broad-band 
and high-pass or low-pass filters, however, the generator 
of the PEP was found to be most sensitive to light in the 
visual spectrum and less so to energy in the deep blue, 
the near ultra-violet, and the near infra-red. 

When a micropipette was located extracellularly, but 
pressed against the retinular cell membrane, the polarity 
of both the PEP and the generator potential was reversed 
in sign (that is, now becoming negative) (Fig. 8, line Æ). 
The withdrawal of the pipette only a few microns resulted 
in simultaneous loss of both the PEP and the generator 
potential. These data suggest that both arise from the 
retinular cell and, moreover, that they both arise from a 
source located across the membrane of that cell. 

If this suggestion were correct, the amplitude and 
possibly the polarity of the PEP may be a function of 
the level of membrane potential. To investigate this 
possibility, two separate single barrel microelectrodes 
were placed within the same retinular cell. Current was 
passed through one electrode and the effect of changing 
membrane potential on the PEP investigated by means of 
the other electrode. With this method, where the coupling 
resistance between the electrodes was of the order of 
kilohms, no detectable photoconductive effect occurred 
in the recording electrode. Fig. 4, line R, illustrates a 
PEP evoked in a retinular cell in the absence of applied 
current. Hyperpolarization of the retinular cell membrane 
potential increased the amplitude of the PEP (Fig. 4, 
line H); conversely, depolarization decreased its amp- 
litude. Moreover, when the membrane potential was 
forced to values more positive than a level near zero 
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Fig, 1. Intracellular recordings from g retinular cell in the lateral ee of 
Jamulus with a 8 molar potassium chloride microelectrode. Voltage 
versus time recording with positrve potential ane an upward 
defiexion. Fee's are 1 mV 5 msec calibration pulses injected in saries 
with the preparation and microelectrode. Trace SW shows PEP CpI 
and generator potential (“g”) when eye was bathed in normal sea water. 
Trace KSIF shows response when eye was bathed in solution identical to 
sea water except that all the sodium ions were replaced with potassium 
ions. In the sodium-free, potassium-rich solution, the cell was marked, 
depolarized and the generator potential abolished, but the PEP perais 

Both membrane potential and the generator potential recovered when the 

eye was returned to normal sea water. 
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Fig. 2. Recordings with microelectrodes from a retunular cell. “Im” 13 
light momtor. The first pulse on the upper traces Is a constant-current 
pulse which monitors the resistance of the recording system. The 
second pulse le.s T mY. 5 meco calinrallon- puise, The +10 recording 
shows the PRP (“‘p") and the ee potential (“g’’} recorded when the 
bath temperature was +10° ©. The —10 reco: g shows the response 
recorded af —10° O bath tem: ture, just before the deterioration of 
the microelectrode filled with potasmum chloride. 


potential, the polarity of the PEP was almost, but not 
completely, reversed (Fig. 4, line D). 

These two observations, namely, that the polarity of 
the PEP reverses between the inside and outside of the 
membrane (Fig. 3) and that the PEP amplitude and 
polarity are a function of membrane potential (Fig. 4), 
suggest that the PEP arises from a structure electrically 
in series with the recording system between the inside 
and outside of the cell. Presumably this structure is the 
cell membrane itself. The alternative, that the PEP is 
generated by an exclusively intracellularly located com- 
partment or structure, would appear to be excluded. If 
this latter mechanism were operative, it would be ex- 
pected that the extracellularly recorded PEP would be 
of the same polarity as that recorded intracellularly, but 
reduced in amplitude, and that the PEP amplitude and 
polarity would be insensitive to membrane potential 
changes. 

Thus the PEP appears to be a response evoked by light 
from a component of the retinular cell membrane and has 
some of the characteristics of the ERP. Unlike the ERP, 
however, sufficient evidence is not available to suggest 
that the PEP is a direct manifestation of the absorption of 
hght by rhodopsin?*. But should that turn out to be so, 
the experiments reported here are pertinent to the 
question of the actual location of the visual pigment in 
photoreceptors. They indicate that the pigment molecules 
are so intimately associated with the cell membrane as to 
be a component of the electrical circuit between the inside 
and outside of the cell and may actually be a molecular 
constituent of that membrane. The conditional nature 
of this conclusion merits emphasis. The conclusion from 
the evidence presented is permissible if, and only if, the 
PEP represents a change in the pigment molecule itself. 
It is not so if the PEP arises from a membrane constituent 
which is activated by visual pigment subsequent to the 
absorption of light by the pigment. 

The location of the photopigment within the photo- 
receptor membrane would have some interesting implica- 
tions for the possible mechanisms by which the absorption 


No. 5087 


DECEMBER 10, 1966 


of light leads to the production of the generator potential, 
that is, on the light-to-electrical energy transduction 
process. Certain kinds of mechanisms would appear 
to be excluded. For example, the release, by an exolusively 
intracellularly located structure, of a chemical transmitter- 
like substance which acts on the inner surface of the 
receptor membrane would seem not to be involved. A 
more probable mechanism would be that pigment mole- 
cules, when activated by light, affect those (presumably) 
nearby membrane components which regulate the permea- 
bility of the membrane to ions. 

The results illustrated in Fig. 4 are also pertinent to the 
question of the kinds of mechanisms involved in the 
generation of the PEP. The fact that the polarity of the 
PEP is a function of membrane potential indicates that 
some component of the PEP is associated with and perhaps 
generated by a conductance change in the membrane. 
On the other hand, our inability to reverse completely 
the polarity of the PEP durmg depolarization suggests 
that it may have an early component which is insensitive 
to membrane potential (compare ref. 14). Whether or 
not there are two distinct phases to the PEP, however, 
remains to be determined. 

There are at least two other important and related 
questions about the ERP and the PEP. The first is: 
are these potentials an exclusive property of photo- 
receptors ? The evidence clearly shows that neither the 
ERP nor the PEP is an exclusive property of true photo- 
receptors. The ERP can be obtained from pigmented 
cells of the eye which are probably not directly related to 
visual processes?}’. Moreover, the PEP was recorded 
from eccentric cells and from other cells in the Limulus 
eye which do not otherwise respond to light. These latter 
may be the pigment cells, which are known to envelop 
the ommatidia. In addition, a PEP was recorded from 
both pigmented and not obviously pigmented cells in 
both the cerebral and abdominal ganglia of the sea slug, 
Aplysta californica (kindly provided and dissected by 
Mr. J. Anderson). These results are open to various 
interpretations. For example, they may indicate that 
short-latency responses to intense lights may be pheno- 
mensa found in all cells but are unrelated to any interesting 
biophysical or physiological properties of these cells. On 
the other hand, these responses may reflect specific attri- 
butes of cells, for example, their membrane constituents. 
Furthermore, in some cells, these early potentials may be 
related to specific physiological functions, for example, 
the absorption of light by photoreceptor pigments which 
subsequently lead to visually related potential changes 
(namely, the ERG and generator potential). 

This possibility raises the second question: do the ERP 
or PEP, when generated in visual receptors, have anything 
to do with vision? The kind of evidence which would 
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Fig. 3. Simultaneous intracellular (I) and extracellular (5) recordings 
from a retinular cell by means of two se te microelectrodes. Vos 
are 1 mY 6 msec calibration pulses. 
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lead, perforce, to an affirmative answer to this question, 
18 not apparent at present. Some necessary conditions 
for such an answer, however, can be delineated. First, 
the action spectrum of the short-latency response must 
be the same as that of visually related potentials. Second, 
at light intensities adequate to elicit the short-latency 
responses, the ERG or generator potential must not occur 
in the absence of an antecedent ERP or PEP, respectively. 
For the ERP, both these conditions obtain!-1*. For the 
Limulus PEP, the data on the action spectrum are, 48 
yet, inconclusive. On the other hand, at high light 
intensities, we have not been able to evoke a genorator 
potential in the absence of a PEP. 

We thank Professors P. D. Wall, J. Y. Lettvin, Drs. 
K. Frank, M. Q. F. Fuortes, K. Kornacker, P. Q. Nelson 
and Mr. B. Howland for their assistance with this work, 
which was supported by grants from the U.S. Air Force, 
the U.8. National Institutes of Health, the Teagle Founda- 
tion, Inc., and Bell Telephone Laboratories, Inc. 
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SHOPE PAPILLOMA VIRUS: A PASSENGER IN MAN AND ITS SIGNIFICANCE 
TO THE POTENTIAL CONTROL OF THE HOST GENOME 


By Dr. STANFIELD ROGERS 
Biology Division, NIH-AEC Carcinogenesis Program, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


Tue Shope rabbit papilloma virus has been shown to 
induce an enzyme new to rabbit epithelium, an arginage?. 
The physical and chemical characteristics of this enzyme 
are wholly different from previously reported enzymes 
of this sort?. Among the most critical of these differences 
is & lack of requirement for divalent ion activation. It 
has been reported that this is associated with an unnately 
helical structure, ın contrast to liver arginase, which 
becomes partly helical only after activation with man- 
ganese*. These findings, together with the fact that animals 
carrying their own tumours develop specific antibodies 
not only against the virus per se‘ but also against the 
purified arginase derived from their own tumours®, pro- 
vided evidence that the information for the synthesis of 
the enzyme is derived from the vira] genome rather than 
being rabbit genetic information?. 

The induction of this specific enzyme by the virus in 
tissue culture has been used as a marker indicating the 
presence of virus genetic information despite the lack of 
detectable synthesis of infective virus by in vitro cells*. 
Rabbits infected with the virus develop a low concen- 
tration of arginine in their blood’. It therefore seemed 
worth while to determine whether any research workers 
who had carried out investigations with the Shope virus 
reflected the presence of the virus through the con- 
centration of arginine in their blood, and also whether 
these individuals have in their sera neutralizing antibody 
against infective virus or detectable antibody against the 
virus-induced arginase. 

In a preliminary experiment, sera taken after overnight 
fasting were obtained from twenty-two individuals from 
various parts of the United States who had worked with 
the papilloma virus and from twenty randomly selected 
patients in the general hospital. The latter 
had diseases of diverse sorts but had not 
had contact with the virus. The subsequent 
experiment was run “blind” and con- 
sisted of four groups of sera from twenty- 


two individuals who had worked with the 6 
virus and eighteen who had never had 
contact with the virus. The sera for this 5 


blind run were sent to me in a frozen state 
from various sources and were not thawed 
until individually precipitated with tri- 
chloroacetic acid. After 4 c.c. of 10 per 
cent trichloroacetic acid had been added 
to 1 c.c. of serum and the mixture centri- 
fuged, 2 c.c. of the supernatant fraction 
was analysed for arginine, lysine, and 
ornithine’. The sera were not identified 
until a selection had been made as to 
whether the mdividual serum was from 
someone having contact with the virus— 
based on the concentration of blood 
arginine. The results are shown in Tables 
1-4 and Figs. 1-3 together with lysine: 
arginine ratios. (Lysine was chosen as the 
reference amino-acid because, when sera 
taken in different laboratories are com- 


No. of individuals 


500-600 
600-700 


Pig. 2, Frequency distribution histogram of concentrations of 
Table 2. The tine ac across the chart indicates the lowest concentration 
of fifty normal fasted sera in this laboratory and those ın the literature (refs. 10-12). 


pared, the lysine : arginime ratio appears to be the most de- 
pendable.) Fig. 3 shows results obtained independently 
of this work with a wholly different technical system. 
Fourteen of the sera from individuals who had worked 
with the papilloma virus, together with suitable controls, 
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Fig. 1. uency distribution histogram of | e : arginine ratios in 
fasted sera people who have worked wi the virus as compared 
with randomly selected hospital patients (see Table 1). 
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were tested for the presence of neutralzmg antibody 
against the virus. The virus preparation used was a 
10 per cent, pH 6-5, 0-05 molar phosphate buffer extract 
of wild rabbit papillomata. One-half c.c. of the papilloma 
extract was mixed with 0-5 c.c. of the individual serum 
tested and incubated for 2 h at 37° C°. It was then mocu- 
lated using the scarification method in 0-1 c.c. amounts 
into two areas of sixteen spots on each of two rabbits. 
I tested twelve of the sera by immunodiffusion plates for 
the presence of antibodies against purified arginase 
derived from normal domestic rabbit lver and from 
papulomata induced by Shope virus from similar domestic 
rabbits. The method used for purifying the enzyme was 
as described previously’. 


Table 1. Lysine : ARGININE RATIOS IN FasTED SRRA FROM PROPLE WHO 
HAVE WORKED WITH THR geis AB COMPARRD WITH BANDOMLY SELECTED 


OSPITAL PATIENTS 
Papilloma Normal 

sera sera 
1) 8-14 3 8-07 
2 +74 2 2:99 
8 484 3 2-60 
4 4-27 4 2°89 
5 4-14 5 285 
6 8-89 6 2-21 
7 8-44 7 2-01 
(8 2-05 8 1-89 
(9 2-58 (9 1-94 
10 2-20 10 1:85 
11 2-09 11 1-84 
12 2-02 12 1:75 
13 192 18 173 
l4 1-91 14 168 
15 1-78 16 160 
16 171 16 1-59 
17 1:62 17) 1:33 
18 146 18 1-80 
19 1-44 19 1-00 
20 1-89 20 -0 

21 127 

22 107 


The lysine: arginine ratios in the survey of the pre- 
liminary group of twenty-two individuals who had worked 
in varying degree with the Shope papilloma virus are 
compared in Fig. 1 and Table 1 with twenty hospitalized 
patients who had never come into contact with the virus. 
Despite the fact that many of the individuals of the virus 
group had only had token contact, it is plain that a 
considerable number had higher blood lysine : arginine 
ratios than controls, even though the controls used were 
sick patients with various diseases and varying degrees of 
inanition and would be expected to have exhibited a 
wider range of amino-acid concentrations in their blood 
than the normal population. 

In Table 2 and Fig. 2, which show the results of the 
series of “blind” runs of sera obtained from various 
laboratories, absolute blood values are compared. The 
controls were normal individuals fasted under the same 
conditions as the experimental group. Eleven sera 
(marked with asterisks in Table 2) had concentrations of 
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arginine lower than any control tested in this laboratorý 
or previously described!*-!* (see Fig. 2). Before the sèra 
were identified, they were correctly selected as being from 
mdividuals who had worked with the virus. Again, it is 
evident that a considerable number of individuals who 
have worked with the Shope virug, like rabbits inoculated 
with the virus and carrying papillomata’ or rabbits 
injected intravenously with the virus but not carrying 
tumour (Table 3), develop lower concentrations of 
arginine in their blood and higher lysine : arginine ratios 
than their control counterparts, 

Table 2. BLOOD CONOBNTRATIONS OF LYSINE AND ARGININA IN FASTED 


SWRA FROM PEOPLE WHO HAVE WORKED WITH THR VIRUS AS COMPARHD WITH 
NORMAL PEOPLE BASTED IN PARALLEL 


Normal sera Papillome sera 
Lysine: 


No. Lysine Arginine argmine No. 


Lyaine 
(smoles/o.c. serum) ratios (xmoles/c.c, serum) 





University of Minnesota 
08270 00-0920 3 55 {3} 02440 00502* 4-86 
2 02497 01560 160 2 02420 Q0652* 4-88 
(8) 044902 01847 333 

University of Washington 
8 02852 01025 278 4 ©2700 0:0535" 505 
4 0 2585 0-0030 278 5, 02645 0-0537* 4-92 
5 0 2087 0-0847 2-40 6. 02000 0-0657* 3-18 
6 01982 00826 240 7 02520 0-0782* 822 
02770 01157 2°89 8 0:2202 0-0679* 2907 
8 02245 01005 2 28 9 03150 0 1147 2:75 
(10, 08020 01012 1-58 

University of Pittsburgh 
(9 0:2207 0-0825 268 11 01850 00552* 335 
10 0-1982 00877 2:26 12 01782 00H5* 276 
11 2007 0-1075 1:28 18 0-1950 0680* 287 
2422 0-1110 218 14 01850 Q0752* 250 
18 O-2062 01137 181 16 02150 00800 238 
14 0 1825 1297 118 (16 03085 01185 267 
16, ©2255 61400 161 7 O2217 0-1310 169 
ta 02085 01742 1-20 
19. 01962 01850 106 

University of Maryland 

168 02725 01082 2 52 20 01897 01015 1:87 
17, 02125 01147 1:85 21 00785 01157 0-68 
18, ©2257 01892 1:82 22 02147 01282 1:67 


* Sera from these Individuals were selected as bamg from people workin: 
with the Shope virus on the basis of their concentration of arginine withou! 
knowledge of the source of the serum. were no false positives. 


A rank-sum test was applied to the data in Tables 1 and 
2 to test the hypothesis that the median of the distribution 
from which the sample of normal individuals was taken 
is the same as the median of the distribution from which 
the sample of papilloma virus workers was taken. The 
hypothesis of equal medians can be rejected at the 0-075 
level of significance for Table 1 and at the 0-04 level of 
significance for Table 2. The statistical significance of 
these differences would obviously be greater were there a 
way to take into account that the papilloma group is 
made up of two distributions, affected and non-affected. 
Table 8. CONOMNTRATION OF ARGININE IN RABBITS BEFORE AND AFTER 

INTRAVENOUS INOOULATION OF VIRUS 
Arginine (molea/c ¢ serum*) 


Before virus 8 months after 
Rabbit injection virus injection t 
65-817 00850 0 0588 
85-338 0 0808 0:0605 
85-3888 0-0997 0-0594 
65-390 0-0870 0 0600 
65-391 0-0917 00678 


* Serum taken after 18 h of fasting. 

+ Intravenous—rabbits carried no paplilomata, 

Owing to the nature of the material it seemed best to 
obtain confirmation by similar sera being tested “blind” 
in an independent laboratory. Dr. C. A. Evans of the 
University of Washington, Seattle, collected the sera of 
twenty fasted adults, eight of whom had never had contact 
with the virus and twelve with contact of varying degree. 
These sera were sent in a frozen state to Dr. W. R. Bryan 
of the National Cancer Institute, who in turn sent them 
to Dr. John Davenport of the John L. Smith Memorial 
for Cancer Research of the Charles Pfizer Company, 
Inc., Maywood, New Jersey. The sera arrived frozen and 
were not thawed until immediately before protein pre- 
cipitation with 3 per cent sulphosalicylic acid. The protein- 
free sera were then analysed automatically. (This part 
of the work was carried out under a U.S. Public Health 
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ble 4. BLOOD CONCENTRATION OF LYSINA AND ARGININE IN FASTAD 


BBRA FRON PEOPLE WHO HAVA WORKED WITH THX VIRUS AS COMPARED 
: WITH' NORMAL PROPLH WASTED IN PARALLEL* 


Papiloma Bora Normal sera 
; Lysine Lysine: 
No. Arginine arginine No. Lysine Arginine arginine 
as (umoles/o.c. sarum) ratio (umoles{e.c. serum) ratio 
1 0 209 0-089 536 1 0-281 0 086 2-69 
2 0 286 , 0-080 4°42 2 0 086 2-66 
3 0-190 0-057 3:49 3 0 218 0-080 2-42 
4 0-277 0-095 292 4 0-213 0-093 2:29 
. 6 0-267 0-095 2-81 5 0-248 0110 221 
6 0214 0-101 212 6 0 257 0-126 2-04 
7 O219 0-104 211 7 0 188 0-100 1:88 
8 0-207 0-106 1-05 8 0-198 0-106 1:87 
8 0-198 0-104 190 9) 0219 0-133 1-65 
10 0-185 0-100 1°71 
11 0158 0 094 1-66 
12 0-228 0:138 1-85 


*Ooncentrationsin sera run at John L. Smith Memorial for Cancer Research. 


Service contract.) The results are shown in Fig. 3 and 
Table 4. It is evident that the lysine : arginine ratios of 
five of the twelve sera from individuals who had worked 
with the virus are higher than those of their normal 
counterparts, thus confirmmg the previous findings. 
Three of these sera had absolute concentrations of arginine 
lower than any previously found in normal individuals. 

With this correlation I endeavoured to find whether 
sera of individuals who have worked with the virus might 
contain demonstrable antibodies against the virus and/or 
against the purified enzyme derived from papillomata 
induced ın domestic rabbits by Shope virus. The neutral- 
ization tests were for the most negative. Only four of 
the sera perceptibly reduced virus mfectivity, and this 
only slightly—the latent period? was delayed 4 or 5 days. 
These four sera were from individuals who are working 
or have worked extensively with virus purification and 
have had repeated chances of contact with relatively 
large amounts of intact virus. Only one of these sera 
exhibited an abnormal lysine: arginine ratio. It would 
appear that man, like tissue-cultured cells, is not able to 
synthesize the protein coat or intact virus. Except in 
degree, this is not unlike the situation in the domestic 
rabbit, where it has long been known that the papillomata 
induced with wild-type virus make virus coat protein 
which is only barely detectable and no extractable m- 
fective virus except when special strains of virus are 
usod”, On the other hand, infective virus DNA can 
be readily extracted from the same tumours“, Immuno- 
diffusion tests against the purified virus-induced arginase 
were more interesting. Of twelve sera tested, eight 
revealed demonstrable precipitin bands agamst the 
purified rabbit papilloma enzyme. No cross-reaction 
against rabbit liver arginase was detected. These results 
are essentially the same as those obtained previously? 
with sera from rabbits infected with the virus and tested 
against purified arginase derived from either wild or 
domestic rabbit papillomatas. 

These results indicate that many research workers 
who are at present working with the Shope virus or have 
worked with it at some time in the past are carrying 

“virus information”. The only effect appears to be a 
lowering of the blood arginine to concentrations below 
that found in known normal individuals. People have 
worked with this virus for more than 30 years, and 
despite the relatively high incidence of incidental infection, 
no one had had any symptons that could be related to the 
virus. Because all these individuals are in excellent 
health, the range of the low blood arginme is clearly well 
within that tolerated by man. It seems that the Shope 
virus in man is acting as a harmless passenger. 

The data do not cast light on the duration of the 
systemic metabolic effect of the virus. One of the indivi- 
duals tested had not worked with the virus for about 
20 years and yet still manifested a low concentration of 

inine in his blood- and -a high lysine: arginine ratio. 
On the other hand, some who have had extensive contact 
with the virus, and might be expected to be infected, had 
concentrations of arginine within the range found in the 
unexposed population. Whether this normalty reflects 
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the care taken in working or a loss of “virus information” 
after infection is not known. In one instance the con- 
centration of arginine found in a serum taken 30 years 
ago was quite low (0-0530 pmoles/c.c.) and though not a 
fasted serum the concentration of arginine was lower than 
that of fasted normal sera. All the other amino-acids 
were markedly elevated over that found in fasted adults, 
as might be expected. A “post fasting” serum taken from 
the same individual 30 years later revealed a normal 
arginine and a normal lysine : arginine ratio. This is the 
only example of its kind that has been tested, and the 
meaning of the results can therefore only be suggestive. 
On the other hand, it is known that a cancer arising 1n the 
Shope virus-induced papilloma (the Vz-2), and later serially 
transplanted, lost all traces of the virus some twenty to 
forty transplantation generations laters and proved 
negative on testing for virus-specific arginase activity 
in its 167th generation. In contrast, the Vz-7 carcinoma, 
similarly arising in a papilloma induced by a Shope virus 
and also serially transplanted, still carried immunologically 
detectable virus’ and the virus-specific enzyme after 
seventy transplantation generations’. 

The need to determine the nature of metabolically 
active genetic information carried by p r viruses is 
obvious. Once this has been done the DNA of these 
agents could then be used to supplement the genetic 
information of patients with various diseases, particularly 
those resulting from known genetic deletions, such as 
phenylketonuria. The pertinence of the one gene/one 
enzyme concept to these diseases has already been pointed 
outl”. The question of whether DNA can be used to intro- 
duce new genetic information into cells has been speculated 
on for many years!*-*°. Not only would information that 
is intrinsically a part of the virus genome be useful, but 
also transduced specific information, as has been found in 
E. colt (ref. 21). The induction of threonine aldolase ın 
wild rabbits by Shope’s recoverable line papilloma virus 
from domestic rabbits, though not by wild-type virus, 
seems likely to be an example of such transduced informa- 
tion in mammals’-?*, The possibility of tying specrfic 
synthetic DNA information on to the genome of passenger 
viruses, thereby using viruses as & vector, could prove to 
be a useful technique. 

This research was jointly sponsored by the U.S. National 
Institutes of Health, and the U.8. Atomic Energy Com- 
mission under contract with the Union Carbide Corporation. 
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Seattle, Dr. R. W. Atchison, University of Pittsburgh, 
Dr. J. T. Prince, University of Minnesota, Minneapolis, 
and Dr. R. Schultz, University of Maryland, Baltimore, 
for their co-operation in collecting the sera used in this 
work. I also thank Dr. D. Gardiner and Dr. D. Gosslee, 
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LETTERS TO THE EDITOR 


No sose7 DECEMBER 10, 1966 
ASTRONOMY 
Some Restrictions on Models of Quasi-stellar 
Objects 


Ir was shown in a previous article! that the inverse 
Compton process sets severe boundary conditions on the 
kinds of models of quasi-stellar objects that are com- 
patible with the idea that they are at cosmological 
distances. In that article it was also shown that the 
condition that the synchrotron process is responsible for 
the continuous radiation from these objects leads, if they 
are at cosmological distances, to a class of model very 
different from those discussed previously. The reatriction 
stems from the very high density of radiation which 
must be present in the objects. The total flux emitted 
if the objects are at cosmological distances is ~ 10“ ergs/ 
sec, and for an isotropic radiation fleld the energy density 
Uma=L/nrR*c, where R is the dimension of the object. 
In our previous communication we took a value R~ 
10%? cm, suggested by the fluctuation data, so that 
Uraa = 100 ergs/om*. If the objects are much closer, that 
is, if they are local, then Urmga~10~ ergs/em?, and the 
inverse Compton effect is negligible. 

We first repeat the essential features of the argument to 
show that it ıs independent of the magnetic field. For an 
electron of energy y mo? the energy loss rate in an isotropic 
radiation field is ~2x 10-14 y! Uraa ergs sec. The 
lifetime is obtained by dividing y mc? by this loss rate, and 
is ~4x 107 y~ Un sec. Thus in order for an electron 


to be able to move a distance R during its lifetime we 
require 


Zx 4x 10 y+ Uza (1) 


If we put R=10*? cm, Ura= 100 ergs/em*, we find from 
(1) that y=0-1, and this is not @ permissible solution, 
since the whole discussion is based on the presence of 
highly relativistic electrons with y® 1. 

Rapid variations of the optical flux in 30 446 have 
recently been detected by Kinman, Lamla and Wirtanen 
(private communication) and on some occasions the flux 
changes by a factor of 1-5-2 from night to night. It has 
also been demonstrated that the radiation shows a large 
degree of linear polarization, thus providing strong 
evidence that it is of synchrotron origin. If we use the 
condition that R<cvt, where 7+ is the time over which a 
large change in flux occurred, we now find that R < 10% om, 
a value very much smaller than that used in our original 
argument. This leads us to values Uraa > 10° ergs/sec if 
the objects are cosmological. (We have assumed a total 
optical flux ~ 10** ergs/sec, because we only have evidence 
that this is varying and nothing ıs known about the 
magnitude of the infra-red or millimetre flux in this 
object.) This much more severe limitation on the size 
of the object restricts further the models compatible with 
the cosmological hypothesis. 

One can seek to avoid the restrictions on the models 
obtained from the simple arguments in two ways: (a) by 
constructing a model in which the radiation field is not 
isotropic, and (6) by questioning the deduction that 
R<ot from the fluctuation data. Woltjer (private 
communication) has described a model in which it is 
supposed that the radiation field is not isotropic and has 
chosen conditions in which the mverse Compton effect 


1s moinimized. By this means he is able to show that the 
synchrotron process will dominate under conditions less 
stringent than those originally considered by us, but 
he has had to impose other restrictions on the model. 
These are that the magnetic field is radial and that the 
electrons spiral outward at small pitch es and con- 
tinuously escape from the object. Woltjer took R = 101” 
em in his analysis. The much smaller value of R < 10'* 
cm. based on the observations of 30 446 must now be used, 
leading to severe restrictions in this model also. In view 
of this our impression 1s that a sufficient reduction in the 
efficiency of the inverse Compton process cannot be 
obtained from (a) alone. 

The possibility (b) raises a number of points of interest. 
It has been pointed out by Rees* that a relativistically 
expanding cloud can increase its apparent angular size 
at about yy times the rate given by the usual non-relativis- 


T and V is the expansion 


tic formula, where w=(1 — = 

c 
velocity. By combining this kinematic result with 
synchrotron self-absorption Rees suggests that a steep 
rise of radio emission could occur in a time (our time) 
substantially less than R/c. The issue is less clear for the 
optical case, but probably a model could be constructed 
involving the acceleration of emitting material that gave 
a similar result. The fluctuation data, however, involve 
decreases of light as well as increases, and the situation for 
a fall in apparent magnitude is not so clear in a simple 
radially expanding model. Rees was attempting to account 
for the increase in radio emission from 30 273B and in 
this case there was no rapid decrease to be explained. 

A situation similar to that discussed by Rees occurs if 
we considered radiation emitted by a discrete blob of 
radius R moving at relativistic speed V. To a stationary 
observer, radiation from the blob appears largely con- 
centrated in a forward cone of angle about yy-!. Deflexion 
of the direction of motion causes the axis of the cone to 
move—the axis being always in the direction of motion. 
The minimum time required for the axis to turn through 
angle yy~! is yy-"R/c. The effect of the cone turning across 
the line of sight would be to give both a rise and fall in 
the observed light. In this way the fluctuation time is 
again reduced below Rje. 

To follow this idea further we note that inside the 
forward cone the radiation intensity is very much higher 
than it is outside, essentially by yyt. Fluctuations of this 
large amount, ~ 10‘ for yy as low as ten, are not observed. 
As we have already mentioned, the typical variation is 
by a factor of about two. This forces us to use many 
such blobs, indeed so many blobs that the cones overlap, 
that is, of the order of yy? blobs. On the other hand, 
there must not be too much overlapping, otherwise the 
effect of the turning of a single cone would be too small. 
To explain the fluctuation data it would be necessary for 
the cones to just about fill the whole solid angle, 4r, 
neither more nor less. 

The limitation on size in such a model is for a single 
blob. The whole distribution of blobs could be much 
larger than c At yy, where At is the observed fluctuation 
time. In principle this overcomes the inverse Compton 
problem. Other difficulties have to be faced, however. 
The emitted radiant energy is largely derived from the 
internal energy of the blobs. We find the internal energies 
are rapidly damped (in our time) unless the synchrotron 
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efficiency within the blobs is very small, that 1s, unless 
the magnetic field ıs weak. This means that it 1s hard to 
sea why the distribution does not simply fly radially 
apart, without substantial deflexions in the directions of 
motion of the individual parts. It is also necessary that 
the relativistic blobs do not have the effect of dissipating 
or transferring too much energy to the surrounding gaseous 
shell ın which the line spectrum is produced. This 
probably means that the blobs must be small as compared 
with the size of the region giving rise to the lines so that 
the effective interaction cross section for each blob 1s 
small. 

A further difficulty concerns the internal energies of the 
blobs. It 1s hard to see how the internal energies, neces- 
sary for radiant emission, can be derived directly from a 
central object of small dimension, because internal energies 
disappear in expansion—the usual adiabatic effect. If 
we require internal energies to be generated in collisions 
between blobs more care is needed in discussing fluctua- 
tion times—it is not clear that these can be appreciably 
reduced below Fjo. 

To summarize, it appears that a model involving the 
presence of large amounts of relativistically moving 
matter is required if the quasi-stellar objects lie at cosmo- 
logical distances. We note the rather ironic point that 
such a system of blobs flying apart would correspond to 
very much the kind of process that one must invoke 
for the origin of the quasi-stellar objects on the local 
hypothesis*. 

Whether such objecta really exist in nature remains 
unclear. We do not understand the essential properties 
of the “machine” which is pumping energy into the 

that we see as a quasi-stellar object. What we 
have deduced here is that if the objects are at cosmological 
distances the ‘‘machine”’ must be able to feed energy in 
directly as relativistically moving matter. A similar 
condition is required in the models proposed by Woltjer 
and by Rees. All of these kinds of relativistic models 
imply that the quasi-stellar objects are comparatively 
short lived. Also, since they are probably not emitting 
radiation spherically symmetrically, the frequency of 
these objects must be increased over the previous estim- 
ates. All these conditions indicate that the objects, if 
they are cosmological, occur more frequently and are 
more energetic than has previously been believed. In 
the absence of a conclusive observational test it is not 
clear whether such conditions apply, or whether the 
objects are local, in which case the energetic situation is 
quite different. 

Others? have taken the view that provided they 
could overcome the difficulties associated with the inverse 
Compton process as we originally discussed them!, then 
the cosmological nature of the objects could be placed on 
a firm footing. However ingenious the model maker may 
be, all that has been done is to impose more stringent 
boundary conditions on the classes of cosmological model 
which are possible. To argue that the objects are local 
or cosmological is apparently at present largely a matter 
of taste, because no conclusive observational test has 
been made. 

This work has been supported in part by grants from 
the U.8. National Science Foundation and in part through 
a contract from the U.S. National Aeronautics and Space 
Admunistration. 
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Spectral Density of the Possibly Random 

Fluctuations of 3C 273 
Tux possible existence of a long term periodicity in the 
fluctuations of optical luminosity of quasi-stellar radio 
sources has been a subject of considerable debate. On the 
basis of the compilation of 30 273 data of Smith and 
Hoffleit?, Smith? has suggested a periodicity of about 13 
years. From a similar compilation, Geyer? found 
evidence for a periodicity of about 15 years. Ozernoi 
and Chertoprud‘ averaged the data of Smith and Hoffleit 
over 2 year intervals to remove the short term fluctuations 
and found that the best fit of the data by a single sinusoid 
was for & periodicity of 9 + 1-2 yr. A common technique 
used to study the harmonic content of a signal is to find 
its spectral density, which is the Fourier transform of the 
auto-correlation function of the signal. To study further 
the possible existence of a periodicity in the observed 
fluctuations, we have calculated their spectral density and 
we shall now show here that qualitatively similar spectral 
density distributions are obtained from simulated lumin- 
osity curves which were constructed with random ampli- 
tude fluctuations. 

We used the published averaged luminosities of Ozerno1 
and Chertoprud‘ to caloulate the spectral density for 
30 273. The spectral density was caloulated by the 
method of Blackman and Tukey’ and Parzen‘. The 
spectral density S{v) of the 30 273 fluctuations is shown 
in Fig. la as a function of the frequency v measured in 
yr. No attempt was made to normalize the spectral 
density and therefore only relative amplitudes are sig- 
nificant. It is evident that there is a large peak in the 
spectral density at the frequency v = 0-08 yr, which 
could be interpreted as indicating a period of 12-5 yr. 
(The effect of averaging data over 2 year intervals, which 
may be thought of as a filtering process, is to multiply 
the actual spectral density distribution by the factor 
(sin(z)/z)*, where z = 2nv. This factor has ite first zero 
at the frequency v = 0-50 yr- and is responsible for the 
absence of a spectral component at that frequency.) 

In the course of work on the stellar collision model of 
quasi-stellar radio sources’, we have developed simulated 
luminosity curves which have the same rapid fluctuations 
(fluctuations in amplitude by a factor of 1-4 over intervals 
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of time as short as a month or a few weeks) that are 
characteristic of the quasi-stellar radio sources!. The 
simulated luminosity curves L(t) were constructed by 
superposing “unit”? curves A(t) at random intervals. 
That is 


N 
L(t) = £ A(t—ty) 
+=1 


where the values of t; are chosen by a random number 
generator. The function h(t) is such that it is zero when 
+ is negative, and rises when + is positive to peak ampli- 
tude in a tenth of a year and decays to l/e of the peak 
amplitude in another two-tenths of a year; h(t) 18 based 
on the rapid fluctuation observed in 30 345 by Gold- 
smith and Kinman*. The number of unit curves super- 
posed within a given time interval was varied until the 
simulated luminosity curve had rapid fluctuations similar 
to those observed. One such simulated light curve covering 
a period of about 70 yr is shown in Fig. 2. The measured 
values of the 30 273 luminosity are on a logarithmic 
scale, and therefore for convenience we have plotted, on 
an arbitrary scale, the logarithm of the simulated lumin- 
osity curve. In constructing the simulation, on the average 
twenty-five unit curves for each year were superposed. 
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Fig. 2, A typical simulated luminosity curve. 
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To facilitate the comparison with the spectral density 
derived from observations, we first sampled the simulated 
curve at random ‘“‘observation times” (on the average 
there were twenty for each year), and then we averaged 
the “observed” values over 2 yr intervals. The spectral 
density calculated from the simulated data is shown in 
Fig. 1b. It is seen that Fig. la and 6 are qualitatively 
similar; in Fig. 1b there is a peak in the spectral density 
which could be attributed to a penodicity which, in fact, 
does not exist. We calculated the spectral densities for 
many simulated curves with similar resulte. 

The fact that the spectral density of the observed and 
simulated light curves are similar suggests, but of course 
does not prove, that the observed fluctuations have a 
random origin. Our results indicate that it is premature 
to assign a long term periodicity to the 30 273 fluctuations 

at this time. 
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PLANETARY SCIENCE 


Primitive Atmosphere of the Earth 


Tms communication reports the resulte of calculations 
on the temperature structure in a model of the primitive 
atmosphere, which suggest that during the early history 
of the Earth a reducing atmosphere could be stable 
against gravitational escape for as long as 10° yr. These 
results may help partly to resolve the considerable amount 
of controversy in the hterature about the composition of 
the atmosphere of the Earth 3 x 10°-4 x 10° yr ago when the 
first living organisms are thought to have been synthesized. 

Oparin! has argued that the atmosphere was reducing 
in character and suggested that the first erganic com- 
pounds may have been produced under such conditions. 
Miller and Urey? have presented arguments in favour of 
such an atmosphere, suggesting methane, ammonia, 
nitrogen and hydrogen as the major components of the 
atmosphere at that time; the atmosphere is a remnant 
of the primordial gases that the Earth probably acquired 
at the time of its condensation out of the solar nebula. 
Miller* has demonstrated that such a mixture of gases, 
when exposed to electric discharges in the laboratory, 
actually produce amino-acids. 

Abelson‘, on the other hand, rejects the 
methane-ammonia atmosphere hypothesis, 
mainly on the grounds that the Earth seems 
to have completely lost its primordial atmo- 
sphere. This important conclusion is based 
on the observation of Brown ® that noble 
geses like neon, argon-36, krypton and 
xenon are almost completely absent from 
the Earth. It has therefore been argued 
that if xenon-131 escaped from the Earth, 
the whole atmosphere must have been lost 
at the same time. It has been suggested 
that the present atmosphere and hydro- 
sphere of the Earth originated through 
outgassing from the interior, mainly through the exhala- 
tion of voleanic gases*’?. Today, water and carbon 
dioxide are the principal gases emanating from vol- 
canoes. Using these arguments, Abelson suggests that 
the composition of the primitive atmosphere of the 
Earth was dominated by carbon monoxide, carbon 
dioxide, nitrogen and hydrogen. Radiation mteracting 
with this mixture would produce hydrocyanic acid, and 
would eventually yield amino-acids and other substances 
of biological interest. 

Although it is widely accepted that the present atmo- 
sphere of the Earth is a result of outgassing, it is not 
certain if the composition of the volcanic gases has 
remained the same throughout the history of the Earth. 
Holland’ has presented a model for the primitive atmo- 
sphere, which he derived from outgassing from the 
interior. This includes the novel suggestion that the gases 
which emanated from volcanoes were highly reducing 
in character because in the early history of the Earth 
free iron was still present in large quantities in the crust 
and upper mantle. The composition of the atmosphere 
at that time would be mainly methane, with small 
amounts of hydrogen, ammonia and water vapour. The 
stability of this atmosphere would have depended on the 
amount of free hydrogen that was available to prevent 
the methane from being oxidized to carbon dioxide. 

Hydrogen is the lightest of all elements, and therefore 
escapes from the gravitational field of the Harth relatively 
rapidly. The amount of hydrogen in the atmosphere 
depends partly on the temperature of the exosphere of 
the Earth, and partly on the rate of diffusion of this gas 
from the lower to the upper atmosphere. 

We have attempted to calculate the exospheric tem- 
perature for the model suggested by Holland. It is 
assumed that the upper atmosphere is in conductive 
equilibrium, and that the following equation describes 
the energy balance: 
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x= = f Q daz — f Rdz 
z Z 
where x is the thermal conductivity of the gas which 
varies as yT, Q is the amount of energy available for 
heating, and R is the thermal emission by the atmo- 
spheric constituents. 

If we integrate this equation using the observed value 
of Q, the theoretically derived rates of emission R, and 
a x value for the present composition of the upper atmo- 
sphere (3 x 10* ergs cm- sec-! deg-! at 0° C), wo find 
the average exospheric temperature of the Earth to be 
about 1,500° K, in agreement with what is observed. In 
the Holland model of the primitive atmosphere, where 
methane is the principal constituent, however, the 
situation is very different. The upper atmosphere will 
mainly contain free hydrogen with a thermal conductivity 
of 17-3 x 10° ergs cm~ sec-! deg-} (at 0° C). This is higher 
by about a factor of five than the conductivity of a 
nitrogen-oxygen mixture. Our calculations indicate that 
mainly because of the high conductivity, and also as a 
result of the high emission rates, R, in the infra-red of 
methane and ite dissociation products, the exospheric 
temperature for this primitive model atmosphere would 
be considerably lees than the present value of 1,500° K 
and would lie in the range of 500°-900° K, depending on 
the various amounts of methane and hydrogen assumed 
in the model. Preliminary calculations of escape indicate 
that for an exospheric temperature of 600° K, a methane 
atmosphere, with small amounts of ammonia, nitrogen 
and hydrogen, could be stable against gravitational escape 
for as long as 10° yr. 

These resulta imply that the atmosphere required for 
the synthesis of amino-acids, in the Miller experiment, 
ee have been present on the Earth during the first 

0° yr. 
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PHYSICS 


Non-anti-matter Nature of the Tunguska 
Meteor 


Tam deduction of Cowan et al.1, from their radio- 
carbon measurements of tree rings, that the Tunguska 
meteorite could not have been made of anti-matter has 
been called into question recently by R. V. Gentry*. The 
present communication supports the assumption of Cowan 
et al. that there are about 8 + 4 neutrons per nucleon— 
antinucleon annihilation and reaffirms the validity 


NATURE 


DECEMBER 10, 1966 _ vo. 212 
of their conclusion. Gentry has pointed out that for 
proton (P)-antiproton (P) annihilations which produce 
two low energy charged pions each on average, the pions 
decay before they can travel far enough in the atmosphere 
to interact; and that neutrons cannot therefore be pro- 
duced to any important extent by P-P annihilations in 
the atmosphere. 

The point that is pertinent for a meteorite made of 
antimatter encountering the Earths atmosphere is 
that the consequent annihilations would not be between 
P and P but rather’ between nucleus and antinucleus. 
In the latter case the mean free path of pions in the nuclear 
matter as annihilation proceeds is very short so that they 
interact before escaping from the nucleus. Consequently, 
@ great many nucleons are boiled out as energetic heavy 
particles, some of which are neutrons and some of which 
produce secondary neutrons. No direct mformation is 
available for nucleus—antinucleus annihilations, but 


‘P-nucleus annihilations have been extensively studied’, 


and more recently P-deuteron (D) annihilations‘. 

Barkas ef al.* in examination of anti-proton annihila- 
tions in photographic emulsion find an average of 3-6 
heavy particles per annihilation with an average energy 
per particle of 45 MeV as well as 5-3 + 0-4 pions. These 
heavy particles are protons, deuterons and alpha particles. 
We can for the purposes of this discussion treat them as 
protons, and from charge symmetry assume that at least 
as many neutrons are emitted per annihilation. The 
neutrons which travel through the atmosphere lose very 
little energy by collision with the far heavier oxygen-16 
and nitrogen-14, but make inelastic (n, 2n) reactions 
until their initial kinetic energy of 45 MeV is reduced 
on the average to about 10 MeV. Thus, each neutron 
produces about three more neutrons, and each P-nucleus 
annihilation produces about 14 neutrons. We may guess 
about the nature of a nucleus—antinucleus annihilation; 
the probability of pions escaping is decreased because the 
total volume of high density nuclear and anti-nuclear 
matter is larger, and the probability of heavy particles 
boiling out is increased. Thus, we conclude that the 
original assumption of Cowan et al. of 8 + 4 neutrons 
per nucleon~antinucleon annihilation is reasonable and 
probably even conservative. Their deduction that their 
measurements “appear to set an upper limit of 1/7 for the 
fraction of the meteorite’s energy which could have been 
due to anti-matter” combined with the realization that 
anti-matter cannot exist alongside matter should be 
taken to mean that the probability that the meteor was 
made of matter instead of anti-matter is greater than 
7 to 1. 

The recent study of PD annihilations* provides evidence 
that already even in a nucleus as loosely assembled as the 
deuteron the mean free path of pions is short. Chinowsky 
and Kojan‘ find for PD interactions that, in about 35 
per cent of the events, four or five pions and a proton of 
greater than 50 MeV kinetic energy are produced, and 
that many of these protons have energies of several 
hundred MeV. This is a very different result from that 
expected if the nucleon escaping annihilation acts as a 
non-participating bystander when three pions and a low 
energy proton (or neutron) are produced. 

This research was supported by the U.S. Atomic Energy 
Commission. 
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_ Optical Experiments to verify the Second 
Postulate of the Special Theory of Relativity 


Kanrtor’s experiment!, which appeared to contradict the 
second postulate of special relativity, gave rise to a series 
In all cases these experiments 
were mado with rotating systems, and interpretations of 
Kantor’s experiment have only been made from this 
point of viow™’. Two of these experiments used the same 
principle but reached different results. Experiment [1] 
was carried out in air and the magnitude of the fringe 
shift was A = 0-5 fringes. In experiment [3], which was 
carried out first in air, turbulence in the air disturbed the 
fringes, so that they were extremely unstable. When this 
‘experiment was carried out in vacuo, the fringe shift 
“was found to be less than 0-02 fringes. It is therefore 
interesting to investigate the influence of the air turbulence 
on. the fringe. pattern, which we did with a specially 
adapted Rayleigh interferometer. A diagram of the 
experimental arrangement is shown in Fig. 1. 

A xenon discharge tube (4) produced short flashes of 
white light which was collimated and split into two parallel 
light beams in the interferometer. One of these beams 
passed through the thin glass window (1) mounted on the 
rotating arm, while the other passed through a stationary 
window (2). If the general relativity interpretation of 
these experiments is correct, we may consider that the 
beam belongs to the rotating system after passing through 
the moving window’. In this case the expression for the 
shift is 


olr 


The ballistic theory of light leads to the same result, so 
that this experiment may also be used to prove the 
ballistic theory. In our experiment the angular velocity 
w% was 314 s~! (50 rev/sec), the path of light after passing 
through rotating window, L, was 86 cm, the distance 
from the axis of the rotating arm to the window centre, 
r, was 12-5 em, and the value taken for wavelength of 
light, à, was 5000 A. Under these conditions, equation (1) 
gives A as 0-22. Observations were made with the window 
rotating in both directions, so that the total fringe shift is 
twice that given by equation (1), that is, A; = 0-44. The 
thickness of the window was 0-1 mm, so that the shift 
caused by the dragging effect was negligible. 

To ensure that the light beam passed perpendicularly 
through the rotating window, a mirror (3) was placed at 
the other end of the rotating arm to reflect the triggering 
to light beam (5) at the photo-cell (6). Electric impulses 

from the photo-cell were transmitted to the amplifier and 
_ stroboscope (I), which provided impulses for the discharged 
“tube (4). Impulses from the amplifier were also led to the 
counter (II), which was started and stopped at the same 








Fig. 1. Diagram of experimental arrangement. 
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Fig. 2. a, Fringes with window rotating at 50 rev/sec anti-clockwise; 
b, fringes with window rotating at 50 rev/sec clockwise, Sey 









time as the electrical stop watch (IIL), and the: average 
speed was calculated from the measurements made. The 
time delay between the reception of the triggering light 
beam and the flash of the stroboscope was measu 
the oscilloscope (IV), and eliminated by shifting th 
photo-cell up and down. ee 

Observations were made by several independent 
observers, both visually and photographically. The 
sensitivity of apparatus was such that a fringe shift of 
0-1 fringes would have been observed, but no fringe. 
shift was observed. The fringes photographed with the 
window rotating at 50 rev/see anti-clockwise are shown. 
in Fig. 2a, and those photographed with the window 
rotating at 50 rev/see clockwise are shown in Fig. 2b. 
The experiment was made in air and turbulence of the- 
air did not influence the fringe pattern. When streams of © 
warm air were produced in the laboratory, the fringes 
became unstable and shifted irregularly. It is possible. 
that the shift in experiment [1] and the disturbance of 
the fringe pattern in air in experiment [3] were caused by 
the temperature gradient in the air. Bere ey 

We conclude that the result of this experiment i 
good agreement with special relativity, which predic’ 
negligible fringe shift. This experiment, however, d 
not solve all the problems concerned with the optica 
verification of the second postulate. It is not clear, for 
example, that the light source is linked with the rotating: 
frame, This problem cannot be solved by one experiment, 
but only by a whole series of experiments. ; 

This work has been performed with the co-operation of 
Dr. V. VySin, who suggested the experiment. 














J. ZAHEJSKÝ ie 
V. KoLesyixov _ 


Department of Experimental Physics, 
Palacky University, 
Olomouc, Czechoslovakia. 


1 Kantor, W., J. Opt. Soc. Amer., 52, 9, 978 (1962). Be 
2 James, J. F., and Sternberg, R. S., Nature, 197, 1192 (1963). 
* Babcock, G. C., and Bergman, T. G., J. Opt. Soc. Amet., 54, 2, 147 (198 
$ Rotz, F. B., Phys. Lett., 2, 4, 252 (1963). ps 
3 Beckmann, P., Dept. of Elect. Eng., Unto, of Colorado, Reprint (1964)... 
* Waddoups, R. O., Edwards, W. F., and Merrill, J. J., J. Opt. Soa. Amer. BB, 

2, 142 (1965). Helene deh 
1 VySin, V., Phys. Lett., 8, 36 (1964), ; 
® Datzeff, A. B., C.R. Acad. Sci., Paris, 17, 2, 121 (1964). 








THE SOLID STATE 


X-ray Spikes and Metal Inclusions in Synthetic 
Diamond 


Moyer and Milledge’ and Lonsdale and Milledge* reported 
the presence of anomalous X-ray spikes projecting from 
the reciprocal lattice points of synthetic diamonds which 
had been doped with aluminium, boron or nitrogen.” 
These spikes were found to differ from those which have 
been observed in some natural type I diamonds, in that 
they lay in <111> directions instead of <100> direc- a 
tions, and it was suggested by Lonsdale and Milledge? | 
that the doped synthetic diamonds should show... 
platelets parallel to {111} planes. Recently, Phaal ar 
Zuidema? found that most synthetic diamonds conta 
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high density of planar faults lying on {111} planes, It is 
suggested that the X-ray spikes lying in <111> directions 
could be explained by the presence of faults of the type 
reported by Phaal and Zuidema. 

Synthetic diamonds generally have relatively large 
quantities of metal included into the lattice during growth. 
The concentration can bo as little as a fraction of 1 per 
vent, and as much as 10 per cent. Most of the included 
metal appears to be present as discrete black inclusions 
which are visible under a low power optical microscope. 
Powder, single crystal rotation, and Laue photographs 
were obtained from diamonds which had been grown 
from solvents such as cobalt and nickel~iron alloys. 

Diamonds grown from each of the solvents mentioned 
here and which had not been deliberately doped with 
other elements were found to give <111> spikes of the 
type mentioned by Meyer and Milledge!. Selection before 
X-ray examination was found to be critical, because many 
erystals were too severely strained or contained too much 
metal to give clear X-ray spikes, although careful exam- 
ination of photographs from such crystals showed that 
spikes, although greatly obscured, were invariably present. 
An example of <111> spikes is given in Fig. 1. The 
photographs were taken with a diamond grown from a 
nickel~iron alloy, using unfiltered cobalt radiation and a 
cylindrical camera of diameter 5-73 em. For Fig. la the 
position of the beam was approximately normal to (IT1), 
and for Fig. 1b the diamond was set in the alternative 
GT) position. Short streaks can be seen to accompany 
the {111} reflexion (Fig. la) and in the alternative setting 
a triangular configuration of spots was obtained. 





a, Lane photograph of synthetic diamond showing anomalous 


Fig. 1, 
streaks accompanying a {111} reflexion. b, Laue photograph of the same 
diamond showing spots accompanying the alternative {111} reflexion. 


It was suggested by Phaal and Zuidema that the nature 
of the metal inclusions and their structure as well as the 
rapid growth rate were relevant to the formation of the 
observed faults on the {111} planes. The type of fault 
formed was thought to depend largely on the degree of 
misfit between the metal and the parent diamond lattice. 
Because it has been found that X-ray spikes are present in 
diamonds which have not been deliberately doped 
with boron or aluminium as in the case described by 
Lonsdale and Milledge’, planar defects not related to 
boron or aluminium therefore appear to be responsible 
for the observed spikes. It is possible that the incor- 
poration of boron or aluminium in the growing diamond 
lattice might result in a higher fault density, thus en- 
hancing the spike intensity. 

No correlation has so far been attempted between 
the fault concentration and the nature or the degree of 
misfit of the included metal. Lonsdale, Milledge and 
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Navet and Lonsdale and Milledge? studied nickel and 


‘platinum included in synthetic diamond which they 


obtained from various sources. They found that included 
nickel was exactly parallel to the surrounding diamond, 
that is, when the diamond was twinned, the nickel was 
twinned, and when the diamond was single so also was 
the nickel. In the case of platinum, the metal was twinned 
even when the diamond was not. Cobalt appears to 
behave in a similar way to platinum. This can be seen in 
the rotation photograph (molybdenum radiation, zir- 
conium-filtered) shown in Fig. 2. The diamond was 
rotated about [01T] which corresponds to the [01T] and 
[411] axes of the two members of the twinned cobalt. 
Spots on the first and second layer-lines are due to one 
member of the twin only, and those on the zero and third 
layer-lines are due to both simultaneously. 





Rotation photograph of synthetic diamond grown from cobalt 
showing twinning of the cobalt inclusions. 


Fig. 2. 


It was found that the included cobalt metal was pre- 
dominantly face-centred cubic with a lattice parameter of 
3-55 A, measured using 40 micron diamond powder with 
iron-filtered cobalt radiation and a camera 114-83 mm 
in diameter, whereas the bulk of the metal solvent sur- 
rounding the diamonds in the synthesis capsule had a 
hexagonal close-packed structure, Samples of diamond 
powder grown from cobalt were heat-treated at various 
temperatures between 500° C and 1,200°C in a high 
vacuum and then cooled slowly in an attempt to induce 
reversion of the included metal back to the hexagonal 
close-packed structure, Except for the tendency of the 
face-centred cubic lines to become slightly diffuse and 
fainter, little change was observed in the powder pattern. 
One diamond sample used had a particle size of about 
40 microns and the other 110 mierons. The samples were 
cleaned in acid before and after each experiment. It was 
found, on the other hand, that when fine cobalt powder 
(about 40 microns) with a predominantly hexagonal close- 
packed structure was heated to 500° © for 3 h and 
quenched, the structure became essentially face-centred 
cubic. On reheating at 900° C for 3 h, and slowly cooling, 
the powder was again found to be mainly hexagonal 
close-packed. This result is in agreement with those 
described by Pearson’, namely, it showed that the hexa- 
gonal close-packed structure normally tends to be the 
more stable at room temperature. It would thus appear 
that the face-centred cubic structure of the metal in the 
diamond is stabilized by the host diamond lattice due to 
the close fit between the two structures. 

Careful work would have to be carried out in order to 
establish the relationship, if any, betweon the degree of 
misfit, erystal structure of the metal, fault density and 
X-ray spikes, Although the {111} planar faults are the 
only imperfections so far observed whieh could 
explain the presence of spikes, the possibility that some 
of the metal occurs as plate-like inclusions on {111} planes 
resulting in the required <111> displacement cannot be 
ruled out. Such platelets have not been observed by 
transmission electron microseopy because the metal is 
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preferentially etched out dumng the thinning process 
before examination. 
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CHEMISTRY 


Determination of Activation Energies of 
Chemical Reactions by Differential Thermal 
Analysis 


A NUMBER of articles have been published dealing with 
the differential thermal analysis (DTA) of chemical 
reaction kinetics'~“*, Only one of these, however, gives & 
direct method for determining the activation energy (E) 
of the chemical reaction‘. In this method, DTA curves 
are recorded at several different rates of heating. The 
results are then plotted as In b/T2 against l1/Tm, where 
Tn is the peak temperature in ° K (the temperature of 
point B, Fig. 1), and 6 is the rate of heating. The mag- 
nitude of Æ is calculated from the angle between this 
straight line and the abscissa. This procedure has two 
principal shortcomings: (1) it is necessary to record 
several DTA curves with various rates of heating; and 
(2) it is necessary to use a special programming device to 
control the temperature. This device must be capable of 
providing linear heating at a number of rates of heating. 
The latter condition imposes serious technical difficulties, 
because all the DTA apparatuses at present available are 
adjusted for only one rate of heating. 


acy? 





Fig. Formalized differential thermal curve, showing the various 
atiethutos of the thermal effect. For explanation see text. 


uts forward a method for 
TA curve recorded at an 


The present communication 
determining E from a single 
arbitrary rate of heating. 

Let us consider this method applied to the decom- 
position reactions of solids. The given substance dis- 
sociates over a particular range of temperature and gives 
rise to the thermal effect ABC on the DTA curve (Fig. 1). 
It is well known? * that the deviation from the baseline 
(Fig. 1) in the initial stages of the reaction is satisfactorily 
described by 

da 
At = 8 (1) 
where At is the deviation from baseline (°C); S is the 
area of the thermal effect (°C x sec); da/dt is the rate 
of the reaction; and « is the extent of the reaction. 
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The rate of a chemical reaction is usually described by 


da 

Ge 7 Ao f(a) exp (—E/RT) (2) 
where A, is a constant, f(a) is a function of the extent 
of reaction (it is often assumed that f(a) = (l-a), 
where n is the order of reaction; but ın more general cases 
fia) = a™ (1 — a)", where m and n are the constants). 

Substituting equation (1) mto equation (2), and taking 

logarithms, the following equation can be obtamed 


ihPs Os nie) == (3) 


where C 1s a constant which combines all the constants 
of equations (1) and (2), and T is the temperature in ° K 
corresponding to a given value of At. 

Under normal isothermal conditions, the only variable 
determuning the reaction rate is «. In DTA, however, 
the temperature also varies. It can easily be shown that 
when the value of a lies between 0:05 and 0-8 (approx- 
imately up to the peak of the thermal effect) at the 
usual heating rates the change in temperature has a 
greater effect on At than the change in « at the normal 
rates of heating (10°-40° C/min). To an approximation, 
therefore, the term In f(a) can be neglected and equation 
(3) written in the following form* 

E 
1  — 
0 RT (4) 

The values of At are taken directly from the DTA curve 
in units of length (em or mm) as is shown in Fig. 1. 


In At = 


Table 1. ACTIVATION NHBGIRS FOR SOMH RweACTIONS 
Type of EB ( ~ E (from the 


Substance reaction mental) literature) Ref. 
Cu80,5H,O Dehydration 17-9 18-0 7 
Calo; Dissociation ay a Hi 
Ca0,0rH,0 Dehydration 21-0 20-22 8 


The errors of these determinations are estimated at between 15 and 20 
per cent. 


The interval measured is approximately represented by 
the portion FB of the curve in Fig. 1. The measurements 
are taken not from the point at which the thermal effect 
begins (point A, Fig. 1), but at some distance from it 
(approximately from the point of maximum curvature, F). 
Table 1 gives values of # determined for the decom- 
position reactions of various substances. 
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Microwave Rotation Spectra of Ethyl 
Acetylene and Ethyl Isocyanide 


Tue rotation spectra of ethyl derivatives continue to 
be of interest for determining structure parameters 
and the force field of these molecules’-§. We have 
measured the rotation spectra of two further members 
of this series, ethyl acetylene and ethyl isocyanide. 
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A large number of spectral lines could be accurately 
assigned for dipole moment components in both the A- 
and B-axes in each case. The rotational constants determ- 
ined are given in Table 1. 

The values obtained are consistent with probable sets of 
structure parameters for these substances. In the case of 
the excited vibrational states of ethyl acetylene, state I 
can be ascribed to the CH,-torsion vibration, and state IT 
to a C—C=C bending vibration. Splitting of lines for the 
first excited torsional state can be observed and an analysis 
in terms of barrier height is in progress. 

The dipole moment of ethyl acetylene, determined from 
Stark effects on the J = 2—3 tranmtions, is 0-75 + 
0:1.D. The pa component is close to the same figure. The 
o component is much smaller but not zero, and transitions 
corresponding to this component can be observed. 


Table 1. ROTATIONAL CONTENTS OF ETHYL ACETYLENE AND Eruyt ISO- 
O¥YARIDH (AfO/8) 

Molecule A B o Ds DJx 
0,H,.CCH {ound state) 27,147 29 4,546:54 4,086-94 0-003 —0-045 
0,H,COH (vibrational state) 27,500 4,5447 4,088-°5 — _ 
CH,CCH (vibrational state) 26.000 4,5590 4,092-8 — — 
0,H,CCD 26,620 4,284:98 3,82228 0002 -—0 041 
0,H,NO 27,7598 5117 4,5620 0006 —0076 


We have also measured the infra-red spectrum of gas- 
eous ethyl isocyanide in a Perkin-Elmer 225 spectrometer. 
The frequencies of the main are as follows (in cm-t 
+ 1 om): 466, 842, 1,017, 1,108, 1,146, 1,354, 1,390, 
1,457, 1,461, 2,155, 2,957, 2,074 and 3,005. 

Work is continuing, to obtain refined information on 
structures, barrier heights and dipole components. 
The research reported here has been sponsored in part 
by the U.S. Air Force Office of Scientific Research. 
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Density and Pressure in the Chapman- 
Jouguet Plane as Functions of Initial Density 
of Explosives 


In an ideal detonation in condensed explosives, the 
relation between the density in the Chapman—Jouguet 
plane (p,) and the initial density of the explosive (pọ) 
seems to be a single straight line common to most explo- 
sives. Mader! has calculated p, for a great number of 
explosives at different values of pọ > 1 g/cm3, using the 
semi-empirical Becker—Kistiakowsaky—Wilson equation of 
state, ` 
We have found that practically all these values can be 
represented by the relation 
pı = 0140 + 1-260 po (1a) 
Table 1 gives values of (p, — 0-140)/p, for a number of 
solid explosives, and Table 2 those for some liquid ex- 
plosives at their normal initial density. According to 
equation (la), the expression should have the value 
1-260 regardless of the value of p, and the type of explo- 
sive. The tables show that practically all values fall 
between the lines p, = 0:140 + 1-260 pẹ + 0-010 po- 
Only tetranitromethane falls outside this range, with a 
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Tet ranitromethane 


Iten TNT 


9 1 2 3 
@" (g/em")}* $ 
Fig. 1. Detonation pressure equation (8)) as a function of g,*, from 
Maiers caloulations, usi r (equation (8) oe Oa Wilson equation 


ng 
fstate. The slopes for the plots in kbar/(g/om*)' are (1) 76 (TNT, ©); 
(2) 84 (picric aod @; totel. x PRG) 3 Cann, A); (4) 103 (RDX, +; 


slope of 1-23. Several explosives have a deviation less 
than + 0:005. The relation (la) also seems to be valid for 
mixtures of explosives. 

Zeldovich and Kompaneets! have calculated p, for 
PETN and similar explosives on the basis of the experi- 
mental D(p,) relation established by Friedrich*®. For 
values of po from 0-4 to 1-9 g/cm, a linear relationship 


is obtained: 
pı = 0:09 + 1:31 po (1b) 


The reason for the differences between the values of the 
constants in equations (1a) and (1b) could be that Zeldovich | 
and Kompaneets used a different equation of state for the 
reaction products from that used by Mader. If this is the 
case, an experimental investigation of the relation between 
pı and po could provide information about the true 
equation of state. 

The very general validity of equation (la) must be con- - 
nected with the relation between detonation velocity and 
explosion energy. When the detonation velocity 1s in- 
creased by increased explosion energy, the increase in 
detonation pressure is accompanied by an increase in 


Table 1. VALUES OF (g;—0-140)/e. FOR A NUMBER OF SOLID EXPLOSIVES 
AT DIFFERENT INTTIAL DENSITIES @, > 1 G/OK? 


Crystal Values of (gı — 0 140)/ at 
Explosive densi Crystal 
don e210 12 1-4 16 density 
1:64 1-262 1-263 1-268 1-268 1-266 
EDX 1-80 +263 1-285 +265 1-261 1-262 
1-00 1-268 1-265 1 265 1:259 1 256 
PRIN 1-77 1-268 1-265 1-278 — 1-261 
Tetryl 1°70 1-258 1:262 1-261 1-259 1 258 
Piceno acid 1:76 1-260 1-265 1:267 1-266 1-264 
Eoo Ja fe Ea EK FRO IR 
TATB I . ~ . . 
Mean 1-261 1-264 1:265 1-262 1 263 


se to equation (1a) (¢:—0'140)/e, should be a constant equal to 
$ k 


Table 2. VALUES OF (g,—0140)/g, FOR A NUMBAR OF LIQUID EXPLOSIVES 


Explosive Qo (Qı —%140)/g 
Nitroglycerine 1:59 1:264 
Nitromethane 1-128 1:259 
Tetranitromethane 1-64 1-232 
CHNO, 1-29 1-256 
g 1-362 1-274 
lten TNT 1-447 1-261 

Mean 1-258 ae 


ii to equation (1a) (@,—0-140)/e. should be a constant equal to 
1-260, 
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temperature which depends both on explosion energy and 
pressure. 
The conservation equation 


Pi — Po = Po (l — po/ px) D* (2) 
combined with equation (la) gives, when Po < pi, Pi is 


.> expressed in kbar, p in g/em? and D in km/s 


0-140 + 0-260 Po, 


eee 3 
0-140 + 1-260 po (3) 


Pı = 10 Po 


In the range 0-8 < pọ < 1-8 g/cm, equation (3) can be 
written 
pı = 21 (0-36 + po) D? (4) 


Using Mader’s values for D in equation (3) we get the 
values of p, as a function of pọ? which are shown in Fig. 1. 
The values show that for each explosive p, is approx- 
imately proportional to p in the important range 
1-0 < pp < 1:6 g/em’, that is 


Pı = Gpo? (5) 


The proportionality constant a has a value of 75 kbar/ 
(g/om*)* for TNT, 85 for tetryl and picric acid, 99 for 
PETN and 103 for RDX and HMX. 


©. H. JOHANSSON 
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Free Radicals in the Radiolysis of Benzyl 
Halides 


ULTRA-VIOLET absorption spectroscopy can be used to 
study the production of radicals by photolysis or radio- 
lysis if solutions in rigid media, such as MP (2 parts 
methyl-cyclohexane, 3 parts isopentane) at 77° K, are 
used. The photolysis of toluene, benzyl chloride and 
similar compounds, to give benzyl and related radicals, 
has been studied in detail’. It was soon realized? that 
y-radiolysis gave spectra different from those given by 
ultra-violet photolysis and this was later confirmed by 
spectrographic study of the series—C,H,CH,, C,H,CH,Cl, 
C,H,CHCl,, C,H,CCl, (ref. 3). The results seemed to 
show that y-radiolysis led to breaking of the «-C—H 
bond while photolysis broke the C—Cl bond. Gallivan 
and Hamill‘, however, have found strong evidence that 
the dominant process in the radiolysis of these halides is 
dissociative electron attachment; for example 


C,H,CH,Cl+¢~— CHCH y + Cl- 


A positive ion of the solvent is also trapped. They 
observed’ the same spectral differences ‘and therefore 
suggested that the spectrum is that of the benzyl radical 
perturbed by the neighbouring chloride ion which does 
not escape from the,solvent cage. Surprisingly, chloride, 
bromide and iodide gave identical spectra, but it may be 
that the nature of the anion is not important. 

We report here some new observations of this system. 
The preparation of samples and experimental method 
have already been described’; once again, after y-radio- 
lysis at 77° K, the four compounds gave absorption peaks 
at 3175, 3200, 3250 and 3240 A respectively. If the 
samples were warmed to 90° K for a few minutes and then 
re-cooled, peaks were observed at 3175, 3175, 3210 and 
3240 A respectively, that 1s, marked shifts had occurred 
in two cases; longer periods of warming caused the spectra 
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to disappear. Two explanations of this effect appear 
plausible: for benzyl chloride, either (a) C,H,CHCI: is 
first formed and is replaced by C,H,CH,: or (6) C,H,CH,’, 
Cl- is first formed and the Cl- escapes from the solvent 
cage on warming. The solvent cation will probably be 
trapped close to the anion ın these non-polar glasses so 
that the recombination of the ions may cause further 
complicated reactions involving the benzyl radicals. 
Explanation (b) appears to be the more plausible and 
we will assume it to be correct, but the lack of shift in the 
case of benzotrichloride is surprising. 

The problem is being investigated further by making 
quantitative absorption measurements with a Cary Model 
14 spectrophotometer. Absolute wavelength measure- 
ments may be less accurate than in the photographic 
work? but the values are likely to be reproducible within 
a few angstroms. Samples are irradiated at 77° K and 
changes in the spectra are followed isothermally at 
87° K (liquid argon) or 90° K (liquid oxygen). To slow 
down the radical diffusion processes harder glasses are 
used (for example, 2 parts methyleyclohexane, 1 part 
tsopentane). 

Peaks have been observed initially at 3200 (C,H,CH,Cl), 
$242 (C,H,CHCl,), and 3200 A (C,H,CH,Br). On warm- 
ing, the peaks broaden and, over a period of a few minutes, 
sharpen again at the new position with an optical density 
reduced by a factor of between 2 and 4. The new spectra 
then decay slowly over a period of several hours. The 
marked difference in the rates of the two processes is 
consistent with explanation (b); first-order separation of 
ion and radical will be much faster than second-order 
reactions which remove the radicals. The mitial rapid 
loas of radicals may be caused by a reaction with neigh- 
bouring solvent radicals (or cations) which 18 effectively 
first order. 

When solutions of C,H,CH,Br were warmed, the new 
peak appeared at 3175 A; this was also produced by 
benzyl chloride in these experiments and previously’* by 
the photolysis of toluene; it can be confidently identified 
with the benzyl radical. C,H,CHCl, gives a peak at 
3222 A which is presumably attributable to C,H,CHCI-. 
This wavelength differs significantly from that of the peak 
first obtained from C,H,CH,Cl; this lends further support 
to explanation (b). Subsequent recooling to 77° K had 
no effect on any of the spectra. 

The behaviour of benzyl chloride is more complicated: 
on warming, the 3200 A band is replaced by two peaks at 
3175 and 3215 A, the order in which they appear dependi 
on the viscosity of the solvent. The band at 3175 
decays more rapidly and after several hours the spectrum 
closely resembles that of C,H,CHCI, but the small shift 
in wavelength (7 A) may be significant; it appears that 
both benzyl and a second radical are produced on warming. 
Attack on the solute by benzyl or, solute radicals or 
reaction with neighbouring solvent cations may be 
involved. 

We thank the Science Research Council for a grant for 
the purchase of the Cary spectrophotometer and one of 
us (M. I. 8.) thanks the Commonwealth Scholarship 
Commission, U.K., for a scholarship and Karnatak 
University, Dharwar, for study leave. 

B. BROCKLEHURST 
M. I. Savaparri* 


Department of Chemistry, 
The University, 
Sheffield 10. 


Recetved October 26, 1966. : 
tdi address: Department of Physica, Karnatak University, Dharwar, 


1 Porter, G., and Strachan, E., Trans. Farad. Soc., 64, 1605 (1058); Spectrochim, 
Acta, 12, 209 (1958). 

1 Chilton, H. T. J , and Porter, Q., J. Phys. Okem., 68, 904 (1959). 

* Brocklehurst, B., Porter, G., and Savadatti, M. L, Trans. Farad. Soc., 60, 
2017 (1964). 

t Gallivan, J. B., and Hamill, W. H., Trans. Farad. Soe., 61, 1960 (1965) 


1232 


Approximation of Molecular Integrals 

Some of the electron repulsion integrals [payo| Ocha] = fpa(1) 
70(1)r 73 03(2)ve(2) d(1)d(2) which arise in the molecular 
orbital theory based on linear combinations of atomio 
orbitals are sufficiently difficult that reasonably accurate 
approximate formulae would have real value. If such 
an integral is regarded as involving two charge distribu- 
tions pax» and Oa, the integrals causing difficulty are 
those in which one or both charge distmbutions involve 
a pair of atomic orbitals not both on the same atomic 
centre. As many workers have noticed, tractable 
approximations for these integrals are obtained if the 
product of two orbitals on different centres is replaced 
by linear combinations of one-centre orbital products. 
This causes the general electron repulsion integral to be 
reduced to a linear combmation of Coulomb-type integrals. 
The methods so far proposed, however, have not been 
entirely satisfactory for all the integrals for which they 
are needed. 

We have examined a new integral approximation 
method which, like previous methods, depends on the 
replacement of two-centre charge distributions by one 
or more single-centre distributions, thereby giving results 
in terms of Coulomb-type integrals. Unlike earlier 
methods, however, the single-centre distributions are 
selected to include one contmbution from each of the 
most unportant atomic symmetries. Moreover, the 
coefficients of the single-centre distributions are chosen 
to give agreement for certain integrals, rather than to 
have the values appropriate to leading terms of infinite 
orthogonal expansions. We have found that the sym- 
metry of the single-centre distributions is far more 
importent than their exact form, as errors in form are 
largely compensated for by the procedure for determining 
the coefficients, whereas terms of different symmetry 
ae so different in behaviour that compensation is impos- 
sible. 

Aocordingly, we assume that a ls, 28 or 2po orbital 
Pa On a centre A is expanded into a linear combination of 
s and p orbitals on another centre B, as gassc,(lap) + 
¢,(2p0,). Letting pe be the same function as ọpa, but 
centred at B, we may alternatively expand ọ» about A, 
with coefficients which are identical to c, and c, except 
perhaps in sign. We now approximate gig» by the 
average of the expressions obtamed by expanding 93 
about B and of pb about A. The coefficients o, and c, are 
determined by requiring a proper fit to the hybrid integrals 
[14al8a| papo] and [1842 Poa] pape], which under the approxi- 
mation are reduced to a linear combination of Coulomb- 
type integrals. This same expression for p4p» is now used 
whenever this charge distribution occurs in other two- 
electron integrals. This procedure therefore characterizes 
the distributions laglsp, 284285, and 2poa2po». Distribution 
2pxa2pry is treated similarly, except that the expansion 
of 2pxa contains only the term c,(2p7e). 

Charge distributions involving two different orbitals 
can be formed using the expansion coefficients already 
determined. This yields acceptable expansions of all 
distributions except lsa2po, and 28e2po», which are better 
represented by an expansion of the same form, such as 
lsa2pan FY O,(l8al8a) + ¢4(18a2paa) + C3(ley2pav) + c,4(2por 
2pov), but with the four coefficients determined by fitting 
hybrid imtegrals (in this case [lealea|lss2pox], [1splep| 
l8a2pob], [léea2paa|lea2por]}, and (1s,2ps»|18c2pc0]). 
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These expansions of the various charge distributions 
may now be used for approximate calculation of all two- 
electron integrals. Exact and approximate integrals of 
Slater-type orbitals were compared for all types of two- 
centre imtegrals, and the new method makes estimates 
of nearly all such integrals to accuracies of the order of 
l keal, even ın cases where earlier approximate methods 
are far worse. A few typical results are shown in Table 1. + 
The fact that a single approximation to each charge 
distribution works well for all types of two-centre integrals 
suggests that good results may also be expected for multi- 
centre integrals. 

A fuller account of this work, which was supported in 
part by the U.S. National Aeronautics and Space Admini- 
stration and by the U.8. National Science Foundation, 
will be published shortly®. 
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Electro-perception in Sharks and Rays 


SHARKS and rays are extremely sensitive to alternating 
electric fields. A potential gradient of only 0:1 pV/cem is 
sufficient to evoke in Scyliorhinus canscula a reflex con- 
traction of the eyelids (“winking of the eyes’), and to 
affect the respiratory rhythm of Rata clavata (“‘spiraculum 
reflex”)-*. Such a weak electric field is perceived with 
the ampullae of Lorenzmi. The ampullae are not only 
very sensitive to thermal and mechanical influences as 
found electrophysiologically?~*, but also respond to elec- 
trical stimuli**. Partial denervation of the ampullary 
system makes the head of Scyliorhinus canicula insensitive 
to weak electrical stimuli in the area where the eliminated 
ampullae open’. In the past few years, our investigations 
have been focused on the biological significance of the 
electro-perception in sharks and rays. 

The winking of the eyes and the spiraculum reflex are 
readily observable responses. It is, however, difficult to 
record them objectively and they are, accordingly, not 
suitable for quantitative work. A reflex reaction is there- 
fore needed, which is not only at least as sensitive but also 
easier to record without impeding the movements of the 
animal. For this purpose the reflex reactions of the 
respiratory apparatus and of the heart were considered. 

After a few introductory experiments on Scyliorhinus 
canicula the heart beat provod to be the more informative. 
The muscle potentials of the heart were recorded by 


Table 1, BXAOT AND APPROXIMATH INTEGRALS, SLATRR-TYPH ORBITALS 


sml; Sym dyp = 1-67. (Integral values in hartrees) 
Ree bobr R=6 bohr 
Integral Exaot* This work Mulliken approx t Exact* This work Mulliken approx { 
2ee2y } 0-198 0-191 0-171 0 0012 0-0010 0 0010 
aaa —~0 123 ~ 0-128 —0-073 ~~ 0 0024 —0-0010 —0-0018 
2302841 2862 pos] —0 182 ~ 0 182 — 0161 —0:0017 —0 0014 ~ 0-0014 
2te2parl2paal se) 0 091 0 091 0 027 0-0089 0 0088 0-0014 
Lea2sgl2p na2p 0 200 0199 0-201 0-0060 0-0059 0 0071 
2p relp re! leal se 0-302 0-300 0 300 0-0344 0-0842 0 0890 
Lp relp ml2pr—e2po] ~0 077 — 0 060 —0 049 ~0 0007 —0 0005 ~0 0006 


* Computed by method given by F. E. Harns. J. Chem. Phys., 38, 3 (1960). 


t See ref. 8 
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In preliminary training experiments with 
Rata clavata, Scyliorhinus canicula and also 
with Galeorhinus galeus, conditioned re- 





flexes on electrical stimuli were easily 
obtained. The animals were kept in circular 
basins (diameter 1-8 m) to give them an 


mv 
c : | | | | H opportunity to swim around along the 
ar wall. 


E Enoh 


Fig, 1 1 PPARA it ace potentials generated by the gill pap ete mack of a plaice (Pleuro- 
ferred basin co r : 





During the training period an alternating 
dipole field was generated in the sea-water 
with two electrodes buried under the sand, 
and at the same time the anımal was 
offered a piece of meat immediately above 
the electrodes. The animal was condi- 
tioned by feeding in this way and after 


i b, Tho samo potentials trans to a n co pa TaY ( (Raia some fifty such feedings the animals 
a aria a 0. Bec, c electrocardiogram 0: e slowing 
iii ag a D heart-beat eleotronically calculated. e, Time o TAY: : 2/ieo. hunted about and snapped at the electrodes 


embedding two silver electrodes in the pericard and 
connecting them to a preamplifier and a pen-recorder. 
The electrocardiogram showed a substantial slowing down 
of the heart beat when even the weakest stimulus of a 
mechanical or electrical nature was given. At first this 
retardation could only be determmmed by measuring the 
intervals between the successive contractions. Later, an 
electronic arrangement was developed which could cal- 
culate the variations of the heart rate correctly to a 
fraction of 1 per cent and reproduce the results directly 
with the pen-recorder. 

The sensitivity of Rata clavata to a homogeneous 
alternating field, generated by a pure square-wave of 
5 ojs, was determined once more, but this time by 
observing the slowing down of the heart beat. In favour- 
able circumstances the test animals responded to fields 
of only 0-02 «V/cm and at times even to fields of 0-01 
uV/em. Thus ıt became evident that Raia clavata is at 
least ten times more sensitive to electrical stumuli than 
could be demonstrated with the spiraculum reflex. 

It therefore seemed likely that sharks and rays are 
able to detect moving animals in their surroundings on 
a purely electrical basis because the threshold of sensi- 
tivity (0-01 V/cm) ıs much lower than the amplitude of 
the muscle potentials generated in the sea-water by, for 
example, the gill movements of a plaice (Pleuronectes 
platessa), which can exceed 1,000 uV/em. With artificial 
fields, however, this question cannot be solved adequately. 
For this reason, investigations with natural stimuli were 
carried out. 

The electric potentials generated by the muscle con- 
tractions of a plaice were transmitted to the ray in such 
a way that the ray was unaware of the optical and mech- 
anical effects associated with the contractions. The ray 
and the plaice were put in two different basins, which 
were only connected electrically. Three amplifiers designed 
for this purpose and three sets of electrodes were con- 
structed to pick up the muscle potentials of the plaice, 
to reproduce these potentials in the basin of the ray and 
to measure the transmitted potentials simultaneously. 
The electrodes were made of silver-silver chloride on & 
platinum base and were connected to the basins by means 
of salt-bridges. It was thus possible to transfer the elec- 
trical phenomena without appreciable loss or distortion 
on the surface of the electrodes. 

The ray was stimulated by the respiratory potentials 
of the plaice in such a way that ıt was for the ray (from 
an electrical point of view) as if the plaice was lying on 
the sandbottom at a distance of 5-10 cm. The potentials 
of a plaice when burrowing under the sand were similarly 
presented to the ray. As with the artificial square-wave, 
the ray repeatedly responded to both these biologically 
generated stimuli, for a distinct slowing down of the heart 
rate was observed. Thus 1t appears that rays are able to 
detect animals in their surroundings on the basis of spread 
muscle potentials. 


if the field was switched on even if no food 
was presented. Between the electrodes 
the strength of the field generated by the pure square- 
wave of 5 o/s was 0:4 pV/em with an inter-electrode 
distance of 10 cm. These experiments demonstrate that 
sharks and rays are not only extremely sensitive to elec- 
Mate fields, but are also able to locate the source of the 
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Strontium as a Substitute for Calcium in 
the Process of Transmitter Release at the 
Neuromuscular Junction 


ArT the neuromuscular junction!, as well as at neuronal 
synapses’, calcium plays an essential and direct part in 
the process whereby depclarization of the presynaptic 
nerve terminal leads to release of the transmitter sub- 
stance. It is also known that a nerve impulse releases the 
transmitter in quantal form, that is, ım discrete multi- 
molecular amounts of a fairly standard size, and that 
calcium acts by increasing the probability of such trans- 
mitter release. The question is raised whether other 
ions can replace calum in this process, and if so, is 
the transmitter still released in quantal form? Or 18 
the quantal nature dependent on the specific combination 
of calcium with a receptor in the nerve membrane ? 

When testing ions on neuromuscular transmission an 
important point to consider is that they may affect 
transmission independently of any action on transmitter 
release: for example, by altering the chemical or electrical 
excitability of the muscle and blocking propagation of 
nerve impulses. Such “‘side-effects” may account for con- 
flicting reporte? regarding the capability of strontium or 
barium to restore the indirect excitability of nerve-muscle 
preparations which had been rendered inexcitable by 
withdrawal of calcium. To avoid some of the complicating 
factors, the ions were applied ionophoretically to a minute 
part of a frog neuromuscular junction. The method, 
described previously!:*, consisted of immersion of a nerve- 
sartorius preparation in Ringer solution free of calcium 
which contained 1-2 mmoles of magnesium. It has been 
shown! that under these conditions impulses fully invade 
the nerve endings but fail to release the transmitter. A 
pipette filled with calcium or the test ion was then placed 
on & synaptic spot and used both to record pre- and post- 
synaptic responses and to apply the ion to that part of 
the nerve ending. 
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Fig. 1 shows sample records from one experiment where 
calcium and strontium were applied simultaneously to 
different synaptic spots on the same end-plate. A stimulus 
to the nerve elicits an impulse which travels down the 
nerve terminal and is recorded, at both synaptic spots, 
as a small spike potential. In some trials nothing is seen 
after the presynaptic spike, but in others this is followed 
by a postsynaptic response due to the release of one, 
two or more packages of transmitter, which produce well 
defined “unit” potentials. At both calcium and strontium 
sides of the end-plate the probabilities that the nerve 
impulse has of releasing 0, 1, 2 or more pac can be 
predicted by Poisson’s theorem (Table 1). When the 
efflux of calcium was stopped, by increasing the negative 
bias on the calcium pipette, the nerve impulse consistently 
failed to release transmitter on the calcium side of the 
end-plate, while the release on the strontium side was 
unaffected. 


Tablo 1. POSON DISTRIBUTION OF QUANTAL TRANSMITTER RELHASN IN 
“CALOIUM” AND “STRONTIUM-SIDR” OF AN END-PLATE 


Calojum Strontium 
Observed Calculated Observed Calculated 
N, 77 78 60 62 
N, 3 34 44 41 
N, 8 8 13 14 
N, 1 1 8 3 
N, 0 9 0 tt) 


Total No. of impulses 120 
Total No. of units 58 
m=O 44 


Same experiment as Fig. 1. Meas... 2% = number of impulses showing 
0,1,2 . . . postaynaptio unit potentials. Calculated numbers obtained from 
Polsson’s law pz=m*te-mfal. m= mean number of units. 


Total No. of units 79 
m= 0-68 


It has been shown’ that there is a definite minimum 
delay between the arrival of the nerve impulse at a 
synaptic spot and the onset of transmitter release. Because 
strontium ions are much less.effective than calcium in 
the process of transmitter release (F. A. Dodge and R. 
Rehamimoff, unpublished results), it might be thought 
that this would be reflected in a longer synaptic delay. 





Hg. 1. Quantal release of transmitter in preeenoe of strontium and 
cium. Simultaneous records from two synaptic spota on the same 


muscle fibre, obtained d smal steady efflux of calcium and stron- 


iium. Temperature 5° O. low: diagram shov position of stron- 
tium and calcium pipettes used both for micro-ap 


cation of the fons 
and for recording of focal extracellular potentials. non-my ted 


terminal part of the nerve fibre us not shown. 
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Fig. 2. Distribution of synaptic delays of units in “strontium (a)” and 
“osiotum (b)” side of an end-plate. mae experiment as Fig. ¢ Zero 
time corresponds to negative peak of presynaptic spike. 


The distribution of delays of unita released on the stron- 
tium side and units released on the calcium side, however, 
is approximately the same (Fig. 2). The only difference 
is that the histogram in the presence of strontium often 
has a long tail which extends over several seconds. 

Other ions (caesium(1), barium (I1), nickel(I1), cobalt(II), 
copper(II), manganese(If), zinc(II), lanthanum(IT), 
cerium({III)) have been tested by bath application and/or 
micro-ionopheresis to see if they could substitute for 
calcium. Only barium was able to replace calcium, and 
not consistently. The other ions were unable to replace 
calcium, and inhibited the release of transmitter if they 
were added to a Ringer with normal calcium. 

These experiments show that strontium can replace 
calcium in the process of transmitter release by a nerve 
impulse and that the transmitter is still released in quantal 
fashion. They further show that the minimal synaptic 
delay is substantially the same, whether the release occurs 
in the presence of calcium or of strontium; even though 
the latter is much less effective in releasing transmitter. 
This presumably means that the combination of calcium, 
or strontium, with a receptor in the presynaptic membrane 
is @ very rapid event which contributes little to the 
minimal synaptic delay; the main part is a result of 
subsequent steps in the mechanism of transmitter release. 
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Rapid Light-induced Potentials Common to 
Plant and Animal Tissues 


IRRADIATION of retinal tissue by brief intense flashes 
of light produces rapid changes in electrical potential. 
These changes, which occupy only 2—3 msec, are character- 
ized by an initial cornea-positive wave followed by 
a negative one, and have been referred to collectively 
-as the “early receptor potential” or e.r.p.1. Spectral 
sensitivity measurements clearly demonstrate that 
the e.r.p. results from the absorption of light by retinal 
rhodopsin?, but recent studies (in this and other labo- 
ratories) have revealed that an apparently similar 
potential can be obtained from flash irradiated tissues 
containing sufficiently high concentrations of melanin 
(for example, ocular pigment epithelium®‘, iris’ and frog 
skin’), This communication reports that yet another 
pigmented tissue, the green leaf, will also produce an 
“erp. typo” potential when irradiated under identical 
conditions. Important similarities, not only of waveform 
and time course but also in response to temperature 
change, suggest that there is a common fundamental 
mechanism. 

A discharge tube filled with xenon’ was used as a flash 
source. The recording electrodes were black cotton 
wicks protruding from black glass pipettes containing 
0-9 per cent sodium chloride. The pipettes were bound 

` with black masking tape. Silver wires inserted into these 
pipettes served as connecting points to a double-sided 
amplifier with 100 dB in-phase rejection, and a bandpass 
of 1 c/s-130 ke/s. This system, combined with the 
extensive use of screening, reduced electrical artefacts to 
neghgible proportions (cempare ref. 6). Photoelectric 
artefacts were usually absent, because of the precautions 
outlined, and the fact that care was taken to irradiate only 
the wicks and the smallest possible area of pipette tip. 
Nevertheless, occasional photoelectric artefacts were seen. 
Sometimes these were similar to the tissue responses, but 
were readily distinguishable from them, as will be described 
shortly. For cooling experiments a Peltier stage was used. 
It was carefully insulated and shielded from light. 

Fig. 1 illustrates the essential similarity of the potentials 
evoked from the albino rat retina (whole eye preparation), 
guinea. pig isolated pigment epithelium (with some 
adherent choroid) and a green leaf from gout weed 
(Aegopodium podagrayia L In all cases a biphasio 
response is observed, and the earliest phase (arbitrarily 
classed as positive) appears with no detectable latency. 
The most rapid response is from the pigment epithelium, 
the slowest from the green leaf. Lowermg the temperature 
has the same effect in all three tissues, namely, progressive 
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reduction and final abolition of the later negative phase. 
Thus the response observed at low temperatures consists 
only of the initial positive component. 

The negative phase was extinguished at differing 
temperatures in the various tissues, that is, 4° C in retina 
(of. ref. 7), 0° C in pigment epithelium’, and 16° C in 
the green leaf. Consequently, at room temperature the 
relative contributions of positive and negative waves to 
the “e.r.p. type” potential differ from tissue to tissue. 
This probably accounts for the finding’ that frog skin 
produces a more pronounced positive phase than the 
guinea-pig pigment epithelium. 

The retinal e.r.p. resulta from absorption of light by 
rhodopsin molecules in the highly oriented lipoprotein 
complex of the outer segment lamellae. This may be 
demonstrated not only by the agreement between the 
er.p. action spectrum and the rhodopsin absorption 
spectrum’, but also by the linear relationship between 
e.r.p. magnitude and retinal rhodopsin content®. It 
has not yet proved possible to perform aetion spectra 
on the amaller potentials evoked from pigment epithelium 
and green leaves, but the necessity for pigmentation can 
easily be demonstrated. Thus Fig. 2 shows that tissue 
free of melanin such as albino guinea-pig iris and non- 
pigmented frog skin, or white areas of the variegated 
leaf of the flame nettle (Coleus blumet), do not produce 
measurable potentials (in the latter case, adjacent green 
areas are reactive, as shown in Fig. 2). 

The generators of the e.r.p. and “e.r.p. type” potentials 
can be shown to exist as dipoles oriented at right angles 
to the plane of the thin tissues of origin. If the leaf, 
pigment epithelium or retina (Fig. 3) is turned upside- 
down, the potential inverts. On the other hand, no 
inversion occurs if the “underside” of each preparation is 
flash irradiated, although some reduction in amplitude 
18 observed in pigment epithelium and green leaves. This 
reduction may be accounted for by supposing that the 
generating layers lie nearer one surface than the other, 
that is, nearer the upper side of the leaf or the vitreous 
side of the pigment epithelium. Consequently, when the 
opposite surface is irradiated there would be some reduc- 
tion of the light reaching these layers. 

The occurrence of orientated dipole generators raises 
certain problems (although this property conveniently 
distinguishes the responses from photoelectric electrode 
artefacts). While these potentials resist anoxia!’ as 
well as changes ın ionic environment®!” they do not 
appear after the tissue has been exposed to high tempera- 
tures (leaves and retina), excessive manipulation (pigment 
epithelium) and post-mortem degeneration (retina and 
pigment epithelium), indicating that a fairly high degree 
of tissue integrity is required. Even in the retina, where 
there is a high degree of orientation, both of the photo- 
receptors themselves and of the rhodopsin molecules 
within them?'*15, there is no evidence that the visual 
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pigment molecules are polarized in the way required to 
produce a dipole’. The light absorbing structures in green 
leaves and pigment epithelium, that 18, chloroplasts and 
melanin granules, show little or no overall onentation 
with respect to the whole tissue (compare discussion in 
ref. 14). Although the cells themselves are regularly 
oriented there are serious difficulties in supposing that 
either the cell contents or surfaces possess both the 
required histological and the unusual electrical properties 
demanded by our results. In conclusion, it appears 
doubtful whether the e.r.p. produced by the retina results 
from the isomerization of rhodopsin chromophores or 
any of the subsequent molecular rearrangements which 
lead to the bleaching of this pigment, for no corresponding 
processes occur in the other tissues which produce similar 
potentials. 

Addendum. Since this communication was submitted 
for publication, Brown and Gage!’ have described the 
responses of the toad pigment epithelium. We have found 
that the potentials obtained from a warmed mammalian 
preparation correspond with those of the amphibian at 
room temperature. This s that the generator 
mechanisms are adjusted to the “normal” working temper- 
ature of the organism. Thus the slow positive third 
phase of the pigment epithelium response, found in the 
toad at room temperature, is only observed in the rat 
at 37°C. At this temperature it is also found in the 
albino eye! and consequently must be part of the retinal 
response. This makes ıt unlikely that the corresponding 
response from material containing melanin is analogous 
to the a-wave of the e.r.g. (ref. 15). 

Resistance of the first two phases of the early receptor 
potential to changes in the 1onic medium® 1° shows that 
they cannot be due to classical ion-fluxes across cell 
membranes as occur in most bioelectric phenomena. On 
the other hand, the temperature-sensitive second phase of 
the response in retinas!‘ and pigment epithelium may be 
seloctively abolished by glutaraldehyde. Glutaraldehyde 
alters certain properties of the plasma membrane of 
retinal photoreceptors’*, which suggests that this part of 
the early receptor potential is located at the cell surface. 
Brown and Crawford’s!” localization of the second phase 
of the pigment epithelium potential at the surface mem- 
brane (by microelectrode techniques) is therefore of 
considerable importance. Involvement of cell membranes 
would simplify our attempts to account for the occurrence 
of orientated dipole generators. 

The initial absorption of light quante probably results 
in the production of charge carriers (perhaps free electrons) 
in the solid-state matrix of the rod outer-segments, melanin 
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r surface could be illuminated. 
Changing the direction of incident radiation alters the amphtude but not the polarity of 


e verting the pre tions reverses the polarity, Thus responses are 
organized dipoles Pithin the tissues. The minor differences in the records 
can probably be attributed to manipulation of the tissue and slight differences in flash 
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granules, or chloroplasts. Such a process may be directly 
linked with or responsible for the highly resistant mitial 
positive phase of the light-evoked potential in these 
materials. In that case, we are presented with the diffi- 
culty of explaining how events occurring at the site of 
light absorption can lead to potentials at considerable 
distances removed in the cell membrane. 
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Possible Mechanisms of Depression of 
Cerebral Phospholipid Metabolism during a 
Deficiency of Body Oxygen 


Ir is well known that deficiency of oxygen to the cerebral 
tissues inhibits the intensity of metabolism in the brain. 
It is therefore of interest to analyse the mechanism of 
this inhibition in conditions of general oxygen deficiency 
to the organism, using as an example the 
synthesis of phosphohpids. 

Male albino rate of the Wistar strain were 
kept for 2 h in a barochamber at reduced. 
air pressure (240 or 180 mm of mercury). 
The intensity of phospholipid metabolism 
in the cerebral hemispheres was judged by 
the rate of incorporation of radioactive 
inorganic phosphate; the relative specific 
radioactivity of the phosphorus fraction 
of the total phospholipid of the cerebral 
tissue was chosen as a measure of turnover 
rate of the phospholipid phosphorus. 

It was found that the relative specific 
radioactivity of phospholipid was reduced 
by 31 and 53 per cent at the pressures of 
240 and 180 mm of mercury, respectively 
(Fig. 1). A study of the intensity of phospho- 
lipid metabolism of the brain during the 
first 6 h of the post-hypoxic period showed 
that the relative specific radioactivity of 
phospholipid returned to the normal level 
within the first 2-4 h after the animal had 
left the barochamber. Such rapid normaliza- 
tion of the metabolism of phospholipid 
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suggested that even severe hypoxia for as long as 2 h did 
not produce any essential and irreversible damage of the 
biochemical systems responsible for phospholipid syn- 
thesia in the cerebral tissues. 

Strong hypoxia usually produces a fall in the body 
temperature in animals. In our experiment the retention 
of the rats in the barochamber for 2 h induced a lowering 
of the rectal temperature by, on the average, 5-2° C at 
a pressure of 240 mm of mercury and by 10-1° at a pres- 
sure of 180 mm of mercury (Fig. 2). 

Hypothermia is known to inhibit a number of meta- 
bolic processes in the cerebral tissues even with a normal 
oxygen supply. <A question arose as to the extent to 
which the decrease observed in the intensity of the brain 
phospholipid metabolism could be attributed to oxygen 
deficiency produced in the cerebral tissues by reduced 
concentration of the oxygen in the surrounding medium, 
and to what extent it was a result of a fall of body tem- 
perature produced by hypoxia. It was therefore necessary 
to find an experimental approach which would exclude 


lowering of the body temperature under conditions of 


hypoxia. This was achieved by heating the floor of the 
barochamber. In these conditions a decrease in the 
pressure to 240 mm of mercury, which usually resulted 
in occasional lethal cases, caused the death of more than 
50 per cent of the animals. The rate of the radioactive 
phosphorus incorporation into the brain phospholipid did 
not differ, however, from normal values (Fig. 2). 

In the next series of experiments the rats were cooled 
by immersion in cold water (8°-10° C) for 3-5 min (Fig. 1). 
They were then immediately placed in special cages which 
restricted their movement. The cages contaimng the rats 
were placed ın the barochamber, and the pressure was 
lowered to 240 mm of mercury as before. In this case 
the rectal temperature of the animals was lowered, on the 
average, by 13-3° C. The relative specific radioactivity of 
the phospholipid of the brain was lowered by 64-5 per 
cent relative to the normal value. 

Correlation between intensity of brain phospholipid 
metabolism and body temperature in hypoxia was 
demonstrated more clearly by another experiment. The 
rata were divided into several groups corresponding to 
the degree of the fall in rectal temperature; the mean 
value of the relative specific radioactivity of the phospho- 
lipid of the bran was calculated for each group. It is 
seen from Fig. 3 that under the same barometric pressure 
the decrease in the relative specific radioactivity was 
closely related to the degree of decline of rectal tempera- 
ture. When the fall of the body temperature was similar 
the relative specific radioactivity was practically the same 
deapite the different barometric pressures. 
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A dispersion analysis of the data obtained shows that 
in conditions of lowered barometric pressure the value of 
the relative specific radioactivity of the phospholipid of 
the brain depends significantly on body temperature 
(P < 0-001) and is independent of the oxygen content in 
the air (P > 0:10). 

Inhibition of the brain phospholipid metabolism in body 
oxygen. deficiency appears to be a result of hypothermia 
caused by this deficiency rather than reduced oxygen 
content ın the cerebral tissues. A marked increase in the 
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mortality rate when the body temperature was arti- 
ficially maintained at a normal level provided some 
ground for the assumption that hypothermia produced 
by a deficiency of oxygen ıs adaptive and protective. 
This reduction in body temperature diminishes the oxygen 
requirements of tissues by reducing the rate at which 
metabolic processes use energy, thus contributing to the 
survival of rats under eonditions of oxygen deficiency. 
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Gases produced by Human Intestinal 
Microflora 


Nrrrocmn, carbon dioxide and hydrogen are normally 
present in samples of human colonic flatus, although 
they may occur in widely differing proportions; oxygen 
is nearly always found and, sometimes, methane and 
hydrogen sulphide’. The hydrogen and methane must 
clearly be produced endogenously, presumably from 
bacterial metabolism, because both are almost absent 
from or present in extremely low concentration in air. 
Fermentation can also account for at least part of the 
carbon dioxide and a preliminary study indicated that 
gaseous nitrogen was produced in vitro when the cascal 
contents of rats were incubated with mixed diets*. More 
recently, Costa ef al. have briefly reported isotopic evidence 
of the evolution of nitrogen by man and both conventional 
and axenic mice’. Both groups of investigators have 
suggested that such loss of nitrogen might account for 
reports of prolonged positive nitrogen balance in adult 
man and animals in the absence of commensurate growth. 
Our studies show, however, that egestion as flatus of 
gaseous nitrogen produced in the intestine ia not normally 
an important route of nitrogen loss. 

For studies in vitro, ileal and colonic dejecta were 
obtained in sterile tubes from human subjects with well 
established stomata. Five grams of dejecta was sus- 
pended in 250 ml. of sterile water and 10 ml. of this sus- 
pension was introduced into a sterile Thundberg tube. 
l g of pure substrate dissolved in 5 ml. of distilled water 
or 5 ml. of a 1-5 : 100 (w/v) suspension of non-fat dry milk 
or of a 1: 10 slurry of canned white beans was then added. 
Duplicate samples of the foods were predigested with 
pancreatin'. Only sterile water was added to the control 
samples. 

The tubes containing ileal and colonic dejecta and auto- 
claved substrate wero evacuated and incubated overnight 
at 40° ©. The volume of gases produced was measured 
manometrically and their composition determined by 
mass spectroscopy. The samples which contained more 
than trace amounts of argon and oxygen were not included 
in the results because the presence of these gases indicated 
incomplete evacuation or leakage. 

The 2 ml. of gas produced during incubation of ileal 
dejecta without added substrate, presumably by the action 
of bacteria on nutrients present in the dejecta, was 
composed largely of carbon dioxide (53-62 per cent) and 
hydrogen (24-36 per cent) although some nitrogen was 
present (Table 1). The ammo-acids lysine and tryptophan, 
and stachyose (a galactosido-sucrose oligosaccharide 
found in legumes) increased the volume of gas produced 
to 10 ml.; 18 ml. was generated in the presence of glycine 
and galactose; and about 30 ml. with glucose and lactose. 
The mixture of gases included 2~10 per cent of nitrogen 
whether the added substrate was carbohydrate or amino- 
acid, and no ammonia was detected, even when the 
pressure in the tubes was reduced. The dominant gases 
produced were carbon dioxide (51-67 per cent) and hydro- 
gen (24-44 per cent) except from lysine, where propor- 
tionately more carbon dioxide (90 per cent) and less 
hydrogen (7 per cent) were generated. 
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When ileal dejecta was incubated with beans and milk, 
about 15 ml. of gases was produced, or 20 ml. if the foods 
were predigested with pancreatin. More hydrogen was 
generated from the undigested products than from the 
predigested samples and more from milk than from beans. 
Nitrogen was present ın neghgible amount (1 per cent) 
and carbon dioxide accounted for 71-96 per cent of the 
total volume of gases. 

Control colonic tubes contained 3 ml. of gas. Carbon 
dioxide, nitrogen and, in contrast to ileal specimens, 
methane or acetone each accounted for about one-third 
of the mixture. Hydrogen was a minor constituent 
(Table 2). 


Table 1. GASES BYOLVED DURING ANABROBIO FURMENTATION OF ILMAL 
DEJECTA WITH VARIOUS SUBSTRATES 
Total Moles per cont of dry gases 
Substrate volume Carbon 
(ml.) Nitrogen dioxide Hydrogen 
Series I 
None 2 21 58 24 
Glycine 18 10 51 87 
Isoleucine 8 58 33 
yame 10 3 90 7 
Methionine 8 61 34 
Tryptophan 10 4 52 a4 
Glucose 34 2 55 48 
Galactose 18 8 87 24 
Lactose 4 62 83 
Stachyose 10 2 62 36 
Series I 
None 2" 1 62 36 
Beans 14 1 80 19 
16 1 71i 28 
Bean digest 21 1 96 3 
Aik digest 19 1 88 11 


* Less than 1 per oent of acetone was present. 


Table 2. GASES BVOLVED DURING ANARROBIO FERMENTATION OF COLONIC 
DEJECTA WITH VARIOUS SUBSTRATES 


Total Moles per cent of dry gases 
Substrate volume n Hy 
(mL) Nitrogen dioxide Methane Acetone gen 
Series I 
None 8 81 35 81 0 3 
Arginine 7 26 22 43 0 9 
Glycine 7 15 60 23 0 2 
Tryptophan 8 10 62 26 0 2 
Glucose 82 0 68 18 tt] 24 
Galactose 16 1 56 6 o 87 
Lactose 30 1 53 0 42 
Stachyose 9 2 68 12 <1 28 
Series II 
None 8 17 34 8 46 8 
Bean digest 22 8 88 0 4 2 
20 11 84 0 8 2 


The total volumes of gases produced in response to the 
various substrates were about the same as in the case of 
ileal dejecta. With amino-acids, methane was generated 
in high concentration (23—43 per cent) and hydrogen was 
low (2-9 per cent) whereas the opposite was true for carbo- 
hydrate substrates (5-13 per cent methane and 2442 per 
cent hydrogen). Nitrogen was a minor constituent, 
except in tubes contamimg arginine (26 per cent) and 
glycine (15 per cent). The carbon dioxide content of 
gases from arginine, 22 per cent, also differed from the 
usual range of 52-63 per cent obtained from other pure 
substrates. 

As with ileal samples, carbon dioxide evolution was 
greater with whole foods than pure substances and hydro- 
gen was lower. Between 8 and 11 per cent of nitrogen 
was present. 

These findings suggested that molecular nitrogen might 
be produced by intestinal micro-organisms, but if so, the 
amount generated must be quite small and would not 
constitute an important avenue of nitrogen loss from the 
body. If 11. of flatus gases was egested as a result of a 
bean meal and if these gases all originated from colonic 
fermentation in which composition was the same as that 
detected in vitro, the amount of molecular nitrogen from 
this source would be 80 ml. or 100 mg of nitrogen (8.7.P.). 
The partial pressure of nitrogen in this gas mixture is well 
below that of blood and surrounding tissues so there would 
be no tendency for the nitrogen to diffuse out of the gut 
and ultimately to be lost from the lungs. 
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To test this reasoning, we determined the composition 
of normal human flatus obtained by rectal catheter at 
peak production time, about 5 h after the subject consumed 
l lb. of canned white beans. If the nitrogen present in 
flatus resulted from swallowed or diffused air, it should 
be accompanied by a proportionate amount of argon, 
whereas the relative concentration of argon should be 
low if nitrogen were being evolved tn situ. The flatus 
sample contaimed in moles per cent of dry gases: carbon 
dioxide, 61:6; hydrogen, 18-1; nitrogen, 11-5; methane, 
7-4; oxygen, 1-2; and argon, 0-16. In ambient air, one 
part of argon is associated with 83 parts of mtrogen; the 
0-16 part of argon in flatus could account for 13 parts of 
nitrogen from air. Thus, observed values are not con- 
sistent with the concept that nitrogen was evolved in the 


t. 

The observation that both ileal and colonic organisms 
are able to utilize stachyose is interesting, because there 
is no known mammalian enzyme capable of splitting this 
oligosaccharide into its component monosaccharides. It 
has been suggested that the intestinal flora may contain 
an « 1:6 galactosidase that can cleave galactose from 
the sucrose moiety; such a mechanism could account for 
the intolerance to soybean preparations shown by some 
galactosaemic children’. Our observations do not, of 
course, indicate whether the fructose or galactose residues 
were attacked by the organisms. One of us (D. J. C.) 
has isolated, by substrate specificity, an organism from 
the pig intestinal tract that utilizes stachyose. It is a 
Gram positive, non-motile, microaerophile which does not 
form spores. 

This work was supported by a grant from the U.S. 
National Institutes of Health. 

Dozis Howes CALLOWAY* 
Dommo J. Corasrrot 
RıcsaRrDdD D. MatruEewst 
Stanford Research Institute, 
Menlo Park, eid 


* Present ad rites ieee of Nutmtional Sciences, University of 
California, bais "california. 


+ Present address. Bioferm Division, International Mineral and Chemical 
Corporation, Wasco, Ornik, 


t Present address: Life Soleonoes Division, Stanford Research Institute, 
Menlo Park, Calfornia. 


1 Kark, E., Gastroenterology, 12, 782 (1949). 

* Studies by Dr. J. J Bonght, cited by Hedin, P. A., and Adachi, R. A, 
J. Nutri., 77, 229 (1962. 

* Contes ayi Ullrich, L., Kantor, F , and Holland, J. F., Ohn Res., 18, 820 

t Sheffner, A. L , Eokfeldt G. A., and Spector, H., J. Nutr:t., 60, 105 (1958). 

* Iesalbacher, K. J., Amer. J. Olin. Nutru., 5, 527 (1967). 


Turnover of Individual Phospholipid Fractions 
in the Rat Brain during Hypoxia 


Ir has been demonstrated! that oxygen deprivation 
brought about by a decrease in atmospheric pressure 
results in a depression of the rate of turnover of phos- 
pholipids in rat brain tissue. The upset of metabolism 
occurred earlier and was more marked in phospho- 
lipid than other phosphorus containing compounds 
(nucleic acids and phosphoproteins). Phospholipid meta- 
bolism decreased in hypoxia by 30-50 per cent; the 
extent of this decrease was correlated with the degree of 
hypoxia. 

Data are not available concerning the metabolism of 
individual phospholipid fractions in nervous tissue 
deprived of oxygen. Investigation of this problem is of 
great interest because phospholipids are a heterogeneous 
group of compounds differing substantially from each 
other in intensity of turnover and perhaps in their specific 
functions in the nervous tissue. 

We have investigated the content of individual phospho- 
lipids in the hemispheres and the rate of turnover of the 
phosphate groups during oxygen deprivation. Hypoxia 
was induced in rats by subjection for 2 h to decreased air 
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pressure in & barochamber. Mature male albino Wistar 
rats weighing 180-240 g were used. Immediately after 
subcutaneous injection of radioactive phosphate (5 uc. 
of labelled sodium phosphate/g), they were placed in the 
chamber and the air pressure was lowered. Two degrees of 
hypoxia were induced. One group of animals (group 1 
consisting of forty-one rats) was exposed to a pressure of 
240 mm mercury. This was moderate hypoxia and rats 
could bear it satisfactorily for 2 h; sexzures and death 
occurred only in single cases. Another group of animals 
(group 2 consisting of thirty-nine rats) was subjected to 
severe hypoxia (180 mm of mercury and lower). In this 
group the seizures were observed in almost all rats; the 
death rate was about 40 per cent. Both groups of animals 
were kept ın the chamber for 110-115 min. The third 
group of rats (group 3 consisting of fifty-five animals) 
served as & control, in normal air pressure. 

The control and experimental rate were killed after 
120 min, following injection of the isotope. Phospho- 
lipids were extracted from brain tissue, washed and 
fractionated according to a scheme described elsewhere’. 
The total phospholipid extract from brain tissue was 
separated by chromatography on silica gel columns to give 
five fractions: I, phosphatidic acids and polyglycero- 
phosphatides; II, aminophosphstides (mixture of phos- 
phatidylethanolamines and phosphatidylserines); IL, 
phosphoinositides; IV, phosphatidylchohnes (lecithins) ; 
and V, sphingomyelins. For each fraction the phos- 
phorus content (g/g wet weight of tissue) and the specific 
radioactivity were determined. The intensity of turnover 
of phosphate groups in the individual fractions was 
estimated from the relative specific radioactivity (the 
percentage ratio of the specific activity of phosphorus in 
a given fraction to the specific activity of phosphorus in 
the brain tiasue). 

It was shown that a 2 h exposure to low air pressure 
caused no marked alteration ın the content of any of 
the phospholipid fractions in rat brain tissue even im 
severe cases of hypoxia. On the other hand, oxygen 
deprivation resulted in a decline in the rate of turnover 
of phosphate groups in all the fractions. These changes 
were statistically significant, but the extent of this 
decrease was different for every fraction. 

As can be seen from Fig. 1, in rats of group 1 (240 mm 
of mercury) the most pronounced decrease ın rate 
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of turnover was that in the aminophosphatidesand lecithins 
fractions (43-4 and 28-1 per cent respectively); the least 
was in the phosphatidic acids and polyglycerophosphatides 
fraction (22-8 per cent). The difference in the extent of 
the decrease of relative specific radioactivity of phospho- 
lipid fractions was statistically significant (P < 0-001). 
In the rats of group 2 the smallest decrease in relative 
specific radioactivity was observed in the phosphatidic 
acids and polyglycerophosphatides fraction (26-3 per 
cent) while the decreases for the aminophosphatides, 
Jecithins and phosphoinositides were almost equal 
(45-52 per cent). 

It was interesting that the reactions of individual 
Phospholipid fractions to increasing hypoxia were differ- 
ent. For example, the decrease of the relative specific 
radioactivity of phosphatidic acids and polyglycerophos- 
phatides, aminophosphatides and sphingomyelins was 
almost the same for both degrees of hypoxia, whereas the 
depression in the rate of turnover of lecithins and phos- 
phoinositides becomes more marked as hypoxia increases. 
The relative specific radioactivity values for the phos- 
phoinositides and lecithins in the rats of group 2 were 
significantly lower than those for group 1 (by 223 and 
12-0 per cent, respectively). 

Our data demonstrate that the degree of depression of 
the rate of turnover of individual phospholipid fractions is 
different with the same degree of hypoxia. The part 
played by individual fractions in increasing hypoxia is 
also different. This suggested that the sensitivity of the 
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metabolism of different phospholipid fractions to oxygen 
deprivation is not uniform. It can be supposed that 
enzyme systems involved in the partial reactions of the 
biosynthesis of individual phospholipids are differentially 
inhibited in conditions of lack of oxygen. The data avail- 
able suggest differential sensitivity of the enzyme systems 
mentioned to certain drugs (chlorpromazine‘*) and to 
hypothermia‘, which supports our suggestion. 
V. Ya. DVORKIN 
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Miniature Synaptic Potentials in Squid 
Nerve Cells 


Youna? has described two types of synapses in the stellate 
ganglion of the squid, both of which are of great physio- 
logical interest. The first is a set of uniquely large synapses 
formed by the contacts between branches of a giant pre- 
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ganglionic fibre and the giant axons in the stellar nerves. 
The other consists of a large number of small contacts 
which the preganglionic fibres make with small nerve 
fibres which then fuse to form the giant axons. It now 
seems quite certain‘ that the transmission of impulses 
across both types of synapses is effected by the release of 
a transmitter substance. 

It 1s well known that at other chemical synapses the 
transmitter is released in discrete amounts which evoke 
small subthreshold potentials in the postsynaptic ele- 
ments’, Previous attempts to record these miniature 
potentials in the stellate ganglion of the squid have been 
unsuccessful; but, as Takeuchi and Takeuchi’ pomt out, 
this may simply be due to the large size of the nerve 
fibres in the squid. Katz and Thesleff* have previously 
shown that the size of the miniature end-plate potentials 
in frog muscle fibres—produced by the quantal release of 
acetylcholine from the motor nerve terminals—varies 
directly with the effective “input’’ resistance (between 
inside and outside) of the muscle fibre, and thus inversely 
with its diameter. I therefore tried to ascertain more 
definitely whether the transmitter 1s released in packages 
at the synapses of the squid. 

In order to have a higher input resistance and thus 
facilitate the detection of miniature synaptic potentials, 
1t was decided to record intracellularly from nerve cell 
bodies. These range in diameter from a few microns to 
more than 100u; and they give rise to small axons some 
of which run as small fibres along the stellar nerves, while 
others fuse to form giant axons. 

Intracellular recording from the cell bodies showed that 
stimulation of the preganglionic nerve evoked a post- 
synaptic potential in some cells. The potential in each 
cell grows as the intensity of the nerve stimulus is in- 
creased, evidently because several presynaptic fibres 
impinge on the cell (Fig. 1). Im many other cells 
stimulation of the preganglionic nerve produces 
nothing, apart from the electric field due to the activity 
in surrounding neural elements. Such absence of 
response may arise if the synaptic contacts are far from 
the cell body. 

Some of the cells from which postsynaptic potentials 
could be recorded also showed small potentials in the 
absence of any stumulus. The frequency of these potentials 
could be raised by a brief period of repetitive stimulation 
of the preganglionic nerve. These spontaneous potentials 
appeared at random intervals and were similar to the 
miniature synaptic potentials found in motoneurones of 
the frog spimal cord’. 

There remained the possibility that the miniature 
potentials described here were due not to the action of 
single packages of transmitter escaping from the resting 
nerve terminal, but to a release arising from impulse 
activity in nerve terminals or in interneurones; or even 
that the potentials were due to impulses arising m branches 
of the nerve cell, distant from the site of recording. To 
examine these possibilities, we used tetrodotoxin, which 
readily abolishes impulses in nerve fibres**. Further- 
more, at frog and rat nerve—-muscle junctions, tetrodo- 
toxin abolishes both nerve and musole impulses without 
interfering either with the depolarizing action of acetyl- 
choline or the production of miniature end-plate poten- 
tials!"-12, In the present experiments it was found that 
miniature potentials could still be recorded long after all 
impulse activity in the stellato ganglion had been abolished 
by tetrodotoxin (Fig. 2). This provides strong evidence 
that the synaptic region of these cells is activated by a 
transmitter, which is released spontaneously in quantal 
form. 

There still remained the problem of whether the trans- 
mitter in the mant synapses was also released in packages. 
Small squids were used to examine this question; and 
intracellular recordings were taken from the giant axons 
in the first stellar nerves, the diameters of which are much 
smaller than the commonly used giant axon in the last 
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nerve. It was found that 1f the diameter of the axon was 
about 100p or less, miniature potentials could be detected. 
Even then the potentials were quite small, and although 
a few had amplitudes of about 0-5 mV, most of them 
were smaller and presumably many were lost in the 
noise. The miniature potentials seen at giant synapses 
were again unaffected by tetrodotoxin; furthermore, when. 
generation of nerve impulses had been abolished by the 
toxin, weak electric stimuli applied locally to the pre- 
synaptic fibre evoked postsynaptic potentials which were 
quantal in nature (Fig. 3). Stronger depolarization of the 
presynaptic fibre evoked larger synaptic potentials, as 
desembed in the following communication’, 

Thus it appears that all these synapses are “‘chemical’’ 
in nature; that packages of transmitter are being 
released spontaneously from the nerve endings; and that 
as at the nerve—muscle junction’? *, tetrodotoxin does 
not interfere with the quantal release of transmitter 
evoked by depolarization of the presynaptic fibre, nor 
does it reduce the action of the transmitter on the recep- 
tors in the postsynaptic membrane. 

The nature of the transmitter substance remains un- 
known. Nor is 1t known whether the same substance is 
released at both types of synapses. In preliminary experi- 
ments it was found that L-glutamic acid depolarized the 
postsynaptic axon when applied ionophoretically to the 
membrane surface in the region of the giant synapse, 
but that similar doses applied intracellularly were without 
effect. Distal to the synapse the axon was relatively 
insensitive to this substance. At active spots, desensitiza- 
tion of postsynaptic receptors was very marked: a second 
pulse of u-glutamic acid applied shortly after the first 
produced a much smaller depolarization. A similarly 
localized action of L-glutamate has been deecribed?* at the 
crayfish neuromuscular junction. It may be that 1L- 
glutamate is the transmitter in the giant synapse of the 
squid, but obviously more work is needed to settle this 
question. 

An interesting incidental finding, not related to the 
problem of miniature synaptic potentials, was the 





Fig. 2. Spontaneous miniature synaptic potentials from a nerve cell 
similar to that of Pig. 1. The records were obtained 30 mun after 
abolishing ali nerve impulses in aa with tetrodotoxin (2 x107 
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observation that there is mutual electric coupling between 
different posteynaptic giant axons, though with great 
attenuation; this is possibly due to axon branches of the 
nerve cells supplying more than one of the giant fibres. 
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Input-Output Relation of a Single Synapse 


THE rate of secretion of a transmitter substance from a 
nerve terminal is known to be controlled by the membrane 
potential of the terminal. This has been shown, for 
example, at the neuromuscular junction by registering 
the frequency of miniature end-plate potentials when 
electric currents are sent through the motor nerve endings?. 
More recently, the use of tetrodotoxin? has made it 
possible to eliminate initiation of impulses on either side 
of the junction, and so to study the graded relation between 
electrical “input” and ‘‘output”’ of a synapse, undisturbed 
by any regenerative potential change. With this method 
it has been found that brief pulses of depolarization, 
locally imposed on a motor nerve ending, elicit graded 
end-plate potentials the size of which can reach or even 
surpass thet normally produced by a nerve impulse’. 
To obtain additional information, it was necessary to use a 
preparation in which direct measurements of the mem- 
brane potential can be made on both sides of the junction. 
The so-called giant synapse of the squid‘ is suitable 
for this purpose: it is possible to insert microelectrodes 
in the pre- as well as post-synaptic nerve fibres of this 
preparation, close to their region of synaptic contact, 
and there is now good evidence that chemical transmission 
operates at this synapse’. The experiments reported here 
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were made on the stellate ganglion of the squid Loligo 
vulgaris at the Naples Zoological Station. Similar work 
carried out at Woods Hole has been reported by Bloedel, 
Gage, Llinds and Quastel*. 

The main results, illustrated in Figs. 1 and 2, were 
obtained by placing two microelectrodes into the presynap- 
tic fibre (one for passing current, and the other for record- 
es ing membrane potential), and one recording electrode into 

the postsynaptic axon. The region of synaptic contact 
extended over a length of 0-5-1 mm, and the siting of the 
presynaptic recording electrode in relation to this synaptic 
region was of great importance. Several arrangements 
were tried, sometimes in the same preparation: reversing 
stimulation and recording within the presynaptic fibre, 
reinserting one or both electrodes at different distances 
and repeating observations. It became clear that the 
local depolarization produced by a brief pulse is 


„Curre ent 


a 





100 
Pre (mV) 
B 


calcium concentration had been 


NATURE 





. 1B. Pre: 
* bs ire- ng a-d, 
: y o Teoardings. Te 1B put-output relation obtained with 1 soi current pulses. 
A tio di m; ordinate, posts: response, 
becln, Dresy aD a 8,08 posteynap “a bey peor 
of tetrodotoxin 2x 107 g/ml, 


1243 


attenuated appreciably in the terminal branch, especially 
when the depolarization is intense. If both “pre’’- 
electrodes are placed upstream, as in the experiment of 
Fig. 1, with the recording probe intermediate between the 
stimulating electrode and the synapse, then it is at least 
certain that the recorded presynaptic: . depolarization 
exceeds that occurring at the points of synaptic activity 
farther downstream. The “true” curve must, therefore, 
lie somewhat to the left of those shown in Fig. 1, B and O. 

Fig. 2 shows another curve. This was obtamed when 
the ‘“‘pre’’-recording electrode had been placed farther 
downstream, into the region of synaptic contact itself. 
In addition the preparation had become more fully 
equilibrated in a solution rich in calcium, which may 
account for some of the differences between Figs. 1 and 2. 

To determine the initial “foot” of these curves, a higher 
amplification was used for the postsynaptic response. In 
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several cases, considerable amplitude fluctuations were 
seen in the postsynaptic potential when operating in 
this “threshold” region of the synaptic transfer curve’. 
These fluctuations are indicative of a quantal release 
mechanism similar to that occurrmg at the neuro- 
muscular junction’. 

One of the limitations of the present method is the lack 
of a fully adequate presynaptic voltage control, in spite 
of the use of tetrodotoxin. Strong maimtaimed current 
pulses produce only a transient peak of depolarization 
in the pre-fibre, because the gradual rise of potassium 
conductance (‘‘delayed rectification”’) is not abolished by 
the toxin’*, Thus, associated with the changes in ampli- 
tude (which are presented in the graphs) there were also 
changes in tıme course and in spatial attenuation of the 
presynaptic potentials, and more work will be needed 
to control these factors independently. 
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An attempt was made to overcome these limitations 
by loading the terminal with tetraethylammonium (THA) 
ions. This substance, if applied intracellularly, is known 
to interfere with the rise of potassium conductance!®, 
and after prolonged ionophoretic infusion of TEA into 
the presynaptic axoplasm, it was indeed possible to 
produce well maintained intense depolarizations of the 
terminal. Under these conditions, a very mteresting 
feature appeared. As the internal potential was displaced 
progressively, from the resting level of —65 mV, past 
zero, to increasingly positive potentials, a point was 
reached beyond which the postsynaptic response became 
reduced and eventually suppressed during the period of 
the presynaptic potential change, and only made its 
appearance after the termination of the latter (Fig. 3). 
This is precisely what was predicted on the basis of recent 
experiments on the neuromuscular junction'!. The 








A 
ne s § 
50 
40 
e 
& 
g 30 
20 
10 
10 20 30 40mV 
50 100 
j Pre (mV) 
B 


Fig. 2. From same preparation after re- 
Pre-recording electrode 1s now within 


tioning presynaptio electrodes. Distances (upper diagram in Fig. 2B): a-d, 0 8 mm; db, 0 35 mm. 
region of synaptic contact. Sample recordings in Fig. 2A, and “input-output” curves In Fig. 2B. 
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Fig. — The current-passing electrode was Inpertod into the pre-fibre at 

of the synaptic contact region, the pre- electrode 

down along the synapse, The current electrode con- 

oer a e oN solution of te’ lammoniom bromide and had 

been used to load the terminal 1onophoretically with TEA. Three pairs 

of pre- and Dost- potentials are shown, the applied current pulse being 
nereased from above downwards. 


conclusions of that work were that one of the first steps, 
from depolarization to transmitter release, is the move- 
ment towards the inside of the axon membrane of a posi- 
tively charged substance (probably calcium ions or & 
calcium compound CaRt+). Reversal of the membrane 
potential would have a dual effect: it would open a gate 
for calcium ions (or for a positively charged calcium 
compound), but at the same time oppose the inward 
movement of cations. The former action rises and falls 
with a phase lag, while the latter is an immediate iono- 
phoretic effect, synchronous with the imposed potential 
change. On this hypothesis one would expect that a 
sufficiently large positive displacement of the internal 
potential “would completely prevent inward movement 
of the postulated Ca-compound, and that transmitter 
release could in principle be delayed until the end of the 
pulse eas of its duration’, a prediction which is 
well borne out by the present experiment. At the squid 
giant synapse as well as at the neuromuscular junction, 
external calcium ions are indispensable for synaptic 
activity". We regard our present results as further 
support for the view that inward movement of calcium, 
or of a calcium compound carrying net positive charge, 
is an early link in the “electro-secretory coupling” 
process. 

Some other points of interest emerge from these observa- 
tions. (i) The “threshold” for eliciting a detectable post- 
synaptic response (that is, for evoking transmitter release) 
is a brief depolarization of about 25-40 mV. This is 
higher than the normal threshold for spike initiation 
(about 15 mV); and thus no synaptic potential is likely 
to be obtained by local application of current normally, 
until a full-size action potential is elicited in the pre- 
synaptic axon. (ii) As at the neuromuscular junction, it is 


NATURE 


1245 


possible, after tetrodotoxin, to evoke large postsynaptic 
potentials by local depolarization of the terminal without 
involving the inward aodium currents necessary for normal 
electric excitation. The largest postsynaptic potential 
observed in these experiments was 63 mV, in an axon of 
66 mV resting potential. This, presumably, comes close 
to the “equilibrium potential” of the activated post- 
synaptic membrane (see ref. 13), and it is quite probable 
that the plateau reached by the input-output curves in 
Figs. 1 and 2 can be attributed to such & postsynaptic 
saturation effect. There is no evidence that the rate of 
transmitter release had reached maximum intensity at 
that point of the curve. 
The fact that such large synaptic effects can be produced 
by a “passive” depolarization of the terminal raises once 
more the question of whether active propagation of an 
impulse right up to the end of the presynaptic element is 
& requirement, or merely a safeguard, for synaptic trans- 
mission. This question, however, remains somewhat 
academic, for there is good evidence that the impulse 
does travel into the synaptic region of the axon, at this 
as well as at the skeletal neuromuscular junction". 
We thank the director and staff of the Zoological 
Station, Naples, for laboratory facilities and excellent 
services. 
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Increased Tolerance to Intravenous 
Hypertonic Saline in Patients with Essential 
Hypertension 


Tax application of hypertonic solutions speeds the 
appearance of clinical signs of cellular dehydration in 
proportion to the impermeability of the cellular mem- 
brane. Intravenous infusion of hypertonic saline, which 
remains effectively in the extracellular fluid space, 
stimulates cellular dehydration more intensely than an 
equivalent amount of urea, which readily penetrates cell 
membranes», Rapid intravenous application of a hyper- 
tonic solution of sodium chloride brings about a hyper- 
tonic expansion of the physiologically active part of the 
extracellular fluid space**. There is evidence that intra- 
venous loading with strongly hypertonic salt solutions is 
partially dependent on the mean arterial blood preesure 
if the renal function is not or is only slightly affected. 
Experiments were carried out with four healthy persons 
(one man and three women, aged 21—42 yr), with normal 
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arterial blood pressure and seven patients (five men and 
two women, aged 36-55 yr) with different degrees of 
essential hypertension. These patients did not show any 
clinical evidence of circulatory failure, pyelonephritis or 
substantial impairment of the renal function. None of 
them suffered from cardiac or hepatic diseases, hypo- 
proteinaemis, endocrinopathy or fluid retention. Four 
days before the experiment all persons were put on 
a special diet which consisted of about 50 m.equiv. of 
sodium and 0'5-1:0 g of protein/kg body weight. The 
potassium content of the diet was unrestricted. During 
these 4 days the patients with essential hypertension did 
not receive any specific antihypertensive or diuretic drug, 
and fluids and food were withdrawn at least 13 h before 
the experiment. At the beginning of the investigation the 
hydropenic subjects who were thirsty were lying down. 

During two initial control periods of 30-60 min the 
clearance values of inulin and p-aminohippurate (PAH) 
were measured by a modified calibrated infusion tech- 
nique’. This was done as soon as the clearance substances 
were in approximate equilibrium. Infusion with 5 or 
6-7 per cent sodium chloride solutions was then started. 
The infusion rate of all persons varied from 6 to 15 ml./ 
min, but was constant in individual cases. According 
to the tolerance of each person the saline infusion was 
continued between 30 and 120 min. Urine samples 
were collected with soft indwelling urethral catheters 
which could be cleared by pumping air through them. 
Blood samples were drawn from the arm veins without 
interruption. The urine and blood specimens, collected 
at intervals of 30 min, were analysed for inulin, PAH, 
sodium, potassium, and the osmotic pressure was meas- 
ured. For inulin determination we used the method 
described by Roe et al.¢; PAH was determined by the 
method of Czok et al". Sodium and potassium concen- 
trations were measured with a flame photometer, and 
osmotic pressure by an osmometer. Blood pressures were 
measured frequently throughout each experiment with a 
mercury sphygmomanometer. For statistical analyses we 
used Student’s ¢ test and the statistical tables of Fisher 
and Yates’. Clearance and excretion values were cor- 
rected to 1:73 m? body surface area. The composition of 
red cells was determined by the method of Riecker®. 

Little is known about the effects of sodium excess in 
man. Normally, sodium excess, based, for example, on 
abnormal dietary intake, is extremely rare because the 
kidneys will quickly excrete any surplus. On the othor 
hand, a rapid intravenous infusion of strongly hypertonic 
sodium salts could produce an excess of body sodium in 
patients with an intact renal function. No clear relation 
between salt tolerance and mean arterial blood pressure 
has yet been found. Thirst, dry mouth, gastric distension 
and nervous irritability are usually the early clinical 
symptoms of water loss and the corresponding salt 
excess?16,11, 

Table 1 shows that the renal function of the group with 
normal blood pressure was regular, and the one in the 
patient with essential hypertension was normal or slightly 
reduced. In the present investigation we found healthy 
persons with normal mean arterial blood pressure which 
responded very sensitively to rapid intravenous loading 
with hypertonic saline. The occurrence of thirst, the 
development of vertigo, and general indisposition and 
discomfort in the patient indicates that the intravenous 
hypertonic saline infusion (rate about 6 ml./min) is 
limited to 120 min. Under our experimental conditions 
the individuals with normal blood pressure tolerate an 
intravenous saline loading with approximately 4:3 
m.equiv. of sodium/min, that is, an average of 513 
m.equiv. of sodium within 120 min. Two women (R. B., 
G. U.) complained so violently of thirst that the experi- 
ment could only be continued after permitting intake of 
200-400 ml. tap water. Accordingly, loading with saline 
in patients with essential hypertension was performed 
cautiously. In the case of two hypertensive individuals 


NATURE 


DECEMBER 10, 1966 voLraisa 


(S. F., M. 8.) the infusion was stopped after 30 min, when 
a total of 184 and 126 m.equiv. sodium, respectively, had 
been administered. None of these or any other hyper- 
tensive patients showed complications while the infusion 
was being carried out, and the quantity of sodium added 
was insignificant. When renal function is not markedly 
reduced, therefore, the compatibility of an intravenous 
hypertonic saline infusion is better in patients with » 
essential hypertension than in those with normal blood 
pressure. Patients with excessively elevated mean 
arterial blood presure (8. J., R. I, Z. W.) tolerated 
strongly hypertonic saline infusions particularly well; 
they can be given a dose twice as great as the upper limit 
of that which could be given to the normal subjects. 
Clinical signs of cellular dehydration were not observed. 

Although patients with normal blood pressure received 
an infusion with low sodium content, there was consider- 
able plasma hypertonicity in comparison with the hyper- 
tensive patients. In persons with normal blood pressure, 
osmotic pressure of the plasma was raised throughout the 
investigation. Table 2 shows that when sodium excretion 
is greatest, osmotic pressure of the plasma exceeds the 
mean control value in an average of 49 mosm/kg of 
water. This mean increase was significantly larger than 
that of the hypertensive group, which was 16 moam/kg 
of water. 

Tn general, the results reported here do not correspond 
to those described by other investigators!*-!4, who implied. 
that the osmotic pressure of the body fluids is mamtained 
by an increase in the volume of the extracellular fluid. 
Release of antidiuretic hormone (ADH) seems to be 
unportant'*. Usually, the homeostatic mechanisms can 
be adjusted to support the isotonicity by the intake of 
water. The immediate response to a hypertonic saline 
infusion is, however, dependent on the infusion rate. This 
rate was very low in the cited experiments and was inter- 
mediate in those of Fourman and Leeson", who observed 
a transient increase of the sodium concentration in the 
plasma when they infused with 500 ml. of a 5 per cent 
sodium chloride solution for about 3 h. 

Thirst can be induced and modified in several ways. 
Wolf? and Verney" have pointed out that thirst and anti- 
diuresis are stimulated by an increase of the extracellular 
osmotic pressure of leas than 2 per cent. The effective 
stimulus to thirst may not be a change in osmotic pressure 
m the extracellular fluid space itself!**°, It is assumed 


Table 1. RuwaL FUNCTION OF HEALTHY PERSONS WITH NORMAL BLOOD 

RHSSURM COMPARED WITH THAT OF PATIENTS WITH DIFFERENT DEGREES 

OF ESSENTIAL HYPERTHNEION, Bomi LOADED WITH STRONGLY HYPERTONIC 
ALINE 


potas load within Per cont infused 


Pationt Pm (mm Om OPAH sodium excreted 
mercury) (ml. jmina. I 78 fm E (m. sce) inih 
Normal blood pressure group without renal ımpairment 
RA. 05 118 583 274 514 o8 
B.B. 100 126 668, 188 419 18 
G.U. 97 97 800 286 664 1:23 
K.P. 95 100 624 214 458 O2 
Mean 109 594 241 518 14 
Sodium load within 
Hypertensive group (min) (m.equiv.) 
8.F. 195 98 $96 184 184 25-8 
ALS. 170 92 484 126 126 4-0 
8.5. 175 106 B44 844 B44 16-6 
R.I. 182 129 570 344 844 14-3 
E.B. 145 95 453 330 627 49 
ZW. 160 87 408 867 481 18-9 
W.H. 175 70 347 308 542 15-7 
Mean 97 456 285 421 14:3 


Pu is mean arterlal blood pressure equals 1/2 (systolic pressure + diastolic 
pressure). Per cent infused sodium excrsted is (m. . of sodium excreted 
inih the start of Infosion—m. eats /min of um excreted during the 
control erioa x 60)/(m.equiv. of sodium infused). 
Oin: Ag are preinfusion values of inulin and PAH clearance. 


Table 2. PLASMA OSMOTIO PRESSURE AT THE PRAK OF NATRICRESIS 


P {mosm/kg water) 


Normal blood pressure 805+8 
Hypertension 811+7 BAET) unum 2728 P<001 


(A) Control] value: (B) with intravenous load of hypertonic saline. 


z= 
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Table 3, MOVEMENTS OF ELHCTROLYTES AND WATER BETWHES PLASMA AND RED OBLLS DURING HYPERTONIO SALINE INFUSION IN PATIENT W, H. 


Extracellular compartment (plasma) 
Standard 


Intracellular compartment (red cells 


Time Nat K+ ol pH HCO: Base excess H,O Nat K Cl H. %, Concentration ratios 
(min) (m.equiv./ (m.equtv./ (m.equtv./ (m.equiy./ (m.equiv./ (volume (m.equty./ (m.equiv./ (m.equtv./ (volume N} KPY/KS 
L) 1.) L) L) L) per cent) 1.) 1) L) per cent) Nay 
0 (control) 158 4-46 101-5 7-87 25-8 +45 91-2 16 88:5 60-2 651 9:6 199 
40 168 4-65 126-6 7:89 298 +100 92-6 20 92:8 654 65-4 8&4 198 
60 178 5 124-7 7-37 224 -08 927 82 86 8 67-1 72-8 54 17-2 


that water loss from the intracellular compartment as & 
whole or from certain specialized cells in the hypothalamus 
will induce thirst?. Water deficit with solute excess is 
considered to be the main cause of thirst’. 

With our methods, increase in plasma osmotic pressure 
may be regarded as a rough guide to cellular dehydration. 
The small increase in the osmotic pressure of plasma in 
patients with essential hypertension cannot be explained 
quantitatively by penetration of sodium into the intra- 
cellular compartment, although there was a large increase 
of the intracellular sodium concentration, as demon- 
strated by the red cells (Table 3). There was an abnorm- 
ally large and accelerated renal excretion of intravenous 
sodium in the hypertensive patients". During 60 min of 
saline infusion our patients with a mean arterial blood 
pressure of more than 160 and 170 mm of mercury 
generally excreted more than ten times the amount of 
infused sodium than normal (Table 1). A complete 
description of the investigations of the mechanism of the 
phenomenon of exaggerated sodium excretion in hyper- 
tensive individuals has been presented elsewhere"®. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. 

D. P. Muri 
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Binding of Choline Acetyltransferase in the 
Nerve Ending Particles of Brain 


Tam highest concentration of choline acetyltransferase 
(ChAs) is found in the crude mitochondrial fraction of 
brain homogenates! in non-mitochondrial particles? from 
isolated nerve endings’. The nerve ending particles ob- 
tained by subcellular fractionation of the brain contain 
a number of synaptic vesicles (or tubules‘) and there is 
little doubt that most of the acetylcholine of the nerve 
endings 1s contained in these structures*-’. The local- 
ization and binding of ChAc in the nerve ending particles 
are much more debatable. The enzyme remains firmly 


attached to the nerve ending particles even when these 
are washed repeatedly. Treatment with ether or certain 
other agents is necessary in order to observe ita full 
activity; but even after this treatment the enzyme still 
remains bound to the particles!, whereas acetylcholine is 
fully released*. On the other hand, Whittaker, Michaelson 
and Kirkland’ found that, after exposure to hypo-osmotic 
conditions, most of the ChAc dissolved, while most of the 
acetylcholine remained bound to the particles. In their 
experiments, hypo-osmotic treatment of crude mito- 
chondrial fractions of whole guinea-pig brains caused the 
release of most of the ChAc, lactate dehydrogenase and 
potassium ions, all three being released in very nearly 
the same proportion. This led them to conclude that ChAc 
is freely dissolved in the cytoplasm within the nerve 
endings. 

In the course of experiments on the subcellular distribu- 
tion of the enzymes synthesizing acetyl CoA in sheep 
caudate nuclei, we used techniques similar to those of 
Whittaker ef al.* and the distribution of ChAo waa ex- 
amined for comparison. In this tissue, which is known 
to contain a high proportion of cholinergic nerve endings, 
the distribution of ChAc after hypo-osmotic treatment 
of the crude mitochondrial fraction was found to be entirely 
different from that observed with fractions of whole 
guinea-pig forebrains. The crude mitochondrial fraction 
(particles sedimented between 1,000g x 5 min and 12,000g 
x 80 min) was exposed to distilled water and then further 
fractionated by centrifuging for 2 h at 52,000g on a dis- 
continuous sucrose gradient with steps from 0:4 to 1-2 
molar sucrose. The appearance of the gradients after 
centrifugation was similar to that described by Whittaker 
e& al’, and we divided the gradients into subfractions 
in the same way. Seven subfractions were obtained and 
were called fractions O, D, E, F, G, H, I as in their paper, 
subfraction O being at the top of the gradient and con- 
taining soluble components, without particles, and sub- 
fraction I being the lowest layer of the gradient, contain- 
ing the resuspended pellet under 1-2 molar sucrose. ChAc* 
and lactate dehydrogenase’® activities were measured 
in the original crude mitochondrial fraction treated under 
hypo-osmotic conditions (P,W) and in all its subfractions. 
The resulte are summarized in Fig. 1. 

In the starting material, before hypo-osmotic treatment, 
both the enzymes measured were attached to the particles. 
As a result of hypo-osmotic treatment, a proportion of 
each was released into solution and did not move down- 
wards on the density gradient with the particulate mat- 
erial into the lower layers of sucrose. That is, the soluble 
fraction remained on the top of the gradient, in sub- 
fraction O. Fig. 1 shows, however, that there is a marked 
difference between the distribution of ChAc and lactate 
dehydrogenase on the gradient. Whereas 50 and 63 per 
cent of lactate dehydrogenase appeared in subfraction O, 
not more than 1-3 per cent of ChAc behaved in the same 
way. 

Clearly the release of ChAc from the nerve ending 
particles (which, together with the mitochondria and 
myelin, form the main constituent of brain crude mito- 
chondrial fractions?) by hypo-osmotic treatment is much 
more difficult in sheep caudate nuclei than in guinea-pig 
whole forebrains, although the release of lactate dehydro- 
genase is similar in both. At present it is difficult to 
explain the differences observed. 

The present work confirms that ChAc is easily released 
from the nerve ending particles of guinea-pig brains, as 
described by Whittaker ef al.*. In preliminary experi- 
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Pig. d . Distribution of choline acetyltransferase (ChAc) and lactate 
ydrogenase (LDH) activities obtained from crude mitochondrial 
fractions of shesp caudate nuclei after hypo-csmotic treatment and 
centrifugation on sucrose density ents. Columns indicate the 
amounts as nta of the total recovered activity found in the 
O, D, E, F, G, H and 7 layers of the density gradient. Last line indicates 
approximate molanties of sucrose ın the la P, pellet. Activities ın 
hypo-osmotically trea crude mitochon "fractions before density 
ent centrifugation were: for OhAc 11-8 and 8 8 umoles/g of 

issue/h, and for LDH 256 0 and 158 0 »moles/g of or tissue/min. 

Recoveries of ChAc were 91 and 88 per cent and of LDH 119 and 96 per 
ceni. Al values are means of two de tions. 
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ments on subcellular fractions of brains of cat, dog and 
rabbit, however, the ChAc remained bound to the particles 
as in the sheep. In the crude mitochondrial fraction of the 
rabbit brain, hypo-osmotic release of 60 per cent of the 
lactate dehydrogenase and of acetylcholine was accom- 
panied by the release of no more than 12 per cent of ChAc. 
These findings suggest that in some, if not most, mamma- 
lian species the ChAc is bound to the particulate structures 
of the cholinergic nerve endings. 

I thank Dr. C. O. Hebb for her hospitality and for 
valuable discussions. I also thank Dr. V. P. Whittaker 
for comments on a draft of this communication. 
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Daily Torpor in the Marsupial Mouse, 
Sminthopsis larapinta (Spencer) 


A PERIODIO and often diurnal lowering of the body 
temperature has been reported in birds and bats’, rodents 
belonging to six different families*, and among marsupials 
(Hudromicta®, Cercartetus**), The associated inactive 
state is known as torpor to distinguish it from hibernation 
and sestivation, which are seasonal phenomena. Barth- 
olomew and Cade* obtained a continuous record of the 
temperature during entry into torpor and arousal in the 
little pocket mouse, Perognathus longimembris, using 
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embedded thermocouples with detachable leads. Rectal 
thermocouples with leads taped to the tail have been used 
to measure changes in temperature during arousal in the 
birch mouse, Sictsta betulina®, the ground squirrel, Ottellus 
mohavensis’, the marsupial pigmy possum, Cercaertus 
(=Cercartetus) nanus?* and other species’. 
kept Perognathus californicus in 200 ml. glass jars fitted 
with thermocouples, and measured the incidence of torpor 
from the changes in temperature of the jars. This com- 
munication reports on torpor in the marsupial mouse, 
Sminthopsts larapinia (Spencer). Temperature changes 
during entry into torpor and arousal were measured using 
a thermistor fixed in the nest box. 

A ‘Perspex’ tube with an internal diameter of 3-5 om 
was fitted into the circular entrance of a wooden nest 
box. A thermistor was mounted vertically in the floor 
of this tube, with its head projecting into the cavity. 
A second thermistor was mounted outside the nest box, 
and the two were connected to a continuous temperature 
recorder with two channels. Both thermistors were cali- 
brated for the range 0-50° C and the temperatures were 
read directly off the chart. The position of the thermistor 
was adjusted for each mouse, because the maximum 
temperature readings were obtained only when the therm- 
istor lay immediately below the thorax of the animal. A 
transparent roof on the nest box allowed observation 
of the torpor. Activity was recorded simultaneously using 
@ crystal microphone in contact with the cage floor, 
connected to a recorder through an amplifying unit. 
The apparatus was sufficiently sensitive for any move- 
ment on the cage floor to be recorded, though slight move- 
ments within the tube were not detected. The stock of 
S. larapinia is descended from seven individuals received 
from Mr. L. Fawssett of the Doomadgee Mission, N.W. 
Queensland. The detailed resulta given here are those 
from a 6 month old male weighing 17-5 g. It was kept 
in a wooden cage (61 x 33 x 26 om) with the floor 
covered with sand, under natural conditions of daylight 
and temperature. 

The temperature of the animal dropped daily from 
33° O to 21-24° C between 7.00 and 10.00 a.m., that is, 
it fell 9-12° C in 60-120 min (Fig. 1). It remained low 
(between 4° and 9° C above T4) for up to two hours and 
then rose to almost its original level. Minor fluctuations 
in temperature occurred from noon until dusk, but the 
animal remained in the tube and no activity was registered. 
No measurements could be made during the night when 
the mouse was active, as although it frequently rested 
in the tube, it seldom settled down on the thermistor. 
Thus the curves for three successive deys in Fig. 1 begin 
at the point where the animal finally entered the tube and 
no further activity occurred. 

The maximum temperature recorded (33° C) is close to 
the highest surface temperature so far obtained for S. 
larapinta (34°C). The highest rectal temperature is 
38-5° C, but lower readings are more usual between 9.00 
a.m. and noon at a room temperature of 21° C. 

The most remarkable aspect of this phenomenon is the 
rapidity of the drop in temperature at the beginning of 
the resting period. This begins as soon as the animal 
enters the nest box at the end of 12 h continuous activity. 
The brief duration of the torpor and irregular nature of the 
arousal also deserve mention. Johansen and Krog? 
observed both features in Sictsta betulina, a rodent which 
is invariably torpid between 7.00 a.m. and 9.00 a.m. at 
17—28° ©. Tucker’ found that Perognathus californious 
always woke between 11.30 and 13.30 hours, and entered 
torpor after midnight, depending on the experimental 
conditions. Apparently, this species rarely becomes torpid 
at room temperature, but does so readily in response to 
starvation. Cade* summarizes conditions of torpor for 
a@ number of rodents. 

Preliminary observations on twelve individuals have 
shown that S. larapinta often becomes torpid at 21°C 
even when fully fed. Torpor was induced by starvation 


Tucker’? . 
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in all individuals at 21°C. The related S. crassicaudata 
was never found torpid at 21°C when fully fed. When 
starved, however, its response is similar to S. larapinta. 
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Increased Histidine Decarboxylase Activity 
of Rat Lung in Endotoxin Shock 


In 1959 Schayer reported that when rat skin was treated 
with compound. 48/80 the histidine decarboxylase activity 
increased!. In later investigations he found that a similar 
effect was produced by various other stimuli, such as 
endotoxin and other toxins or even prolonged 

toa warm environment?, Kahlson and his colleagues*~1* 
also found increased formation of histamine in rapidly 
growing tissues. These reports and the conclusions drawn 
by the authors were opposed by West and his colleagues 
at the International Congress of Physiology in Leyden 
1962, because they had been unable to confirm them by 
non-isotopic methods?»*°, 

An ‘inducible histidine decarboxylase” (Schayer) 
would be of great importance in the regulation of capillary 
blood flow and permeability®-"!-*5, and therefore we have 
induced endotoxin shock in rats under conditions similar 
to those used by Schayer. 
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Ten milligrams of endotoxin (Hscherichia cols 0/111: 
B 4, lipopolysaccharide W)/kg weight were injected 
intraperitoneally into Sprague~Dawley rats, which were 
killed 5-6 h later. The lungs were homogenized in 1/15 molar 
phosphate buffer (pH 7-2) in a dilution of 1 : 8. The non- 
purified supernatant was used as the source of enzyme. 
10-20 ug (6. 1 ml.) of 4C-histidine (t-histidine (ring-2-14C), 
specific activity 226 pe. /mg), 100 vg pyridoxal -5-phos- 
phate and, in order to inhibit any amine oxidases present, 
0-1 ml. aminoguanidine was added until a final concentra- 
tion of 10+ moles/l. was achieved. (The final volume 
of the samples was 2-4 ml.) The controls were inactivated 
by heat, and all material incubated in an atmosphere of 
nitrogen for 3h at 37°C. The treatment after incubation 
was that recommended by Schayer?. 

When we used the data published by Bchayer, we were 
unable to reproduce the precipitation of benzenesulphonyl- 
histamine (BSH) in control experiments without labelled 
substance, and therefore we modified the proportion of 
benzenesulphonylchloride (BSC) to dioxane, until we 
reached adequate crystallization with 60 mg BSC/ml. 
dioxane. The proportion of the two substances is mis- 
quoted in the original assay (Schayer et al.1, p. 296), 
and this has been confirmed by Dr. Schayer in a personal 
communication. 

Four experiments were carried out. One normal and one 
shocked rat were used in each to evaluate the altered 
histidine decarboxylase activity with and without the 
addition of the coenzyme. Lung tissue of normal animals 
showed low enzyme activity, but when pyridoxalphos- 
phate was added it increased. The values for the shocked 
animals were distinctly higher than those of the controls, 
even without pyridoxalphosphate and even higher when 
coenzyme was added. The results are summarized in 
Table 1. 


Table 1 
Shocked animals Controls 
Inactivated Without With Inachvated Without With 
amples pyridoxalphosphate samples pyridoxalphosphate 
283 BTT 1,010 182 307 — 
171 440 — 236 gii — 
81 268 483 33 90 217 
g2 148 208 78 115 126 


Results are given in o.p.m./10 mg BSH. 


In earlier experiments ın which histamine was assayed 
fluorometrically“, low histidine decarboxylation was 
regularly observed in normal rat lungs, but the elevation 
of the enzyme activity after treatment with endotoxin 
was not significant. The results obtained, however, with 
tissues of known high histidine decarboxylase activity 
such as the Furth mastocytoma, are comparable whatever 
method was used—biological assay**, fluorometric assay*’, 
or isotopic analysis**. 

We conclude from the results of heat inhibition in the 
controls that the formation of histamine is definitely 
enzymatic. The increase of the enzyme activity observed 
after addition of relatively high amounts of coenzyme 
(2 x 10“ moles/l.) might indicate insufficient saturation 
of the tissue with pyridoxalphosphate. This point requires 
further examination, however, because reports disagree 
as to which concentrations of pyridoxalphosphate cause 
activation or inhibition®-****, In addition, it will be 
necessary to clamfy whether an increase of body tempera- 
ture as a result of endotoxin produces a non-specific 
increase of enzyme activities (including histidine de- 
carboxylase), similar to that found by Schayer when he 
exposed rats to a warm environment. Moreover, the 
question of enzyme infiltration from certain sites of 
formation by way of the blood should be examined. 

Our experiments show that a rise of tissue histidine 
decarboxylase activity can be demonstrated when 
endotoxin shock is induced, Schayer’s hypothesis concern- 
ing the effect on the microcirculation seems very signifi- 
cant; however, bearing in mind that the increase in 
histidine decarboxylase activity is generally small, one 
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might ask whether the local concentration of the newly 
formed amine is really sufficient to produce a local effect 
in the capillary flow. 
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Mechanism of Calcification in Mammalian 
Bone 


Waen supplies of calcium, phosphorus and various other 
humoral factors are adequate, calcification of mammalian 
bone is usually attributed to the local action of enzymes 
and to a template mechanism. These theories are not 
wholly satisfactory, because the enzymes are also found at 
sites where calcification does not occur and a variety of 
substances besides collagen of the appropriate molecular 
spacing can act as nucleating agents for the deposition of 
bone salts!*, An electrochemical mechanism may be 
involved in remoulding, for bone forms round the cathode 
of a small mercury cell implanted into a living dog femur? 
and potentials are produced by piezo-electric effects 
resulting from stress in a formed bone*®. Such a meoba- 
nism does not, however, readily account for the initiation 
of calcification. 

Calcification has been studied in detail in crustacean 
cuticle. This has strong semiconducting properties‘. 
Potentials of 10-50 mV are produced across it largely by 
outward diffusion of salt; the outer side is positive. 
Lime is deposited in the outer parts and the inner parte 
are acid and uncaloified in a manner which is reasonably 
explained by electrochemical action, with the cuticle 
acting as a conductor of which the outer parts are cathodic 
and the inner anodio’-*. Bone and crustacean cuticle 
are remarkebly similar in appearance. Does bone then 
calcify by a similar mechanism ? 

Semiconducting materials are present in the uncalcified 
tissue which forms bone, for if a bone together with its 
periosteum is soaked in brine, rinsed in fresh water, stained 
with 1 per cent Nile blue and then transferred to fresh 


NATURE 


DECEMBER 10, 1966 vonza 


water the outward diffusion of salt causes the blue dye 
to convert to the alkaline colours, purple and sometimes 
red as in crab cuticle*-*. The colours revert to blue when 
diffusion ceases. This occurs in the periosteum and in the 
capillary network of the growing end of the shaft of a long 
bone. Collagen and other soft tissues do not give this 
reaction although it is shown to a certain extent by the 
broken ends of muscle fibres. In the same way as in 
crustacea*:? the alkalinity can be interpreted as that 
produced by cathodic action resulting from electronic 
conduction through semiconducting complexes in the soft 
tissues. 

Potentials are developed in connexion with growing 
bone. Measurements of such potentials across the gro 
end of the shaft of the tibia of 10-12 week old rats (Fig. 1) 
under ‘Nembutal’ anaesthesia, with glass capillary 
electrodes containing saturated potassium chloride and 
with a ‘Vibron’ electrometer driving a pen recorder, 
showed the marrow to be 10-15 mV negative to the joint 
cavity (Fig. 2). Similar potentials, but rather lower, occur 
across the periosteum surrounding the shaft. The marrow 
is within 0-2 mV of the potential on the outer bone surface 
below the periosteum. The 10-15 mV potential across the 
head of the tibia is reduced by 1 mV by compression of the 
femoral artery and vein on the same side (Fig. 3) and is 
increased by 0-2 mV by compression of the femoral artery 
and vein on the opposite side (Fig. 4), which increases the 
flow of blood in the leg measured. When blood flow ceases 
at death the potential across the head of the tibia falls 
to 5-10 mV in 1-2 h, but potentials of 0-1-0-5 mV may still 
be measured several days after death. The potential across 
the tibial periosteum of mature rats is of the order of 
3-5 mV. Potentials of 10 mV are found across the peri- 
osteum of bony ribs of half-grown rats and rabbits. Such 
potentials are unlikely to be produced by differences in 
salt concentration as ın crustacea, for the bone is perfused 
with circulating blood. They do, however, arise as stream- 
ing potentials. Pressing a capillary electrode against a 
soft tissue such as leg musculature renders it negative 
by 10-20 mV with reference to a point 1-2 cm away; 
this is caused by fluids streaming away from the point of 
contact. If a piece of bone of adequate size such as a 
fragment of rib of lamb removed within a day or two of 
death is soaked for 1 h to equilibrate with 0-5 molar 
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Fig. 8. Recording of potential across head of tibia of 11 week old rat 
showing decrease on compression of femoral artery. 


Fig. 4. Recording of potential across head of tibia of 11 week old rat 
shewing increase on compression of femoral artery of opposite leg. 


sodium chloride solution and the same solution is then 
forced through the periosteum by a hypodermic needle, 
similar potentials develop. If the material is stained with 
Nile blue, forcing saline through the periosteum causes the 
dye to become green—blue close to the tip of the needle, 
indicating an acid reaction, and purple or red a few mm 
away, indicating an alkaline reaction where the saline 
escapes from the periosteum. These effects can be inter- 
preted as the resulta of electrochemical action resulting 
from the streaming potentials produced by the passage 
of the saline through the protein of the tissues which 
causes current to flow in the semiconducting complexes 
of the periosteum. This reaction does not occur in non- 
calcifying soft tissues where streaming potentials may 
occur but semiconducting material is absent. 

In normal bone the vessels of the growing end of the 
shaft are of a peculiar type, forming loops with narrow 
arteriolar segments and very wide venous return sinuses!?+11 
(Fig. 5). With normal blood flow, a strong streaming 
potential would be expected in the narrow arm and a weak 
one in the wide arm; this would cause the top of the loop 
to become positive to the proximal part of the arteriolar 
segment, as does occur. In the periosteum and end- 
osteum of the wall of the shaft the arteriolar supply is 
from the outer and inner sides, respectively, the venous 
network occupying the Haversian canals (Fig. 6). The 
substance of the bone thereby becomes relatively positive. 
Semiconducting materials are present and the passage of 
saline causes acid and alkaline reactions which are most 
readily explained by electrochemical action, and so such 
action may be expected to occur under normal conditions 
from blood flow. Alkali is expected to be produced nor- 
mally at the positive ends of the electronically conducting 
pathways, at which bone salte deposit, and acid at the 
negative ends in the periosteum and bone marrow cavity. 
The coincidence between areas of deposition and adsorp- 
tion of bone salts and those in which alkaline and acid 
reactions are expected to be produced in this way suggests 
that this is the controlling mechanism in the pre- 
cipitation of the salts, with the enzymes facilitating the 
process. 
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When the flow of blood stops, the potential which re- 
mains is a diffusion potential arising ab the junction of 
periosteum and bone—hydrogen ions migrating from acid 
periosteum to alkaline bone to cause a continuing but 
declining potential of the same sign. The system is thus, 
in a way, comparable with that of a storage battery nor- 
mally on charge, for the potential declines slowly when 
charging ceases. 

The cells in bone are known to proliferate in the region 
of an implanted cathode*. It is therefore probable that 
such a mechanism of circulatory control may apply also 
to the growth of the soft tissues. This would be in accord 
with the known effects of blood flow. An increase of circu- 
lation causes a long bone to lengthen", and disuse of a 
limb, which inevitably results in restriction of ciroulation, 
causes decalcification and resorption’. : 
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RADIOBIOLOGY 


Factor in Serum inhibiting Bone Marrow 
Mitoses after X-irradiation of the Spleen 


Iv has been suggested that the spleen releases a mitosis 
inhibition after X-irradiation’, It has been found that 
after irradiation of the exteriorized spleen this inhibitor 
can. be obtained by punoture from the congested spleen’. 

We have investigated whether the appearance of this 
inhibitor in the spleen is induced by irradiation alone or 
by the exteriorization and congestion of the organ. We 
also tried to detect the inhibitor in the circulating blood. 

Rabbits were d in air to local irradiation of the 
spleen with doses of 400 r. (THX-250 apparatus, 180 kV, 
10 m.amp, 0-5 mm copper, 30 om full scale deflexion, 
111 r./min). 

3 h later, blood was withdrawn from the rabbits by 
heart puncture. After clotting, serum was separated by 
centrifugation and injected intramuscularly to rabbits 
weighing about 2 kg. The antimitotic effect was investi- 
gated by determining the reticulocyte number per 1,000 
red blood cells. This was carried out in smears of blood 
collected from ear veins and stained with brilliant cresyl 
blue. At least 4-5,000, and sometimes as many as 8-10,000 
red blood cells were counted in each smear. 

The protein content of the injected serum was determ- 
ined by the Lowry method. 

The results in Table 1 show that intramuscular injection 
of the serum from rabbits with locally irradiated spleens 
depresses the number of reticulocytes in the blood. The 
reticulocyte number dropped to 50 per cent (sometimes 
even to less) of the value before injection of serum when 
the serum protein amounted to 70-100 mg protein/kg 
body weight. 


Table 1 
Minimum reticu- 
Sertal number of number as 
rabbits Intramuscular injection of percentage of 
With Trea serum protein of 
irradiated with (mg/total) (ng/kg) reticulocytes 
spleen serum before injection 
107 108 280 54 
109 280 54 
114 110 270 29 
111 243 43 
116, 116 119 280 9 
120 280 62 
185, 186, 187 125 224 160 42 
126 224 70 68 
140 142 193 80 70 
161 144 307 100 45 
145 240 100 65 
146 184 50 
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Table 2 
Minimum reticu- 
number of locyte number as 
Tabbita Injection of percentage of 
Treated ry (gito a Ika) nunnor of 
Normal with ral,jtotal) (m; mg reticulocytes 
ee before injection 
N18 38 8 100 t 
Bt 3 100 
N21 24 4 ` 100 
25 4,5 100 = 
N 149, 155 160 8,8 227 90 82 
152 4 289 90 83 
153 2,7 164 70 100 


The reticulocyte number dropped to its lowest level 
1-2 days after serum injection and returned to its original 
level, or sometimes to higher levels, in the next few days. 

Serum from normal rabbite did not induce any drop 
in the reticulocyte number (Table 2). On the contrary, 
it was usually found to have risen 2—3 days after the 
injection of normal serum. 

The isolation and characterization of the substance 
responsible for the mitotic inhibition will be described 
elsewhere. 

To sum up, we have shown that after local X-irradia- 
tion of the spleen in lead shielded rabbits an antimitotio 
substance is released into the circulating blood and can 
be detected in the serum. 
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Comparison of Caicium-48 and Carbon-i4- 
proline as Indicators of Bone Metabolism 


Tax development of improved methods for the isolation 
and determination of hydroxyproline from bone has made 
it possible to study collagen turnover in vivo in calcified 
tissues with a higher degree of accuracy than was pre- 
viously attainable. This is accomplished by the adminis- 
tration of carbon-14-proline, followed by the isolation of 
hydroxyproline. The conversion of proline to hydroxy- 
proline is a measure of collagen formation’. 

The use of the stable isotope caloium-48 as a tracer for 
bone mineral? offers a convenient method for studying 
simultaneously bone mineral turnover and collagen turn- 
over. This report presents the results of a study in which 
bone metabolism was studied using calcium-48 and 
proline labelled with carbon-14 simultaneously. Experi- 
mentally produced tibial fractures in the rat were used as 
the stimulus for increased bone turnover. 

Three adult female rats, weighing 220 g each, were 
anaesthetized and the right tibia was broken. After two 
weeks each rat was injeeted intraperitoneally with 25 pe. 
of uniformly labelled u-C-proline, specific activity 
12-6 mco./mmole. Each animal was also simultaneously 
injected with 2 mg of calcium-48 in the form of calcium 
chloride. The rats were killed 24 h after the adminis- 
tration of the isotopes, and the femurs and tibias removed. 
The femurs were divided into proximal ends (20 per cent 
of the total length), shafts (60 par cent), and distal ends 
(20 per cent), and the tibias into proximal ends (20 per 
cent) and shafts plus distal ends (80 per cent). 

The bones were demineralized for 3 days with 0-33 
normal hydrochloric acid, and the organic residue was 
then refluxed with 5 ml. of water using a sand bath and 
an air condenser‘. The undissolved organic matter was 
dispersed into small particles by vigorous mixing, and 
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the entire organic fraction (solution and particles) was 
hydrolysed in 6 normal hydrochloric acid for 18 h at 
125° C in an autoclave. The separation of proline from 
hydroxyproline and the subsequent further purification of 


_ the hydroxyproline and measurement of its specific activity 


a 


were carried out by methods previously desoribed!. The 
acid extracts were treated with ammonium oxalate, and 
the resulting precipitate of calcium oxalate was con- 
verted to the carbonate by combustion at 550° C in a 
muffle furnace’. The calcium was purified several times 
by precipitation as the oxalate and conversion to the 
carbonate and then analysed for calcium-48 by neutron 
activation. 


Table 1. COMPARISON oF oe AND OARBON-14-PROLDVH UPTAKR 
BY Bong 
Right leg (fraótutod) Left leg (not fragtured) 
Rat Bone Calcium- Hydroxy- Calcium- Hydroxy- 
No. proline 48 proline 
(1) Proximal femur 0-4 1-9 0-5 11 
Shaft femur O2 1 03 Led 
Distal femur ti 40 09 2-5 
Proximal tibia 16 74 1-2 41 
Shaft + distal tibia 1d 486 0-2 0-5 
(2) Proximal femur 0-3 11 0-4 TI 
Shaft femur 0-4 08 2 08 
Distal femur 08 29 08 19 
Proximal tibia 13 3-3 1-0 29 
Shaft + distal tibia 1-4 8-1 2 08 
(8) Proximal femur 0-8 09 0-4 07 
Shaft femur 01 OS 0-2 0-6 
Distal femur 0:8 18 07 1-6 
Proximal tibia 11 2-7 0-9 2-2 
Shaft + distal tibia 09 2°8 O1 O4 
All resulta are o as specific activity: calaum-48 as ug calclam- 
eine total calotum; carbon-14-hydroxyproline as o.p.m./yeg hy 
e. 
Table 2. 


AVBRAGH RATIOS OF FRACTURRD/NON-FRACTURED SPROIFIO 
AOTIVITINS 


Bons Calclum-48 Carbon-14 
Proximal femur 0°77 13 
Shaft femur 11 1-1 
Distal femur Il 14 
Proximal tibia 18 1-4 
Shaft + distal tubia T2 75 


The results, expressed in terms of specific actıvity, are 
shown in Table 1. Comparison of the right leg (fractured) 
and the left leg (non-fractured) shows that the healing 
process subsequent to fracture results in an accumulation 
of both calcium-48 and carbon-14 in the fractured area 
(shaft plus distal tibia). The ratios of the specific activities, 
fractured/non-fractured, for both calcium-48 and carbon- 
14 are of the same order of magnitude, which mdicates 
that both calcium-48 and carbon-14-proline can be used 
equally well as indicators of bone metabolism (Table 2). 
It is also interesting to note that fracture of the tibial 
shaft apparently caused an merease in both mineral and 
collagen turnover in the proximal end of the tibia and 
the distal end of the femur on the fractured side. It has 
been shown previously by Bauer® that fracture of the 
femur will also cause changes in the rate of formation and 
resorption of bone salt in the tibia. Thus a fracture will 
cause metabolic changes in the adjacent bones whether 
located proximally or distally. 

The specific activities of the distal ends of the femurs 
on the unbroken side are higher than the specific activities 
of the proximal ends, demonstrating that the two ends of 
the femur have different metabolic rates. The ends of a 
bone cannot therefore be pooled for metabolic studies as 
is sometimes done, because they have different rates of 
metabolism. 

The significance of similar ratios for calcium-48 and 
146-hydroxyproline lies in the fact that one of the assump- 
tions implicit in studies of the turnover of minerals in bone 
is that the results of such investigations can be applied 
to the bone tissue as a whole, and not only to the mineral 
phase. Under the experimental conditions studied here, 
there is a similarity between the data for mineral and 
collagen turnover. The data are not extensive enough, 
however, to permit a final conclusion. It remains to be 
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seen. whether or not this similarity holds for a large variety 
of experimental conditions. In order to test this point, 
further experiments are now being carried out in which 
collagen and mineral turnover are being measured simul- 
taneously in the same animals. Š 

This investigation was supported in part by a U.S. 
Public Health Service grant, in part by a grant from the 
Easter Seal Foundation, and in part by a U.S. Public 
Health Service research career development award to 
H. E. Firschein. 
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Post-irradiation Changes in the Deoxyribo- 
nucleoprotein Complex in Animal Tissues as 
revealed by the Action of Heparin 


Ir has been shown!-* that “‘labilization” of the bond 
between DNA and protein occurs in certain tissues after 
irradiation, which manifests itself in the release of deoxy- 
ribopolynucleotides, easier deproteinization, and an in- 
crease in the solubility of the deoxyribonucleoprotein 
(DNP) complex in solutions of a high ionic strength. 
Little is known, however, of either the mechanism or the 
nature of these changes, or of their biological significance. 
In order to ascertain whether there is any change in the 
strength of the bond between DNA and protein after 
irradiation, we have investigated the interaction of heparin 
with the DNP complex of various tissues of normal and 
irradiated animals. 

Heparin as a natural mucopolysaccharide, mucoitin- 
polysulphuric acid, that is, a polyanion, combines with 
histones and displaces DNA from the bond with histone 
in deoxyribonucleoprotein’. An attempt at fractionation 
of DNA by gradual displacement from DNP of calf 
thymus and spleen with the aid of heparin and dextran 
sulphate has been made; however, neither quantitative 
nor qualitative measurements of the interaction of DNP 
with polyanions were made. 

In our experiments adult mice of random-bred H strain 
were used. The animals were irradiated with 180 kV 
X-rays (15 m.amp, with 0-5 mm copper and 1 mm alumin- 
ium filters) at 60 r./min, with a total exposure of 600 r. 
Six hours after irradiation the mice were killed by decapita- 
tion and thymus, spleen, liver and kidneys rapidly 
removed. The tissues from several mice were homo- 
genized in a cooled solution of 0-14 molar sodium chloride 
and 0:015 molar sodium citrate. The homogenate was 
filtered through a layer of silk gauze and washed by 
repeated suspension in a solution of 0-14 molar sodium 
chloride and centrifuged at 2,500g for 15 min. 

This suspension of crude DNP—a suspension. of isolated 
“chromosomes” or chromatin, as it is sometimes called— 
was incubated for 30 min at 5° C in a solution of 0-14 
molar sodium chloride with varying amounte of heparin 
(Spofa, 5,000 ro (50 mg)/ml.) added. The heparin specimen. 
used in our experiments exhibits neither deoxyribonuclease 
nor protease activity, because when the suspension of 
DNP in saline with heparin was incubated for 4 h at 26° C 
no increase occurred in the amount of acid-soluble sub- 
stances absorbing at 260 and 280 mu. 

After incubation, we centrifuged the teat-tubes for 
15 min at 2,500g, precipitated DNA from the supernatant 


DNA (per cent) 
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n 

chloride solution; y, amount of 
after subtraction of a small amount of DNA released d 
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non-irra een containing 310 Ae, DNA; ©, 
irradiated spleen containing WA; OL 


contaimmng 220 ug of DNA. 


by treatment with perchloric acid (final concentration 
0-25 normal), and after hydrolysis determined the DNA 
content in both fractions by means of the diphenylamine 
reaction in the same way as before‘. : 

In the first part of our investigation we incubated a 
suspension of DNP from tissues of normal and irradiated 
animals with a rising concentration of heparm. In 
repeated experiments we found that during the incubation 
of thymus and spleen DNP from normal mice the amount 
of DNA released from DNP increases with increas- 
ing heparin concentration in the medium. In the 
experimental conditions (that is, during the incuba- 
tion of DNP containing 250-450 pg of DNA in 
4 ml. of heparin solution at a concentration of 
250 pg/ml.) 8-12 per cent of DNA was released 
into the solution. Calf thymus DNP gave a similar 
reaction. We also ascertained that the amount of 
dissolved DNA was not increased by extending 
the period of incubation of DNP with heparin. 
On the other hand, during incubation with heparin, 
a suspension of liver and kidney DNP releases 
only a small amount of DNA (leas than 2 per cent 
with 250 ug heparin/ml.); however, as with thymus 
and spleen, swelling of DNP occurs at a concentra- 
tion of about 50 ug of heparin/ml. We assume 
that the differences in the reaction between thymus 
and spleen DNP, on one hand, and liver and kidney 
DNP, on the other hand, are caused by their 
different composition, particularly their content 
of residual proteins‘. 

The results of two typical experiments with 
thymus and spleen DNP are represented by the 
lower curves in Fig. 1. The arrows indicate the 
amount of heparin that should suffice for complete 
saturation of the histone which is present, that is, 
if the DNA : histone ratio in the DNP is 1 : 1-3-1-4 
(ref. 9) and if 1 g of heparin binds 4-5 g of histone’. 
At this concentration of heparin only a small 
part of the total DNA is released into the solution 
and at a higher concentration a further release of 
DNA occurs. 
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The upper curves in Fig. 1 show the 
release of DNA during incubation of mouse 
thymus and spleen DNP 6 h after total-body 
irradiation with 600 r. Much DNA is released 
from DNP of irradiated thymuses and spleens 
even when the heparin concentration is low, 
and it increases only very slightly with rising 
concentrations of heparin. The curve for the 
relationship between the release of DNA 
and heparin concentration for DNP from 
irradiated thymus and spleen shows 4 
different configuration. The reaction of 
liver and kidney DNP with heparin exhibits 
only negligible differences between organs 
taken from non-irradiated and irradiated 
animals. 

We extended our experiments showing 
the reaction of the increasing amount of DNP 
from non-irradiated and irradiated tissues 
with a constant heparin concentration (30 
pg/ml. in 6 ml. of saline). Fig. 2 shows 
that three to four times as much DNA is 
released from the DNP of irradiated thymus 
and spleen as from the tissues of normal 
animals. The release of DNA continues 
beyond the limit which should be set by the 
amount of heparin which is saturated by the 
histone which is present (marked by arrows.) 

We found an effect similar to that pro- 
duced by heparin when a synthetic poly- 
anion dextran sulphate (molecular weight 
50,000) was reacted with DNP of non- 
irradiated and irradiated animals. In 
experiments with dextran sulphate, however, 
DNA was not precipitated by perchloric acid (0-2~1-0 
normal) in the presence of dextran sulphate (concentration 
up to 250 ug/ml.). 

The differences which we found between the effect of 
heparin on thymus and spleen DNP from non-irrediated 
and irradiated mice are a proof that serious damage to the 
DNP complex in these tissues ocours a short time after 
irradiation. Further investigations are required before the 
mechanism of this post-irradiation effect can be explamed 
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- Other aspects of this work requiring further investigation 
include the quantitative relations of the interaction of 
-DNP and heparin, and the possibility that under certain 
conditions natural polyanion heparin, which is able to 
combine with histone and to release DNA, could be a 
_de-repressor of the priming ability of DNA in the sense 
_of the latest findings (ref. 10). 
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IMMUNOLOGY 


Species Specificity of Prolactin 


Human parathormone!?, ACTH, insulin and glucagon® 
_ are comparatively easy to determine immunologically 
_ because antisera with high activity against the corre- 
_ sponding mammalian hormone preparations also give a 
definite immune reaction with the human hormones. 
< On- the other hand, human growth hormone can only be 
demonstrated and determined immunologically using 
antiserum against primate growth hormone*®*. Lacto- 
genic hormone (prolactin) has a marked species specificity 
‘similar to that of human growth hormone®!. This 
communication presents further observations on the 
species specificity of prolactin. 

‘Panlitar’ (a prolactin preparation from the U.S. 
National Institutes of Health) was used in the experi- 
ments. Every second day 26-7 10 of ‘Panlitar’ without 
adjuvant was injected subcutaneously into the backs of 

180 g sexually mature female rats. Thirty days after 
“the. beginning of the treatment the serum of the rats 
_(anti-prolactin serum) contained antibodies which reacted 
¿with prolactin. Ouchterlony tests were carried out in 
agar gel by a micro-method'™ and the sharpest precipita- 
- tion line was obtained with 200 ug/ml. (3 rv) ‘Panlitar’. 
_ The sharpness of the lines gradually diminished as the 
amount of antigen was reduced (Fig. 1). No precipitation 
as obtained with serum from the control animals. 
In passive haemagglutination tests'*-44 the anti-prolactin 
serum, even at dilutions of 1 : 8,000, agglutinated the red 
blood corpuscles of sheep sensitized with prolactin; 
“however, there was no reaction with the control sera. 





















Big. L Centre, 0-05 mi. anti-prolactin 


Immune diffusion in agar gel. 
serum; 1-3, 0-03 ml. ‘Panlitar’ (200, 100 and 50 ug/ml.); 4, control rat 
hypophysis extract; 5, asin 4 with 0-03 ml. ‘Panlitar’ added (200 «g/ral,); 
6, hypophysis extract from lactating rat; 7, asin 6 with 0-03 ml. “Pan- 
litar (200 ug/ml). 
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The serum of the rats remained active against prolactin | 
for 7-9 weeks. Anti-prolactin activity developed again. 
when three doses of 30 r0 ‘Panlitar’ were given after — 
activity had been lost. oes 

Our anti-prolactin serum invariably formed a single. 
precipitation bow with the prolactin. One bow was also 
obtained on immuno-electrophoresis'®, and the antibody 
was found in the IyG-component of the serum, This . 
showed that the ‘Panlitar’ preparation was homogeneous. 
This observation confirms those of Levy and Sampliner??4, 
but Emmart et al. and other authors'*- have shown ` 
inhomogeneity in prolactin preparations. This dis- | 
crepancy between results may have arisen because our ` 
‘Panlitar’ was administered over a comparatively short: 
period and without adjuvant, but our preparation may 
have been purer. ae 

One millilitre of anti-prolactin serum neutralized the 
stimulating effect of 0-12-0-25 10 prolactin on the erop of | 
pigeons, but the biological activity of prolactin incubated © 
with the serum of control rats was not affected. ane 

The anti-prolactin serum reacted specifically with 
prolactin in passive haemagglutination and Ouchterlony — 
gel diffusion tests (Fig. 2); however, it did not react with: 
other tropic hormones, for example, FSH, TSH (‘Thytro-. 
par’) and STH (‘Somatrope’—Choay). l 


Fig. 2. Centre, 0-05 mi. anti-prolactin serum; 1-2, STH; 3-4, FSH; 
5-6, TSH; 7-8, ‘Panlitar’ (0-03 ml. in each, dilution 200 and 100 xg/ml.), 


We used the anti-sheep prolactin serum developed in 
this way to test the species specificity of prolactin. We 
tested the antiserum in various proportions on. hypo- 
physis extracts from human beings, dogs, cattle, sheep, 
pigs, rabbits, intact and lactating rats, intact and lactating 
guinea-pigs and pigeons. Only the extract from the — 
hypophyses of cattle and sheep gave immune reactions _ 
with the antiserum. With cattle and sheep preparations ~ 
a single precipitation was obtained on an Ouchterlony | 
plate (Fig. 3) and the ends of the precipitation line pass _ 
over continuously into the precipitation bow obtained: — 
with the prolactin preparation. The relationship between — 
cattle and sheep prolactin was also verified by immunizing 
rabbits with extracts of cattle hypophysis and diffusing 





Fig. 3. Antigen relationship of sheep and cattle prolactin, Centre, ante oo: 

sheep prolactin serum; 1-4, sheep hypophysis extract in diminishing 

amounts; 5, ‘Panlitar’ 0-03 ml. (200 zg/mi.); 6-7, cattle hypophysis: 
extracts; 8, ‘Panlitar’ 0-03 mi. (50 ug/ml.). : 
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the rabbit sera against sheep prolactin in agar gel. This 
procedure produced. single precipitation bows similar to 
those obtained previously. These results confirm earlier 
observations**-*2, which showed a relationship between 
eattle and sheep prolactin. No reaction occurred between 
the hypophysis extract of the other species studied and 
the anti-sheep-prolactin serum. 

Our results provide convincing evidence of the speci- 
ficity of prolactin. Prolactin taken from the hypophysis 
of these two species is extensively used for experimental 
purposes, Our results show that even simple prolactin 
treatment produces specific and homologous antiserum 
which may endanger the success of the given experiment. 

We thank the Endocrinology Study Section of the U.S. 
National Institutes of Health for supplies of ‘Panlitar’, 
FSH and TSH. 
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Stabilization of Fluorescence in Preparates 
treated by the Fluorescent Antibody 
Technique 


Wira the fluorescent antibody technique it is often 
difficult to see results; it is especially difficult to prepare 
good photomicrographs of positive structures with low 
fluorescence intensity. Short-term illumination of sections 
with concentrated ultra-violet and blue light causes the 
fluorescence intensity of fluorescein isothiocyanate (FITC) 
to decrease rapidly and dark, ‘‘burnt-out’’ areas are 
produced. To overcome this difficulty, a stabilization of 
FITC conjugates in microscopic slides was attempted by 
inclusion in the embedding medium of substances con- 
taining —NH, groups such as dinitrophenylamine and 
tris-trihydroxymethylaminomethane, or by increasing the 
pH of the medium. . 

Sections of mouse brain 7u thick, which were infected 
with tick-borne encephalitis virus and embedded in 
paraffin’, were used. They were stained by the indirect 
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fluorescent antibody. (FA) technique’. Some specifically 
stained cryostat sections from chorio-allantoic membranes 
infected with influenza virus were used. FITC of 97-8 


per cent purity was used. 
The HBO 200 lamp of a fluorescent microscope, A. C. 


Reichert Zeto-Pan mit Binolux, was fed with a direct” 


current of 3-6 amps. The filters used were a Schott 
BG 12/4 mm exciting, and OG 1/1 mm ocular glass. 
The fluorescence intensity was recorded by the Remiphot 
photometer. In the first stage of our technique the 
fluorescence intensity of sections mounted in glycerine 
and saline, pH 7-2 (9: 1, adjusted to pH 7-2 by 0-1 normal 
sodium hydroxide), was measured. This was done in a 
microscopic field adjusted to 300u in diameter by the use 
of the condenser (Fig. 1). The stabilizing medium was then 
applied and the surrounding area was illuminated for 3 
min and measured. The fluorescence intensity at the 
beginning of the 3 min tells the rate of increase or quench- 
ing of the original (in glycerine and saline) fluorescence 
caused by the medium. The intensity after 3 min illumina- 
tion indicates the stabilizing effect of the test substances. 

We found that hydroquinone dissolved in glycerine and 
saline, pH 7-2 at concentrations of 0-1 per cent, 1 per cent 
and 5 per cent. stabilized fluorescence of FITC as its 
concentration increased; however, at the same time 
it quenched the initial fluorescence intensity which virtually 
annulled the stabilizing effect. Triethylamine, diethyl- 
amine, nitrosodiphenylamine and dithiazon all proved 
unsuitable, either because they caused no stabilization 
or because they displayed autofluorescence or “after 
illumination”. 

Dinitrophenylamine was the first substance tested which 
stabilized FITC without quenching appreciably the initial 
fluorescence when used in a concentration of 0-004 per 
cent. It has very low solubility in water and so was dis- 
solved in isobutylalcohol and glycerine (8 : 2). The stabiliz- 
ing effect was complete 12 h after the section was mounted, 
probably because of the low permeability of the substance 
to the immunological fluorescent complex. This medium 
showed no stabilization activity with the cryostat sections. 
A further disadvantage was the distortion of tissue 
structure caused by isobutylalcohol especially when 
sections were also stained with haematoxylin and erythro- 
sin. 

Tris-hydroxymethylaminomethane (TSM) gave an ex- 
cellent stabilization of FITC fluorescence 1 per cent. 
2-5 per cent and 5 per cent concentrations of glycerine 
and saline with pH of 9-9, 10-2 and 106, respectively, 
when tested. To differentiate between the effect of pH 
and that of TSM itself 1 per cent and 5 per cent solutions 
were adjusted to pH 7:2, 7-8, 8-7 and 9-9 with 0-1 normal 
hydrochloric acid, and glycerine and saline without TSM 
were adjusted to pH 7-2, 7-8, 8-7 and 9-9 with 0-1 normal 
sodium hydroxide. These media were then used for 
mounting slides. 

Table 1 shows that pH was the main factor responsible 
for increase of the original (glycerine and saline) fluores- 
cence as well as for stabilization of FITC, although the 
TSM contributed somewhat to their effect. The figures 
in Table 1 are related to the specific fluorescence of 
individual slides mounted in glycerine and saline at pH 
7-2 and taken as 100 per cent. Fluorescence intensity 


Table 1. EFFECT oF pH AND TIME OF ILLUMINATION ON FLUORESCENCE 
INTENSITY OF SECTIONS OF MOUSE BRAIN 
Mounting medium 
1 per cent TSM in glycerine and 
pH of Glycerine and saline saline 
the Percentage fluorescence Percentage fluorescence 
medium intensity intensity 
At the At the 
beginning of After 3 min beginning of After 3 min 
illumination ilumination illumination illumination 
72 100 11-2 100 20 
78 101-8 36-3 102-2 37-2 
87 109-5 48-4 111-5 56-5 
9-9 115-6 82-3 115-9 95-9 


For explanation see text. 
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Fig. 1. Section mounted in glycerine and saline at pH 7-2. 
area was illuminated for 3 min. 


The central 





Fig. 2, Section mounted in 1 per cent TSM in glycerine and saline, pH 
99, ‘The central area was illuminated for 3 min, Note the increased 
overall fluorescence intensity and the lack of fading of the central area. 


recorded in sections from non-infected mouse brain 
‘treated by the indirect FA technique was taken as 0 
‘per cent. The effect of increase in fluorescence and 


stabilization is shown in Figs. 1 and 2. 


°° Preparates stabilized (with or without TSM) at pH 
“greater than 9-9 showed a lower fluorescence intensity 


“and stabilization effect, probably because of damage to 


tissues at such a pH. Preparates stabilized at optimal condi- 
tions (pH 9-9) were stained after 24 h with haematoxylin 
and erythrosin. While sections mounted in 1 per cent 
TSM in glycerine and saline showed no apparent distor- 
tions of structure, sections mounted in glycerine and saline 
alone showed some decrease in stainability and clarity of 
structure. 

It is well known that fluorescence of FITC depends 
on its ionization state; modifications of the classical 
embedding technique at pH 7:0-7-2 have seldom been 
used. Repeated tests with tick-borne encephalitis virus 
and Coxiella burnett carried out in our laboratory have 
shown that the fluorescence intensity of stained prepara- 
tions has not changed significantly after overnight 
incubation at pH 2-0-10-0. The immunological complex 
formed at pH 7-2 in fixed tissue sections seems to be fairly 
stable to variations in the ionization state 
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Permanent? and semipermanent® mounting of slides 
has been claimed to prevent fading of fluorescence in 
sections treated with FA. We have not tested this, because 
it would have interfered with further treatment. of slides, 
for instance, additional staining with haematoxylin and 
erythrosin, acridine orange and other stains. 

Our current results indicate that the high pH of the 
mounting medium suppressed the formation of radicals 
and prevented a more fundamental breakdown® of the 
fluorochrome structure. The effect of TSM might have 
been conditioned simply by an improved buffering capa- 
city rather than by any action of the substance itself. 

We thank Prof. M. Furdik from the Faculty of Natural 
Sciences, Komensky University, Bratislava, for his advice 
and for some of the samples used in this work. 

M. Mrenova 
P. ALBRECHT 
Institute of Virology, 
Czechoslovak Academy of Sciences, 
Bratislava. 
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Failure to change the Antigenicity of Skin 
Grafts by Incubation with Allogeneic 
Ribonucleic Acid 


BALB/c skin grafts incubated with ribonucleic. seid- 
(RNA) from C3H mice were rejected when transplanted 
to syngeneic recipients! Such grafts were rejected 
between 10 and 27 days after transplantation with a 
median survival time (MST) of 18 days. The MST of- 
O3H skin on BALB/c recipients was 12-5 days. 

The following experiments were carried out in an 
attempt to confirm these potentially important observa- 
tions. Male inbred BALB/c and C3H mice were used. 
RNA was prepared from BALB/c and C3H liver on four 
separate occasions; extraction techniques were similar 
to those of Guttmann ef alt. All stages of the RNA 
preparations were carried out in an ice bath. 

In the first and second experiments RNA was prepared 
as follows: 6 g of liver were finely chopped and homogen- 
ized with 40 ml. of 0-85 per cent saline in a blender for 1 
min. An equal volume of freshly redistilled water-satur- 
ated phenol was added and the whole was homogenized 
for a further 5 min. After centrifugation at 2,000 r.p.m. 
for 30 min the top aqueous layer was discarded. The 
interphase and upper part of the phenol layer were re- 
extracted with 40 ml. of 0:5 per cent sodium dodecyl 
sulphate in 0-001 molar potassium phosphate by shaking 
vigorously for 5 min. After centrifugation at 3,500 r.p.m,. 
for 10 min the top aqueous layer and interphase were 
extracted with an equal volume of water-saturated phenol 
and again centrifuged at 3,500 r.p.m. for 10 min. The 
aqueous layer was removed and potassium acetate was 
added to it to a concentration of 2 per cent. The RNA 
was then precipitated by adding 3 volumes of 95 per cent 
ethanol. The RNA was separated by centrifugation at 
3,000 r.p.m. for 5 min and dissolved in 3 ml. of 0-85 per 
cent saline. This was then extracted five times with an 
equal volume of water-washed ether and the latter was 
finally removed by bubbling nitrogen through the solution. 

In experiments 3 and 4 the following extraction pro- 
cedure was used: 6 g liver were homogenized with 4 
volumes of 0-05 molar phosphate buffer, pH 7-0, and 
extracted with an equal volume of water-saturated phenol, 
shaking continuously by hand for 15 min. After centri- 
fugation at 5,000 r.p.m. for 10 min the supernatant was 
twice extracted with an equal volume of phenol and the 
RNA was precipitated as described here and dissolved in 
Hanks solution (without bicarbonate). The interphase 
formed during the first tissue extraction with phenol was re- 
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extracted with 3 volumes of 0-5 per cent sodium dodecyl 
sulphate in 0-001 molar potassium phosphate for 10 min 
with shaking. Following high speed centrifugation the 
interphase RNA was re-extracted twice for 8 min with 
an equal volume of phenol. The RNA was precipitated 
from the aqueous layer as described here and dissolved in 
Hanks solution. Both RNA fractions were extracted 
with ether and excess ether was removed with nitrogen. 
In the third and fourth experiments skin was incubated 
‘with RNA consisting of equal amounts of total (first 
phenol supernatant) and interphase RNA. Three phenol 
treatments were carried out to reduce contamination by 
protein. 

Grafts of BALB/c body skin, about 12-14 mm in 
«liameter, were prepared by the method of Billingham and 
Medawar’, In each experiment the grafts were floated 
(epidermis uppermost) on 3-5 ml. of Hanks solution at 
pH 6-5 containing 300 ug of RNA/ml. In each experiment 
half the grafts were floated on BALB/c RNA and half on 
C3H RNA. After 4 h of incubation at 37° C the grafts 
were removed from the RNA solution (at which time they 
hada very spongy texture); the excess RNA was blotted 
off and the grafts were laid on sterile saline-moistened 
filter paper. The treated skin was grafted to normal male 

“BALB/c recipients using the same technique as before*. 
We did not, as did Guttmann et al., suture our grafts on 
tòa “full thickness bed”. 


:` Table 1, RURVIVAL OF BALB/c SKIN GRAFTS PREVIOUSLY INCUBATED IN 


HITHER BALB/c RNA (CONTROL) OR C3H RNA (EXPERIMENTAL) WHEN 
TRANSFERRED TO BALB/e RECIPIENTS 


No, of No. of 
mice technical No. of grafts which survived 
grafted failures* 10 days 20 days 60 days 
Control 
1 10 2 7 7 a 
2 10 1 ë 8 8 
3 5 G 5 5 5 
4 12 2 10 10 10 
37 5 30 30 30 
Experimental 
pe 10 2 7 7 a 
2 10 3 6 6 5 
3 5 2 3 3 3 
4 12 2 10 10 10 
87 9 26 26 25 


Grafts were inspected for the first time on the eighth post-operative day. 
* Grafts which were unattached to their graft bed on primary inspection 
were classed as technical failures. 


_ Skin grafts were first examined 8 days after transplanta- 
tion and then inspected daily. The results are presented 
in Table 1. Three out of twenty-eight grafts incubated 
with C3H RNA were “rejected” (as opposed to 80 per 
«ent in the experiments of Guttmann ef al.), but even 
this small effect was vitiated by the fact that two out of 
thirty-two BALB/c grafts treated with syngeneic RNA 
salso- failed to survive. The number of technical failures 
encountered (13-5 per cent and 24-4 per cent for control 
and experimental grafts, respectively), that is, grafts 
which on primary inspection were found to be unattached 
to their graft beds, could be relevant here, for they 
suggest that incubation with RNA preparations under 
these conditions is in some way toxic. In our experiments 
grafts generally healed in badly, and whatever their 
treatment they looked unhealthy for about 10 days after 
‘removal of dressings. After this, however, most of them 
went on to recover and to grow a normal fur. 

A total of twenty control and twenty experimental 
animals were grafted with C3H body skin 30 days after 
primary grafting. These groups comprised mice which 
carried healthy primary grafts as well as mice in which 
grafts had suffered from technical failure or later 
“rejection”. For both groups, the MST of the grafts was 
9days, which with our strains is the normal MST. None 
of the mice whose primary grafts were no longer viable 
‘at the time of grafting showed accelerated rejection, 
which indicates that destruction of the primary grafts 
had been brought about by non-immunological factors. 

Our results do not support the observation that incuba- 
tion of mouse skin in allogeneic liver RNA produces an 
alteration in antigenic specificity. 
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We thank Dr. E. D. Kraus for his advice on the prepara- 
tion of RNA. f 
B. A. ASKONAS 
L. Brewr* 
G. GOWLAND* 
M. Ruszximwioz 


National Institute for Medical Research, 
Mill Hill, 
London, N.W.7. 
Received October 26, 1966. 
* Present address: Department of Zoology, The University, Southampton. 


* Guttmann, R, D., Kraus, E, D., and Dolan, M. F., Nature, 208, 196 (1964). 
* Billingham, R. E., and Medawar, P. B., J. Ezp. Biol., 28, 385 (1951). 


PATHOLOGY 


Vascular Lesions due to Obstruction of the 
Vasa Vasorum 


DisTURBANCE of the vasa vasorum is probably a major 
factor in the aetiology of various vascular lesions such as 
cervical rib syndrome, medionecrosis, arteriosclerosis, 
and pulseless disease’. Various experimental methods of 
destroying the vasa vasorum have been reported®?, 
These involve crushing or dissecting the adventitia, or 
applying acids and thermocautery to the outside of the 
vascular wall. We have found no references to any 
method involving disturbance of the vasa vasorum alone, 
however. This communication describes an experimental 
procedure designed to obstruct the vasa vasorum alone. 

Fifty-eight young mongrel dogs weighing about 10 kg 
were used. The abdominal aorta was clamped between the 
renal arteries and the aortic bifurcation, and all branches 
arising from this abdominal segment were clamped as well. 
A mixture of 2,000 u of thrombin and 2 g of e-amino- 
caproic acid in 50 ml. of 10 per cent gelatine-saline was 
injected into the abdominal aorta at a pressure of 150-200 
mm of mercury over 2-3 min at 38°C. Five min after 
the injection the fluid in the aortic lumen was flushed out 
through an incision at the distal end of the aorta, all 
clamps were removed, and bleeding points were brought 
under control using black silk stitches. The vasa vasorum 
of the aortic wall thus became blocked by newly produced 
emboli, The obstruction of the vasa vasorum was con- 
firmed by injecting Berlin blue solution or by taking 
microangiograms**. In control experiments, physiological 
saline was injected instead of the thrombin mixture. 

Dogs were killed at intervals after the operation, 
and specimens from the abdominal aorta were studied 
histopathologically. 

Three days after the operation, the intima showed a 
slight thickening. After 1-4 weeks, the intima showed a 





Fig. 1. 


‘Transverse section of abdominal aorta 2 weeks after operation, 
Thickening of the intima and destruction of the media are seen. (Elastica: 
Van Gieson, x 30.) 
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Fig, 2. 

shown in Fig. 1. 

bottom), only a few vasa vasorum Ps iad anastomoses can be seen. 
xe. 2B, 


Microangiogram of transverse section 1 mm thiek in the region 
In the outer part of the media and the adventitia (at 


marked thickening with proliferation of muscle cells, 
production of elastic and collagen fibres, and an increase 
in the amount of substance stained by metachrome. 
Muscle cells and elastic fibres in the media were destroyed. 
zo After 6-8 weeks there was marked fibrosis of the vessel 
walls and deposition of lipid in the hypertrophied intima. 
> Thus, obstruction of the vasa vasorum alone in the 
“abdominal aorta of the dog produced arteriosclerotic 
vascular lesions such as marked thickening of the intima, 
destruction of the media, and fibrosis of the vessel wall. 
It seers reasonable to assume that these vascular damages 
were produced by a disturbance of nutrition and flow 
‘of tissue fluid in the aortic wall after obstruction of the 
vasa vasorum., 
These observations tend to confirm that disfunction of 
the vasa vasorum plays an important part in the patho- 
genesis of vascular lesions. 


Yuxrrumi NAKATA 
SHIGEHIKO SHIONOYA 
First Department of Surgery, 
Nagoya University School of Medicine, Nagoya, Japan. 
erie J. G., Katz, J. G., and Meyer, J., Amer. J. Med. Sci., 218, 603 


-* Sehlichter, J. G., Arch. Pathol., 42, 182 (1946). 
! Hoffmann, E., Langenbecks Arch. Klin. Chir., 305, 257 (1964). 
~ 4 Smetana, H., Virchows Arch., 274, 170 (1930). 
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Localization of an Inhibitor preventing 
Mammary Tumour Development in Mice 


ANY research workers have found it difficult to get high 
incidences of tumours using a partially purified mammary 
tumour agent injected into test mice. It was found that 
the agent retains its high biological activity after centri- 
gation in caesium chloride density gradients'. This 
nding makes it unlikely that the usual procedures for 
urifying the agent, such as clarification with versene 
and ultracentrifugation, inactivate it. 
The low activity of such preparations was attributed 
to a substance which inhibits tumour formation. Bittner? 
postulated such an inhibitor to account for the reduced 
activity found with high concentrations of agent prepara- 
tions. The implicit assumption was that the effect of 
-inhibitor diluted at a faster rate than that of the agent. 
Moore? found that, after ultrafiltration and diffusion. 
‘some fractions produced no tumours, although fractions 
«on either side of them did. He proposed an inhibitor, 
400-600 A in diameter, to account for this finding. He 
afterwards proposed another inhibitor capable of diffusion 
-- through ‘Visking’ (average pore size 25 A) which could 
depress the activity of agent preparations’. In caesium 
chloride density gradients a region producing no tumours 
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was surrounded on either side by active regions, suggesting 
the localization of an inhibitor'. 

This communication reports the purification by chroma- 
tography of a factor from skimmed milk which inhibits 
tumour formation. 

Fresh mouse milk was centrifuged at 20° C for 40 min 
at 3,000g. The skimmed milk was separated from. the 
cream by aspiration and clarified by adding one volume of a 
solution containing 0-2 molar ethylenediaminetetracetate 
(versene) in 0-1 molar phosphate buffer adjusted to 
pH 58. Aggregated material was removed by centri- 
fugation for 5 min at 3,000g. The clarified skimmed milk 
was dialysed for 90 min against three changes of 0-005 
molar phosphate buffer (pH 5-8) and placed on a carboxy- 
methylcellulose column (1 x 35 om) equilibrated. with 
0-005 molar phosphate buffer (pH 5:8). The material 
was eluted from the column by means of salt and pH 
gradients established by adding 0-1 molar Na,HPO, to 
0-005 molar phosphate buffer (pH 5:8) in a 500 ml. mixing 
cylinder. Material remaining on the column was eluted 
with molar sodium chloride. Milk fractions were eluted 
from the column at 20° C at a rate of 0-15 ml./min. 

Chromatographic fractions of skimmed milk from 
mice containing agent (A+) were injected into. virgin 
female mice containing agent (A+), which were then 
forced to breed, to determine whether any of these 
fractions would prevent tumour formation. The results 
of this experiment are given in Table 1. They show that 
two of the fractions reduced the incidence of tumours 
from the normal incidence of 95 per cent to 66 per cent, 
while the middle fraction gave an incidence of 82 per cent. 

Although these results were encouraging, we looked for 
a more potent source of inhibitor. Milk from isologous 
mice free of agent was used because it would not interfere 
with the inhibitor, if it contained any. A single dose of 
0-3 ml. of the chromatographic fractions obtained from” 
agent-froe (A4-) milk was injected into At breeding 
females, 5-7 months old. The results of three experiments 
are recorded in Table 2. 

Fractions 35-47 reduced the incidence of tumours, and 
fractions 48-58 completely prevented tumours. In sub- 
sequent experiments the inhibitor was localized in. frac- 
tions 42-53. It did not interrupt the replication of the 
agent or its survival, because mothers free of agent injected 
with a preparation containing both inhibitor and agent 
were free of tumours but their progeny had a high in- 
cidence of tumours (88 per cent). The effectiveness of the 
inhibitor in mice with hyperplastic nodules—breast, acinar 
tissue having a high probability of progressing to malig- 
nancy—showed that its action in tumour prevention is. 


Table 1, CHROMATOGRAPHIC FRACTIONS FROM A* MILK IN At FEMALES | ‘ 
Fraction Number of tumoura* Incidence 


(per cent): 
Breakthrough 12 (18) 87 
(20-42 ml.) 
Middle region 9 (11) 82 
(43~120 ml.) 
1 molar sodium chloride 4 (6) 67 
(200-216) 


Volume of milk sample, 1-0 ml. 
* Numbers in brackets refer to mice living when the first tumour appeared, 


Table 2. CHROMATOGRAPHIC FRACTIONS FROM A- MILK IN At BREEDING. 
FEMALES 


Fraction Number of tumours* Incidence 
(ml.) (per cent) 
19-24 3 (6) 50 
25-28 3 (6) 50 
29-34 4 (6) 67 
35-41 1 (6) W 
42-47 1 (6) 17 
48-58 0 (6) 0 
59-66 5 (6) 83 
67-87 4 (6) 67 
47-50 5 (5) 100 
51-53 1 (5) 20 
42-47 1 (4) 25 
48-51 1 (4) 25 
52-56 2 (4) 50 


Volume of milk sample, 1-0 ml. 
Chromatographic fractions, 1-0 ml. 


* Numbers in brackets refer to mice living when first tumour appeared, 
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exerted on metabolic processes early in malignancy. The 
inhibitor was ineffective when used under a wide spectrum 
of biological conditions against spontaneous and trans- 
planted tumours. 

I thank Dr. Beatrice Magdoff-Fairchild for helpful dis- 
cussions and Dr. James Hendersen for testing the efficacy 
of the inhibitor on a complex transplanted mouse mammary 
carcinoma by the in vivo plating technique developed by 
Dr. Rous and himself. I also thank Miss Julia Saunders 
for technical assistance. This work was supported by a 
grant from the National Institutes of Health, U.S. Public 
Health Service. 
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New York. 
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Electronmicroscopy of Friend Tumour 
Cell with Special Reference to the Influence 
of Friend Virus Immunity on Friend Tumour 

Cell 


TRANSPLANTABLE tumour (Friend tumour) was inoculated 
into mice immunized with Friend virus formalin vaccine 
and the resultant changes were studied electronmicro- 
scopically, with special reference to the intracellular 
distribution and morphological changes of the Friend 
virus particles which are the cause of the tumour., 

The Friend tumour in question has been carried for 
approximately two hundred generations since its estab- 
lishment, and has been continuously transplanted as 
an ascites tumour in mice of the strain dd/Om'. One 
of the characteristics of this Friend tumour is that it is 
still a host for the Friend virus, and while it continues to 
produce Friend virus it also continues to proliferate as a 
malignant tumour. Electronmicroscopie observations by 
Kodama (report in preparation) of Friend tumour show 
the presence of extracellular Friend virus and it is also 
known that the course of the maturation of virus from the 
Friend tumour cell can be seen as a process of budding 
from the tumour cell membrane. The presence of intra- 
cellular Friend virus in the tumour cell can, however, 
searcely be seen. 

When 105-108 Friend tumour cells were inoculated into 
dd/Om mice immunized with Friend virus formalin 
vaccine (the virus is centrifuged and separated by Moloney’s 
method? and immunized by Friend’s method’) intra- 
peritoneally and subcutaneously, a remarkable degenera- 
tion of the tumour cells as compared with those inoculated 
into non-immunized mice, a decrease in the rate of 
mortality caused by the tumour in mice, and a lengthening 
of the time of survival were seen‘. 

The almost complete disappearance of virus particles 
from the outside of cells (electronmicroscopically and 
biologically) and an extraordinary accumulation of 
intracellular virus particles (Figs. 1 and 2) is interesting. 
The majority of intracellular virus particles are concen- 
trated in the cytoplasmic matrix, with a higher concentra- 
tion in the concave area of the eccentric nucleus, and at 
times these are seen surrounding the endoplasmic vacuoles, 
arranged in parallel rows directly under the endoplasmic 
membrane. These virus particles are round or almost 
round with diameters of 750 A-850 A. The virus has a 
double shell membrane structure in a concentric form 
with a dense nucleoid area in the central part and is 
classified as Bernhard's type A particle. As compared 
with the typical mixture of Friend virus C and A as seen 
in Friend disease or Friend tumour, A alone is character- 
istic of the present case. 
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Fig. 1. 





Fig. 2. 


The relationship of the intracellular virus particles in 
question with Friend virus may be explained as follows: 
The particles are morphologically identical to Friend 
virus A; an inoculation of these virus particles into non- 
immunized mice produces slight Friend disease and such 
a phenomenon is only seen with the immunization of 
Friend virus or Friend tumour cell and not with the 
immunization of other cells. 

The mechanism of the intracellular accumulation of virus 
particles in such an immunization procedure is not 
certain; it may involve a shift of the site of virus produc- 
tion so that virus replication under the influence of the 
virus immunity at the cell membrane occurs at a site 
where the influence of immunity is smallest. This problem 
must be investigated further in relation to the mechanism 
of the selective appearance of A particles within the cell. 
It is probable that, as in the case of virus induction by 
such procedures as X-ray irradiation, this phenomenon 
may be considered as a case in which intracellular virus 
accumulation can be seen in immtnized but not in non- 
immunized mice. 
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BIOCHEMISTRY 
Growth Inhibitor of Hamster Fibroblast 
Cells 


“Tum hamster fibroblast cell line BHK21/13 (ref. 1) has 
been used extensively in investigations of transformation 
by polyoma virus’. This rt describes a difference in 

„a possible aspect of the regulation of growth in BHK21/13 
and a polyoma-transformed derivative, PyY (ref. 3). 
Normally BHK21/13 cells grow with a doubling time of 
about 12 h in a medium consisting of 8 parts Eagle’s 
medium supplemented with 1 part of autoclaved tryptose 
phosphate broth (‘Difco’) and 1 part of calf serum. When 
the calf serum is reduced to 0-25 per cent final concen- 
tration the cells attach and spread but do not increase in 
number. Cell growth occurs if more serum is added to 
the medium (Fig. 1). In contrast, our polyoma-trans- 
formed derivative, PyY, grew rapidly (Fig. 1) even in the 
presence of the trace amount of serum used for attach- 
ment (expressible as 0:25 per cent final concentration, 
0-025 ml./million cells, or 1-25 pl./em* of the dish), In 
order to investigate whether a particular substance in 
serum stimulates the growth of BHK21/13, calf serum 
was fractionated on ‘Sephadex G-75’ and ‘G-200’. The 
fractions stimulated growth in proportion to the absorp- 
tion at 280 mu. This indicates a non-specific serum- 
protein requirement. Foetal calf serum showed s similar 
non-specific effect. 

One interpretation of these findings is that BHK21/13 
cells produce a growth inhibitor which is neutralized by 
serum, whereas PyY cells do not produce this inhibitor 
and so do not need serum~protein for growth. A method 
for recognition of such an inhibitor could make use of 
the inhibition of the rapid growth of PyY cells in tissue 
culture in the presence of the low concentration of serum 
used for attachment but not in the higher concentrations 
of serum which stimulate BHK21/13 growth. The rapid 
growth of cells in sparse tissue cultures may be more like 
growth in a wound than in a developing tissue, whereas 
the slow growth in confluent tissue cultures may resemble 
replacement growth. If this is so, an inhibitor of wound 
healing rather than a regulator of development would be 
likely to be the postulated growth inhibitor of BHK21/13. 
Heparin, which inhibits the growth of some tissue cul- 
turesi, was considered to be worth testing as an inhibitor 
of PyY growth. 

Heparin inhibited the growth of PyY and calf serum 
overcame this inhibition (Table 1). It was decided to look 
for a substance similar to heparin with inhibitory proper- 





0 50 100 150 200 250 800 
Hours 
Fig. 1. The dependence of cell growth on serum. 18-0 x 10* colls' were 


suspended In 4-6 ml. of 8 parts Bagle’s : 1 tryptose phosphate broth: 
1 part calf serum and were added to idm. of e's medium and 
tryptose phosphate. Aliquots of 10 ml. each were placed in 5 cm plastio 
Petri dis to give 10* cells/dish. Calf serum (0-5 mL) was added to 
some dishes at the times indicated. The number of cells/dish was 
estimated by removing the cells from the plastic with versene and 
counting 100-300 cells in each of two samples on a haemocytometer. 
x, Py¥ cells; O. BA K21/13 cells (bothin Eagle's medJum and tryptose 
phosphate); @, BHK21/13 cells (in Hagle’s medium, tryptose phosphate 
and 5 per oent calf serum). 
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Tabis L. Errsor OF CELL EXTRACTS OR HEPARIN ON GROWTH OF PyY Cais 


Treatment First extraction Second extraction 

Control 2-10 217 
Calf serum (0°2 ml.) 2°64 2-69 
Heparin (0 1 ml.) 135 - 

H n + calf serum 262 - 

BH K21/18 extract (01 mL) 107 1:38 
BHK21/18 extract + calf serum 276 2:57 
PyY extract (0-1 ml.) 2:48 2-30 
Py¥ extract + calf serum 2-85 2-60 


BHE21/18 and PyY cells were in 80 ox. bottles in Bacte’s medium, 


grown 
tryptose p hate and calf serum to about 2x 10° cells, then the medium 
was replaced y one lacking the calf serum. After 2 ds: the cells were 


of in 0-8 yr cent sodium brite centrifuged an 


T S C, thawed, so: 
oubated at 37° C for 18 h to digest DNA and RNA, The solution was adjusted 
to 2 moles/l. of potassium o 

latter and deproteinized by shaking with 


tose phosphate and 10 mi. 
aliquots were dispensed to 5 cm plastic Petri dishes to give a calculated 
1-0 x 10° oolis/dish. Test solutions were added to replicate pairs of dishes 
and ths dishes were incubated for 50 h. The average estimate of cells/dish 
is shown in millions. 


Table 2. TITRATION oF BH 21/18 Exraacr AND OF TWO HHPARIN PREPARA- 
TIONB 


Düution BHK21/18 Heparin 

First extraction From From 

Weddel Boots 

Control 2-16 107 1-35 
1/1 1-29 0:54 0-70 
1/4 1-26 0-57 095 
1/16 1:36 0 93 1-16 
1/64 1°47 - 1-24 
1/256 1-79 1-02 1-4 
1/1024 - 1-038 1-86 
1/4098 - 1-01 1-35 

Two samples of heparin were used, 5,000 U/mL, from Weddel and from 


Boots. Tho assay was the same as described in Table 1 except that the 


‘Weddel heparin assay was carried out with a caloulated 0°75 x 10* cells/diah 
at zero time. An appropriate dilution of the test solution (0-1 ml.) was 
added to each of & of dishes. 


ties in extracts of BHK21/13. Dense cultures of these 
cells and PyY were kept for 2 days without serum and 
then cell extracts were made following the procedure out- 
lined by Lagunoff, Benditt and Arase® for the extraction 
of heparin from rat mast cells. The extracts were tested 
for their ability to inhibit the growth of PyY cells in the 
presence of the low concentration of serum used for 
attachment. This was carried out with dense cultures of 
each cell type on two occasions (first and second extrac- 
tions). 

The BHK21/13 extracts were potent inhibitors of PyY 
growth (Table 1). Calf serum overcame the effect of 
the BHK21/18 extract, as is required of the postulated 
inhibitor. Titration (Table 2) showed that there is more 
than 250 times as much inhibitor in the BHK21/13 
extracts as in the PyY extract. The 50 per cent inhibition 
of the BHK21/13 extract and the heparin preparations 
show that the extract is far more active than the heparin 
preparations. Both heparin preparations showed similar 
inhibitory activity; so if inhibition is due to a con- 
taminant then it is present to the same degree in each 
heparin preparation. 

The extraction procedure makes it unlikely that the 
active component in the BHK21/13 extract is a nucleic 
acid or a large protein. Of course, sulphated polysac- 
charides other than heparin, for example, chondroitin 
sulphate, would be extracted by the procedure used. 
Takeuchi’ has recently shown, however, that while acid 
raucopolysaccharides, in particular chondroitin sulphate, 
enhance the growth of Ehrlich ascites tumours in mice, 
heparin does not. Lippman’ has reported that heparin 
inhibits the growth of Ehrlich ascites tumours. Agostino, 
Grossi and Cliffton* report that heparin also reduced the 
transplantability of Walker carcinosarcoma 256 cells in 
Tats. 

Experiments to characterize the inhibitor further are 
in progress and already suggest that PyY may lack 
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inhibitor rather than destroy it, because an extract of a 
mixture of BHK21/13 and PyY cells was imhibitory. 
Neither heparin nor the BHK21/13 extract affects the 
attachment of PyY cells, so it is cell growth which must 
be inhibited. The inhibitory activity of the BHK21/13 
extract elutes from ‘Sephadex G-25’ as though the in- 
hibitor is amaller than bovine pancreatic ribonuclease 
(Sigma, Type 1A, molecular weight 14,000) and of 
similar size to the active component in the heparin 
preparation. 

BHK21/13 cells need serum for growth and it is 
possible that this is because the inhibitor is present in 
these cells. Stanners, Till and Siminovitch* have shown 
that clones of transformed cells vary in their ability to 
grow ın low serum concentrations. It will be interesting 
to see whether transformed cells which do not grow at 
low concentrations of serum have & detectable amount of 
inhibitor. 

I thank Prof. M. Stoker and Dr. H. Subak-Sharpe for 
their help, and Miss P. Lewis for technical assistance. 
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Influence of B.C.G. on Experimental 
Amyloidosis 


Previous histological and experimental investigations 
have suggested a close pathogenetic relationship between 
the reticulo-endothelial system (RES) and amyloidosis!-*. 
The two-phase cellular theory* considers the reticular 
cella and the plasma cells originating from them to be of 
aetiological importance in the formation of amyloid. The 
shift from pyroninophilia to periodic acid—Schiff positivity 
in the cells is believed to represent the morphological 
equivalent of exhaustion of the RES which leads to amyloid 
development. Our functional studies‘ on experimental 
amyloidosis have revealed a strain dependent increase 
with phagocytic activity of the RES during the late pre- 
amyloid stage, followed by a return to the normal state 
at the time of the first deposition of amyloid. Attempts 
to influence experimental amyloidosis by alteration of 


Table 1. INOMENOB AND RuLATIVE VOLUME OF SPLEBN AMYLOID WITH 
PRETRHATMENT WITH B.C.G. 


AND WITHOUT 


Treatment B.C.G, + casein P 
(weeks) Sex Inci- Volume Inci- Volume (Volume 
dence percent dence percent percent) 
4 5 0/9 0 0/6 0 
7- 9 $ 0/5 0 oe 108 
10-11 é 5/6 94 7/8 82-1 <0-001 
Table 2 
Casein 
Treatment Sex No. of 
(weeks) mice k* a 
4 $ 8 0 036 + 0-002 5 44+018 
8 6 0085 0-008 588 0-38 
H g 8 0-025 0-003 435 020 


8əx No. of mice 


Controls é 8 
Controls g 12 


* Mean value and standard error. 
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Table 3. SERUM PROTEIN PATTERNS IN MICE TREATED WITH CASHIN WITH 
AND WITHOUT B.C.G. PRETREATMENT 
Dura- No. Peroni 
Treatment tron of Percentage of globulin 
(weeks) mice abana» a B Y 
Controls — 12 68-9409 1568+405 1861+405 42403 . 
Controls — 12 64-2 11 186 06 180 09 42 04 
B.0.G.+casein 4 5 EE 49 TEA 17-9405 280406 1012+038 
Casein 4 18:9 O09 228 05 67 O6 
B.C.G.+casein 8 i Q 43 ne 1 185410 28-6419 146412 | 
Casein 8 Z2Q 455 056 195 05 27-8 03 72 O82 
B.O.G.+casein 11 5S 447412 152407 26-8416 14381-65 
Casan 11 5 ő 510 08 204 19 221 13 65 06 
* Mean value and standard error. 


the activity of the RES by carbon ‘‘blockade’’®:§, as well 
as its increase by castration, seem to inhibit the formation 
of amyloid’. Increased amyloid formation has been in- 
duced by treatment with colloidal gold’. 

We tested the RES activating effect of B.C.G. (ref. 9) on 
experimental amyloidosis. Mice of the AB/Jena inbred 
strain were given @ single intravenous injection of 0-5 mg 
of B.C.G. (substrain Moscow) (wet weight) followed by 
casein treatment five times weekly as described previously‘. 
Groups of animals were killed after 4, 8 and 11 weeks- 
Investigations were carried out as follows: (1) determina- 
tion of the phagocytic activity of the RES using the carbon 
clearance technique’; (2) examination of serum protein 
patterns using paper electrophoretic analysis in veronal 
and acetate buffer, pH 8-83, and subsequent densitometry 
after staining with amido black 10 B; (3) microscopical 
examination of spleen, liver and kidneys for evidence 
of amyloid, and scoring of the volume of amyloid in the 
spleen (relatrve to cell mass) by the point sampling 
method". Mice which died spontaneously were examined 
microscopically only. 

Table 1 shows the incidence and relative volume of 
splenic amyloid which was induced by casein in mice 
with and without pretreatment with B.O.G. In the 
latter case amyloid is produced after 6 weeks, but a 
single dose of B.C.G. retarded its appearance by about 
4-5 weeks. This was statistically significant. Associated 
phenomena include: (a) increase of the phagocytic index 
K throughout the experiment; (b) initial temporary 
decrease of the corrected index a; (c) rise of serum gamma- 
globulins (Tables 2 and 3). 

The changes in RES activity produced by B.C.G. 
correspond to those previously described’. The index K 
reached a maximum at about the eighth week, but at 
the time of commencement of splenic amyloidosis K had 
diminished to about twice the normal value. The reduc- 
tion of a at the fourth week is caused by an increase in 
liver and spleen weights. This might represent a relatively 
stronger proliferation of cells with little or no phagocytic 
activity (immature reticular cells, epithelioid cells, extra- 
medullary myelopoiesis). As the effect of B.C.G. dimin- 
ishes, a rises and by the eighth week the mature phago- 
eytic reticular cells are active. From this it can be 
concluded that the delay and inhibition of amyloid forma- 
tion are related to the increase in the total number of the 
phagocytic RES cells in the liver and spleen. This rela- 
tionship is in accordance with Teilum’s* theory as well as 
with the results observed after castration’. It is difficult 
to explain why the above mentioned blocking experi- 
ments*:* also resulted in inhibition of amyloid deposition. 


. PHAGOOYTIO ACTIVITY OF MION TRBATHD WITH OASEIN WITH AND WITHOUT B.C.G. PRETREATMENT 


B.C.G. + casom 


No. of P(E) P (a) 
mice K a 
5 0 092 + 0 007 3:93 + 0 20 <001 <0 001 
5 0139 0027 553 0-82 <0 001 > 0-05 
5 0057 0006 4:82 022 <0-001 <005 
K a 
0 025 +0 001 4:52 + 022 
0034 COH 4:93 0-21 


-i 


au 
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Carbon brings about a transitory “blockade” of the RES, 
reducing the activity for a short period, and our own 
unpublished studies indicate that recovery from teraporary 
“blockade” may be associated with a rebound increase of 


“RES phagocytic activity and the delayed advent of 


amyloidosis. The results given here show that stimulation 
of the RES induced by B.C.G., as indicated by increased 


wphaegocytic activity, is also associated with inhibition of 


the development of amyloidosis. 

The pathogenesis of the alteration in serum protein 
patterns caused by B.C.G. and casein treatment is uncer- 
tain. The response of humoral antibodies to bacterial 
antigens was intensified by B.C.G. treatment'*. The 
rise of serum -globulins observed in our experiments 
could be caused either by formation of antibodies directed 
specifically against B.C.G. or to an adjuvant effect of 
B.C.G. on the production of antibodies to the casein. 
Whichever is the case, our experiments have shown that 
the B.C.G. augmentation of the increase of serum gamma- 
globulin in response to casein injections is associated with 
inhibition of amyloid formation. These results appear to 
show that any association between hypergamma globulin- 
aemia and the deposition of amyloid is at least indirect, 
and possibly only incidental. 
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Enzyme Studies in Human Liver and 
Adipose Tissue 


DuBING an investigation of metabolic and hormonal 
control mechanisms in humans, a number of potentially 
adaptive enzymes in human liver and adipose tissue were 
investigated with regard to their possible regulatory 
function. 

This communication presents results obtained on three 
important enzymes, glucose-6-phosphate dehydrogenase 
(Q-6-PD), NADP hnked malic enzyme (ME) and citrate 
cleavage enzyme (CCE), which have been found to be 
highly adaptive in the rat when it undergoes the changes 
involved in lipogenesis‘. Ten per cent homogenates in 
0-25 molar sucrose, prepared from liver and omental 
adipose tissue obtained surgically were centrifuged at 
105,000g at 0° C for 60 min. Enzyme activities were 
assayed in the clear supernatant fraction at 23° C using a 
recording spectrophotometer by the methods of Kornberg 
and Horecker for G-6-PD‘; Ochoa for ME, and Srere 
for CCE’. Proteins were determined by the biuret 
method’. 

Table 1 gives the specific activities of the enzymes in 
human liver and adi tissue samples. The values are 
usually similar to those observed in rat tissue’. The one 
R is the strikingly low activity of CCE in human 

neat ose tissue. The value shown may be considered to be 
negligible because it reflects the limit of reliability of the 
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Table 1. ENZYME AOTIVITIES IN HUMAN LIVER AND ADIPOSE TISSUE 
Speczflo ec f (tanoles/niin/mg 


Enzyme 
Inver Adipose tissue 
Glucose-6-phosphate dehydrogenase Ie 4438-0 147 t468 
Malic enzyme 5142-2 4841-7 
Oitrate cleavage enzyme 22+0-8 038401 


Values are an ay a of between five and seven samples. Activities are 


NAD and NADP oxidized or reduced during the 
reaction + sy deviation. 


method. In an effort to show possible CCE activity by 
using larger amounts of enzyme and incubating the 
reaction mixture over a longer time interval, acetyl 
coenzyme A formation was determined by the hydroxa- 
mate procedure®. At no time was any activity noted. 

There was a virtual absence of CCE from human 
adipose tissue, which cannot be explained by any abnormal 
nutritional state of the patients because none was with- 
out food for any great period of time. Furthermore. 
the corresponding values for the G-6-PD and ME were not 
low, and the CCE activity in the liver could be considered. 
to be in the normal range. The presence of an inhibitor 
of CCE was ruled out by adding increasing amounts of 
an extract of human adipose tissue to a rat liver or epi- 
didymal fat pad high speed supernatant without any 
resulting loss of CCE activity. The adipose tissue speci- 
mens used in this investigation were obtained from omental 
and mesenteric sites which should correspond to the epi- 
didymal fat pad of the rat. A survey of the CCE con- 
centration in rat subcutaneous or intra-abdominal fat 
showed no differences from that found in the epididymal 
fat pad. 

These results, although preliminary, show the absence 
of CCE in human adipose tissue, and suggest that the 
pathway for and the control of lipogenesis in this tissue 
are considerably different from those in lower organisms. 
One possible explanation is that fatty acids are not syn- 
thesized in human adipose tissue, and that triglycerics 
are formed from free fatty acids synthesized in the liver 
and carried to the adipose tissue by the circulation. 

This work was supported by & grant from the U.S. 
National Institutes of Health. 
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Structural Relationships between some 
Plant and Animal Proteases 


Tue hydrolysis of a substrate by the proteolytic enzymes, 
papain and ficin, has been shown to involve the formation 
of an acyl-enzyme intermediate through the sulphydryl 
group of a cysteine residue'. These cysteine residues 
must therefore be in the catalytic site of the enzymes and 
& knowledge of their environment could facilitate our 
understanding of the mechanism of action of these en- 
zymes. Cysteine-25 has been identified as the active 
centre cysteine residue of papain, by irreversible inhibition 
with [!*C]-iodoacetate* and with the “active site directed”’ 
irreversible inhibitor, chloroketone 
(p-CH,.C,H,50,NH.CH,.CO.CH,Cl) (ref. 3) 


1264 


} 
Papain Lys Asn Gin Gly Ser Cys Gly Ser Cy 
ee A 


x 


x N 
Gin Gly (Gly) Ap se 
Trypsin Lys Asn Ser Cys Gin Giy (Qly 


x 


a a + 
Ficin Arg Gin Gin Gly a ¿Cys Giy Ser Oys* 
Fig. 1. Com n of the ammo-acid sequence around the active centre 


cysteine and sorine residues of papain and fen with bovine and porcine 
trypsim., Reverse interchanges are signified by diagonal arrows. Por- 
matted interchanges are in Italics, and second or third order interchanges 
indicated by a vertical arrow (ref. 5). Where these interchanges apply 
to ficin and not to papain, the symbols have not been used on the 
tr n structure. e asterisks indicate the actrve centre residues. 


thou the trypsin amuno-acid sequence shown has been proposed 
for bot reine (ref, 8) and bovine trypsin (ref. 6), it ts currently 
thought that the glycine In parentheses Is on the carboxy! terminus and 


adjacent to the active centre serine residue in bovine trypain (ref. 7). 


The amino-acid sequence around this cysteine residue is 
shown in Fig. 1. ['*C]-Iodoacetate has also been used to 
label and identify the amino-acid sequence around the 
reactive cysteine of ficin‘ (see Fig. 1). The structural 
similarity between these two sequences leaves little doubt 
that this must be the active cysteine residue of ficin. 

Extensive structural work in recent years on groups of 
proteins from different species (such as the haemoglobins, 
the cytochromes ¢, and the corticotropins) has revealed 
certain amino-acid interchanges which are so common and 
structurally or biogenetically so obvious that they can 
be regarded as “permitted” interchanges’. Among such 
permitted interchanges are cysteine ——> serine, and it is 
therefore interesting to compare the amino-acid sequence 
of the plant or cysteine proteases with the animal or serine 
proteases. Inspection of the amino-acid sequence around 
the active centre serine of several proteases shows that 
bovine®? and porcine trypsin’, the specificities of which 
most closely resemble those of papain and ficin, are also 
most closely related structurally. Allowing for reversel and 
permitted interchanges (a common occurrence of other 
groups of proteins), there is remarkable similarity in the 
peptide sequence around the active centre cysteine or 
serine residues of these plant and animal proteases (Fig. 1). 
The similarity is indeed much greater than that found 
between the more usually associated pair of bovine 
pancreatic proteases, trypsin and a-chymotrypsin. The 
evolutionary significance of this observation can be 
interpreted in at least two ways. It could mean that 
the plant and animal proteases have arisen from a common 
primordial protease, or alternatively this sequence may 
have arisen as a result of natural selection converging on 
an effective sequence; other interpretations are no doubt 
possible. 

The fact that the serine and cysteine proteases have 
similar amino-acid sequences about their active centre 
serine and cysteine residues for those enzymes with similar 
specificity suggests that there may be other amino-acid 
residues in the active site of these enzymes placed in 
similar amino-acid sequences. The only other amino-acid 
residue known with certainty to be present in the active 
site of bovine trypsin is a histidine residue’. Although the 
location of this histidine residue in the primary sequence 
of trypsin has not yet been directly established, the 


ł + 
Papain Val Ala Gin Tyr Gly Ileu His* - Tyr Arg Gly Thr 


7. 


Xx 
Trypsin Val Val Ser -~ Ala Aa OYA: CTE: gee ee Gly 


Fig. 2. Comparison of the amino-acid 
contre histidine residue of 
symbols used are as in 


ence around the active 

if pana histidine] 76 of pain. The 
g. 1. The as n te bable 

active centre residues. pre 
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similarity of the amino-acid sequence of bovine 

and bovine «a-chymotrypsin around histidine-57 in 
«-chymotrypsin, which has been directly established as 
the active centre histidine residue, leaves little doubt 
that the amino-acid sequence around the active centre‘ 
histidine residue in bovine trypsin is as shown in Fig. 2 
(see ref. 11 and references therein). Both papain? and 
ficin™ contain two histidine residues and the amino-acid , 
sequences around the residues in papain are established’. 
The amino-acid sequence around histidine-175 in papain? 
shows striking similamnty with the amino-acid sequence 
around the active centre histidine residue of bovine 
trypsin, allowing for reversal and permitted interchanges 
(Fig. 2). Further support is therefore provided for the 
view, tentatively suggested on the basis of kinetic evi- 
dence!?, that a histidine residue is present in the active 
site of papain and probably in other cysteine-proteases. 


G. Lown 


The Dyson Perrins Laboratory, 

University of Oxford. 

1 Lowe, G., and Willams, A., Proc. Chem. Soc., 140 (1964); Biochem. J., 96, 
100. , 


189 (1965). Bender, Bf. L., and Brubacher, L, J., J. Amer. Chem. Soa. 
88, 5833 (1964), 


3 Light, A., Frater, R., Kummel, J. R., and Smith, E. L., Proe. U.S. Nat. 
Acad. Sci., 62, 1276 (1964). 


* Husain, 8. S., and Lowe, G., Chem, Commun., 345 (1965). 
‘ Wong p: 0., and Liener, I. E., Biochem. Biophys. Res. Commun., 17, 470 


*Sorm, F., and Kell, B.. Adv. Protsin Chem.,17, 167 (1962). 


* Walsh, K. A., Kauffman, D. L., Sampath Kumar, K.S. V. and Neurath, H., 
Proc. U.S. Nat. Acad. Sci., 51, 301 (1964) Tomasek. V, Mikes, O., 
tas ease: V.. Keil, B., and 8orm, F., Biochim. Biophys. Acta, 68, 


? Walsh, K. A.,and Neurath, H., Proe, U.S. Nat. Acad. Sci., 62, 884 (1964). 
Mikes, O., Holeysovsky, V., Tomasek, V., and Sorm. E., Biochem. 
Biophys. . Commnun., 24, $46 (1068) and refs. therein. 


* Travis, J., and Liener, I. E., J. Biol. Chem., 240, 1987 (1965). 

* Shaw, E., Mares-Gula, M., and Cohen, W., Biochemistry, 4. 2219 (1965). 

20. Ong, E. B., Shaw, E., and Schoelimann, G., J. Amer. Chem. Soc., 86, 1271 
(1064); Smillie, L B., and Hartley, B, b., First Meet. Fod, European 

vochem. Socs., London, Abstr. A30, 26 (1964); Pospisilova, D., Meloun, 

B., and Sorm, F., Farsi deel. Fed. European Biochem, Sors., London, 
Abstr. A831, 27 (1964). 

1 Koil, B., Ann, Rev. Biochem., 34, 175 (1965). 


ae Metrions, R. M., thesis, Univ. Nebraska (1963); Diss. Abstr., 24, 1376 


a Lowe, G., and Williams, A., Biochem, J., 98. 194, 190 (1065). Lake, A. W., 
and Lowe, G., Biochem. J., 101, 402 (1966). 


Anthocyanin in Dionaea muscipula Ellis 


(Venus Flytrap) 


Dionaea muscipula belongs to a small group of carnivorous 
plants which have movable leaf traps!. Tmggering an inner 
leaf hair causes the trap to close and this is accompanied 
by a characteristic action potential’. During histological 
observations we noted thet in mature leaves there were 
large concentrations of a red pigment in the digestive 
glands, the inner layer of the leaf cells, and particularly 
in the cells at the base of the sensitive trigger hair. Pre- 
suming this pigment to be an anthocyanin’, we analysed 
it by column chromatography‘, paper chromatography, 
ultra-violet and infra-red absorption spectra. 

The traps of the plant were extracted with 1 per cent 
hydrochloric acid in methanol for 24 h. The extract was 
concentrated by drying in the atmosphere, and then 
redissolved in a mimmmum quantity of methanol. A 
column of manganese cellulose powder (the average 
particle size is about 10u) was prepared by suspending 
the cellulose in distilled water, and allowing it to stand 
for at least 24 h. Vacuum packing ensured even compres- 
sion of the cellulose. The column was then washed three 
times with the developing solvent, a solution of hydro- 
chloric acid, water and acetic acid (82-14-83 v/v). 
sample was then developed on the column, and four red 
pigments, which we assumed were anthocyanins, were 
clearly separated. After we had pushed out the column 
with a plunger, we cut the bands and dried them in 
the atmosphere for about 4 days. The anthocyanins 
were then eluted with methanol by vigorous shaking 


“an 
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and centrifugation. The final solution was concentrated 
n vacuo, and stored in the cold. 
One of the red pigment bands was more intense in 
colour than the remainder and was also present in greater 
„quantity; it was selected for further exammmation. The 
concentrated methanol solution was chromatographed 
again, using a solvent consisting of water and 12 N hydro- 
chloric acid (97:3 v/v), and the anthocyanin was con- 
centrated in methanol. The concentrate was then mixed 
with a large volume of anhydrous diethyl ether (ratio of 
l part anthocyanin solution to 100 parte diethyl ether). 
This caused a red amorphous substance to be precipitated, 
which was then centrifuged and washed three times with 
ether. Care was taken not to expose the anthocyanin 
to the atmosphere between washings, because it was 
highly hydroscopic. After the final wash, the precipitate, 
still in ether, was placed in an ampoule and the solvent 
was removed under vacuum. When the sample was dry 
the ampoule was gealed by heating and stored in the dark 
in order to avoid oxidation. 

After hydrolysis of the anthocyanin with 2 N hydro- 
chloric acid, the sugar and the anthocyanidin were 
separated according to the method developed by Bate- 
Smith*'. The anthocyanidin solution was concentrated in 
vacuo to a syrup, and then spotted on to Whatman No. 1 
paper together with reference anthocyanidins, and the 
results are seen in Table 14. The Dionaea anthocyanidin 
has Ry values similar to cyanidin. The sugar solution 
containing a large quantity of acid was neutralized with 
‘Dowex 2’ saturated with bicarbonate*. The solution 
which resulted was centrifuged, concentrated in vacuo, 
and spotted together with reference sugars, then sprayed 
with aniline acid phthalate’. The results of the chromato- 
gram are shown in Table 1B. Other solvent systems 
were used such as butanol, acetic acid and water (4:1: 5 
v/v)’, and phenol-water (saturated solution)*, to confirm 
that the unknown sugar was glucose. 


Table 1. CHROMATOGRAFHIO ANALYSIS OF UNKNOWN ANTHOOYAXIDIN 
AND BUQAR WITH REFERENOR COMPOUNDS 
A B 
No. of ex- Mean No. of exe Mean 
Compound periments Ry Compound porimenta Rp 
Delphinidin 5 Glucose 5 (V 
P nidin 5 704 Xylore 5 0-479 
din 5 0 541 OSE 5 0-589 
nknown 5 0-547 Galactose 5 0-317 
Unknown 5 0-358 
Selvent: Paper: Whatman No. 1. Solvent: 


-pyridine—water (6.4 : 8 water-aceticacid—hydroohloricacid 


bs add Whatman No. 1. 
1) (82:15: 8 v/v). 

In order to be certain of the identity of the antho- 
cyanidin, the ultra-violet and infra-red spectra of the 
unknown compound and of cyanidin were determined. 
A portion of the anthocyanidin hydrolysate solution was 
concentrated tn vacuo to a syrup and then dissolved in 
1 per cent hydrochloric acid methanol so that the ultra- 
violet spectrum could be determined. The cyanidin 
standard was treated in a similar manner. The results 
showed identical absorption peaks at 360 and 535 mu. 
To obtain the infra-red spectrum of the Dtonaea antho- 
oyanidin, it was necessary to take a portion of the hydro- 
lysate and allow it to dry in air. The residue was placed 
in a mull. Known cyanidin was treated in a similar 
manner. There was a marked correlation between the 
results of the two compounds. 

The sugar aglycone ratio was then determined using the 
method of Chandler’ and the results showed a 1:1 molar 
ratio. It was also found (using the spectrophotometric 
method of Harborne") that the sugar is not lmked to Cs 
of the cyanidin molecule, which leaves only two possible 
positions, C, and C;, for sugar attachment to the aglycone. 

A crude sample of cyanidin-3-glucoside was obtained. 
The sample was purified by thin layer chromatography 
with a solvent system of water 12 N hydrochloric acid 
(97:3 v/v). The Dionaea anthocyanin and cyanidin-3- 
glucoside were then compared by paper chromatography, 
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Fig. 1. Comparison of the Infra-red spectra of cyanidin-8-glucoside and 


and ultra-violet and infra-red absorption spectroscopy. 
The samples were prepared for chromatography by dis- 
solving them in absolute methanol, and then spotted and 
developed on Whatman No. 1 paper using two different 
solvents. The results of the chromatogram are shown in 
Table 2. The ultra-violet spectra showed identical absorp- 
tion peaks at 524 mu (the compounds were dissolved in 
methanol). The infra-red spectra were determined in 
potassium bromide, and the two compounds exhibited 
identical peaks (Fig. 1). 


Table 2. CHROMATOGRAPHIO ANALYSIS OF UNKNOWN ANTHOOYANIN AND 


CYAMNIDIN-3-GLUOOSIDR 
(1) (2) 
No, of Mean No. of Mean 
Compounds experiments Rr experiments Rr 
Dionaea anthocyanin 8 0-065 4 0-268 
Cyanidin-3-glucoaide 8 0-064 4 0-259 


or zua: Whatman No. 1. Solvent: water-12 N hydrochloric acid 
38 yv 

iP Paper: Whatman No. 1. Solvent: butanol-acetic acid—water (4:1:5 
viy). 


This research was supported by a grant from the U.S. 
National Institutes of Health. We thank Dr. J. B. Har- 
borne for supplying us with a sample of cyanidin-3- 
glucoside, and for his advice and help in the identification 
of the unknown anthocyanin. 
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Stability of DNA in Escherichia coll B/r and 
Bs_, irradiated with Ultra-violet Light 


Tue lethal effect of ultra-violet light on living cells is 
believed to result from the formation of pyrimidine 
dimers in DNA molecules*. The different sensitivities 
of mutants of certain bacteria to ultra-violet light have 
been investigated in the light of the knowledge that ultra- 
violet-sensitive mutants have defective mechanisms for 
the repair of damaged DNA by enzymes while in ultra- 
violet-resistant strains this mechanism is unimpaired? ?. 
The mechaniam of repair proposed by Boyce and Howard- 
Flanders? and Setlow and Carrier? involves the removal of 
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thymine dimers from the DNA in escherichia cols strains 
K12 and B/r, respectively, irradiated with ultra-violet 
light. 

We attempted to confirm the mechaniam at the DNA 
level. During this investigation we found that the DNA 
of E. colt Bs_,, an ultra-violet-sensitive mutant of strain B 
(ref. 4), was made very unstable by irradiation with ultra- 
violet light, whereas the DNA of B/r, an ultra-violet- 
resistant mutant of strain B, was much more resistant to 
ultra-violet light in this . A similar finding has 
been reported by Mcgrath et al.* for B/r and B,-, strains 
irradiated with X-rays. 

Two strains of E. cok B, Bjr and B,-,, were used. In 
all our experiments bacteria were grown at 37°C in M9 
medium supplemented with 0-2 per cent of glucose 
and 0-1 per cent of ‘Difco’ casamino acid*. The relative 
amounts of DNA in each strain were determined by 

ing the radioactivity of the DNA fraction of 
bacteria labelled with tritiated thymidine. An over-night 
culture was diluted fifty-fold with fresh medium con- 
taining 1-0 uc./ml. of tritiated thymidine (specific activity, 
0-5-1:0 c./mmole) and 100 pg/ml. of deoxyadenosine® 
and incubated at 87° C with constant shaking. When the 
bacterial cultures had grown to a size of 5-6 x 10* cell/ 
ml., they were collected by centrifugation and washed 
three times with cold M9 without glucose and casamino 
acid. The washed and labelled bacteria were suspended 
in one tenth the volume of cold M9 and irradiated, 
while being stirred, under a 15 W germicidal lamp. The 
incident dose was determined with an ultra-violet dosi- 
meter. The irradiated cells were divided into several 
portions depending on experimental protocol, diluted 
ten-fold with fresh medium and incubated at 37°C. 
Equal portions were withdrawn at various times for 
determination of the radioactivity of the DNA fraction. 
Cells were fractionated according to the modified method 
of Schmidt and Thannhauser, and radioactivity was 
measured in a liquid-scintillation counter using the 
E eee of the liquid scintillator described by Bray’. 
e obtained the following results: (a) The DNA of 

B/r remained stable after irradiation of as much as 1,200 
ergs/mm! (about 60 per cent survival) (Fig. 1). In contrast, 
about 70 per cent of the DNA in strain Bs-; was lost 
during 3 h of incubation after irradiation with only 200 
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ergs/mm? (survival of about 1 per cent) (Fig. 2). (b) The 
stability of DNA in strain B/r was greatly reduced by the 
addition of 50 ug/ml. of chloramphenicol to the medium 
after irradiation and incubation (Fig. 3). The effect 
was observable only when this drug was added immedi- 
ately after irradiation; the synthesis of some early protein 
seems to be necessary for the maintenance of the stability ` 
of the damaged DNA. Similar results were obtained for 
survival? and RNA synthesis’ in strain B irradiated with 
ultra-violet light. (c) The stability of DNA in B/r was 
also reduced if cells were grown in the presence of 5- 
bromouracil (100 ug/ml. plus 2 mg/ml. of sulphanilamide 
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(ref. 10)). (d) The degradation of DNA in Bs., irradiated 
with ultra-violet light could be suppressed partially by 
irradiation with visible light. This and the former results 
strongly suggest that the stability of DNA is influenced 
“by structural modification of this molecule. 

There are several possible reasons for the instability of 

DNA caused by ultra-violet light in B,., cells which we 

have considered. Microscopic observations showed that 
there was no lysis or elongation of the cell, and when the 
bacteria were subjected to 200 ergs/mm® of ultra-violet 
light their number remained nearly constant for 3 h. 
After irradiation there was no increase in the overall 
activity of deoxyribonuclease of cell extracts. DNA in 
irradiated B/r could have been protected from the action 
of nuclease by complexing with proteins, but there was 
no significant difference between the two strains with 
regard to the amount of DNA-protein complex present 
after irradiation. The amount of DNA in the complex was 
determined by the amount of DNA which was soluble 
in the upper, aqueous layer when lysates were treated 
with chloroform after digestion with pronase". 

These results offer no positive reason why irradiation 
with ultra-violet light causes DNA in Be, to become 
unstable. Further investigations are in progress to con- 
sider the relationship between the stability of DNA and 

~ the physical state of the chromosome and the mode or 
extent of its replication in the cell. 

This investigation was aided by a research contract 
with the International Atomic Energy Agency and by the 
Ministry of Education of Japan. 
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Reduced Breakdown of Rat Liver Microsomal 
Ribonucleic Acid after Administration of 
Cortisone 


Taw administration of glucocorticoids to rate or other 
mammals causes an increase in several enzyme activities 
in the liver, but this is suppressed if the animal is simul- 
taneously given puromycin, ethionine or actinomycin 
D (refs. 1 and 2). Thus it seems clear that increased 
activity reflects an increase in the concentration of enzyme, 
which in turn is dependent on the synthesis of RNA. 

We have shown thet glucocorticoids produce an en- 
hancement of nuclear RNA polymerase activity both in 
the isolated, perfused rat liver? and in vivot. Investigation 
of the characteristics of “control” and “induced” RNA 
polymerase activity of isolated liver nuclei did not indicate 
any appreciable difference with respect to pH optimum, 
requirement of magnesium, manganese or nucleosido- 
triphosphates; kinetics of reaction, or inhibition by 
actinomycin D and histones*. The only difference was the 
reaction to ammonium sulphate which enhanced RNA 
polymerase activity of control nuclei more than that of 
nuclei from the liver of rats treated with cortisone. This 
substance obliterated the hormonal response. Similar 
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behaviour of the growth hormone and oestradiol which 
induced an increase in RNA polymerase activity has beer 
reported by Pegg and Korner* and by Gorsky’. 

A time course investigation of the response of RNA 
polymerase activity and of tyrosine transaminase to 
glucocorticoids indicated that RNA polymerase activity 
rose sharply 3 h after injection of cortisone in vivo, 
remained unchanged until 6 h and then declined; the in- 
crease of tyrosine transaminase was clearly delayed, and 
the activity reached a mammum after 6-6 h. In the iso- 
lated rat liver, an enhancement of RNA polymerase took 
place about 30 mim after addition of hydrocortisone to 
perfusing blood, whereas tyrosine transaminase started 
to increase after a lag of about 1 h. 

Several physical or chemical treatments, such as 1r- 
radiation or administration of histones, impai the 
response to glucocorticoids of both RNA polymerase and 
tyrosine transaminase®:®. 

These experiments did not necessarily demonstrate that 
increased polymerase activity resulted in an increased 
synthesis of template RNA, but 1t seemed probable that 
this enzyme could be umportant in the response of liver 
to glucocorticoids. A continued synthesis of RNA is a 
necessary condition for the hormonally induced elevation 
in enzyme activities. On the other hand, it is accepted 
that RNA polymerase is involved in the synthesis of 
ribosomal and of template RNA’, both of which are in- 
creased by glucocorticoids’. 

Several findings can scarcely be explained by a mecha- 
nism involving nuclear RNA polymerase. These are 
(a) the activity of this enzyme and the rate of synthesis 
of RNA are low at birth; (b) durmg the first days of life 
the increase in the incorporation of labelled precursors 
into liver RNA precedes by several days the enhancement 
of RNA polymerase activity™; (c) neither cortisone nor 
hydrocortisone influences this enzyme before the thirteenth 
day of life, whereas they increase much earlier (3-4 days) 
both the incorporation of precursors into liver RNA 
(discussed later) and the level of other enzymes such as 
tyrosine transaminase and alanine transaminase!’ The 
response of RNA polymerase to cortisone is prevented by 
actinomycin D‘; on the other hand Ray et al.** have found 
that hydrocortisone stimulates gluconeogenesis in both 
normal and adrenslectomized rats which have been 
treated with sufficient actinomycin D to block induced 
synthesis of enzymes involved in gluconeogenesis. It 
must be remembered that Sporn and Dingman™ have 
shown that labelled hydrocortisone does not bind to 
nucleus structures but remams largely unbound in the 
cytoplasm. 

In an attempt to find a cytoplasmic action of gluco- 
corticoids which could explain, at least partially, these 
results, we have measured the breakdown of pulse- 
labelled microsomal RNA. Control and cortisone treated, 
adrenalectomized rats were given intraperitoneally 
carbon-14 labelled orotate, and the microsomal fraction 
of the liver was then isolated and treated in the manner 
reported in Table 1. 

The precipitate obtained wea washed twice with 3 ml. 
of cold 7 per cent trichloroacetic acid, once with 3 ml. of 
cold acetone and once with 3 ml. of ethanol and diethyl— 
ether (3:1) at 50° C for 10 min. RNA was extracted 
twice for 30 min at 100° C with 2 ml. of 10 per cent 
sodium chloride (pH 8-0) containing 1 mg/ml. of yeast 
RNA as a carrier, and precipitated from combined 
sodium chloride extracts by the addition of 2 volumes of 
ethanol. RNA was finally dissolved in water and assayed 
for radioactivity*. 

Each experiment was run in duplicate and repeated 
several times. The results reported in Table 1 show that 
during incubation a decrease in the radioactivity of RNA 
occurred, which indicates a breakdown of this compound. 
The decrease of radioactivity was reduced by about 
50 per cent in the microsomal preparations from rats 
treated with cortisone. This effect of the hormone was 
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Table 1. Eyrncr or BOMB TREATMENTS 1m pivo ON THR BRHAKDOWN OF 
PULBER LABWLLHD MIOROSOMAL RNA 


Radioactivity of RNA 
Time o Percentage 
Experiment Treatment incubation c.p.m. of RNA 

(min) hydrolysed 
1 none 0 1245 - 
15 717 48 
45 671 54 
2 cortisone* 0 1809 - 
16 1866 24 
45 1211 338 
8 cortisone + 0 180 ~ 
actinomycin Dt 15 102 22 
45 90 81 
4 cortisone + 0 1102 = 
puromyoin t 15 280 75 
45 191 83 
5 puromycin 0 1150 - 
16 540 58 
45 880 67 


6 yo. of carbon-14 labelled orotate ( c activity, 30 mc./mmole) 

were injected intraperitoneally 1 h before the experiment. Liver microsomes 
were isolated according to Zamecnik and Keller (ref. 15). The microsomal 
fraction was suspended in 0-5 ml./g fresh liver of a medium contalor 
0:35 moles/l. of sucrose; 0:02 mol E of potassium phosphate; 0 03 moles 
of potassium bicarbonate; 0-025 moles/l. of potassium o oride, pH 7 8. 
EUS enston (0 2 mi ) was diluted to 1-6 mi, th a medium contaiming. 0-2 ml. 
of liver microeomes (about 1-2 mg RNA); 6 moles of esum; 100 
moles of irta buffer, pH 8; 100 smole p molas phosphate buffer, pH 8. Incubation 
was at 37° C. The reaction was at the times indicated by the 
addition of 2 me of cold 10 per cent rc ieichinmmaesiie acid; RNA was separated 
as reported in th 

* 5 mg/100 g weight were given 4 h before the experiment; control received 
physiological saline. 

meh 100 +%8/100 g welght of actinomycin D were given 4:5 h before experi- 


mt a doses of puromycin (8 mg/100 g) were giyen; one just before corti- 
sone admLustration and one 2 h h later. 


evident 30 min after its administration, reached a maxi- 
mum after 4 h and then declined (Fig. 1). 

Similar results were obtained when the breakdown of 
RNA was followed by assaying the increase of optical 
density at 260 my of trichloroacetic acid-supernatants 
from incubated microsomes. 

Actinomycin D given at the same time es cortisone did 
not influence the hormonal response, whereas puromycin 
enhanced the rate of hydrolysis of microsomal RNA 
(Table 1) both in control and hormone treated rats. 
Added tn vitro, cortisone, hydrocortisone, actinomycin D 
or puromycin did not influence the reaction. 

It must be emphasized that the profound stimulatory 
effect of puromycin, injected in vivo, on the hydrolysis 
of pulse labelled microsomal RNA indicates a possible 
new mode of action of this antibiotic. In rats aged 3—4 
days cortisone treatment resulted in an increased incor- 
poration of labelled precursors into both nuclear and 
microsomal RNA and at the same time in a reduced rate 
of hydrolysis of microsomal RNA, but it did not affect 
RNA polymerase reaction (Table 2). In neither adult nor 
newborn rats was the breakdown of pulse-labelled nuclear 
RNA, which occurs when isolated liver nuclei are incu- 
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Fig. 1. petioed breakdown of microsomal RNA after injection of 


cortisone, For ntal conditions see Table 1 and the text. 
Incubations were run for 20 min at 37° 0. 
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bated is vitro, influenced significantly by glucocorticoid 
treatment. 


Table 2. COMPARIRON OF THE E¥FROT OF CORTISONE IN RATB OF DIVFARNNT 

AGHS ON INOORPORATION OF PRECURSORS INTO MICROSOMAL RNA; HYDRO- 

LYSIS OF PULSS LABELLED MIGROSOMAL RNA AND DNA-DRPENDBNT BNA~ 
POLYMERASE ACTIVITY OF ISOLATED NUOLEI 


ponoles enters AMP 
Age Specific activity of Peroentage of Iucorpora pointed 
(days) microsomal A* hydrolysis after 45 min of DNA by pe lacie 
incubation at 37° Of TA Dy 
control treatedt control treated control treated 
(c.p.m./mg) 
2 262 817 65 65 66 70 
4 1172 2217 89 28 136 149 
20 815 1487 63 47 180 400 
adult 1195 1794 54 34 820 


* 5 uo. of labelled orotate {rectie activity, 30 mo./mmole) were Injected 
Intraperitoneally 1 h before the bl gre ae RAN was seperated as reported 
in the text. but without adding cold RNA as a carri: 

+ 5 mg cortisone/100 g weight were Injected intraperttonoally 4h before 
the experiment, and controla received physiological salın 

ł For exparmmental conditions, rer Table 1. 

$ The incubation mixture contain ın 1 mL): liver nuclei (0-1-0 2 mg 
of DNA), 100 „moles of tris Ne o acid, pH 8-05, 6 wmoles of mag- 
nesium chloride, 3 wmolea of sodium chloride; 7 «moles of cysteine; 0:6 
umole each of GTP, CTP and UTP; 0-05 pmoles of carbon-14 labelled ATP 
(specific activity, 1i ele: Tnoubation lasted 15 min at 87° O as 
previously reported (ref. 


We think that ae glucocorticoid control of the hydro- 
lysis of microsomal RNA may play a part in the adaptive 
response of liver, particularly in newborn rats, when 
RNA polymerase is not affected by hormone treatment; 
furthermore, it can elicit some response in conditions in 
which the synthesis of now RNA is inhibited, as in animals 
treated with actinomycin D. 

Imrie and Hutchinson" have reported that the mecha- 
nism by which ACTH increases the amount of RNA in 
the adrenals can be attributed to an increase in the con- 
centration of a ribonuclease inhibitor; Bendafia and 
Galston!’ showed that indolacetic acid or some metè- 
bolite of 1b binds to an RNA fraction of pea stem, which, 
after binding, shows a relative stability to ribonuclease. 
Thus stabilization of labile RNA in the cell seems a possible 
way by means of which hormones produce their effects. 

It seams clear from our results that both synthesis and 
breakdown of liver RNA are under glucocorticoid control. 
A further basic reaction influenced by these hormones is 
the active transport of amino-acids!*-*, Thus at least 
three different mechanisms are involved in the response 
of liver; their relative role is at present under investigation. 

This work was aided by a grant from the Consiglio 
Nazionale delle Ricerche, Rome, Italy. 
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Quantitative Determination of Urina 
Indoxyl Sulphate (Indican) and the Total 
Content of Basic Compounds in the Faeces 
of Cattle in Relation to Hypomagnesaemia 


HYPOMAGNESAEMIA caused by bringing sheep from 

the fold to grassland can be prevented by treatment with 

chloramphenicol?. We have found many biogenic amines 

~> in the contents of the colon®*. It is therefore likely that 
nutritional (hypomagnesaemic) tetany is connected with 
abnormal fermentation and putrefaction in the intestinal 
tract’. 

The significance of a greatly increased urinary excretion 
of indoxyl sulphate has long been recognized as a sign of 
greater bacterial metabolism in the gut and inflammatory 
processes in the small intestine. In connexion with our 
earlier investigations, we have looked for an alteration in 
the indoxyl sulphate content of the urine caused by the 
change from a diet of hay to one of grass. 

We used two cows, monozygotic twins, which were 
known to have sensitivity to hypomagnesaemia and 
nutritional tetany. The cows were fed with hay for the 
first week and then with so-called “nutritional tetany 

”, from a pasture on which cows sensitive to nutri- 
tional tetany had experienced the disease. 

The aim of the experiment was to induce nutritional 
tetany, or at least hypomagnesaemia. The mdoxyl 

sulphate content of the urine and the magnesium content 
of the blood were determined daily and the total content 
of basic compounds in the faeces was measured every 2 
days. For the separate collection of urine and faeces we 
used the harness described by Hendriks’ and a urinal 
like that of Richter and Becker’. The faeces were col- 
lected in aluminium pans and stored in plastic drums, A 
sample of the faeces was taken after mixing, and part of 
the sample was used for the determination of the total 
content of basic compounds and another part was dried 
to constant weight at 105° C for the determination of 
dry matter. 

The determination of indican in cattle urine is difficult. 
When the indoxyl molecule was oxidized a coloured con- 
densation product with thymol was produced in the 
presence of trichloroacetic acid in concentrated hydro- 
chloric acid®:!°. The coloured product was diluted with 
95 per cent ethyl alcohol just before determination of the 
intensity of the colour with a spectrophotometer at 540 
my., We found an obvious decrease in the intensity of 
the colour, which was caused not only by the dilution 
but also by a reducing compound present in the alcohol. 
Purified alcohol must therefore be used and precludes 
this method as suitable for a routine analysis in the 
clinical laboratory. We obtained the same result by 
dilution with acetone. When the coloured product was 
diluted with n-propanol this phenomenon was not 
observed. A deviation of Lambert—Beer’s law was 
observed at lower concentrations. A straight line was 
obtained only above 20 ug. 

Ferrichloride has been used in concentrated hydro- 
chloric acid, Obermayer’s reagent, as an oxidation 
agent, and better results were obtained’. We used 
calibrated centrifuge tubes and replaced the incubation 
at room temperature for 2 h by treatment of the tubes 
in a boiling water bath for 20 min®. The reaction product 
was made up to 4 ml. with chloroform and the colour was 
determined at 540 myu in a spectrophotometer. 

There was no failure of Lambert~Beer’s law and we 
could detect at least 5 ug of indican. In general, 2 ml. 
of urine from a 24 h collection were diluted to 10 ml. 
with distilled water in a volumetric flask. To 1 ml. of 
diluted urine or 1 ml. of standard indican solution, pre- 
pared from potassium indoxyl sulphate (purum) in a 
calibrated centrifuge tube, was added 2 ml. of 20 per cent 
trichloroacetic acid, 1 ml. of 0-5 per cent thymol and 3 ml. 
of 0-34 per cent ferric chloride in concentrated hydro- 
ohloric acid. The reaction mixture was placed in a boiling 
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water-bath for 20 min and centrifuged at 3,500—4,000 
r.p.m. for 10 min. The yellow supernatant was removed. 
as far as possible with a pipette and the remaining blue 
violet organic layer, about 0-4 ml., brought to 4 ml. by 
addition of chloroform and centrifuged at 3,500-4,000 
r.p.m. for 5 min. The intensity of colour of the chloroform 
solution was measured against a blank, in which standard 
or urine was replaced by 1 ml. of water. At the same 
time three or more standards were determined. The total 
production of the urine was known, and thus it was pos- 
as to calculate the total amount of indican produced in. 
24 h. 


Table 1. AMOUNT OF IwDIGAN IN THY URINE, BASIO COMPOUNDS IN THE 
FAROES, AND MAGNESIUM IN THE BLOOD OF MONOXYGOTIO TWINS 
Urine Faeces Blood 
Basic 
D f Period Indican/24 h (g) (got Sinton te a in Sr cant 
ay o gof pu! e, mg per cen 
experi- Animal ‘Animal Animal 
ment 1 2 1 2 1 2 
1 Hay 2-10 2:33 2-52 2°98 24 2-4, 
2 2-11 2-27 217 2-89 25 2-4 
8 2-19 258 1-70 158 28 2-4 
4 2-11 2-60 23 25 
6 2-27 2°81 2:18 B24 2-3 25 
6 215 2°64 2-4 2°5 
7 ‘Nutritional 2-34 2-52 1:88 3-08 24 2-3 
8 tetany 416 4-50 18 23 
9 grass” 7-88 8-36 1-98 1-44 190 21 
10 7-78 8-40 19 1-9 
11 8 28 8-81 140 O75 17 20 
12 6:76 745 19 19 
13 6:00 7:19 0-85 0-75 20 20 


Extracts of faeces were prepared as previously de- 
scribed??. The total amounts of amines and basic amino- 
acids in these extracts were determined with ninhydrin", 
and the colour was measured at 575 mp with a spectro- 
photometer. In general, 0:1 ml. of an extract of faeces 
was diluted to 10 ml. with distilled water in a volumetric 
flask. To 1 ml. of a diluted extract of faeces in a calibrated 
centrifuge tube 2 ml. of ninhydrin reagent were added 
and the mixture was heated in a boiling water bath for 
20 min, cooled with running tap water and made up to 
10 ml. with propanol and water (1:1, v/v). The colour 
was then measured. As a blank we used the propanol 
and water mixture. 

The magnesium content of the blood was determined 
by a complexometric colorimetric method*. The resulte 
are given in Table 1. It is evident that: (a) The urinary 
indican rises when the feed is changed from hay to grass. 
This is an indication of increased bacterial metabolism ın 
the gastrointestinal tract. (b) After a transient rise the 
total content of basic compounds in the faeces decreases, 
not only because of a slight decrease in dry matter, but 
possibly also because of absorption during passage through 
the gut. This is supported by the observations that sig- 
nificant amounts of amines could be absorbed from the 
colon'*:5, (c) The magnesium content of the blood 
dropped, resulting in a slight hypomagnesaemia, 

When the gastrointestinal tract functions normally, 
small quantities of toxic substances, such as phenols, 
indol, skatol, ammonia and the group of biogenic amines, 
are formed in the colon. They are partly removed in the 
faeces and partly detoxicated in the tissues and elrminated 
in the urine after absorption. In cases of abnormal 
gastrointestinal function, however, an increased pro- 
duction and absorption of these toxic substances may 
occur. Sudden changes in food and temperature which 
occur mostly at the beginning of the grazing season 
facilitate the initiation of disturbances of intestinal move- 
ments, resulting in ‘“‘dysbacteria’!*. Cows which are 
sensitive to nutritional tetany are not always able to 
detoxify rapidly enough these basic compounds absorbed 
from the gut. Incidental factors such as climate may 
enhance the inability to detoxify these basic compounds. 
We think that the previous investigations! and our own 
suggest a link between asauto-intoxication and hypo- 
magnesaemia.. 
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We thank Dr. H. J. Hendriks for carrying out the 
Magnesium determinations, Mr. R. Klarenbeek for col- 
lecting the urine and faeces, and Miss C. B. J. Sipman 
for technical assistance. 
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Catecholamine Binding Protein: Binding 
of Tritium to a Specific Protein Fraction 
of Human Plasma following in vitro 
Incubation with Tritiated Noradrenaline 


Many investigators have shown that catecholamines are 
unusually stable in whole blood". The persistence of 
catecholamines in blood has variously been attributed 
to non-specific absorption by erythrocytes’, platelets‘, 
phospholipids® and albumin (Cohen-Fraction V)*. Bovine 
adrenal glands perfused with acetylcholine containing 
Locke’s solution have been shown to release catechol- 
amines and a specific protein into the perfusate’, and recent 
work utilizing tritiated noradrenaline has demonstrated 
that intravenously administered catecholamines are 
removed from the circulation in at least two stages: an 
initial rapid phase causing disappearance of 60-70 per 
cent of a given dose within 2 min and a slow phase lastmg 
several hours’. These data suggest that under physio- 
logical conditions circulating catecholamines may bind 
to formed blood elements and thereby become temporarily 
unavailable for biotransformation. The present investiga- 
tion was undertaken to determine whether circulating 
catecholamines were bound to a specific protein component 
of plasma (catecholamine binding protein) in a manner 
anslogous to corticosteroid binding globulin® or thyroxine 
binding globulin?®, 

He i blood specimens were obtained from 
healthy volunteers and the plasma was used immediately 
after tion. In vitro incubation of the plasma with 
britinted noradrenaline (px-noradrenaline-7-"H-hydro- 
chloride) was carried out at 37° C for 60 min with constant 
agitation. Incubation mixtures contained 20 po. of tritiated 
noradrenaline/ml. of plasma. Control specimens, contain- 
ing 20 uc. of tritiated noradrenaline/ml. of 0-9 per cent 
sodium chloride solution, were incubated concurrently 
with the experimental sample and aliquots from each 
mixture were applied at random to the starch gel. Vertical 
starch gel electrophoresis was performed according to the 
method of Smithies' at 4° C for 16-18 h. Tho bridge 
buffer solution consisted of 0-06 molar sodium hydroxide 
and 0-3 molar boric acid. The starch gel was buffered 
by a solution containing 0-0092 molar sodium hydroxide 
and 0-023 molar boric acid (pH 8-8). Stained segments of 
each gel served as markers to delineate the extent of 
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Fig. 1. a, Localization of tritium in starch-gel elèctrophorotogratis of 
normal human plasma and normal salme following incubation with 
tritiated noradrenaline, Hach sample consists of a starch-gel segment 
0-4 om. wide. b, Starch-gel electrophoretic strip: the ation peak 
corresponds with the £- and haptoglobulin bands; y-globulin is 1 
to the extreme left of the atrip (cathode) and albumin to the extreme 
ngat (anode). E tısted noradrenaline and saline; ———-, 
tiated noradrenaline and human plasman; , tritiated nor- 
adrenaline and human plasma. Al specimens were incubated at 87° C 
or 60 min. 





plasma protein migration. Unstained strips were divided 
into segments 0-4 em wide, placed in scintillation vials 
containing 10 ml. of Bray’s solution (60-0 g of naphthalene; 
4-0 g of 2,5-diphenyloxazole; 1,4-bis-2 (5-phenyloxazolyl) 
benzene; 100 ml. of absolute methanol; 20 ml. of ethylene 
glycol; and 1:0 1. of p-dioxane) and assayed in a liquid 
scintillation spectrometer. All results are in c.p.m. 
uncorrected for quenching which was very constant eas 
determined by internal tritium standards. 

Starch gel electrophoresis of aliquote (40 lambda) taken 
from experimental incubation mixtures (tritiated nor- 
adrenaline plus plasma) and control incubation mixtures 
(tritiated noradrenaline plus 0-9 per cent sodium chloride 
solution) revealed a significant migration of tritium 
labelled material to the cathode (Fig. 1). This substance 
probably represented ‘‘unbound” tritiated noradrenaline 
or a metabolite migrating as a mobile cation. It does not 
reflect catecholamime binding to y-globulin which localizes 
in this region, since the cathodal peak was also present in 
specimens incubated without plasma (Fig. la). In con- 
trast, movement to the anode of a discrete tritium peak, 
corresponding in position to a 8-globulin or haptoglobm}, 
was obtained only on electrophoresis of specimens con- 
taining tritiated noradrenaline plus plasma. Tritium 
was not bound to any other protein fraction (including 
albumin), as had been previously suggested for non- 
isotopic catecholamines’. Chromatographic analyses 
of tritiated noradrenaline and plasma mixtures after 
incubation at 37° C for 60 min demonstrated the presence 
of noradrenaline in aliquots of such mixtures just before 
application to starch gel. The tritiated compound local- 
ized by starch gel electrophoresis has not been chemically 
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characterized as noradrenaline, but the tritium peak 
has been eluted from the starch gel and subjected to 
chromatographic analysis by comparison with synthetic 
tritiated noradrenaline. Radiochromatographic scans 
` suggest Ry values which appear to be identical for both 
the eluant and the standard (tritiated noradrenaline). 
Due to the extremely low concentrations of catecholamine 
A contained in the electrophoretic gel segment, quantitative 
determination of catecholamine content by spectrophoto- 
fluorimetric techniques has not been feasible. 

The in vitro demonstration of tritium binding to a speci- 
£c protein component of human plasma suggests that 
circulating catecholamines are transported from sites of 
release by a catecholamine binding protein possessing 
electrophoretic migration characteristics quite distinct 
from albumin. The unusual stability of catecholamines 
in blood? and the “slow” removal phase (tm vivo)’ of 
exogenously administered catecholamines may be attribut- 
able to such binding. 
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Formation of Bradykinin from Kallidin-l0 by 
Aminopeptidase B 


AminopErTipase B is a mammalian enzyme selective 
for the N-terminal arginine and lysine residues of pep- 
tides. This enzyme has been described, purified and 
cheracterized!. It occurs in many of the organs of the 
rat and other species and, like cathepsin O, is known to 
be activated markedly by chlomde ions. Amunopeptidase 
B is almost inactive in the complete absence of these ions 
and shows maximal activity at physiological concentra- 
tions of chloride. The physiological role of the enzyme 
was unknown, end an effort was made to determine 
whether some naturally occurring N-terminal arginine 
and lysine peptides could be split by the enzyme. A 
peptide of this type, kallidin-10, is liberated from the 
serum a,-globulin fraction by proteolytic enzymes such 
as trypsin and kalbkrem. Bradykinin is formed when the 
N-terminal lysine of kallidin-10 is released. Bradykinin 
has an N-terminal arginine adjacent to proline. Our 
results show that kallidin-10 1s transformed to bradykinin 
by aminopeptidase B without further degradation (libera- 
tion of arginine) of the nonapeptide. 

The preparation of aminopeptidase B used is described 
in ref. 2. Kallidin-10 and bradykinin were each incubated 
separately for 2-24 h with the enzyme preparation in a 
mixture containing 0-5 ml. 0-2 molar tris-hydrochloric 
acid buffer, pH 7-0, and 1 mg of the polypeptide and 
0-25 ml. of enzyme prepared in the same buffer. Two 
sets of control experiments were also set up. In the 
first, the substrate was replaced by buffer, and in the 
second the enzyme was replaced by distilled water. After 
incubation the samples were immediately transferred 
to an ice bath at 0° C. One-dimensional descending paper 


NATURE 


1271 


chromatography was carried out for 24 h in solvent phase 
composed of n-butanol: glacial acetic acid: distilled water 
(4:1: 5). A 60 ul. portion of the incubation mixture was 
apphed to the chromatograph, but the control samples 
of l-arginine and l-lysine contained 20 ul. of a 1 molar 
solution. In order to control the chromatographic system, 
20 ul. of lysine was added at the origin to some of the 
samples contaming aminopeptidase B and kallidin 
(APB + KALL) and the same amount of arginine was 
added to the samples of aminopeptidase B and bradykinin 
(APB + BRAD). The chromatographs were developed 
with a solution contaming 5 ml. pyridine and 250 mg 
ninhydrin in 100 ml. methanol. 

Fig. 1 shows a typical chromatograph. The spots of 
arginine and lysine are readily visible at the midpoint 
of the paper with Rr values of approximately 0-5-0-6. 
If, however, lysine was chromatographed in the presence 
of enzyme and kallidin without previous incubation, 
it migrated at a rate much slower than that of lyse alone, 
the Rr value being about 0:25. It is also clear that arginine 
does not migrate at the same rate ın the presence of 
bradykinin and amimopeptidase B. In this case the 
arginine spot ıs found at about the same level as that of 
lysine when the latter is chromatographed in the presence 
of aminopeptidase B and kallidin. At this Ry no spot 
develops with either the enzyme preparation or the 
polypeptide samples. If, however, kallidin is incubated 
with aminopeptidase B for several hours, a clearly defined 
spot is seen at this level, and this spot becomes more 
intense the more it is incubated (APB + KALL). No 
spot can be found at this point or at the level of free 
arginine when bradykinin is incubated with the enzyme 
(APB + BRAD). These results indicate that lysine is 
liberated from kallidin-10 during incubation with amino- 
peptidase B but that there is no liberation of arginine 
from bradykinin under the same conditions. This signifies 
that aminopeptidase B is capable of converting kallidin-10 
to bradykinin, but that inactivation of bradykinin 
through liberation of the N-terminal arginine does not 
take place or is a slow process compared with the forma- 
tion of bradykinin. The inability of aminopeptidase B 
to hydrolyse the arginine-prolyl bond of bradykinin 
is analogous to the limitation of action of several amino- 
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Fig. 1. Pa) chromatography of the peptides after incubator mth 
amino) pias B (APB). Test conditions given tn the text. KALL, 
kallidin-10; BRAD, bradykinin, ARG, argmine, LYS, lysne. 
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peptidases, other than prolidase, in releasing N-terminal 
amino-acids adjacent to proline from peptides**. 

The results of these experiments are interesting in 
view of the mechanism of development of the inflamma- 
tory reaction due to tissue injury. Bradykinin has been 
shown to cause vasodilatation, increased capillary permea- 
bility, accumulation of leucocytes and pain, and it plays a 
central part in the inflammatory reaction. The formation 
of bradykinin at the site of inflammation requires the 
hberation of kallidin-10 from serum globulin by a proteo- 
lytic enzyme and the formation of bradykinin from kalli- 
din-10 by the liberation of the N-terminal lysine by an 
aminopeptidase, the so-called “converting enzyme”?:8. 
It has been shown that not only are proteolytic enzymes 
activated during tissue wnjury®?*, but the ability of tissue 
fluids to produce bradykinin also increases. The low pH 
at the site of injury has been suggested as a cause of the 
activation of the enzyme. We suggest that aminopeptidase 
B is one of the enzymes, if not the primary enzyme, 
responsible for the transformation of kallidin-10 to 
bradykinin during tissue injury. The enzyme is normally 
confined within the cell and is then inactive because 
of the absence of chloride ions intracellularly. During 
tissue injury, however, the enzyme is liberated into tissue 
fluids and becomes activated by the high extracellular 
concentration of chloride ions. This activated amino- 
peptidase B then acts on kallidin-10, previously released 
from serum «globulin by the action of proteolytic 
enzymes, to form bradykinin. Aminopeptidase B is thus 
probably part of the so-called “converting enzyme” pre- 
viously implicated?’ in the formation of bradykinin. 

We thank Dr. E. S. Nicolaides, Parke Davis and Co., 
Ann Arbor, for supplying the bradykinin used. 
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HAEMATOLOGY 


Ontogeny of Cattle Haemoglobin 


Tene different types of haemoglobin appear at various 
stages of development of the human embryo and foetus. 
The existence of an embryonic haemoglobin! was long ın 
question until Huehns? and Kleihauer® confirmed that ıt 
occurs in normal human embryos of crown-rump length 
less than 8-5 om. The quantitative relations and chemical 
properties of the embryonic haemoglobins Gower 1 and 
Gower 2 were thoroughly studied by Huehns et al.?. As 
the foetus develops, adult haemoglobin is produced in in- 
creasing amounts, and 6 months after birth it has almost 
completely replaced the foetal haemoglobin. The relation 
between, the increased adult haemoglobin production and 
the increasing bone marrow activity during foetal stages 
is purely chronological. Foetal and adult haemoglobin 
can be synthesized in the liver as well as in bone marrow*5, 
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Foetal haemoglobins have also been investigated in 
animals of different species’, but embryonic haemo- 
globins have until now been described only in young 
chicken embryos? and in Bufo vulgaris’. The present 
communication deals with the development of embryonic, 
foetal and adult haemoglobins in cattle (Simmentaler 
Hohenfleckvieh). 

Blood was taken for examination from embryos, 
foetuses (0-5-60 cm crown-rump length), calves and fully 
grown animals. Shortly after the death of the pregnant 
cows, foetal blood was obtained from the umbilical cord 
and by heart puncture as well as by careful homogeniza- 
tion of the liver. Blood from the liver was diluted with 
1-4 per cont sodium chloride solution and filtered through 
gauze. Blood and liver homogenates were washed seper- 
ately with 1-4 por cent sodium chloride solution until the 
supernatant was clear. Haemolysates were prepared by 
water haemolysis followed by shaking with carbon tetra- 
chloride. Starch-gel electrophoresis was carried out in 
5 mm layers at pH 9-0 (tris-EDTA~—borate buffer) and 
starch block electrophoresis at pH 8-6 (barbital—-barbital— 
sodium buffer). The starch gel was stained with o-dianis- 
idine at pH 4:7. 

In addition to foetal haemoglobin, embryos between 
3-0 and 7-0 cm long regularly showed two embryonic 
haemoglobins which moved slowly towards the anode 
(Fig. 1), and embryos 1-0-1-5 cm long sometimes showed 
three’. Embryonic haemoglobins were classified as 
fractions 1, 2 and 3 according to their position between 
adult haemoglobin and their origmal posıtion on the gel 
(cathode). Fraction 1 had the same migration speed as 
human HbA,, and fractions 2 and 3 migrated more 
slowly. No foetal haemoglobim could be found in the 
0-6 cm embryo and only fractions 2 and 3 of embryonic 
haemoglobin were present. In all the embryos investi- 
gated, fraction 2 was the main component both absolutely 
and relatively, and like fractions 1 and 3 it decreases with 
increasing production of foetal haemoglobin. In embryos 
3-0-7-0 em long, fraction 1 comprised only about 0-5-5 per 
cent of the entire pigment. There were no qualitative 
differences between haemolysates from peripheral blood 
and those from liver homogenates (Fig. 1). All the 
embryonic fractions migrated in a uniform broad zone on 
the starch block. 

We separated the polypeptide chains of the haemo- 
globins by agar gel electrophoresis in a urea—barbital 
system at pH 8-6. The embryonic, foetal and adult 
cattle haemoglobins showed identical a-chains, but the 
g- and y-chains present could clearly be distinguished from 
the e-chains of the embryonic haomoglobins. We have 
previously suggested that the ae, combination exists in 
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Fig. 1. Separation of cattle haemoalobins by starch gel electrophoresis 

at pH 80. Left to right, foetus, 10 em, foetus, 39 om (haemolvsate 

repared from liver homogenate); foetus, 3 9 cm (naemolyante repared 

from penpheral blood); 10 week old calf. Bottom line, line of applica- 
lon. 
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addition to the tetramere e, (ref. 10). The results of 
quantitative analysis by starch gel electrophoresis and 
quantitative estimation of the total embryonic haemo- 
globin by starch block electrophoresis are given in Table 1. 
The amounts of fractions 1 and 3 were calculated from 
starch gel by comparison with known haemoglobin con- 
centrations. The production of adult haemoglobin starts 
towards the end of pregnancy. No foetal haemoglobin is 
present 10-12 weeks after birth. 


Table 1. QUANTITATIVE AND QUALITATIVR DISTRIBUTION OF EMBEYONIO 
HAEMOGLOBINS 


Crown-rump Number of Embryonic Hb Per cent of total 
le) nio haemo- as per cent of embryonic Hb 
(om) globin fractions total pigment n ation 4 
0-5 2 R3100 90 10 
10 8 90 20 60 10 
15 3 75:5 10 60 6 
8-0 2 80-0 5 25 _ 
3-8 2 18-0 2 ii = 
8-9 2 18-0 2 11 — 
42 2 6-0 1 6 _ 
&2 2 3-0 056 25 — 
6-0 2 20 O05 15 — 
7-0 2 20 
8-0 1 Traces 


These results are interesting from the point of view of 
comparative physiology. The main point to emerge is 
that in cattle embryos, as in human embryos, prefoetal 
haemogiobins develop before the foetal blood pigment is 
formed. It is worth mentioning that foetal haemoglobin 
cannot be found in early embryonic stages (0-5 cm). 

This work was supported in part by the Deuteche 
Forschungsgemeinschaft. 
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PHARMACOLOGY 


Antibacterial Effect of Fisetin and 
Fisetinidin 


Tue antibacterial effect of numerous bioflavonoids is 
not yet known, and on the basis of chemical structure 
1t seamed worth while to investigate the possible anti- 
bacterial effect of fisetin, dihydrofisetin and fisetimdin 
chloride. Fisetin and dihydrofisetin are commercial 
products, but we have synthesized fisetinidin chloride. 
Fisetin is found in Butea frondosa, Gleditschia triacanthos, 
Quebracho colorado and the genus RAus?. 

We used the agar plate method and found that fisetin 
does not influence the growth of Escherichia coli, and 
only affects that of Proteus vulgaris and Pseudomonas 
aeruginosa when applied in amounts of 600 ug. The 
growth of Staphylococcus albus resistens, Staphylococcus 
aureus reststens and B. subtilis ATCC 6633 is inhibited 
by doses of 100 pg of fisetin and the growth of Candida 
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albicans is inhibited by doses of 300 ug. We found that 
fisetinidin, in doses of 100 ug, inhibits the growth of 
Staphylococcus albus, S. aureus, B. subtilis ATCC 6633 
and Candida albicans and that of Proteus vulgaris when 
doses of 200 ug are given. Fisetinidin is not able to 
influence the growth of Escherichia coli or Pseudomonas 
aeruginosa. Following the application of 50-500 pg of 
dihydrofisetin, dihydroquercetin and quercetin, no anti- 
bacterial effect was observed on any strain. 

Drops of suspensions of S. albus and S. aureus (Buttle) 
strains were placed in test-tubes containing liquid broth 
media (Lab. Lemco) from broth cultures 18 h old. After 
18 h incubation in the Lab. Lemco broth media, fisetin 
at @ concentration of 10 ug/ml. completely inhibited 
S. albus and in a concentration of 40 pg/ml. inhibited 
S. aureus (Buttle). If bouillon is used 40 ug/ml. of 
fisetin exerts a bacteriostatic effect on the S. albus and 
50 ug/ml. of this drug has the same effect on S. aureus 
(Buttle). To achieve a similar effect with fisetinidin a 
concentration of 40 ug/ml. was needed. Table 1 demon- 
strates the bactericidal effect of these substances. 


Table 1. BAOTHRIOIDAL EFFROT OF FISETIN AND F'IBETINIDIN 
Lab. Lemco Bouillon 
8. albus S. aureus 8S. albus 
resist. (Buttle) resist. (Buttle) 
Tacit 50 aa 0 nall. 10 N 40 raha 


With respect to chemical structure it is worth noting 
that the antibacterial effect of fisetin disappears when 
the double bond between the second and third carbon 
atoms is removed; dihydrofisetin proved to be quite 
ineffective as an antibacterial agent. The difference 
between fisetin and quercetin, which is also inactive, is 
merely that the quercetin does not contain a hydroxyl 
radical on the fifth carbon atom. 

Our investigations show that fisetin and fisetinidin 
chloride can be ranged among the bioflavonoids having 
the strongest antibacterial effect so far observed. 
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Pyrantel Tartrate, a New Anthelmintic 
Effective against Infections of Domestic 
Animals 


Tas communication reports the discovery of a new series 
of highly active anthelmintic compounds which exhibit a 
broad spectrum of activity against both adult and im- 
mature worm infections of domestic animals. One of 
them, pyrantel tartrate (Fig. 1, V), has undergone exten- 
sive field evaluation. 

These substances were first tested for anthelmintic 
activity against Nematospircides dubius in mice and 
Nippostrongylus muris in rats. Compounds (I)—(VI) 
were among the most active to emerge from these teste, 
and their potency increased roughly in that order. They 
have all been evaluated in sheep. It was found that the 
structure—activity relationships were similar to those 
found in the primary screen particularly in respect of 
Nippostrongylus muris. 

Trans 1-methyl 1,4,5,6-tetrahydro-2-[2-(thienyl)vinyl-] 
pyrimidine (V) as the tartrate salt, administered as a 
single oral dose of 25 mg/kg, exhibits a high level of 
activity against adult and immature Haemonchus, Oster- 
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tagia and Trichostrongylus in the abomasum and Nemato- 
dirus, Oooperia and Trichostrongylum in the small intestine 
of both sheep and cattle. The effectiveness of this com- 
pound in completely elimmating Nematodirus and Cooperia 
is especially noteworthy. It also appears that it is active 
against Ocesophagostomum and Ohabertia. 

Excellent activity has also been demonstrated against 
Ascaris suum in pigs and against Toxocara and Toxascaris 
in dogs. It has also been shown that Ancylostoma caninum 
on Uncinaria stenocephala are virtually eliminated from 

ogs. 


R, 
a J, 


(1) Rı=H 
(IT) #,=H R, =H X=—CH,CH y— n=3 
(1) kı =H 
(IV) R,=H R,—CH, A=—CH,CH,— n=3 
(V) Ry=H RCH, X=-—CH=CH— n=3 
(VI) R,=CH, R,=CH, 
Fig. 1. 








The therapeutic index of the tartrate salt of (V) in 
sheep is about 7, the broad spectrum minimum effective 
dose being 25 mg/kg, and the maximum tolerated dose 
175 mg/kg. 

The compounds of this series are generally prepared by 
reaction of the imino-ethers derived from the requisite 
3-(2-thienyl) propionitrile, 3-(2-thienyl)acrylonitrile! or 
their corresponding amides? with the appropriate diamine 
refluxing methanol or ethanol. Alternatively, in the case 
of those with a saturated cham, the nitrile may be allowed 
to react directly with the diamine in the presence of 
p-toluene sulphonic acid (at 175° C)’, hydrogen sulphide 
or phosphorus pentasulphide (70°-95° C). The final 
products can be isolated by standard procedures. 
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CYTOLOGY 


Lysozyme Granules and Lysosome Structures 
in Cell Culture 


I nave demonstrated that lysozyme from hen egg-white 
when added to cultures of tumoral and normal cells from 
humans and animals induced the appearance of granules 
m the cytoplasm, viewed both by light and electron 
microscopy??, Morphological and cytochemical teste were 
carried out ın order to clarify the nature of these granules. 
The teats suggested that the intracellular structures which 
were connected with this phenomenon were the cyto- 
plasmic organelles classified as lysosomes. This name was 
given by De Duve et al. to subcellular particles with well 
defined morphological and enzyme characteristics. Cyto- 
chemical reactions have shown that lysosomes contain 
many hydrolytic enzymes, soluble at an optimum avid 
pH. 
Cohn and Hirsch have shown that leucocyte granules 
can be considered to be typical lysosomes, being par- 
ticularly rich in hydrolases, capable of inducing phago- 
oytosis and of digesting nucleic acids, proteins and carbo- 
hydrates?. The growth of leucocytes shows a typical 
sequence of events. During the gradual evolution of the 
cytoplasmic structure the granules are absent from the 
haemocytoblast, but begin to form m the promyelocyte, 
and become still more evident ın the myelocyte, while in 
the mature cell the cytoplasm is full of granules. 

There is marked similarity between granules in im- 
mature leucocytes and those produced by lysozyme in 
cell cultures, which suggests that the two are of the same 
type. The mechanism by which lysozyme produces 
granules is not yet clear. We presume that lysozyme 
added to cell cultures is absorbed by the cells, combines 
with lysosomal structures, and modifies them, rendering 
them similar to the neutrophile myelocyte granules, at 
least as far as their staining properties, morphological 
structure and some cytochemical reactions are concerned. 

Granules induced by lysozyme as well as those derived 
from granulocytes stain specifically with Lédffler’s blue, 
toluidine blue, brilliant-cresyl/blue and May—Grinwald 
and Giemsa stains. Methylene blue extinction (according to 
Dempsey and Singer) tests have shown that the optimum 
pH for staining 1s 7-5, but that granules can no longer be 
distinguished below pH 5. Similarly, Cohn and Hirsch 
have shown that leucocyte granules lyse when treated 
with a buffer solution of pH 5 (ref. 3). 

Morphological similarities between lysozyme granules 
and those of neutrophile myelocytes are evident. Cells 
from tissue cultures were smeared on slides and stained 
with May-Grinwald and Giemsa stains using the same 
procedure as for blood smears. Many observations showed 
that lysozyme granules develop first in the perinuclear 
region, and are later evenly distributed in the cyto- 
plasm. Not all cells have the same quantity of granules 
and some are entirely free of them, especially if their 
contact with enzymes has not lasted for more than 24 h. 
During the mitotic phase the granulation remains un- 
changed. 

Electron microscopy reveals, both ın cells treated with 
lysozyme and in neutrophile myelocytes, dense roundish 
heaps of an average size of 0-5y, without any inner 
structure and surrounded by a smooth membrane in the 
cytoplasm. These heaps correspond to granulations seen 
by light microscopy. 

Lysozyme granules are not always as regularly organ- 
ized ag those in leucocytes; during development they 
sometimes occupy only part of the membranous vesicles 
which are common in cultured cells. It seems that the 
opaque heaps gradually invade the vesicles and eventually 
form one dense roundish or ovoid amorphous heap. 
These observations have been confirmed by electron 
microscopy on granulopoiesis in leucocytes. Ham‘ and 
Cohn and Hirsch’ believe that the granules of leucocytes 
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are synthesized into vesicle components of the cyto- 
plasmatic reticulum. 

We performed cytochemical tests on granule containing 
cells. The test for acid phosphatase on smears of HeLa 
eells (Barka and Anderson’s method) gave identical results 
for cells with granules and for those without, which 
demonstrated that the addition of lysozyme to cell cul- 
“tures did not produce any increase in acid phosphatase. 
wo It is well known that lysosomes show a marked lability 
towards certain substances such as vitamin A, strepto- 
lysin O and ‘Triton X 100°. These substances can alter 
the permeability of the lypoproteie membranes of the 
organelles®. In order to determine the degree of resistance 
of our granules to these agents, we carried out the fol- 
lowing tests: HeLa cells rich in lysozyme granules were 
smeared on slides and immersed for 30 min in a 0-25 
molar sucrose solution which contained, respectively, 
vitamin A in doses of 20, 100 and 200 1v/ml.; strepto- 
lysin O at 0-01, 0-05 and 0-5 u/ml.; and ‘Triton X 100° in 
a solution of 0-001 per cent, 0-01 per cent and 0-1 per cent. 
Microscopic examination of these smears, stained with 
May-Griinwald and Giemsa stains, has shown the 
gradual reduction of the granules until they almost dis- 
appeared when the highest doses were given. Granules 


of control cells in contact with sucrose alone remained 
unaltered. 
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MICROBIOLOGY 


Serology of Strains of Streptococcus faecalis 
which produce Hyaluronidase 


Sharpe and Shattock! have indicated that the serological 
| -properties of enterococci could not be closely correlated 
with those physiological characteristics which are usually 
used to differentiate between the several species. 
“They suggested, however, that there were two broad 
“divisions within the enterococci in each of which the 
serological properties tended to correlate with the general 
physiological activities; one of these divisions consisted 
-of Streptococcus faecalis and its varieties. Our investiga- 
tions of strains of Str. faecalis isolated from scrapings from 
he teeth of humans with periodontal disease? suggest that 
those strains which can depolymerize hyaluronic acid 
substrates by means of enzymes are directly related and 
_ distinguishable by a common antigen. 
Phe biochemical and serological grouping of the strains 
gëdd in our work conforms to the criteria suggested for 
- speciation of Str. faecalis. Details of isolation, character- 
ization and turbidimetrie determination of hyaluronidase 
activity have been described®. Cells were collected from 
‘brain heart infusion agar (‘Difco’) after aerobic incubation 
at 37° C for 18 h and were washed and treated with 
formaldehyde. The cells were then injected intravenously 
into rabbits to obtain antibodies. Cells for the indirect 
fluorescent antibody tests were grown in brain heart 
infusion broth, washed and finally suspended in 0-15 
molar sodium chloride at a concentration of 4 x 10? 
cells/ml. Goat anti-rabbit fluorescein labelled globulin 
was used undiluted according to the techniques and 
controls suggested by Cherry et alt. The intensity of 
fluorescence was scored from 0 to +4 using a Zeiss 
fluorescent microscope. Antibodies were absorbed in 
10 ml. of a 1 : 10 dilution of antisera in 1 ml. of washed, 
packed cells. The suspension was agitated for 2 h at 
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37° C, then incubated at 4° C for 18 h. This was repeated 
until indirect fluorescent antibody tests with the absorbing 
cells gave negative results. ; pa 

Antisera against each of four hyaluronidase positive 
(HP) strains were diluted 1 :40, 1: 320 and 1 : 1,280, 
representing high, medium and low concentrations of 
antibodies, and tested against the cells of a group of 
HP strains and a group of hyaluronidase negative (HN) 
strains. The latter group contained eight type strains of 
Str. faecalis. Antisera against the negative strains were 
diluted in a similar way and tested against HP and HN 
cells. The results showed that reactions of antisera 
against HP strains maintained a high intensity of fluor- 
escence at all the concentrations tested. When HN strains 
were tested in these HP antisera, the reactions were much 
less intense at high concentrations of antisera and little 
or no reaction was observed at low concentrations. The 
differences in reactivity among the HN strains suggested 
a diversity of serological types. When antisera against 
the HN strains were tested with both HN and HP cells, 
the reactions were diverse, but adhered closely to the 
pattern of serological types described by Sharpe and 
Shattock!. These results suggested a correlation between 
hyaluronidase production and serological properties, and 
so additional evidence was sought from reciprocal absorp- 
tions. 

Absorption of HP antisera with HP cells eliminated 
the serological activity of these antisera; thus a typical 
HP strain, 39-5, was chosen for all further experiments. 
When antiserum against HP 39-5 was absorbed with HN 
strain B 65 (Type 6t), the absorbed HP antiserum retained 
strong reactivity with all HP cells, but reactions with all 
HN strains (except HN strain S161) were eliminated. 
This HP antiserum, which had been absorbed with HN 
cells, was used when 200 single colony isolates of entero- 
cocei obtained from tooth samples from forty-four patients 
were tested for serological activity and hyaluronidase 
production. Strains from eleven patients which reacted 
with HN absorbed HP antiserum were also found to 
be hyaluronidase positive. None of the hyaluronidase 
negative strains reacted with this HN absorbed HP anti- 
serum. The results seemed to support a correlation 
between hyaluronidase production and serological react- 
ivity, but the reaction of HN strain S161 with HN 
absorbed HP antiserum was unexplained. 

Fluorescent antibody tests were carried out after com- 
plete reciprocal absorption of HP 39-5 cells and anti- 
serum, and HN S161 cells and antiserum. The tests 
indicated that after absorption there had been a partial 
reduction in homologous antibody. There was evidence 
for this conclusion in the reduced intensity of the fluor- 
escent antibody reaction of the absorbed sera with the 
homologous cells. These results suggest that each strain 
contains common antigens as well as specific antigens. In 
the case of strain HP 39-5, the relationship between the 
specific antigens and hyaluronidase production is of 
extreme interest because of the implied association of 
cell structure and the activity of enzymes. 

Fluorescent antibody reactions detect bacterial surface 
antigens’, and so one working hypothesis is that the 
biological relationship (if any) between hyaluronidase 
activity and serological specificity is associated with an 
antigen in the cell walls of these strains of enterococci 
which is a structural analogue of hyaluronic acid. The 
depolymerization of the hyaluronate observed in the test 
system may therefore reflect activities associated with 
cell wall replication. This hypothesis is consistent with 
reports which suggest the polysaccharide nature of the 
type specific antigens of Str. faecalis®? and the limita- 
tion of enzyme activity to growing cells. Another possi- 
bility is that a protein moiety in the cell wallè? accounts 
for hyaluronidase activity and is also the basis for the 
serological specificity which we have observed. More precise 
delineation of this relationship between structure and. 
function is being explored using agar gel diffusion. 
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BIOLOGY 


Endocrinology of Imaginal Diapause in the 
Female Red Locust, Nomadacris 
septemfasciata (Serv.) 


ADULTS of the red locust Nomadacris septemfasciata which 
emerge in late summer and autumn undergo a lengthy 
imaginal diapause under natural conditions, and remain 
sexually immature until the following spring’. Diapause 
is brought about by a seasonal decrease in day-length, 
and. can be induced in the laboratory by controlling the 
photoperiod under which the locusts emerge?. Because 
the development of the gonads in locusts is clearly 
dependent on the secretions of the cerebral endocrine 
glands**, the arrested sexual maturation in diapausing 
females of N. septemfasciata may be under endocrine 
< gontrol, This communication reports the results of a 
‘preliminary histological investigation into the endocrine 
gontrol of diapause in the red locust. 
Diapausing and non-diapausing females were reared at 
<- the Anti-Locust Research Centre in London. Samples of 
each batch were killed and fixed before being dispatched 
to. Sheffield; the heads were fixed in aqueous Bouin 
solution and the bodies in Baker’s formol calcium. Each 
ovary was examined to determine the number and length 
of the terminal oocytes, and to record the occurrence of 
“oviducal secretion. The heads were processed, sectioned, 
-stamed with paraldehyde fuchsin, and the volumes of 
the corpora allata measured‘. The results are shown in 
co Tables 1 and 2. 
°° The arrangement of the parts of the cerebral endocrine 
system of the red locust is almost identical with that 
-observed in Schistocerca gregaria’ and Schistocerca para- 
nensis*. Detailed examination of the neurosecretory 
systems of the two batches of locusts revealed no obvious 


Table 1. LENGTH OF TERMINAL OOCYTES AND OCCURRENCE OF OVIDUCAL 
SECRETION IN DIAPAUSING AND MATURE FEMALES OF THE Rep Locust 


Diapausing females (4) Mature females (5) 


Terminal Oviducal Terminal Oviducal 

oocytes secretion oocytes secretion 
<1 mm ~ 4mm + 
<1 mm - 5mm + 
<imm - 6 mm + 
<1 mm ~ 2 mm* + 
2 mm* + 


* Those oocytes are second generation, the females having oviposited. 


Table 2. VOLUMES OF CORPORA ALLATA (TWO PER FEMALE) IN DIAPAUSING 
AND MATURE FEMALES OF THE RED LOCUST (x10-* u°) 


Diapausing females Mature females 


4-86 5-32 12-96 13-65 
5-89 5-66 13-16 13-85 
634 6-98 14-28 17-31 
8-38 9-08 17-16 19-65 
15-57 21-31 
Mean 656 + 0-528 1589 + 0-914 


Comparison of means, P < 0-001. 
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Figs. 1-4. Photomicrographs of sections of the cerebral neurosecretory 

system in adult N. seplemfasciata. The material is fixed in Bouin solt- 

tion, and stained with paren te fuchsin after permanganate oxida- 
jon. 


Fig.1. Median neurosecretory ee Bee of a female during diapause 
x ls 


Fig. 2, Median neurosecretory cell group of a female with developing 
oocytes ( x 150). 


Fig. 3. Corpus cardiacum of a female during diapuase {x 100). 
Fig. 4. Corpus cardiacum of a female with developing oocytes ( x 100). 


differences between the amounts of stainable material in 
the diapausing and maturing females. In both groups 
secretion is clearly visible in the median neurosecretory 
cells, some of which contain scattered granules, while 
others are full (Figs. 1 and 2). Abundant material is 
present in the nervi corporis cardiaci 1, and in the corpora 
cardiaca (Figs. 3 and 4). 

The complete cessation of ovarian development in the 
diapausing females is reminiscent of the results of removal 
of the corpora allata from. newly emerged females 
of S. gregaria? and S. paranensis*. Tt is not surprising, 
therefore, to find that the corpora allata of the diapausing 
locusts are very much smaller than those of the mature 
females. The oviducts of the diapausing females are flat. 
and lack secretion, and it is unlikely that the small corpora. 
allata are secretory. Similar observations have been made 
on diapausing adults of Leptinotarsa decemlineata! and 
Galeruca tanaceti?; reproductive diapause appears to 
result, at least partly, from the subnormal functioning of 
the corpora allata. Also in G., tanaceti there are visible 
differences between the neurosecretory systems of the 
diapausing and maturing insects’. In the red locust, the 
histological appearance of the neurosecretory system of 
the diapausing female closely resembles that of the mature 
female, but it is difficult, from histological observations 
alone, to draw conclusions about the activity of the neuro- 
secretory system in diapausing locusts. The cerebral 
neurosecretory cell-corpus cardiacum complex has been, 
implicated in the control of many basic processes in insects 
(such as protein metabolism, carbohydrate metabolism, 
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water regulation, heart beat, gut movements, and diges- 
tion), and therefore it ıs likely that the neurosecretory 
system is active in maintaining these processes in the 
diapausing red locust. 

I thank the Anti-Locust Research Centre, London, for 
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Webb for making the photomicrographs. Tho work was 
garried out during the tenure of a Science Research 
Council research fellowship. 
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Increased Growth and Life-span with Lowered 
Ambient Temperature in the Annual Fish, 

F Cynolebias adioffl 
From observations based primarily on natural popula- 
tions, Bourliére? was able to present evidence that lowered 
environmental temperatures slow the rate of growth and 
prolong the life-span of various fishes, amphibians and 
reptiles. No experiments, however, have been carried. 
out to test the effect of ambient temperatures on both 
growth rate and life-span in poikilothermic vertebrates 
under controlled laboratory conditions. For such experi- 
ments it is desirable to have populations of short-lived 
animals which show senescence, and thus “annual” 

fishes would be suitable test subjects. 

About 450 eggs of the South American annual fish 
Cynolebias adlofi collected from our laboratory popula- 
tion were hatched at 22° C, providing about 200 healthy 
fry. These were divided into two equal batches at 1 
month of age and placed in separate tanks. When the 
population was 6 months old and thus sexually mature, 
seventy of each sex were removed, measured, weighed 
and separated into four separate tanks (92 em x 36 om x 
86 cm). Thus each tank received thirty-five fish with a 
sex ratio of about 1:1. Two tanks were maintained 
at 16° + 1° C, and two tanks at 22° + 1° C, the tempers- 
ture at which all fish had been kept since hatching. Each 
month a sample of ten males and ten females was selected 
from the two tanks of each temperature regime, and the 
length (from the tip of the snout to the base of the caudal 
peduncle) and weight of each fish determined. When less 
than ten of one sex remained at any one temperature, all 
fish of that sex were measured. 

Fig. 1 reproduces the data from a previous experiment 
on the survival of a population maintained at 22° C. 
These data were calculated according to the method of 
Leslie et al.3. The form approximates closely to the con- 
figuration of an ideal survival curve of a population 
exhibiting senescence. Moan survival time was between 
11 and 11-5 months, with extinction of males and females 
at 13 and 14 months respectively. Life spans observed 
in the present experiment are shown in Fig. 2, where the 
survival curves are intermediate between the ideal con- 
tours of populations exhibiting and not exhibiting senes- 
cence. According to Comfort*, most survival curves are 
of this form. The influence of ambient temperature is 
clearly demonstrated: at 19 months, only one female is 
- still surviving out of the entire population, maintained 

at 22° C, while the population maintained at 16° C has 

not even reached a 50 per cent mortalty level. Mean 
survival times of fish maintained at 22° C remain between 

Il and 12 months, although the time of extinction, 

with the exception of the one female, is retarded by some 

3-4 months compared with the previous experiment. We 
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attribute this prolongation to the mitially higher popula- 
tion densities of the fishes used in the present experiment 
before transfer into the four tanks. The increase in 
population density may have resulted in slightly less food 
per fish, and underfeeding may cause decreased rate of 
growth and increased hfe span‘. 

The effects of ambient temperature on growth are shown 
m Figs. 3 and 4. Each pomt represents the mean of ten 
observations except where noted. The points at 5 months 
reflect the values for the populations just before separa- 
tion into the two temperature regimes. The divergence 
in length and weight at the two temperatures can be 
discerned after only one month. The differences held 
between the sexes of each regime as well as between the 
members of the same sex at 16° C and 22° ©. This rela- 
tionship was also observed in the earlier experiment, 
although the magnitude of difference and the ultimate 
specific size were greater than in the present series. The 
mean difference in length in the present study of the males 
raised at 16° C was 19-0 per cent greater than that of 
males at 22° C, while females kept at the lower tempera- 
ture were 17-0 per cent longer than those at the higher 
temperature. Similarly, males raised at 16° C were 76-3 
per cent heavier than males raised at 22° C, and females 
raised at 16° C showed a mean increase of 84-8 per cent 
in weight over those maintained at the higher temperature. 
Analysis of variance within each temperature and between 
the two temperatures revealed that differences in size 
and weight between and within the sexes were significant 
with a probability greater than 0-9995. 

Our observation of the association of prolonged life 
span with growth rete and ultimate specific size at 16° C, 
as compared with 22° C, is of particular interest in relation 
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to theories of ageing. The effect of ambient temperature 
on these two parameters in homeothermic animals shows 
the opposite finding of decreased life span and decreased 
growth at 9° C compared with 28° C, because more cata- 
bolic energy is expended for thermoregulatory functions 
at the lower tempersture, leaving less energy for anabol- 
ism'!, Bourliòre! cites cases of fishes in natural popula- 
tions exhibiting longer life at lower temperatures when 
compared with closely related or the same species in 
warmer waters, but these more northern populations also 
grow more slowly and attain sexual maturity at a later 
age. The phenomenon of increased growth at lower 
temperatures has been observed in trout® and various 
eyprinodontoid fishes’-* but data on life span have not 
been documented. Kinne’, in a thorough study of growth, 
food intake and food conversion in Cyprinodon macularius, 
observed that 30° and 25° C produced greater growth after 
25 woeks (at maturity) than did 16°, 20° or 35° C, even 
though the highest temperature showed the most acceler- 
ated rate initially. Thus growth rate varies almost 
directly with increasing temperature until an optimum is 
reached, after which a further rise in temperature leads 
to a climinution in growth rate. Previous authors found 
that decreased activity at lower temperatures is accom- 
panied by increased conversion efficiency of food, and our 
observations confirmed this. Boschi? stated that 14° 
20° C is optimal for maintenance of another annual fish, 
Oynok bias bellottii. If such factors obtain with Cynolebias 
adlofi, then a possible explanation could exist for the 
greater growth exhibited at the lower temperature. 
Nevertheless, our data still differ, for example, from the 
measurements of Kinne’ in that the length and weight 
discrepancy between our fishes reared at the two tempera- 
tures did not decrease with time, as in the case with 
Oyprinodon macularius, where fish reared at 20° C reach 
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the same ultimate size as those at 35° C after about 35 
weeks of hfe’. A clue to the beneficial effect of lower 
temperatures on life span in poikilothermic vertebrates 
may be provided by expermments which show greatly, 
increased acceptance of homograft scale transplantation 
in Carasstus at 10° C as compared with a range of tempera- 
tures increasing up to 40° C (ref. 12). It is possible that 
suppression of mmmunological (auto-immune) processes, 
by lower ambient temperatures is responsible for aug- 
mentation of life span. This would accord with theoretical 
expectation of the immune theory of ageing’. 

This work was supported by a research grant from the 
U.8. Public Health Service. 


RoBERT K. Liv 
Roy L. WALFORD 
Department of Zoology, 
University of California, 
and 
Department of Pathology, 
University of Califorma School of Medicine, 
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SOIL SCIENCE 


pparatus for controlling the Oxidation- 
eduction Potential of Waterlogged Soils 


Seatac REDUCTION or redox potential measurements 
have been widely used in the study of chemical and 
biological reactions mm waterlogged sous. The oxidation- 
reduction potential is used to characterize aeration in 


measurements of oxygen concentration and oxygen 
diffusion rate are of little value. Dissolved oxygen is 
usually completely absent or present in very low concen- 
tration in a waterlogged soil. 

One of the biggest limitations to the use of the oxidation- 
reduction potential for studying reactions in waterlogged 
soils has been the difficulty of maintaining the potential 
of the soil at a particular value throughout an experiment. 
When & soil 18 waterlogged the potential at the inert 
electrode (usually platinum) decreases to a relatively 
constant low value determined by the types and activities 
of reduced and oxidized components in the soil. It is 
often desirable to study reactions at several potentials 
that can be maintained for considerable periods. 

Several methods have been devised for controlling the 
redox potential of bacterial cultures. Knight! controlled 
the potential by manually regulating the composition of 
oxygen in an oxygen—nitrogen mixture bubbled into the 
medium. A decrease of redox potential below the desired 
value was prevented by the oxygen. His method of 
potential control has the disadvantage that it requires 
frequent adjustment of the gas stream. An electrolytic 
method was devised by Hanke and Katz? to regulate the 
redox potential. In addition to the platinum and calomel 
electrodes used for potential measurement a large platinum 
foul electrode to which a direct current voltage of approx- 
imately 30 V could be applied was placed in the medium. 
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The oxidation-reduction potential was controlled by 
electrolysis at the large platinum electrode. Kefauver 
and Allison? found this method of potential control un- 
satisfactory for studymg bacterial nitrite reduction at 
controlled potentials. Nitrite dissociated because of the 
high voltage used on the large platinum electrode. These 
workers were able to attain fairly good control of the 
oxidation-reduction potential for studies lasting several 
shours, using Knight’s method. 

This communication describes a method for controlling 
the oxidation-reduction potential of a waterlogged soul by 
monitoring the potential of the soil as measured at a 
platinum electrode and automatically supplying oxygen 
when the potential falls below a selected value. A Beck- 
man model K automatic titrator modified so that oxygen 
or an oxygen—nitrogen mixture is delivered instead of the 
usual liquid titrant is used for potential control. The 
design of the apparatus is shown in Fig. 1. The culture 
tube consists of a 38 x 200 mm ‘Pyrex’ tube which has a 
short piece of 18-gauge platinum wire sealed into the side 
of the tube 1 in. above the bottom. A calomel half cell is 
connected to the culture by means of an agar—potassium 
chloride salt bridge through the rubber stopper. An inlet 
and an outlet for the gas are also provided. The soiul—-water 
mixture is stirred periodically with a magnetic stirrer 

-controlled by an automatic timer. 







Calomel J Gas Washing 
Half Cell |, Bottie 
Gas Washing 
Bottie 


Potential Control 
Unit 





Magnetic 
Stirrer 


Fig. 1. Apparatus used for oxtdation-reduction potential control. 


A soil sample to which an equal weight of water has 
been added 1s placed in the culture tube and the desired 
redox potential set on the control unit of the titrator. 
Microbial activity causes the potential of the waterlogged 
soil to decrease until the set potential is reached, at which 
time the solenoid valve controlling the oxygen supply is 
automatically opened and oxygen bubbled into the sus- 
pension. Oxygen continues to be supplied to the soil 
until the solenoid valve closes when the potential at the 
monitoring platinum electrode reaches the set valve. An 
alternate procedure is to allow waterlogged roil to become 
highly reduced (—200 to —280 millivolts oxidation- 
reduction potential) before being transferred to the culture 
tube. Oxygen is then supplied automatically until the 
potential increases to the desired value. 

7 Close control of the potential (+5 millivolts) can be 
maintained for indefinite periods using this system. Air 
is adequate for controlling the potential at values of 
about 100 millivolts and higher, but low potentials are 
difficult to maintain using air because the high oxygen 
content of air causes a surge in potential when the solenoid 
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valve is opened. The oxygen content of water-pumped 
nitrogen is adequate at low redox potentials. 

Using this method of controlling the oxidation-reduction 
potential, studies have been made of nitrate reduction 
rate, the ferne—ferrous iron system and sulphate reduction 
to sulphide in waterlogged soils. 


Worum H. PATRICK, Jun. 
Department of Agronomy, 
Louisiana State University, 
Baton Rouge, Louisiana. 
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Volatilization of Nitrogen as Ammonia from 
Acid Soils 

INoUBATION investigations of the metabolisms of ammo- 
nium sulphate added to soils of Colombia (South America) 
showed that not all the added nitrogen could be accounted 
for by the usual metabolic processes (nitrification, nitrogen 
immobilization, ete.). Further work showed that signi- 
ficant amounts of ammonia were being evolved from these 
soils. Volatilization of ammonia was relatively high from 
soils of pH of about 7 or greater, as shown by other 
workers', but significant volatilization occurred even 
from six acid soils (pH 4-8-6-3). 

The procedure involved incubation of 10 g samples of 
soil (air-dried, 2-mm sieved) with water added to 33 per 
cent, 50 per cent, 75 per cent, and 150 per cent (water- 
logged) of the maximum water-holding capacity. Ammo- 
nium sulphate was added, in the water used to wet the 
soils, at the rate of 100 p.p.m. of nitrogen, assessed on a 
dry soil basis. Two small vials, one contaming barium 
oxide and barium hydroxide solution to absorb carbon 
dioxide and release oxygen‘, and the other containing 
1 ml. of 0-1 N sulphuric acid to absorb volatilized ammonia 
were placed above the soil in the tube. The tubes were 
closed with rubber bungs and inoubated at 30° C or 
40° C for periods of 3 and 16 weeks, after which the 
ammonia in the vial containing sulphuric acid was de- 
termined by the Nessler method’. 

Results are shown in Table 1 where volatilization 
losses are given as p.p.m. of ammonia nitrogen on a dry 
soil basis. 


Table 1. VOLATILIZATION OF AMMONIA IN P.P.M. DURING INOUBATION OF 


SOILS (AT DIFFERENT MOISTURE LHVKL8 AND TWMPERATURES), TREATSD 
WITH AMMONIUM SULPHATE (100 P.P.M. OF NITROGEN OR A DRY BASIS) 
Inouba- 
tion 
mp. 
40° 
Inoubation temp, 30 (per cent 
Bolls pH Texture Boil Moisture deys per oont) HO 
(per cent) 
Incubation period (weeks) 
8 18 8 16 8 16 8 16 8 16 
Palmaseca* 7-6 Clay 25 64 23 42 36 49 60 88 98 118 
Palmasecat 7-2 Clay 16 41 15 88 22 38 39 509 384 66 
Palmira 6-3 Silt loam 9 28 10 24 8 25 16 80 15 88 
Risaralda 5-7 Sandy loam 9 27 10 26 11 27 28 37 16 88 
Cerritos 5-6 Sandy loam 11 84 11 87 12 82 45 71 14 62% 
Buenaventura 5:1 Sandy loam 11 26 11 28 8 25 24 39 11 44 
Jamundí 6:0 Sut loam 10 25 10 26 8 19 15 31 11 41 
Villarrica 48 Clay 11 26 7 21 6 14 12 32 10 28 
* Saline-Sodic Palmaseca. 
+ Baline Palmaseca 


Even after 3 weeks incubation under aerobic conditions 
(33-75 per cent of the maximum water-holding) the acid 
soils evolved 6-12 per cent of the applied ammonia 
nitrogen. The extent of volatilization increased with 
time but was similar at different moisture levels, ranging 
from 33 per cent to 75 per cent of the maximum water- 
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holding. When waterlogged, however, ammonia volati- 
lization was 2—4 times greater than for the aerobic moisture 
levels. The higher incubation temperature (40° C) gave 
slightly greater ammonia volatilization. The differences 
caused by temperature increases became much more 
pronounced with the longer incubation period. Among 
the six acid soils there was no correlation between the 
extent of volatilization of ammoma and the pH. 

As expected, the Saline-Sodic and Saline Palmaseca 
soils lost more ammonia than did the acid soils. The loss 
of ammonis by volatilization even from acid soils is difficult 
to explain. The mineralogical analysis of these acid 
soils showed that they all contained “alkaline” feldspars 
and other ‘‘basic’’ minerals. In spite of the fact that the 
soils as a whole were acid, the presence of these alkaline- 
producing materials distributed throughout the soils 
may be responsible for ammonia volatilization. It is 
notable, for example, that the Cerritos soil, which gave 
the greatest volatilization of ammonia among the acid 
soils, also had the highest content of these “alkaline” and 
“basıo” minerals. 

This preliminary experiment has shown that loss of 
ammonia by volatilization can be important even from 
acid soils. Much further work is required on this problem, 
particularly to determine why the logs occurs. In general, 
losses in incubation tests may be expected to be greater 
than in the field, since in the latter case ammonium can 
diffuse downward through the soil, increasing the possi- 
bility of absorption by organic and inorganic colloids, or 
by plants. 

The possibility that ammonia may be lost by volatiliza- 
tion from acid soils after the application of ammonium 
sulpbate or ammonia-producing fertilizers such as urea 
must be considered. This applies particularly in the 
tropics, where the soils commonly reach temperatures of 
more than 30° C. 

M. L. Brasco 
A. H. CORNFÆLD 


Department of Chemistry, 
Imperial College of Science and Technology, 
London. 
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MATHEMATICS 


Square-root Law for Solving Two-ended 
Problems 


Soms mathematical problems can be expressed in terms 
of threading mazes: we are given a non-oriented linear 
graph (notes and branches) and wish to find e path from 
a node A to a node B, where A corresponds to the premises 
and B to the conclusions of some theorem!?, As is well 
known, it is likely to be more economical to ‘work from 
both ends”, that is, from both A and B, rather than 
from A alone. For many years I have been remarking 
that the saving in work by this ‘‘two-ended’’ method is 
likely to be given approximately by a square root law. 
By this I mean that if the number of steps used when 
threading the maze from one end is S, then the number 
used when working from both ends is liable to be of the 
order of the square root of S. These estimates, S and yS, 
are both intended to be expected values, and the result is 
true only if the maze 1s very difficult to thread, so that the 
shortest path from A to B is long and consists of far fewer 
than 8 steps. The condition that the maze is difficult is 
to be interpreted in the sense that there is not at first 
much indication of whether we are going in the right 
direction, that is, there is at first no very useful estimate 
of “distance”. We can define the distance from A to B 
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as the number of steps required to get from A to B along 
the shortest path, but we have no quick and effective 
method of telling when we are making steps that decrease 
the distance, when A and B are far apart. 

The most well known uneconomical method of threading 
a maze makes no use of the estimation of the distance 
from A to B. It consists in locating all nodes at distance 1 
from A, then all at distance 2, and so on, thus generating 
a tree rooted at A which eventually reaches B if the graph. 
is connected and finite, as we assume*. This method will, 
of course, find the shortest path from A to B, say, of 
length n. Let b be the average number of ‘‘children”’ of a 
node in this tree. (Clearly b is at least one less than the 
average number of branches at each node of the graph.) 
The expected number of steps required by this method is 


bbb o. l ortib we 9b9(b4-1)/(B—1) 


If instead we work from both ends, the expected number 
of steps will be about bi*(b+1)/(b—1). If n is large, this 
is of the order of the square root of the number of steps 
required in one-ended working. 

If we take into account some estimate of distance, it 
will begin to become of value when we are within some 
distance, d, of the goal, where d <n in virtue of our hypo- 
thesis that the maze is difficult to thread. The tree, or 
the pair of trees, that are generated before the estimation 
of distance becomes of value may be described as the 
“groping” trees. For one-ended working, the groping 
tree will contain of the order of br—4 steps, whereas, 
for two-ended working, the groping trees (the closest nodes 
of which will be at distance d from one another) will contain 
a number of steps of the order of the square root of this 
since the number of generations in each of them will be 
about 4(n—d). After the distance estimation begins to 
become useful, the number of steps that remain will be 
negligible compared with the sizes of the groping trees, 
provided that n is large enough. This completes the 
demonstration of the square root law for sufficiently 
difficult mazes. 

This discussion can be made more formal by regarding 
the expected number of children of a node as a function of 
the shortest distance, m, to the goal, or, for two-ended 
working, to the other tree. Thus we replace b by a func- 
tion bm. Then the expected number of steps for one- 
ended working is f(n) defined as 


n-1 
f(n) = E baba- . . . bas 
r=0 z 
whereas, for two-ended working, it is 2f(4n). Perhaps the 
simplest form to assume for bm is (l—g™)b. 

It will be interesting to see whether these formulae 
are consistent with the experimental results of the graph- 
traverser programme’, when and if ıt is modified to cope 
with two-ended working. 

For problems in which the goal is represented by a 
set of more than one node, the method of two-ended 
working generalizes in an obvious manner. But & general- 
ization of the above formulae would be difficult as it must 
depend on how close the various goal-nodes are to one 
another, and also on their individual distances from the 
“origin”, A. But the square root law remains valid for 
sufficiently difficult problems. 

I. J. Goop 
Trinity College, 
Oxford, 
and 
Atlas Computer Laboratory, 
Science Research Council, a4 
Chilton. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 
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z Monday, December 12 


INSTITUTION OF ELHOTRIOAL ENGINWERS, LONDON GRADUATH AND STUDENT 
Bromion (at Savoy Place, London, w 0,2), at 6.30 30 | p.m.—Mr, J. A. Ratcliffe, 
O.B.E., F B8.: Preaidential Address. 


en GROGRAPHIOAL Soormry (at 1 Kensington Gore, London, 8.W.7), 
af{8.16 pm.—Mr. H. H. Lamb: “Britain’s Changing Climate”. 


Monday, December 12—Saturday, December !7 


UNIVERSITY OF OAMBRIDGE, SCHOOL OF CLINICAL RHSMARCH AND 
GRADUATE MBDIOAL TRAGHING (at Churchill College, Comitides} Tuten 
tory Course on “The Biology of Skin” 


Tuesday, December !3 


ZOOLOGICAL BOOTY oF LONDON (at the Zoological Gardens, Regent's 
Park, London, N.W.1), at 5 p. pia Papers p 


INSTITUTION OF ELECTRICAL ENGINHERS Joins int meeting with the Auto- 
matio Control Group of the Institution of eers, at Savoy 
Place, London, W.0.2), at 5 80 p.m —Mr. A. T ee Bolte an . R. Shepherd: 

*“Oomputer Control o ‘Heavy and Light Plate Mills.” 


INSTITUTION OF THE RUBBER INDUSTRY, LONDON SECTION (at the Ecoleston 


Hotel, Victorla, London, 8. W.1), at a 30 p.m —Mr. M. A. Summons: “Quality 
Control in the Rubber industry”, 7 p.m.—Mr. F. Innes: “The Future of 
Ethylene Propylene Polymers”. 
Mey oF ER? IT ee GHAM (ın tho Grea t Hall, Gosta Green, 
Bimmingham 4), at 5.80 p.m.—Prof. A. W, Pratt: “The Sclence and Tech- 
nology of B ing” (Inaugural Lesture).* 


UNIVERSITY OF LONDON (in the Senate Ronse, Tondon, W.0.t), at 5.30 
p.m.—Prof. G. Palade {Rew York): “Progress in the Analysis of the Pan- 
ereatic Exoarme Cell”. 


RADAR AND KLEOTRONICS ASSOCIATION at a. I C.C., Lid., 21 Bloomsbury 


— Londen, W.0.1), Pay 7 p.m —Mr. Perkins: “How Electronics 
Can Contnbute to Medical Research”. 


Wednesday, December 14 


Univarsrry OF LONDON (at the Postgraduate oe School of London 
Du Cane Roed, London, W.12), at 2 p.m.—Dr. D. W. Neill: “Biochemical 
wScree! 


Instrrvre OF NAVIGATION (at the Koyal Gea ia dren Boclety, 1 
ton Gore, London, 8.W.7), at 3 p.m.— ture for the Gaptein 
GEOLOGICAL Soommty (at Shell Centre, Balvodire Road, London, 8.E.1), at 
5 p.m.— Prof, Lenf Størmer replies Acti J: sta of the Caledonian 
Geosynoline and Foreland West of the Baltio Saa” Miam Smith Lecture) 
INSTITUTE OF FURL (in the Central Officers’ Mess, Duke of York’s Head- 
patars te Sloan Square, London, S W.8), at 5.80 p.m.— ' ‘Brains Trust”. 
t, Mr. R. F. Hayman, Mr. L. 8. Didlick and Mr. 

<G. 7 J. ee 


Institution OF ELECTRICAL RNGINERRS (at Savoy Place, London, W.C.2), 
mi = 30 50 p -.—~Discussion meetin on Jaeht Bmitting Diodes” opened by 


Kensing- 


Brewster and Mr. O. D. 


Eaa OF ELECTRICAL ENGINEHRS Ae Sever reg London, W.C.2), 
pat 5.30 p.m.—Mr,. G. F. Nix and Prof. B. R. Laith “Tear Induction 
Motors for x Low- Speed and Standstill Appllostion”. 


Soctery OF INSTRUMENT TEOHNOLOGY (at Manson House, 26 Portland 
Place, London, W.1), at 5 80 p.m.—Mrs. D. J Shawe, Mr. K. W. Course and 
per. M. J. Duckenfleld: “Teachıng of Control to Undergraduates”. 


ace ov ENVIRO: Exainears (In the Mechanical eering 
pe ents Im ampere College, Exhibition Road, London, 8.W.7), at 6 p.m.— 
echnical Education and the Environmental eer’, 


Soormry OF ae INDUSTRY, FOOD GRoUP—NUTRITION PANEL (at 
14 Belgrave yare, London, 8.W. 1, at 6.15 pm —Prof. J. Yudkin. “Why 
Blame Sugar ?” 


Thursday, December 15 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W.1), at 9.45 a.m. 
Prot t R. L. F. Boyd’ “Cosmology” (Civil Service Lecture). 


INBTITUTION OF MINING AND METALLURGY (at the Gociogical Society, 
Burlington House, Piccadilly. L London, pul Pe at ok .m.—Dr. L Mero: 
"Exploration for Oceanic Mineral Deposi G. Baraat: “Review 
of Acoustic Equipments for Studying Saimariae Sediments”; Mr. D. J. 

"Shearman: “Origin. of Marine Evaporites by Diagenesis”’. 
LONDON MATHHMATIOAL 
„Burlin 
“Drop! 


SOOTY (at the Royal e i a pie) Boole 
ef House, Piccadilly, London, W.1), at 6 p.m.—Prof. L. J. Mord 
ntine Equations”. 


INSTITUTE oF PETROLEUM, EXPLORATION AND PRODUCTION le (at 
1 New Cavendish Street, London, W. 1), at 6 30 p m.—Mr, A. Fitch: 
"Bome Geophysical and Geological Features of Semic Grose Bastions”. 


INSTITUTION OF CIVIL ENGINEERS, TRANSPORTATION ENGINEERING GROUP 
(at Great George Street, London, 8.W.1 Date at 5. 80 0 pm. —Informal Discussion 
won “Special Transportation Problems Withm 


INSTITUTION OF ELEOTRIOAL ENGINERRS (at fas 


Place, London, W,0.2), 
at 5.80 p m.—Mr. G. 
mifaterials”. 


E. Hare and Mr. H. J. Go d: ‘Thermoelectnio 


INSTITUTION OF ELECTRONIO AND RADIO ENGINEERS (at 0 Bedford 8 
Eondon, | W.C.2), at ee .—Annual General Meeting; 7 p.m.—Prof. 
: Presidential Address. 


goorery oF CHEMICAL INDUSTRY, ROAD AND BUILDING MATHRIALS GROUP 


iat 14 Belgrave Square, London, Siw. 1), at 6 p.m.—Duscuasion Meeting on 
‘The Helation between T and The Bales verning Fire istance of 
Beuildings” introduced by Mr. H. L. aa Mr A, P. Roach and Mr, W. J. 


Wadey. 
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Friday, December [6 


INSTITUTION OF BLECTRICAL ENGOIvEwRS (Joint meeting with the Institute 
of Metals, at Savoy Place, London, W.C.: 2) at 9.80 a.m.—Collo: pum on 
“Properties and thee Possible Applications o: Hard Superconduo 


Monday, December !9—Tuesday, December 20 


BRITISKE BIOPHYSICAL Sooumry (at the Institution of Electrical Engineers, 
Savoy Place, London, W.0.2)—Meeting on ‘The Genetic Code”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before tho 
datas mentioned: 

LEOTURBR rae an honours degree, Industrial and/or ressaroh ence, 
and preferably an interest in en conversion or heat transfer) rN 0- 
DYNAMIOB—' Secretary and strar (8), Bath University o Eeehnology, 
Claverton Down sat Bath, Somerset, quoting Ref. 66/109 (December 

RESRARGH ASSISTANT (graduate in astronomy, piece orel or Siestronie’ éngin- 

ve degi , constructing 

d making observations with an Infra-red polarimeter— tary of the 
University Court, The University, Glasgow (December 16). 

RSSMAROH ASSISTANT (graduate biochemist or Seen) for research into 
changes in enna! orong of adrenal hormones in patients with heart disease 
—Prof. L. Q. tby, Department, or Clinical » University of 
ares kantuen ae 

BESHAROH oa DEAETE OF GEOGRAPHY to work on a 

reconnaissance stud oft iha 1i impact of recreation on the countryside oa 
Central 8cotland—' 


University of Edinburgh, 
South Bndge, Edinburgh asyst O 


JUMOR IN THA DAP AEUT OF PHYSIOLOGY —The Secre 
London Hospital Medical College, Turer Street, London, B.1 (December ). 


(preferably peal i n some aspect of tho biology of fish, 
either phyiologeat eo cal or economic) IN THH aie Seal OF ZOOLOGY 
—tThe Secretary, The l af apenas. A Syne (December 21). 

LBOTURER or SENIOR Li (preferably with a special interest or 


experience in the phase z kinono, spectroscopy or mass Ppeokrometry of 
smsli molecules and radicals) IN CHEMISTRY; ana & VISITING LECTURER IX 
Y at the Wnivectity of Canterbury, Christchurch, New Zealand— 
The Aesocation of Commonwealth Universities ala Office), Marlborough 
House, Pall Mall, London, S.W.1 (Docombor sa 
LECTURER or ASSISTANT LEOTURER ER (W1 ary interest in biochemical 
genohes or ue genetics of Saha borden uate IN GENETICS—The Secretary, 
of Lancaster, oo House, Ballrigg, Lancaster, quoting 


Ref. P T ISbÀ pecembar 

T ASSISTANT LECTURER (with wiht abit Fees interest ın biochemical 

netics or note oF ihe genetics of mi IS G: os—The Secretary, 

Lene, of carer University House, Balirigg, Lancaster, quoting Ref. 

ber 24). 

EXPHRIMESTAL OFFICER (with H.N.C. in electronic engineering or an 

equivalen, qualification, and preferably experience in opera’ an electron 

oroscopo) IN THE VETERINARY RESHAROH DIVISION OF THE Y OF 
AGRICULTURE, for the operating and maintenance of an electron microsco 

exanunation and preparation of specumens ef mi and infi 
eee Secretary, Civil 1 Beryios Commission, Stormont, Belfast, 4, 


d 
LEOTURER (with either an DO) est ın numerical analysis or in some thor 
branch of computer sclence, 1n particular either systoms 


procesan es) IN THE COMPUTER UNIT, DEPARTMENT O 
MATIO8S— trar, University of Brstol, Senate House, Bristol, 2 
(December 80). 


uate mathematician, er) 
IN THE DEPARTMENT OF Puysics—The trar, The University, Liverpool, 
hae te Ref. 810 (December $1). 
‘ANT LECTURER OT Soke (i nate mathematioian/programmer) 
IN THE me eeik OF Puysics—The Registrar, The University, Liverpool, 
quoting Ref. 810 (December 81). 

LEOTURHR (medi qualified) IN THR DHPARTMRENT OF BACTHRIOLOGY— 
The Registrar, The U. lvarslty; a eae quoting Ref. 809 (December 31). 

SERIOR et an or BIOCHEMIST (acti worker of high academic 
stan with a appreciation of the } potentialities for the application of 

or cel hemo research to the problems of cro uction) to 

develop and co-ordinate all the chemist work of the tu ‘The Secre- 
lasshouse Crops Research Institute, Worthing Road, Rustington, 
Littlehampton, Sussex (December 81). 

SENIOR CROrURME an a LECTURER IN THE DEPARTAMENT OF GEOGRAPHY 
—The Secretary, The Universiins Aberdeen (December 81). 

SENIOR TUTOR (with a degree, preferably with honours, in mathematics) 
IX MATHEMATICS at the University of Queensland—The Association of Com- 
monwealth Universities (Branch Office), Marlborough House, Pall Mall, 
Tandon: 8.W.1 (London and Brisbane, ecomber 81). 

LEOTURER IN THE SOPHY OF 
University of Durham, Old Shire Pal pur Durham 
L HOTURHR IN 


Office), Marlboro 
London, January 
LAOTIRTE O 


ble pe pilose of mass trometric techniques and in the interpreta. 
Soe OF CHEMISTRY, to hss responsible 


). 
BOTURER IN PURW MATHRMATIO8—The Secretary, The Queen’s Univeralty, 
Belfast, Northern Ireland (January, we 
LEOTURBR or ASSISTANT LECTURER (biochemust) IX THE SOHOOL OF MOLE- 
OULAR 8OIENORS— The , The Umversity of Warwick, Coventry, 
Warwickshire (January 10). 
and ASSISTANT 


LEOTURERS LEOTURRRS IN CHEMISTRY AND ORYSTALLO- 
Ganun naary 10). Registrar, The University of Wa arwick, Coren: Warwickshire 

anuary 

LECTURER or LHCTURER (with special qualifications and research 

intron in regional SD eae geography preferably with a theoretical and 
Nearer ae al approach) IN GROoGRAPHY-—The Secretary, Queen’s Uni- 
versity, Bı orthern Ireland (January 10). 

CHAIR T aos at Bedford College—The Academic Registrar, 
Univoraity of London, Senate House, London, W.C.1 (January 12). 
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ASSISTANT LEOTURER (preferably with a ee of North 
America) IN THE DEPARTMENT OF GROGRAPHY— niversity of 


Hee 
CHAIR OF PHILOSOPHY THA UNIVERSITY OF TASMANIA, AUSTRALIA— 
The Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8 W.1 (Australia and London, January 16). 
LEOTURER IN PHY ab ‘Australian National University—The 
Association of Commonwealth Universities (Branch Office), Marlborough 
House, Pall Mall, London, 8.W.1 (Australia and London, January 16). 
SENIOR LECTURER or LHOTURER (with a degree in mechanical engineering, 
referably at honours level, of a zod Commonwealth university, 
ther with orner erence in ind , or research and teaching exper- 
fence at university level) IN GINHERING at the University of 
Canterbury, Ohristchurch, New Zealand—The Association of Commonwealth 


orthcote House, The Queen’s Drive, eno tN (January 


Universities (Branch Ofte), Marlborough House, Pall Mall, London, 8.W.1 
(Now Ze Yealand and London (January 1 . 
RBADBE (preferably with particular {nteresta ın somo branch of an 
ore to } IN MATHEMATICS at the paivoeity of Queensland, Austra 
tion of Commonwealth Universi Branch Office), ), Martborough 
Tena. Pall Mall, London, 8.W.1 (London and epee January fx 
LEOTURER IN PHYSIOAL CHIMISTRY—The Becr University of Exeter, 


Northcote ouse, The Queen’ s Drive, Exeter, Devonshire 0 (J: anuary S1) 

SHNIOR RESBAROH ABBOOIATE (with research erponencs ın micro! tology or 
cell biology) IN THB ScHOOL OF BIOLOGICAL SOIBNOES to undertake investi- 
gations Into the effects of high hydrostatic pressures on the growth of moro- 
organiams (including protozoa) in continuous culture—The Administrative 
Ageistant, School of Biological Sciences, Ee reenly of Kast Angha, Wuber- 


i bubble chamber work on elemen- 
E A N Regis- 


1O emnL C HEAMIOAL INDUSTRIES RESBAROH FELLOWS (preferably with a 
PRD: or equivalent research Spelen ce bee and a t ow tho a of 30) 
IS CHEMISTRY, CHEMIOAL BES NGINHERIN ‘OB 


; C 
Physica, Univemty of Victoria, Victoria, Bri 
ASSISTANT PROFESSOR IN IMMUNOOHEMISTRY THE DHPARTNENT OF 
iO ae Temple University School of Medicine, Philadelphia, Pa., 
CHEMIST (male, with a pass degree or equivalent 
ferably previous experience in handling rad{oioto for interesting work 
on the na. 0. of short-lived radiowotopes m the cyclotron—The 
Director, O. Cyclotron Unit, Hammersmith Hospital, Du Cane Road, 


HSRARCH ABSINTANT (mith a degree or simular professional 

eneiginee IN THE DHPARTMENT OF BIOMATHBMATICS, University of 
xford, to assist in the the statistical eae of experiments and ee ın the 

biological and medical flelle—Dr. M. G. Bulmer, 7 Keble Rond, Oxi Oxford. 

GRADUATE ASSISTANT IN THE CROSS-INFEOTION REFERANCE LABORATORY 
to analyse data from fleld Da Hoan tha Daestor. Central Public Health 
Laboratory, Colindale Avenue, London, N.W.9. 

GRADUATE RESEARCH ASSISTANT (completed or about to complete a first 
degree in biochemistry) for work on Vitamin K meta in man—Dr. P. 
Barkhan, Haematology ent, Guy’ s Hospital, London Bridge, 8 B.1. 

GRADUATE RESEAROR TANT IN THE DEPARTMENT OF SURGHRY to 
aeeist with work in the experimental laboratories which will molude experi- 
mental surgical ures, use of electronic recording equipment and 
extraction of cactive substances from tissues—The Secretary, Guy's 
Hospital Medical School, London Bridge, London, 8.3.1. 

RANN PHYSIOLOGIST IN THE DEPARTMENT OF ZOOLOGY to ili an 
advanced course concerned with membrane phenomena—The P 
Committee, Department of Zoology, University of Wisconsin, 
Wisconsin, U.8.A. 

PEARL ERSEAROH Agente to work in the Medical Unit in the general flelds 
of renal disease and hypertension—The Secretary, St. s Hospital 
Medical School (University of Londen). Paddington, London, W.2. 

PH.D. RESEAROH STUDENT (with a good honours degree or equivalent 
qualification) IX PHYSICAL ¥-—-The Registrar, Regional College of 

‘echnology, Leicester. 


PHYSICIST to supervise and advise on the medical uses of radioactive iso- 
to in the Tn Hospital Group and Medical School—The Secretary, 
estminster Hi » London, 8.W.1. 
PROFESSOR OF EDUCATION and HwAD OF THE DEPARTMRNT—Tho Staff 
Officer, The University of Astonin Birmingham, Gosta Green, Birmingham, 4, 


quotang Ref. 525/8. 

RESRAROH ASSISTANT ‘ANT (B.Sc. with experionce in blo or blochemustry) 
—The Administrative Secretary, Strangeways Ressarch Laboratory, Wort’s 
Causeway, Cambri: 

RESEAROB H. Gibeon ii in spon DEPARTMENT OF CIVIL 

nsored by the Science 


dge. 
ASSISTANT to Prof. J 
ENGINEHRING to work on Dial nk 
Research Council—The Assistant ee The City University, 
Bt. John Street, London, E C.1, quoting Ref. egla ae 
RESEARCH FELLOW IN THE PHYSI EPARTMBNT to work on the devel 

ment and operation of a high resolution electron spectrometer for the study 
of atomic and molecular tranmtion probabilities—~The Deputy Secretary, 
The et eh 8outhampton. 

SOLENTIFIO pies uate in statistics or mathematics, and preferably 
with biological or 


ualification, and pre- 


(cultural {oterests)}—The Seoretary, Eas! 
h Station, Ordnen Kent. 

SENIOR MEDICAL LABORATORY TEOHNIOIAM IX THE BIOCHEMISTRY DEPART- 
ENT—The Secretary, Luton and Dunstable Hospital, Luton, Bedfordshire. 

TEOHNIOAL ASSISTANT IN THR RESEARCH LABORATORIHS for the main- 
tenance, design and construction of electronic oaupment, Including test 
instruments and epgeiromotars= be Sentor Experimental Officer, Depart- 
ment of Chemistry, The University, Leicester. 
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ard University, {289 
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For high speed analysis by atomic absorption 
you need the comprehensive facilities of the 
Unicam SP90 Spectrophotometer. You need the 
selection of cathode lamps, burner fuels, wave- 
lengths, slitwidths and scale expansion to suit 
your analysis exactly. You will value the facility 
for flame emission. Your most inexperienced 
operators will appreciate the burner system— 
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totally enclosed for high stability and safety. 
When your operating routine is established you 
will consider automatic operation. With the 
SP90 you can attach an automatic sample 
changer, plug in a recorder, load 32 samples and 
lat the system operate unattended. The 

Unicam SP90 offers the finest value available. 
Send for details today. 
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NO ROOM AT THE TOP? 


Ir is beginning to seem a long time since the Prime 
Minister announced, on October 25, that the pattern 
of scientific research and development in Britain was 
to be co-ordinated by a Central Advisory Committee on 
Science and Technology under Sir Solly Zuckerman and 
responsible to the Cabinet. The delay in assembling 
the committeemen, and in securing the agreement of 
the bodies which they will represent, seems to be more 
than a simple consequence of the fact that the creation 
of the committee was made public rather sooner than 
had been planned. It is also likely that some at least 
of the organizations to be represented on the committee 
are reluctant to commit themselves to representation 
until they know what the cost will be. 

It is easy enough, of course, to see why some of the 
ministries should be shy of belonging. The Ministry of 
Defence, for example, cannot be expected entirely to 
relish an arrangement whereby an outside body is so 
powerfully placed that it can determine in important 
ways the scale and character of programmes in defence 
research. The same ministry may be especially shy of 
seeing its chief scientific adviser of a few months ago 
now emerge as a kind of overlord. Yet the Central 
Advisory Committee would not make sense if its terms 
of reference did not extend into defence. A similar 
though less pointed shyness about the committee 
probably afflicts the Department of Education and 
Science and the Ministry of Technology. The fact that 
the President of the Royal Society, in his anniversary 
address on November 30, welcomed the prospect of 
representation on an official committee is so far merely 
the swallow that does not make a summer. 

To guess that powerful interests may be reluctant to 
cheer about the existence of a co-ordinating committee 
is not, of course, a reason why such a committee should 
not exist. On the contrary, if ministries are really 
afraid that their policies will be nudged in unwelcome 
directions by advice from the centre, that is on the 
face of things a proof that co-ordination is necessary. 
In fact, there is no doubt that the administration of 
science in Britain deserves to be more closely integrated. 
For much of the past two years, for example, the 
Ministry of Technology and the Department of Educa- 
tion and Science have been most distant cousins— 
which should not conceal the fact that their relation- 
ship is now quickly on the mend. Without question 
there are likely to be great opportunities for making 
better use of resources by closer co-ordination between 
civil and defence research and development, which is 
one reason for welcoming the absorption of the Ministry 
of Aviation by the Ministry of Technology. It is easy, 
for example, to see what profit there might be in 
systematic attempts to predict the consequences of 
new defence projects on the supply of skilled manpower 
in Britain. Yet the question remains of whether a 


Central Advisory Committee on the lines described 
by the Prime Minister is the best instrament for the 
purpose. That is where doubt now hangs. 

The most common suspicion of the new proposals is 
that they seem, on the face of things at any rate, to 
represent a return to the old system of advice by oracle. 
In the past two years committees like the Council for 
Scientifio Policy have broken new ground by carrying 
out detailed studies of aspects of the administration 
of science in which important policy decisions were 
needed. Not merely has this procedure been some 
guarantee of prudence, but it has also been educative 
for the scientific community as a whole, not just for the 
council. Already there has been enough success to 
show that this is how policy should be made. So far, 
of course, this record of solid study is meagre and 
covers only some of the ground, but that is inevitable. 
It will take time to build up a tradition. In the mean- 
time, it could be thoroughly demoralizing if it were to 
become accepted that comparatively small issues should 
be settled with great care and then the grand strategy 
worked out on the backs of envelopes, on the way from 
one committee meeting to another. To say all this is 
not to deny the need of co-ordination, although the 
lessons of the past few months suggest that if the 
Central Advisory Committee really does become 
established, it should work much more openly and 
much more methodically than the tiny scientific 
staff at the Cabinet Office will permit. It is also, of 
course, within the bounds of possibility that the 
Government will be able to recruit such a band of 
demi-gods for the committee that all distrust will melt 
away. In the meantime, however, the Government 
must expect that the scientific community will keep 
an open and even sceptical mind. 


DECIMAL AND A HALF 


GOVERNMENTS do not usually by their existence evoke 
sympathy, and the White Paper on the decimal coinage 
which the British Government has now published 
(Cmnd. 3164, H.M.S.0., 2s. 6d.) shows why. With 
fiendish ingenuity the Government has devised pro- 
posals for a new monetary system which will at one 
fell swoop alienate both the diehards for whom the 
world has not been the same since the golden sovereign 
disappeared except from costume jewellery, and also 
those hopefuls who have tried to regard the announce- 
ment of decimalization on March 1 this year as a sign 
that even the Treasury could succumb to rationality. 
To be sure, the Government has not gone back on its 
earlier decision, which is something to be grateful for; 
half decimals are better than none. It is plain from 
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the White Paper, however, that the Government does 
not fully appreciate what the advantages of decimaliza- 
tion might be. It has allowed itself to be swept into 
the twentieth century without being convinced that 
it has left the nineteenth. The Government is a little 
like the man who thinks that giving up smoking 
consists of smoking only after meals. 

The first complaint against the Treasury is that the 
choice of the pound sterling as the primary unit of the 
currency entails the retention of a coin representing 
£0-005 or half a cent. The second is the proposal that 
cents should be called pennies, partly out of the mis- 
guided view that “cent”? is a proper name invented 
in the United States and not a functional description 
derived from Latin, but with the certain consequence 
of endless confusion when both kinds of pennies 
co-exist not merely for a year or two in the shops but 
for decades in people’s minds. Finally, the Treasury 
has supported its decision by arguments so empty as 
to call in question its capacity to run a hat shop, 
let alone what the White Paper calls, perhaps a little 
cosily, “one of the two great international currencies”. 

The weakness of the Treasury’s argument is the most 
serious complaint. In supporting its case for the half- 
cent system, it makes capital of the fact that the 
Halsbury Committee in 1961 came to the same con- 
clusion, but it no longer gives much weight to the 
argument which alone persuaded the Halsbury Com- 
mittee to reject a decimal unit equal to £0-5—the need 
to preserve the pound sterling in international dealings. 
In the White Paper the Government relies more heavily 
on even less substantial arguments. Thus, it says that 
“the lower the value of the major unit, the greater the 
proliferation of large numbers in such documents as 
national and company accounts. The higher the value 
of the units in a currency system, subject to adequate 
provision for small purchases, the more efficient that 
system is. Small numbers are easier to reckon with 
than large ones and enable more effective use to be 
made of machine capacity”. If this passage means 
anything at all, it means that the British Treasury is 
afraid of arithmetic, decimal or otherwise. If the 
Treasury thinks that by choosing a currency unit 
twice as big as it ought to be, it will bring about any 
substantial shortening of the numbers which repre- 
sent government spending in the annual budget, and 
if it thinks that matters, anyway, it is, of course, 
mistaken. The great virtue of the decimal system is 
that it makes the manipulation of large numbers as 
easy as that of small. Certainly the Treasury’s 
arguments in favour of a heavy unit did not carry 
much weight in West Germany, at the currency reform 
in 1949. Certainly, too, the conduct of public affairs 
outside Britain is not noticeably hampered by the 
currency of a lighter unit than the pound will be 
Although the Treasury appears confident that it has 
saddled the British economy with half-cents at least 
until affluence and inflation make them irrelevant, the 
decision still has to be approved by Parliament. It 
would be a famous victory for reason if the Government 
could be made to see the error of its ways. 
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NEWS AND VIEWS 


French Clarion Call 


A Ropust declaration of what research and develop- 
ment will do for France endeared Mr. Alain Peyrefitte, 
the minister responsible for scientific research, to the 
National Assembly during a debate earlier this month. 
Although the immediate topic was the setting up of 
three new agencies for research, Mr. Peyrefitte chose to 
take up a wider theme. Briefly, he was lyrical if not 
quite poetic on the subject. 

Proof of rapid growth is usually good foundation for 
optimism, of course. Mr. Peyrefitte was properly 
able to congratulate the Assembly—and himself— 
on the way in which French expenditure on scientific 
research and development has been growing at 25 
per cent a year for the past eight years—faster than 
anywhere else. During this period the budget has 
multiplied four times and the number of research 
workers three times, and the Vth Plan will account 
for a further doubling of the manpower engaged on 
research in the five years ahead. Mr. Peyrefitte was 
especially proud that French scientists and engineers 
seem less prone to emigration to the United States 
than their colleagues elsewhere in Europe and especially 
in Britain, and that the 16,000 scientific emigrants 
from Europe to the United States since 1958 included 
a mere 500 Frenchmen—many of whom returned. 
Even so, this is not entirely a vote of confidence in 
the minister, for the rate of emigration from France 
was comparatively small even before 1958. 

In practice, the Vth Plan will increase French 
expenditure to 2-5 per cent of the GNP in 1970, com- 
pared with 1-7 per cent in 1963. There is no precedent 
for such a rapid rate of growth in comparable circum- 
stances. Mr. Peyrefitte spelled out again in the debate 
some of the directions in which the strategy of the Vth 
Plan is leading. His cheerfulness about the effective- 
ness with which government subvention for industrial 
development has produced such things as systems of 
colour television and of monorail transport will be read 
attentively elsewhere. It will be harder for others to 
follow Mr. Peyrefitte in his hint that by 1970 his 
government will be able, if necessary, to launch com- 
munications satellite systems, although there can only 
be admiration for the plan to start building (in 1968) a 
290,000 kW prototype of the Phoenix breeder reactor, 
and envy for the “Plan Calcul” by means of which 
the French government intends to foster the develop- 
ment of computing machinery and its use in industry 
and elsewhere. 

The occasion for the debate was only one substantial 
step on what must clearly be a long road. One of the 
new agencies, the Centre National d’Exploitation des 
Oceans (CNEXO), will invest money in oceanographic 
research and will take over responsibilities hitherto 
belonging to the CNRS (Centre National de Recherches 
Scientifiques). The Assembly also agreed to set up the 
Agence Nationale pour la Valorization de la Recherche 
(ANVAR) to study matters such as the best way of 
employing people of different special interests in 
scientific research; the third agency, the Institut de 
Recherche d'Informatique et d’ Automatique (IRIA), is 
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a part of the general programme of encouragement 
for computing machinery and is intended to help with 
the automatic processing retrieval of scientific informa- 

--tion. 


Free Space 


PRESIDENT JOHNSON announced last week that the 
Ba United States and the Soviet Union have reached 
agreement on a treaty banning nuclear weapons from 
space. The treaty, drawn up by the United Nations 
Outer Space Committee, has yet to be ratified by the 
General Assembly, but the agreement of the two major 
powers would seem to make this a formality. 

Signatories to the treaty agree to abide by inter- 
national law, and not to claim sovereignty over any 
part of outer space, including the Moon. Military 
bases, weapon testing and military manoeuvres in 
space are all forbidden, but military personnel may be 
used for scientific research or other peaceful purposes. 
Astronauts are to be thought of as envoys of mankind, 
and helped in the event of accident or emergency 
landing. Ownership of things launched into space 
remains with the country of origin, so that it can 
claim them back if they land in someone else’s back 
yard, and is liable for any damage they cause. 

The treaty also pursues the idea of international 
co-operation in space. Experiments likely to be 
dangerous or harmful must be avoided, or only carried 
out after consultation, and all signatories are to have 
equal opportunities of observing the flight of objects 
launched by other signatories. As in Antarctica, all 
bases or space vehicles are to be open to inspection, 
subject to reasonable advance notice. The treaty 
becomes effective as soon as it is signed, and states 
opting out must give one year’s notice. 


Quality and Quantity 


THE exponential growth of pure science will be halted, 
Professor Michael Swann believes, not by the blunt 
instrument of Treasury intervention but by a shortage 
of manpower. The growth so far has been achieved 
at the expense of other things and has left the schools 
<- and industry short of scientists. The deployment of 
acientists in Britain leaves much to be desired. In the 
past two years, more British scientists with doctorates 
have joined American than British companies. What 
can be done ? “Sir Willis Jackson doesn’t know, I don’t 
know, nobody knows.” Negative policies, like making 
life less pleasant at universities, are not to be con- 
sidered. Professor Swann was delivering a discourse 
at the Royal Institution on December 9. 
Britain may be lucky in one respect, he thought. 
In setting up the four research councils, the country 
had stumbled on a system which might be able to solve 
at least some problems. The Medical and Agricultural 
Research Councils both have very similar budgets, 
but spend them in different ways—the Medical Re- 
search Council in universities and the Agricultural 
Research Council in large laboratories. The two 
biological subjects are a complete contrast. Professor 
„Swann declined to say which system was best; both, 
he said, were successful, and in any case the important 
point was the flexibility which they were allowed. The 
: councils were free to spend money as they wished, and 
in fifty years their roles might be completely reversed. 
A system which allowed this to happen was 
admirable. 
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Universities in this country often felt hard up; 
Professor Swann said, both by comparison with govern- 
ment laboratories and by comparison with universities 
in the United States. He suggested that this was partly 
their own fault; professors tended to spend all the 
money they get from the University Grants Committee 
on academic staff, and to forget about technical staff in 
the hope that the research councils would bail them 
out. If professors would make do with 20 per cent 
fewer staff, they would have 50 per cent more spending 
money. As for the comparison with the United 
States, it was an illusion. The average amount spent 
by each government per university research worker 
was not very different. It seems different only 
because the universities in the United States which 
people visit are the good universities, and because the 
Americans are not egalitarian. They believe, in fact, 
in centres of excellence, while the British believe in 
supporting all universities equally. Professor Swann 
said that too many British universities have too few 
students, and in trying to cover all subjects end up 
with very small departments. An academic staff of 
15-20 in each department was the critical figure, which 
implies a university of at least 3,000 students. But 
the new British universities are only half this size. So 
far the only centres of excellence which have been 
consciously developed are those concerned with 
“big” science—high energy physics, for example— 
but perhaps the research councils would be able 
to do the same for “little” science by giving grants 
to departments which are particularly good at 
something. 

But are there, in fact, centres of excellence in 
Britain t Professor Swann looked to Oxford and Cam- 
bridge as the obvious candidates. Although the 
University Grants Committee treated them in exactly 
the same way as other universities, their endowments 
gave them an edge. How much of an edge was difficult 
to assess, because of the evasions in the Franks Report. 
Although Franks treated Oxford as an average univer- 
sity, this was unfair; it ought to be a cheap university 
because it was arts-centred. Professor Swann estim- 
ated that Oxford was 50 per cent more expensive than 
other universities. Did this make it better? “Not, 
perhaps, strikingly much.” 

Professor Swann started so many hares that even 
his critics would have found it hard to follow all of 
them. In his lecture he asked more questions than he 
answered, but they seemed to be the right questions. 


Quarts In Pint Pots 


THEBE were reports last week that the University of 
Manchester Institute of Science and Technology is 
trying to fit four terms into the academic year. In 
fact the idea is no more than a twinkle in the eye of 
Professor Colin Adamson, the chairman of the Depart- 
ment of Engineering and Electronics. In a document 
to the University Grants Committee, Professor Adam- 
son points out that if his department is to double the 
present number of postgraduates from 130 to 260, the 
number of staff members will also have to be doubled. 
The present plan is to increase the intake of under- 
graduates from 90 to 120 per year, but these would 
only fill the teaching laboratories for half the year. 
The increased staff could in fact cope with 240 under- 
graduates each year without extra work if the under- 
graduates were admitted in two batches of 120. 
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Without any additional expense, 120 extra students 
could be accommodated. Instead of being empty 
over the summer vacation, the department would be 
full, but Professor Adamson points out that this would 
not involve the staff in any inconvenience, since they 
are already teaching five M.So. courses during the 
summer and are used to staggering their holidays. Some 
students might have to go up to university in January 
o eag of October, but this does not seem unreason- 
able. 

Professor Adamson admits that his system would 
call for considerable managerial skill on the part of the 
Head of Department, but this, too, is not an unreason- 
able thing to ask. He is also concerned about the gap 
which seems to be developing between the courses 
organized by the Council for National Academic 
Awards and the courses for what used to be the Dip. 
Tech. The former courses will presumably go into 
the polytechnics, while the old Dip.Tech. courses are 
now the responsibility of the University Grants 
Committee. In this respect, too, the Institute of 
Science and Technology at Manchester is dismayed by 
duplication. Its views will no doubt bring encourage- 
ment to the Committee of Vice-Chancellors and 
Principals and to the University Grants Committee 
now seeking to make better use of university facilities. 
Manchester will know, of course, that this is merely 
another example of “what Manchester does today, 
London does tomorrow”. 


Robbins Misconstrued 


By accepting literally the recommendations of the 
Robbins Committee and ignoring the philosophy behind 
them, the British Government is putting at risk the 
economic future of the country, says the Vice-Chancellor 
of the University of Lancaster, Mr. Charles F. Carter, 
in his second annual report. Not only had the Robbins 
figures assumed that university entrance would 
become more difficult, but they had also used estimates 
of the numbers of qualified school leavers which were 
soon replaced by substantially higher figures. As a 
result, Mr. Carter said, it had become even harder to 
get into university than the Robbins Committee 
wished. 

Attempts were being made to rescue the situation 
by setting up polytechnics, but these were regarded by 
the universities as a sort of nationalized university 
and by the technical colleges as a way of limiting higher 
work to a few favoured institutions in the south of 
England. Mr. Carter said that there is a real danger 
that the British system is making at 18+ the mistake 
it is trying to remedy at 11+ by the introduction of 
comprehensive schools. The greatest danger of wasted 
talent arises with boys and girls who have studied 
arts or social science subjects at school, but are unable 
to get into universities; it is not at all clear that this 
is a need which the polytechnics could meet. Mr. 
Carter urged parents to be militant in support of 
children who were likely to be denied the opportunities 
which they deserved. 

He said that, at Lancaster, only 365 applicants could 
be offered places from a total of 6,200. Many of those 
turned down were very well qualified, but he feared 
that they would be unable to obtain university places 
anywhere in the country. Mr. Carter thanked his 
ataff for taking on 1,225 students in 1966 instead of the 
planned 1,150, and promised to keep searching for 
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ways in which the “productivity 
could be increased. 


of the university 


Research In U.S. Industry a 


Tae continuing growth of research and development in 
the United States, and the continuing dominance of 
research on aircraft and missiles, is clear from the latest 


instalment of the National Science Foundation’s survey ` 


(Basic Research, Applied Research, and Development in 
Industry, 1964, National Science Foundation 66-28, 
Government Printing Office, 65c.). Between them 
federal government and industry spent $13,400 million 
in 1964, an increase of 6 cent compared with 1963. 
This further growth of research and development 
implies that the total expenditure on industrial research 
and development in the United States has increased at' 
a rate of 13 per cent per annum compound since 1953, 
although it is plain that, in the past two or three years, 
the pace of growth has slackened. The contribution 
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of the federal government to industrial research and , | 
development remains at just under 60 per cent of the w 


whole—a proportion which has remained fairly con-, 


stant (at between 56 and 59 per cent) since 1957 and & 
the beginning of space and missile programmes now +’, 


responsible for a good deal of government expenditure. 

in industry. In 1953, the proportion of federal money 

in industrial research was 39 per cent. f 
The aircraft and missile industries consume not 


has to spend on industrial research and development, 
but also use large numbers of skilled people. In 
1964 the aircraft and missile industries spent a total of 
$5,097 million on research and development—doubling 
since 1957—and the federal government contributed 
$4,607 million or 90 per cent of the total. In the 
same group of industries, a total of 102,600 qualified 
scientists and engineers were at work in 1964, 85,800 
of them on government work. Thus something like 
one-third of the skilled labour force engaged on re- 
search and development in the United States works in 
aircraft and missiles. The next biggest user of skilled 
people is the group of industries concerned with making 
electrical equipment and communications devices, in 
which 74,800 people were employed. 

Like previous instalments, the latest survey has 
a great deal to say about the cost of employing 
scientists and engineers on industrial research and 
development. It has for several years been known 
that the largest and most successful companies employ 
greater proportions of scientists and spend more on 
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them, either in salary or in equipment and supporting _ 
services. In the past decade, the numbers of scientists « 


and engineers employed in American industry have 
increased from 2] per 1,000 employees to 29 per 
1,000 employees in 1964. The most prolific users 
are the chemical industry (with 40 scientists and engin- 
eers for every 1,000 employees), communications 
industry (with 64 per 1,000 employees) and aircraft 
and missiles, where one employee in ten is a scientist 
or an engineer. The average cost of skilled men has 
risen comparatively slowly, from $32,700 in 1957 to} 
$38,900 in 1964. Although in most groups of industries} 
the annual cost of one skilled man seems to have risen, 
steadily, in electrical equipment the trend has gone, 
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the other way, and the average cost has decreased from * 


$39,700 (for this industry alone in 1957) to $35,200 in 
1964. 


In aircraft and missiles, the average cost of 3 
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research and development for each skilled man is 
just under $50,000. All this seems to be in line with 
the tendency for the industrial companies which have 
traditionally made the least use of scientists and 
engineers to increase the numbers so employed and 
to spend more on them, and for the companies at the 
other end of the scale to economize somewhat, both on 
numbers and costs. 


More Militant Doctors 


Harp on the heels of the young hospital doctors 
another section of the medical profession has been 
stung to militancy by the effects of the pay freeze in 
Britain. This time it is the turn of the medical teachers, 
whose Association of University Clinical Academic 
Staff was set up on November 12. They have been 
caught by the freeze in a very awkward position, and 
it looks as if the Government intends them to stay 
that way. The position of clinical teachers has been 
anomalous ever since the National Health Service 
was set up. Their pay is somewhere between that of 
non-medical university teachers and that of their 
equivalents in the N.H.S. Since 1963, however, the 
_N.HL.S. doctors have had two rises, the second of which 
is substantial and comes into force in January. Non- 
medical university teachers have also had a rise 
recently. The medical teachers have had nothing. 
By January, the difference between the pay of a clinical 
senior lecturer and an N.H.S. consultant at the equiva- 
lent level could be as much as £1,500. But the teachers 
are also restricted because they cannot earn money by 
TR practice. Repeated representations on their 
half by the British Medical Association, and lately 
by the Association of University Teachers, have been 
met blankly by the Government, which now talks of 
referring the claims to the Prices and Incomes Board— 
a procedure which would certainly mean a long delay 
and in the present economic climate might well mean 


§ they would end up with nothing. 


This is the background to what Dr. Ian Bouchier, 
secretary of the new association, describes as a great 
deal of unrest. He emphasizes that the new body is 
not a breakaway from the B.M.A. and the A.U.T., 
although some clinica] teachers have shown impatience 
with both bodies. Dr. Bouchier is worried that some 
of his members will not continue indefinitely with 
constitutional methods—there have already been 
underground murmurings about strike action. The 
full effects of the increased discrepancy in salaries will 
not come out into the open until well into 1967, but 
many clinical teachers may leave at the end of the 
academic year—70 per cent in London are said to be 
thinking seriously about leaving teaching. It seems 
clear that if the Government wants more doctors to be 
trained, it must be prepared to pay the price. 


Accident, Trauma and Shock 


ACCIDENTAL injuries are the “neglected disease of 
modern society’ according to the Committees on 
Trauma and Shock of the U.S. National Academy of 
~/Sciences—National Research Council. Their pamphlet 
‘Accidental Death and Disability (Washington, D.C., 
‘September 1966) paints a grim picture of the hap- 
' hazard organization of accident services in the United 
‘States. Fifty-two million people were injured in 
accidents in the United States during 1965, ten million 
“seriously. More than one hundred thousand of these 
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died, making accidents the fourth largest killer and 
the chief cause of deaths in the first four decades of 
life. As the report points out, however, the chances of 
survival from a serious wound are better in Vietnam 
than on the average city street. The committees 
criticize the inadequacy of much of the present machin- 
ery for preventing and treating accidents. Most 
hospital casualty departments are little more than first 
aid posts, woefully ill-equipped to deal with anything 
serious. Even the largest hospitals often lack the 
emergency facilities to give the best possible care to 
seriously injured patients. Municipal and state authori- 
ties have frequently neglected their responsibility to 
provide suitable and co-ordinated ambulance services 
—as many as half the accident cases are carried in 
undertakers’ hearses, which act as spare time ambul- 
ances. In fact the report can state that “No manu- 
facturer produces from the assembly line a vehicle 
that can be termed an ambulance”. The sums spent 
in research in the field are negligible, only about 
$5 million being spent on accident research in 1963, 
compared with about $120 million spent on cancer 
research in the same period. Relatively few people 
have training in first aid. 

The committees recommend a sweeping reform in the 
field of accidents: all children should get first aid 
instruction at school; minimum standards should be 
set for emergency services; money should be poured 
into a crash programme of research. They recommend 
setting up a National Institute of Trauma under the 
U.S. Public Health Service to co-ordinate research 
into wounds and accidents. They call for a National 
Council on Accident Prevention and a National Trauma 
Association, and for more use of helicopters to fly 
patients to hospitals. This comprehensive but brief 
report deserves to be acted on. 


Division of Responsibility 


Somm indecision is evident in the annual report of 
the Chemical Research Laboratory of the Common- 
wealth Scientific and Industrial Research Organization 
(C.S.I.R.0., Melbourne, Australia). The laboratory 
is sited at Fishermen’s Bend, and is very overcrowded; 
as long ago as 1958 a new site was obtained at Clayton, 
near Monash University, with the intention of moving 
the whole laboratory to the new site. So far, however, 
only one of the six divisions has moved to Clayton. 
Meanwhile, another new site has been obtained near 
Fishermen’s Bend, and during the year the Division 
of Mineral Chemistry moved to this site. The fact 
that the committee of the laboratory felt compelled 
to express its concern at these developments, in a 
report which is otherwise notable for how little it 
gives away, indicates that feelings run high. The 
committee feels that the division of the laboratory 
into three parts throws away the advantages of econo- 
mies of scale and easy collaboration which are the 
justification of large laboratories. 

The expenditure of the laboratory in the current 
year amounts to $2,348,450 (£940,000), which repre- 
sents a large proportion of the total C.8.I.R.O. expendi- 
ture on chemical research. Other laboratories, such 
as the Protein Chemistry Division, spend a further 
$1-7 m on work which can be broadly classified as 
chemistry, so that the total figure is probably about 
$4 m (£1-6 m). (The grants awarded by the United 
Kingdom Science Research Council in the same 
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Pan - the same range of work amounted to about 
-5 m. 

The Protein Chemistry Division is in fact part of 
the Wool Research Laboratory of the C.8.I.R.0., which 
has also published its annual report for 1965-66. The 
laboratory is in three parts; the Protein Chemistry, 
Textile Physics, and Textile Industry divisions. 
Total expenditure is about $2:35 m (£0-94 m). The 
work of the laboratory covers all the operations of 
the wool industry, from the sheep to the finished 
article, and recently a new resin shrinkproofing tech- 
nique was announced. The laboratory hopes that it 
will prove to have some outstanding advantages 
compared with other processes. 


Information, Ebb and Flow 


A PARTICIPANT at the recent symposium on the 
problems of documentation and automation in the 
handling of scientific information, organized in London 
by the Ciba Foundation, writes to say that it is becom- 
ing clear that some 80 per cent of the communication 
between scientists does not take place by means of 
scientific papers proper. Of the remainder, some 
flows through more personal channels as shown by the 
increasing circulation of preprints and the growth of 
other forms of pseudo-publication. Although the need 
to publish formally is at the heart of the scientific life, 
approbation and prestige go to the creator rather than 
the communicator. 

The climate of opinion at the conference also sug- 
gested that the English language as the principal 
medium for scientific communication is no longer as 
dominant as in the fifties. More consideration must 
be given to other important scientific languages. 
Machine techniques are promising. The early euphoria 
about automatic information retrieval based on a 
utopia of time-shared computers with gigantic memories 
and high speed operation, widely accessible from remote 
terminals, has given place to mild disenchantment. 
Nevertheless, automatic retrieval is a more hopeful 
prospect than mechanical translation, where progress 
does not seem to be keeping up with the burgeoning 
of language. The most rewarding applications of 
computer techniques have so far been at the level of 
storing, arranging and printing out indexes, which 
can vastly speed up the whole process of transferring 
information. On the other hand, in data retrieval, 
achievements can have a revolutionary significance 
as has already been shown for organic chemistry with 
the computerized system being operated by the 
American Chemical Society for the Chemical Com- 
pounds Registry. 

The truth is that information science is far from 
being a science—there are few accepted general prin- 
ciples, it is still in the “phlogiston era”, as it were. Is 
natural language indexing as adequate for retrieval 
as the more expensive controlled vocabularies? What 
is the trade-off between recall and relevance or can 
both be improved beyond the present low level? What 
do users want or really need and how far should 
information services aim at high retrieval efficiency 
in any one subject? In organizational terms, the 
economic pay-off and governmental responsibility are 
far from clear. In fact how should central governments 
finance and co-ordinate information services both 
internationally and nationally so as to maintain a 
healthy balance of decentralization ? 
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These were some of the more distant problems 
raised at the symposium and not, at this stage, solved. 
There does, however, seem to be general agreement 
that if the computer is to be used efficiently there must 
be international sharing of intellectual input (catalogu- 
ing and indexing) and a broad acceptance of standard- 
ized formats and classification systems. Above all, 
there must be very much more experimental evalua- 
tion of documentation ms. 

The meeting was attended by some 25 participants, 
most of them professionally concerned with the 
organization of scientific information either in govern- 
ment establishments, industry or the learned societies. 


Tools for Protein Chemists 
by a Correspondent In Molecular Biology 


Dugme the past few years a number of reagents for 
the selective modification of specific residues in proteins 
have been brought to light and are proving to be of 
great value for the study of conformation and quater- 
nary structure on the one hand and of active sites of 
enzymes on the other. The current issue of Biochemis- 
try contains good examples of new selective reagents 
and their applications. Thus King (Biochemistry, 5, 
3454; 1966) has found that arginyl residues can be 
modified by condensation with malonaldehyde under 
acid conditions. The process is not wholly devoid of 
side reactions; in particular, the acid catalyses disul- | 
phide interchange and leads also to a small degree of į 
peptide bond hydrolysis. A further drawback is that 
the protein is necessarily denatured under the condi- 
tions of the reaction. Several proteins were treated, 
and high degrees of conversion were achieved. It is 
interesting that the peptide bond following the arginyl 
residue is rendered resistant to attack by trypsin, and 
applications in the determination of sequences suggest 
themselves. 

A reagent devised by Shibata and his associates, 
diazonium-1H-tetrazole, has been re-examined by 
Sokolovsky and Vallee (thid., 3574). They find that 
histidine and tyrosine residues are attacked to give 
monoazo- and bisazo-derivatives, and the overlap of 
the absorption spectra of the modified residues is such 
that there is some ambiguity between reactive tyrosine 
and histidine residues. The ambiguity is completely 
resolved only when all tyrosines and histidines have 
fully reacted, which requires prior denaturation of the 
protein. Another selective reagent which modifies 
tyrosyl residues of proteins is tetranitromethane 
(Sokolovsky et al., ibid., 3582). A side reaction is 
oxidation of cysteine. Nitration of the tyrosine resi- 
dues in introduces a new chromophore, which is 
of use in following the reaction, and for which other 
uses may appear. 

A good example of the application of a specific 
reagent to the study of enzyme function is provided by 
Pontremoli et al. (sbid., 3568). Tyrosyl residues may 
be specifically acetylated with the reagent N-acetyl- 
imidazole, and the effect of such modification on the 
enzyme fructose diphosphatase has been studied. 
It is found that ten tyrosyl residues can be modified. 
The reaction is time dependent, and if it is stopped 
at the stage at which only two or three residues are 
modified, the enzyme remains fully functional. If 
four further tyrosines are acetylated, the enzyme 
remains active, but loses the capacity to be inhibited 
by AMP—a specific non-competitive inhibitor. These 
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four residues are protected against acetylation by the 
presence of AMP. In the last stage, acetylation of the 
remaining accessible tyrosyl residues leads to complete 
loss of enzymatic activity. This last group of tyrosines 
is protected from attack by the reagent if the substrate, 
fructose 1,6-diphosphate, is present. It is satisfactory 
that these effects of acetylation can be reversed by 
removal of the acetyl group, which the same workers 
earlier found could be achieved by treatment with 
hydroxylamine. This study offers an interesting 
example of the uncoupling of an enzyme control 
mechanism and the catalytic function. 


Machine Tool Contract 


Tum Ministry of Technology has placed its first contract 
for the purchase of machine tools as part of a scheme 
for encouraging technical development by placing 
pre-production orders. The first machine tool chosen 
is a three-dimensional inspection machine developed 
by Ferranti Ltd., and capable of providing a digital 
record of the dimensions of objects. Existing machines 
manufactured by the company are already widely in 
use, but the Ministry of Technology has asked for 

ter accuracy. The six pre-production machines 
to be delivered will be accurate to one ten-thousandth 
of an inch. The contract is worth £45,000. 


Antarctic Revisited 


Tau largest vessel ever used by the British Antarctic 
Survey sailed from Southampton this week. She is 
Perla Dan, bound for Halley Bay in Antarctica, where 
Britain’s most remote base is to be rebuilt. The base, 
built up over the years, is on several different levels 
joined by tunnels and Jadders, and the original huts 
are now covered by 50 ft. of snow which threatens to 
crush them. The shelf ice on which the base is built 
is gradually sliding towards the sea, and the new site 
three miles inland from the present one will return 
the base to the point from which it began its slide ten 
years ago. The new base will consist of seven buildings 
linked by a covered way; within a year it will be com- 
pletely covered by snow, and access to the surface will 
be through tunnels. Men in Antarctica often complain 
of insomnia, perhaps because the covering of snow 
makes it impossible to distinguish between night and 
day, and so the base has been designed to minimize 
disturbance by siting the generators and laboratories 
as far as possible from the dormitories. 

The Survey carries out a large programme of research 
at Halley Bay. It is a permanent geophysical station, 
measuring the magnetic field of the Earth, the depth 
and density of the ionosphere and the concentration 
of ozone in the atmosphere. It seems perverse to go so 
far to make routine observations, but Antarctica does 
have some advantages to offset its inhospitable climate, 
and the Survey points out that in the context of world- 
wide geophysical research, Antarctica represents no 
less than one-sixth of the total world surface. Some 
of the work could hardly be done anywhere else — 
study of the aurora, for instance, and the glaciological 
and geological work. 


Glasshouse Research 


Tue Agricultural Research Council makes a practice of 
examining the research programmes of its establish- 
ments in Britain by appointing independent panels of 
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experts. This year it has been the turn of the Glass- 
house Crops Research Institute, which bas had to 
draw up proposals for its research programme for the 
next six years—a salutary experience, according to the 
director of the institute, Mr. F. W. Toovey, in his 
annual report (obtainable from the librarian of the 
institute, 12s. 6d.). 

Long-term planning has not, however, interrupted 
the work of the institute. The development of a new 
species of tomato to replace the delightfully named 
“Moneymaker” has continued; the need to avoid the 
ripening disease “greenback” is particularly important. 
The work on tomato mosaic virus has been concluded 
with the departure of Dr. L. Broadbent as professor of 
biology at Bristol College of Science and Technology. 
It seems likely that the disease will be controlled by 
growing resistant varieties, but conditions of minimum 
exposure to the virus will have to be maintained so as 
to avoid the risk that resistant strains of the virus may 
develop. Mushrooms have been successfully grown in 
the laboratory on an entirely synthetic medium, which 
has confirmed earlier findings that they grow only when 
bacteria are present. The growing of mushrooms 
remains a somewhat mysterious business. The 
institute has confirmed that it is possible to control 
white fly and other pests on cucumber by introducing 
the parasitic wasp Encarsia formosa, and has investi- 
gated the density of parasites necessary for effective 
control. 


Tropical Weather 


UNDERSTANDING of the behaviour of weather patterns 
in the tropics has lagged behind that of meteorological 
processes at high latitudes. Outside the tropics, 
numerical models of the atmosphere based on classical 
concepts of fluid dynamics have done much to analyse 
and predict the fluctuations of the motion of the 
atmosphere. In the tropics, on the other hand, the 
relative sizes of the several terms in the hydrodynamical 
equations of motion are such that it is not possible to 
assume geostrophically balanced flow. Models must 
therefore be formulated differently. Satellite photo- 
graphs suggest that the growth and disappearance of 
tropical cloud systems are pulse-like in character and 
these systems seldom move across the weather map 
in the way associated with disturbance at middle 
latitudes. Instead, they possess diffuse and ill-defined 
boundaries in marked contrast with the clear-cut lines 
of frontal cloud systems. ' 

A computer study carried out at the University of 
Hawaii by A. H. Gordon and R. C. Taylor has gone 
some way to lay the foundations for models of the 
atmosphere applicable in the tropics. The differential 
equations of horizontal motion have been integrated 
numerically. Trajectories for the motion of parcels of 
air in the layer bounded by the surface of the Earth 
have been computed. The authors claim that there is 
good agreement with cloud and precipitation patterns 
obtained from satellite photographs and by radar echo 
sounding. They suggest that there are advantages in 
their use of the Lagrangian method with initial values 
compared with the more conventional Eulerian 
boundary problem using finite differences and a grid of 
points specified in advance. The scale of the pheno- 
mena accessible to the Lagrangian method is not limited 
by the scale of the grid at points so that small scale 
phenomena can be more adequately described. 
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Parliament in Britain 


IN a written answer in the House of Commons on 
December 6, the Secretary of State for Education and 
Science, Mr. A. Crosland, said that after considering 
the advice of the University Grants Committee, a 
satis figure of £147-5 million had been settled 
or the first year of the quinquennium beginning next 
August. This was to give the universities a firm plan- 
ning base for the first year of the quinquennium, and 
the University Grants Committee would now allocate 
this amount between the universities. The corre- 
sponding figure for the academic year 1966-67 was 
estimated at £133 million and the increase is attribut- 
able partly to the increase in the number of students 
planned to the Robbins target of 197,000 and partly 
to price increases since the last adjustment in 1984—65. 
It does not include the cost of research taken over from 
Research Council funds or provision for local authority 
rates. 


Ix a written reply to a question in the House of Com- 
mons on December 2 about university courses in oceano- 
graphy, theSecretary of State for Education and Science, 
Mr. Anthony Crosland, said that the University of 
Liverpool provides a course leading to a B.Sc. honours 
degree in oceanography, and the University College of 
North Wales, Bangor, a course leading to an honours 
degree in zoology with oceanography; at Birmingham, 
London, Newcastle and Southampton, oceanography 
formed part of a first degree course in such subjects 
as marine biology and geography. In the years 1960-61 
to 1964-65, two, five, one, eight and two students at 
the University of Liverpool gained honours degrees in 
oceanography. Several universities provided oppor- 
tunities for postgraduate study in oceanography, and 
in the past 5 years more than 50 students were recorded 
as studying the subject at this level. 


In a written answer on December 5, Mr. I. Hoy, Joint 
Parliamentary Secretary, Ministry of Agriculture, 
Fisheries and Food, said that the Marine Fisheries 
Laboratory had four research ships and a steff of 30 
scientists and assistant grades engaged on fisheries 
research, much of which was in physical and biological 
oceanography. Plans had already been approved to 
replace two of the vessels by others of greater range 
and the most up to date equipment. 


Deras of 37 current research contracts placed by 
the Ministry of Health with universities and colleges of 
advanced technology for the study of health and wel- 
fare services were given by the Minister of Health, 
Mr. K. Robinson, in a written answer in the House of 
Commons on December 5. The expenditure totals 
£632,000 and the size of the projects varies from £800 
to £180,400. 


INVESTIGATIONS by the Road Research Laboratory have 
shown that improved mudguards and mudflaps can 
reduce spray behind commercial vehicles and lessen 
the danger of obscuring windscreens of following 
vehicles. Much of the spray is thrown up sideways 
and then drawn into the area of reduced pressure 
immediately behind the vehicle. Mudflaps would 
not prevent this, but manufacturers are considering 
improved designs of mudguards. (House of Lords, 
December 8.) 
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Appointments 


Mr. L. F. Rurrsmrorp has been appointed as secretary 
of the Computer Board for universities and research 
councils. Mr. Rutterford previously served in the Com- 
puter Advisory Service of the Ministry of Technology. 


Dr. A. W. Horses has been appointed director of the 
British Food Manufacturing Industries Research Associa- 
tion and will be taking up his new post at Leatherhead on 
January 1. Dr. Holmes, at present on the research staff of 
Unilever, has been concerned with meat curing and with 
fish and milk products. 


Dr. WLLIUAM MACGREGOR HENDERSON has been appointed 
director of the Agricultural Research Council’s Institute 
for Research on Animal Diseases, Compton, from October 
1, 1967, when Dr. W. S. Gordon, the present director 
of the institute, will be retiring. Dr. Henderson is an 
expert on foot-and-mouth disease. 


Dr. T. Moran, director of research since 1939, is retiring 
from the Research Association of British Flour Millers 
on December 31, and has accepted the post of scientific 
adviser (part-time) to the Home Grown Cereals Authority. 
As from January 1 the Research Association will merge 
with the British Baking Industries Research Association 
to form the Flour Milling and Baking Research Associa- 
tion, and Dr. G. A. H. Elton has been appointed director 
of research. 


Announcements 


Tum late Professor D. E. Rutherford has been awarded 
posthumously the Makdougall-Brisbane Prize for 1964-06 
by the Council of the Royal Society of Edinburgh. The 
prize was awarded for his papers published in the Pro- 
ceedings of the Society during the period of the award, 
and for his outstanding contributions to mathematical 
research and education over many years. 


A THREE-DAY scientific meeting on “The Origins of 
Schizophrenia” will be held in the University of Rochester 
during March 29-31, in celebration of the twentieth 
anniversary of the founding of the Department of Psychia- 
try in the University of Rochester School of Medicine and 
Dentistry. Further information can be obtained from 
Professor John Romano, Department of Psychiatry, 
University of Rochester, School of Medicine and Dentistry, 
Rochester, New York 14620. 


A SYMPOSIUM on “Indian Ocean”, jointly sponsored by the 
Indian National Committee on Oceanic Research and the 
National Institute of Sciences of India, will be held at the 
National Institute of Sciences of India, Bahadur Shah 
Zafar Marg, New Delhi, during March 2-4. There will be 
group discussions on physical and chemical oceanography, 
geology and geophysics, and biology, including fisheries. 
Further information can be obtained from Dr. N. K. 
Panikkar, National Institute of Oceanography, CSIR, 
Rafi Marg, New Delhi-1. 


Erratum. In the review entitled “Bamboo” by William 
Davies, which appeared in Nature, 212, 1186 (1966), the 
word Granineae, which appeared on lines 21 and 26 of the 
review, should be spelt Gramineae. 


ERRATUM. In the communication by Franz-Christian 
Czygan entitled “Effect of Chloramphenicol on Mutants 
of Chlorella pyrencidosa”’, published in Nature, 212, 960 
(1966), the seventh line of the third paragraph should 
read “. .. or by the nitrogen of the chloramphenicol”. 


CORRIGENDUM. Dr. G. A. Davies writes “In a letter 
entitled ‘Nature and Mechanism of Formation of Oxide 
Films for the Chromium-Iron—Carbon Systems’ published 
in Nature, 212, 915 (1968), the name of the fourth 
author, I. A. Mortimer, was omitted’’. 
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The Origins 
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of Petroleum 


Is the origin of petroleum organic or Inorganic? ina discourse to the 


by S ROBERT ROBINSON 


Emeritus Professor of Chemistry, 
University of Oxford 


Royal Institution on November II, Sir Robert Robinson argued that 
both theories are correct and that petroleum has a duplex orlgin. 
He went on to consider the carbonaceous constituents of certain 
meteorites and noted a possible implication relating to the origin of 


life on Earth. 


Tax genesis of petroleum presenta problems primarily to 
chemists and geologists, but the subject has wider and 
fascinating implications. In fact it is to some extent 
dovetailed with the question of the origin of life on Earth. 
For this reason I would like to mention & rough scale of 
time. 

` The view at present held is that the planets were formed 
from the agglomeration of cold dust particles and larger 
masses in a rotating disk and that this occurred about 
5,000 million years ago. There is no complete unanimity 
about the age of the Sun, but some authorities consider 
that it condensed about 6,000 million years ago. Rise in 
temperature occurred partly through compression due to 
gravitation, but much more by disintegration of radio- 
active elements. 

Oil in commercially utilizable quantity is found in 
reservoirs in sedimentary rocks laid down at various 
times during the past 500 million years. The oldest 
correspond to the Cambrian Period. These reservoirs are 
formed by folds in the rock strata and the oil is confined 
by relatively impermeable rocks. Migration occurs from 
place to place. 


Chemicals of Oil 


Petroleum is a complex mixture of hydrocarbons, 
largely of the general formula C,H w+,, that is, they are 
members of the series of saturated alkanes. Hydro- 
carbons in petroleum frequently contain relatively less 
hydrogen, and are of the type CaH yn, CrH n+, etc. These 
are ring compounds and not substances containing the 
double link. It ıs true that so-called aromatic hydro- 
carbons, such as benzene, are found in petroleum, but 
these are exceptionally atable and it is not easy to add 
hydrogen to their molecules. 

Natural gas is of two kinds: (a) nearly pure CH, 
(methane), which is almost certainly derived from decom- 
position of vegetation, as is the fire-damp of coal mines; 
(b) petroleum natural gas, also predominantly methane 
but containing significant amounts of C,H, (ethane), 
C,H, (propane) and C,H,, (butane), decreasing in that 
order. This kind of gas is clearly the top end or 
lowest boiling part of the petroleum series. At the 
other end of the scale are petroleum wax and ‘earth 
wax”, mixtures of solid hydrocarbons of higher molecular 
weight. 

The earliest theory of the origin of petroleum was that 
of Mendeleev!, who postulated the formation of metallic 
carbides at high temperatures and their subsequent 
decomposition by water. These reactions afford methane, 
and the later processes, leading to higher hydrocarbons, 
were not considered in detail. Nevertheless, the idea held 
the field until strong evidence of biogenesis accumulated 
from about the early nineteen twenties. In 1946 Cox* 
summarized the evidence, which has since been much 
strengthened, as follows: 

(i) Petroleum and bitumen are always associated with 
sedimentary rocks. 


(ii) Practically all petroleum originated in brackish 
marine sediments. 

(ui) High pressure is not necessary for the production 
of petroleum from the remains of organiams deposited 
with the sedimente. 

(iv) Higher temperatures than 200° C are not necessary 
and this is supported by chemical evidence. 

(v) Petroleum was laid down in Cambrian and Ordovi- 
cian strata and 1s found in all intermediate levels up to the 
Pleistocene. In support, Smith? found hydrocarbon oils 
in quite recént sediments. Later work, however, showed 
that these recent oils differed in important respects from 
typical ‘‘crude oil”. - 


Biogenic Hydrocarbons 


The signature tunes of biologically produced hydro- 
carbons are based on four themes, each of which is loudly 
proclaimed in the recent sediments, but fades away and 
is only just audible in the most ancient ‘“‘erude oils”. 
First there is the optical activity of hydrocarbon oils‘. 
This is found at peaks in the carbon number distribution; 
one of them is in the range of a possible sterol degradation 
product. It cannot be said that optical activity is absent 
in crude oil but it is at a very low level. It follows the 
rule and decreases with increasing age. 

Second (noted, however, more recently than those that 
follow), there is a predominance of naphthenes with one 
and four rings in each molecule. The latter doubtless 
have a steroid or polyterpenoid origin. 

Third, all mineral hydrocarbon oils contain porphyrins 
and these are both of plant and animal omgin. The 
associated metal is commonly vanadium (as vanadyl), 
but nickel also occurs, especially in non-marine sediments*, 
Desoxophyllo-erythro-aetioporphyrin, related to chloro- 
phyll, has been found in oils from Trinidad, Romania, the 
Caspian Sea and North and South America (locality not 
specified). Mesoporphyrin-[X, probably of animal origin, 
has also been found in some of these sources. The quantita- 
tive aspect has not been very carefully studied, but the 
crude oils contain less porphyrin than the more recent 
hydrocarbonaceous matter. The content of porphyrins 
in oils is very variable. Treibs heated the mesoporphyrin 
in a solvent for some weeks at 240° C and observed loss of 
carbon dioxide. He deduced that petroleums have never 
been heated much above 200° C. This conclusion has 
been frequently repeated as if it were gospel, but the 
experiment does not necessarily apply to conditions in 
which the carboxyl could be modifled by salt or ester 
formation. The argument also, even if valid, cannot 
apply to the oil as a whole unless the porphyrin was 
present from the start. 

The fourth and perhaps most convincing indication of 
biological origin is the odd-even distribution of n-alkanes 
as we ascend the C-number series‘. The great odd pre- 
dominance reflects the mechanism of formation from the 
fatty acid precursor: 2R-CO,H—+R-CO-R—>R-CH,R; or 
R-CO,H-RH. The prominent peak which occurs at 
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C,, cannot be derived from two molecules of a single even 
C-numbered fatty acid. The indication is that mixed 
ketonization of C,,H,,CO,H and C,,H,,;CO,H, or of 
CisH5,CO,H and C,,H,,-CO,H occurred. The stearic— 
lauric combination is the more likely of the two. 

A simpler hypothesis for the odd C-number hydro- 
carbons is decarboxylation of fatty acids of the Cys series. 
Some of these have actually been isolated from Japanese 
and Polish petroleums?. Eisma and Jurg? have shown 
that when behenic acid (C,,) is heated at 200° C for a 
long period in contact with clay, saturated hydrocarbons 
are produced. Rather surprisingly there was some 
synthesis of hydrocarbons containing more than twenty- 
one carbon atoms, though C,,H,, was a major product. 

Although this odd C-number predominance is a clear 
sign of biological origin, it should be noted that it is not 
invariably observed in natural products. The waxes of cer- 
tain Australian grasses studied recently in the C.8.I.R.O. 
Laboratories by means of mass spectrography seem to 
show a smooth odd-even distribution curve. Phyto- 
plankton fatty acids have a much wider range than those 
of the higher plants, and Sir Ewart Jones and his colleagues 
have found even and, odd numbered acetylenic acids as 
metabolic products of micro-organisms. 


Odd and Even Hydrocarbons 


The hydrocarbons found in modern plants, as well as 
the straight chain sec-alcohols and ketones, conform to 
the odd C-number rule, for example, hentriacontane, 
C,,H,, (ref. 9). Chibnall et al.1° found that the n-alcohols 
in plant waxes were of the even C-number series, Cy,-Cys3 
the acids were also even C-numbered, CC, whereas 
the paraffins were odd C-numbered, C,,-C;, These 
authors concluded that the aleohols were the result of 
reduction of acids and the hydrocarbons were produced 
by decarboxylation of acids. 

The odd predominance is all but absent in a crude oil. 
At intermediate ages it exists to a much less extent than 
in the recent sediments and in a well graded series from 
the youngest rock-source to the oldest. Fig. 1, due to 
Bray and Evans‘, illustrates this situation. Martin, 
Winters and Williams" showed that a number of “crude 
oils? do in fact show odd predominance in the region 
C,, to Cio» But of forty “crudes” studied only fourteen 
showed odd predominance and this was marked in only 
seven of them. Despite this the majority was regarded 
as exceptional and in need of special explanation. Perhaps 
the contrary view is the more natural, but no consistent 
explanation of the exceptions springs to mind. The very 
inconsistency of them among themselves indicates intru- 
sive elements which differ from case to case. Furthermore, 
in view of the evidence advanced by Calvin and others, 
of life in Pre-Cambrian times, it is not at all surprising 
that some of the most ancient “crudes” should show signs 
of biogenesis. 

A further sign of biological origin is the proved ocour- 
rence of phytane and a lower homologue, pristane, in 
crude oil fractions'*. These hydrocarbons contain the 
isopentane or isoprenoid unit skeleton, a characteristic 
feature of many natural products. Of course, these 
substances could also arise from polymerization of dienes. 
Optical activity, which I incline to believe will be found, 
would be decisive in favour of biogenesis. 

A highly interesting observation has been recorded by 
Brunnock!*. In certain African ‘‘orudes” there is a small 
but definite even C-number predominance in the Cgo-Cus 
range. ing a mixture of polycarbene generated 
hydrocarbons and biogenic hydrocarbons, the source of 
the small even predominance is probably the breaking 
of the chains of the bio-precursors and the recombination 
of the fragmenta so produced. This hypothesis fits in 
with the circumstance that fatty acids of the C,, and 
higher series have not been isolated from natural sources. 

It is an interesting consequence of the simplest arith- 
metic that the random combination of two chains made by 
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scission of a longer one must lead to even C-number 
predominance. 

During the past few years much attention has been 
devoted to the determination of the ratios of occurrence 
of the stable isotopes of carbon in mineral hydrocarbon, 
gas and oil, and in the presumed sources**. It is found 
that petroleum as a whole has a higher ratio of carbon-12 : 
carbon-13 than standard limestones and that the ratio 
decreases with rising molecular weight. It is significant 
that the lipids of an organism are richer in carbon-12 
than the remainder of the carbon compounds. This is 
certainly consistent with the view that lipids represent a 
petroleum source. The fall in carbon-13 from lower to 
higher molecular weight may be a result of isotopic frac- 
tionation in the course of migration or to the established 
fact that a ™C-™4C bond is easier to break than the 
120-130 bond. 

While I admit the force of all these arguments and agree 
that the biogenetic theory is fully substantiated and is 
acceptable, I would point out that it may apply to only a 
part of the whole. No reliable standards are available 
which could be used to fix the expected magnitude of the 
various properties and effects already noted. Thus an 
undetermined proportion of the mineral hydrocarbon 
could be abiogen:e despite the clear indications of bio- 
genesis. 
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Fig. 1. Distribution of n-paraffins for a recent sediment, a marine shale 
and a crude oul. 


It is thought that non-aqueous plants and animals did 
not exist in Ordovician times. The general view is that 
the source o: isms were unicellular algae and foramini- 
fera—usually phytoplankton. The awkward question is 
how can crude oil have arisen from such biological 
material ? ZoBell!* has advanced evidence which tends to 
show that bacteria can scarcely be responsible for changes 
effected at depth in the sedimentary rocks, though he has 
also demonstrated some remarkable reactions in this 
field. The reduction of carbon diomde can, for example, 
be accomplished by lithotropic bacteria, provided a source 
of energy such as sulphur, ammonia or ferrous iron is 
present. It seems unlikely that bacteria are the main 
agents in the transformation of organic material into 
petroleum hydrocarbons. Their main chemical activity 
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will be evinced in the brackish waters before, or not long 
after, the formation of sediments. On a quantitative 
argument Whitehead has shown that radioactivity is 
unlikely to have produced much change in the organic 
constituents of the sediments (compare Brooks, E. T., 
in The Ohemisiry of Petroleum Hydrocarbons, 1, 91, 92; 
Reinhold, New York, 1954). 


Ablogenic Hydrocarbons 


Some oil is found in fractures of igneous rocks in quite 
considerable amounts—about fifteen million barrels a 
year; however, it 18 probable that 99 per cent is found 
in the sediments!*. The geological evidence has been 
discussed by Sylvester-Bradley!”?, who points out inter 
alia that in the case of sediments overlying igneous rocks 
the low specific gravity of oul favours its rise rather than 
its fall. In fact under marine conditions it would be hard 
to invent a plausible mechanism for the transfer down- 
wards. From the pomt of view of the organic chemist, 
however, the most convincing argument for abiogenic oil 
is, the composition of petroleum, especially the more 
ancient ‘‘crudes’’!s, 

The progress of analytical techniques, particularly gas— 

liquid chromatography, has enormously facilitated the 
identification of individual hydrocarbons in petroleum 
' fractions. As an example, a very complete analysis has 
been made of a Ponca City crude o1l?*, A valuable com- 
parison of crude oils in respect. of the composition of their 
lower fractions has recently been published by Martin 
and Winters". : . 
. The outstanding results of analyses of crude oils are, 
first, that the main constituents in any carbon number 
are the normal paraffins gradually decreasing in concentra- 
tion through all carbon numbers. This also applies to 
natural gas; the occurrence of substantial amounts of 
ethane and propane is noteworthy. Second, the branch- 
chain, cycloalkane, and aromatic constituents are just 
those which might arise from various known transforma- 
tions of the n-alkanes*!. Third, the absence of olefines 
and other easily reducible substances strongly suggests 
that the oils have been subjected to powerful hydrogenat- 
ivg conditions. . A 

These points can be illustrated by reference to particular 
constituents, some of which are far removed from any 
known biochemical end-point. For example, n-hexane 
is always the major C, constituent. 2-Methylpentane 
and 3-methylpentane come much below it and in that 
order. This is the expected result of partial isomerization. 
Similar comparisons can be made in the C, series and the 
abundance of methyleyclopentane and methyloyclohexane 
relative to those of n-hexane and n-heptane, respectively, 
supply further examples. All the way through the picture 
of a hydroformed mixture of n-alkanes is maintained while 
many of the constituents have a very non-biological 
aspect——for example, neopentane, two of its homologues, 
and adamantane. The incorporation of nitrogen and 
sulphur is readily understood as the result of known 
catalytic processes. The products are pyridines, thio- 
phenes, cyclic sulphides and other types which share the 
property of stability and relative non-reducibility. Crude 
oil has, indeed, all the appearance of a mixture of straight- 
chain alkanes modified under hydrogenating conditions. 

Sir Ronald Holroyd has kindly furnished me (personal 
communication) with an account of the constituents of 
petrol made by hydrogenation of coal-creosote**. Many 
of the characteristic petroleum hydrocarbons (for example, 
methyleyclohexane) were identified, though there were 
also divergences. The comparison suggests similar 
effects of a process applied to different materials. 

A noteworthy series of observations by Friedel and 
Sharkey** removes a difficulty, to which I had drawn 
attention in the past four years, concerning the methyl- 
pentanes and methylhexanes found in all petroleums. 
They were regarded as isomerization products from n- 
hexane and n-heptane, respectively. And in conformity- 
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with anticipation, derived from laboratory experiment: 
more 2-methylpentane than 3-methylpentane was found 
on analysis. On the other hand, more 3-methylhexane 
occurs than 2-methylhexane and this was surprising 
(Figs. 2 and 3). This reversal has been found in many 
crudes and it always seemed difficult to explain. For the 
present purpose it is not necessary to understand the 
mechanism, because Friedel and Sharkey have found that 
the same reversal is characteristic of hydrogenated 
Fischer-Tropsch hydrocarbons. I regard this result as a 
most convincing argument favouring the part abiogenic 
theory. : 


r 





Fig. 2. Relatrve proportions of n-hexane (x), 2-methylpentane (©) 
und 8-methylpentane (+) in different ns, of petroleum. ( 
Bray and Evans, ref. 6.) 


Adamantane, the molecules of which are cage-like, is 
found in small amount in petroleum. It can be synthe- 
sized by pyrolysis of hydrogenated bis-cyclopentadiene™. 
This 18 surely a typical abiological hydrocarbon. 

One thing is certain, namely, that the biological con- 
stituents of petroleum, whether small or large in relative 
amount, have been submitted to strenuous conditions, 
for which long time at a lower level could be no substitute. 
For example, Mair and Martinez-Pico*® isolated twenty- 
one compounds from the so-called trinuclear aromatic 
fractions of a heavy gas oil. Among these cyclopenteno- 
phenanthrene. and a 1’- or 3’-methyl derivative were 
identified. It is true that these and others of the twenty- 
one compounds could be derived from sterols, but only 
at higher temperatures than those contemplated as 
possible in the sedimentary rocks. 


Blological Admixture 


There is no reason to exclude biological additions to 
primordial oil long before the beginning of the deposition 
of the sedimentary rocks and possibly the time scale may 
be extended back into the thousands of million years. 
Crude oil has the make-up that would be expected of a 
Fischer-Tropsch mixture of normal hydrocarbons which 
has been mixed with material of biological origin and 
modified under hydrogenating conditions at an elevated 
temperature and in the presence of catalysts. Further 
biogenic material may well have been added later. Such 
a conception allows for various types of syntheses and 
degradations, the nature of which can be surmised from 
what we know of processes practised in oil refineries. The 
carbene hypothesis fits in most naturally with the forma- 
tion of n-hydrocarbon chains and the Fischer-Tropsch 
process is a special case to which it is applicable. 

Wilson and Johnson?! have proved experimentally 
that methyl attacks molecules of fatty acids terminally 
when they are packed together in a monomolecular layer 
on water. This ingenious device discourages the formation 
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of branching chains. The process is envisaged as a possible 
extra-terrestrial synthesis of n-hydrocarbons and applied 
by Wilson?” in a theory of the origin of petroleum and of 
the composition of the surface of maria on the Moon. 
For the former at least an atmosphere containing methane 
would be requisite as well as a source of energy, such as 
cosmic radiation, sufficient to produce the methyl radicals. 

Another plausible theory has been advanced by Marx®?, 
He suggests that hydrocarbons could be formed by 
hydrogenation of graphite, possibly by an electrolytio 
process. In addition to the usual straight-chains, Marx 
points out that branch-chains could be easily generated, 
and these could be sources of pristane and phytane. 





Fig. 8. Relative proportions of n-heptane ( x ), 2-methy]hexane (O) and 
&-methylhaxane (+) in different specimens of petroleum. 


As a comment I may add that the formation of certain 
metallic carbides from graphite could lead directly into 
the Fischer-Tropsch reaction sequence. 


Orlgin of Life 


The distribution of abiogenic oil and its association 
with living organisms present no difficulties. When 
oceans formed, a large amount of oil would probably 
have reached their surfaces and formed the carbonaceous 
substrate for plankton. The organisms and the oil would 
naturally have drifted to coastal regions and there become 
buried in sediments. 

Even before the discovery of life-form residues in the 
carbonaceous chondrites the question of the origin of life 
on Earth seamed relevant to that of oil. Now, instead of 
thinking that oil, water and suitable minerals could form 
an environment in which an accident of synthesis could 
lead to life, we are more apt to contemplate those com- 
ponents as a substrate on which existing organisms could 
develop. Nevertheless, whether the origin of lifo was 
terrestrial or extra-terrestrial, the likely stages remain 
intriguing matter for speculation and the subject has been 
illuminated during the past decade by some striking 
experimental studies, 

Miller*® has shown that methane, water, ammonia, 
and oxides of carbon can be sources of protein-type 
amino-acids when suitably irradiated. Even more remark- 
able are the experiments of Harada and Fox**. Methane 
was passed through aqueous ammonia and then over 
catalysts such as silica gel at temperatures of 950° O 
or 1,050° C. Typical amino-acids were obtained in great 
variety. They included even aspartic and glutamic acids, 
proline, valine, leucine and isoleucine, phenylalanine and 
tyrosine. This extremely convincing discovery is of 
fundamental importance for the theory of the origin of 
life on this planet or even elsewhere. 

It has been shown by Bahadur and Srivastava’! that 
peptides can be formed by the irradiation of mixtures of 
amino-acids. Calvin?! has been able to bring about many 
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syntheses of biological significance, using dicyandiamide 
as a dehydrating agent. The substances made include 
peptides, phosphates, pyrophosphates and other esters. 
It is of great interest that the coupling of dipeptide 
to tetrapeptide is faster than the formation of dipeptide 
from amino-acid. Thus the route to macropolypeptides 
is very open. 

Cyanamide is a highly probable constituent of a primeval 
chemical complex, and therefore these results are most 
intriguing. As Calvin remarked in 1965, the field is 
extensive and is presently being further cultivated. He 
and his colleagues** have examined the constituents of 
some very old rocks, namely, the Nonesuch Shale about 
1,000 million years old, and the Black Soudan Shale, 
which is about 2,700 million years old. Indubitable 
evidence of isoprenoid and sterane hydrocarbons was 
found in both these ancient rocks. It is scarcely possible 
to exaggerate the enormous significance of the discovery 
that such highly elaborated biochemical processes were 
in existence not so very long after the Earth had a rela- 
tively stable crust. It is hard to avoid the conclusion 
that the necessary evolution to that stage did not occur 
on Earth. 


Meteorites 


Meteorites can be classified into “irons” and “stones”. 
The last include the carbonaceous chondrites, study of 
which hes been pursued intensively during the past few 
years, The results are so dramatic that paradoxically 
they have not received the attention from the general 
body of scientists that they so richly deserve. The main 
reason for this can be expressed by one word—contamina- 
tion. I intend to write at greater length on this subject 
in another place and will be content to state here that I 
am convinced that contamination cannot be the explana- 
tion of the whole of the results. The Orgueil meteorite 
fell in 1864 and the main mass and fragments were soon 
placed on various museum shelves. Its constituents have 
been studied by Nagy and by Claus and othera™* from 
almost every possible point of view. I am most impressed 
by the evidence of optical activity and the precautions 
taken by Nagy to eliminate sources of error. 

I believe the inescapable conclusion is that life on 
Earth has evolved from organisms that were older than 
the Earth as we know it. 

It has been suggested that the meteorites arose from 
the disintegration of a lost planet. But is it not more 
likely that they are unaccreted masses that might have 
formed such a planet? Furthermore, do they differ 
fundamentally from the masses that formed the Earth ? 
It is recognized that the “stones” and “irons” correspond 
roughly to the outer and inner parts of the Earth. 

The next step would be the assumption that evidence of 
chemical residues from organisms found in meteorites 
implies that such life was also present in the masses that 
formed the Earth. There is a way of escape here, because 
the organic residues found, say, in the Soudan Shales do 
not necessarily connote living organi The products 
could have been brought in without the life; however. 
this does not make a very consistent story. For one 
thing we are, in that event, still faced with the dilemma 
of accounting for full development of biochemistry in a 
relatively limited period of time. 

The hypothesis that life came from outside has fre- 
quently been contemplated, for example, by Arrhenius, 
Oparin, Haldane, Bernal, Pirie and others**, but unless 
I am mistaken the idea has always been one of inoculation 
and it was usually mentioned for the sake of completeness 
and quickly rejected. What I now suggest is that a 
proto-planet, on which living forms existed, in the system 
of a proto-sun broke up and that life persisted in the 
fragments at a low temperature. When the solar system 
was formed, development occurred on Earth because the 
conditions, including the availability of oil, were favour- 
able. 
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As Bernal** has already mentioned, the validity of such 
a theory would mean that our biochemistry extends 
beyond the Earth. In fact there may well be one bio- 
chemistry, just as we are already well assured there is 
one chemistry, throughout the universe. 
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BOOK REVIEWS 


INVESTMENT DECISIONS 


Investment Efficiency in a Socialist Economy 

By Henryk Fiszel. Translated from the Polish by 
Olgierd Wojtasiewicz. Translation edited by P. F. 
Knightefield. Pp. vii+202. (London and New York: 
Pergamon Press, Ltd.; Warsaw: Panstwowe Wydawnic- 
two Ekonomiczne, 1966.) 30s. net. 


Tms book deserves attention on several counts. First, it 
comes from Poland; monographs written by experts of 
the centrally planned countries always have a certain 
extra flavour for Western readers just because they reflect 
thinking, official or academic, which has developed in a 
different economic and social system. Second, the 
question of investment efficiency is a highly topical one; 
it gives quite enough headaches to British decision makers 
at all levels. Third, its writer, professor at Warsaw 
University, is one of the authorities on the subject, not 
only in Poland but in the whole of Eastern Europe. And 
last, but not least, for certain purposes it is a good book. 

The author is quite right in saying in his preface to the 
English edition that the methods presented can be applied 
in many cases “even in private concerns”. Indeed, 
apart from the well known oddities stemming from the 
absurdity of the exchange rate of Poland and other 
centrally planned countries, the problems described will 
not be unfamiliar to English readers. On the very first 
page the author expresses his view that “any attempts 
to disregard interest as a factor not applicable in a socialist 
economy must lead economic accounting astray’’-— 
far cry from the views put forward by spokeamen of the 
socialist pl system 10-15 years ago | 

The first two chapters of the book introduce the reader 
to the definition of the efficiency of investment and the 
allied problems including the optimum programming of 
investment. This is done by an impressive array of 
econometric models; the amount of mathematical 
formulae may even discourage the reader not used to that 
language of many present day economists. Below that 
surface the author’s mathematical messages are not too 
difficult to follow. 

The book becomes more interesting after the first fifty 
pages where the theory has been applied to actual prob- 
Jems, obviously taken from real life, and also adjusted 
to the specific requirements of the selected problems. 
Some of these examples are further amplified in the 
appendices, where the author becomes very concrete 
indeed (for example, he describes how to assess the profit- 
ability of enriching pyrites, at what point to stop, what 
is worth exporting, etc.). 

In some respects the book could usefully have been 
expanded: the author’s method makes mention several 
times of social benefits, and a further step into what has 
come to be called a proper ‘‘cost-benefit analysis” would 
have been welcome. In that respect (and in some others) 
lack of reference to the very extensive Western literature 
is rather striking. That is quite a feature of the book: 
among the eighteen works quoted, Keynes, Taylor, 
Schneider (and Marx) are the only non-Polish names, and 
the supplementary bibliography as well could very usefully 
be refreshed by the inclusion of some standard works 
produced on the subject more recently ın the English 
language. One can feel that there is not necessarily 
anything anti-Western in this treatment; for example, 
the discussion of the question of the export-earning 
capacity of investment alternatives could also have been 
considerably amplified on the basis of significant contribu- 
tions published by other East European (Polish, Hun- 
garian, etc.) researchers whose works have similarly not 
been mentioned. 
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Despite these mmor shortcomings the book will be 
a welcome help to many of those “backroom boys” 
whose task of evaluating alternative investment possi- 
bilities almost always presents difficulties. 

A personal view should be added on the question of 
footnotes. It is very irritating if footnotes are given at 
the end of each chapter; in my view footnotes belong at 
the foot of the page, and I wish the publishers would try 
to look up, for example, the sixteen footnotes to Chapter 1 
of this book, searching sixteen times for the place where 
the notes have been hidden! G. F. Ray 


MOLECULAR BIOLOGY—1964 


Molecular Architecture in Cell Physiology 

Edited by Teru Hayashi and Andrew G. Szent-Gyorgy1. 
(A Symposium held under the auspices of the Society 
of General Physiologists at its annual meeting at the 
Marine Biological Lab., Woods Hole, Mass., Sept. 8-11, 
1964.) Pp. viii+252. (Englewood Cliffs, N.J., and 
London: Prentice-Hall, 1966.) 60s. 


Tas eleven papers in this book range widely both in 
content and in quality. All are concerned with crucial 
problems of molecular biology, but several do not impinge 
at all closely on any of the other papers. Two are excel- 
lent—Van Holde’s account of his work on the quaternary 
structure of haemocyanins and Carolyn Cohen’s article 
on. the «-class of fibrous proteins. Shapiro’s article on 
nucleotide sequences in DNA is less satisfactory. Although 
he reports some interesting new work on the antipolarity 
of the two strands of DNA, most of his article is an 
uncritical account of older work on pyrimidine nucleotide 
sequences involving the partial hydrolysis of DNA by 
hot dilute sulphuric acid. Unfortunately there is no 
evidence published that the required stage of hydrolysis 
can be reached by this method without unwanted side 
reactions. In any case, a better method for quantitatively 
liberating the sequences of pyrimidine nucleotides from 
DNA has long been available. 

There is only the space to mention the other articles 
very briefly. From a physico-chemical point of view, Kat- 
chalsky, Oplatka and Litan analyse mechano-chemical 
equilibria of collagen fibres and hysteresis effects in 
polynucleotides. Conformations of small molecules are 
briefly discussed by E. B. Wilson and the folding of 
polypeptide chains is considered by Scheraga. McElroy 
and Seliger describe their work on bioluminescence and 
point out that the species differences in the colours of the 
emitted light appear to be due to the structures of 
the luciferase proteins. Edelman reviews the structure 
of antibodies and the implications for the mechanism of 
antibody formation. Other papers are on the structure of 
amino-acid transfer RNA (Cantoni), the design and assem- 
bly of organized structures (Caspar) and the arrangement 
of DNA in sperm (Inoué and Sato). 

The volume has been well produced, but it was not 
received for review until more than two years after the 
actual meeting. As @ result, much of the original impact 
has now been lost, particularly in the article on amino- 
acid transfer RNA, which was written before the primary 
sequence of any nucleic acid had been determined. 

K. Burton 


RECIPES FOR CHROMOSOMES 


Chromosome Techniques 

Theory and Practice. By Arun Kumar Sharma and 
Archana Sharma. Pp. x+474+41 plates. (London: 
Butterworth and Co. (Publishers), Ltd., 1965.) 87s. 6d. 


Tas book deals with the methods used to study chromo- 
somes in plant and animal cells. Although their theoretical 
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background is described, the reader will find little about 
the chromosomes themselves. The authors are skilled 
cytologists who have done valuable work on the chromo- 
somes of plant cells using classical methods of cytology. 
The book reflects their experience. 

After a brief introduction in which the authors present 
their views on the structure of chromosomes, the book 
deals in turn with the four essential steps in the study of 
the physical nature of chromosomes—pre-treatment, 
fixation, processing and staining. The advantages and 
disadvantages of pretreatment with colchicine, acen- 
aphtene, chloralhydrate and many other chemicals are 
described, and there is a discussion of the possible modes 
of action of these materials. The composition of more 
than sixty fixing chemicals is next described, with the 
emphasis on the mixtures which most effectively preserve 
the structures of chromosomes. The presentation of tech- 
niques of processing—block preparation and microtomy 
of smear preparations—is extremely detailed, and might 
be useful for beginners. 

The next chapter deals with stains and staining; it 
includes a good description of the Feulgen reaction but, 
unfortunately, the biblography virtually ends in 1960. 
More recent papers such as those of Sandritter, which 
show the advantages of milder conditions of hydrolysis in 
the Feulgen reaction, are omitted. 

The book includes a chapter on the methods used for 
studying certain special problems of chromosome struc- 
ture such as uncoiling chromosomes, the demonstration 
of the centromere and secondary constriction, hetero- 
chromatin ın plant cells, salivary gland chromosomes 
(although the name of Beerman is missing), lampbrush 
chromosomes, and pollen grains. There follows a dis- 
appointing chapter on special methods such as autoradio- 
graphy, electron microscopy, and fluorescence microscopy. 
Here agaın, unfortunately, the bibliography is not up to 
date. Only 12 per cent of the papers quoted were pub- 
lished after 1960 and the appendix does not contain much 
recent information, while names like those of Casperason, 
Claude, Palade and Bertalanffy are not there. This firat 
part of the book, devoted to the physical as distinct from 
the chemical structure of chromosomes, finishes with 
chapters on chromosomes in tissue culture cells, cancer 
chromosomes and the effects of the physical and chemical 
agents which produce metaphase arrest, polyploidy, and 
chromosome breakage. 

The introduction to the second part of the book is a 
brief outline of current ideas on the chemical constituents 
of the chromosomes. Conspicuous weaknesses include the 
absence of the names of Avery and Gulland, the constant 
mis-spelling of the name of Miescher, and the fact that the 
Watson—Crick model is considered a “recent suggestion”. 
The chapters which follow describe cytochemical methods 
for detecting nucleic acids, a few biochemical methods for 
their estimation, and classical techniques for the cyto- 
chemical detection of amino-acids and enzymes. The last 
chapter deals with the extraction of nucleic acids and the 
isolation of nuclei. 

Another section of the book consists of a series of plates 
consisting of photographs of chromosomes, mostly from 
plant cells. The absence of salivary gland chromosomes 
from Dipteran larvae is unfortunate. The reproduction of 
the photographs is satisfactory. ` 

As can be inferred from this analysis, the chief failing 
of this otherwise valuable book lies in the absence of 
recent bibliography. No more than forty of the 1,200 
papers quoted were published after 1963. I have the 
impression, which seems to be confirmed by the preface, 
that the authors began writing their book with enthusiasm 
but found some difficulty in finishing the job. Although 
there are a number of minor errors the book can be 
recommended as a useful guide for intelligent technicians, 
advanced students and new investigators in cytology. 


J. BRAOHET 
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CHROMOSOME BREAKERS 


Actions of Chemicals on Dividing Cells 

By Bengt A. Kihlman. (Prentice-Hall Biological Science 
Series.) Pp. xi+ 260. (Englewood Cliffs, N.J., and London: 
Prentice-Hall, 1966.) 60s. 


Sinom the discovery in 1928 that X-rays produce gene and 
chromosome mutations there has been a search for chemical 
agents with mutagenic properties. The chief aim has been 
to use chemicals to get a better understanding of the 
molecular organization of chromosomes and of the 
mechanism by which heritable material is permanently 
altered. The discovery in the early forties that ethyl 
urethane and the vesicant mustard gas have mutagenic 
properties stimulated further search for similar chemical 
agents which could be used, as are X-rays, to treat 
malignant disease. Since 1950, the number of such chemi- 
cal agents has increased considerably and their effects 
have been described in numerous articles. Kihlman 
1s an expert who is well suited to review the progress 
of this field. 

The scope of his book is restricted to a description of the 
“harmful effects” on dividing cells of a few chemical 
agents, some of which are used in medicine and agri- 
culture. The discussion of the effects produced by these 
agents is further limited; only two metabolic processes— 
oxidative phosphorylation and DNA  synthesis—are 
considered. Kihlman’s information has been mainly 
obtained from studies of cells cultured in vitro or pro- 
liferating in the root-tip of the broad-bean (Vicia). The 
reader will find that the biochemical process by which 
these agents produce their effects is still unclear. In the 
final chapter the author concludes “that to explain the 
mechanism of chromosome breakage we must know more 
about the structure and organization of the mterphase 
chromosome”. 

The book contains a mass of valuable information 
on chemical agents. Kihlman has selected this information 
carefully, and its synthesis is an achievement which will 
help anyone involved in studying chemical mutagenesis. 
The first part of the book deals with the interphase cell, 
the mitotic cycle, and the structure and biosynthesis 
of DNA. The second part describes the various types 
of chromosome aberration and enumerates the twenty-two 
chromosome breaking chemicals (including DNA pre- 
cursors, antibiotics, alkylating agents and nitroso- 
compounds) which produce such aberrations. Another 
chapter discusses the chemical and physico-chemical 
properties of the chromosome breaking agents thought 
to be responsible for the cytological effects. The sixteen 
chapters are well supplied with illustrations, graphs and 
tables, and the bibliography includes more than five 
hundred references. P. C. Korum 


MARINE MISCELLANY 


Some Contemporary Studies in Marine Science 
Edited by Harold Barnes. Pp. 716. (London: George 
Allen and Unwin, Ltd., 1966.) 147s. net. 


ANYONE attempting to study the biology of the marine 
plankton would not get far into the hterature before 
becoming aware of the notable contribution made to this 
field by Sheina Marshall and the late A. P. Orr. This book 
is a collection of papers presented to Dr. Marshall on her 
official retirement by her friends and colleagues, as a 
tribute to her long and successful collaboration with Dr. 
Orr. 

In @ presentation volume the editor has a considerable 
responsibility to see that the book is well produced and 
forms a significant contribution to scientific literature, 
for it is the success of the book that will constitute the 
greatest compliment to those to whom it is dedicated. 
That the book fails in these two respects is largely a 
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matter of editorial policy which it is relovant to examine 
in more detail. Except for the title, little effort has been 
made to attract the casual reader. Apart from published 
symposia, one does not normally expect to buy a collection 
of scientific papers on a variety of topics loosely associated 
with marine science. As a form of literature, the average 
scientific paper is not interesting readimg except to 
specialists. Here the reader is faced with details of 
biochemical analyses, a Latin diagnosis, and numerous 
lists and tables which are essential to the papers but can 
only be read by a determined effort. . Surely the proper 
place for this type of communication is in the journals, 
and it is the scientific essay or review which 1s most 
suited to a book of this kind. 

It is only fair to record that those authors who adopt 
this style have produced informative and readable 
contributions. J. A. Allen has summarized his published 
work on the population dynamics of the Caridea off the 
Northumberland coast, and R. B. Clark has given an 
interesting and closely reasoned contribution on the 
development of neurosecretion in both vertebrates and 
invertebrates. There are fourteen papers on planktonic 
crustaces, and that by D. T. Gauld on the swimming and 
feeding of copepods is a clear and comparative exposition 
on this subject. G. A. Horridge discusses recent work 
on the sense organs of marine invertebrates with particu- 
lar reference to the detection of small underwater vibrations 
which may be important in their feeding behaviour. 

My criticism of the style adopted for the majority of the 
articles must not be taken to imply criticiam of their 
scientific content. Many of the papers are of a high 
standard and would find ready acceptance in the appro- 
priate journal. Indeed, consultation of the references 
indicates that the substance of many of the papers has 
already been published, despite the claims to originality 
on the dust jacket of the book. 

Universities and institutional libraries wil probably 
require a copy of this book, but at this price I cannot 
recommend buying a personal copy. 

DEREK DORSETT 


BOTANICAL EXPLORATION 


Chapters on the History of Botany in India 
By I. H. Burkill. Pp. xi+245. (Delhi: Manager of Pubh- 
cations, 1965.) Rs. 5.50; 128. 10d.; $1.98. 


I. H. BURxKaL had a most distinguished career in the 
tropics, first for 12 years in the Botanical Survey of India, 
and second, for a further 13 years, as Director of the 
Botanical Garden, Singapore. Always a fanatic for order 
and method, Burkill never failed to note down on slips of 
paper items of information which interested him, and these 
were carefully filed away under various h One 
of these was ‘Useful Tropical Plants” and another 
“Botanical Exploration in India’. From the 36,000 
entries under the former heading came the monumental 
Dictionary of the Economic Products of the Malay Peninsula. 
The latter, also many thousands, provided the ground- 
work for the present book. 

This 1s, as the author modestly states in his introduc- 
tion, an attempt to put on record the names of all those 
who have earned recognition by introducing botany into 
India. No “attempt” is complete, but Burkill’s book 
gives an overall picture of botanical exploration in 
India which 1s not lkely to be bettered. His story begins 
with Garcia da Orta in 1490 and ends more or less at the 
end of the nineteenth century. 

As the narrative unfolds itself in orderly sequence, one 
is astonished at the wide reading of the author, his often 
critical and apt comment and the frequent deft reference 
to some event in è collector’s life which illustrates a point. 

This is no arid list of names and dates but contains 
many thumbnail biographies of persons who are to so many 
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botanists, occupied with their science, just names on a 
herbarium sheet. It is right that we should know that 
they lived very full, often adventurous, lives in inhospitable 
places and frequently in very primitive circumstances. 
That so much was accomplished under such conditions 
must excite our admiration. 

The book is prefaced by the present director of the 
Botanical Survey of India, who relates how these chapters 
came to be written and gives some account of Burkill’s 
own activities in India. It is largely due to Dr. Santapau’s 
initiative and drive that these chapters were written and 
finally published in book form. 

This book, the last work of a great botanist, deserves 
a place on the shelves of every botanical library and should 
be in the hands of every working botanist in India. 

N. L. Bor 


IONIC SOLUTIONS 


Chemical Physics of lonic Solutions 

Edited by B. E. Conway and R. G. Barradas. (A Selection 
of Invited Papers and Disoussions presented at an Inter- 
national Symposium of the Electrochemical Society, 
Toronto, Canada, May 4-6, 1964; The Electrochemical 
Society Series.) Pp. xvii+622. (New York and London: 
John Wiley and Sons, 1966.) 188s. 


In their preface to this volume the editors refer to the 
criticisms commonly raised against the publication of 
collected papers from symposia and conferences, and claim 
that they are not applicable to the present collection. 
It appears to this reviewer that this claim is largely 
justified. The conference held in Toronto in May 1964 was 
attended by a large proportion of those now active in the 
interpretation of the properties of electrolyte solutions, 
from nine different countries, and the planning of the papers 
and the discussion shows much more coherence than is 
commonly the case. Most of the papers either present new 
material not available elsewhere, or provide a useful review 
of the present position. They are nearly all concerned 
with the theoretical treatment of ionic solutions, though 
a few new experimental results are reported. The interval 
between the conference and publication is rather long, but 
in compensation for this the report of the discussion 
(originally recorded on tape) has been carefully edited and 
referred back to the contributors, so that it reads like a 
logical but hvely exchange of views, rather than the 
collection of disconnected statements commonly met 
with in this kind of publication. Moreover, it must be 
confessed that the rate at which progress is being made in 
our understanding of ionic solutions is not so high as to 
cause much alarm about a publication delay of two years. 
The twenty-six papers contributed fall under the main 
headings of ion-ion and ion-solvent interaction, ion-asso- 
ciation, polyelectrolytes and colloids, conductance, and di- 
electric behaviour, It would be individious to name any of 
them individually in a short review, but the book should 
find a place in any research library and on the shelves of 
those interested ın ionic solutions. R. P. BELL 


WATERS AND SALTS 


Aqueous Solutions and Body Fluids 

Their Concentrative Properties and Conversion Tables. 
By A. V. Wolf. Pp. xiv+166. (New York and London: 
Hoeber Medical Division, Harper and Row, Publishers, 
1966.) 60s. 


Mammalian Cell Water 
Physiologic and Clinical Aspects. By Edwin G. Olm- 
stead. Pp. 200. (London: Henry Kimpton, 1966.) 60s. 


Prorzssor Worr has provided a set of tables for a large 
number of common biological solutes, giving the concen- 
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tration in several different equivalent units and values 
for several other properties which are dependent on 
concentration such as density, osmolality, osmotic co- 
efficient, electrical conductivity, and refractive index. 
Similar data are given for serum, urine, seminal plasma, 
bile, synovial fluid, and lymph. The latter should be of 
use to the clinical biochemist and pathologist. The 
difficulties of measuring and expressing quantitatively 
even such a simple function as the concentration of a 
solution are well described. It seems a pity, however, 
that no attempt is made to rationalize the information 
given; for example, although the so-called molal freezing 
point depression constant is mentioned and its value 
is given, there is no explanation of this value. A brief 
outline of the elementary thermodynamics of solutions 
would considerably aid the stated objective of the book: 
“a, wider practical understanding of the concentrative 
properties’. Nevertheless this is a unique collection of 
data of great practical use. 

The first half of Mammalian Oell Water is devoted to 
the physical chemistry of water and aqueous solutions, 
the osmotic behaviour of cells at equilibrium, and the 
kinetics of water flow. Although most relevant topics are 
dealt with, there are some omissions, for example, 
irreversible thermodynamics is mentioned only in a 
footnote. There are a number of errors in this part: 
the quantum is defined as hv (and not Ay) and v is then 
described as the velocity of the radiation (page 18); 
@ molar solution is incorrectly defined (page 28); the 
value of Vy,o is incorrect (page 82). In the second half 
of the book, intracellular water is treated as part of the 
body water. The effect of variation in cell water content 
on cell function is described and also mechanisms which 
tend to stabilize the intracellular water. Clinical data, 
including symptoms, signs and treatment of water defici- 
ency and intoxication, are provided. The book suffers 
from a multiplicity of symbols, and several different 
systems of notation are used; the adoption of a uniform 
and conventional system would smooth the path of the 
beginner. The index is inadequate. D. A. T. Dick 


CLEFT LIP 


The Causes and Natural History of Cleft Lip and Palate 
By Cecil M. Drillien, T. T. 8. Ingram and Elsie M. Wilkin- 
son. With contributions by A. D. R. Batchelor, D. A. 
Dixon and W. H. Schutt. Pp. wii+288. (Edinburgh 
and London: E. and 8. Livingstone, Ltd., 1966.) 478. 6d. 
net. 


Tue authors of this book are two paediatricians and a 
health visitor, and it is therefore not surprising that much 
of the content covers a new field. Similar books in the past 
have tended to limit ther subject matter to surgery. 

The first nine chapters cover a most detailed investiga- 
tion into the study of the families, the mothers, the 
pregnancies, associated anomalies, neonatal complica- 
tions, growth and development. The authors have col- 
lected and placed on record a valuable analysis of this 
congenital anomaly as it occurs in Edinburgh. This 
study is the first of its kind in Britain, and will prove of 
immense help for successive surveys carried out elaewhere. 

The remaining four chapters are devoted to speech, 
orthodontics, surgery and genetics. The dental and 
surgical treatment however, really needs an integrated 
chapter to itself. The timing of the various treatments 
demands a team approach, and any further edition would 
be enhanced by setting out a combined chronological 
system of treatment. 

Some differences of opinion are to be expected—for 
example, certain views expressed on hypertelorism and 
the Pierre Robin syndrome tend to reiterate some of the 
older points of view. These are minor points, however, 
and do not in any way detract from the excellence of this 
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book. It is highly recommended for all workers interested 
in cleft lip and palate anomalies. D. GREER WALKER 


PULSE RADIOLYSIS 


Pulse Radiolysis 

Edited by M. Ebert, J. P. Keene, A. J. Swallow and J. H. 
Baxendale. (Proceedings of the International Symposium 
held at Manchester, April 1965.) Pp. xii+319. (London: 
Academic Press, Inc. (London), Ltd.; New York: 
Academic Press, Inc., 1965.) 70s. 


Puts radiolysis involves the rapid excitation of mole- 
cules by means of a microsecond burst of high-energy 
electrons and the observation of the resulting transient 
species by spectroscopic and other techniques. This 
symposium was the first held to discuss this technique, 
which is only six years old. It was organized by the 
Manchester group, who are leaders in the field, and this 
is reflected by their involvement with the majority of 
the twenty-two papers presented. While the symposium 
was described as international, in fact only four papers 
came from outside the United Kingdom. 

The subject is still sufficiently well defined so that Dr. 
Keene and Dr. Baxendale could give excellent surveys 
of the physical and chemical background and that a 
complete bibliography of the technique up to the middle 
of 1965 could be included in the volume. The remaining 
papers are concerned with the pulse radiolysis of a variety 
of inorganic and organic liquid systems, mostly in the 
form of aqueous solutions. Because the technique is 
concerned with fundamental radiation processes, the 
systems studied are simple, although Dr. Braams reports 
studies on the reaction rate of a variety of biological 
molecules with the hydrated electron. The discussion 
following the papers is given in full. 

This book is an excellent introduction to pulse radio- 
lysis and is easential reading for all those interested in 
radiation chemistry, even if only to demonstrate the 
colossal increase in our knowledge of the primary effects 
of ionizing radiation which this technique has brought 
about. A. Kyow1ns 


POLYMER COMPENDIUM 


Polymer Handbook 

Edited by J. Brandrup and E, H. Immergut. Pp. 1,243. 
(New York and London: Interscience Publishers, a 
Division of John Wiley and Sons, 1966.) 147s. 


Tas growth of polymer science in the past two decades 
and the rapidly expanding literature which has resulted 
make the search for data on the physical properties of 
any polymer or polymeric system a long and tedious 
process. In this new polymer handbook an attempt has 
been made to help in the search for information needed 
in theoretical and experimental polymer work by col- 
lecting together in one volume, largely in tabular form, 
the data most useful to the polymer scientist. The con- 
tents consist only of those physical and chemical constants 
and parameters which are of fundamental interest to the 
scientist rather than data which may be useful to the 
polymer engineer or fabricator. The data listed are either 
the physical and chemical constants of the polymer 
molecule or constants of existing physical laws describing 
the properties and behaviour of polymers. No critical 
evaluation of the published values is attempted, and the 
numerous tables list all data found in the literature 
except for values which in their judgment the authors 
consider to be obviously erroneous. 

The contents are divided into six major groups: Poly- 
mertzation and synthesis. This section summarizes the 
constants of the polymerization process—decomposition 
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rate of initiators, propagation and termination constants 
in free radical polymerization, transfer constants, reac- 
tivity ratio in copolymerization, heats and entropy of 
polymerization, and so on. Solid state properties, which 
include crystallographic date, glass transition tempera- 
tures, rate of crystallization and critical surface tension 
of polymers. Solution properties, such as viscosity, mole- 
cular weight relationships, sedimentation aad diffusion 
constants, second virial coefficients, polymer—solvent 
interaction parameters, theta solvents, dissymmetry and 
particle scattering factor, and so on. Phystoal constants 
of important polymers, including cellulose materials, 
polyethylene, polystyrene, polybutadiene, rubbers, poly- 
acrylonitrile and poly(hexamethylene adipate). Physical 
constants of olegomers and physical constants of monomers 
and solvents. Finally, there is a large section on miscel- 
laneous properties such as thermal degradation, high 
resolution nuclear magnetic resonance, optically active 
polymers and radiation chemical yields. The final chapter 
of the handbook summarizes the trade names and prac- 
tical properties of some contemporary plastic materials. 
An extensive subject index adds greatly to the value of 
the book. 

As may be judged from the selection of data listed 
here, the book is an extremely valuable practical aid to 
the polymer scientist. The compilation has been a tre- 
mendous effort by a large number of distinguished workers, 
and the reward for their careful and painstaking work 
will be the appreciation of their colleagues, whose life 
will now be made much easier. C. E. H. BAwN 


ATMOSPHERIC OPTICS 


Twilight 

A Study in Atmospheric Optics. By G. V. Rozenberg. 
Authorized translation from the Russian by Richard B. 
Rodman. Pp. x+358. (New York: Plenum Press, 1966.) 
$20. 


Tue notion of gleaning information about the structure 
of the atmosphere from observations of the twilight is 
by no means new. According to Professor Rozenberg 
it probably originated with the scientist Alhazen in the 
eleventh century. As J. V. Dave points out in the fore- 
word, however, little progress has been achieved because 
of the unreliability of many of the past measurements. 
Only in recent years have attempts been made to adopt 
a standard type of sky photometer. 

In spite of artificial satellites providing obvious possi- 
bilities for twilight studies, it is clear that several of the 
physical parameters of the high atmosphere can be more 
expeditiously examined by indirect ground-based methods. 
A vast amount of data could be gathered from a carefully 
chosen network of observing stations for a relatively 
modest expense. An indication of what might be accom- 
plished is admirably set forth in this English translation 
of Rozenberg’s treatise. 

It is particularly useful to have readily available the 
Russian references to work in this field, to which the 
contribution of the author is considerable. Much of the 
text concerns ideas conceived while he was at the Atmo- 
spheric Optics Laboratory of the Institute of Atmospheric 
Physics, U.S.S.R. Academy of Sciences. Very recent 
work is mentioned in an appendix including references 
up to 1965. This is an indication of the rapid development 
of the subject, bearing in mind that a condensed version 
of the book was published in 1963. 

The five chapter headings range from a survey of 
observational results through the structure and optics 
of the atmosphere, followed by sections on the principles 
of twilight theory and the anatomy of twilight phenomena, 
to the inverse theory. The latter is a discussion of the 
problem of the interpretation and efficient organization of 
twilight observations. The appeal of a work of this range 
depends markedly on the efforts of the translator; here 
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the lucidity of the text is excellent. The volume is liberally 
referenced, and includes a table listing the principal 
notation as well as an author and subject index. It is: 
& very worthwhile addition to the literature on atmo- 
spheric optics. A. H. JARRETT 


HOYLE’S UNIVERSE 


Galaxies, Nuclel and Quasars 
By Fred Hoyle. Pp. vii+160. (London: Hememann 
Educational Books, Ltd., 1966.) 25s. net. 


Freep Hoye can always be relied on to be interesting. 
This book is a free-wheeling discussion of implications of 
the observations on galaxies, radio sources, quasars and 
associated topics, cosmological theory, the origin of the 
nuclear composition of matter, and certainly also of 
Hoyle’s opinions on all these matters. They are weighty 
opinions, even though the final discussion may read 
differently. 

The book is a display of virtuosity ın the field. Many 
considerations are put forward, many quantities evaluated, 
many consequences pursued, much knowledge displayed, 
and the result is a demonstration of the procedure that 
should be followed in an uncertain, speculative, develop- 
ing subject. One should not admonish Hoyle for giving 
his opinions, not always soundly based, in such authorita- 
tive form; rather one should admonish the other workers 
im the field for not presenting the equally tenable alterna- 
tives with sumlar power to give the world a more balanced 
view. No attempt is made to give the origin of much of 
the material presented, and the reader will be left un- 
aware of the particular lines of advance that are Hoyle’s 
own. 

The lectures presented in the book are perhaps 
addressed to an audience that does not exist—a high 
degree of sophistication. is needed to follow the arguments, 
but very httle factual knowledge is assumed in astronomy 
or the other physical sciences. Are there any readers who 
can follow the difficult arguments when they have only 
Just adsorbed the basic facts ? Perhaps there is a breed 
of highly intelugent ignoramuses. Perhaps there are 
people of superior intellect in the “other culture’? who 
will use this book to cross the Lne. Most likely the many 
physical scientists who will read it will ignore the material 
they do not need, and gloss over the few passages they 
cannot understand. They will still find the book well 
worth i It will convey to them the thrill of a 
subject that is fundamental, rapidly developing, full of 
ideag—the thrill of intellectual history being made— 
the thrill that is science. T. Gord 


SEDIMENTS AND CYCLES 


Symposium on Cyclic Sedimentation 

Vol. 1: Pp. viiit+ 1-380. Vol. 2: Pp. 381-636. Edited 
by Daniel F. Merriam. (Kansas Geological Survey Bulletin 
169.) (Lawrence, Kansas: State Geological Survey of 
Kansas, University of Kansas, 1964.) $7. 


GroLogists have long been aware that the different 
lithologies of many parts of the sedimentary geological 
record are arranged vertically in an orderly manner, which 
is evidence for an orderly repetition of sedimentary 
environments in time at a place. The resultants of such 
repetitions include annual or seasonal varves, cyclothems 
several tens of feet thick that required a few tens of 
millennia for their production, and whole formations 
arranged in definite patterns on a much grander scale of 
thickness and time. Though the present symposium is an 
official publication of the State Geological Survey of 
Kansas, and the contributors of the thirty-eight papers 
that make up the volumes come entirely from institutions 
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in North America, the range of topics treated is com- 
mendably wide. 

It is perhaps appropriate that half the papers should 
relate to Upper Palaeozoic cyclothems in the Mid-Conti- 
nent region of North America. Many of the authors 
concerned with this problem, including Bissell, Imbrie, 
Laporte, Merriam and Wagner, focus attention on the 
environmental significance of cyclical limestone deposits. 
The palasoecology of these is assessed by Elias, Harbough, 
McCrone and Moore. The paper by Moore, the longest 
of the contributions, will be especially useful to workers 
outside North America on account of its faunal—floral 
lists and assembled illustrations. 

Two of the case history papers not concerned with 
Mid-Continent cyclothems are outstanding. Van Houten 
gives a detailed and incisive analysis of Upper Triassic 
lacustrine cyclothems—some detrital and others chemical 
—in the New Jersey—Pennsylvania Triassic basin. 
Fischer has investigated the Late Triassic Dachstein 
cyclothems made famous by Bruno Sander. According 
to Fischer, the cyclothems accumulated in the intertidal 
and subtidal zones of a large lagoon. 

Beerbower has contributed the only paper on cyclo- 
thems originating in alluviel environments. This, how- 
ever, is fundamental. It contains a theoretical treatment, 
but presents a model of alluvial cyclothems that can cer- 
tainly be matched in rocks of various ages in Hurope and 
North America. It should promote much new research. 

Anderson makes a useful attack on a neglected but 
important geological problem in a paper on the varve 
calibration of stratification. He is concerned with the 
frequencies with which different sedimentary events occur 
in sedimentary environments and the frequencies of 
preservation of those events in terms of rocks and rela- 
tionships between rocks. 

It is perhaps invidious to have singled out particular 
papers from a collection nearly all of which reaches a 
high standard of interest and usefulness. But, for these 
papers alone, the Symposium on Cyclic Sedimentation 
is well worth its very modest cost. Dr. Merriam and his 
sponsors and collaborators deserve warm praise for 
creating an important scientific event. 

J. R. L. ALLEN 


INSTANT FACTS 


Chronology of the Modern World 
1763 to the present tıme. By Neville Williams. Pp. 
xiii + 923. (London: Barrie and Rockliff, 1966.) 60s. net. 


ACCORDING to one version, Pandora’s box contained all 
the blessings of the gods, which, on its opening, escaped 
and were lost, with the exception of hope, which was at the 
bottom. If this is true, then the claim by the publishers 
of Dr. Neville Williams’s Chronology of the Modern World 
that it is a “veritable Pandora’s box” is not very apt: the 
book is more likely to prove a constant source of reference 
tokens and a useful mini-encyclopaedia. Significant in- 
formation of the past two centuries is chronicled year by 
year in monthly paragraphs and also under classified 
headings. The Chronology is a mine of political facts and 
also of events and achievements in science, philosophy, 
the arts, the press, entertainment, statistics, and births 
and deaths. That Pierre Michaux manufactured bicycles 
in 1867, that on February 2, 1916, Ray Lankester led the 
Committee on the Neglect of Science in 1ts campaign for 
greater awareness of science in British schools, universities 
and civil service, and that the omega-minus particle was 
discovered in 1964 at Brookhaven using the Nimrod 
cyclotron, are the kind of scientific facts which are there 
for the gleaning. A feature which makes this work a 
valuable reference source is its index: that this occupies 
210 pages and contains about 30,000 entries gives some 
idea of the coverage offered. Certainly, there are lacunae, 
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but Dr. Wiliams, an assistant keeper at the U.K. Public 
Record Office, has endeavoured “to maintain a proper 
balance” and admite that “In the last event the inclusion 
or omission of an item rested on personal choice”. Anyone 
bent on finding something to celebrate is not likely to go 
wanting for long with this chronology. R. J. EFELD 





Wildlife in Canada 
By R. D. Lawrence. Pp. 211431 photographs. (London: 
Michael Joseph, Ltd., 1966.) 30s. net. 


Tue jacket blurb claims that “Wildlife in Oanada is a 
guide to the main species of wild animals that abound in 
Canada; it is an intimate study of each; it is a now 
approach in natural history. ...” Each chapter deals 
with a different species of mammal, and 18 based on an 
imaginary anecdote, backed up by further details about 
the animal’s life history. But the book is no new approach 
to natural history; Ernest Thompson Seton did it all 
more than sixty years ago, and did it better than his 
numerous imitators, without the purple patches and turgid 
writing that Mr. Lawrence affecte. 
L. HARRISON MATTHEWS 


Internationale Verelnigung für Theoretische und Ange- 
wandte Limnologie 

International Association of Theoretical and Applied 

Limnology. _ Communication No. 13: Symposium— 

Factors that Regulate the Sizes of Natural Populations in 

Fresh Water. Pp. 211. (Stuttgart: E. Schweizerbart’sche 

Verlagsbuchhandlung, 1965.) 52.40 D.M. 


Many ecologists are concerned, professionally or academuc- 
ally, with the kind of factors which control the denmty 
of animal populations. Obviously, in any environment 
the food supply will ultimately be limitmg but there 
are a growing number of cases where population size 
is regulated by mechanisms only indirectly, if at all, 
related to food supply. This type of regulation mechan- 
ism is exemplified in the territorial behaviour of salmonids, 
where the area defended is less when vision 1s curtailed; 
it is also in operation where a secretion from the larger 
individuals suppressed in feeding ın the smaller, as ın tad- 
poles, or where crowding depresses reproduction (guppies) 
or growth rate (perch) and therefore fecundity. This 
collection of papers given by well known, freshwater 
ecologists at a symposium held at the Wmdermere 
Laboratory of the Freshwater Biological Association 
provides examples of this sort of regulatory mechanism, 
along with others due to climate, disease, cannibalism, 
predation, food supply and space. Most contributions 
appear to have called forth lively discussions and the 
decision to include full accounts has provided added 
interest. 

This publication may well stimulate further ecological 
work on freshwater animals, perhaps particularly on 
fish, for it seems that full advantage has not yet been 
taken of the opportumties provided by their manageable 
habitat to elucidate principles which may well obtain 
for commercially important species. B. Srorr 


Diseases of the Cat 

By G. T. Wilkinson. With contributions by P. P. Scott 
and E. Cotchin. Pp. ix+368. (London and New York: 
Pergamon Press, Ltd., 1966.) 60s. net. 

THs text-book is designed for the veterinary student, the 
veterinary surgeon in general practice and the teaching 
staff of the veterinary schools. It will be of value to all of 
these, mainly for the collection of modern references from 
the scattered literature. There are two sections, on 
nutrition and tumours, each written by a specialist, 
which are concise and authoritative. The book will be of 
most value to the veterinary surgeon in general practice, 
bringing him up to date with some recent descriptions of 
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disease and therapy. He is better able than the vetermary 
student to appreciate the text on some of the more 
common diseases, as he can fill m some of the deficiencies 
in disease description from his own experience. Brevity 
in a text is in general commendable, but can be carried 
too far. Lists of clinical signs are given for a single disease, 
sometimes without evidence of emphasis or selection, and 
too often nothing is stated about the incidence, duration, 
progress and mortality rate of the condition. The author 
might have been more critical in selecting from the 
literature. Fifteen signs, many serious, are mentioned in 
association with roundworm infestation, which is very 
common and relatively harmless to the cat. Useful 
information on treatment is given, but in some instances 
the suggested therapy is open to criticism and it appears 
that corticosteroids are recommended too widely. There 
are good colour plates of eye conditions, but some black- 
and-white plates are too small to be clear. While this book 
is a “good buy”, I think that the subject of the diseases. 
of any common domestic animal is now too big to be 
adequately covered by three authors, and many more 
concise specialist sections are necessary for adequate 
presentation. I. M. LAUDER 
Proceedings of the Symposium on Coordination 
Chemistry 

Tihany, Hungary, 1964. Edited by M. T. Beck. Pp. 484. 
(Budapest: Akadémiai Kiadó, Publishing House of the 
Hungarian Academy of Sciences, 1965.) 105a. . 
Tis book is a record of the symposium on co-ordina- 
tion chemistry held in Hungary after the seventh Inter- 
national Co-ordination Meetmg in Vienna. The overlap 
between the two conferences might well have been con- 
siderable, but the organizer of the Hungarian conference 
must have been sensitive to this potential problem and it 
18 interesting to see how various facets of the work not 
discussed in Vienna have been developed in this report. 
The text contains approximately forty lectures and these 
are presented as full papers rather than as the now custom- 
ary abstracts. The topics range virtually over all aspects 
of co-ordination chemistry but provide admirable surveys 
of established fields rather than extensive reports of new 
work. The main emphasis of the conference is on the 
chemistry of polynuclear, mrxed ligands and outer sphere 
complexes and catalytic phenomena in co-ordination 
chemistry. In general, books of this nature tend to 
reside mainly on library shelves; this text, however, 
should be added to the books of every practising inorganic 
co-ordination chemist. Considering the standard of 
presentation, at the price it is a good buy that should be 
within the reach of a number of people practising inorganic 
chemistry. J. Luwis 


Domestic and Industrial Chemical Specialties 
By L. Chalmers. Pp. xiii+ 500. (London: Leonard Hill, 
1966.) 110s. 


Tas book describes the composition and formulation of a 
range of products that are used in the home, including 
soap, synthetic detergents, moth-proofing agents, insecti- 
cides, polishes, adhesives, antiseptics, aerosols and. paints. 
The literature on these subjects ıs scattered and the 
author aims to provide a comprehensive introduction 
to the whole field in a form that would appeal to students, 
chemists and teachers. Historical notes are provided as 
background mformation and there is a selected list of 
literature and patents at the end of each chapter. A wide 
range of formulations is dealt with in detail, and in this 
respect the author certainly fulfils his aim. It is easy to be 
ertical, but I would prefer more emphasis on the prob- 
lems associated with toxicity and dermatitis which are 
always so important to anyone manufacturing anything 
for use in industry or in the home. The book is recom- 
mended; it is very readable but could have been improved 
by more careful editing. B. Dopisy Suny 
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OBITUARIES 


Prof. Alexander Findlay 


ALEXANDER Furypray died on September 14, aged 92. He 
was born in the small Kincardineshire town of Johnshaven, 
and educated at the Grammar School, Aberdeen, where he 
gained the love of music which was to give him so much 
pleasure throughout his life. He obtained his M.A. in 
1895 and his B.8c. in 1897 at the University of Aberdeen, 
being awarded special distinction in chemistry and phy- 
siology. F. R. Japp, who was then professor of chemistry, 
invited Findlay to become his private research assistant, 
but in 1898, on gaining an 1851 Exhibition Science Scholar- 
ship, Findlay went to Leipzig to study physical chemistry 
under Ostwald; in 1900 he obtained his Ph.D. 

When he returned to Britain he accepted an invita- 
tion from Purdie to join his staff at St. Andrews, but a 
feeling of isolation after the stir of the leboratories at 
Leipzig prompted him to move to London to work with 
Ramsay. In 1902 he obtained his D.8c. at Aberdeen, and 
received an appointment at Birmingham on the staff of 
P. F. Frankland, which proved most fruitful from the 
research point of view. Under Japp at Aberdeen, Findlay 
had worked on ketones and some organic condensations, 
but after his return from Germany his interest was in 
physical chemistry; the phase rule, colloids, racemates and 
the solubility of gases. 

In 1911 Findlay was appointed professor of chemistry at 
the University College of Wales, Aberystwyth, and direc- 
tor of the Edward Davies Chemical Laboratories, where 
new accommodation offered a great challenge. The First 
World War intervened, however, and he had to devote 
much time and energy to war work, with occasional visits 
to France, and later to Germany, on lecture tours. In 
1919, Findlay realized one of his great ambitions when he 
was appointed professor at Aberdeen. Earlier that year, 
the University Court, realizing the inadequacy of the 
existing building, had decided to erect a new building for 
chemistry, and it was with great hopes for the future that 
Findlay took up his duties in October 1919. Ho realized 
that to build a strong school of research both accommoda- 
tion and postgraduate students were essential; in 1921 
he persuaded his science colleagues to approve regulations 
for an honours B.8o. degree and for the Ph.D. degree. 
Unfortunately, the plans for a new department were foiled 
by his medical colleagues who were advocating a new 
Hospital and Medical School. The struggle went on for 
almost 20 years, until the City of Aberdeen raised the 
funds necessary for the new Hospital, and the Court, in 
1939, decided that a new chemistry department should be 
built at Old Aberdeen. In order that his successor could 
undertake the planning, Findlay resigned, but. before 
H. W. Melville could take up office, the Second World 
War began and Findlay agreed to continue in office. In 
1943 he was elected president of the Royal Institute of 
Chemistry; this meant frequent visits to London, and the 
Court obtained the release of Melville from his war time 
duties. In 1944 the University awarded Findlay the 
degree of LL.D. 

Clarity of thought and expression are necessary attri- 
butes of the lecturer, and these Findlay possessed in high 
degree. He was a stimulating teacher. Meticulous in 
everything he did, he took infinite care in the preparation 
not only of the lecture but also of the lecture-table 
experiments. Discipline within his lecture theatre was 
quietly yet firmly maintained. His accuracy and lucidity 
of expression are also evident in his many publications; 
titles include The Phase Rule and tts Applications (nine 
editions), Practical Physical Chemistry (eight editions), 
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Ohemtstry in the Service of Man, Osmotic Pressure and 
The Teaching of Chemistry in the Universities of Aber- 
deen, a study prompted by his great love of his own 
University. 

Findlay gave much of his time to the advancement of 
the chemical professional bodies. He served on the 
council of the Chemical Society and of the Faraday 
Society and also on the Chemical Council, but it was the 
Royal Institute of Chemistry that was nearest to his heart 
and gave him the greatest opportunity to work for the 
profession to which he had dedicated his life. Even after 
his retirement from the presidency he devoted himself to 
the problems associated with the post-war world. He 
found great pleasure in travel whether on pleasure, to 
attend scientific meetings or on behalf of a professional 
body. It was in the Engadine that he met Alice Mary de 
Rougement; they were married in 1914 and for more than 
50 years she, with their two sons, shared his life. While on 
a visit to South Africa in 1948 news reached them of his 
appointment as C.B.E.; the citation, which gave him the 
greatest of pleasure, so aptly summarizes his life’s theme— 
“For service to chemistry”. R. B. StrarHpEE 


Dr. Pieter Debye 


PETER Despyz, who died on November 2, exerted on 
chemistry an influence as deep and pervasive as that of 
any man in this century. He was basically a physicist 
and was professor of physica in Zirich, Utrecht, Gottingen, 
Leipzig, and, as Institute director, in Berlin. It was for 
chemistry, however, that he received the Nobel Prize in 
1936, and after he went to Cornell in 1939 he became 
professor of chemistry. 

He was in the great line of Dutch physical chemists, 
and historically he can be placed alongside van’t Hoff. 
His earlier work on the specific heats of solids at low 
temperatures was a considerable contribution to physics, 
but it was later work on the theory of electrolytes and on 
the dielectric properties of chemical substances in relation 
to their molecular structure that made his name known 
in every laboratory in the world where there is interest 
in quantitative chemistry. His work on the technique of 
X-ray orystal analysis, the application of X-ray analysis 
to gases and then the major triumph of the electron 
diffraction method would also in themselves have ensured 
enduring fame. 

The famous Debye—Hiickel theory of electrolytes con- 
sidered the distribution of ions in solution in such a way 
that each ion could be treated statistically as though ıt 
were surrounded by a static cloud or atmosphere of ions 
of the opposite sign. The idea was amenable to mathe- 
matical handling, as well as giving a vivid picture of the 
behaviour of ions in solution. It completely revolutionized 
the way most physical chemists looked on electrolytes. 

Perhaps the most important of the ideas and methods 
introduced by Debye was that of the molecular dipole 
moment and the means of determining it. This constant 
related structure and electron distribution to properties 
in the most vivid way, and illuminated general questions 
of molecular forces and valencies, besides offermg 
approaches to innumerable special problems of structure 
and behaviour in chemistry. The peculiar and character- 
istic combination of subtlety and directness was further 
evident ın his later work on the structure and light 
scattering of colloidal solutions. 

Debye was born in Holland in 1884. He was of robust 
physique and of genial, friendly and sanguine tempera- 
ment. He welcomed visitors in his own laboratory and 
himself enjoyed travelling to laboratories abroad. He 
was very interested in the work of others, a fact which, 
together with his great ability as a lecturer both in 
German and English, strongly reinforced his influence, if 
scientific contributions of such power needed reinforce- 
ment. C.N.H. 
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RADIOACTIVE DEBRIS INJECTED INTO THE STRATOSPHERE BY THE 


CHINESE NUCLEAR WEAPON TEST OF MAY 9, 


1966 


By Dr. HERBERT W. FEELY, CELSO BARRIENTOS and DAVID KATZMAN 
Isotopes, Inc., 123 Woodland Avenue, Westwood, New Jersey 


A NUMBER of filter samples of stratospheric air collected 
by RB-57F aircraft during May and June 1966 as part 
of Project Stardust!?, which was sponsored by the U.S. 
Defense Atomic Support Agency, contained radioactive 
debris from the May 9, 1966, Chinese nuclear weapon test*. 

The first Stardust sampling mission flown after the 
test took place on May 25, and involved the collection 
of a series of samples at 15:2 km between 36°N. and 9°N. 
Samples collected between 36°N. and 16°N. contained 
debris from the weapon test. The next sampling mission, 
flown on May 27, collected a series of samples at 16-8 km 
between 7°N. and 12°S., and at 18:3 km between 13°S. 
and 31°S. The samples collected between 7°N. and 
9°8. also contained debris. During May 26-June 5 the 
Chinese debris was intercepted at 15:2 km between 64°N. 
and 16°N., at 16-8 km between 35°N. and 9°S., and at 
about 18-3 km between 19°N. and 3°N. 

The approximate total B-activity of each filter sample 
is determined by counting a 4:5 cm? disk cut from the 
exposed ares of the filter. (The total exposed area of the 
filters is about 1,288 em‘, but the 8-activity has usually 
been found to be fairly un:formly distributed across the 
paper, with variations from one region to another amount- 
ing to about 10 per cent of the mean activity per unit area.) 
The finding of relatively high f-activities in samples col- 
lected during May and June 1966 was the first indication 
that debris from the Chinese weapon test had been inter- 
cepted. The rapid decrease with time of these B-activities, 
indicating thet short-lived radionuclides from a recent 
nuclear event were contributing most of the radioactivity 
of the samples, provided confirmation that Chinese 
debris was present. These samples are being analysed for 
several specific fission products, but these analyses are 
not yet complete. 

The f-activities of samples collected at six points in 
the atmosphere during July 1965 to June 1966 are plotted 
in Fig. 1. Data are presented for 15-2 and 16-8 km at 
55°N. and for 16-8 and 18-3 km at 25°N. and at 10°-15°S. 
During early June, activities higher than any encountered 
during the p year were found at 15-2 km at 

55°N. and at 16-8 km at 25°N. By mid-June, unusually 
high activities were also found at both 16-8 and 18-3 km at 
10°-15°S8. Little or no indication was found of debris 
from the Chinese test in samples collected at 16:8 km 
at 55°N. and at 18-3 km at 25°N., and by late June there 
had been a pronounced decrease in activities at 15-2 km 
at 55°N. and at 16:8 km at 25°N. (The f-activities shown 
in Fig. 1 have been corrected to collection data using 
decay curves of total fission product B-activity prepared 
by Dolan‘.) 

Flight tracks of sampling missions flown during April 
1966 and during May 25—June 6, 1966, have been plotted 
on a meridional section of the atmosphere in Fig. 2, 
and isolines of total B-activity have been drawn. (Total 
B-activities for April samples are corrected for decay to 
April 15, 1966, and those for May and June samples to 
June 1, 1966.) It appears from Fig. 2 that in the strato- 
sphere the cloud of debris from the Chinese test, as inter- 
cepted, was restricted to the lowest layers—below 17 km 
in the northern polar stratosphere and below 19 km in the 
tropical stratosphere. (We do not as yet have any data 
on the position of the tropopause during each sampling 
mission, but presumably it was located at about 11 km 


in the polar stratosphere and at about 16 km in the tropical 
stratosphere. It is quite possible that all samples which 
contained debris from the Chinese test were collected in 
the stratosphere.) The configuration of the Chinese cloud 
is consistent with the observation that meridional trans- 
port of radioactive debris within the stratosphere occurs 
by eddy diffusion along surfaces which slope gently 
downward from the equator toward the poles**, 

It is especially interesting that the debris, injected at 
about 40°N. on May 9, 1966, was intercepted as far south 
as 5°-9°8. on May 27, and as far south as 12°-17°S. on 
June 17. Some of the debris had moved southward about 
45° of latitude, or about 5,000 km, in 18 days or less. 

There is a mean mass transport of air from the summer 
hemisphere to the winter hemisphere’; however, the rate 
of this seasonal mean circulation (~ 0-003 knots) is too 
small for it to account for the observed rate of meridional 
transport of the Chinese debris. Also the southward 
transport of the debris cannot be attributed to eddy 
diffusion. Assuming a value of 10° cm* sec-! for the 
horizontal exchange coefficient? (Ky in the diffusion 
equation), and assuming the f-activity at the point of 
injection on June 1, 1966, to be 8,000 pc./100 SCM (ten 
times higher than the highest concentration observed 
anywhere in the Stardust corridor), about 5 months would 
be required for concentrations as high as those observed 
at 6°8. (more than 50 pe./100 SCM) to reach that point by 
eddy diffusion alone. A value of 101° cm} sec-!, which seems 
excessive particularly in the low latitudes, would have to 
be assumed for Ky to explain the observed transport by 
eddy diffusion. It may be possible, however, to explain 
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Fig. 1. Trend with time of f-activity at six points. 
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Fig. 2. Distribution of 2-actiyıty during April and ain 25—June 5, 1966. 
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the observed meridional transport by advection southward 
by the upper tropospheric (or lower stratospheric) return 
circulation of the southwest monsoon which develops 
during May. This upper air return flow of the monsoon 
at about 15 km has southward velocities of about 5-10 
knots (ref. 9). Between 120°E. and 150°E. longitude, the 
flow may extend sufficiently far south of the equator to 
bring the debris into the westerly zonal flow of the 
southern hemisphere where it would be advected across 
the Pacific. A detailed mvestigation of the upper air 
circulation during May and June 1966 should provide 
evidence on the mechanisms involved in the southward 
movement of the Chinese debris. 

According to the U.S. Atomic Energy Commussion?, 
the May 9, 1966, nuclear event, China’s third nuclear 
explosion, had an energy yield “in the lower end of the 
intermediate yield range (equivalent to the force of 200 
kilotons to 1 megaton of TNT)”. If this event involved 
purely a fission reaction, an energy yield of about 200 
kilotons should have produced about 22 ke. of strontium-90 
(ref. 10). If the event of May 9 was an air burst, between 
80 and 100 per cent of the radioactive debris produced 
may have been injected into the stratosphere, but if it 
was & ground surface burst the stratospheric injection 
may have been much less, perhaps between 0 and 50 per 
cent, depending on the yield“. Thus if the May 9 event 
was an air burst, we might expect it to have injected about 
20 ko. of strontium-90 into the stratosphere, while if it 
was a ground burst less than 10 ke. was probably injected. 

So far our radiochemical analyses of May-June 1966 
filter samples are still incomplete, but using available 
results, i a value of 147, when corrected for 
decay to May 9, 1966, for the activity ratio strontium-89/ 
strontium-90 in the Chmese debris?®, and assuming that 
the debris was distributed essentially uniformly around 
the Earth in the zonal direction by late May 1966, we may 
caloulate that the Chinese cloud between 16 and 19 km 
contained between 2 and 6 ke. of strontium-90. If we 
assume that the lower northern polar stratosphere between 
11 and 16 km, a region not sampled for Project Stardust 
during May—June 1966, contained concentrations of 
debris from the Chinese test equivalent to those found 
farther south between 15 and 19 km, we may calculate 
that an additional 4-8 ke. were located there. Thus our 
preliminary estimate indicates thut 10 + 4 ke. of stron- 
tium-90 was injected into the stratosphere by the Chinese 


are in 


test of May 9, 1966. It must be borne in mind, however, 
that some of the assumptions made in performing this 
calculation are rather tenuous. 


Table 1. Fission Propuct RATIOS In DEBRIS FROM THE OBINHSH TEST OF 
May 9, 1966, AND IN DEBRIS FROM WHAPONS OF MEGATON YIBLD 


Ba Sr  MoBa/MZr “Sr Zr 
May 9. 1966, even! 4-6 (22) 26-5 (5) 4-9 (5) 
Megaton yield eve Cents (ref. 10) BO 5-2 0-65 


The number of samples used to calculate each nuclide ratio in Stardust 
samples is given in parentheses after it. 


Table 1 lists values of some fission product ratios in the 
Chinese debris, based on radiochemical analyses of 
Stardust samples, and the values of these ratios observed 
in debris from nuclear weapons of megaton yield’. 
Comparison of these two seta of ratios mdicates that in 
the Chinese debris barium-140 is enriched by a factor 
of about 5, and strontium-89 by a factor of about 7:5 
relative to zircomum-95. This suggests that the debris 
from the Chinese test was strongly fractionated, and that 
the portion of it found in the stratosphere is enriched 
in those components which are volatile or had volatile 
precursors which were present in the fireball as it cooled 
and as condensation occurred. Evidently the non- 
volatile components, such as zirconium-95 and its pre- 
cursors, were scavenged from the radioactive cloud as it 
cooled. Fractionation of the extent indicated by the data 
in Table 1 has been observed in debris from surface bursts’* 
but is not likely in debris from air bursts!*. 

This work was performed under contract for the U.S. 
Defense Atomic Support Agency, Washington, D.C. 
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Tue methods which exist for demonstrating the carcino- 
genicity of atmospheric pollutants are either chemical or 
biological. The chemical methods depend on the identi- 
fication and measurement of known carcinogens, such as 
benzo(a)pyrene, in organic extracts of atmospheric par- 
ticulate pollutants. Such methods, however, are of limited 
value because various organic fractions, such as the 
oxy-neutral and basic, contain undefined or unknown 
carcinogens'-*. Furthermore, this approach ignores the 
probability of in vivo interactions between various com- 
ponents of pollutants. Existing biological methods 
usually make use of repeated skin painting or sub- 
cutaneous injection of pollutant extracts in adult rodents. 
These techniques, however, require comparatively large 
amounts of materials and usually give relatively low 
yields of tumours after long latent periods’. 

For these reasons, an attempt was made to devise 
alternative approaches to this problem‘. A photodynamic 
bioassay was developed as an indirect index of the 
carcinogenicity of polycyclic compounds, in order to 
permit rapid and large scale screening of organic atmo- 
spheric pollutants*’’?. The assay has been applied to 
benzene-soluble organic extracts of particulate atmos- 
pheric pollutants, and also to six fractions thereof, ob- 
tained from more than a hundred different sources in 
the United States, comprising a wide range of urban 
and rural pollutante**. The photodynamic assay 
provides a measure of the concentrations of photo- 
sensitizing polycyclic compounds and reflects their ability 
to sensitize cells to the otherwise non-toxic effecte of 
long-wave ultra-violet light?°-12. The relevance of this 
assay to carcinogenicity was established by the previous 
demonstration, in & large series of polycyclic compounds, 
of a positive association between photodynamic toxicity 
and carcinogenicity, attributable to polycyclic com- 
pounds, ın the ciliate Paramecium caudatum*4, The 
present article describes the development of another bio- 


assay that uses neonatal mice in a highly sensitive and 
direct estimation of carcinogenicity as a result of all 
components in organic extracts of particulate pollutants. 
Although many data are available concerning the enhanced 
sensitivity of newly born animals to defined carcinogens 
(for example, refs. 15 and 16), their use for carcinogenicity 
testing of undefined crude organic mixtures has not 
hitherto been recorded. 

Atmospheric particulates were collected during 1963 
with National Air Sampling Network high-volume sam- 
plers at Continuous Air Monitoring Program sites in 
Chicago, Cincinnati, Los Angeles, Philadelphia, New 
Orleans and Washington, D.C.; they were combined by 
sites and extracted with benzene’’. Tricaprylin suspen- 
sions in concentrations of 100 mg/ml. were prepared from 
the organic extracts derived from these annual composites. 
Swiss mice (IOR/Ha) were injected subcutaneously in 
the nape of the neck with 0-05 ml. of pollutant suspensions 
on the first day of their life and with 0-1 ml. on both 
the seventh and fourteenth days, yielding a total dose 
of 25 mg; 1 ml. tuberculin syringes and 27 gauge needles 
were used. The final injection was omitted for some 
groups, because of a shortage of materials, so that 
they only received 15 mg (Table 1). These dosage 
schedules were developed to permit administration, as 
early as possible in the neonatal period, of the greatest 
amounts of extracts consistent with limitations imposed 
by the high mortality of acute toxicity. The mice were 
usually weaned and sexed between the ages of 30—40 days. 
Groups of five or fewer mice, separated according to their 
sex, were housed in hanging metal cages and given 
Purine chow and water ad libitum. The animals were 
inspected daily and weighed at weekly intervals for the 
first month of their life, and at approximately monthly 
intervals thereafter. The mice were allowed to survive 
until the experiments were brought to an end after 50-52 
weeks, with the exception of moribund animals, which 


Table 1. TOXIOITY AND OBSTRUCTIVE UROPATHY INDUCED IN SWISS MIOH AFTER NEONATAL SUBOUTANEOUS INJHOTIONS OF SUSPENSIONS OF BHXZENE- 
SOLUBLE ORGANIO EXTRACTS OF PARTIOULATE ATMOSPHERIO POLLUTANTS 
ra) Fae Mortality Sex and Welght mice ( Obstructi th 
mice in an co (g vo uropathy 
Treatment treatment grou before No. at At weaning Re 50 weeks Incidence as a per- 
group* (co mding No. weaning weaning 80 per centt 80 per cent No. centage of male mice 
of litters in (per cent) Average central central alive at weaning and 
parentheses) Tange Tange later autopsied 
Controls 190 (19) 16 M 82 283 23-82 ‘587 46-68 19 24 
E 77 23-2 21-26 48:2 38-64 — — 
COLO 127 (18) 39 M 41 24-7 19-29 40-5 42-59 76 
(25 ma) F 37 21:6 17-26 58-8 87-78 n Come 
Cincinna 188 (14) 53 M 382 22-9 19-28 55-2 21 70 
(25 mg) F 81 23-4 19-26 59-0 41-84 => =n 
Los Angeles 137 (14) 61 M 32 28-5 24-83 57-7 46-75 18 60 
(25 mg) F 2 25-3 21-28 51-6 41-69 — — 
New Orleans 110 (11) 29 M 389 28-1 24-82 54:5 12 88 
(15-25 mg) F 39 239 21-27 603 89-71 — — 
Philadelphias 105 (11) 85 M 27 80-1 24-85 60:6 48-73 15 63 
(15-25 mg) F 41 28-8 21-28 55-3 89-72 — — 
ashington, D.O 137 (15) 58 M 38 26:8 23-31 55-6 45-70 21 60 ; 
(25 mg) F 27 234 20-28 58-0 48-75 = = + 


* The following treatment groups are combined here (the corresponcung 
controls (90) + tricaprylin controls (100); New Orleans, 15 mg dosage (100 

. + This is the range in weights of mice after excluding the 10 per cent lowest 
nearest whole integer. 


+25 


Pie m P oan G0}; Baad ae d (49) + 25 d (56). 
osage z mg dosage mg e 
and 10 per a erg “Phe 


tn parentheses): controls, uninjected 


number of exclud. taken to the 


, 


observations 
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were killed earlier. All the animals were autopsied except 
m a few instances of severe autolysis or cannibalism; 
samples were taken for histological examination from any 
lesion or tumour and usually also from liver, spleen, heart, 
lungs, kidneys, adrenals, thymus, lymph glands, and 
sternal marrow. They were fixed in Tellyesniczky fluid, 
and õu sections were stained with haematoxylin and 
eosin. 

Toxicity was clearly indicated by death before weaning 
of between 29 per cent and 61 per cent of the mice given 
the pollutant extracts, as compared with the death of 
16 per cent of the control animals. There was, however, 
no parallel evidence of loss in weight either at the time 
of weaning or at the termination of the experiments 
(Table 1). Death before weaning occurred largely in the 
first week of life, so that differences in mortality between 
the different groups appeared at the same time. The 
number of survivors of each sex at weaning did not differ 
too markedly, and therefore it would appear that pre- 
weaning mortality rates for the sexes were comparable. 
Substantial sex differences in mortality did, however, 
develop after weaning in some groups; this was largely 
as a result of the death or destruction of male mice develop- 
ing obstructive uropathy, a syndrome characterized by 
perineal ulceration, urinary obstruction, hydronephrosis, 
and uraemia’®1*, Its incidence was markedly greater in 
all treatment groups (33-76 per cent) than with controls 
(24 per cent) (Table 1). This is particularly interesting 
because of the similar incidence of uropathy in controls 
and in mice treated, when newly born, with a variety of 
other substances, including carcinogenic combinations of 
piperonyl butoxide and fluorocarbon propellants*. 

The total number of different individual tumours, all 
of which were histologically confirmed or identified, and 
their incidence at corresponding intervals when death 
from tumours or killing occurred, is listed in Table 2 for 
the various treatment groups. In several instances, which 
are identified in Table 2, multiple tumours were noted. 
The majority of these associations involved hepatomata 
and pulmonary adenomata. Of the three control mice 
with hepatomata, one also had a pulmonary adenoma. In 
the combined groups receiving pollutant treatment, of 
twenty-seven male mice with hepatomata, seven also 
had solitary pulmonary adenomata, and fifteen also had 
multiple pulmonary adenomata. The overall incidence 
of tumours in groups treated with pollutants was markedly 
greater than in the controls. There were also differences 
in the incidence of tumours for pollutants from city to 
city; these reflect in part the varying number of animals 
at risk. In these experiments, the high incidence of remote 
tumours, together with the exceptionally low incidence of 
fibrosarcomata at the injection site (Table 2), was in con- 
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trast to the relatively low yield of local tumours and the 
rarity or absence of distant tumours after repeated skin 
painting or subcutaneous inoculation of adult mice with 
extracts of air pollutants’. 

A high incidence of hepatomata occurred in all pollutant 
groups, with the exception of that receiving treatment 
with pollutants from Los Angeles; it was highest with the 
extracts from Cincinnati (Table 2). Hepatomata were all 
found in mice killed at the end of experiments and almost 
exclusively in males. As already noted, hepatomata were 
frequently coexistent with multiple pulmonary adeno- 
mata, and less frequently with solitary pulmonary 
adenomata. An increased incidence of malignant lympho- 
mata was also noted, especially with the extracts from 
Philadelphia and Cincinnati. Malignant lymphomata that 
developed before the age of 40 weeks were usually poorly 
differentiated and apparently thymic in origin, as com- 
pared with others which were lymphocytic or histocytic 
and non-thymie. A high incidence of multiple pul- 
monary adenomata occurred in all pollutant groups, par- 
ticularly with extracts from Cincinnati, in contrast to 
their low incidence with extracts from Los Angeles and 
their complete absence in controls. This also contrasted 
with the occurrence of solitary pulmonary adenomata, the 
incidence of which in some treatment groups was similar 
to that for controls. 

The relatively low tumour yields in the groups receiving 
extracts from Los Angeles, paralleled in other work by the 
non-carcinogenicity of atmospheric organic extracts from 
this city after administration to adult rodents’, were associ- 
ated with low photodynamic potencies? and low concentra- 
tions of benzo(a)pyrene in the corresponding organic 
extracts (Tables 2 and 3). Conversely, the high tumour 
yields with extracts from Cincinnati were associated 
with high photodynamic potencies and benzo(a)pyrene 
concentrations (Tables 2 and 3). These data are 
too limited, however, for a formal analysis of associa- 
tions, especially as there is little justification for assuming 
that the main carcinogens or classes of carcinogens in 
organic pollutants are restricted to the polycyclic com- 
pounds listed in Table 3. It is likely that, apart from 
gaseous and inorganic components of atmospheric pol- 
lutants, which have not been considered here, there are 
also other classes of organic carcinogens, such as poly- 
nuclear azaheterooyclics, polynuclear ring carbonyls, 
aliphatic epoxides and alkylating agents**!, the im- 
portance of which cannot as yet be assessed. It is possible 
that some of the latter compounds have contributed to 
the tumour yields reported here, such as the hepatomata, 
although high concentrations of benz(a)anthracene ad- 
ministered to newly born mice have also been shown to 
produce these tumours’, 


Table 2, TUMOURS INDUOHD IN Swiss MICH BY NEONATAL INJSHOTIONS OF ORGANIO EXTRAOTS OF PARTIOULATS ATMOSPHERIC POLLUTANTS 


No. of mice, later 


Mise. t 
Multtple pulmonary tum- 
adenomata ours 


Solitary pulmonary 
adenomata 


Treatment B antopelod, alive at the = No tumours in each " aka mcs in each eS No, tamaan in each a BER Jamour in eacli a 
group ox. naing of each o. pe as percentage No. as percen o. as percentage No. as percentage 0. 
(Nos, at risk) of No. of mice at risk of No. of mice at risk of No. of mice at risk of No. of mice at risk 
W Woeks oaks Weeks Weeks 
11- 21- 8i- 4l- 11- 21- 81- 41- ti- 21- 381- 41- 11- 21- 81- 41- 11- 21- 81- 41- 
20 80 40 60 51+ 20 80 40 60 61+ 20 80 40 50 51+ 20 80 40 60 51+ 20 80 40 60 51+ 
Controls M 78 78 78 71 67 S 0 GO 0 0 4 0 0060 006 QO 8 0060 011 0 0 600 0 O21 
F 75 74 74 72 8 O09 0 09 0 0 0O 1 0 O 086 1 4 O 0 1 Q 4 090 0 0 0 00 
M 39 37 33 22 11 8% 0 0 0 0 27 1 0 O 83 00 6 O 5 0 6 27 11 0 0 8 18 55 0 
(25 mg), F 86 8 34 3 3 0 0 0 060 0 0 00 00 807 O O 0 0 21 8 0 0 O O A 0 
inna M 80 27 21 12 6 & 0 0 0 0 8 1 0 0 060 O 17 4 0 4 0 17 17 10 0 4 109 8 67 0 
(26mg) F 28 27 27 24 22 1€ 0 0 0 0 5 # 4 0 0 09 9 8 0 0O £ 0 89 2 0 0 7 8 7 90 
Los Angeles M 380 80 28 22 18 1 0 0 00 8 1000600 8 4 00 4 9 8 8 0 8 0 O 18 2% 
(25 ma) F 20 20 18 18 15 0 0 0 0 O 0 Q 0 O O O Q 10 0 0 0 7 8 0 Q O 6 13 0 
Now Orleans M 86 38 386 32 29 10 0 0 0 0 8 60 0 0 00 0 7 0 6 8 0281 9 0 0 8 0 28 0 
(15-25 mg) F 85 34 84 83 30 0 0 0 0 0 028 8 0 8 0 0 60 00 817 8 0 0 0 O 17 2m 
Philadelphia M 24 24 22 18 13 4 0 0 0 O 8 0O 0 0 O 0 0 10 O OÒ 60 5 00656 628 Y 
(16-25 mg) PF 88 88 86 32 27 0 0 0 0 0 0 & 0 0 6 9 0 6 0 0 O 6 16 8 Q O DO 3 30 Qmn 
Washington M 85 85 28 19 13 4 0 080 0 0 31 0 0 O 0 O O 5 0 6 0 6 165 11 O 8 O 16 54 I 
25 mg) F 24 22 21 16 0 0 0 0 060 0 1 4 0 00 0 7 0 4 0 6 81 10 0 O O 14 44 0 


* The following Instances of coexistent multiple tumours occurred, each tumour being individual] 


listed: a, 1 hepatoma with a solitary pulmonary 


adenoma; b, 1 with a solitary pulmonary adenoma, 2 with multiple pulmonary adenomata; o, 1 with a solitary pulmonary adenoma, 8 with multiple pulmonary 


adenomata, and 1 with multiple pulmonary adenomata and a mal. 
adenomata; f, with a solitary pulmo adenoma; g, 3 with solu pulm: 
pulmonary adenoma, 1 with multiple p onary adenomata; 4,1 wi 
pulmonary adenomata and a pulmonary adenocarcinoma. 
Wibrogarooma and a solitary pulmonary adenoma; k, 


mul ple pulmonary adenomata; m, mammary adon ma; n, thyroid 


ant lymphoma; d, with multiple pulmonary adenomata; e6, 2 
onary adenomata, 4 with multiple pulmonary 
a solitary pulmonary adenoma, 2 with multiple pulmonary adenomata, and 1 with 


pilloma gall bisddot and multiple pulmonary adenomata; J, pulmonary adenocarcinoma and 


with multiple pulmonary 
adenomata; h, 1 with a solitary 


enoma, 
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Table 8. PHOTODYNAMIO POTENCY AND POLYOYCLIC CONCENTRATIONS OF ORGANIO ATMOSPHMRIO PARTICULATES 
Atmospherio organics 
Photodynamic 
Mean Potency, Conoonirations of polyoyatlo hydrocarbons 
Ot concen- Rapparen Belg organica. 
z tration® pg BaPjg BaPt BeP Py Per Anth Cor Bad Chr Fi 
(ug/m* alr) organics 
Ohlcago 9-4 85 680 570 880 69 1,100 40 280 280 450 250 
CQıncinnati 8&8 100 670 430 310 75 1,070 180 130 290 230 
Los A es 12-7 <10 110 180 65 15 680 10 830 43 150 43 
Now 88 58 820 470 200 790 16 210 140 800 120 
Philadelphia 1 70 470 370 250 55 900 32 820 230 850 180 
gton 0 62 580 510 200 57 1,020 53 260 210 480 200 


* Data from Air Pollution Mi 


venst 7 Bat, bonzo benso(aypyrono; B 

It would take about 3—4 months for an adult human 
being in one of the cities considered to inhale the amounts 
of atmospheric pollutants which we have found to be 
highly carcinogenic to newly born mice. It is, however, 
difficult to make valid quantitative extrapolations to the 
human situation. For example, if the surface area rule 
for extrapolating between species** applies here, an 
increase in the level of exposure by a factor of about 200 
might be to produce cancer when particulates 
are inhaled by an adult man. Nevertheless, it is difficult 
to escape the conclusion that the high carcinogenicity of 
trace amounts of organic urban atmospheric pollutants is 
highly significant. 

We thank Drs. H. Falk, D. Coffin, J. Ludwig, 8. H. 
Hutner and M. D. Altechule for their interest in this 
work, which was supported by a U.8. Public Health 
Service contract from the National Cancer Institute and 
the Division of Air Pollution to the Children’s Cancer 
Research Foundation, Ino. 
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Tae potentiality of the deuteron magnetic resonance 
methods for the investigation of hydrogen bonds in 
solids has only become apparent in the past few years. 
The purpose of this article is to show the applica- 
tion of these methods to some problems of hydro- 
gen bonding and to compare the merite of deuteron 
resonance methods with those of infra-red 
spectroscopy 

(1) Correlations of eqQ/h with the bridge length (O . 
distance) and vom. Chiba? has shown that the beer 
quadrupole coupling constants eqQ/h decrease markedly 
as the length of the bridge is decreased. This is to be 
expected on the basis of the self-consistent field MO- 
LCAO calculations of M. Weissman’, who showed that 
with increasing strength of the hydrogen bond O,—H...O, 
and consequently the O,—H distance the positive con- 
tribution of the O, nucleus to the electric fe Id gradient 
at the deuteron site decreases faster than the negative 
contribution from the electrons and the O, nucleus. This 
results in a decrease of the net field gradient and eqQ/h 
with increasing strength of the hydrogen bond. The 
theoretical expectations are borne out by recently pub- 
lished data and results obtained in this laboratory. 


As (per cent) = 


Fig. 1 shows a plot of the deuteron ane coupling 
“chemical shifts” as a function of the O...O distance. 
The shifts A are defined by 


a LASi x 100= on x 100 


and correspond to the shifts of the largest principal 
component gs of the electric field gradient tensor at the 
deuteron site. The free HDO molecule is taken as the 
reference compound. The lattice vibrations and inter- 
atomic interactions other than hydrogen bonding in the 
solid will change eqQ/h from the value of the free molecule, 
but it can be shown that the former effects are relatively 
small and thus the quadrupole chemical shifts presented 
in Fig. 1 can be considered to result primarily from 
hydrogen bonding. Extrapolation of our plot to the side 
of weak hydrogen bonds shows A to approach zero at 
Ro...o = 33 Å. This is in surprisingly good agreement 
with the value generally assumed to be the lower limit 
for the existence of hydrogen bonds. On the side of the 
strong hydrogen bonds the chemical shift of 100 per cent 
is reached for an O .:.O distance of 2:42 A, where the 
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two aforementioned contributions to the largest principal 
component of the field gradient become equal and thus 
the total fleld gradient at the deuteron site vanishes. 

It should be emphasized that hydrogen bonds can be 
symmetric before this situation is reached, that 18 to say, 
they can be symmetric while the eqQ/h value is still 
different from zero, although small. The deuteron quad- 
rupole coupling constant will be identical to zero as a 
result of the conditions of symmetry only if the deuteron 
site coincides with a site of sufficiently high (for example, 
cubic) symmetry, which is not a necessary condition for 
the existence of symmetric hydrogen bonds (for example, 
KD-maleate). 

The sensitivity of the deuteron quadrupole coupling 
constants towards changes in the bridge length is quite 
remarkable and exceeds that of the infra-red OH stretching 
frequencies particularly for strong hydrogen bonds. 
It has already been shown? that the well known empirical 
relations between vow and Ro...o9 do not hold below 
Ro...0=2-6 A, whereas the quadrupole chemical shifts 
are still very sensitive towards changes in Ro...o in 
this range. Moreover, the value of egQ/h between free 
HDO and the symmetrical hydrogen bond in KH-maleate 
varies by a factor of 5-5 but only 2-8 for von. 

The linear relationship between the quadrupole coupling 
constants and the bond force constants of diatomic 
hydrides as derived theoretically by Salem‘ also seems to 
be applicable in some way to hydrogen bonded systems. 
An additional term is necessary, however, in the latter 
ease to account for the fact that the force constant has a 
finite value for symmetrical hydrogen bonds. Fig. 2 
shows a plot of eqQ/h against the square of the OH 
stretching frequencies. This’ plot seems to support the 
above statement and suggests the existence of some kind 
of division between the weaker hydrogen bonds in crystal 
hydrates and the stronger ones in phosphates and selenites 
~~each part of the plot is approximately linear. It should 
be borne in mind, however, that the assignments of the 
OH stretching bands in the latter examples are not free 
of ambiguity because of the interaction of this vibration 
mode with other vibrational degrees of freedom as a 
result of strong anharmonicity of proton vibrations. 
We have taken for the plot those frequencies which we 
believe best represent the O—H force constants’. The 
relation between eqgQ/h and vom is interesting and with 
more data on quadrupole coupling constants to match 
the infra-red spectra of strongly hydrogen bonded systems 
we should be able to learn much about the electronic 
details of strong hydrogen bonds. 
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Fig. 1. Deuteron guadrupole coupling “‘chemical” shifts as a function 
$ of the O... © bond distance. 
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(2) The potential surface and deuteron dynamics. One of 
the most important problems in hydrogen bonding 1s the 
experimental determination of the potential surface for 
the hydrogen nucleus. This still remains unsolved and 
even the differentiation between a single, symmetrical 
minimum and two, closely spaced minima in the po- 
tential curve is not simple. In examples of real hydrogen 
bonding there is no relationship between the bridge 
length and the type of potential curve (between 2-4 A 
and 2:6 A both the double minimum type and candidates 
for symmetrical hydrogen bonds exist*) although this 18 
clearly related ın simple model calculations®?. Con- 
sidering only such models ıt would also be expected that 
infra-red spectroscopy would offer the best information 
concerning the double minimum potential. Such informa- 
tion would be obtained from the sphtting of the vibrational 
levelsasa result of proton tunnelling ;however,no examples 
are known where this has been successfully applied and 
which are beyond doubt. It is probable that in actual 
hydrogen bonded systems the many degrees of freedom 
complicate the spectra to such an extent that thetunnelling 
splittings are beyond recognition. Although infra-red 
spectroscopy has proved to be of value in providing 
quick information about the approximate type of hydrogen 
bonding, it has not so far been possible to extract from 
the spectra details concerning possible proton motion in 
double minimum potentials or even to prove the absence 
of such motion® in possibly symmetrical hydrogen bonds. 
There are several approaches to this problem based on 
deuteron magnetic resonance and relaxation. For one, 
the quadrupole coupling constant appears to be sufficiently 
sensitive to the length of the O,—H bond (which is equal to 
Ro...o0/2 in symmetric and less than Ro...o0/2 in 
double minimum potential wells) as to make differentiation 
possible by a consideration of the magnitude of eqQ/h. 
This should be smaller for symmetric than for double 
minimum potential surfaces. 

The short hydrogen bond in triglycine sulphate (TGS) 
offers a good illustration of this. Its Ro... o is 2-44 A, 
which is the same as in KH-maleate®*. The latter has a 
symmetrical hydrogen bond and eqQ/h = 56 ke/s', 
whereas for the former eqQ/h = 78:8 ko/s!*4. In TGS 

* Recent refinements (Dr. J. C. Speakman, te communication) 


indicate that the Ro. ..o’s in acid salta of se carboxylic acids of the 
symmetric type are close to 2-446 A. 
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Table 1. HYDROGEN BRIDGE LENGTHE, DRUTERON QUADRUPOLE COUPLING 
Coxstaxts AND OH STRRTORING FREQUANOIES OF SOME HYDROGHN 
BONDED CoMPouNDB 


Ro š o? ogQih "OH 
Substance (A) (ko/s) (10? om-) 
KH-maleate 2-487 (ref. 9) 56-0 (ref. 1) 1-8+0-2t 
S 2-44 (ref. 8) 85 (ref. 10 = 
a 79 (ref. 10 — 
NHLH,PO, 2-48 (ref. 14 110-6 (ref. 2:8 + 0-2 
KEP), 2-49 (ref, 15 187 (ref. 11 24402 
9-48 (ref. 15 119-6 (ref, 11) 2440-2 
LH, (S00,)s 2-52 (ref. 16 112 (ref, 17) 2440-2 
NaH, (Ses) 2-56 (ref, 18 127-9 (ref. 19 2440-2 
TGS 2-65 (ref. 8) 181 (ref. 10 = 
LH, (8000, 2-57 (ref. 18 142 (ref. 17 = 
(cod ‘20,0 2-58 (ref. 25 189 (ref, 1) 2565+01} 
aH, (860s) 2-61 (ref. 18 148 (ref, 10) — 
KHGO, 2-61 (ref. 20 164-4 (ref. 1) 2-6 (raf. 30) 
Rochelle salt 2-68 (ref. 22 174 ii 3-2t 
Tce 2-76 (ref. 28 215 (ref. 24 3-3 (ref. 81 
(COOH), 21,0 2-82 (ref. 25 219 (ref. 1) 8-4 (ref. 82 
ater 4) — ref. 28) 3-4 (ref. 88 
180 -Hs 2 87 (ref. 27 287 (ref. 1 3-5 (ref. 32 
(0001H), 2H,0 2-80 (ref, 25 280 (ref. 1 3-5 (ref. 82 
Ba0i0,. H40 — 277 (ref. 1 8-6 (rof. 29 
HDO free) 2 314 (ref. 28) = 
D0 (free) — B16 (ref. 29 8-7 (ref. 84) 


* In all cases, except in (COOH),.2H,0 the data concerning the length of 
the hydrogen bridge refer to undeuterated compounds. 

+ Owing to interactions of the OH stretching with other modes a definite 
frequency cannot be given. 


eqQ/h 18 significantly higher than, in the KD-maleate ion 
although the Ro... o distance is the same; this indicates 
a shorter O—H distance in TGS and thus a non-central 
location of the deuteron. More examples will be needed to 
demonstrate the reliability of the magnitude of egQ/h as 
the sole criterion for this differentiation, but for TGS 
there is another criterion which is connected with the 
changes at the ferroelectric Curie point. The value of 
eqQ/h is only slightly higher in the ferroelectric phase 
than in the paraelectric phase corresponding to a slight 
expansion of the hydrogen bond in the former. The 
directions of the two smaller principal axes of electric 
field gradient tensor show, however, that above the 
Curie point the deuteron sees an electric field gradient 
tensor averaged over the two equilibrium sites whereas 
if sees the instantaneous value of this tensor below 
Tc'*. This means that the deuterons are jumping back 
and forth along the bond in the paraelectric phase with a 
frequency which is larger than the quadrupole splitting 
frequency, whereas they are frozen in at one of the two 
minima below Tọ. An identical effect was also found 
with KD,PO, in ND,D,PO,, which indicated the existence 
of double minima potential surfaces in these compounds 
(Ro...0 = 248 A, eqQ/h = 120 ke/s)?1¢. 

The measurement of the deuteron spin-lattice relaxation 
time is probably the most sensitive method with which 
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to investigate the problem of the double mmimum and 
symmetrical single minimum potentials in hydrogen bonds. 
So far it has only been used with KD,PO, by Uebling 
and Schmidt!*. If this method is combined with static 
deuteron electric field gradient measurements ıt is possible 
to obtain quantitative data on the rate of the deuteron 
intrabond motion and height of the potential barriers”. 
The disadvantage of deuteron magnetic resonance methods 
is that both the measurements and subsequent calcula- 
tions involved for their evaluation are time consuming, 
but in return extremely promising information is ob- 
tained concerning the hydrogen bond. 


Received October 6, 1966. 
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IONIC AND HYDROGEN BOND INTERACTIONS CONTRIBUTING TO THE 
CONFORMATIONAL STABILITY OF POLYNUCLEOTIDES 
By J. BRAHMS* and Ch. SADRON* 


Centre de Recherches sur les Macromolecules, Strasbourg, France 


Ons of the chief problems m molecular biology is to 
gain sufficient insight of the structure of ribonuoleic acid 
(RNA) as to make possible an understanding of the 
mechanisms of its biological functions. While several 
models have been proposed for the conformation of 
RNA (refs. 1—4) it appears that these have not taken into 
account all the interacting restraints which operate in 
actual molecular structures. 

In order to understand the conformation of RNA in 
aqueous solutions we undertook to examine interactions 
other than base pairing which may govern the stability 
of helical conformations of polynucleotide chains. 
The helical conformation of a polyribonucleotide chain 


* Present address: Centre de Biophysique Moléculaire, 45 Orleans-La 
Source, France. 


was previously related to the presence of complementary 
hydrogen bonded base psirs. It is already known that 
the destabilization of DNA by various organic solvents®-’ 
and theoretical investigations*!° suggest that “stacking 
interactions” between parallel bases are important for 
the stability of nucleic acids'!1*, The direct experimental 
evidence came from the demonstration of the existence 
of single stranded stacked polynucleotide conformation in 
homopolynucleotides in the absence of hydrogen bonded 
base pairing!*-1’, and from quantitative determinations of 
thermodynamic parameters in single stranded oligo- 
adenylates41#-99, An attempt is made in this article to 
evaluate qualitatively the contribution of some other 
interactions to the stability of the helical conformation 
of nucleic acid. We have examined the part played by 
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ionic interactions and by “vertical” hydrogen bonds 
involving the 2’-hydroxyl of ribose by means of simple 
models, namely, polyinosinic acid (poly I) and ordered 
(helical) aggregates of monoguanylic acid (GMP). 

Polyinosinic acid was obtained from Miles Laboratories, 
and guanylic acids from the Sigma Chemical Co. The 
concentration of their aqueous solutions containing 
different salts was determined using the molar extinction 
coefficients of 13-5 x 10? at 252 mu for GMP at 35° C and 
of 12-3 x 10° at 248 mu for IMP after alkaline hydrolysis 
of poly I with sodium hydroxide. The absorption and 
circular dichroic (CD) spectra were measured using 
jacketed cells with light paths of 1 and 2 mm in the case 
of poly I and of 0-01 mm—0-05 mm in the case of GMP. A 
thermocouple was placed in contact with the cell and the 
temperature was recorded. 


(1) lonic Interactions 


(1) Poly I. In order to investigate the role of ionic 
interactions on the secondary structure we investigated 
the CD spectra of poly I the conformation of which is 
known to depend on ionic strength**. 

(A) In low salt concentrations poly I was considered to 
be in a random, single strand conformation. The circular 
dichroism spectrum of poly I, 0:1 moles/l. sodium chloride, 
0-01 moles/l. tis pH 7 and 10 moles/l. ethylenediamine 
tetraacetic acid (EDTA) (Fig. 1, curve 1) shows, however, 
at 0° C a main positive band centred at 249 mu. In addı- 
tion only a very weak negative part appears at longer 
wavelength in the region of 270-280 my. The presence of 
these circular dichroic bands completely different in 
form and much more intense than that of the monomer 
(curve 3) indicates the existence of an ordered structure 
presumably in a helical conformation*+4.4.%4, At higher 
temperatures the CD ourve almost completely disappears. 
The following considerations suggest, therefore, that 
poly I in low ionic strength solutions and at low tempera- 
tures is in a single strand helical conformation: 

G) The CD spectrum is characterized by a predomin- 
antly positive band, and the sum of rotational strengths 
{Table 1) in the region under investigation is not equal to 
zero. In agreement with previous theoretical considera- 
tions of CD spectra of oligomers of guanine and also of 
cytosine by Bush and Brahms*, curve 1 in Fig. 1 can be 
considered as typical of a single strand conformation. 

The comparison of inosine with guanosine is possible 
because their chemical and electronic structures are 
similar. In fact, the absorption spectrum of poly I (Fig. 1, 
curve 4) is composed of two bands: one centred at 248 
my and another in the region of 270-280 mp which is not 
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readily resolved. The presence of this band, however, can 
be recognized from the presence of a band in the CD 
spectra in the same wavelength region. The absorption 
spectrum for guanylic acid clearly shows the presence of 
two bands in the same region (Fig. 2, curve 5). The 
presence of these two bands is in agreement with the 
investigation on 9-methylhypoxantine by Clark and 


Tinoco**, who proposed their assignment as m—>T* 
transitions. 
Table 1. CIROULAR DICHROISM AND ABSORPTION SPROTRAL DATA 
Circular Absorption 
Substance dichroism spectrum 
ay R A a, ay 
(my) x 10 (my) x ibe (my) = (mys) 
Poly T high 10m0 strength 275 -3 250 6 270-280 274 
at 1° 
Poly T low {onto strength 276 _ 249 3 270-280 247 
cat Ce lonio strength 278 —94 241 14 270 262 
—14 245 204 270 262 


cal? low ionic strength at 278 


Symbols are as follows h and å, are the wavelength of the minimum and 
maximum of circular dichrolam and absorption + ada R, and R, are the 
rotational strengths of the corresponding OD ban 


(ii) The thermal denaturation followed by absorbancy 
or by polarimetry of poly I (ref. 27) is of gradual character, 
typical of a largely non-cooperative process of single 
strand oligomers!® ™, 

(iii) Changes cannot be detected in the CD spectra of 
poly I in low salt concentrations, for example, from 
0-1 moles/l. to 0-001 moles/l. sodium chloride, in the 
present conditions of sensitivity of the apparatus. This 
absence of salt effect can be explained by assuming that 
poly I at low ionic strength adopts a single strand con- 
formation in which the negatively charged phosphates 
are relatively distant as compared with multi-strand 
structures (see Schildkraut and Lifson**). 
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(B) In high salt concentrations (0-5 moles/l. sodium 
chloride, 0-02 moles/l. iris pH 7, 10+ moles/l. EDTA) 
and at low temperature the CD spectrum of poly I (Fig. 1, 
curve 2) changes greatly. The CD spectrum is composed 
of two bands: one centred at 275 my of negative sign and 
another positive one at 250 myu. These bands are of 
similar rotational strength and opposite sign (Table 1). 
At higher temperature, for example, 40° C, the CD 
spectrum of poly I in 0:5 moles/l. sodium chloride disap- 
pears almost completely, which indicates a drastic change 
in the secondary structure and the transition to a random 
coil conformation. At intermediate temperature, for 
example, 28° C, the spectrum is similar to that shown in 
Fig. 1, curve 1, that is of poly I in a solution of salt of 
low concentration and at low temperature. 

The results of circular dichroic investigations of poly I 
in & solution of salt of high concentration (0-5 moles/l. 
sodium chloride or 1-0 moles/l. sodium chloride) and at 
low temperatures (0°-2° C) are in agreement with previous 
studies by electron microscopy", infra-red** techniques 
indicating an ordered structure which according to X-ray 
diffraction data?! is consistent with a quadruple or triple 
stranded model. The fact that some similarities exist in 
CD spectra of poly I and GMP helices (see below) can be 
explained more satisfactorily by the four stranded model. 
The four stranded model must be inherently unstable 
in agreement with the relatively low temperature of the 
“melting” process of poly I. The “melting” of the poly I 
structure in a 0-5 moles/l. solution of sodium chloride 
probably first occurs by disrupting interbase hydrogen 
bonds with resulting separation into single stranded 
molecules. 

(2) Guanylic aoid. Further convenient examples for 
the investigation of forcea which contribute to the stability 
of the secondary structure are the solutions of guanylic 
acid (GMP). Gellert, Lippsett and Davis? discovered 
that solutions of guanylic acid under appropriate condi- 
tions and at low temperatures formed an ordered struc- 
ture. The fibres prepared from these solutions exhibit 
an X-ray pattern compatible with a model of a four 
stranded helical structure with probably interbase hydro- 
gen bonds as indicated by infra-red measurements). 
Evidence of base interactions was also obtained from 
hypochromicity and polarimetric studies*®-?’. 

(A) We first studied 5’-GMP solutions under similar 
conditions to those used by Gellert et al.*°, that is in 
02 moles/l. sodium chloride or potassium fluoride, 
0-05 moles/l. acetate buffer (pH 6). In this solvent 5’-GMP 
(10 mg/ml.) forms a gel at low temperatures (0°-2° C). The 
circular dichroic spectrum of this gel at low temperatures 
exhibits two very intense bands (Fig. 2, curve 2; Table 1). 
An intense negative band is centred at 272 mp and a second 
negative band is centred at 214 mu, whereas a very weak 
positive band is displayed in the region of 240 mu. The 
rotational strength (Table 1) of the negative 272 my 
band is relatively high (see ref. 23). In still higher salt 
solutions, for example, at 0-5 moles/l. sodium chloride, 
experience shows that the profile of the GMP spectrum 
remains qualitatively similar to that shown in Fig. 2, 
curve 2; however, the intensity is somewhat reduced. 

At higher temperatures, for example, 35° C, these bands 
almost completely disappear (curve 4, Fig. 2), which 
indicates the melting of the ordered structure. Similarly 
the circular dichroic curve of 5’-GMP disappears at pH 8. 
All these results indicate that the formation of an ordered 
structure of 5’-GMP of molecular crystal type occurs 
only at low temperature and at pH 5. 

(B) Important changes were observed in the CD 
spectrum (Fig. 2, curve 1) at lower ionic strength, for 
example, 0-1 moles/l. sodium chloride, 0-02 acetate pH 5, 
and at 0°-2° ©. The circular dichroic curve is character- 
ized by a strong positive band centred at 245 mu. At 
longer wavelength one can detect the presence of relatively 
weak positive and negative bands in the region of 270— 
305 mu. 
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The results obtained on 5’-GMP at low temperatures 
suggest that at low ionic strength (Fig. 2, curve 1) mainly 
a single stranded structure is formed, while at high ionic 
strength (curve 2, Fig. 2) an association occurs which 
develops into a four stranded arrangement as was proposed 
by Gellert et al.*°. 

At pH 5 the phosphate group of GMP is negatively 
charged (pK = 6) whereas guanine is neutral. It is to be 
expected that at low ionic strength’the coulombic repul- 
sion between negatively charged phosphates on opposite 
“strands”? will not allow their association, whereas at 
high ionic strength screening of the negatively charged 
phosphates will allow the association of four guanines 
hydrogen bonded according to the model based on X-ray 
analysis". The observed influence of ionic strength is 
also in general agreement with the studies by Schildkraut 
and Lifson?! of interaction of charges on phosphates on 
opposite strands of DNA. The curve observed on 5’-GMP 
at low ionic strength with predominant positive rotational 
strength is in agreement with theoretical consideration of 
circular dichroic spectra of oligomers which contain 
guanine in a single stranded conformation™. 

The presence of a predominant negative band at 272 
my (curve 2, Fig. 2) of the 5’-GMP at high ionic strength 
probably reflects the arrangement of tetramers in which 
each of the four planar bases is related to each other by a 
four-fold rotation axis. In fact, our results show that for 
both poly I and 6’-GQMP gels in high concentrations of salt, 
for which a similar four stranded model was proposed on 
the basis of X-ray data, a negative CD band in the same 
spectral region about 270 my is observed. 

The rotational strength (2) is proportional to the dis- 
tance between the transition dipoles of interacting mole- 
cules** and, therefore, the relatively high value of R 
(Table 1) of 5’-GMP gels reflects a greater vertical distance 
between guanylic acid molecules when compared with 
helical homopolynucleotides (see Brahms**). 


(2) Hydrogen Bonding 


The following evidence indicates that the formation 
ordered tes of guanylic acid depend on the presence 
of the 2’-hydroxyl group of the ribose. Curve 3 in Fig. 2 
shows the circular dichroic spectrum of deoxyguanylic acid 
measured in the same conditions (for example, 0-2 molea/i. 
sodium chloride or 0-1 moles/l. sodium chloride, 0-02 
moles/]. acetate pH 5 and at 0°-2° C) as those previously 
realized for 5’-GMP (curve 2, Fig. 2). This curve is almost 
identical—within the present limits of the sensitivity of 
the apparatus—to curve 4 of Fig. 2 relative to the “melted” 
form of §’-GMP at 35° C. Deoxy-GMP does not form, 
moreover, a gel when cooled to 0°-2° C and does not exhibit 
any changes in hypochromicity. Similarly 2’-GMP at low 
temperature does not display any CD bands in this spectral 
region under conditions similar to the formation of 6’-GMP 
ordered aggregates (preliminary results, see also ref. 30). 

All these results indicate that the 2’-hydroxyl group of 
ribose is involved under appropriate conditions in some 
interactions which are of primary importance for the 
stacking of 6’-GMP molecules. The explanation is that 
the proton of the 2’-hydroxyl forms a hydrogen bond with 
an oxygen atom of the phosphate group one GMP mole- 
cule below. The participation of the oxygen atom of the 
phosphate group in the hydrogen bonding is supported 
by following indications: 

(1) The formation of the ordered 5’-GMP gels ocours in 
a limited region near pH 5, that is very close to the pK 
value of the secondary phosphate. At low or high pH 
there is no gel formation. 

(2) The X-ray diffraction studies on 5’-GMP fibres pre- 
pared from its gel? are in good agreement with this 
interpretation. 

(3) A molecular model shows the possibility of the 
formation of a vertical hydrogen bond between 2’-hydroxyl 
and a phosphate oxygen. 
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The importance of the vertical hydrogen bonding for 
the stability of the single stranded mbonucleotide chain 
is supported by our present investigation of the stability 
of 3’-+5’ and of 2’-+6’ oligonucleotides (Brahms, Maurizot 
and Michelson, 1966, in the press). In all cases exam- 
ined so far the absence of 2’-hydroxyl group of ribose 
destabilizes the formation of single stranded structures. 
This that vertical forces other than base stacking 
contribute to the maintenance of the ordered helical 
form. 

Other supporting evidence for the vertical hydrogen 
bond stabilizing contribution can be found in the higher 
melting points of ribopolynucleotides (for example, 
r-AU; rI :rC) as compared with similar deoxypolymers*. 
All these observations suggest that in a ribopolynucleotide 
chain the formation of a single stranded helical conforma- 
tion of stacked bases is facilitated by the internal hydrogen 
bonding in which the proton of the 2’-hydroxy] group of 
ribose is involved. The absence of the 2’-hydroxyl group 
in deoxyribonucleotides or in 2’-0-methyl ribonucleosides 
found in various RNAs**.** confers a greater degree of 
freedom of rotation to the backbone chain which can be 
restricted by interchain base pairing in a double stranded 
structure. 

The strand separation on changes of ionic strength in a 
chain composed of ribonucleotides, that is, poly I (Fig. 1, 
curve 2) and GMP (Fig. 2, curve 1), will not disrupt single 
stranded helical structures. 

In conclusion, these considerations suggest that vertical 
hydrogen bonding may provide an additional contribution 
to the stability of single stranded conformation whereas 
the ionic interactions are of importance only for multi- 
stranded structure. 
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IN VIVO SYNTHESIS OF NUCLEAR PROTEIN DURING GROWTH OF 
THE LIVER INDUCED BY HORMONES 


By Da J. R. TATA 
National Institute for Medical Research, Mili Hill, London, N.W.7 


k 


GROWTH and developmental hormones markedly stimulate 
the synthesis of RNA in the nuclei of their target tissues 
during the early phase of their action (see ref. 1 for review). 
Our recent investigations of the additive effects of growth 
hormone, thyroid hormone and testosterone in stimulating 
the growth of the rat liver revealed both similarities and 
differences in the stumulation by each of these hormones 
of nuclear RNA synthesis +n vivo as well as RNA poly- 
merase activity in isolated nuclei?*. The :mportance of 
ribosome formation in the transport of RNA to the cyto- 
plasm‘ and the implication of basic proteins linked to 
chromatin in regulating growth and development (see 
ref. 5 for review) led us to examine nuclear protein syn- 
thesis during the period when hormones which promote 
growth stimulate RNA synthesis. This article reports 
the finding that the incorporation tn vwo of amino-acids 
into total nuclear protein is accelerated by a single ad- 
ministration of growth hormone, thyroid hormone and 
testosterone to young hypophysectomized, thyroidecto- 
mized and castrated rats, respectively. Thyroid hormone, 
but not growth hormone and testosterone, also enhanced 
the turnover of basic nuclear protems. The effects of the 
three hormones on the kinetics of nuclear protem synthesis 
appeared to depend on their relative activities in promoting 
growth. With growth hormone and thyroid hormone the 
change in the rate of synthesis in vivo of nuclear protem 


paralleled that of the activity of RNA polymerase assayed 
under conditions in which the product is largely ribo- 
somal RNA. 

Experimental conditions for hormonal treatment of 
hypophysectomized, thyroidectomized and castrated rats 
and other procedures were the same as those for our earlier 
investigations**. Proteins were labelled by intraperitoneal 
administration of algal protein hydrolysate labelled with 
carbon-14 (600 pc./mg), or “C-1-lysine (uniformly labelled, 
136 me./mmole), ™“C-L-arginine (uniformly labelled, 
193 mec./mmole) or “C-L-tryptophan (methylene-“C, 
23 mc./mmole). Nucle: were isolated from livers pooled 
from three rats, according to Widnell and Tata‘. except 
that the homogenization medium contained 0-05 molar 
potassium chlonde. For total protein labelling, nuclear 
proteins were precipitated with 6 per cent trichloroacetic 
acid and washed several times with 5 per cent trichloro- 
acetic acid at 20° and 80° C and finally with water on 
‘Oxoid’ membrane filters. Nuclear basic proteins were 
extracted by the method of Sporn and Dingman’; 
according to these authors the majority of the basic 
proteins extracted represented histones linked to 
chromatin®. The content of carbon-14 was measured in a 
scintillation spectrometer. 

The amount and incorporation of different radioactive 
amino-acids into total and basic nuclear proteins from 
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Table 1. “C-LABELLING AND AMOUNT OF TOTAL AND BASIO NUCLEAR 
PROTEINS IN LIVERS OF HYPOPHYSECTOMIZED RATS AFTER A SINGLE IN- 
JECTION oF HUMAN GROWTH Hormone (HGH) 


“Q-Amino-acid Time after ( a Bp) ( ee St ) 
eafter (mg/umo - ©.p.m. To 
HGH (h) Total Basio ‘Total i Pasto 


“C-Protain 00 090 0-25 162 54 
hydrolysate 10 0-91 0-27 187 87 
(5 5 ye.) 20 097 0-28 200 82 
80 0 97 0-26 284. 75 

110 1:08 0-20 200 72 

4-1 Lysine 00 108 031 265 127 
(5:0 xo, 15 1-08 0 24 808 185 
8-0 1-10 0-22 407 115 

45 1:00 0-28 890 119 

115 1:21 0:30 239 106 

“0..1-Tryptophan 00 104 019 187 14 
(9 2 uo.) 15 0-99 0-28 182 16 
80 1-11 0-26 202 19 

45 1:10 0-23 177 20 

116 1-18 0 27 149 16 


Groups of three or four Wistar rats weighing 110-130 g, 10-12 days after 
hypoph: my, were injected suboutancously with 75 ug of HGH at 

‘erent time intervals, They were killed 12 min after an intraperitoneal 
administration of C-labelled amino-acids, Each value 1s the mean of four 
determinations with a vanation within +10 per cent. 


Table 2. “O-LABRLIING AND AMOUNT OF TOTAL AND BASIO NUCLWAR 
PROTEINS IN LIVERS OF THYROIDROTOMI=aD RATS AFTER A SINGLE INJECTION 
OF 3,5,3’-TRITODO-I-THYRONINE (7's) 


Protein content Specific activity 
“C-Amino-acid Time after (mg/“mole DNA-P)  (o.p.m./mg protein) 

T, (h) Total Basic Total Basic 
MC-Proteln 0 116 0 22 100 41 
ha hae 11 1-14 O21 130 38 
(4:5 yo.) 16 1-10 0 25 180 57 
24 1:18 021 188 79 
48 1-42 0-28 197 82 
C-l- LYSIDO 0 1-28 0-25 285 188 
(4:0 uo. 4 1-25 0-23 212 112 
10 1-12 0-20 280 161 
19 1-23 0 22 359 175 
38 1-28 0 24 421 354 
4Q-L-Tryptophan 0 1:04 0-22 108 81 
(18-0 ue.) 10 118 023 117 38 

19 1-18 O24 119 

1:36 0-20 184 40 


Groups of 3-4 rata (180-150 g), 5 woeks after thyroidectomy, were given a 
subcutaneous injection of 25 ug of T, at different times and killed 2 min 
after the intraperitoneal tration of “C-amino-acd. . 


hypophysectomized and thyroidectomuzed rats, at different 
times after administration of the hormones, are sum- 
marized in Tables 1 and 2. The values of specific radio- 
activities were corrected for the variations in the uptake 
of the isotope by the liver; in this way, the differences in 
values in Tables 1 and 2 were reproducible with an error 
of +10 per cent. 

There was a slight increase in the total protein content 
of the nucle: from hypophysectomized and thyroidecto- 
muzed rate at 12 and 45 h after administration of growth 
hormone and triiodothyronine respectively, a time 
interval at which both nuclear RNA synthesis and cyto- 
plasmic protein synthesis are known to have been maxi- 
mally stimulated by the hormone*’-1*, It should be 
noted, however, that the protein content of liver nuclei 
from hypophysectomized rats is significantly lower than 
in those from thyroidectomized rats. 

Neither growth hormone nor tri-iodothyronine signifi- 
cantly affected the content of the basic nuclear proteins 
which was close to that in nuclei from normal rats and 
simular to the values described by other workers for 
histones from hepatic nuclei’-*:1, Both hormones accel- 
erated the incorporation of all the labelled ammo-acids 
into total nuclear proteins at early time intervals after 
their administration. The rate of incorporation of 1C- 
lysine into basic proteins was 40-60 per cent that into total 
nuclear proteins, which agrees with the results of Hnilica, 
Kappler and Hnilica'® on the distribution of “C-1-lysine 
between histones and acidic proteins of normal and re- 
generating rat liver nuclei. Although not reported in 
Tables 1 and 2, results obtained with “C-L-arginine were 
similar to those described for “C-lysine. 

The incorporation of 'C-L-tryptophan into basio 
proteins was only 10-25 per cent of that recovered in 
total nuclear proteins. When it is considered that higher 
amounts of labelled tryptophan were injected compared 
with lysine as well as the low content or absence of 
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tryptophan in histones (see ref. 5), most, but not all, 
of the basic proteins extracted by us can bè considered as 
histones or ribosomal proteins. A single injection of 
growth hormone did not alter the rate of incorporation of 
any of the radioactive precursors into basic proteins under 
conditions in which ıt accelerated total nuclear protein 
synthesis. ‘Tri-1odothyronine, on the other hand, stimu- 
lated the incorporation of C-labelled lysme, arginine and 
algal protein hydrolysate into basic proteins in a fashion 
which paralleled, in time and magnitude, the effect of the 
labelling of total nuclear proteins. In view of the virtual 
constancy of values for basic protein per unit of DNA 
(Table 2), it 18 concluded that thyroid hormone accelerated 
the turnover of this fraction. 

A particularly interesting feature of these investigations 
1s the temporal relationship of hormonal stimulation of 
nuclear protein synthesis in vivo to that of nuclear RNA 
synthesis which 1s illustrated in Fig. 1, and in which some 
of the results from Tables 1 and 2 are combined with 
those from our earlier investigations performed under 
identical conditions**. 

The time-course and magnitude of effects on the syn- 
thesis of rapidly labelled nuclear RNA tn vivo and RNA 
polymerase activity in isolated nuclei are different 
according to whether growth of the liver was stimulated 
by growth hormone given to hypophysectomized rats 
or thyroid hormone to thyroidectomized rats. But in 
both situations the response of nuclear protein synthesis 
in vivo paralleled the stimulation of RNA polymerase 
activity and not of nuclear RNA synthesis in vivo. We 
are now investigating whether or not the capacity of 
isolated nuclei to incorporate amino-acids into protein 
bears a close relationship to the curves shown in Fig. 1 
for nuclear protem. synthesis in vivo. 

A similar association between nuclear protein synthesis 
and RNA polymerase may not, however, be applicable 
to all situations of growth duced by hormones. We have 
observed no close correlation between nuclear RNA and 
protein synthesis in. the livers of young castrated rats 
following administration of testosterone (Fig. 2); how- 
ever, the liver ıs not one of the principal target organs of 
tostosterone which only produce a relatively small in- 
crease in growth rate as well as RNA synthesis in this 
tissue. It 1s quite likely that the androgen at lower doses 
may have produced a different sequential pattern of 
protem synthesis in the nucle: of prostate and semmal 
vesicles in which the hormone is known to exert a strong 
control of RNA synthesis!*. It is important to recall here 
that in all cases only the RNA polymerase activity assayed 
at low ionic strength (by which a mainly ribosomal type 
of RNA is formed) and not when assayed at high ionic 
strength (which gives a more DNA-hke RNA product) 
bears the relationship shown in Figs. 1 and 2 (refs. 2 and 3). 
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Fig. 1. Effects on the rate of nuclear RNA and protein synthesis ofa 
single myection of (a) human growth hormone to hypophysectomuzed 
rata and (b) tri-10do' mine to thyroidectomized rate. Specific activi 
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Percentage of Increase 





0 20 40 
Hours after testosterone 


Fig. 2. Time course of effects of a single injection of 250 ug of testosterone 


propionate to castrated rats (120-140 g) on RNA and protein synthesis 
bepatio nucler. The rate of total nuclear protein synthesis was estl- 
mated from the moorporation of O-labelled chlorella protein hydro- 
lysate. Bymbols as in Big. 1. Note, however, that the ordinate scale is 
nded compared with those in .1. Dats on RNA polymerase from 
tef. No. 3 whereas those on nuclear RNA synthesis in vivo have not been 
before, The specific radioa ty of total protein from un- 
treated castrated rats (tune 0) was 111+ 17 pe oe 12 min after a dose of 

4 uc. of “C-protein hydro yaate. 

It is not known why there should be a close association 
between nuclear protein synthesis in vivo and RNA 
polymerase im vitro soon after hormonal stimulation 
growth of the rat liver. Summers, Noteboom and Mueller" 
have suggested that RNA polymerase in HeLa cell nuclei 
is acutely dependent on & continuous generation of nuclear 
proteins. Gorski} also observed a requirement for en- 
hanced synthesis of protein(s) during ocestrogenic stimu- 
lation of RNA polymerase, assayed at low ionic strength, 
in uterine nuclei. 

Our analysis of the rate of labelling of basic nuclear 
proteins does not throw much light on the suggestion 
that hormones regulate protein synthesis by interacting 
with histones and thus derepressing the genetic template™*. 
In most cases of accelerated turnover of histones (see ref. 
5), there is an enhanced rate of synthesis of DNA which 
was not so for the accelerated turnover of basic nuclear 
proteins at early stages of tri-iodothyronine-induced 
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growth of the liver (Table 2). It is quite possible that the 
hormone did not stimulate the synthesis of all basic 
nuclear proteins or histones but that it only affected a 
small fraction of metabolically labile basic proteins1*»"’, 
perhaps in the nucleolus in which histone synthesis has 
been shown to proceed at twice the rate of that in the whole 
nucleus?*. The possibility that the fraction of basic pro- 
teins the turnover of which was accelerated by thyroid 
hormone was largely composed of ribosomal proteins 
also cannot be ruled out especially because it has recently 
been shown that chromosomal histones and basic proteins 
extracted from cytoplasmic ribosomes of chicken liver** 
and from nuclei and nucleoli in tumour tissue?’ are iden- 
tical in their electrophoretic properties and amino-acid 
composition. In that case our results may further reflect 
the mmportance of nucleolar function, and new ribosome 
formation in particular, in the action of many growth and 
developmental hormones (see ref. 1). 

I thank Mr. A. J. Bell and Mrs. Helen Katz for valuable 
assistance. Dr. M. Stack-Dunne kindly performed the 
hypophysectomies. 
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AUTOGRAPHIC METHOD FOR INVESTIGATING BODY 
DISTRIBUTION OF ANTIBACTERIAL DRUGS 


By Dr. EZIO TUBARO and Dr. MATIAS JORGE BULGINI 
Research Department, Dott. R. Ravasini and Co., Rome 


Ons of the principal difficulties encountered in any investi- 
gation of the fate of a drug in the body is the precise 
detection of its distribution in tissues and organic fluids, 
and especially measurement of the concentration of the 
active molecule in different tissues. 

Important contributions in this field have been made by 
radiochemical and autohistographical methods; Ullberg’s 
method', using labelled substances and whole body sagittal 
sections of the mouse, or sections of a particular organ, 
has provided useful information. This method, however, 
cannot give an accurate picture of the distribution of the 
active molecule because of the formation of various 
labelled metabolic by-products of varied pharmacological 
activity; this is the reason why the terms “carbon-14 
activity” or “sulphur-35 activity” instead of the activity 
of a particular labelled drug are usually preferred?. 
Such a view seems especially to be true with antibiotics 
and chemotherapeutics. Investigations of the distmbution 
of several labelled antibacterial agents in the body** 
are well known; however, the most popular method is 
the microbiological determination of the potency of the 
drug on homogenates of the organs, although it only 


gives a rough indication of the site of localization, especially 
when applied to a highly differentiated biological structure. 
Until now this inconvenience does not seem to have been 
resolved even by the use of the technique whereby 
specimens of a tissue are placed on agar plates which have 
previously been treated with various microbes and incu- 
bated, in order to obtain a rough estimation of anti- 
bacterial potency?'4. 

The microbiological method is usually preferred 
because it is less objectionable than that involving a 
labelled drug; it is probable that the action of anti- 
bacterial drugs on a microbe offers the best parameter 
for studying their potency. With microbiological methods, 
however, unless information about the distribution of an 
antibacterial agent in a tissue is available, it is possible 
to determine only its average concentration. Knowledge 
of the actual distribution and location is particularly 
important for organs like the brain if the therapeutic and 
toxicological effectiveness of the agent is to be evaluated. 

Remarkable measurements of the distribution of agente 
in tissues have been obtained by means of ultra-violet 
fluorescence and it has been possible to obtain a picture 
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of the fate of fluorescent drugs such as tetracyclines. The 
persistence of an inactive fluorophore molecule in some 
tissues (for example, bones and tumours) leaves- some 
doubt as to the antibacterial localization. Furthermore, 
the minimum concentration which gives good ultra- 
violet pictures usually exceeds the minimum dosage 
requirements of any microbiological method. 

In our investigation we tried to find a method which 
could be used to detect the presence of an antibacterial 
substance in different organs of an animal, or in different 
parts of an organ. A bacterial culture was placed on 
sections of organs taken from animals which had been 
pretreated with antibacterial agents; we thereby revealed 
the presence of the active substance by the inhibition of 
bacterial growth. 

We carried out the following procedure. The biological 
sample was obtained in sterile conditions, frozen with 
dry ice at —10° © and cut into thin sections (100-300y) 
with a microtome. Sections were immediately placed on 
agar plates and partially dried (to prevent possible 
diffusion) in an airflow or in a dry place where they stood 
for a short time at 37° C. By means of a very thin 
Drigalsky spatula, sections were then inoculated with a 
broth culture of Staphylococcus pyogenes aureus (N.T.C.C. 
8369), or of some other suitable microbe, and were incu- 
bated at 37° C for 15-20 h. Sections were then sprayed 
with a fresh solution of triphenyl-tetrazolium or covered 
with a thin film of the solution. (This solution was pre- 
pared by dissolving 75 mg of 2,3,5-triphenyl-tetrazolium 
chloride in 100 ml. of a saturated solution of disodium 
phosphate; the pH was adjusted to 9-10 with 0-1 normal 
sodium hydroxide.) 

Control sections were used to check the uniform dis- 
tribution of microbial growth. The living microbe re- 
duces the colourless triphenyl-tetrazolium to red tri- 
phenyl-formazan; this reduction occurs, according to 
Wundt’, in the bacterial cell. Thus, in effect, the microbe 
is being used in the same way as a grain of silver nitrate 
in photography, to obtain a typical pattern of the distri- 
bution of the antibiotic. 

Particular attention was paid to partial drying pro- 
cedures: when the agar plate was left in a dry place the 
section rapidly lost excessive moisture and facilitated 
inoculation; the presence of the agar under the section 
ensured optimal dampness and this permitted good 
microbial growth. These precautions made it possible to 
avoid ‘diffusion phenomena which were the most striking 
theoretical difficulty of the work. The sections were 
photographed. 





Fig. 1. 
(502) 2 h after intravenous administration of 30 mg/kg of chlortetra- 


Distribution of chiortetracycline in the rabbit brain. Section 


eycline hydrochloride. The test organism is Staphylococcus pyogenes 


aureus. (x 66.) 
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Fig. 2. Distribution of kanamycin in the abdomen of a Wistar foetus. 

The mother was treated orally on the eighteenth day of pregnancy with 

10 mg/kg of kanamycin and killed 4 h after administration, The test 
organism was Staphylococcus pyogenes aureus. (™* 8.) 





Fig. 3. Distribution of chlortetracycline in the head of Wistar rat foetus. 
The mother was orally treated on the twentieth day of pregnancy with 
10 mg/kg of chlortetracycline and was killed 2 h after administration. 


“The test organism was Staphylococcus pyogenes aureus, (x 5-5.) 


This method was used to investigate the distribution 
of chlortetracycline in the rabbit brain and rat foetus, 
and of kanamycin in rat foetus. The samples for examina- 
tion were taken from animals killed by bleeding 2 h after 
the administration of chlortetracycline (30 mg/kg given 
intravenously to the rabbit; 10 mg/kg given orally to 
the rat) and 4 h after the administration of kanamycin 
(10 mg/kg given orally to the rat). 

Figs. 1, 2 and 3 are examples of the use of the method. 
Areas free of antibiotics are bright red because of the 
presence of the microbe; the zones in which the anti- 
biotic has accumulated are colourless. Fig. 1 demon- 
strates a difference in the distribution of chlortetracycline 
in rabbit cerebral tissue. The dark spot at the left of the 
picture shows a good bacterial growth in the pons area. 
At the right of the picture the structure of part of the 
cerebellum can be discerned; slight colour differences are 
related to the natural differential colour of the white and 
grey matter. All this demonstrates an accumulation of 
ehlortetracycline in cerebellum and its absence, at the 
considered dosage, in the pons. Similarly prepared sec- 
tions of brain from other rabbits confirm this typical 
distribution. Sections of cats’ brains after treatment 
with various antibiotics show significant differences in 
zonal distribution. 

Fig. 2 shows a particular concentration of kanamycin 
in peritoneum, bones and skin of an 18 day old embryo 
of a Wistar rat. 
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Fig. 3 shows the distribution of chlortetracycline 
in the head of a 20 day old rat embryo; the accumulation 
in bones (white. areas)*® is also demonstrated by this 
method. Comparison of the results of the experiments 
with chlortetracycline with those obtained by ultra- 
violet examination was made. Both methods gave 
similar distribution pictures but, for ultra-violet examina- 
tion, we had to use significantly higher dosages (about 
a hundred times greater) because of the large difference 
in the sensitivities of the two methods. 

This method therefore promises to be a useful tool 
for the investigation of the distribution of an antibacterial 
agent in tissues, and may give fine details. Furthermore, 
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it seems possible to follow the fate of antibacterial drugs 

with a good degree of reliability. 
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CHANGES IN THE THYMUS-DEPENDENT AREAS OF LYMPH NODES AFTER 
IMMUNOLOGICAL STIMULATION 


By Dr. DELPHINE M. V. PARROTT and Dr. MARIA A. B. DE SOUSA* 
imperial Cancer Research Fund, Mill Hill, London, N.W.7 


Maxy investigators have reported that the number of 
lymphocytes is depleted in neonatally thymectomized 
mice and ratsi-t, Recently, however, we have described 
specific areas of lymphocyte depletion in the lymphoid 
organs of such animals which we have termed ‘‘thymus- 
dependent areas’’’. They oceur within the lymphoid 
follicles of the spleen immediately surrounding the 
central arteriole, and constitute the mid and deep cortex 
of the lymph nodes. In young neonatally thymectomized 
mice, the primary and secondary follicles and plasma cell 
populations appear to be relatively unchanged. 

Oort and Turk? have compared the changes evoked in 
lymph nodes in guinea-pigs during the development of 
contact sensitivity, a cell mediated reaction, and during 
the development of classical antibody response. They have 
termed the mid and deep cortex of the lymph nodes the 
“paracortical area”. The proliferation of pyroninophilic 
blast cells which characterizes contact sensitivity is 
confined to this area. The proliferation of blast cells also 
occurs in the lymph nodes of mice after painting with skin 
sensitizing agents’, and although these animals do not 
show contact sensitivity it seems reasonable to assume 
that the same immunological mechanisms that have been 
demonstrated in the guinea-pig also oceur in mice. 

In these experiments we have used the same two dis- 
tinetly different types of immunological stimuli as were 
used by Oort and Turk! and have demonstrated that the 
thymus-dependent areas of lymph nodes are functionally 
as well as anatomically distinct. 

Intact and neonatally (that is, within 48 h of birth) 
thymectomized C3H/Bi mice were immunized when they 
were between 35 and 49 days of age. They were either 
stimulated by painting one or both ears with 0-02 ml. of a 
10 per cent solution of oxazolone (2-phenyl 4-ethoxy 
methylene 5-oxazolone) dissolved in absolute alcohol, 
or they received 1-0 ug in 0-02 ml. in aqueous solution of 
pneumococeus type 3 capsular polysaccharide (SSS ITI) 

_ by intracutaneous injection into one or both ears. 

Mice were killed between 4 h and 7 days after immuniza- 
tion and the lymph nodes draining each ear (submaxillary) 
removed. The inguinal lymph nodes were also taken for 
comparative purposes. The mediastinal region of all 
neonatally thymectomized mice was carefully examined 
at post-mortem and serial sections were obtained to detect 
the presence of any thymic remnants. All tissues were 
cut at 3u and stained with methyl-green pyronin. Eight 
of the mice killed 4 or 7 days after stimulation with 

* Visiting worker from the Gulbenkian Foundation, Lisbon, Portugal. 


oxazolone received 2 uc./g of body weight of tritiated 
thymidine (specific activity 12-4 me./ymole) by intra- 
peritoneal injection 3 or 66 h before death. The lymph 
nodes from these mice were sectioned at 2u and the 
mounted sections coated with photographic emulsion by 
the “dipping” technique*. They were then stored at 
4° C for 3 weeks, and stained through the emulsion with 
methyl-green pyronin after development. 


Table 1. PYRONINOPHILIC BLAST CELL, DEVELOPMENT IN THE THYMUS- 
DEPENDENT AREAS OF LYMPH NODES DRAINING THE Ears OF INTACT MICE 


Blast cell development Blast cell development 


Time No. of in thymus-dependent in thymus-dependent 
after intact area of left (oxazolone) area of right (SSS HI) 
treatment mice draining node draining node 
åh 3 - - 
1 day 3 _ ee 
4 days 3 +++ = 


oaae e left ears were painted with oxazolone and the right ears injected with 


In the first experiment intact mice were killed 4 h, 
l or 4 days after the left ear had been painted with 
oxazolone and the right ear injected with SSS II (Table 
1). There were no significant changes in draining lymph 
nodes removed 4 h or 1 day after treatment, whether in 
the thymus dependent area or in any part of the node 
regardless of mode of stimulation. At 4 days, however, 
there were dramatic differences in response between the 
draining nodes from the two ears. The mid and deep 
cortical regions (the thymus-dependent area) of the node 
from the ear treated with oxazolone were covered by large 
blast cells with intensely pyroninophilic cytoplasm and 
prominent pyroninophilic nucleoli in the nucleus. These 
cells, normally present in very small numbers among the 
predominant lymphocyte population of a resting node, 
gave rise to enlargement of the area, thus causing it to 
encroach on the outer cortical zone containing only small 
primary follicles with no germinal centres. By contrast 
the SSS ITI caused little or no change in the normal cell 
population of the thymus dependent area with the 
exception of the endothelial walls of post-capillary veins 
which became more prominent. Small germinal centres 
were beginning to develop in the outer cortex and there 
was plasma cell proliferation in the medullary regions. 
None of these changes was seen in the inguinal, that is, 
unstimulated nodes. 

In order to investigate further this differential response 
to stimulation, thymectomized as well as intact mice 
were used in the second experiment, but here both ears of 
each animal received the same treatment, which consisted 
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Table 2. PYRONINOPHILIC BLAST CELL DEVELOPMENT IN THE THYMUS-DEPENDENT AREAS OF LYMPH NODES DRAINING THE EARS OF Intact on 
THYMECTOMIZED MICE 


Oxazolone sensitization 


SSS U1 intracutaneoia injection 


Time No. of mice Blast cell development No. of mice last cell development 
after thymectomized in thymus-dependent. thymectomized in thymus-dependent 
treatment or intact areas or intact areas 
1 day ~ => 2 thymectomized - 
2 intac = 
3 days 6 thymectomized - 2 thymectomized — 
8 intact +++ 2intact - 
4 days 2 thymectomized ~ 1 thymectomized ~ 
7 intact +++ 3 intact ~ 
7 days 1 thymectomized - 3 thymectomized ~ 
2 intact - 4intact - 


Both ears were either painted with oxazolone or i njected with SSS IIT. 


of either topical application of oxazolone or intradermal 
injection of antigen (Table 2). 

The mice treated with oxazolone were killed on the 

third, fourth or seventh days after treatment. The intact 
„mice showed the same striking appearance of pyronino- 
philic blast cells in the thymus-dependent area of both 
draining nodes. This striking appearance of blast cells 
was already at a maximum 3 days after stimulation and 
this was matched by an equally striking disappearance of 
blast cells after 7 days. On none of these occasions were 
the post-capillary veins particularly prominent. By con- 
trast, the lymphocyte depleted thymus-dependent areas 
of the nodes from thymectomized mice showed no response 
to stimulation. Very small numbers of blast cells are 
normally present in this area, but oxazolone treatment 
-caused none of the dramatic increases in blast cells which 
characterized the response of intact mice. The only 
change shown by the thymectomized mice was a pro- 
liferation of plasma cells in the medullary cords. Germinal 
centre development was very slight in draining nodes of 
both thymectomized and intact mice. 

The pattern of response was completely different in 
mice injected with SSS III and killed after 1, 3, 4 and 7 
days. There was no increase in blast cells in the thymus- 
dependent area in draining nodes from either intact or 
thymectomized mice at any time after stimulation, 
although the development of germinal centres and 
proliferation of plasma cells were prominent from 4 days 
onwards in all mice. 

Autoradiographs of the draining nodes of intact stimu- 
lated mice showed a distribution of labelled cells which 
reflected the different responses. The lymph nodes from two 

¿intact mice stimulated with oxazolone, killed at 4 days 
and injected with tritiated thymidine 3 h before death 
contained large numbers of labelled pyroninophilic blast 
cells which covered the whole of the thymus-dependent 
area. In the same area in two further similarly treated 
mice killed at 7 days, 66 h after administration of the 
tritiated-thymidine, the only labelled cells were small 
lymphocytes. 

The pattern of labelled cells in the draining lymph 
nodes of the mice injected with SSS II and killed at 
4. days, 3 h after the administration of tritiated thymidine, 
was quite different from the mice treated with oxazolone. 
There were larger numbers of labelled cells in both the 
outer cortex, particularly in the germinal centres or in the 
cortico-medullary junction, but very few in the thymus- 
dependent areas. A few labelled small lymphocytes 
remained in the outer cortex and thymus-dependent 
area after 7 days. 

These results confirm the findings*? that painting skin 
with oxazolone causes proliferation of pyroninophilic 
blast cells in draining lymph nodes. Similar observations 
were made on the regional lymph nodes draining the site 
of application of a homograft®’, The zone of proliferation 
of blast cells, termed by Oort and Turk® the “paracortical 
area”’, appears to be much the same as our thymus- 
dependent area, and our present results add weight to the 
theory that the latter term is a valid one for the amazing 
burst of pyroninophilia in this region which characterized 
stimulation in intact mice and which was completely 


absent in neonatally thymectomized mice. Nevertheless, 
the development of a germinal centre in the outer co: 
and plasma cell proliferation in the medullary cords which: | 
followed pneumococeus polysaccharide injection occurred 





in all stimulated animals whether thymectomized or- 


intact. It is interesting to relate these findings to the 
known immunological defects of neonatally thymecto- 
mized animals. These animals show an inability to reject 
skin grafts', little or no delayed hypersensitivity! and 
other cell mediated reactions, although their ability to 
respond to certain antigens including - pneumococcus 
polysaccharide is as good as intact controls??. 

The failure of neonatally thymectomized mice to 
respond to topical application of oxazolone by blast 
cell production was apparently related to the absence of 
small lymphocytes in the thymus-dependent area, Our 
results are thus in accord with the thesis that the small - 
lymphocyte can transform into blast cells after appro- 
priate stimulation®4, Antigens such as SSS ITI do not 
stimulate blast cell development in these areas, nor 
apparently does production of antibody depend on the 
presence of the small lymphocytes inthe thymus-dependent 
areas’. We have recently postulated that these lympho- 
cytes form part of the recirculatory or mobile pool .of 
lymphocytes’. Thus, by analogy with findings in guinea- 
pig. we can postulate that contact sensitivity reactions 
must depend on the mobile lymphocyte population. 
Although lymphocytes normally enter the lymph. nodes 
through the post-capillary veins from the blood, however, 
and not through the afferent lymphaties*.4, manifesta- 
tions of contact sensitivity in the guinea-pig are dependent. 
on the integrity of these afferent lymphatics!’ Thus, 
either antigen alone travels in these vessels and provokes 
the transformation of lymphocytes which have entered 
the node from the blood, or topical application of skin 
sensitizing agents like oxazolone may alter the normal. 
migratory route and lymphocytes sensitized in the skin 
enter the node already transformed through the afferent 
lymphatics. The solution of this problem must await 
analysis of emigrant and immigrant population of lympho- 
cytes from draining nodes during this type of reaction. 


* Miller, J. F. A. P., Proe. Roy. Soe., B, 156, 415 (1962). 
> Parrott, D. M. V., Transplant. Bull., 29, 102 (1962), 


* Waksman, B. H., Arnason, B. G., and Janković, B. D., J. Exp. Med., 116, 
187 (1962). 


* Parrott, D. M. V., and East, J., Proc. Roy. Soc. Med., 57, 147 (1964). 
: Parrote D: M. V., de Sousa, M. A. B., and East, J., J. Ezp. Med., 128, 191 
1 7 


° Oort, J., and Turk, J. L., Brit. J. Exp. Path., 46, 147 (1965), 

7 Fjelde, A., and Turk, J. L., Nature, 205, 813 (1965). 
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ACTIONS OF THYROID HORMONES ON CULTURED HUMAN CELLS 


By Dr. EDWARD SIEGEL* and Pror. CORNELIUS A. TOBIAS 


Donner Laboratory, University of California, Berkeley, California 


RESEARCH interest in hormonal action has recently been 
directed away from the effects produced in the organism 
and towards those elicited at the cellular level in higher 
animals and plants. The availability of an in vitro mam- 
malian system which displays behaviour corresponding to 
that observed in vivo under hormonal stimulation could 
contribute significantly to the identification of the par- 
ticipating infra-cellular structures and to the elucidation 
of the mechanisms responsible for such behaviour. In 
the course of our investigation of the end-organ parts 
played by thyroid hormones’, we examined the response 
of cultured human kidney epithelial 7-1 cells? exposed to 
exogenous L-thyroxine and 3,5,3’-L-triiodothyronine. Many 
of the effects of these hormones on growth and differentia- 
tion, protein synthesis, and nucleic acid metabolism? were 
also encountered in these experiments with the cultured 
cells, so that this én vitro approach merits continued and 
wider exploration. 

For this investigation, 7-1 cells were cultured by the 
usual techniques as monolayers attached to glass or 
plastic at 37° C in a 5 per cent carbon dioxide and 95 per 
rent air mixture, using Eagle’s minimum essential medium? 
supplemented with 10 per cent foetal bovine serum. By 
the addition of t-thyroxine (T4) and L-triiodothyronine 
(T3) in concentrations of 1-78 x 10-*-1-78 x 10-7 molar, we 
were able to demonstrate modifications in (a) cellular 
proliferation; (6) plating efficiency; (c) cellular dimen- 
sions and morphology; (d) protein and nucleic acid 
synthesis. Some of these results, including morphological 
changes in a line of human heart cells induced by thyroid 
hormones, are presented here. 

As an index of cellular proliferation, the average number 
of cells in each colony was estimated, by phase contrast 
microscopy, as æ function of time. Plastic Petri dishes, 
100 mm in diameter, were seeded with about 3 x 10* single 
cells following trypsinization and collection of cultures in 
the logarithmic phase of growth. Representative growth 
curves for cells treated with T4 and for the corresponding 
controls are shown in Fig. 1. The effect of the exogenous 
hormone on proliferation shows one day after its introduc- 
tion. The straight-line part of such semi-log plots was used 
for the estimation of the mean doubling period (Ta), 
which is about 24 h for this cell line. The reduction in Ta 
for cells treated with T4 relative to that for the controls, 
plotted as a function of T4 concentration, yields the 
characteristic negative feed-back or biphasic curve (Fig. 2) 
which is similar to several in vivo effects on, for example, 
growth, protein and lipid metabolism, and glycolysis. 
The maximum relative decrease in Fa (about 25 per cent) 
occurs for the L-thyroxine concentration of 4:45 x 10-* 
molar which is roughly three times that found in the 
plasma of hyperthyroid patients. A similar curve is 
obtained following exposure to L-triiodothyronine, with 
the peak response produced by approximately 9x 10-7 
molar. Tests for specificity of the ability to decrease Ta 
‘with iodide present in amounts equivalent to hormone on 
a molar as well as on a weight basis were both negative. 

A similar enhancement in plating efficiency (PE) under 
hormonal influence is exhibited by these cells. About 
300 dissociated cells, collected in the logarithmic phase of 
growth, were plated on to plastic Petri dishes of 100 mm 


_* Present address: Department of Radiology, Stanford University School 
of Medicine, Palo Alto, California. 


diameter, incubated at 37° C for 2 weeks, and the number 
of clones, made visible by staining with methylene blue, 
was scored. Under these conditions, 7-1 cells have 
variable plating efficiencies of 40-80 per cent. Some of 
this variation can be attributed to serum protein content, 
which will be dealt with elsewhere. Significant increases 
in plating efficiency result from the addition of T4 and 
T3 in concentrations of 1:78 x 10-7-1-78 x 10- molar 
(Table 1). The maximal effective concentration is 
4-45 x 10-8 molar T4 or one-tenth less for T3. When this 
ability to increase plating efficiency is used as a test of 
specificity, diiodotyrosine is substantially active; D- 
thyroxine and monoiodotyrosine are moderately potent; 
and iodide, tyrosine, and leucine are inactive‘. 


30 r ; np 


(S 
© 
oo 


16 










tT, -ALy 
{T4=21.2 HRS) 






or 


T-1 CELLS J 
f — (T4=28 HRS} 





Log multiplicity {average No. cells/colony) 


0 1 2 3 4 5 6 
Time (days) 


Effect of r-thyroxine (4-45 x 10 molar) on proliferation of T-1 
cells, Each point represents the average multiplicity of duplicate owth 
plates, resulting from counts of cells in at least 200 colonies on eac dish; 
the length of bars signifies the range when large enough to be indicated. 
The linear parts of the growth curves were used to estimate mean 
doubling times (Ta). 


Fig. 1. 


ug/ml. 


0-345 3-45 84-5 





oe 
o 
Lz } 


w 
© 
4 


ad 
© 
Ont 
hos 


Percentage of relative reduction of Ta 


t 1 1 
104 M 103 M 

Log L-thyroxine concentration 
Fig. 2, Variation of relative reduction in mean doubling time (7a) for 
hormone-treated cells as a function of T4 concentration. The length of 
the bars indicates the standard deviation of the plotted points which are 


based on observations made on duplicate growth plates. Maximal 
effective T4 concentration is 4°45 x 10-* molar. 


0 i. 
10° M 





No. 5068 DECEMBER 17, 1966 


Table 1. PLATING EFFICIENCY DETERMINATIONS FOR T-1 CELLS TREATED 


WITH L-THYROXINE AND L-TRIODOTHYRONINE 


Hormonal concentration Plating efficiency (per cent) 


(moles/1. L-Thyroxine L- Tri aa tonino 
No hormone 67:1 +43 (7) 64-0 +4 4-6 (9) 
1:78 x 10% 90-8 + 3:3 (2) 

8-90 x 10-* 90-2 + 8-8 (3) 75-0 + 10° (3) 
4°45 x 10-* 91:6 + 3°6 (7) 85-2 + 8-3 (3) 
1:78 x 10 88-9 + 0-1 (3) 89-0 + 5-9 (4) 
4:45 «10-7 87-507 (2) 94-44 2-1 (4) 
1:78 x 10-7 80-4 + 3:5 (7) 83-8 + 4-8 (8) 


Standard deviation fellows the hormone values in columns 2 and 3. 
Figures in parenthesis indicate the number of experiments. 


Some distinctive dimensional and morphological changes 
occur under the influence of thyroid hormones. Modifica- 
tions to the mean cellular area were determined with a 
calibrated ocular reticle. When they are seeded in Petri 
dishes, the individual cells flatten and their area increases 
until the third day, and remains stable at about 375 yp’. 
Thyroid hormones cause substantial expansion in cellular 
area which is obvious 4—6 h after seeding and the initiation 
of treatment (Fig. 3). Furthermore, this action is dose- 
dependent, similar to the biphasic response pattern, 
already mentioned, which relates the rate of cellular 
proliferation to the concentration of hormone. Thus, 
2 days after seeding, the mean projected area was 
452+ 22u? (standard deviation) for cells treated with 
1-78 x 10-8 molar T3 as compared with 383+ 14u* for the 
population exposed to a titre ten times greater. 

Within the nucleus of cells treated with the hormone, 
there is a rise in the frequency of nuclei with more than 
two nucleoli, which is the modal number for 7'-1 cells. 
The change in distribution of nucleoli stems from a 
reduction in the frequency of nuclei with single nucleoli 
and an increase in the number with three or more nucleoli 
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Fig. 3. Variation of the mean projected area of each cell as a function of 
time after seeding of 7’-1 cells, and the alteration which results from the 
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Fig. 4. Frequency of three or more nucleoli in each cell as a function of 

time after the addition of T3. Each point represents the mean of 2,000 

cells with the standard deviation indicated when sufficiently large by 

the length of the bar. The solid symbols at 48 h are the values obtained 
in a separate experiment. 


NATURE 


1319 





Fig. 5. Effect of T4 on the morphology of Girardi human heart cells 
(x 400). (a) Treatment with 1-78 x ie molar T4 for 2 days; (b) control 
cells. 


(seven is the maximum which has been seen). This change 
can be conveniently expressed by the incidence of cells 
with three or more nucleoli as a function of time (Fig. 4). 
A statistically significant difference in the frequency of 
supernumerary nucleoli is thus demonstrable 6 h after the 
introduction of T3. At 2 days, the mean incidence of 
cells with three or more nucleoli is as follows: 25-3+0-9 
per cent (standard deviation) of those treated with 
1-78 x 10-7 molar T3; 28-1 + 0-8 per cent of those treated 
with 1-78 x 10-6 molar T3, and 31-2+0-9 per cent of those 
treated with 1-78x 10-5 molar T3. The corresponding 
value for the controls is 17-9+ 0-7 per cent. These figures 
were obtained by counting 2,000 cells of each population. 

Cells exposed to these concentrations of either T4 or 
T3 acquire a mature appearance earlier after seeding. 


-They are distinctive in the possession of more cytoplasm 


relative to the nucleus and, also, by the facility with which 
structural features are delineated under phase microscopy. 
Girardi human heart cells’, grown in Eagle’s basal 
medium® enriched with 10 per cent calf serum, showed a 
striking alteration in morphology. These polygonal, 
epithelioid cells form compact colonies with thesurrounding 
cells; nuclei are ovoid and are in an approximately central 
position. One to two days after the addition of these 
hormones, cells and colonies undergo transformation; the 
cells become fibroblast-like, elongated, spindle-shaped, 
with eccentric nuclei and foamy, vacuolated cytoplasm 
with many narrow extensions. Colonies which have been 
treated with hormones are characterized by irregular 
lacunae between neighbouring cells surrounded by thin 
cytoplasmic bridges (Fig. 5). Such changes in morphology 


` and gestalt of the colonies do not occur after T-1 kidney 
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cells have been treated with thyroid hormones, which 
apparently signifies cellular specificity. It is presumed 
that these observations demonstrate the ability of the 
hormones to induce or accelerate differentiation and 
specialization’. 

The effects on proliferation, colony formation, dimen- 
sions and morphology elicited by the thyroid hormones all 
imply augmentation of protein synthesis. The modifica- 
tion of plating efficiency, an index of the ability to 
aggregate and form colonies, suggests that the adhesiveness 
of the cell membrane is related to its protein content or 
elaborations. Evidence for the enhancement of protein 
synthesis in 7-1 cells which had been stimulated with 
L-triiodothyronine for one week was obtained by labelling 
with tritiated-L-leucine (specific activity 178 me./mmole). 
Autoradiographs were prepared by dipping slides bearing 
the cells into Kodak NT B-2 emulsion; after exposure and 
processing, they were stained with haematoxylin. The 
enhancement of the uptake of tritium caused by such hor- 
mone stimulation of cells is indicated in Fig. 6. After 4h 
of labelling, cells pre-treated with 178x10 molar T3 
contained 80 per cent more tritium as compared with the 
controls; one tenth of this titre of T3 effects a relative 
increase of 20 per cent. 

In view of the relatively early appearance of super- 
numerary nucleoli, the effect of these hormones on RNA 
synthesis was investigated. Cells were stimulated for 2 
weeks with 178x10 molar T3 and were exposed to 
tritiated uridine (specifie activity 442 c./mmole) before 
autoradiography. After 2 min of labelling, tritium was 
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Fig. 6. Uptake of tritium after labelling with tritiated leucine (1 uc./mi.) 

by 7-1 cells pre-treated with the concentrations indicated of T3 for 1 

week (two upper curves) and by controls (bottom curve), Each point 
plotted representa the mean grain count for 200 cells. 





Fig. 7. Autoradiographs of T-1 cells labelled with tritiated uridine (0-5 ze./ml.), exposed for 4 days ( x 600). (a) Cells stimulated by pre-treatment 

with 1-78 x 10-* molar T3 for 2 weeks; duration of labelling was 2 min; (b) corresponding control; compare incidence of nuclear and nucleolar 

labelling; (c) same as (a), but digested with RNase (0-5 mg/ml. at pH 6-8 for 2 h) before autoradiography; note absence of grains over nuclei; 
“holes” represent nucleolar sites; (d) same as (a), but duration of labelling was 8 min; note increased number of extra-nucleolar grains. 
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locahzed almost exclusively in the nuclei of both treated 
and untreated cells; however, for those grown in hormone- 
enriched medium, the average number of grains in each 
nucleus was 2-5 times that of the controls. Cells bathed in 
T3 have 66 per cent of their nucleoli labelled as compared 
with 25 per cent of the control nucleoli (Fig. 7 a, b and 0). 
After 8 min of labelling (Fig. 7 d), grains appear throughout 
the nucleus with slightly more in the cytoplasm, which is 
& grain pattern consistent with the movement of labelled 
RNA from the nucleolus through the nucleus and then 
into the cytoplaam?°, 

Autoradiographs prepared after exposure of 7-1 cells 
to tritiated thymidine (specific activity 6-2 o./mmole) 
indicate that thyroid hormones significantly increase the 
number of cells e in the synthesis of DNA. Cells 
treated with 1-78 x 10-° molar T3 for more than 1 week 
were immersed in the labelled nucleoside for 2 h. By 
scoring 1,500 cells of T3-treated and untreated populations, 
respectively, it was found that tritium was localized in 
63-5+0-9 per cent (standard deviation) of the nuclei of 
treated cells as compared with 48-9 + 0-4 per cent of control 
nuclei. There is an increased number of cells in the S, 
synthetic, phase of the cell cycle which is not surprising 
in view of the reduction of Ta produced by the hormones. 

In response to added hormones, the in viro system 
discussed here appears to simulate a number of diverse, 
established patterns of end-organ behaviour, which have 
implications bearing on the nature of hormonal mechan- 
isms. The greater potency of T3, as compared with T4, 
between five- and ten-fold in these tn vitro experiments, 
is consonant with many observations of the relative 
activities of these two constituents of the thyroid gland 
secretion!, These cultured kidney cells, in relation to 
thyroid hormones, exhibit the anticipated chemical and 
stereo-specificity, except for the substantial activity 
possessed by diiodotyrosine. This latter pots to the 
existence of different or yet unidentified metabolic path- 
ways. The mode and diversity of response strongly imply 
that the specificity resides in the end-organ receptors 
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rather than in the hormones; such a mechanism would 
provide for latent behaviour which is genetically pre- 
determined to be expressed only when triggered in 
appropriate conditions. A definite sequence of diverse 
events are induced by these secretions, and the evidence 
from these experiments favours the stimulation of nuclear 
synthesis of RNA as one of the initial events. Furthermore, 
even structural changes in the nucleus must be induced 
rapidly in view of the appearance of supernumerary 
nucleoli within hours of hormone addition. We think 
the finding that the number of nucleoli is related to the 
activity of thyroid hormones is new. Sensitivity, sequence 
of sub-cellular events, duration of latency, and possible 
control mechanisms are now under investigation. 
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ECOLOGY OF FISH GROWTH 


By Dr. A. H. WEATHERLEY 
Department of Zoology, The Australian National University, Canberra, A.C.T. 


Accounts of the growth of fish in populations have 
usually concentrated on ways of rationalizing exploita- 
tion. In this report some of the more general implications 
of these and other investigations for the population 
ecology of fish as animals are considered. 

There are few reliable data to indicate to what extent 
patterns of growth rate are matters of genetic inheritance, 
though it 18 obvious that genetics is deeply involved if 
only because of the many intraspecific differences in 
growth rate between the sexes within given populations. 
Between, for example, species or families, there is cer- 
tamly inheritance of growth rate potentials (Fig. 1). 
Within a population, however, temperature and intensity 
of competition (discussed later) for food appear indis- 
putably to be the main growth controls, as shown by 
studies in both the field and the laboratory’, although 
it is often extremely difficult to extrapolate the latter to 
field (“real”) conditions. Investigations of the effects of 
temperature by Swift’ are among the few designed to 
overcome many of the more obvious difficulties. 

Very generally, the intensity of competition for food 
among the members of a fish population will be directly 
related to the population density. A large fish eats more 
food than a smaller one, and is therefore a more ‘‘effective”’ 
competitor by a factor related to ita size, and so the 


intensity of competition within a population (or between 
members of different populations consuming the same 
foods) will be better expressed as a function of biomass 
than of population density. This essential fact—that the 
grazing power of fish is proportional to their size—was 
pointed out by Beverton and Holt’. 

Fish ecologists have long pondered the reasons for 
differences in growth rate between members of a species 
in different environments’. Such problems have usually 
been complicated by significant differences in the distribu- 
tions of size within populations. If the sizes were known it 
would also be necessary to know the rates of metabolism 
of fish of different sizes. If metabolic demands vary with 
size, then the relative intensity of competition for food 
would vary with differing demands for food for each unit 
of body weight among different size groups. These real 
and significant problems of measurement make it diffleult 
for ecologists to account for differences in growth rate in 
different environments or to assign values to intensity of 
competition for food, although an adequate understanding 
of these two questions would give a much clearer insight 
into problems of fish ecology. In considering these 
problems recourse will be made to a suitable model. 

A fish population occupying a certain space, and eating 
a certain kind of food in constant supply, should be 
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mmagined. The intensity of competition for food will be js 
. a direct function of the rate at which the total population ES growth 


utilizes food in its metabolism, against a background of 
data on actual production and availability of food. The 
total metabolic rate of the population is equal to the 
demand for organic matter for growth plus that used in 
respiration at rest and in various activity states, and in 
excretion. To construct this total metabolic record in a 
sufficiently exact manner it is necessary to perform some 
laborious but interesting investigations, which include 
examination, of differences in relative efficiency of the use 
of food to produce unit increase in weight in fish of 
different sizes. There may be no significant differences, 
but only objective investigation can resolve this. Informa- 
tion will also be required about rates of excretion and food 
utilization in the various and ‘‘total” states of actavity 
existing in the population. For measurement of the 
metabolism of fish, both at rest or active, improved 
apparatus is now available’, and all that remains is to 
collect data on the activity patterns of the fish in the wild 

- population itself. This may be very difficult, but from 
the results realistic calculations of food used to produce 
the energy necessary for activity could be made, utilizing 
the complementary data obtamed with swimming respiro- 
meters. 

Investigation of the metabolic utilization of food should 
show precisely how growth 1s influenced by the manner 
in which food is partitioned and distributed between the 
conflicting “demands” of growth, passive respiration, 
active respiration and excretion. It must be emphasized 
that it is the total demand for food for these purposes, 
when viewed against the supply available, that will determ- 
ine the intensity of competition for food in the population 
(Fig. 2). This will frequently but not necessanly be a 
reflexion of the biomass of the fish (Fig. 2). 
` Tt is not the purpose of this report to discuss ways in 
which the production of food for fish may be best estim- 
ated. It is clear, however, that this would form an in- 
dispensable part of the investigation implied by this 
model, and that the methods of such an assessment have 
been worked out in a number of cases??-15, 

If the biomass of the fish in the model population 
changes, growth should alter correspondingly. Generally, 
an increase in biomass should decrease the growth rate 
because, with a constant supply of food, less food is now 
available to each fish. Probably the fact that each fish 
now has to search farther for its food increases the overall 
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Fig. 2. The partitioning of ingested food (or en ) in two ulations 

A and B; the food supply to each is identical. i suggest that higher 

rates of activity (as in A) cause leas growth, reduced contributions of 

resting metabo and increased contributions of excretion to total 

metabolium. Yet the ratio Mf./Mp remains the same for both popula- 

tions because total metabolism 1s identical; hence the competitive in- 
tensity (C1) 1s the same. 


In population Q the food is supplied at twice the rate, so O may show the 

same proportional partitioning of food as populaiton A (or B), but 

twice as much of everything Gnending govt ). Again O7 1s the same as 
in A and È. 


Population D has the same total amount of food going into growth a» 
population A, though the food avaiable 1s oniy eo quarters of that 
avaiable to A. This growth equality would, zuggeat, be ble if 
Jess metabolism were accounted for by activity, aa shown. Despite the 
smnilarity in the demand for food for growth, and the difference in food 
supplies between the populations. iin elcid intensity within popula: 
tion D (Ci = M| Mp) again need not be higher than in population A. 
These examples show that ecological appraisals of growth and competi- 
tion for food cannot be deduced with certainty from, for example, 
measurement of growth alone. 


demand for food to produce energy for activity in some 
instances, which effectively exaggerates the depression of 
growth. On the other hand, alteration of biomass could 
also involve consequent changes in the mean size of 
individuals in the population and if metabolic rate were 
iteelf related to size the extent of the change in growth 
could be correspondingly enlarged or diminished. 

“This simple model ıs sufficient to permit the mstan- 
taneous growth rate of fish to be related to other para- 
meters discussed and to lead to an estimate of intensity 
of competition. Competitive intenmty (Cı) will be 
expressed in terms of rate of utilization of food or energy 
by the population (M.) compared with rate of production 
of (avaiable) food or energy ın the environment (Mp). 
We thus have the following ratio: O; = M./Mp as an 
index of the intensity of competition. This formula 1s 
very simular to that of Shorygin!! 20 years ago which 
agcounted for intensity of interspecific competition among 
fish. Beverton and Holt? pointed out, however, that 
Shorygin’s formula was limited by his index of competi- 
tion which was determined by summing the daily food 
consumption of the two populations and dividing this 
by the instantaneous value of the biomass of the food 
organisms. They correctly argued that ‘competitive 
influence is manifest in terms of the consumption of food 
organisms that has occurred as the result of previous 
grazing activity ...”’, and attempted a considerable 
elaboration and development of this theme. I+ is still 
difficult to determine the rate of consumption of food 
directly and so it 1s more feasible and precise to attempt 
to account for food eaten in terms of total metabolism. 
Apart from this, analyses of the utilization of assimilated 
food m growth, active and resting metabolism, and 
excretion would give insight into the dynamics of the 
utilization of food and enable us to distinguish between 
populations or year groups im precise ecophysiological 
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This model has so far assumed thermal constancy of the 
environment, but if the temperature of the environment 
were raised to the range known to be optimal for the 
growth of the species, growth might or might not increase. 
It would probably increase if food production rose with 
temperature, or the high rates of resting metabolism, 
activity and excretion that would develop at higher 
temperatures would combine to diminish growth. Experi- 
mental investigation has shown that it is difficult to 
prevent temperate fish species from losing weight at very 
high temperatures*?+1*. 

In the wild, during any extended time period, the bio- 
masses of populations tend to change considerably. They 
are subject not only to increases because of growth of indi- 
viduals, but also to additions and subtractions of numbers 
resulting from the arrival of new individuals and from 
mortality (and, of course, emigration and immigration). 
Such factors continually change not only the biomass but 
also age structure. Nevertheless these changes have been 
successfully dealt with numerically*-1*, and they cause 
no fundamental problem in calculations of metabolism 
according to the outlined scheme. They must be con- 
sidered before a complete picture of the effect of changes 
in numbers and sizes of fish on competition is obtained, 
and through it the effects on growth are explamed. 

A model such as that outlined here could provide a 
basis for detailed quantitative analyses of the growth of 
fish in either natural waters or experimental ponds and 
tanks, but the various parameters discussed here in a 
general way would have to be determined quantitatively 
for each species or population type. Once determined, 
they could sid the explanation of the way in which 
differences in growth rate between fish populations ocour. 
This would give a factual basis of ecophysiological know- 
ledge to the rationalization of existing fisheries, and 
would largely remove the present need to rely so com- 
pletely on hypothetical mathematical models. 

In netural environments it is, of course, insufficient 
merely to assume that all fish occupying one water body 
are in competition. Frequently they are not, but this 
must be decided by direct investigation. Nicholls’, for 
example, found that smaller (younger) fish predominate 
in the headstreams of Tasmanian trout rivers. Except 
for the incursions of larger fish at each breeding season 
most of the upstream population are only in their first or 
second year. Older trout predominate downstream as 
the river widens. Ecologically, genetically and behavi- 
ourally, all these trout comprise a single river population, 
but with the different distribution in time and space of 
the various age groups it can be safely inferred that the 
young are not in direct competition with the majority of 
larger individuals, for most of each age group occupy a 
different part of the river. Different growth patterns of 
various age groups in the population could depend on 
such factors of distribution, and failure to appreciate 
them would lead to failure to understand the true ecology 
of the population. f 

Even when fish of different age groups or different 
species (occupying the same area of water) feed on com- 
pletely different foods it cannot necessarily be inferred 
that they do not affect each other with regard to growth, 
even if they do not do so through direct competi- 
tion. In the case of a species eating algae and another 
species eating invertebrates in the same environment the 
herbivore will eat algae that many invertebrates could 
otherwise have eaten, that is, the fish and tho invertebrates 
compete with each other for food. Herbivorous fish 
could therefore reduce the food supply of fish that eat 
invertebrates and adversely affect their growth rate just 
aa if they were directly competing with them. This 
implies a general principle that if any species (or age 
group) is feeding nearer to the base of the food pyramid 
(plants) than is another species (or age group) in the same 
environment, it is likely to be consuming food that could 
have been eaten by organisms comprising the food of that 
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other species (or age group). Whether this general 
principle actually operates in a particular situation will 
largely depend on the restrictions on the diet of the 
species (or age group) further from the pyramid base. 
For example, f members of a carnivorous species become 
piscivorous as they grow, they may come to feed on a 
herbivorous species of fish, and so obtain their food in 
much larger quanta than if they had continued to feed on 
small herbivorous invertebrates. Ecologically, this could 
be a much more efficient situation for the carnivorous 
fish, for less movement would be necessary for collection 
of a certain quantity of food, and so a lower proportion of 
their ingested food would be used as energy for activity 
making more of ıt avaiable for growth (see also earher 
model, Fig. 2). On the other hand, if the prey species 
were active and the predator an inefficient hunter, the 
latter could use up more energy chasing prey fish than if it 
were to consume a diet of sedentary mvertebrates, even 
if these items were much smaller and had to be captured 
singly. Most fish living on mixed diets, however, almost 
certainly select their food, in terms of their own behaviour 
and that of their prey, and of their own methods and 
adaptations for feeding, in the most ecologically officient 
way. This is shown in the almost unvarying way that 
many carnivorous fish increase the average size of food 
items in their diet as they grow. Pike, for example, have 
such an urge to molude fish in their diet as they grow 
larger that if denied access to other fish, they become 
cannibalistic, even in wild populations’. 

The flexibility of fish growth rates markedly differen- 
tiates them from insects, birds and mammals (most 
studied by population workers). While the latter groups 
may be able to avoid many of the harder effects of com- 
petition whether inter- or intra-specific, through behavi- 
ourel adjustments, variable clutch size, density-dependent 
mortality rates and other factors, fish appear to do the 
same through their plastic growth rates. Natural selec- 
tion has evidently operated to allow fish to achieve this 
means of population regulation. By rapid growth in 
conditions of low population density or abundant food 
supply fish can take immediate advantage of favourable 
environmental conditions, and can rapidly colonize new 
habitats (for example, a newly formed lake). Rapid 
growth will produce a female population in which indivi- 
duals are large when young and produce many eggs. As 
the population builds up, so the increase in competition 
will decrease the growth rate, thus reducing the mean 
size of mature females or delaying the time at which they 
become mature, and the recruitment rate tends to be 
stabilized at some limiting value which is a product of 
population density, food, possibly breeding space, and 
prevailing thermal conditions. 

The size of female fish determines fecundity and growth 
rate is flexible and depends on competition, so that many 
changes in population density that occur in nature, 
caused by varying rates of mortality or variable success 
in breeding or recruitment, are largely compensated. 

Most of the data on which these ideas are based are 
obtained from investigations on freshwater fish. While 
most of the arguments could in general be applied to 
marine fish, it is in freshwater habitats that ecologiste 
have best used actual fish populations as objects of 
ecological investigation rather than as subjects for 
ecological inference from fishery statistics. 

Competition. In order not to interrupt the main 
narrative I have withheld discussion of the term com- 
petition” until now. I am not satisfied with the definition 
of competition which I adopted’ earlier; some of its logical 
fallacies and shortcomings have since been made clear to 
me by the essay of Milne’! and personal correspondence 
with him. I largely agree with Milne’s criticisms and 
evaluations of the various definitions and ideas about 
competition between animals that numerous biologists 
have put forward. While conceding the validity of his 
view that competition cannot properly be defined in 
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terms of its effects but that a definition must state the 
essential nature of competition, I feel that his own 
ultimate point?! is extremely relevant: “It is pointed 
out that the need is not only for strict definition of com- 
petition but also for discerning interpretation of such a 
definition”. 

Milne’s own definition'is that: ‘competition is the 
endeavour of two (or more) animals to gain the same 
particular thing, or to gain the measure each wants from 
the supply of a thing when that supply is not sufficient 
for both (or all)”. I concede the advantages of Milne’s 
definition over those he wishes it to succeed, but think 
that a more positive expression of the nature of competi- 
tion should appear in a definition, and propose that 
competition is the state existing between animals securing 
supplies of the same resource from one region of an en- 
vironment resulting in an interaction that produces some 
actually or incipiently deleterious effect(s) on one or each 
of the animals. 

I think competition can be expressed in terms of its 
effects on growth rate when fish are eating the same food 
supply, unless the supply to each fish is such that it meets 
the demands of maximum growth rate under the particular 
conditions of the environment. For fish, this effect will 
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be only incipiently deleterious unless growth is so severely 
retarded as to be manifested as actual starvation, and 
indeed, competition-dependent growth has become a 
means for population control among fish. 
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DUAL PATTERN OF ION ABSORPTION BY PLANT CELLS AND BY PLANTS 


By Pror. EMANUEL EPSTEIN 
Department of Soils and Plant Nutrition, University of California, Davis, California 


Lire on land is dependent on higher plants not only for 
energy and the primary carbon skeletons for essential 
compounds but also for the bulk of its mineral require- 
ments. Potassium, phosphorus, sulphur and other 
mineral elements are first obtained from the soil by the 
roots of plants from which they pass through the terres- 
trial biosphere. The absorption of nutrient mineral ions 
by plants is, therefore, a primary process by which 
essential atoms are abstracted from the inorganic environ- 
ment, and thus is as important as photosynthesis and 
nitrogen fixation in the elemental economy of the bio- 
sphere. The processes of inorganic ion transport in plant 
cells and through whole plants are therefore of great 
interest to biologists. 

Kinetic and other experiments on the absorption of ions 
by tissues of higher plants have led to the recognition of a 
consistent pattern; the absorption of a single ionic species, 
for example potassium, from the external medium is 
governed by two different mechanisms which are some- 
times diametrically opposed in their characteristics and 
responses to environmental factors. This pattern applies 
to the absorption of so many ionic species, by so many 
diverse plant materials, as to suggest that it may be 
almost universal in the mature cells of higher plants. 
Here I review the evidence, not previously summarized, 
and discuss its implications. 

In 1952, the concepts of enzyme kinetics were applied 
to the absorption by barley roots: of rubidium, used as an 
analogue of potassium. Plots of the rate of absorption 
as a function of the external rubidium concentration 
showed saturation kinetics according to the Michaelis— 
Menten relation. Ths and other evidence, which was 
soon extended to the absorption of chloride’, lent support 
to the hypothesis that the ions are transported across & 
membrane, which 1s unpermeable to free ions, by the 
formation of transitory complexes with carriers! =. Com- 
petition lnnetics, when both potassium and rubidium were 
present in the solution, indicated that there were identical 
carrier sites for these two ions!. Similarly, chloride was 
found to compete with bromide?. 


This kinetic model of transport mediated by a carrier 
was anomalous in that, while consistent kinetics and 
selectivities applied to a particular range of concentrations 
of an ion (the substrate ion), at higher concentrations 
different features became apparent. For example. at a 
rubidium concentration of 1 mmole/l., sodium, even in 
ten-fold excess, had no effect on the rate of rubidium 
absorption; but at high concentrations of rubidium, sodium 
competed with rubidium for entry’. These and other 
findings led to the conclusion that there are two sets of 
carrier sites for transport of rubidium, one of them 
specific for rubidium (and potassium), the second with 
appreciable affinity for sodium as well}. 

When the rate of sulphate absorption was investigated 
for a 200-fold range of concentrations, down to 0-0025 
mmoles/l., results were similar; the rate of absorption was 
abnormally high for high external concentrations, and 
two sets of carrier sites differing considerably in their 
affinities for sulphate were postulated‘. 

Three factors have made it possible to delineate this dual 
pattern of absorption ın definitive terms: (a) the range of 
concentrations has been widened to include the entire 
range which is of physiological significance, from concen- 
trations equivalent to those of solutions from infertile 
soils to concentrations so high as to be saline®:*; (b) the 
presence of calcium in the medium hes been recognized 
as essential for unimpaired selective ion transport’-', 
and a solution containing a low concentration of calcium 
represents & minimal “physiological saline’ for plant 
tissue; and (c) a technique has been devised for precise 
measurement of rates of absorption from very dilute as 
well as from concentrated solutions, unobscured by any 
ion exchange in the cell wall which is not related to 
membrane transport proper}. 

The chief outline of the dual pattern as revealed by 
recent work is shown in Fig. 1 (ref. 13). When the 
external concentration of potassium 18 varied from 0-002 
mmolar to 0-2 mmolar (left side of Fig. 1), the rate of 
absorption is found to be a function of the external 
concentration according to Michaelis-Menten kietics, 
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and reaches 90 per cent of the calculated maximal rate at 


0-2 mmolar. The Michaehs constant is about 0-02 
mmolar. 


v (umole/g/h) 





0-10 


0-20 10 25 50 
K (mmolar) 


Fig. 1. Rate (v) of absorption of potassium labelled with potassium-42 
excused barley roots, as a function of the concentration of potassium 
de. ‘The concentration of caletum ee do was 0-5 mmolar. 


Menten equal 
11-9 samole/g h weight/h. 


When the external concentration is increased to 50 
mmolar (right side of Fig. 1) the rate of absorption of 
potassium rises to values far greater than those calculated 
on the basis of the relation applying for the range of low 
concentrations (dashed line). These and further 
summarized below are interpreted as evidence that at 
these concentrations, a second mechamam is important in 
potassium transport. This second mechanism differs 
in many ways from the first—the mechanism which 
operates even at very low concentrations. The differences 
are as follows. 

(1) There is a difference in the affinity of the two mechan- 
isms for potassium. The first mechanism has a high 
affinity for the ion. It operates at half-maximal rate at 
0-02 mmolar potassium concentration, and at a near-maxi- 
mal rate when it is 0-2 mmolar. The second mechanism 
makes no appreciable contribution to potassium transport 
at 0-2 mmolar; ıt makes little contribution below 1:0 
romolar. Thus, compared with the other mechanism, it 
has a low affinity for potassium™, (2) The first mechan- 
ism 18 selective for potassium (and rubidium) with regard 
to the effect of sodium ions; large excess concentrations 
of sodium are almost without effect on potassium absorp- 
tion when potassium is at concentrations for which only 
the first mechanism operates, that is, up to 0-2 mmolar. 
Potassium absorption mediated by the second mechanism, 
on the other hand, is severely and competitively inhibited 
by sodium?*. (3) As a corollary to (2) it has been shown that 
the second mechanism, in which sodium competes with 
potassium, is a mechanism of sodium absorption: sodium 
18 an alternative substrate to potassium in this transport 
mechanism, (4) Potassium absorption by the first 

i is indifferent to the identity and rate of 
absorption of the anion which is demonstrated by com- 
parison of the contrasting anions chloride and sulphate*!*. 
In the experiment shown in Fig. 1, the anion was chloride. 
With sulphate, the results for the low concentration range 
(left side of Fig. 1) are indistinguishable from those shown, 
although chloride itself is absorbed at a rate approaching 
that of potassium absorption", while the rate of sulphate 
absorption is very low by comparison‘. For the range of 
high concentrations, on the other hand, where the second 
mechanism becomes operative, substitution of sulphate 
for chloride as the anion greatly diminishes potassium 
absorption, and the rate rises only slightly above the 
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maximal rate which can be attributed to the first mechan- 
ism’. (5) In the presence of calcium, potassium absorp- 
tion by the first mechanism proceeds at a higher and more 
nearly constant rate than in its absence, and inhibitory 
effects of sodium and hydrogen ions are minimized or 
eliminated’’*. The rate of potassium absorption by the 
second. mechanism is progressively inhibited by increasing 
concentrations of calorum in the solution'*. These i 
again demonstrate the non-selective nature of the second 
mechanism, which contrasts with the high specificity of 
the first mechanism for potassium (and rubidium). (6) 
Although rates of potassium absorption by the first 
mechanism are in strict accord with simple Michaelis- 
Menten kinetics, this is not so for the second mechanism. 
In Fig. 1, the experimental points for high concentrations 
are connected by a smooth line, but when this range of 
concentrations—-where the second mechanism contributes 
to absorption—is examined more closely, the isotherm 
describing the relation between the external concentra- 
tion of potassium and its rate of absorption is a composite 
. several hyperbolic isotherms (Fig. 2)". This suggeste 

of carrier sites differing slightly in their 
affinity for the ion. Absorption of f chioride by the second 
mechanism of chloride transport exhibits a similar hetero- 
geneity'®, Experiments on mutual competition between 
1ons transported by the second mechanism also reveal this 
heterogeneous feature’®. 
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of the replicates indicated by short horizontal lines (not drawn where 
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the circle). The dashed line represents the maximal rate of absorp- 
tion, Vmax, by the first mechaniam. 


The dual nature of the pattern of transport outlmed 
here, and the contrasting features characterizing the two 
components, suggest that they reflect the operation of 
two distinct mechanisms of absorption. 

Kinetic evidence of the kind discussed here has 
revealed dual sepo mechanisms for many inorganic 
1ons in tissues of higher plants, and for at least one 
neutral organic solute. The ions for which reliable evid- 
ence is available are potassium’, rubidium’, caesium’, 
ammonium!*, sodium!, magnesium”, strontium, chlor- 
ide4, bromide?! and sulphate‘. The organic molecule is 
choline sulphate**. The dual pattern of 10n transport was 
initially discovered in work with barley roots, and has 
since been observed in numerous species; it seems to be 
general in the mature tissues of higher plants. Species 
for which evidence of dual mechanisms is available include 
barley, Hordeum vulgare; maize, Zea mays“; wheat, 
Triticum vulgare; tall and intermediate wheatgrass, 
Agropyron elongatum and A. intermedium; oat, Avena 
sativa®®; perennial ryegrass, Lolium perenne"; mung 
bean, Phaseolus aureus**; subterranean clover, Trifolium 
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subterraneum*; red beet, Beta vulgaris (personal com- 
munication from Osmond); and the mangrove, Avicennta 
marina (unpublished results of Rains and Epstein). 

The initial and the most recent evidence came from 
experiments on fibrous roots, but experiments on absorp- 
tion by leaf tissue’? and storage tissue (beet) indicate 
the generality of this pattern in diverse tissues and 
provide evidence that this dual pattern is an aspect of 
cellular physiology, irrespective of particular anatomical 
and histological features. 

The location of the two mechanisms. Two mechanisms 
are involved in the transport of a given ion from the 
external solution into the cell, and one question is: Where 
are they located ? The two may be considered either to 
operate in parallel, across the same membrane, or in 
series, the ion first passing through one membrane by 
means of one of the mechanisms, and subsequently 
through a second membrane by the other mechanism. 

The evidence points to the outer cytoplasmic membrane, 
the plasmalemma, as the site of the first high-affinity 
mechanism. Two principal factors prompt this con- 
clusion: (a) Only mechanisms of the first type have the 
high ionic affinities required for absorption of ions 
present at the very low concentrations often characteristic 
of ions, potassium for example, in soil solutions*®. These 
mechanisms, therefore, must reside in the membrane 
facing the external solution, the plasmalemma. (b) The 
operation of this first mechanism of potassium transport 
responds immediately to changes in the calcium status 
of the external solution, although the roots are grown, 
up to the tıme of the experiments, in solutions containing 
calcium and are not calcium deficient’*. The immediate 
response to the external calcium level must therefore be 
due to a mechanism located in the membrane bathed by 
the external solution, the plasmalemma’. 

The problem of the parallel or sequential arrangement 
of the two mechanisms in roots of Zea mays has been 
investigated™.3*, The second alternative was adopted 
-—that the first mechanism was located in the plasma- 
lemma and the second in the tonoplast. The principal 
evidence for this conclusion comes from experiments 
with rubidium and chloride showing that two mechanisms 
with the characteristics of carrier-mediated transport 
are apparent only in vacuolated cells with both plasma- 
lemma and tonoplast. Tip cella lacking vacuoles and 
tonoplasts have the first mechanism, but et high concen- 
trations absorption shows the pattern of diffusive, rather 
than of carrier-mediated, transport. The authors conclude 
that at these concentrations the first mechanism is set aside 
as a rate-limiting step, the ions passing through the 
plasmalemma by diffusion, and in vacuolated cells the 
second mechanism, residing in the tonoplast, becomes the 
rate-limiting factor. The evidence is persuasive, but a 
question remains because previous arguments i 


diffusive penetration of ions across the plasmalemma??:3t : 


are still valid. 

Ion absorption by whole plants. The evidence for the 
dual pattern of ion absorption has come entirely from 
expermments with excised tissues. Tho question therefore 
arises a8 to how this evidence agrees with what is known 
about the mineral nutrition of growing plants. 

The results obtained by those*-* who used entire plants 
grown in dilute nutrient solutions reflect the same selectivi- 
ties as do short-term kinetic experiments with excised 
tissues. At both low and high concentrations, transfer 
of ions into the xylem, and then into the shoot, mirrors 
the process of absorption in non-vacuolated cells, and 
suggests that only the plasmalemma is involved5, as 
has often been concluded in studies on symplastic move- 
ment of 10ns into the stele***. In growing plants, there 
is evidence for indiscriminate mutual competition between 
unlike ions, between potassium and magnesium, for 
example, especially if their concentration in the medium 
is high**. This may reflect the operation of non-selective 
mechanisms of the second type. A technique has been 
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developed for kinetic experiments on ion transport in leaf 
tissue“, and it is bemg used to correlate the cellular and 
hole plant approaches to the problem of 10n transport*’. 

Comparative physiology, evolution and ecology. Accumu- 
lation of potassium from very dilute solutions in the 
presence of large excess concentrations of sodium is 
remarkable. These ions, like the other alkali cations, form 
few stable complexes, and no metabolites containing 
potassium have been isolated. It is unlikely that many 
types of molecular mechanisms could evolve which are 
capable of the discrimination between these elements which 
is observed. This suggests that any such mechanism, 
having developed in the course of evolution, would become 
widely adopted. The evidence concerning the first 
mechanism of potassium transport suggests that it is 
identical or nearly so in the tissues of many species. 

The first mechanism was investigated in leaf tissue of 
maize”. The findings concerning kinetics, including 
Michaelis constants and selectivity, closely resembled 
those obtained with roots of barley. It was concluded. 
that the biochemical entities effecting the transport 
(carriers) and their mode of operation are identical in 
barley roots and maize leaves. 

This mechanism was investigated** in roots of barley, 
perennial ryegrass, mung beans and subterranean clover. 
The Michaelis constants were all of the same order as 
found previously in barley roots, and the conclusion 
was that the same potassium carrier mechanism of the 
first type is probably present in the roots of all four 
plants. Results with maize roots* and those of Osmond 
with storage tissue of red beet point to the same conclusion. 
for these species. 

Both absorption of potassium and growth were examined 
in fifteen species of pasture plants cultured in nutrient 
solutions maintained ab low potassium concentrations, 
from 0-001 to 1 mmolar‘%. With few exceptions, all 
species absorbed potassium at a maximal rate, and grew 
optimally, at an external potassium concentration of 0-1 
mmolar or less. Potassium absorption and the growth of 
these species were limited by the same concentrations of 
potassium which govern potassium absorption by the 
first mechanism in barley roots (Fig. 1). 

Despite the consistency of the first mechanism of 
potassium transport in many species there are certain 
differences, and the evidence suggests that these may 
have important implications for physiological ecology. 
In the experiments using the different roots, the Michaelis 
constants of the first mechanism were not significantly 
different in the four species studied, but the actual and 
the calculated maximal rates of absorption differed con- 
siderably. They were much lower in the legumes than 
in the grasses, and reflected the ecological situation in the 
field: at low potassium concentrations, legumes are 
unable to absorb adequate amounts of potassium in com- 
petition with grasses. These comparative findings?! thus 
support the claim“ that the kinetic methods provide a 
useful approach to nutritional ecology, as do the unpub- 
lished results of Jefferies and Epstein with six varieties of 
barley. In contrast to other vaneties, the variety 
‘Chevron’ was shown to have a potassium mechanism of 
the first type subject to competition by calcium and 
magnesium. This variety, alone among those tested, is 
restricted to soils of low calcium and magnesium status. 

In many terrestrial habitats, the concentration of salt 
to which the plants are exposed is one of the principal 
ecological determinants. The majority of species, includ- 
ing most crop plants, fail in saline media, but some, the 
halophytes, grow at the sea shore, in salt marshes, and on 
saline desert soils. The kinetic approach and the resolu- 
tion of dual mechanisms of ion transport have been applied 
to roote of tall wheat-grass, Agropyron elongatum, which 
is salt-tolerant, and the salt-sensitive intermediate wheat- 
grass, A. intermedium™. In kinetic experiments on the 
absorption of alkali cations and chloride the mechanisms 
of the first type in the two species were similar. On the 
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other hand, absorption of sodium and chloride by the 
mechaniams of the second type was much more effective 
in the salt-tolerant than in the sensitive species. This i$ 
not unexpected; if desiccation due to osmotic withdrawal 
of water 18 to be avoided the intracellular water potential 
must be depressed, and this is often achieved through 
absorption of salt, especially in roots*t, 

In contrast to halophytes, many non-halophytic species 
tend to exclude sodium from their shoots. This 1s not 
due to the inability of the cella of the shoot to absorb 
sodium but rather to the effective retention of sodium in 
the cells initially exposed to the element—the cells of the 
root and the lower stem‘*-“*, The results thus implicate 
the second mechanism of alkali cation transport which, 
while not highly selective for sodium, shows preference 
for sodium over potassium when both 1ons are present *-1§, 

Conclusion. Plants face a dual problem ın coping with 
diverse mineral substrates. On the one hand, certam 
elemente, potassium for example, must be absorbed in 
substantial amounts from solutions in which their 
concentrations may be very low, while the concentration 
of a chemically related ion such as sodium may be much 
higher. The evolutionary response to this situation has 
been the elaboration of the mechanisms of the first type. 
In the case of potassium, this mechanism has a high 
affinity for potassrum and 1s highly selective for potassium 
when sodium is present. The mechanism serves to supply 
the plant with essential potassium even when the ratio 
of sodium to potassium in the medium is wide. 
Similar considerations apply to other ions such as 
halides‘. 

At high salt concentrations in the medium and corre- 
spondingly high external osmotic pressures, such as saline 
conditions, the cells must maintain high internal osmotic 
pressures or suffer osmotic withdrawal of water. This 
problem was met in part by the elaboration of the mechan- 
isms of the second type which increase the total salt intake 
at high external salt concentrations. In these mechanisms 
even unlike ions mutually compete, and this minimizes 
the possibility that the internal composition of the cell will 
be dominated by one ionio species at possibly toxic levels. 
Such mechanisms are polyvalent, with a spectrum of 
carrier sites differing in their ionic affinities, and this adds 
further flexibility and makes for ionic balance when 
external concentrations are high. These mechanisms 
may also serve to sequester ions such as sodium which 
are not known to fulfil specific metabolic functions and 
could be toxic, especially to shoot tissue. 

This work was supported by the U.S. National Science 
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PALAEARCTIC ELEMENTS IN THE FAUNA OF KASHMIR 


By Dr. S. M. DAS 
University Department of Zoology, Kashmir University, Srinagar 


ALTHOUGH the fishes, birds and mammals of Kashmir 
are well documented, there has been no analysis of the 
general fauna of Kashmir and the specification of its 
Palaearctic elements. The fauna has not only been 
inadequately explored, but the reports of collections are 
scattered in different international journals and are 
sketchy at best. 

The present article does not attempt to describe the 
entire fauna of Kashmir, but only the Palaearctic element 
which is richly represented within it. Collections of 
different groups of invertebrate animals and fishes, 
amphibia and reptiles were made during 1961 to 
1966. 

The Kashmir region is situated between latitudes 32° 
and 37° and is broader between longitudes 73° and 80°. 


It lies on the north-west tip of the Oriental region, 
abutting against the mid-south of the Palaearctic region. 
It can be divided into three physical areas: (a) an upper 
area drained by the middle Indus, consisting of Leh, 
Kargil, Skardu and Gilgit (here considered together as the 
Ladakh area); (b) a middle area drained by the Jhelum 
and Krshna—Ganga rivers (here considered as the Kash- 
mir Valley); and (c) a lower area consisting of the level 
strip along the southern border and its adjacent ranges 
of mountains, excluding the Jammu region. These three 
areas are divided by the snowbound Zanskar (Zogile) and 
the high Pir Panchal range of mountains. 

The Kashmur Valley is 84 miles long and 25 miles wide 
and lies between the Zanskar range to the north and the 
Dhauladhar-Pir Panchal range to the south. It is 
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5,200 ft. above sea level, has a total area of 1,900 sq. 
miles, and is surrounded on all sides by mountains 
reaching to a height of 18,000 ft. The temperature ranges 
from — 5° C in winter to 30° C in summer; the average 
annual rainfall in the valley is 27-24 in., but this dimin- 
ishes and in the outer and middle mountain ranges in 
Ladakh and Gilgit there is almost no precipitation. These 
regions resemble Tibet in their arid climate, while the 
climate of the Kashmir Valley is moderated by the 
presence of large expanses of water such as the lakes of 
‘Woolar, Dal, Anchar, Manasbal, Hokarsar and Khusalsar. 
Woolar is the largest freshwater lake in the world and is 
6,000 ft. above sea level. Besides the lakes and the rivers 
(Indus, Jhelum and Krishanganga), the Kashmir area has 
a network of streams filled by thawing snow and mountain 
springs (the Rambiara, Sasra, Dudganga, Lolab, Nallah, 
Sindh-Nallah and Lidder streams), all of which have a 
rich aquatic fauna apart from fish. 

Wallace! divided the Palaearctic region into four sub- 
regions, the Siberian, European, Manchurian and Medi- 
terranean. The ingress of the Palaearctic element into 
Kashmir has been mainly Manchurian (Central Asia, 
Sinkiang and Tibet), but a few European elements have 
also contributed. Darlington’ says: ‘Part of the Oriental 
fauna, too, have Palaearctic relationship, specially through 
Eastern Asia. ... Either the Orient has been a centre 
from which the vertebrates tended to spread into other 
regions, or it has been a main cross roads in dispersal or 
both (in fact the Orient seems to have been a centre of 
dispersal for some vertebrates, e.g., birds)”. Wallace says: 
“that the boundaries of the Oriental region are not 
sharply defined, for the Oriental fauna enters into complex 
transitions in several directions’. He also says: “The 
dry country of North West India and beyond is debatable 
land with an impoverished fauna, in which transitions 
occur both from east to west and from south to north. 
That the Himalaya mountam barrier is not the main 
cause of differentiation of the Oriental and Palaecarctic 
regional faunas .. . the main cause is evidently zonal 
climatic differences; but the mountains and the dry 
country west and north of them do form a barrier, which 
permits only parts of the Oriental fauna to extend north 
of the Tropics”. 

It is apparent from the foregoing account that the dis- 
persal of the central Asiatic elements in the Palaearctic 
fauna has not been stressed by Wallace or Darlington. It 
is an established fact that many fishes of Kashmir origin- 
ated from a central Asiatic stock’, and it would not be 
surprising if many of the other faunal elements have been 
dispersed in the same region. Many of the mammals, 
birds, agamids, lizards and a typhlops, one amphibian, 
Rana pleskts, and fishes including Schizothorax and 
Diptychus, have reached Kashmir from central Asia; a 
few of them are still found only in central Asia and 
Kashmir. Besides these, the Palaearctic elements in the 
invertebrate fauna also appear to have close links with 
the central Asian and Chinese stocks. 

Horat described some interesting features of the aquatic 
fauna of the Kashmir Valley, but did not stress the 
Palaearctic element in the fauna, nor did he indicate 
which species are of Palaearctic origin. He also states: 
‘Despite the highly interesting ecological and geo- 
graphical features of the Kashmir Valley, its fauna has 
been very inadequately explored. ... A detailed com- 
parison of the fauna of the Kashmir Valley with those of 
adjoining tracts is bound to throw a flood of light on the 
problems of adaptation, speciation and zoogeography”’. 

The mammals represented in the Palaearctio fauna of 
Kashmir include the Chiroptera, represented by Myotts 
(Vespertilio of the Rhinolophidas), which, apart from 
Kashmir and north India, is found in England and 
Germany, south Russia, Korea, Japan and south through 
Africa and from Asia to eastern Australia. In the Insecti- 
vora is Erinaceus, the spiny hedgehog, now confined to 
the main part of the old world (not the Australian region), 
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extending from Eurasia, north to Scotland, centra’ 
Sweden, central Siberia and the Amur; in India its dis- 
tribution 1s discontinuous in the north and south’. The 
carnivora include Mustela flavigula, the pine marten, 
which occurs in Kashmir and Himachal Pradesh, while 
Martes foina, the stone marten, is found only in Kashmir. 
Mustela sibirica is a weasel of the Himalayas. The weasels 
of genus Mustela occur across the north temperate and 
arctic parts of Eurasia and also in North America and 
North Africa. Ursus arctos, the Palaearctic brown bear, 
is found in the higher levels of the north-western and 
central Himalayas, Scandinavia, Russia, Hungary and 
the Pyrenean mountains. The snow leopard, Panthera 
uncia, apart from Kashmir, where it lives at 10,000 ft., 
occurs aa low as 5,000 ft. in Assam, Bengal and Uttar 
Pradesh; it is a native of central Asia above 8,000 ft. 
Lyns lynx is found in Kashmir and Punjab; it is a native 
of Europe, north Asia, and from Scandinavia to the 
Amur; ıb has been exterminated in central Europe, but 
in Asis it still extends as far as the Himalayas. Vulpes 
vulpes is found in Kashmir and Himachal Pradesh. The 
genus Paguma extended in Palaearctic times north from 
the warmer parts of Eurasia to Spain and France; and 
also to Africa, Iran and Afghanistan. Paguma larvata, 
the Himalayan palm civet, is found in Kashmir and 
Punjab’. 

Of the rodentia, Pika (Ochotona) is found in temperate 
Eurasia and western North America. Ochotona royels of 
Kashmir is found in the Himalayas at a height of 11,000- 
14,000 ft. The Himalayan Marmota himalayana and the 
longtaled Marmota caudata are found in Ladakh and 
Kashmir. The Kashmir flying squirrel Eupetaurus 
cinereus is found in Hunza and Gilgit. Flying squirrels in 
the Palaearctic region are found in Eurasia; but these 
are also found in Java, Borneo and the Philippines’. 

Among the ungulates, the Kashmir stag, Cervus hanglu, 
is confined to the Kashmir Valley. The range of Capra 
sibirica, the Himalayan ibex, extends from the Palase- 
arctic to Kashmir, Punjab, Patiala and Himachal Pradesh 
and Hazara. The musk deer Moschus moschiferus, almost 
extinct in Kashmir, is also Palaearctic in origin. Pan- 
thalops hodgsoni, the Tibetan antelope, extends into 
Kashmir, Punjab, Himachal Pradesh and Chen Mo 
Valley. Hemitragus jemlahious is found in Kashmir, 
Punjab, Himachal Pradesh and Sikkim. Ovis amon 
hodgsont, the great Tibetan sheep, has extended into 
Ladakh and Kashmir and then into Punjab and Himachal 
Pradesh; while Ovis amon poli is found only in Hunza. 
The Tibetan yak, Poephagus grunniens, has extended 
only into Ladakh in Kashmir?®)®. 

The birds, so well adapted for flight and able to travel 
between regions, are difficult to investigate with regard 
to distribution. T'yto alba, the barn owl, appears to have 
originated in central Asia and spread throughout the 
world with the exception of New Zealand. Oorvus corax 
tibetanus, the Tibetan raven, has a Palaearctic origin in 
eastern Tibet, from where it extends into Ladakh, and 
thence across Zojila to north Kashmir. Oorvus monedula 
semeringst, the jackdaw, is found in Europe, western 
Asia and north Africa apart from Kashmir, where it 
occurs at heights of up to 12,000 ft. Parus major is found 
in north west Africa, Japan and China. Parus major 
kashmeriensis (the titmouse) is found in Kashmir at a 
height of 7,500 ft., and extends into Punjab and Garhwal?*. 

Ticoderma muraria, the wall creeper, is found in central 
and southern Europe extending into Turkestan, Mongolia, 
Yunnan and the high mountains of Kashmir and north- 
west India. Turdus rubrocanus rubrocanus, the black 
throated thrush, is found in Tibet, from where it has 
extended to Pahalgam, Krishenganga and the Kashmir 
Valley. Siphia hyperythra, the Kashmir flycatcher, is 
found in central and northern Europe as also in northern 
Asia and Kashmir. Ortolus oriolus kundoo is an Indian 
race of the Palaearctic oriole which is found in Europe, 
Asia and Africa. The Scullys red-rumped swallow, Hirundo 
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rufula soullis, is found from southern Europe to Africa 
and across to Japan; it also extends from Kashmir to 
Baluchistan. 

The chukor, Alectoris graeca chukor, is the red-legged 
or Greek partridge which is widespread in Europe and in 
western and central Asia. In Kashmir it is found up 
to about 10,000 ft. Palaearctic examples of Nuctfraga 
multipunctata are reported in the Chumbi Valley of Tibet; 
in Kashmir ıt extends from Chitral and Gilgit to the Valley. 
Both the species of brown dippers found in Kashmir are of 
Palaearoctic origin. Cinclus cinclus kashmertensis is found 
in both Europe and Asia and its main habitat is the 
Tibetan Plateau. Otnclus asiaticus (tenutrosirts) is wide- 
spread from northern and eastern Asia to Japan; in 
Kashmir it is found at heights up to 10,000 ft. 

Troglodytes troglodytes neglectus, the Kashmir wren, is 
conspecific with the English wren and occurs in the 
Kashmir Valley up to 8,000 ft. The Japanese wryneck, 
Jynn torquilla japonica, breeds in an area from Japan, 
Manchuria and central Asia to Chitral and Kashmir. 
Motaotlla ottreola calcarata, the wagtail, breeds in east 
Russia, Siberia, Mongolia and Kashmir™. Neophron 
pernocopterus, the Egyptian vulture, is found in an area 
from southern Europe and Africa to western Asia; in 
Kashmir it is found throughout the Valley, and the 
osprey, Pandion haliaetus, which practically encircles the 
northern hemisphere, is also present. The woodcock, 
Scoplopax rusticola, spreads through northern Europe, 
Asia and Japan into the southern countries of the Asiatic 
mainland; it is common in Pir Panjal from about 7,000 ft. 
The only place where Tetraogallus himalayensis (snow- 
cock) is found outside Kashmir is Pamirs and eastern 
Afghanistan, but T. tibetanus is more widespread. Ibido- 
rhynchus struthersti, the ibis bill, occurs in Tibet, north- 
west China and from Pamirs to Kashmir, at heights from 
6,000 to 8,000 ft. Porphyrio pollocephalus pollocephalus, 
the purple coot, ocours in lakes in Kashmir and has been 
reported in Asia Minor, 

Among the reptiles the lacertilia exhibit interesting 
relationships with different Palaearctic reptiles. The 
geckonid lacertilian Stenodactylus orientalis is found along 
the Mediterranean and in Kashmir; Ptyodactylus homo- 
lepis is found in south China and Kashmir. Of the 
agamids, Agama tuberculata is found in central Asia, 
China, Tibet and Kashmir; Agama agrerensus (together 
with A. himalayana) is found in Ladakh, south China and 
central Asa. The skinks of Kashmir are characteristically 
Palaearctic. Lygosoma himalayana occurs in south China, 
Afghanistan and Ladakh, while L. ladacense is found only 
in south China and Ladakh; Humeces scutata, which 
commonly occurs in the Kashmir Valley, is also found in 
south China}, 

The snakes of Kashmir include Typhlops tenutcollts, 
which is also found in south China. Lycodon septemirtonalis 
is found in Kashmir and the Himalayas. Species of 
Simotes are found in central Asia and Kashmir. Coluber 
hodgsoni is found in the Himalayas of Kashmir, while 
Trepidonotus sanctijohamis occurs in Ladakh, and the 
Viperidae are represented in Kashmir by Vipera labetina 
and Anocistrodon himalayanus, both of which are also found 
across the Himalayas". 

The Palaearctic amphibia, like the reptiles, have repre- 
sentatives in Kashmir. The Ranidae are represented by 
Rana limnocharis and R. pleskit; tho former is found in 
China, south Japan, India, Ceylon and Burma; the 
latter is reported by Stewart in Tibet, but is also known 
in the Chinese province of 8ze-chuem, north-eastern Tibet 
and Tsang and U-provinces. It is reported in Kashmir 
around Lake Garigabal at s height of 11,700 ft.; Nagabal 
at 10,000 ft.; Liddarwat at 9,000 ft.; and Lake Krishen at 
12,063 ft. Microhyla ornata, which occurs in south China 
and northern Indo-China, also occurs in Kashmir. The 
Palaearctic toads in Kashmir are Bufo latasts in Ladakh, 
and Bufo viridis in the Himalayas and Kashmir’. 

The fish fauna of Kashmir has definite Palaearctic 
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elements, among which the endemic fishes of Palaearctic 
regions appear to have come from central Asia to the 
southern slopes of the Himalayas, to which they are now 
restricted, in a region extending from the Kashmir Valley 
to Ladakh. Immigrations appear to have occurred during 
different geological periods. There are least ten! Palae- 
arctic fishes represented in Kashmir. 

The genus Vartcorhinus is found in Transcaucasus and 
the south-western part of central Asia; V. displostomus 
is found in Kashmir. Softothorax, the marinka, is found 
in Palaearctic reservoirs of central Asia from Turkmeni- 
stan and eastern Persia in the west, to the far reaches of 
Mekong and Yangtzekiang in the east. In Kashmir, nine 
species of this poe occur in lakes, slow-running streams 
and rivers; S. intermedius is common to both regions. 
About twenty species of the genus Schizopygopsts are 
distributed in the mountainous reservoirs of central Asia, 
and also in the upper reaches of the Amu Darya (Russia), 
Indus and Brahmaputra rivers, while Schtzopygopsts 
stolizkas is found in Kashmir. 

The genus Dipiychus occurs in Kashmir in the fast- 
running hill streams. The discognaths inhabit the waters 
of western Asia, Abyssinia and the basins of Murgah and 
Tedzhen. Discognathus medestus (Garra) is found in 
streams in Kashmir. Glyptosternum reticulatum, the 
Turkestan catfish, is found in the Palaearctic region in 
the Amu Darya basin, and in 8ye Darya, Indus and 
Yarkand Darya (Tarim); in Kashmir it inhabits rapid 
torrential streams. 

The salmonids are north temperate fishes, of which two 
have been introduced and have established themselves in 
Kashmir; these are the brown trout (Salmo trutia farto) 
and the rainbow trout (S. gairdneri gairdneri). The 
Palaearctic carps, Cyprinus carpio cummunis and O. 
carpio specularis, have recently been introduced and have 
spread throughout Kashmir and are abundant in all waters 
except torrential hill streams’. 

The Palaearctic molluscs are represented in Kashmir by 
races and species of the gastropod Limnaea. L. stagnalis 
is found in the Palaearctic upper waters of the Indus 
and in Chitral, in south and central Europe, but not 
beyond the lowlands of Scotland, where it occurs around 
Edinburgh. The Kashmir race of [imnaea stagnalis 
thrives in Dal, Wular, Achar und other Kashmir lakes. 
Iimnaea stagnalis form minor is found in Srinagar and 
the Shandur pass between Chitral and Gilgit. Limnaea 
lagotis form coniulaia is found in Russia, Turkestan, Leh, 
Harchin in Chitral and the Wurdware Valley in Kashmir 
at a height of 8,500 ft. Limnaea lagotis form striata is 
found in Ganderbal, Achabal and Martand in Kashmir. 
IAmnaea lagotis form solidissima is reported from Lake 
Pangong and from Kashmir. Limnaea lagotis disjuncta is 
found in central Asia and Leh. Limnaea lagotis form 
defilippt is found in Kukernag and in the rice fields of 
Kashmir. Limnaea auricularis is found in the greater 
part of the Palaearctio region and has been introduced 
into the greenhouses of North America; in Kashmir it is 
found in the Wular and Dal lakes. Limnaea truncatula 
(the Galba) is found in European Palaearctic regions and 
has penetrated into India and is found in Chitral and 
Leh. Limnaea valvata is found in Palaearctic parte and 
in Ladakh and Kashmir. Buluminus is a Palaearctic 
mollusc which is abundant in Kashmir. It is known to 
occur as high as 14,000 ft. at Liti Pass in the Himalayas. 
Timaz maximus is reported from Gulmarg in Kashmir. 

Among crustacea, Apus is found in Britain, Europe, 
Algeria and Kashmir. Triops longicaudatus of Kashmir 
was earlier considered a species of the genus Apus. Bran- 
chipus from central Europe is represented in Kashmir by 
an allied genus Eubranchipus. Another Palaearctic genus 
found in Kashmir is Motnodaphnia. 

The insect fauna of Kashmir is a mixture of Palae- 
arctic and Indo-Malayan elements similar to that of the 
north-west Himalayas. Here also the fauna has nival as 
well as lowland distribution. From the Palaearctic point 
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of view, it istthe nival insect fauna which is more important 
because typically Palaearctic elements do not occur below 
2,000 m and consist of Orthoptera, Ephemerida, Pleco- 
ptera, Dermaptera, Trichoptera, Staphylimidas, Tene- 
brionıdae and Carabidae. The typical forms are Anechura 
(Dormaptera); Nysius, Ohlamydatus (Heteroptera); 
Agenum, Amara, Oarabus (Coleoptera); Erebia, Coltas, 
Parnassius (Lepidoptera). The Mediterranean forms are 
typical of the outer Himalayan range such as Dhauladhar 
and Pir Panjal in Kashmir and their extent decreases 
towards the Chinab-Beas sector. In addition to Mediter- 
ranean elements, there are Pamir—central Asiatic elements 
like Conophoma, Gomphomastar (Orthoptera); Agenum 
ladakensis, Bombidion, Nebria, Myotis (Coleoptera); 
Bombus altious, Laptdariobombus (Hymenoptera); 
Saturnia stoliczkanus, Papilio machaon ladakhensis, Par- 
nassius charltenius, P. jacquementii, P. delphius, Colias, 
Pieris, Oallidice, Argynnis and Erebia (Lepidoptera). 

Among the rotifers the same genera can inhabit a varied 
and vast ecological range, which accounts for the blending 
not only of Palaearctic but also of Oriental and other 
regional elements in the fauna of Kashmir. The most 
common forms of rotifer in Kashmir are Brachionus, 
Proales, Hosphora, Macrotrachella, Menobia, Phyllodina- 
vous and Adineta. These forms are equally common in 
Palaearctic regions of Fiji and Hawaii and in the Aus- 
tralan region, and thus extend throughout the Oriental 
region. The vast distribution of similar forms is made 
possible by winter egg-laying; the eggs are in suspended 
animation for long periods and are widely dispersed by 
wind and water. 
ee sponge population of Kashmir is restricted to the 

e8. 
ponderant on the banks of the Nagin and Dal lakes. This 
suggests that central Asian elements have spread down 
into the plains. 

Some conclusions may be drawn from the origins and 
distribution of all these animals. Kashmir is bounded to 
the north, north-east and north-west by the Palaearctic 
region. It lies in the Oriental region, separated from other 
regions by high mountain barriers, and it is for this reason 
that Kashmir is rich in Palaearctic animals. These 
animals must have reached the south face of the Hima- 
layas by crossing the mountain barrier somehow, making 
use of ancient watersheds, rivers, passes, floods, land and 
water movements, and become established first in the 
upper reaches of the valley. The aquatic fauna must have 
arrived from central Asia in stages during the inter- 
glacial periods, and ultimately it has been restricted and 
has become indigenous to the Kashmir Valley. 

Lumbricus, the European earthworm, is restricted to 
Kashmir and is not found anywhere else in the Oriental 
region. Some similar examples are Scutigera among the 


NATURE 


The most common form is Ephydatia, and is pre- . 


DECEMBER 17, 1966 vor. 212 


Myriapods; Hnbranchipus, Triops among the crustaceans, 
and Dytisous among the insects, ın addition to a number 
of nival insects including butterflies and moths. The 
races of some species of Limnaea have a direct relationship 
with Palaearctic races, with little to do with the Orient, 
as is also the case with a mollusc species, Buluminus. 

Among fishes a very clear picture of Palaearctic ingres- 
sion is given by the restriction to Kashmir of Schizothorax, 
Schizopygopsis, Oreinus and Glyptothoraz. The fact that 
the extent of these genera decreases towards the Orient 
and increases towards the Palaearctic indicates the 
direction of their origin. The mature eggs (roe) of the 
marinka (Schizothorax) are as toxic to man in Kashmir as 
in the Palaearctic region, and hundreds of poisoning 
cases occur every year in Russia, central Asia and Kash- 
mir. The amphibian Rana pleskit is found in high glacial 
lakes only, which suggests a Palaearctic rather than an 
Oriental origin. The lizards Stenodactylus, Agama, Lygo- 
soma and Eumenes species, and the snakes Lycodon, 
Colubar and Simotes are also Palaearctic. The birds pose a 
rather difficult problem, since most of them are migratory. 
But species of Phasianus (Kashmir pheasant), Serna 
(Kashmir snow-cock), Tetraogallus (Tibetan snow-cock), 
Syrephies (Tibetan sand-grouse), Cinclus (white-breasted 
dipper), Jynz (wryneck), Oriolus (golden oriole) and a 
Corvus (Tibetan raven) are all definitely Palaearctic m 
their distribution. 

Of the mammals, a few species of Myotis (bats), Martes 
(stone-marten), Mustela (pine-marten), Uncia (snow 
leopard), Lynz, Paguma (civet cat), Ochotona (pika), 
Eupetaurus (flyng squirrel), Oapra (ibex), Pantholops 
(Tibetan antelope) and Poephagus (yak) show definite 
affinities with the Palaearctic mammalian fauna’. 
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BINOCULAR, DIRECTIONALLY SELECTIVE NEURONES, POSSIBLY 
INVOLVED IN THE OPTOMOTOR RESPONSE OF INSECTS 


By Dr. T. S. COLLETT 
School of Biology, University of Sussex, Brighton 
AND 


Dr. A. D. BLEST 
Department of Zoology, University College, London 


Waren placed in the centre of a stmped rotating drum 
many insects will turn to follow the movement, and thus 
reduce the speed at which the pattern travels across the 
eyes. Quantitative studies of this reflex in the beetle, 
Ohlorophanus', suggest a number of properties which the 


sensory neurones mediating the response should have. 
The behavioural experiments considered movement only 
along a horizontal axis and the discussion that follows has 
been limited in the same way. (1) There should be two 
classes of unit, one excited selectively by stimuli passing 
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from the back to the front of the eye, and the second by 
stimuli moving in the opposite direction. Also, 1f the units 
are binocularly sensitive to movement, the direction which 
produces an excitatory response by a given neurone should 
be opposite for the two eyes. (2) The units should be 
sensitive to movement over a wide area of the visual field. 
(3) The responses of the units should show only slow 
adaptation to moving stimuli which persist for several 
minutes. (4) The results suggest that in Chlorophanus the 
units are excited optimally by stimuli moving at about 
101° degrees/sec. 

Binocular units which are specialized as movement 
detectors in that they respond strongly to the movement 
of patterns in a particular direction, and more weakly to 
changes in the level of ilumimation, have been found in 
the optic lobes and prothoracic ganglion of a hawk moth 
(Sphinx ligusiri L.), and the existence of some of these 
properties has been confirmed. 

Unanaesthetized moths were prepared as previously 
deseribed*. The brain was approached dorsally through 
the frons, and as little as possible of the overlying 
tracheation was removed. The ventral nerve cord was cut 
below the subcesophageal ganglion to restrict movement. 
The prothoracic ganglion was approached ventrally and 
the nerve cord cut bilaterally below it, and unilaterally 
below the suboesophageal ganglion on the opposite side 
to the electrode. 

Insulated, electrolytically tapered steel needles were 
used initially as micro-electrodes?, but they were later 
replaced by glass pipettes with diameters of 1—2p at the 
tip which isolated units more easily in the periphery of 
the optic lobe. In the latter site, penetrations were made 
from the inner regions of the lobula as far peripherally as 
the outer margin of the medulla, which receives fibres 
from the lamina and retina. The tracts in the optic lobes 
of insects are, however, so disposed as to make the 
identification of the neurones sampled almost impossible; 
although the responses had latencies which clearly assigned 
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them to higher order neurones, we still do not know how 
many synapses lie between these cells and the receptors. 
All the responses obtained were extracellular. 

Visual stimuli, usually black or white stripes, were pre- 
pared on loops of high-contrast 16 mm ciné film. A 
reversible, variable speed motor drove the film across a 
12 x 15 mm gate, through which the mage was pro- 
jected and focused on to one face of a fibre optic image 
guide. The other end of the guide was placed some 5 mm 
from the compound eye, where it subtended horizontally 
110° and vertically 60° of the visual field. A second loop 
of film driven independently was presented to the other eye 
by another image guide. The stimuli could be made to 
move in any direction by rotating the image guide relative 
to the gate. This system allows the preparation to be set 
up quickly, but it has several disadvantages: (1) The 
faces of the image guides are flat, whereas the surface of 
the compound eye is strongly convex. This means that 
the effective intensity of incident light on the eye is 
greater at its centre than at the margins. In some cir- 
cumstances, spurious directional selectivities can be 
generated by this arrangement. (2) The screen formed by 
the image guide does not encompass the entire visual 
field of the compound eye. It is thus possible that the 
results will be complicated by edge effects? which will vary 
according to the direction and orientation of travel of the 
stimulus. (3) It is impossible to plot accurately the 
receptive fields of the unite. 

In the experiments shown in Figs. 1-3 the pattern was 
composed of alternating black and white stripes extending 
vertically over the whole face of the image guide, with a 
horizontal period of 22°. The intensity of the white stripes 
was approximately 1-5 log ft. lamberts, and the intensity 

-of the black stripe 2-3 log ft. lamberts. The illumination 
was provided by glow modulator tubes emitting blue- 
white light. 

Some fifty binocular units which are directionally 
selectivet were found and held for periods varying from a 
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few minutes to 2 or 3 h. They are excited optimally by 
stripes passing & given eye in one direction (the preferred 
direstion) and inhibited by stripes passing in the opposite 
direction (the null direction). A positive response weaker 
than the response to movement in the preferred direction 
is given to movement in either direction at right angles 
to the discriminated axis. The resting discharges of these 
cells are usually of moderately high frequency (mean 40 
impulses/sec), and both excitation and inhibition can be 
clearly demonstrated (Fig. la, b). 

The preferred direction is the same for thin white 
stripes on a black ground and for thin black stripes on a 
white ground. The use of loops of film with very wide 
stripes (150° or more) showed that in most units both a 
white~black edge and a black-white edge will evoke the 
same directionally dependent nse, 

The receptive fields of the units have not yet been 
plotted; however, some experiments have been per- 
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formed with stimuli held manually, and in other 
experiments different areas of the face of the guide were 
obscured, so that the stripes stimulated either the anterior, 
the medial, or the posterior part of the eye. The resulta 
of these tests suggest that the receptive fields subtend a 
large part of the eye and that all parts of the field are 
directionally selective in the same way. 

The preferred directions of the forty binocularly sensi- 
tive movement units found in the optic lobe are given in 
Table 1. Three tentative conclusions can be drawn from 
the data. First, the majority of units discriminate between 
different directions of movement along a horizontal axis. 
A similar finding has been reported for units in the optic 
tectum of the goldfish’. Second, most discriminating cells 
have opposite preferred directions across the two eyes. 
Third, no cells have been found in which the preferred 
directions acroas the two eyes are at right angles to each 
other. It is unlikely, however, that the units form an 
unbiased sample of the total population. In particular, 
the data are inadequate to decide whether there are 
obliquely discriminating cells. 


Table 1. PREFERRED Dmxorions OF FORTY BINOOULAR DIRECTIONALLY 
SRLBOTIVE UNITS RECORDED IN THE OPTIO LOBE 
Preferred direction across Preferred direction across I teral eye 
contralateral eye Front to back ok to front 
Front to back 5 11 
Back to front 18 by 
Top to bottom Bottom to 
Top to bottom p, 0 3 top 
to top 1 0 


Two classes of unit are sometimes found very close 
together in the optic lobe. In one, the preferred direction 
across the eye ipsilateral to the electrode is from front to 
back, and the preferred direction across the other is from 
back to front. In the second, back to front is the preferred 
direction across the eye ipsilateral to the electrode, with 
front to back the preferred direction across the other eye. 
On one occasion, & unit of each class was recorded simul- 
taneously (Fig. lo, d). From this record it appears either 
that there are inhibitory connexions between the two 
kinds, or that they are fed by & common interneurone, for 
even without stimulation bursts of firing from one unit 
coincide with silence from the other. Inhibitory con- 
nexions between these classes of neurone would clearly 
emphasize differences between the responses to move- 
ment in opposite directions. 

Six out of the nine binocular directionally selective 
units found in the prothoracic ganglion have preferred 
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directions from front to back across the ipsilateral eye 
and from back to front across the contralateral eye. 
None has so far been encountered with preferred directions 
from back to front across the ipsilateral eye and from 
front to back across the contralateral eye. Two of the 
nine units discriminate between different directions of 
movement in the vertical axis. 

In most units the response to slowly moving stripes in 
the preferred or in the null direction is maintained for 
several minutes. With faster movement, the response 
adapta more rapidly. This is shown for one unit in Fig. 2. 
The rapid adaptation of other unite might be the result 
of deterioration. In some instances, however, as it is for 
all the directionally selective units found in the locust®, it 
is probably a normal feature of the behaviour of the unit. 

The after-effects of movement, when epparent, are 
similar to those described in the rabbit retina‘: a reduced 
firing rate after persistent movement in the preferred 
direction, and an increased firing rate after movement in 
the null direction (Fig. 2). Ohlorophanus, on the other 
hand, continues to turn in the same direction as the 
stripes for several seconds after they have stopped moving. 

Fig. 3 shows the response of a binocular unit to different 
speeds of movement in the null and in the preferred 
direction. In all the horizontally discriminating unite 
tested the speed evoking the optimal response is approx- 
imately the same, whichever eye is stimulated and which- 
ever the preferred direction. It is also unchanged if the 
horizontal period of the pattern is increased by replacing 
every alternate white stripe by a black one, and it is 
independent of the contrast of the stripes. Nevertheless, 
the exact shape of the speed-response curve varies con- 
siderably from unit to unit. 

The output of unite with opposite preferred directions 
is clearly suited to control orientation when a moth has 
little forward velocity. More detailed studies are needed 
before it is known whether these units provide adequate 
information to control orientation while a moth is flying 
fast. Units designed to control orientation during fast 
flight might be expected to have preferred directions from 
front to back across both eyes, and to fire most strongly 
to speeds which differ for the two eyes. The optimum 
speed of only one unit with these preferred directions has 
been measured, and it is the same as the optimum speeds 
of the commoner units with different preferred directions 
across the eyes. 

The behaviour of these units in many respects corre- 
sponds well to the response of a whole insect to moving 
patterns. However, one of the findings on Chlorophanus* 
is puzzling: a pair of horizontally adjacent ommatidia is 
made to receive one of the following four different stimulus 
patterns. (1) The amount of light reaching the left 
ommatidium ıs raised (an “on” stimulus) and after a 
short delay the right ommatidium also receives an “on 
stimulus. (2) The amount of light reaching the left 
ommatidium is lowered (an “off” stimulus) and after a 
delay an ‘‘off” stimulus is presented to the right omma- 
tidium. (3) The left ommatidium receives an ‘“‘on” 
stimulus and after a delay the right ommatidium receives 
an “off” stimulus. (4) The left ommatidium receives an 
“off” stimulus and after a delay the right ommatidium 
receives an ‘‘on” stimulus. The first two conditions are 
equivalent to a black-white edge and a white—black edge 
respectively moving from left to right. As expected, the 
beetle, if stimulated by either of the first two patterns, 
turns to the right and so follows the sequence of changes. 
If given either of the second two patterns, however, the 
beetle turns to the left. Thus patterns 1 and 2 seem to 
excite neurones with preferred directions from left to 
right, while patterns 3 and 4 excite preferentially neurones 
with the opposite preferred directions. 

These results might be in part explained as follows if a 
mechanism of directional selectivity is postulated which 
is analogous to that suggested for the rabbit‘. In this 
case a directionally sensitive unit would be fed by an 
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array of cells each of which, let us say for convenience, 
collects from the area subtended by one ommatidium. 
Lateral inhibition would then extend in the null direction 
between adjacent cells, and stimuli travelling in the null 
direction would have an inhibitory effect on the move- 
ment detectors. If this is the real mechanism, the results 
summarized in the previous paragraph imply that there 
must be two mdependent systems of lateral inhibition, 
one extending between cells excited by “on” stimuli, the 
other between cells excited by “off” stimuli. Both ‘cells 
excited by “on” stimuli and cells excited by “off” stimuli 
(“on” and “off” units) would then feed into the movement 
detectors. 
It is known that at some level in the visual system of 
Sphins there are reciprocal inhibitory interactions between 
“on” and “off” unite®. If these interactions are also found 
in Chlorophanus and are at the same level at which 
movement analysis takes place, the input connexions of a 
movement detector with the preferred direction from right 
to left would be as shown in Fig. 4. When the left hand 
“on” unit feeding the movement detector is excited by an 
“on” stimulus, the neighbouring “off” unit to the right will 
be disinhibited. Therefore, if the “off” unit on the right is 
excited by an “off” stimulus during this period, its output 
will be enhanced. In this way an alternating sequence of 
“on” and “off” stimul travelling across the eye from left 
to right could excite movement detectors which have 
preferred directions from right to left. 


rr 


—— 
Preferred direction 


Fig. 4. Soheme giving possible connexions between a horizontal row of 

“on” and “off” units and a movement detector with preferred direction 

from. t to left. Open circles represent aon unite, filled circles “oft 

units, citatory connexions are shown by arrows, inhibitory con- 

nexions by bars. Possible interneurones m ting connexions between 
“on” and “off” cells are not shown. 


A model so far removed from the data should not be 
taken. too seriously until more information is available. It 
must be emphasized that at present we have no real 
evidence that the mechanism of directional selectivity ın 
insects is an inhibitory one. The possibility of inhibitory 
connexions between movement detectors with opposite 
preferred directions prevents us from drawing any con- 
clusions from the greatly reduced firing rate which results 
from movements in the null direction. 

We thank C. Atherton for photographic assistance, and 
W. R. A. Muntz for his criticisms of an earlier draft of 
this paper. Financial support came from the U.S. Public 
Health Service and the Science Research Council. 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Relation between the Red-shifts of 
Quasi-stellar Objects and their Radio 
Magnitudes 


In a previous letter? we showed that ın a sample of thirty 
identified quasi-stellar objects no sensible correlation 
exists between red-shifta z and radio fluxes S, though a 
log N-log S plot of these same objects gives a slope com- 
patible with the usual radio source counts. We therefore 
stated: “Thus if we adopt the usual distance-volume 
interpretation of the result NS?!? s constant, we must 
conclude that the red-shifts have nothing to do with the 
distance”, A number of authors have criticized this con- 
clusion*“, not on the basis of our actual statement, but 
apparently on what the authors have read into our letter 
on their own account. Thus Longair? begins: “Hoyle and 
Burbidge have recently examined the red-shifts of a 
number of quasi-stellar radio sources, and have plotted 
their radio flux densities (S) against red-shift (z); they 
conclude that the results are inconsistent with a cosmo- 
logical interpretation of these red-shifts”’. 

Next, Sciama and Rees? say: “A similar diagram was 
constructed by Hoyle and Burbidge, who claimed that 
the absence of a clear correlation between small S and 
large z shows that red-shift has nothing to do with dis- 
tance. We shall see that this claim is not necessarily 
correct”. 

Finally, Roeder and Mitchell‘ begin: “Hoyle and Bur- 
bidge have recently expressed the opinion that the red- 
shifts found in the spectra of the quasi-stellar objects are 
not related to distances”. 

Obviously, all three quotations misrepresent us. We 
said that if the usual distance—volume interpretation is 
assumed, the red-shifts have nothing to do with distance. 
Our statement can be inverted to the form: if the red- 
shifts are related to distance in the usual cosmological 
sense, then the distance—-volume interpretation of NS3/ts 
constant must be abandoned for the sources in our par- 
ticular sample. Consider the sources in a shell between r 
and r+ dr. Provided these sources have an intrinsic 
scatter in their radio emission they will exhibit a log N — 
log S curve. If all such shells have the same log N—log S 
curve, then summation of all shells will give a curve 
related to intrinsic scatter, not to distance. This is the 
point made by Bolton’. It must be noticed, however, that 
in order that all shells give the same log N—log S curve 
it is necessary for the average emission to vary in a special 
way from one shell to another. This, indeed, 1s the sug- 
gestion of Longair* and of Roeder and Mitchell‘. It 
requires the average emission to be a function of r and 
hence of the epoch. Such an interpretation is evidently 
in disagreement with the strict steady-state theory?. 

While one can certainly express a personal preference 
for this latter form of argument, it is overstating the case 
to claim support from it for one cosmology or another. 
It appears to us that all these discussions are predicated 
on the cosmological interpretation of the red-shifts of the 
quasi-stellar objects, in the sense that this interpretation 
is taken as axiomatic. Conclusions following from it are 
accepted, essentially whatever they may be, because a 
non-cosmological interpretation is taken to be out of the 
question. In fact, the issue is an open one. The difficulties 
of the problem, both observational and theoretical, lie in 
deciding between the cosmological and the “local” inter- 


pretation, not in seeing the implications of either one of 
them by itself. Throughout our work on this subject*.? 
we have been concerned to cover both sides of the problem, 
rather than to concentrate on one half. By doing so we 
have been able to place mutations on the kind of model 
required in the cosmological case, as well as in the “local”? 
case. This may be seen, for example, in the model devised 
to explain the radio variations in 30 273B (ref. 6), and in 
our discussion on the lmitations placed on possible models 
by the inverse Compton effect’. 

This work has been supported in part by grants from 
the U.S. National Science Foundation and in part by the 
U.S. National Aeronautics and Space Administration. 
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Inverse Compton Effect in Quasi-stellar 
Sources 


Hoyle, Burbidge and Sargent} have discussed a model of 
the quasi-stellar source, 30 273B, in which the optical 
emission is synchrotron radiation from relativistic electrons 
moving in a magnetic field. Some of the synchrotron 
photons will interact again with the relativistic electrons 
through the inverse Compton effect and their energy will 
be increased. In the model chosen by Hoyle et al., the 
electrons lose about 10* times as much energy in the 
Compton process as in the synchrotron process. The 
authors consider that this result is anomalous because the 
photons which take part in the Compton process have 
themselves come from the synchrotron process; they 
point out that the photons can undergo successive Comp- 
ton collisions and that this could apparently lead to a 
divergence in the energy radiated by the source. Conse- 
quently, Hoyle et al. have rejected this particular model 
of 3C 273B. 

The purpose of this report is to show that the Compton 
losses can be greater than the synchrotron losses and that 
there need be no divergence in the power radiated. This 
model of a quasi-stellar source does, however, impose 
restrictions on the source of the relativistic electrons. 

Consider a spherical object of radius R in which there 
are n relativistic electrons per cm?, each with energy H. 
Let k be the energy of a photon before, and k’ be its 
energy after, a Compton collision with a relativistic 
electron. When 

kE < (mc*)* (1) 
(which is the condition that, in the rest-frame of the elec- 
tron, the interaction appears as Thomson sesttering) the 
energy of the photon will be increased by a factor g, where* 


15 aaa) @ 


`~ 
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The fraction, A, of synchrotron photons which suffer a 
Compton collision before escaping from the object is 
given by? 


AgsnokR (3) 
where o is the Thomson cross-section. Thus, provided 
gA >} 
that is 
47H 
5 (=) noR>l (4) 


the energy emitted from the Compton process will be 
greater than that emitted from the synchrotron process. 
The same fraction, A, of the Compton photons may 
interact a second time with the electrons and gain further 
energy, and this process can be repeated. But, when 


kE > (me*)* (5) 
(which is the condition that, in the rest-frame of the elec- 


tron, the interaction appears as Compton scattering and 
not Thomson scattering) the equations for g and A become? 


gr Elk (6) 


a) (7 


and the value of (gA) decreases. Eventually, either 
kewE and the photons will cease to gain energy from 
collisions, or 


AsnRa 


kE >> 187 (mo?) (8) 
and the photons undergo pair-creation in the collisions 
and feed energy back into the electron component. Thus, 
successive collisions do not lead to a divergence in the 
energy radiated from the object. 

In the quasi-stellar source the energy losses of the 
electrons are high and their lifetimes are short. In the 
model considered by Hoyle et al.! the lifetime of the 
electrons against synchrotron radiation is chosen to be 
about 3 x 10* sec—the characteristic period for the fluctua- 
tions in the optical flux from 30 273B. The Compton 
losses, however, are 10° as large as the synchrotron losses 
and the actual lifetime of the electrons is only about 
30 sec. In this model it is therefore impossible to assume 
that the dimensions of the source are defined by the life- 
times of the electrons. 

It is interesting to consider the maximum lifetime which 
electrons could have in 30 273B. The half-life of electrons, 
te, is given by 

E 
= BaP, (9) 
where P, is the power loss by synchrotron radiation and 
Pe is the power loss by Compton collisions. These power 
losses are given by 


P, = 4x 10- H*H* MeV/sec 


Te 


(10) 


(11) 


and 
P. =4x10* E*(4nU,) MeV/sec 


(kE < (mc*)*) 


where Æ is the electron energy in MeV, H is the magnetico 
field intensity in gauss and U, is the density of optical 
photons in ergs/em*. We shall assume a value for the 
radius, R, and the distance, D, of the source; these values, 
together with the measured luminosity, will define the 
density of photons, U.. 

The frequency, v, of the synchrotron radiation is given 
b 

T v ~ 107 E'H cjs (12) 
Substituting for P,, Pe and # in equation (5) and putting 
væ 1014 c/s, we find 


te f 8x 10t (H313 + nU, H-4)- seca (13) 


To find the maximum value of t we put dt/dH = 0. 
The maximum value occurs when 
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H! = = Uy (14) 
At vw10" o/s, the flux, s, received at the Earth from 
30 273B is about 10-1° ergs/em*sec (ref. 3). If we 
assume that the distance, D, is 1-410? em, and that 
the radius, R, is 3x 10! cm, we find 


43 
3 
Re ~ 30 ergs/em 


From equations (9) and (10) the maximum value of the 
electron lifetime is 


pees (16) 


Tmax FY 500 sea 


and from equation (12) the energy of the electrons is 
about 1,000 MeV. A Compton collision between such an 
electron and an optical photon will produce a gamma ray 
of about 2 MeV. In calculating the result of a second 
Compton collision between the photon and an electron it 
isn to use the values of g and A for the case when 
kH > (mc*)*. We find that while in the first collision 
g Ars3, in the second collision gAa10-" and there is no 
possibilty of a divergence in the energy loss by Compton 
collisions. 

The short lifetime of the electrons implies that their 
source must be distributed throughout the object. One 
possible source is the decay of charged pions created in 
collisions between high energy protons and the gas in 
3C 273B. The protons, which have smaller radiation losses, 
could all originate in the centre of the object; in & gas 
with a density* of 107 atoms/cm’, the protons would have 
a lifetime against nuclear collisions of about 10° sec. 
The decay of neutral pions created in the nuclear collisions 
would lead to an energy flux in high energy gamma rays 
approximately twice as great as the power being fed into 
the high energy electrons. The relationship between H 
and U, given in equation (14) for the case when the 
electron lifetime is a maximum implies U, = 6U g, where 
U, and Uy are the energy densities in the optical photons 
and in the magnetic field, respectively. We do not know 
the strength of the field in 30 273B, but if we write U, = 
«Uy, then the Compton losses for the electrons will be 
2a times as great as the synchrotron losses. We then 
arrive at the relationships 


F, = 2aF. (18) 
Fa x 2F, (14+ 2a) (17) 


where F., Fc and Fg are the energy fluxes from 30 273B 

in the form of optical photons, Compton scattered photons, 

and high energy gamma rays, respectively. For cal 

the Compton scattered photons lie in the low energy 
ray region of the spectrum. 

At the Earth the optical flux from 30 273B is about 
10-1° ergs/cm? sec. No experimental results have been 
reported on the fluxes of either high or low energy gamma 
rays from 30 273B. Adams et al.* have shown that the 
low energy gamma ray flux from the quasar 3C 286 is 
less than 6 x 10 ergs/cm? sec, and Ogelman et al.* have 
shown that the high energy gamma ray flux from a number 
of quasars is less than 2 x 10 ergs/em* sec. It seems that 
in the near future it will be poasible to test the relationships. 
in equations (16) and (17), and to derive a value for «. 

The fluctuations observed in the optical flux imply 
variations in ether the density of the high energy electrons 
or the strength of the magnetic field. Two possible causes 
could be distinguished. 

(1) Variations in the gas density or in the flux of high 
energy protons. These variations would change the rate 
of production of relativistic electrons, and fluctuations 
in the fluxes of both the high energy and the low energy 
gamms rays would accompany the optical fluctuations. 

(2) Variations in the strength of the magnetic field. In 
this case only the low energy gamma rays would vary 
with the optical flux. 
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Angular Sizes of Quasi-stellar Radio Sources 


In a recent survey with an interferometer at 2,695 Me/s', 
it was found that most of the quasi-stellar radio sources 
which have large fluxes at this frequency are unresolved, 
indicating sizes which are less than 3°. The survey has 
now been extended to include all objects in Wyndham’s 
list? that are possible quasi-stellar objects, as well as a few 
other sources with well established identifications. Most 
of the sources in the second survey have smaller fluxes 
and are resolved, with sizes ranging from 5” to 70”. 

The observations were made with the two-element 
interferometer of the National Radio Astronomy Observa- 
tory, operating at 2,695 Mc/s with a spacmg of 16,000 
wavelengths. Each source was observed for 20 min at 
intervals of about 2 h, giving five or six samples of the 
full track of 12 h. Most sources were observed on three 
different days. The system gain and phase were calibrated 
by reference to 30 48, 147, 286 and 345, which were 
assumed to be unresolved. The internal root mean square 
error m the observed amplitude for one period of 20 min 
is typically 0-05 flux unit, where a flux unit is 1x 10-* 
Wm (c/s)-1. 

A few of the sources have visibility amplitudes which are 
independent of hour angle; these sources are unresolved, 
and accurate positions are to be determined for them. 
The rest of the sources have visibility amplitudes which 
vary by a factor of two or more with hour angle, indicating 
that they have complex structure. Models have been 
fitted to the data, following the procedure described by 
Clark and Hogg!. In general, the sources are double. A 
more detailed deacription of the data and of the proposed 
models will be given elsewhere. 

In order to minimize the possibility of miadentification, 
only those sources with measured red-shift will be included 
in the following discussion. Most of the red-shifts have 
been taken from the summary of Burbidge, Burbidge, 
Hoyle and Lynds*. The remamder have been measured 
by Schmidt‘. Of the sources with known red-shift, the 
following have been observed with the National Radio 
Astronomy Observatory interferometer. 

Fig. 1 shows a plot of the angular size of the radio 
sources as a function of the flux at 2,695 Mc/s. The angular 
size is taken to be the half-width if the source is a simple 
Gaussian or, the more common case in these data, the 
separation between the components if the source is a 
double. The sizes of the smaller sources which are un- 
resolved in the present work have been taken from Adgie, 
Gent, Slee, Frost, Palmer and Rowson*. The arrows 
denote sources for which only an upper limit to the size 
has been measured. The dashed line connects the two 
points which have been plotted for 30 278, one point 


Table 1 

309 80 196 30 261 80 288 30 880 

47 204 263 287 432 

48 207 268-4 288-1 446 
188 208 2701 298 4 
147 232 278 309-1 MSH 18-0" 
181 245 275-1 828-1 OTA 102 
188 240-1 278 3886 0106 +01 
191 254 280-1 845 
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corresponding to the separation of the A and B com- 
ponents, the other corresponding to the separation of the 
close double source within component B. 

There is a clear trend for the sources with large flux to 
have small diameters, while the faint sources have been 
resolved. Of the sources with flux greater than 2 units, 
only 30 196, 30 273, and 30 380 have sizes greater than 
4", Of the sources with flux less than 2 units, only 30 
186, 30 232, 30 454, and 0106+ 01 remain unresolved. 

There are selection effects which might enhance this 
relation. The most serious is that the majority of the 
identifications have been drawn from the 3CR catalogue, 
which has a lower flux limit of nine units at 178 Me/s. 
This cut-off corresponds to a limiting flux at 2,695 Mc/s of 
three units, if the spectral index is — 0-4, and one unit if 
the index is — 0-8. Since in general the small diameter 
quasi-stellar sources have flat spectra over some part 
of the radio frequency spectrum‘, the sample in Fig. 1 
will have few small sources with fluxes at 2,695 Mc/s in 
the range one to three unite. Conversely, since the 
sources with large diameters have indices of about — 0-8, 
the sample is more complete, at least to one flux unit. 
The trend in Fig. 1 therefore indicates that there is a 
real absence of large diameter sources with high flux. 

On the assumption that the measured red-shifts are 
indicators of distance, the observed quantities may be 
converted into radiated power and linear dimension. For 
example, if the cosmological constant is taken to be zero, 
and the deceleration parameter to be +1, then the linear 
dimension D, in parsecs, is related to the apparent angular 
dimension 6, in seconds of arc, by 


=15x1lo# Z 
D x (Fz li] 
For the same world model, the monochromatic power 
P(f.), in ergs sec- c/s- emitted at frequency fe, is related 
to the flux S(f,), in flux units, observed at f, by 
z1 


P(fe) = 1-7 x 104 





z Su) 
where 
Je=(1+2)fo 


The computations have been made for an emitted fre- 
quency of 3,000 Mc/s, which was chosen so that the 
observed frequency f, would lie in the range 1,000- 
2,600 Mo/s, where these sources have been well observed. 

Using the above model, the power emitted at 3,000 
Mejs and the linear size for each source have been com- 
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puted and are shown in Fig. 2. Again the stronger 
sources have smaller dimensions than the weaker sources. 
There is a large scatter in size for a given luminosity, 
which might in part arise from projection effects. For 
example, if the axes of double sources are randomly 
oriented and if for a given luminosity all sources have the 
same component separation d, then two-thirds of the 
sources would have apparent separations between 0:5 d 
and d. Since the scatter is larger than this. there must 
also be a dispersion in the intrinsic sizes of the sources. 
This conclusion is supported by the example of 30 273, 
in which the separation of components A and B is fifty 
times that of the small double within B. 

Fig. 2 also shows the relationship between the spectra of 
quasi-stellar sources and their sizes. A spectral index 
has been derived from the fluxes at 1,400 and 2,695 Mejs. 
Those sources with spectral indices greater than — 0-5 are 
indicated by filled circles, and those with indices less than 
— 05 by open circles. All the large sources have steep 
spectra. Among the smaller sources there is a dispersion 
of indices; it is clear, however, that if a source has a flat 
spectrum, it will be small. 

I thank K. Kellermann and I. Pauliny-Toth, who 
provided the 2,695 Mc/s fux densities, and 8. von Hoerner 
for his helpful comments. The models for three of these 
sources were provided by B. G. Clark. 
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Role of Acceleration in Relativistically Expanding 
Objects and its Significance for the Intensity 
Variations in Quasti-stellar Sources 


Raurs: has discussed the appearance of relativistically 
expanding objects as seen by distant observers, with a 
view to explaining the variation of flux from radio sources. 
There he considers a spherical shell expanding with a 
uniform radial velocity v~o. The apparent radius of the 
source at time fı measured from the moment when the 
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expansion is seen to begin, is yvt,, where y= (1 —v?/o*)-1"? 
The Doppler blue-shift, measured as the ratio of frequency 
observed to frequency emitted, varies from y on the limb 
to y[1+/c] in the centre. The effect of special relativity in 
Rees’s model is to cut down the apparent time scales, 
in the cases where yv is greater than c. Tho actual varia- 
tion of flux is obtained from an astrophysical model. Such 
a model might work for radio variations, but not for 
optical variations of quasi-stellar sources. 

The purpose of this communication is to point out the 
effect of acceleration in a relativistically expanding 
object. As the following calculations will show, the front 
part of the object has ‘a rapidly rising blue-shift which 
could cause a sudden rise in the observed intensity of the 
source. Since this is a pure Doppler effect it could work 
in optical as well as radio frequency range. 

Consider a sphere with centre S, expanding radially 
outwards. Let r(t) denote the radius of the sphere at 
time t after the expansion started, ¢ being measured in the 
rest frame of S. The effects of the expansion of the 
universe (if any) will be neglected in the present calcula- 
tions. The locus of points on the object from which 
radiation reaches a distant observer O at reat relative to 
S at the same time is a surface of revolution about SO. 
The section of this surface through SO is a curve given by 


t= TË cos 6 =t (1) 


where ?, is the time elapsed since the expansion was seen 
to begin and @ is the angle measured from SO of the 
velocity of ejection from S. At any given tẹ equation 1 
determines r as a function of 8 for any specified r(t). A 
simple calculation shows that the apparent radius of 
the limb, that is, the maximum value of r sin 9, is given 


by 
ro=r(O)ly()]7 (2) 


where 
y(é) = (1 — v/o) 13, v= = (3) 
and ¢ in r(t) is determined from 
5 ae = te (4) 


The corresponding value of 6 is given by 
cos 84= v(2)/e (5) 
If the object is opaque, only those parts the velocity of 


which makes an angle less than 0, with SO will be visible. 
The apparent rate of increase of the limb radius is 


dre 
a = Yee) (6) 


In the case considered by Rees, v(t) is constant and these 
results are much simplified. 

So far, the form of the function r(t) has not been speci- 
fied. In the case of uniform acceleration from rest r(t) ia 
given by 


re) = F +o] (7) 


Here f is the acceleration defined in a relativistically 
invariant way. 
The substitution of this 1 in equations 2—4 gives 


v(t) = TERT = fta (8) 
=F {l1-(1 —frtifot)2/*] (9) 


Thus uniform acceleration cannot be observed from O, 
for t, is greater than c/f by the rays coming from the limb. 
The blue-shift varies from y at the limb to y7(1+/o) in 
the centre. The blue-shift varies more rapidly from the 
limb to the centre than in the case discussed by Rees 
because the centre is observed at a later stage of the 
expansion than the limb. 
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As t, approaches o/f (that is, as the velocities become 
highly relativistic) the blue-shift rises very rapidly, for 
from equation 8 we get 


d t 
Y- Ce -peja (10) 

Consider now an object emitting jets of particles which 
have been uniformly and simultaneously accelerated from 
rest. If the acceleration continues up to relativistic 
velocities, such a jet would exhibit a rapidly rising blue- 
shift to an observer facing it. The effect of this blue-shift 
is to increase rapidly any flux of radiation emitted by the 
particles, whether in the optical or in the radio range. 
The effect ia one of acceleration—not of velocity—and 
will discontinue once the acceleration has ceased. 

I thank Professor F. Hoyle for useful discussions. 
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PLANETARY SCIENCE 


Spectral Types of Decametric Radiation 
from Jupiter 


Exprrienrs relating to the spectral fine structure of 
decametric radiation from Jupiter have been described”. 
During the opposition of the planet in 1965 the high- 
resolution spectral experiment was repeated. The mam 
equipment was the 14-channel spectrograph’ with channel- 
to-channel spacing of 50 ke/s and a frequency centred on 
19-1 Mc/s. Some modifications were made to the antenna 
and display system so that the recording time constant 
was approximately 40 msec. I operated the spectrograph 
for 3-4 h each night from October 1 to December 31, 
1965, at the Radio Astronomy Station of the University 
of Helsinki. 

The new results support the earlier ones. There are 
indications of three types of dynamic spectra of high 
resolution and there are also bursts which have bandwidths 
of the order of 50 ke/s. 

The most common type of spectrum is a structure with 
practically no details. It can appear as a smooth, vertical 
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or alightly tilted bar in spectra where the horizontal scale 
represents time. Typical bandwidths are 0-5 Me/s or more 
(the working range of the present spectrograph is 650 ke/s) 
while the duration of the spectra are a few seconds; 
bursts lasting up to 1 min are less frequent. 

The second spectral type has more details. It is com- 
posed of bursts which often have bandwidths of the order 
of 50 ke/s. The duration of mdividual bursts is of the 
order of 1 sec. Such a spectrum has the appearance of an 
irregular group of flecks and patches. 

The third type is very complex. It is composed of 
pulses which may have bandwidths down to 50 ke/js, 
while their duration often goes down to the time resolution 
limit of the equipment. The pulses can recur at intervals 
ranging from a fraction of a second to several seconds. 

In this report these three spectral types are classified 
as A, Band S, respectively. This is slightly different from 
my earlier classification’. The type A emission occurs 
most often when the principal source, or source A, is 
ın the central meridian; similarly the type B emission 
seems to favour the situation of source B in the central 
meridian. The source designation is that of Carr et al.*. 
The S type is probably the same as the phenomenon called 
S pulses by Gallet‘ on the basis of single-frequency 
observations and the same as the “spitting” noise (because 
of its aural characteristics) of Carr et al.5, also on single- 
frequency observations. Typical spectra of types A and 
S are reproduced in Fig. 1. 

In Fig. 2 the number of events is shown as a function of 
System II central meridian longitude. Activity, wre- 
spective of its duration, is counted only once for each 5° 
interval in the central meridian. The S profile seems to 
have two sources separated by approximately 180°. 

In Fig. 3 the number of events is plotted as a function 
of To’s longitude on System III. In this plot the A profile 
is broader, the B profile narrower, and the two sources 
of the S profile merge together, if compared with Fig. 2. 
If the plot is made in a third way as a function of Yo's 
longitude measured from its geocentric conjunction, as 
introduced by Bigg‘, the S profile shows two sources. 

One of the possible reasons leading to the similarities 
of B and S profiles could be the insufficient resolution in 
time. A very dense S type emission could remain un- 
resolved and, if confined to a narrow band, may appear 
aa type B. 

This experiment strongly suggests that there may be 
considerable variations in the bandwidth properties of 
Jovian decametric bursts. It is therefore doubtful whether 
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classification of the bursts could be made on the basis of 
their duration only, as has been the trend in the current 
literature. Also records obtained at relatively widely 
spaced fixed frequencies may not give a true picture of the 
radiation unless the spacing between the adjacent record- 
ing channels is of the order of 50 kejs. It is therefore 
suggested that the classification of radio bursts from 
Jupiter should be based on the characteristics of their 
high resolution dynamic spectra. 


J. J. ROHMAA 


Radio and Electronics Laboratories, 

Institute of Technology, 

Helsinki, Finland. 
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Fireballs associated with the Barwell 
Meteorite 


Srvcz we reported: the fireballs associated with the 
moteorite fall at Barwell, Leicestershire, on December 24, 
1965, further information has accumulated which permits 
a slight extension of the conclusions reached there. Our 
original report explained that the observations indicated 
the existence of two fireballs (possibly resulting from a 
fragmentation in the upper atmosphere) which passed 
over the South Midlands in a north-north-cast direction 
on roughly parallel tracks. The more westerly of the two 
fireballs (which we denoted by track A) fragmented again 
over the Gloucestershire~Warwickshire border. 

The additional data now available imply the existence 
of a further fireball with a track approximately parallel 
to the other two, but some 30 km to the west of track A, 
thus passing slightly to the west of Bristol. Some of the 
eighteen observations which have been considered in 
deriving this track are rather fragmentary, but, on the 
whole, the descriptions agree reasonably well. They 
suggest that the fireball was bluish-green in colour, perhaps 
with a short, yellowish tail. 

It is significant that no sound effects seem to have 
accompanied its passage. This suggests that only a small 
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fragment was involved, which probably burnt up com- 
pletely in the atmosphere. Some observers also noted that 
the fireball shed sparks along its track, which imphes'that 
it disintegrated further during its flight. It 1s worth noting 
that the fireballs described in our previous paper were also 
said to shed sparks by some witnesses. This suggests 
that they, too, were subject to minor fragmentation. It is 
possible that some of the anomalous sightings which were 
reported may have been the tracks of these smaller 
fragments. 


H. Q. Mies 
Lanchester College of Technology, 
Coventry. 

A. J. MEADOWS 
Astronomy Department, 
University of Leicester, 
Leicester. 
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Potassium-Argon Ages of Slates from the 
Southern Caledonides of the British Isles 


Tue Caledonian orogenic event in Britain is divisible 
into a number of episodes of deformation and recrystal- 
lization!. In the low grade Caledonian metamorphic 
belt (here referred to as the “Southern Caledonides’’) 
which lies to the south of the Scottish Highlands and 
includes its continuation south-west into Ireland, there 
is a considereble amount of structural and stratigraphic 
evidence for the episodic nature of the Caledonian oro- 
geny**. Potassium—argon ages have been obtained from 
several members of the magmatic sequence ın North 
Wales*:?, but recent investigations in S.W. England* 
and in the Scottish Dalradians® have demonstrated the 
advantages of using whole-rock samples of low grade 
metamorphic rocks to date episodes of deformation and 
recrystallization in orogenic belts. This latter approach 
has now been extended to the Southern Caledonides and 
the results of a preliminary investigation involving twenty- 
eight samples are reported here. The analytical data are 
presented in Table 1 and the geographical distribution of 
ages is shown in Fig. 1. Details of analytical techniques 
and precise sample localities are given elsewhere’. 

The average age of twenty-six samples is 411 x 10° yr, 
but the numerical spread of the ages (470 x 10° to 360+ 108 
yr) is much greater than that expected through analytical 
uncertainties alone (+10x10* yr), so that the observed 
spread of ages is regarded as having geological rather 
than analytical significance. Variations in the measured 
ages caused by mineralogical factors are minimal as all 
the whole-rock samples are from low grade metamorphic 
slates with monotonously simular mineralogy. The measured. 
ages are thus divided into four groups (see Table 1) on 
the basis of ther numerical distribution. An error (2c) 
is assigned to the average of each of three groups based 
on the observed spread of ages within the group. 

The youngest ages were obtained from six slates from 
North Wales, Isle of Man, and Co. Mayo (Nos. 83, 85, 
86, 89, 104, 105). These rocks yielded potassium-argon 
ages in the range 360 x 10° to 387 x 10° yr. Biotite from the 
Dhoon granite on the Isle of Man gave an age of 370 x 10* 
yr. Similar ages (365 x 10%, 360x 10° yr) have been re- 
ported from granites at Galway and Weardale", although 
older ages ranging up to 405 x 10* yr for granites in the 
Southern Uplands'*, Lake District'**, and at Leinster? 
indicate prolonged intrusive (and/or metasomatic) activity 
in the Southern Caledonides. More recent age work on 
the Galway’ and Weardale!* granites suggests that these, 
too, may have been emplaced before 360 x 10° to 375 x 10 
yrago. Structural relationships on the Isle of Man?’ show 
that the Dhoon granite post-dates the first (#,) move- 
ment phase and was intruded at the beginning of the 
succeeding (F,) phase. Thus the 370x10* yr age on 
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biotite is regarded as the best estimate of the time of the 
F, movement on the Isle of Man. Although two slate 
samples (Nos. 85 and 86) from the Isle of Man have been 
strongly affected by F, and F, strain-slip deformation 
respectively, their potassium-argon ages cannot be 
distinguished, so that F, and F, fold movements on the 
Isle of Man may both have occurred within a relatively 
short period of time. Other slates from North Wales, 
Isle of Man and Co. Mayo, which give ages 373 x 10° to 
387 x 10° yr, do not show any indication of strain-slip 
deformation, suggesting either that the ages are the result 
of argon loss under the influence of heat associated with 
granitic intrusion, or that the style of deformation at 
this time varied from place to place throughout the 
Southern Caledonides. 

A Cambrian slate (84) from the east coast of the Isle of 
Man, lying outside the prophyroblast beltt and unaffected 
by F, or F, gave an age of 415x10* yr, and similar 
ages (417x 10° to 414x 10° yr) were obtained from two 
Cambrian slates (91, 92) from the Nantlle slate belt and 
from an Ordovician slate (88) from the Berwyn Dome in 
North Wales. Somewhat younger ages (405x 10° to 
398 x 10° yr) were obtained from Ordovician slates from 
the Lake District (102), Cross Fell (103), Nantperis (90) 
and Blaenau Ffestiniog (109) in North Wales, and from a 
Cambrian slate (94) from Llanbedr in the Harlech Dome. 
If all these slate ages in the range 417 x 10° to 398 x 10° yr 
are regarded as dating a single cleavage event, the average 
of nine determinations, 408 x 10°+7x10* yr, is not m- 
consistent with stratigraphic evidence! for an event 
occurring at the end of the Silurian. Potassium—argon 
and rubidium-strontium data’! support @ similar date 
for the time of emplacement of the Tan-y-grisiau intrusion 
in North Wales. 

Whole-rock potassium—argon ages in the range 454 x 10* 
to 427x10° yr were obtained from nine other slates 
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from the Southern Caledonides. The average of nine 
determinations—437 x 10§+9x 10" yr—is clearly earlier 
than the late-Silurian cleavage event at 408 x 10°+7 x 10° 
yr and is similar to ages obtained from Dalradian biotites 
in the Northern Caledonides; however, some of these 
older potassium—argon ages from the Southern Caledonides 
(95, 96, 101) appear to be older than the stratigraphic 
ages assigned to the sample. Although excellent slaty 
cleavage 1s developed in samples 93, 101 and 106, the 
cleavage in other samples (97, 99, 108) is only poorly 
developed, and in these the influence of detrital argon 
cannot be ignored. Two other samples (95, 96) were 
collected from disused quarries and may have suffered 
potassium leachmg. In order to check the influence of 
detrital argon on the apparent potassium—argon ages of 
wholly unreorystallized sedimentary material in North 
Wales, a sample of unmetamorphosed Upper Llandovery 
shale (98) from the Welsh Borderland was dated. This 
shale contains the same amount of potassium as in an 
average slate, but X-ray diffraction shows that the con- 
stituent mica (illite) has not recrystallized (the 10 A peak 
is very broad and diffuse). Its whole-rock potassium- 
argon age of 470 x 10° yr suggests that at least 10 per cent 
of the radiogenic argon in the sample is of detrital argon. 

Two slates were collected from the Dalradian Series in 
Co. Mayo, on the south shore of Clew Bay. One of these 
(107) is a cleaved spilite which contains very little potas- 
sium-mica and no other argon retentive minerals; this 
sample gave an anomalously low age of 348x10* yr. 
The other sample (106) contains appreciable amounts of 
well recrystallized mica and yields a whole-rock age of 
427 x 10° yr. 

A single determination of the Pre-Cambrian slates of the 
Longmynd inlier yielded an age of 470 x 10° yr, indicating 
that the Longmynd slates may have suffered some re- 
crystallization in Early Ordovician times. This potasaium— 
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Table 1. WHOLE-ROOK POTASSTUM—ARGON AGES FROM THE SOUTHERK 
CALEDONIDES 


*B=4 72x 10- yr? Jem 0-584 x 10° yr 


a Argon-40 


N l Paane 6, ( i 
0. Sample we 5.0.6, x10 yr) 
per cent) vole. Tee ve 
{per cent) 
Norin Wales 
89 Cambrian slate (Ffestiniog) 3-60 0:6148 96:7 885 
Isle of Man 
82 Dhoon granite—hiotite 7-28 11824 “5 370 
88 Cambrian slate 2-61 0-4801 96-4 878 
85 Cambrian slate 2-95 0 4678 96-0 360 
Pe Cambrian slate 3-09 0-4951 95-2 364 
be P FF enlook slate 2-79 0 4785 98-7 387 
105 Arenig slate 1:48 0 2456 07-7 377 
Average 374410 
NS is lan slate (B 
ic erwyn 
Tome ne 412 ©7673 96-7 417 
90 Ordovi 
(Nantperis) 2-02 03507 97-1 398 
91 Cambrian slate orwic) 84 0-4886 98-0 414 
92 Qambrian slate (Nan: 8-18 0-5806 904 415 
Cambrian slate (Llan ) 396 0:7105 90-4 403 
109 Ordovician slate (B. 
Ffestiniog) 3-97 07161 98-2 405 
Isle of Man 
84 Cambrian slate 2-61 0-4827 91-2 414 
Lake District 
102 Ordovician slate &13 09199 98-6 402 
Croea Fell 
103 Ordovician slate 2°36 0:4258 94-7 405 
Average 408+ 7 
North Wales 
Tremadoc slate 
(Portmadoc) 3-27 0-6307 991 430 
95 Wenlock slate (pen) 2-56 0-4925 98-4 429 
96 Wenlock slate (Glyn 
Ceriog) 2-85 05531 98-5 432 
97 Cambrian alate (Bt. 
Tud 3-26 0-6461 97:5 440 
98 Llandov. (Welsh 
Border) 3-12 06681 98-8 (470) 
108 Ordovi slate 
(Frongoch) 8-50 0-6835 08-5 434 
Tos Sy ar Dalradian slate 6-32 1:2108 99-0 427 
107 Upper Dalradian spilite 091 0-1305 94-9 (348) 
8.8. Ireland 
100 Knockrath Series 1-76 $588 97-2 450 
161 Caradoc slate 3-48 @ 7051 90-2 454 
8. Uplands 
90 Ordovician slate (near 
Lead Hills) 2-20 0-4842 87-9 436 
A 487+ 9 
Welsh Border eee — 
87 Longmyndian slate 2-70 0-5760 98-7 470 


argon whole-rock age is similar to the average potassium- 
argon age of Upper Dalradian slates from the 8.W. 
Highlands of Scotland’. 

This reconnaissance survey of the potassium—argon 
whole-rock ages of slates from North Wales and other 
areas south of the Scottish Highlands substantiates a 
pattern of polyphase deformation m the Southern Cale- 
donides. Potassrum—argon ages which from 
470 x 10* to 360x 10° yr are divided into four groups. 
There is some geochronological evidence in Lower Palaeo- 
zoic slates of an early cleavage event ocourring 437 x 10° + 
9x 10° yr ago, while the Pre-Cambrian slates of the 
Longmynd inlier may have suffered some recrystallization 
about 470x 10° yr ago. A late Silurian cleavage event 
affecting the Lower Palaeozoic slates is shown by potas- 
sium-ergon ages averaging 408x10*+7x10* yr, and 
subsequent deformations, accompanied by granitic in- 
trusion, are dated at 374x 10+ 10x 10° yr. 

Samples of Manx slates were provided by Dr. A. Simpson 
of Birkbeck College, London; samples from 8.E. Ireland 
were provided by Dr. W. E. Tremlett of Glasgow; and 
Dr. 8. Moorbath collected and made available the samples 
from N.W. Galway. The analytical work was carried 
out in the laboratories of the Oxford Geological Age and 
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Isotope Research Group under the general direction of 
the late Professor L. R. Wager. 


C. T. HARPER 
Geophysics Laboratory, 
Department of Physics, 
University of Toronto, Canada. 
t Button, J., in Oontrols of Metamorphism (ait. b by Pitcher, W. 8., and Plinn, 
G. W.) (Olver and Boyd, Edinburgh, 1985). 
1 Tremlett, W. E., J. Geol., 17, 708 (1963). 
3 Simpson, A., Quart. J. Geol. Soo. Lond., 119, 867 (1968). 
“Simpson, A., Geol. Mag., 101, 20 (1964), 
* Helm, D. G., Roberts, B., and Simpson, A., Nature, 200, 1060 (1968). 
t Fitch, F. J., Miller, J. A., and Menelay, M. J., Nature, 188, 449 (1068). 
? Fitch, F. J., and Miller, J. A., Quart. J. Geol. Soc. Lond.,120, 655 (1964), 
* Dodson, M. H., thesis, Univ. Oxford (1963). 
’ Harper, O. T., Natures, 208, 468 (1964). 
1° Harper, C., T., theais, Unrv. Oxford (1965). 
u Giletti, B. J , Moorbath, S., and Lambert, B. St. J., Quart. J. Geol. Soo, 
Lond, (1961). 


4 Dodson, M. H., and Moorbath, S., Nature, 190, 899 (1961). 

3 Lambert, R. St. J., and Mills, A. A., Ann. N.Y. Acad, Sci., OL, 378 (1961). 

u Dodson, M. H., Miller, J. A., and York, D., Nature, 190, 800 (1961). 

18 Miller, J. A., Geophys. J., 6, 891 (1961). 

as Brova, E he ra J. A., and Soper, N. J., Proc, Yorkshire Geol, S00., 
n, W., and Leake, B. E., Quart, J. Geol. Soo., Lond., 

"Leggo T 91 “ieee 

18 Bitch, F. J., and Miller, J. A., Nature, 208, 743 (19 66). 

1$ Simpson, A., L’pool Manoh'r Geol. J., 4, 189 (1064). 

2 Fitch, F., J., Miller, J. A., and Brown, P. E., Naturs, 803, 276 (1964). 


" Thomas, J. E., Dodson, M. H., Rex, D. C., and Ferrara, G., Nature, 209, 
866 (1966). 


Enhancement Factor and True Absorption 
of the V.H.F. Cosmic Radio Noise associated 
with Solar Flares 


. Soxm abnormal absorptions of cosmic radio noise at the 


V.ELF. are closely associated with solar flares and can be 
measured by means of riometers. If there is no enhance- 
ment of radio noise emission, the absorption of cosmic 
radio noise can be sunply measured by comparison with a 
quiet day curve, but enhancement of radio noise at the 
V.H.F. frequently accompanies solar flares. The absorp- 
tion measured by comparison with a quiet day curve 
would be quite different from the true absorption, and the 
enhancement of radio noise should be fully taken into 
account for the measurement of absorption. 
Absorption in dB is defined as 


A = 10 log 2 (2) 


where P and P, are power received and power received 
if there were no attenuations respectively. If the radio 
emission is enhanced during the solar flare such that 
P. — BP», then 


= 10 (log 8 + log 5) (2) 


Absorption of V.H.F. waves during normal ionospheric 
conditions is, in most oases, negligible, so that approximate 
values of P, are given by the value registered on riometer 
records for a quiet day. P is also obtained from riometer 
records on any disturbed condition under consideration, 
and 


P I, 

a8 paias 8 

P I (3) 
where J, and I represent the equivalent noise currents of 
the cosmic noise on a quiet day and during the disturbed 
condition under consideration. J, is measured at the 


same sidereal time as T. 
Substitution of equation (3) into (2) gives 


4=10 (log B + log ;) (4) 


Consider cosmic radio noise at two closely spaced fre- 
quencies, f; and f; The corresponding absorptions of 
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radio nowe at the frequencies of fi and fz 
are given by 


As,= 10 [og Bu + log E] (5) k 


An = 10 [108 By + log G (8) 
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It is here assumed-that Bı; (enhancement 
factor) is the same for both waves at the 
frequencies fı and f;. One more equation 
is necessary to solve equations (5) and (6) o 
simultaneously. In the cases where most 
of the absorption occurs above 65 km, 
absorption is proportional to the inverse 
square of the frequency observed. The 
ratio of absorption suffered by radio waves 
at the frequency f: to that at f4 is, therefore, 


POS 


enna ZY = Oy (constant) (1) : 


Solving equations (5), (6) and (7) for Biz 1336 


I, Is 
tog (F); — Ou low G°) 
Fig. 1. Differential Doppler shifts (dD) for:” A, identical, and B, different paths derived 
By = log fa oe (8) fon independently but multan measured freq Parvel 
interval of 5 sec between observed inflexion times at right bottom of figure. 
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By uge of this equation, values of By at different times can 
be calculated, and substitution of these values into equa- 
tions (5) or (6) enables the true absorption of fı or f; radio 
waves at different times to be obtained. 

Multi-frequency riometers (sweep or step frequency) are 
commercially available and they cover a considerable 
portion of the V.H.F. region. By applying the method 
described to a pair of successive frequencies, the enhance- 
ment factor of each frequency interval can be calculated 
for the entire frequency region under consideration. The 
spectrum of radio noise in this frequency range during 
solar flares can be deduced and the generating mechan- 
isms for the V.H.F. radio noise associated with flares may 
be investigated. The calculated absorption may be used 
to investigate the ionospheric parameters under disturbed 
conditions. 

The method described here can be best applied to flare- 
associated continuum emission (Type IV burst) which 
shows a prolonged, wide-band, relatively smooth enhance- 
ment of radio noise. 

This work has been supported by a grant from the 
U.S. National Science Foundation. J. S. Kur 


Department of Physics, 
University of Idaho, 
Moscow, Idaho. 


PHYSICS 


Criterion for Application of the Differential 
Doppler Method 


DIFFERENTIAL Doppler measurements on radio waves 
emitted from artificial satellites have been successfully 
used to obtain data of the ionospheric electron content. 
Uncertainties inherent in the indiscriminate use of this 
method have not been discussed so far. Attempts to 
obtain Doppler data of high precision indicate that 
the consequences of the basic assumptions must be con- 
sidered. It is therefore necessary to interpret differential 
Doppler data with care. 

The Doppler frequency shift of signals emitted by 
satellites is strictly a local phenomenon of the environment 
at the transmitter. The Doppler shift is defined by the 
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refractive index at the satellite and the angle between 
the direction of motion and the direction of the path 
of the radio ray. Both directions are defined at the 
position of the satellite. The angle depends on the curva. 
ture of the path of the radio ray. The curvature is a 
function of frequency and it should therefore not be im- 
plied, a priort, that this angle is equal for different smul- 
taneously observed frequencies. This is the crucial 
point in the discussion of the applicability of the differen- 
tial Doppler method. The general picture is complicated 
because the phase velocity originally defined by the 
refractive index at the satellite changes along the path 
of the radio ray. It depends on frequency and the position 
or curvature of that path. 

To find a criterion for path equality for a pair of fre- 
quencies fı and fa, we consider an extreme case in which 
one of the frequencies, fa is so high that its path is not 
affected by the ionosphere. The Doppler shift is then 
given by 


(1) 


where c is the velocity of light in free space and 6 = V 
cos 9 is the component of the vehicle’s velocity V along 
the direction of the radio ray; 8 is the angle between 
the direction of the vehicle’s velocity and the ray direc- 
tion measured at the satellite. 

When we observe at a frequency fı, which 18 lower 
than f} as a result of the passage of the ray through 
the ionosphere we have to consider the effective phase 
velocity, which no longer equals ¢ but has become larger: 
c + ¢,. Also, the effective satellite velocity component 
may change because of the curvature of the ray, namely, 
from b for frequency f, to b + 8 for frequency f,. Conse- 
quently, we can write for the Doppler shift of frequency fı 


Mi= oO £8) (2) 


If we next assume that f, and f, are chosen closer to 
each other, and that f, is propagated with an effective 
phase velocity c + es. Then (1) becomes 


Af, = 2» 


C+ & 


Afb 


(la) 
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From equations (la) and (2) we obtain the ratio 


Afi fs = è 1+ e,/¢ 
Afa fi Q +5) i + s/e (3) 


and note that s} <e, because fa > fi 

If we use simultaneous measurements of Af, and Af, 
for a computation of the integrated electron content, 
we must be sure that both frequencies ‘‘see’’ identical 
sections of the ionosphere; it is necessary to establish 
that the paths of radio rays are identical. The mini- 
mum prerequisite for path identity is the equality 
of the effective velocity components of the motion of the 
satellite measured directly at the satellite. In this case 
we have å = 0 and find from equation (3) 





Afi fa 
0< Af: fi < l (4) 

or 
lan|> $ Afal (4a) 


Inequality (4) is the criterion for a minimum prerequisite 
for the applicability of the differential Doppler method. 
We compare (4a) with the definition of the differential 
Doppler shift 

di 


dD = Af, — A Af, (5) 


-= and note that dD must be negative when Af, and Af, are 
‘negative, and must be positive when Af, and Af, are 
positive. dD, Af, and Af, must become zero at the same 
time; this means inflexion time must be identical for all 
three variables. 
It should be noted that this deduction does not refer 
to a specified shape of the radio ray curvature. Condition 
~ (4) must be fulfilled whether or not straight-line propaga- 
tion is ‘applicable, and whether or not the two frequencies 
are widely separated or closely related. The shape of the 
-eurve of a plot of dD against time ean be used to deduce 
triteria when transmitter motion is neither ascending 
nor descending and horizontal gradients are absent. It is 
then necessary for inflexion times to be identical, with 
“negative values of dD before and positive values after, 
- and no sudden inversion of slope (Fig. 14). The condition 
(4) is easily fulfilled with frequency pairs that are rather 
closely related or with very high frequencies which are not 
"affected by the ionosphere and propagate on a straight line. 
- Published dD curves show great variety and large 
_ deviations from the requested symmetry, and therefore 
< Wo measured differential Doppler curves under well 
‘defined conditions. Observations were restricted to pas- 
sages which were overhead or close to overhead in order to 
-| minimize the effects from the curvature of rays and from 
“horizontal gradients. Both frequencies were measured 
independently in order to check the inflexion point 
¿v identity. The data were smoothed by a method of compu- 
tation (described elsewhere) to avoid the effects from 
Doppler frequency scintillations and to minimize errors 
| from the equipment. The quality of the data has been 
“assessed by comparison of two separate but instru- 
mentally identical systems (Table 1). 


Table 1. COMPARISON OF Two SEPARATE BUT INSTRUMENTALLY IDENTICAL 


SYSTEMS AT DOPPLER INFLEXION 
Satellite S-06, orbit 4801,;-40 Mc/s, September 24, 1965; 08 : 18 : 10 8.8.7. 


Time (£.8.7.) Frequency (¢/s) Slope (c/s/sec) 
System 1 O8 : 18 : 10-3153 40,009,909% 7207 5-8843 
System 2 08 : 18 : 10-3013 40,009,999-8408 5-8862 
Differences 14-0 m sec 120-1 x 10> c/s 1:9 x 10~ c/s/sec 


These restrictions are mandatory when precision 
measurements are required for ionospherie data or when 
<c goodetie positions are measured. Theoretically, Doppler 
data obtained at low elevations can be used to calculate 
precise positions, provided that reliable ionospheric 
corrections can be applied. The condition for differential 
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Doppler utilization given by equation (4) must be checked, 
however, in each case before those corrections can be 
applied, because the ionospheric corrections are based 
on the assumption that the paths of the radio rays are 
identical. 

I thank Mrs. Hope Perlman for preparing the computer 
programmes, Mr. H. Soicher for evaluating the data, 
Mr. V. Rosati for technical supervision of the satellite 
receiving station, and Mr. V. Suhoski for taking the 


Doppler data. P. R. ARENDT 
Institute for Exploratory Research, 
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Electrically Induced Convection in Dielectric 
Liquids 

Ir a non-uniform electric field is applied to an inhomo- 
geneous dielectric medium, regions of lower dielectric 
constant will experience a force directed towards regions 
of lower field strength. This force is proportional to the 
difference in dielectric constants and to the gradient of 
the square of the electric field strength. If there is a 
decrease in the dielectric constant as a result of heating, 
and if this occurs in a region of high field strength, the 
heated fluid will be forced into regions of lower field 
strength. Watson! has demonstrated the effect of this 
force on the natural convection process from a horizontal 
wire. In all cases the effect of the field was to increase 
heat transfer rates from the wire. the results being. virtu- 
ally identical for d.e. fields of negative and positive 
polarity. Unfortunately, results using a.c. fields were 
not reported. 

In this note we wish to report some preliminary observa- 
tions of convective phenomena in a dielectric liquid, a 
typical transformer oil, within a horizontal parallel plate = 
assembly. The apparatus consists of an upper plate, in 
the form of a polished steel disk 5 cm in diameter, with a. 
guard ring, fitted with a small electric heater designed to 
give a uniform heat flux over the disk surface, and a lower 
plate made of glass with a transparent layer of gold. 
Electric fields are established between the plates by the 
application of a potential to the gold layer of the lower. 
plate while maintaining the upper disk at earth potential. 
With the aid of a Schlieren system, using the upper disk 
as a reflector, the following observations were noted. 

(1) In the absence of the electric field (Fig. 1), heating 
the upper plate produced no convection, as isto be 
expected since the configuration is gravitationally stable. 
(2) When a positive potential is applied to the lower plate, 

















Fig. 1. No electric field, 47° = 12°fC, 
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convection patterns were established (Figs. 2 and 3). 
These patterns are similar to the familiar “Bénard” cells 
in normal natural convection®*. (3) Removal of the field 
caused the convection patterns to decay. Fig. 4 shows the 
Fig. 2 convection pattern, 5 sec after removal of the field. 
(4) Reversal of the field polarity caused immediate 
collapse (in less than 1 sec) of the convection patterns, 
followed by the reappearance of a less well defined con- 
figuration, as in Fig. 5. (5) Application of a.c. (50 Hz) 
fields of similar magnitude produced no observable effects 
in this particular oil. For the present liquid, however, 
thermal variation of dielectric constant is only of the 
order of 10-*/°C; other oils (notably polar dielectric oils) 
show a stronger temperature dependence (typically 
10-4/°C), 

Detailed quantitative experiments will be required to 
elucidate these effects, but a number of comments can be 
made at this time. Gross! has shown that in a dielectric 
liquid, a net circulatory force will exist provided curl f40 
where 


1 
curl f = 5z grad c x grad E ?+ grad q x E 


f is the electric body force per unit volume, e the dielectric 
constant, q the free charge per unit volume, and E the 
electric field strength. In the present study, the contribu- 
tion to the net cireulatory force caused by the inhomo- 
geneous dielectric can be neglected, and we feel that the 





Fig. 2. Positive potential of 1-8 k¥/em applied, AT =12° C, 





Fig. 3. 


Positive potential of 3-0 kV/em applied, 47 «12° €. 
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Fig.4. Fig. 2 convection pattern 5 sec after removal of field, AT = 12°C. 





Fig. 5. Negative potential of 1-8 kV/em, AT = 12° C. 





Fig. 6. 


Alternating potential of 6-0 kV/cm, 50 ejs, AT = 12° C, 


observed convection can be interpreted in terms of the 
influence of the electric field on free charges. 

In general these oils show an exponential increase in 
conduetivity with temperature, so that the mobility of 
charge carriers is appreciably higher near the hotter 





- .eathetometer. 
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< electrode. For d.c. potentials. this. may produce an 

- aceumulation of space charge near the hotter electrode. 
This space charge, q. acted on by the field E produces a 

` body force gE within the liquid. Apparently any non- 
uniformities in the space charge distribution (in this case 
caused by thermal variation of resistivity) will cause net 
body forces, which may produce flows analogous to ther- 
mal convection. 


M. J. Gross 
J. E. Porter 


< Sehool of Physics, 
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“University of Newcastle upon Tyne. 
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-Critical Potential Differences for Charge 
Transfer between Separated Spheres 


Many workers? have measured the voltage difference 
required for the passage of a spark between spherical 
electrodes as a function of their radii and separation. 
_ Few measurements, however, have been made of the 
_ potential difference necessary to effect charge transfer 
between two spheres by means of a discharge process in 
the range of separations 5x 10-3 em to 10-1 cm. This 
information was required in order to develop the quantita- 
‘tive applications of the calculations of Davis? (on the 
electrostatic forces between conducting spheres situated 
in an electric field) to the atmospheric problems of the 
coalescence of water droplets‘ and the inductive theory of 
electrification of thunderstorms®*. 
_ A carefully cleaned metallic sphere of radius r was 
- mounted on a rigid support directly above a similar sphere 
_ of radius R firmly held in a micromanipulator. The 
separation X of the sphere could be adjusted with a high 
degree of precision by use of the fine control of the micro- 
manipulator and could be measured to within +10-* em 
using a vernier eyepiece in a telescope mounted on a 
Electrodes attached to the spheres 
. enabled a continuously variable potential difference of up 
to 6 kV to be applied between them by means of a high 
_ voltage supply. The potential difference could be meas- 
- ured to within +1 per cent using a sensitive electrostatic 
voltmeter. The spheres and electrodes were contained 
\oowithin’ an approximately cubical shielding box of side 
| 45 em which was earthed. The box contained holes for 
- dllumination and observation of the spheres, which were 
ventilated with a gentle stream of air free of particles in 
order to eliminate the settling of dust on the spheres, as 
this could decrease their separation and create a short 
. eireuit. Any discharge current which flowed between the 
spheres could be detected using a sensitive oscilloscope in 
- gireuit with the power supply and electrodes. 

The experimental procedure was to bring two selected 
spheres to a predetermined separation, measured using 
the cathetometer, and then slowly to increase the potential 
difference between the spheres until evidence of a discharge 
- was recorded on the oscilloscope, at which point the 
> critical value of potential difference, V, was read. After 
this operation had been repeated several times the 
separation X was changed and the corresponding new 
value of V recorded. Measurements of the critical values 
of V were made for separations ranging from 5 x 10-* cm 
to 10- cm for spheres of radii ranging from 0:16 cm to 
1-20 em. The local atmospheric pressure was 835 mb. 

Fig. 1 shows that for spheres of identical radius (R =r) V 
increased rapidly with increasing X, while the correspond- 
ing critical field, V/X, increased as the separation was 
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Fig. 1. The voltage difference V required for cl e transfer as a function 
of the separation X of spheres of equal radii. sr: (1) R= 0-16 om; 
(2) R= 0-32 em; (3) R=0-64 cm. 























X (em x 10-*) 
Fig. 2. The voltage difference V required for charge transfer as a function a 
of the separation X of spheres of unequal radii. r=0-32cm: (1) R/r=2; 


(2) Rir=3; (8) R/r=4. 


decreased. The potential difference required for charge. 
transfer at a given separation is seen to be slightly reduced 
for spheres of larger radius. Fig. 2 demonstrates that — 


when a sphere or radius r was paired with successively = 
larger spheres of radius R the critical value of V at any — — 
separation decreased with increasing R/r. The form of — ~ 


these curves agrees reasonably well with those obtained 


by earlier workers in studies of spark discharges between _ : 


spheres of various radii. The results obtained in this _ 
study were utilized in an experimental investigation? of 
the computations of Davis; good agreement was found to 
exist between his theoretical predictions and the experi- 
mental results. 
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Burial of 60 keV Deuterium lons in Stainless 
Steel and Titanium 


In a controlled thermonuclear plasma it is necessary to 
“minimize the entry into the hot plasma of low energy 
particles produced by the impact of fast particles on the 
‘walls. of the container. These particles may be either 
particles of wall material or reflected incident particles. 
They can cool the plasma by two processes. The first 
process is a loss of bremsstrahlung radiation as a result of 
the interaction of atoms of high atomic charge from wall 
material with the fast electrons in the plasma. The second 
process of charge transfer between the atoms of the wall 
material and the energetic hydrogen ions in the plasma 
produces neutral hydrogen atoms which are subsequently 
lost. to. the walls. A study has been made of the burial of 
deuterium ions (D+) in stainless steel and titanium since 
these metals are commonly used in the construction of 
ultra high vacuum systems. The mechanisms of hydrogen 
trapping in these two metals differ considerably since a 
hydride can be formed with titanium but not with the 
elements in stainless steel. 

The burial of deuterium ions in these metals has been 
studied by firing energetic ions at thin foils mounted in an 
ultra high vacuum system. The isotope separator of the 
Atomic Weapons Research Establishment was used to 
produce an intense beam of deuterium ions at 60 keV. 
The beam was allowed to enter the target chamber 
through a series of apertures and to strike the metal 
target. at normal incidence. The background pressure 
was ~10° torr and beams of deuterium ions up to 
50 pamp having cross-sectional areas of 3x 10-2 cm? were 
obtained. 

Two different techniques were used to measure the 
trapping coefficient of deuterium ions in stainless steel 
and titanium. The build-up of particles in the target was 
observed by monitoring the deuterium— 
deuterium reaction rate between the buried 


deuterium atoms and the incident fast ions. z KA 
To achieve this the high energy protons pro- = os 
duced in the reaction were measured using £ 

a scintillation counter, and the deuterium 06 
atoms released either by elastic scattering Š 

or by therrnal diffusion from the metal were 2 oa 
monitored by measuring the partial pressure E 

of deuterium gas using a mass spectrometer. E02 
An AEI MS10 was used for this purpose a 

and deuterium molecules (D,) (mass 4) and 
hydrogen-deuterium molecules (HD) (mass io" 
3) were alternately measured during the : 
bombardment. Three quantities, the ion Fig. 1. 


beam current, the proton counts and mass 
spectrometric current, were simultaneously 
fed on to a three pen recorder which had a constant chart 
speed. Thus time variation, throughout the duration of 
the bombardment, was observed for these three quantities. 
The temperature at the target was measured by a thermo- 
couple spot welded to the back of the target and the 
target holder was in contact with a surface of liquid 
nitrogen. 

The reflexion coefficient R could be measured at any 
time during the bombardment by comparing the summa- 
tion [D, +4 HD] measured by the mass spectrometer with 
the value for [D,+ 4 HD] when the beam was allowed to 
strike a 100 per cent reflector. This 100 per cent reflector 
was a very thin foil made of silver palladium and mounted 
on a. thin support which could be moved into the path of 
the beam. The trapping coefficient 7=1—R could then 

‘be calculated. The variation of y with dose was found to 

be. very, dependent on the target temperature. The 
target was heated by the energy dissipated by the imping- 
ing ion beam; the target temperature was therefore 
constant for each ion current value. 

Typical curves for 7 plotted against dose for 60 keV 
deuterium ions on stainless steel and titanium are 
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Plot of trapping coefficient, 4, against dose. 
temperature (7) = 390° K; 
less steel, T= 173° K; D, curve for titanium, T = 180° K; E, curve for titanium, T = 630° 
K; F, curve for titanium, T = 380° K; G, curve for titanium, T = 400° K 
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shown in Fig. 1, n was found to decrease from 1 (100 per 
cent penetration into the target) to an equilibrium value. 
For all temperatures the value of ņ at equilibrium was 
found to be zero for stainless steel. For stainless steel the 
proton counts versus dose curves were linear up to satura- 
tion which occurred at approximately the same dose 
value as that obtained from the mass spectrometer. 

The number of particles captured per cm? of the metal 
after a time 7 secs is given by 


where J is the beam current in amperes. 

Fig. 2 shows a plot of N against temperature for stain- 
less steel. Also shown in this figure is a plot of the trap- 
ping coefficient 7 for titanium after a dose of 10'* atoms/em? 
versus temperature. On the plateau 7 remained constant 
at 97 per cent up to doses of at least 3 x 10?® atoms/cem?*. 

McCracken and Maple in previous work’, and work 
to be published, and Borovik et al.? have made measure- 
ments using the partial pressure technique of the variation 
of ņ with dose for incident hydrogen ions at 30 keV. 
For titanium, the present results when compared with 
Borovik’s work show a similar temperature range over 
which y (after a dose of 10° atoms/em*®) 1. For stainless 
steel Borovik et al. showed that, at high doses, an equili- 
brium was reached where y= 0-4 at all temperatures up to 
about 500° K. The present work, however, is in agreement. 
with McCracken and Maple, who found y= 0 at equilibrium 
for all temperatures considered. 

Because N istemperature dependent, the main mechanism 
for the release of buried deuterium atoms must be diffusion. 
In the case of titanium when the temperature is in the 
region 325° K-475° K an equilibrium must be set up 


x 


G 


107 10** 10%" 10%% 


Dose (atoms/cm?) 


A, Curve for stainless steel; 
B, curve for stainless steel, T=300° K; C, curve for stain- 
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Fig. 2. A, Plot of trapping coefficient, 7, at a dose of 10’? atoms/cm? 

against temperature (T) for titanium. 8, Plot of total number of particles 

trapped in the metal per em? (4) against temperature for stainless 
steel. 
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between. the flux of incoming particles and the diffusion 
of previously buried particles into the bulk of the material. 

In conclusion, it appears that optimum trapping of fast 
deuterium ions is obtained when titanium is used within 
the temperature range 325° K-475° K. 
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Holography with a Scatter-plate as Beam 
Splitter and a Pulsed Ruby Laser as Light 
Source 


CAN essential feature in the recording of holograms is the 
diversion of part of the illumination as a coherent reference 
“wave, which can be reproduced subsequently for recon- 
-< structing the wavefront carrying the information. Tech- 
_ niques of holography differ mainly in the method by which 
“the beam splitting is achieved, and in the way in which the 
reference and information-carrying waves are brought 
together to interfere at the photographic material-*. 
In many cases it is simplest to use a straightforward 
<; division of amplitude or division of wavefront, but where 
-smooth transparent or reflecting object is being investi- 
_ gated it may become worthwhile to use an incompletely 
_ diffusing “‘seatter-plate’’’. as beam splitter. The un- 
- seattered portion-of the transmitted light then serves as a 
reference beam and the scattered portion provides. a 
conveniently diffuse illumination for the object, so that 
no separate diffuser is needed. The application of this 
technique in Fourier holography was described by Leith 
and Upatnieks? (see their Fig. 4). 
<- Tf a hologram is being recorded with diffuse illumination 
cit is usually necessary to use a laser with a single mode 
output. An important exception arises if an optical 
imaging system can be interposed so as to focus an image 
__ of the scatter-plate on to the hologram emulsion. If this 
-cimage is sharp, then each ray diffracted by the scatter- 
plate is being re-united with its parent unscattered ray in 
.. the immediate vicinity of the hologram, and in this case 
the requirement for spatial and spectral coherence of the 
source is completely relaxed*-!°. In practice, of course, 
some aberration may be introduced both by the imaging 


OO Big t, 








Gas stream. 


Fig, 1. Holography of a transparent object with a pulsed laser. 


Fig. 2. Scatter-plate interferometry with a pulsed laser. 
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High Pressure 


Air/Gas Blowpipe. Obstruction introduced 


to remove reference beam 
in reconstruction. 


Fig. 3. Reconstruction of “frozen fringes” from a double hologram of 
the air disturbances caused by a hot flame from a high pressure air/gas 
lowpipe. 


system and by the object: being investigated, but in many 
cases a multi-mode ruby laser or even a high-pressure 
mercury are may prove sufficiently coherent. 

A “direct image” hologram recorded in this manner — 
will exhibit scattering properties that resemble very 
closely those of the original scatter-plate. When the 
hologram is put back into position, the whole arrangement 
is therefore equivalent to a transmission scatter-plate 
interferometer’. 

Unless precautions are taken, however, trouble may be: 
caused in the reconstruction by the presence of sym- 
metrical “twin” images, which may overlap. A con- 
venient way of avoiding overlapping in those parts of the 
field that are wanted is to place the object under investi: 
gation centrally in the intermediate focal plane (Fourier. 
transform plane) of the imaging system and to use an _ 
off-axis reference beam. a 

In our experiments, we have used a scatter-plate 
(made photographically by developing and bleaching a 
fine random pattern recorded on a high resolution photo-. 
graphic plate) in conjunction with a Q switched ruby laser. 
producing a light pulse of duration about 150 nsec, 
for recording, as a hologram, the flow pattern in depth of a 
turbulent gas stream. 

As shown in Fig. 1, the output beam from the ruby 
laser was expanded to fill the aperture of the scatter-plate . 
S which was placed in the focal plane of lens Le: Dis- 
placement of the lens L, in its own plane provided a ready. 
means of placing the focus F of the unscattered reference 
beam anywhere within the field of view of the system. ` 

The scattered light, shown dotted, acquired 


a pattern of phase retardation in passing oe 


through the system, and the interference 
between the scattered light and the direct 
beam was recorded as a hologram on Kodak 
photographie plate V1043F (or V1061) 
placed at S’, in the focal plane of lens 
L, The position S of the photographic 
plate was that which would be occupied 
by an identical scatter-plate in a scatter- 
plate interferometer (Fig. 2). Replacing 
the processed hologram fulfils exactly the 
same function as a second scatter-plate, 
but with the advantage that unwanted 
phase variations in the lenses or other parts 
of the system have no effect on the appear- 
ance of the field. Deliberate changes, such 
as the introduction of a gas flow, may then 
be seen as a “live” interference pattern 


Photographic 
plate. 


the optical system. Alternatively, if the y 


free from faults caused by imperfections in. _ 
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“rapidly varying phenomenon. is recorded. as an ‘‘instan- 
taneous” hologram, the interference pattern produced 
when the hologram ‘is re-inserted may be examined at 
leisure, with full- control of the tilt and phase of the 

interfering fields.. Another possibility is to record the 
phenomenon as “frozen fringes”, making the holo- 
gram by a double exposure technique’? 12, using 

‘two separate pulses of light from the laser. The 
illustrations include examples of interference patterns 
recorded in this way, which show the disturbances in the 


Air 
Jet. 





Reference 
Beam. 


Fig. 4. Cross-section of the working section, showing the arrangement 
of the air jet. 





Fig, 5. Reconstruction of “frozen fringes” from a double hologram of a 

similar jet. The bands running across the field show a uniform variation 

of phase, which has been introduced by a movement of the photographic 
plate between exposures. 





Fig. 6. Scatter-plate interferogram of a turbulent air-jet (100 p.s.h.) 
striking a concave surface, using two identical scatter-plates, 
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atmosphere caused “by an air/gas blowpipe flame in one 
ease (Fig. 3) and by a high pressure air-jet. in the other 
(Figs. 4, 5). For comparison, an interferogram of. the 
air-jet made with two scatter-plates is also shown in 
Fig. 6. It will be seen that the imperfections of the lenses 
unavoidably affect the background in this case. Double 
exposure holography yields a much clearer representation 
of the flow, and the background is one of uniform phase 
variation, the amount of which is controllable. 


J. M. Buron 
J. W. GATES 
R. G. N. Hars 
L. H. TANNER* 
National Physical Laboratory, 
Teddington, Middlesex. 


* Present address; Department of Aeronautical Engineering, Queen’s 
University of Belfast. 


i Leith, E. N., and Upatnieks, J., J, Opt. Soc. Amer., 52, 1123 (1962), 

* Leith, E. N., and Upatnieks, J., J. Opt. Soc. Amer., 58, 1377 (1963). 

* Leith, E. N., and Upatnieks, J., J. Opt. Soc. Amer., 54, 1295 (1964). 

* Burch, J. M., Ennos, A. E., and Wilton, R, J., Nature, 209, 1015 (1986), 

* Tanner, L. H., J. Sei. Instrum., 48, 81 (1966). 

* Fanner, L. H., J. Sei, Instrum., 48, 353 (1966). 

* Burch, J. M., Nature, 171, 889 (1953). 

* Brooks, R. B., Heflinger, L. O., and Wuerker, R. F., App. Phys. Lett., 9 
248 (1965). why 

* Beflinger, L. O., Wuerker, R. F., and Brooks, R. E., J, App. Phys.. B7 
642 (1966). ° 


* Burch, J. M., and Ennos, A. E., J. Opt. Soc. Amer., 56, 541 (1966). 
u Burch, J. M., The Production Engineer, 431 (Sept. 1965). 


* Collier, R, J.. Doherty, E. T., and Pennington, K. S., 4 pe. Phys, Bett. 
7, 223 (1965). ; 


Differences in Normal Stress in Aqueous 
Solutions of Turbulent Drag Reducing 
Additives 


WHEN a fluid is in motion the normal stresses acting on 
the faces of a small fluid element which is instantaneously 
in the form of a cube are not in general equal. For 
example, in a Newtonian liquid the tensile stresses Tiar 
Tyy, Tez acting on the cube faces perpendicular to ortho: 
gonal axes 2, y, z are given by 


D 





Ter = —p + 2p 


where p is pressure. u is viscosity, and u, v w are the 
velocity components in the æ, y, z directions. In the 
special case of flow through a long straight tube. of 
uniform cross-section, however, u does not vary with 2, 
and v and w are zero, so that then Tzs = tyy = pe 
for a Newtonian liquid. For non-Newtonian liquids, on 
the other hand, such an equality may no longer obtain, 
even for this restricted type of flow. Thus for axial flow 
in the annular passage between two concentric tubes, of 
inner and outer radius r, and r, respectively, the radial. 
normal stress tyr may differ from the circumferential 
stress tø. For radial equilibrium 


ð 
ay {T trr) = Tee 


Tez = p 


or 
{Trr) T, =~ (tre) ra 


= apparent pressure at outer tube 
~ apparent pressure at inner tube 


fa 


= f È Cem too) dr 


Ti 


Thus measurements of the pressure difference can give 
an`indieation of the average magnitude of the normal 
stress difference trr — teg. 
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Fig. 1. Concentric tube rheometer. 


:: Aqueous solutions of 40 p.p.m. polyethylene oxide (Union 
Carbide WSR 301), 72 p.p.m. polyacrylamide (Dow 
“‘Separan AP 30) and 120 p.p.m. guar gum were tested 
under conditions of laminar flow in such a concentric tube 
instrument the principal dimensions of which were as in 





meant a very sluggish response in the pressure measure- 
ment, unless this were made by means of a sensitive 
Such an instrument was not con- 
~veniently to hand for the present experiments, however, 
= where a liquid level micromanometer was used. The 
__ large hole size may be excusable because, although a large 
pressure hole beneath a sheared flow may lead to an error 
_ in pressure measurement, the shear at the surface of the 
- inner: tube is nearly the same as that at the outer tube, 
-< 80-¢he errors might be expected to cancel out approx- 
imately. If this is so, any pressure difference between the 
¿couter pressure holes and the inner ones should provide 

evidence that the flow is non-Newtonian with ,;54 teg. 
= It was expected that the three solutions tested would 
_ show. similar pressure differences, because they exhibit 
imilar effectiveness in reducing turbulent dragt’, and 
one possible explanation? of the reduction of turbulent 
_ drag relates this to the normal stress difference between 
he directions, such as r and 9 in the present instance, 
_ both at right angles to the streamlines, but perpendicular 


rand parallel to the planes of shear. 


The results are shown in Fig. 2. For water there is a 
|. pressure difference which varies linearly with rate of flow; 
itis probable that this results from a slight axial mis- 
alignment of the holes in the inner and outer tubes, less 
than 0-1 mm displacement sufficing to account for the 
pressure difference. The polyacrylamide and guar gum 
solutions behave in the same way as water, but the poly- 
ethylene oxide solution shows appreciable excess pressure 
_ differences, varying roughly as the square of the flow 
This excess in pressure difference represents at 
the highest flow rate a radial pressure gradient about half 
the axial one. 
The wall shear rate is marked against the flow rate in 
Fig. 2. The critical shear rate, below which reduction in 
‘turbulent drag does not occur‘5 (and above which prob- 
. ably elongation of the additive molecules takes place), is 
in the region of 2,500 reciprocal seconds for guar gum 
solution, and the rates for polyacrylamide and poly- 
ethylene oxide solutions are much smaller. Thus in the 
» present rheometer experiments all the fluids were well 
` above their critical shear rates over nearly all the flow 
- > field. 
. It appears, then, that despite the similar behaviour, 
with regard to turbulent drag reduction, of the three 
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solutions tested in the present experiments, they do not. 
show similar normal stress differences. For the poly- 
ethylene oxide solution trp > tee, whereas for the other 
two solutions trp => te. 

The positive value of trr — tø found for polyethylene 
oxide solution is at first sight difficult to reconcile with 
the earlier experiments on jets?. Here, as in Fig. 3,.a 
laminar jet, made visible with dye, was made to impinge 
on æ plate immersed in colourless fluid. A water jet 
spreads out into a wedge-shaped region because in the 
impact region the pressure increase which is required to 
deflect the jet parallel to the plate also splays it out 
laterally. For the polyethylene oxide solution, however, 
in the region of sheared flow near to the plate surface, the 
tensile stress tyy in the y direction normal to the plate 
would, according to the rheometer results, be expected to 
be more than the stress tz, in the lateral z direction, In 
other words, the effective pressure p, acting in the y 
direction would be less than the effective pressure pz 
acting in the z direction. p, is determined by the need to 
deflect the jet, and therefore it would seem that p, must. 
be bigger than it is for water, and the jet would 
be expected to splay out to a wider angle. In fact, the 
opposite is the case for a dilute solution of polyethylene 
oxide. A similar effect is exhibited by a jet emerging 
from a slit over a curved plate, as shown in Fig. 4. A 
jet of water splays out while one of polyethylene oxide 
solution tends to remain. narrower. A possible partial 
explanation of this is the tensile stress which Oliver 
showed® to exist along the streamlines with sheared 
solutions of polyethylene oxide. If a mean tensile stress 
T acts over the thickness t of the jet, it can be seen from 
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Fig. 2. Plots of pressure difference and flow rates for: ©, water; 


x, 40 p.p.m, polyethylene oxide; W, 120 p.p.m. guar gum; A, 72 p.p.m. 
polyacrylamide. 
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Fig. 3. A laminar jet, made visible with dye, impinging on a platena 
colourless fluid. oe 
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Fig. 4. Jet flowing over a curved plate. 


C Fig: 4 that this is equivalent to a normal compressive 
stress NV, where 


Tot = Nr, or N = Tt/r 


where r is the radius of curvature. It is therefore possible 
for the effective compressive stress N to exceed the 
tensile stress difference tyy — Tz if T is sufficiently great. 
Additionally, the fact that polyethylene oxide solution, but 
not.polyacrylamide or guar gum solutions, can be teased 
out into a long hair-like filament? (when, for example, 
one stops pouring it from a jug) suggests the possibility that 
in its passage through the slit of Fig. 4 polyethylene oxide 
solution may acquire a structure which differentiates it 
from the ambient fluid, so that the presence of the latter 
no longer ensures the absence of surface tension forces 
acting on the jet. This could perhaps account for the fact 
that when the plate of Fig. 4 is flat or bent the other way, 
the polyethylene oxide solution jet still tends to remain 
narrower than the water jet, though by a smaller amount 
than for the concave configuration of Fig. 4. 

All this seems to indicate that for dilute polyethylene 
oxide solutions there are appreciable normal stress differ- 
ences and that in a simple sheared flow u = Ky, tex >> 
By contrast, these normal stresses are 
apparently much more nearly equal for dilute guar gum 
solutions, which behave like water in the flows of Figs. 1, 
3 and 4, Dilute polyacrylamide solutions lie in between, 
probably with Tre > tyy <= tz, as they show some jet 
narrowing. Thus there appears to be no obvious correla- 
tion between the effectiveness in reducing turbulent drag 
and the differences in normal stress in laminar sheared 
flow. 


Tyy > Teze 


G. E. GADD 
Ship Division. 

National Physical Laboratory, 

Feltham, Middlesex. 
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THE SOLID STATE 


Extension of the Spectrophotometric Method 
«for Measuring Thin Films on Solid Substrates 


THE spectrophotometric method of measuring the thick- 
ness of thin transparent films on solid surfaces has been 
used increasingly in recent years'-§. The intensity of a 
light beam refiected from the film-bearing surface is 
measured at different wavelengths. A plot of percentage 
transmission against wavelength takes the form shown in 
Fig. 1. 
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From the position of selected maxima or minima, 
separated by a known number of orders, the film thickness, 
d, can be calculated using the following expression® 


phy ae Pie 
2u cos ọ 





An — Amip a 
where ų is the refractive index of the material of the thin 
film; is the angle of refraction in the material of the 
film; An+p and An are the wavelengths at which maxima 
or, preferably, minima occur p orders apart; and d is the 
film thickness. : 

Alternatively, if the order can readily be established by 
inspection, the film thickness can be calculated directly 
from the relationship 


2u d cos ọ = (m+4) dr (2) 


where (m+ }) is the order of the minimum occurring at 
wavelength A. 

When this method is applied, consideration must be 
given to the dispersivity of the material composing the 
thin film and also to the phase changes that can occur on 
reflexion at the air/film and film/substrate interfaces. 

The method affords a convenient means of measuring, 
for example, the thickness of thin transparent. films on 
metal surfaces. Using a spectrophotometer with a wave- 
length range of 350-1,000 nm and fitted with a simple 
laboratory-made adapter, film thicknesses of from more 
than 30,000 A down to about 700A can readily be 
measured. 

In order to measure films less than 700 A thick we have 
recently found it possible to extend the method in the 
following manner. The specimen A (Fig. 2), bearing the 
thin film (thickness, t) to be measured, is placed alongside 
a similar specimen B without any film. A uniform trans- 
parent film of thickness D (D~3000 A) of a selected 
material is then applied simultaneously to the two speci- 
mens. If the refractive index of the applied film is the 
same or near to that of the thin film, then, as regards 
optical transmission, the composite layer of thickness 
(D +t) will behave as a single film. The thicknesses of the 
films on A and B are determined spectrophotometrically 
as already described, and the thickness of the thin film, #, 
is thus obtained by difference. 

The suecessful application of this technique depends on 
ensuring that the thickness of the film which is applied to 
the film-bearing specimen A is the same as that applied to 
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the reference specimen B, as any difference will be directly 
manifest as an error in the thickness of the thin film being 
measured. 

In this technique we have used nitrocellulose as the 
applied film. The film was prepared by the regulated 
evaporation of a solution of nitrocellulose in amyl acetate 
supported on water. The nitrocellulose film prepared in 
this way was examined for uniformity by mterference 
effects before it was lowered on to the already submerged 
specimens A and B. 

In cases where it was undesirable to bring the specimens 
into direct contact with water it was found convenient to 
lower them from above on to the floating nitrocellulose 
film. 

While films ranging in thickness from more than 
30,000 A down to about 700 A can be measured directly 
to within +0-5 per cent, the technique described has 
enabled us to extend the method to measure films less 
than 700 A thick to within +40 A. This limit of accuracy 
could doubtless be improved by more stringent control 
of the uniformity in thickness of the applied film. 

“We thank Mrs. E. McMullan for carrying out many 
careful measurements. 
R. I. HUGHES 


‘Shell’ Research, Ltd., 
Thornton Research Centre, 
Chester. 
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Whisker Formation in the Presence of 
Anthraquinone 


Ir has been shown! that nitrogen-substituted amino- 
anthraquinone compounds prepared by vacuum deposition 
in the form of solid films on quartz can crystallize when 
stored in the dark at room temperature. Similar experi- 
ments with impure aminoanthraquinone derivatives 
containing anthraquinone showed that whiskers? also 


_ grow from the surface of the film. When these substances 


were purified and freed from anthraquinone before de- 


position, however, no whiskers were formed when the 


solid films were stored ; nor was it possible to grow whiskers 
from films containing only anthraquinone. Subsequent 
attempts to investigate whisker formation were made 
with films prepared from mixtures of the purified amino- 


“anthraquinone compound and pure anthraquinone. 


Although a few whiskers were produced on stored 


films prepared from mixtures of aminoanthraquinone 


derivatives with large proportions of anthraquinone, 
small concentrations (usually about 5 per cent) of anthra- 
quinone in the mixture usually seemed most effective in 
producing the most and biggest whiskers. Whisker 
formation in such mixtures was not confined to nitrogen- 
substituted aminoanthraquinone derivatives but was also 
observed with some primary aminoanthraquinones. The 
most effective compounds in mixture with anthraquinone 
seemed to be 1,8-dianilinoanthraquinone, 1-methyl- 
aminoanthraquinone and = 1,4-diaminoanthraquinone. 
Films produced with these compounds gave rise on storage 
in the dark at room temperature and humidity to whiskers 
ranging up to 150p, 60u and 15y high, respectively. Films 
made from other compounds, such as l- and 2-amino- 
anthraquinones, 1,4-bismethylaminoanthraquinone and 
1,4-dianilinoanthraquinone, also produced whiskers, but 
these were less than 10u high after full growth. Replace- 
ment of the anthraquinone used in the preparation 


* of the films by phthalic anhydride, benzoquinone or 


benzophenone did not seem to lead to the same satis- 
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factory production of whiskers, although occasionally 
some growths of a minor character were observed. 

Films deposited from mixtures of 1,8-dianilinoanthra- 
quinone and anthraquinone grew whiskers very readily, 
and even mixtures containing up to 50 per cent anthra- 
quinone were effective. The first change in the film after 
deposition was the growth of small orange spherulites 
(as with the films deposited from pure 1,8-dianilino- 
anthraquinone), although the rate of surface crystallization 
was two to three times faster when traces of anthra- 
quinone were present. About 30 min after deposition, 
whiskers about 4u long could be seen around the centres 
of the spherulites, and more whiskers could be seen. 
further out from the centres as the spherulites grew. 
The whiskers were found to grow only in the crystallized 
parts of the film. The rate of growth of the whiskers 
decreased after the first day, and growth tended to cease 
altogether after about 2 weeks, when an average height of 
60u was attained, although some whiskers 150 high 
were found. Up to this stage the whiskers were circular 
in cross-section and about ly in diameter, but thickening 
of some whiskers then became noticeable. This usually 
occurred only on two opposite sides of the whisker, 
forming a colourless transparent ribbon which was 
rectangular in cross-section and had a flat tip. The 
thickening of these whiskers did not take place completely 
along their length, and the whiskers retained their original 
thickness for a short distance from the base. Because 
of the thinness of the stem, whiskers which became 
thickened usually fell over, although the stem seldom 
snapped under the strain. A whisker which has thickened 
slightly and fallen over is shown in Fig. 1. 

Films deposited from mixtures of anthraquinone and 
1,4-diaminoanthraquinone or l-methylaminoanthraquinone 
behaved somewhat similarly, although for the satis- 
factory production of whiskers it was necessary to use 
mixtures containing less than 10 per cent of anthraquinone. 
The whiskers were approximately circular in croas-’. 
section and of the order of lp in diameter. Usually there 
was a slight curvature along the length of the whisker 
when fully grown. A few whiskers had small circular 


lumps on their tips (Fig. 2) and on their sides, as very 


exceptionally had those produced from mixtures of 1,8 
dianilinoanthraquinone and anthraquinone. By ob- 
servation of whiskers with such small lumps along their 
length it was found that whisker growth occurred by the 
addition of material to the tip. The mechanism of growth 
would seem to involve migration of molecules up the 
outer surface of the whisker in a manner similar to that 
suggested by Sears’. 





Fig. 1. Whiskers observed in solid film on quartz of mixture of 1,8- 

dianilinoanthraquinone and anthraquinone stored in the dark at room 

temperature and humidity for 15 days. After thickening, the top whisker 

has fallen over without breaking the stem. (The base has been indicated.) 
Plane polarized light. (x 208.) Top view. 
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Whiskers grew slightly faster at higher storage tem- 
peratures and slightly longer whiskers were produced, 
but the effect of temperature did not seem to be very 
marked. Storing the films in air over water seemed to 
inhibit the formation of whiskers, Films prepared from 
mixtures of 1,8-dianilinoanthraquinone and anthra- 
quinone when stored in air over water gave rise to a few 
short needle crystals less than 7u high; these were at a 
slight angle to the surface and might possibly be classed 
as whiskers. The films became markedly crystalline. 
With films prepared from 1,4-diaminoanthraquinone and 
anthraquinone, storage over water produced an even more 
profound change. No whiskers were formed but there was 
extensive surface crystallization in the form of spherulites 
(Fig. 3). This was in complete contrast to the behaviour 
of a film prepared from pure 1,4-diaminoanthraquinone, 
which did not crystallize at all on storage. 

Observations of the whiskers produced in the course 
of this work suggested that they were colourless and con- 
tained a large proportion of anthraquinone. It was found 
possible to remove many of the whiskers from a film of 
1,8-dianilinoanthraquinone and anthraquinone, which 
had been stored for some time, with a device by which the 





Fig. 2. Whisker with circular lump on tip observed in solid film on 

quartz of mixture of Ere thy laminoanthraquinone and anthraquinone 

stored in the dark at room temperature and humidity for 5 days. Plane 
polarized light. (x 480.) Side view. 





Fig. 3. Spherulite observed in solid film on quartz of mixture of 1,4- 

diaminoanthraquinone and anthraquinone stored in the dark at room 

temperature in air over water for 1 day. Plane polarized light. (x 120.) 

The dark elliptical patches at the centre consist of uncrystallized 

material; these patches are surrounded by white areas from which all the 
material has migrated. 
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whiskers were sucked over into ethanol. Spectrophoto- 
metric analysis of the solution, together with a blank 
test on a freshly deposited film, indicated that the whiskers 
were composed of at least 80 per cent anthraquinone. In 
view of the experimental difficulty of excluding the 
1,8-dianilinoanthraquinone from the base of the whisker, 
it seems likely that these whiskers consist wholly or 
almost entirely of pure anthraquinone. It is clear that 
the growth process of these whiskers must involve some 
kind of separation mechanism. The nature of the process 
is not clear, but it seems possible that complexes between 
the aminoanthraquinone compound and anthraquinune, 
itself, are initially formed by intermolecular bonding. 


G. 8S. EGERTON 
M. K. SMTH 
Department of Polymer and Fibre Science, 
University of Manchester Institute of 
Science and Technology. 
Received October 5, 1966. 
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Triclinic Form of Talc 


PAULING! predicted structures for the individual layers 
of tale, pyrophyllite and the micas, and these structure 
determinations have since been shown to be broadly 
correct. Although accurate structures have been determ- 
ined for several well crystallized micas, this has not been 
done for tale. 

Gruner? examined tale by X-ray powder diffraction 
and indexed the pattern on the basis of a monoclinic cell 
with a=5-26, b=9-10, c=18-81 kX, B=100-0°. He 
showed that the observed intensities were in general 
agreement with a structure made up of two Pauling-type 
layers stacked so that the symmetry was C2/ce. Hen- 
dricks*4 found essentially the same two-layer mono- 
clinic unit cell by single crystal methods. He also found 
general agreement between the observed intensities and 
those caleulated for Gruner’s structure for reflexions with 
k=3n. No structure could be found to explain the 
intensities of reflexions with k~3n that was consistent 
with the space groups C2/c or Cc indicated by the system- 
atically absent reflexions. Hendricks explained this, and 
also the streaks along c*, by postulating a structure in 
which there are random shifts between adjacent layers. 
He gave a similar explanation for his observations on 
pyrophyllite. 

As part of an investigation of the structures of layer 
silicates related to clay minerals, we have determined an 
accurate structure for the sub-cell of pyrophyllite defined 
by the relatively sharp k = 3n reflexions, and we have now 
examined crystals of talc. The specimen, kindly sent to 
us by Dr. Hendricks, came from Harford County, Mary- 
land (U.S.N.M. No. 82519), and is the one used by Hen- 
dricks in his work. 

On our photographs all the reflexions are equally sharp 
and are nearly as sharp as those from a fully ordered 
erystal. Disorder is shown only by very weak streaks 
running along c* between some of the reflexions. In 
pyrophyllite, even the sharpest reflexions, those with 
k = 3n, are diffuse and there are great differences in sharp- 
ness that depend on the value of k. Hendricks reported a 
monoclinic unit cell, but none of our photographs, taken 
for rotations about all three 5-3 A axes and all three 9-3 A 
axes in the plane of the layer, shows monoclinic symmetry ; 
all the reflexions fit a primitive triclinic unit cell with 
a=5-29 A, b=5-30 A, c=9-47 A, a=86-1°, B=98-9°, 
y= 120-0°. 

The c dimension is such that the unit cell can contain 
only one silicate layer. The first step in determining the 
structure is to find the orientation of the silicate layer in 
the cell. The individual layer can be characterized for 
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this purpose by the vector from a hydroxy! group in the 
lower half of the layer to the nearest hydroxyl group in 
the upper half. The base of the cell is almost exactly a 
120° rhombus, and a single layer can thus be placed in the 
cell in six orientations. The six orientations are distinct 
because both the hydroxyl~hydroxy] vector and c axis 
are inclined to the plane of the layer and the projection 
of c on (001) is not symmetrically related to the 
axes. 

A trial structure for the layer, based on the Pauling 
structure but modified to take account of recent. ideas on 
layer silicate structures*:?, was found by allowing the 
tetrahedra to rotate and the octahedra to be flattened to 
fit the unit cell in the plane of the layer. Intensities 
calculated for the six different ways of placing this layer 
into the cell were compared with the observed values for 
384 hkl reflexions with h=0, 1, and 2. One arrangement 
gave R= 22 per cent, the other five gave R values greater 
than 40 per cent. Preliminary refinement of the a axis 
data by the method of least squares gave an R value of 
16 per cent, so, in contrast to Hendricks’s findings, a fully 
ordered structure can apparently be found to explain all 
the reflexions. 

Structures in which two sheets of identical atoms are 
in contact may be locked by interleaved ions or molecules, 
or by hydrogen bonds, so that the atoms superpose 
directly (as in micas, Ni(CN),.NH,*, gibbsite), but when 
they are not locked the two sheets will come closer together 
‘with the atoms of the two sheets tending to avoid one 
another. In tale and pyrophyllite this should lead to a 
triclinic, one-layer, structure, as we find for tale. Regular 
multi-layer structures with the same kind of contacts 
between layers may have higher symmetry. The pyro- 
phyllite pattern may represent diffraction from a partially 
ordered stacking of two one-layer triclinic cells, the sub- 
¿cells of which do not coincide exactly. A structure of this 
kind could explain the differing diffuseness of pyrophyllite 
reflexions for different values of k, and also the observation 
that even the reflexions with k= 3n, which define the sub- 
cell, are less sharp than those from an ordered crystal. 
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Random Network Model of Vitreous Silica 


“We have constructed a random network??, three- 
dimensional model of the structure of vitreous silica. 
The data obtained from this model have yet to be refined 
statistically, but it is clear that the structure has approxi- 
mately the right density, and the measured radial distri- 
bution of atoms about silicon and oxygen reference 
atoms is in good agreement with the radial distribution 
function obtained by Fourier transformation of neutron 
and X-ray scattering dataè1. It appears that there will 
be little or no systematic experimental bias in the in- 
dividual building units or in the model as a whole; the 
range of Si--O——Si angle and O-——Si—O angle in the model 
is also reasonable for what is known or inferred from 
refined X-ray structure investigations of the crystalline 
forms of silica. 

The model contains 1,953 atoms represented by the 
centres (silicon) and vertices (oxygen) of 651 tetrapod® 
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building units. These units, the rules by which they were 
assembled, and the technique of co-ordinate measurement 
are similar to those used by Ordway‘, with the following 
exceptions. 

(1) The tetrapods were linked together by bent springs, 
the angles of the bends having a Gaussian distribution 
with a peak at 163°. These angles were generated by a 
random-number computer programme and were used, 
with few exceptions, in the random sequence generated. 

(2) The rules of assembly were modified at the start 
in order to avoid building the non-crystallographic but 
essentially regular “vitron? (pentagonal dodecahedral 
cage) as the model “nucleus”. Our intention was to apply 
Bernal’s’ ideas of liquid structure to silica glass and to 
make the model ‘essentially irregular” throughout all 
stages of construction. 

(3) The 5 em tetrapod legs in the present model are 
longer than Ordway’s, and the four individual legs were 
held in a jig and soldered with silver. The join is therefore 
a more accurately positioned centre of the tetrapod than 
that of the National Bureau of Standards construction as 
can be seen in Fig. 1. 

(4) The assemblage was sufficiently open to allow 
accurate, direct measurement of all except two of the 
centres and vertices using surveyors’ transits*. A free 
suspension from fine wires was used during building, and 
frequent and arbitrary rotations of the model were made in 
order to eliminate all sources of systematic deformation 
and bias. The suspension was augmented and transferred 
to a rigid supporting framework calibrated in centi- 
metres. No significant relative motion within the frame- 
work or between the framework and the model was 
observed during the several months required for measure- 
ment. Angular measure was transformed directly to 
rectangular cartesian co-ordinates for each of the “atoms” 
in the model. 





Fig. 1. Comparison of National Bureau of Standards and Corning Glass 
Works tetrapods. 


Approximately, 1,200 of the atoms will be statistically 
representative of the interior silica structure. These 
fall within a sphere roughly 18 A units in diameter. 
Significant information regarding co-ordination is being 
obtained from the geometrical centre of the model out to 
at least 9 A and the model density is essentially continuous, 
with statistical fluctuations, between 12 and 18 A. Fig. 2 
shows how the irregular but completely connected three 
dimensional geometry evolves during building. At this 
stage the model contained seventy-three tetrapods. 

Fig. 3 compares a histogram of the radial distribution of 
atoms in the model, measured for ten silicon (tetrapod 
centre) and twenty oxygen (tetrapod vertex) atoms, with 
the radial distribution functions computed from neutron? 
and X-ray‘ scattering data. Current investigations of 
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Warren? using X-rays from which Compton. stattering has 
been eliminated? show a sharp second RDF peak (0-0 
distance) and noticeable broadening of the third (Si—Si) 
peak, indicating a variation of Si—O—-4Si angle as has been 
assumed in our construction. 5 

The density of the continuum beyond 12 Å will be 
approximately 2-08 g/e.c. when the mean centre to 
vertex distance is normalized to a Si—O bond length of 
1-605 A established by X-rays for «-quartz. Though less 
than the 2-20 g/c.c. measured for vitreous silica, 2-08 
g/c.c. is substantially greater than the density of models 
previously offered for vitreous silica and suggests that the 
present construction, though idealized, is physically 
realistic. 

We would be grateful for accurate experimental data 
that can be compared with computations made from the 
model. co-ordinates. It should be emphasized that the 
Gaussian angular distribution of springs was the statis- 
tically random variable in the assembling process but 
that this distribution was not imposed on the model. 





Fig. 2. Model containing seventy-three tetrapods. 
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The springs were flexible, allowing readjustment as build- 
ing proceeded. The measured distribution of Si—O—8Si 
angles is substantially different from that initially 
inserted. 

Further details of this work will soon be submitted 
for publication. 

We thank Professor J. D. Bernal for granting leave to 
one of us (S. V. K.) to carry out this work, and Dr. Fred 
Ordway for helpful discussions. 
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Properties of Vitreous Silica: Analysis of 
Random Network Models 


Tus article is the first report on an extensive programme 
of work on the structure and spectra of glasses, in-par- © 
ticular of vitreous silica. The principal aim of the project 
is to compute the properties of models based on plausible 
atomic arrangements and realistic interatomic forces. 
It is hoped that by comparing the calculated properties 
of these models with experimental data from real glasses, 
we can successively modify the models until optimum 
agreement between theory and experiment is obtained. 
This process should lead to an improved understanding 
of the structure and atomic vibrations of the glasses 
considered. 

The lack of basic theories relating the microscopic and 
macroscopic properties of glasses arises primarily from 
the fact that our knowledge of the structure of glass is 
statistical in character, rather than precise as in a crystal. 
There is, for example, great difficulty in translating the 
direct experimental structural data (from X-ray and 
neutron diffraction investigations) into precisely defined 
atomic models; indeed, it is well known that quite different 
kinds of structure (for example, those of the random 
network theory??? and the pentagonal dodecahedral 
theory’) lead to radial distribution functions consistent 
with experiment. Even if we accept a particular hypo- 
thesis, such as the random network theory, it is still 
extremely difficult to formulate a set of rules for computing 
typical atomic positions. It seems that the only feasible 
way to obtain a model on which calculations may be based 
is to construct actual physical models. We have built 
two such models of vitreous silica and in this report we 
describe their construction and statistical properties. 
The models are “idealized” in the sense that they contain 
no impurities, and no non-bridging oxygen atoms except 
those which form the boundary. 

The basic structural unit in all polymorphs of silica is 
the SiO, tetrahedron, with a silicon cation at its centre 
and oxygen anions at the vertices. In our models, we 
represent the silicon—-oxygen bonds of this unit by steel 
wires (1/16 in. diameter), and the silicon and oxygen 
ions by polystyrene spheres (of diameters 1:5 in. and 
l in. respectively). A model tetrahedral unit is shown in 
Fig. 1 (inset). The models are built up on the basis of the. 
random network theory!-*; consequently, tho tetrahedral 
units aro linked together to form a continuous irregular ` 
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three-dimensional network. Randomness is achieved by 
varying the relative orientation of adjacent tetrahedra 
throughout the structure, both by allowing the Si—O—Si 
angle to take any one of a range of values and by using 
the rotational freedom of adjacent tetrahedra about the 
connecting silicon-oxygen bonds. The Si—O—Si angle 0 
ranges from about 120° to 160°, with a mean 6 of approxi- 
mately 140° (the O—Si—O angle, on the other hand, does 
not differ appreciably from the ideal tetrahedral angle of 


sint ae ~ 109-5°). Thesilicon-oxygen bond lengths also 


vary throughout each model, but to a relatively smaller 
extent than the variation in 6. These specifications are 
consistent with recent neutron and X-ray diffraction 
_Mmeasurements®*. Fig. 1 is a photograph of one of the 
~ models. 





Fig. 1. One of the models of vitreous silica, and (inset) a tetrahedral unit. 


The positions of the centres of the spheres in the two 
models described here were measured by Test House, 
National Physical Laboratory. From these data we com- 
puted the bi—Si, Si—O and O—O pair distribution 
_ functions; we combined these (using the appropriate form 

factors) to obtain the total X-ray radial distribution func- 
“tions, shown as histograms in Fig. 2. The smooth curves in 

“the figure represent the mean distribution functions for 
.,completely random assemblies of atoms (a) of infinite 
extent, and (b) contained within a box of the same di- 
; Mensions as the model (compare ref. 9). The histograms 

approach curve (b) at large distances. 

The histogram for model I was rescaled to compensate 
‘for the finite size of the model, and the horizontal scale 

‘was chosen to reproduce the known experimental Si—O 
bond length of 1-60 A. The resulting histogram is com- 

pared in Fig. 3 with the experimental X-ray radial dis- 

tribution curve given by Kitchens’. Our histogram re- 
¿ produces all the features of the experimental curve; the 
agreement is good, even allowing for the insensitivity of 
the distribution function to structural details. With the 
choice of scale. already mentioned, the densities of models I 
and IT become 2:80 and 2-65 g/c.c. respectively (with esti- 
mated errors of less than 2 per cent) compared with the 
experimental value of 2-20 g/e.e. These high values of 
density are clearly a consequence of the § chosen for the 
models; the discrepancy could be removed by choosing 
a larger mean angle. 

To sum up, our experience in constructing and analysing 
hese models shows that: (a) given 0= 140° it is easy to 
‘construct models based on the random network theory; 
<b) the resulting radial distribution function agrees 
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extremely well with experiment; (c) the density for this 
choice of 8 is some 20-25 per cent above the experimental 
value; (d) given a specified 6, it is possible to construct 
models with slightly different densities. 

We are at present analysing further models with mean 
angles 0>140°. We find that the density decreases with 
increasing 0, and that it becomes more difficult to build a 
connected random network for 6 greater than about 160°. 
We anticipate a mean angle of about 150° will give a 
model with the correct density. 

Although we have concentrated on purely structural 
details of the models in this report, our interests, as 
already mentioned, cover other aspects such as dynamical 
properties. We have some unpublished evidence that the 
vibrational spectra of atomic networks are quite sensitive 
to structure; thus the spectra of our models should pro- 
vide a useful guide to their validity. Work along these 
lines is in progress. 
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Fig. 2. Radial distribution functions (histograms) computed from: the 

model co-ordinates using X-ray form factors, The smooth curves 

represent the mean distribution functions for completely random assem- 

bles of atoms (a) of infinite extent, and (b) contained within a box of the 

same dimensions as the model. The histograms have not been adjusted 

to compensate for the finite size of the models, and so tend to follow the 
curve (b) rather than (@). 
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Fig. 3. Comparison of the radial distribution function for model I with 
the experimental X-ray curve for vitreous silica (ref. 8). The histogram, 
has been rescaled to compensate for the finite size of the model. 
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CHEMISTRY 


Oxidation of Vanadium in the Liquid Oxide 
Region 


At temperatures above the melting point of vanadium 
pentoxide (675° C), the rate of oxidation of vanadium is 
extremely rapid and the kinetics have been described? 
in terms of the following equation 


w—a= kim 


(1) 
where w is the weight of oxygen absorbed per square 
em, tis the duration of oxidation, and a, k and m are 
constants with m, the rate index, close to 0-7. Although 
not entirely unknown?’, such a value is both unusual and 
difficult to rationalize. It has been considered to be due 
to a combination of linear and parabolic processes, pre- 
supposing similar activation energies unless m is tem- 
perature dependent. 

The work reported here is an extension of the earlier 
investigation, with the object of understanding the sig- 
nificance of m. Oxidation experiments were conducted 
as before! using a volumetric apparatus in which vanadium 
coupons were oxidized under a constant pressure of oxygen 
at pressures ranging from 100 to 450 torr and temperatures 
from 690° to 1,050° C. The experiments confirmed the 
results of the previous study in general; but the rate 
index m was found to be independent of temperature, 
and to increase with decreasing oxygen pressure from 0-7 
at. 450 torr to 0-9 at 100 torr (Fig. 1). Single crystal 
vanadium‘ was found to oxidize in a similar manner to 
polycrystalline material, but the rate constant k was 
greater. 

In view of the exothermic nature of the reaction’, it 
was desirable to measure the variation in temperature of 


m 





0 100 200 300 400 
Pressure (torr) 
Fig. 1. The rate index “m” plotted as a function of pressure for poly- 
crystalline vanadium. 
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Fig. 2. The variation in temperature of a specimen oxidized at 690° © *, 
and 340 torr. 


the specimen during the course of the reaction. Accord- 
ingly, surface temperature measurements were made 
using a platinum—platinum/10 per cent rhodium thermo- 
couple in contact with the specimen. This was outside 
the reaction vessel. The differential signal was recorded 
on a high speed galvanometer recorder, which was 
standardized with a potentiometer before and after each 
run. 
Fig. 2 shows the variation in temperature of a specimen 
oxidized at 690° C, 340 torr; there is an initial tempera- 
ture rise on admitting oxygen followed by a slow decrease 
to about 30° C above that of the furnace. At low 
pressures the initial temperature rise is less. ane 

That grain boundary effects are not important - 
determining the form of equation (1) is shown by the fac 
that single crystal and polycrystalline material behave 
similarly, and the cause of the unusual value of the rate 
index m must be sought elsewhere. A layer of liquid oxide 
remains on the metal surface throughout the reaction, and 
we think that the rate of oxidation is controlled. by 
diffusion through this layer; for a layer of constant 
thickness, linear kinetics are to be expected. This, how- 
ever, is only valid for isothermal conditions, whereas in 
fact the specimen «temperature varies considerably. 
During the early stages the rate of reaction will be 
relatively high and will decrease as the temperature falls; 
so that the overall reaction rate will decrease with time 
{m < 1). At lower pressures the initial temperature rise 
is less and there is little difference in initial and final rates 
so that m is close to unity. 

Calculations indicate that the rate of change of tem- 
perature is compatible with this interpretation. The 
actual increase in temperature, however, is less than that’ 
calculated; this may be due to the difficulty of ensuring 
that the measuring couple is at the true interface tem- 
perature. 

The non-linearity of the rate equation is thus a con- 
sequence of the non-isothermal nature of the reaction and 
does not represent a steady state reaction mechanism. 

We thank Dr. S. J. Kennett for his invaluable advice, 
Mr. R. O. Dodds for experimental assistance, and the 
University of Liverpool and Battelle Memorial Institute 
for provision of experimental facilities. One of us 
(W. R. P.) was in receipt of a grant from the Science, 
Research Council. Bs 
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Structural Studies on Group IV Metal 
Acetylacetonates 


a Two types of six-coordinate complexes of acetylacetone 
(Hacac) with Group IV elements have been reported 


previously. They are [M(acae),Cl,] (M = titanium, ger- 
manium, or tin) and [M(acae),]* (M = titanium, ger- 
-“qnanium, or silicon)!, The present communication describes 
the syntheses of other halides of the type [M (acac):X 2], 
‘infra-red studies on all the above complexes, and single 
crystal X-ray investigations on the three complexes 
© [M(acac),Cl,] (M = titanium, germanium, or tin). 
; Complexes of the type [M(acac),X,] (X = fluorine, 
[L chlorine, or bromine) have been prepared by direct 
reactions of the metal tetrahalide with acetylacetone in 
an inert solvent. These complexes are diamagnetic, and 
behave an monomers and non-electrolytes in nitromethane 
"and nitrobenzene. The absence of uncoordinated carbonyl 
absorption in the infra-red spectra of the complexes 
‘indicates that the acetylacetone groups are bidentate and 
-therefore the metal atoms are six-coordinate. The essential 
< point of interest with these complexes is whether they 
- adopt the trans (A) or cis (B) configurations (Fig. 1). 
The metal-halogen stretching frequencies v (MX) for 
the complexes are given in Table 1. In the spectra of the 
fluoro-complexes, only one MF stretching frequency is 
observed near 600 cm-t, and this may indicate that the 
fluorine atoms are in the trans-octahedral positions, as are 
the methyl groups of the complex (CH,), Sn(acac), (refs. 
‘Sand 3); however, some mixing of MF with MO stretch- 
ing vibrations is to be expected. Two MX stretching fre- 
quencies are observed in the infra-red spectra of the 
complexes M(acac),Cl, and M(acac),Br,, suggesting the 
cis-octahedral arrangement of the ligands in these cases. 
‘This result is in agreement with the nuclear magnetic 
“resonance results for Ti{acac),Cl, (ref. 5) and for 
- Snlacac),X, (X = chlorine, brominé, or iodine)* in organic 
- solvents, The MX stretching frequencies are in the order 
y(SnX)<v(GeX) < v(TLX) consistent with their expected 
mass dependence. 
The complexes of the types [M(acac)s]* FeX,- (M = 
titanium or germanium; X = chlorine or bromine) 
absorb at different frequencies, however, namely ~377 
and ~ 290 em~ for the chlorides and bromides respectively. 
-= These bands are clearly attributable to the v(t») modes of 
the FoX ions’, and hence confirm the presence of these 
“Gens in the complexes as originally inferred from electronic 
spectra and other sources of data®-*. 




















(B) 


Fig. 1. Trans (A) and cis (B) forms of M(acac),Y.. (Hacac = acetyl- 
acetone, the ring being represented schematically.) 
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Table 1. METAL-HaLOGEN STRETCHING FREQUENCIES IN COMPLEXES OF 
THE Types M(ACAC) X, AND {[M(ACACh FEX 
ALY stretching frequencies (em~) 
Compound (MX) +(FeX o 

Ti(acac),F, 629 vs e 
Ti(acac),Cl, 315 m 873 vs _ 
Ti{acac),Br, 246 wm 304 vs, br — 
{Ti(acac)]* FeCl — -~ 379 vs 
{Tifacac),]* FeBr.~ — — 291 vs, 280 sh 
Ge(acac),Ch, 296 8 M78 — 
Ge(acac), Bry 241 wm 283 vs, br — 
been FeCi,- oo — 376 va, br 
[Gefacac), + FeBry- _ —_ 203 vs, 288 m 
Sn(acac) F, — 581 vs — 
Sn(acac),Cl, 264 m 334 vs — 
Sn(acac),Br, < 200 260 vs === 


vs, Very strong; 8, strong; m, medium; w, weak; br, broad; sh, shoulder. 


X-ray powder photographs show that the complexes 
[M(acac),Cl,] (M = titanium, germanium, or tin) are not 
isomorphous with one another, although there is some 
similarity between the patterns for the germanium and 
tin crystals. Single crystal studies have given the follow- 
ing results: 


Titanium «@=11-315 a= 964° Dopyk = 1-305 g/e.c. 
b= 8074 B= 9925° Z= = 
c= 9040 y= 870° Space group = P1 or Pl; 
Germanium a= 7-50 a= §4-9° Dpyk = 1-678 gjeo. 
b=1L46 f= 874° Z=2 z 
c= S164 y= 88-16° Space group=J1 or Il; 
Tin a=1400 p=107-5° = Dpye = 1-785 g/e.c. 
b= 7:82 Z=4 
e= 13-84 Space group = Ce or C 2je 


It is of interest that the molecular volume of the 
titanium compound (405 A) is much larger than that of the 
germanium and tin compounds (349 and 361 A® respec- 
tively). Owing to the low symmetries of the unit cells, 
it is not possible to assign molecular symmetries without 
full structural determinations. Full three-dimensional 
data have been collected, and are in the process of refine- 
ment. 
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Effect of Uranium on Catalysts containing 
Metals of Group VIII of the Periodic System 


During the course of investigations of catalysts for use 
in reactions between steam and hydrocarbons, it was 
found that by introducing uranium to the catalyst formu- 
lation a marked improvement in the reaction parameters 
was obtained. 

The catalysts are prepared by impregnation of an inert 
support with the metal salts, the support being in the form 
of pure «-aluminium oxide. A preliminary physico- 
chemical examination of catalysts containing uranium 
indicates that uranium is probably acting as an electronic 
promoter. : 

The first study carried out was on the effect of uranium 
on the total specific surface area of the catalysts, the 
surface area being measured by nitrogen adsorption. Tt 
was found that the addition of uranium to the. nickel- 
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a-aluminium oxide catalyst caused the total surface area 
to be increased, from that of the bare support which has 
a surface area of 3-5 m?/g-1. 

For example, (1) surface area of sample with 6-2 per 
cent nickel = 7-0 m*/g-1 (nickel present as nickel oxide); 
(2) surface area of sample with 7:2 per cent uranium = 
1-0 m*/g-? (uranium present as uranium oxide (U,0,) ); 
(3) surface area of sample with 5-65 per cent total metal 
oxide = 12-0 m?/g-) (that is, nickel = 27 per cent + 
uranium = 2-95 per cent). 

Because uranium (as U,O,) on -aluminium oxide gives 
rise to very small surface area values—the highest recorded 
is 5-0 m?/g-\—it is apparent that the uranium is either: 
(a) reducing the crystallite size of the nickel atoms; or 
(b) combining with the nickel to form a compound of high 
total surface area. 

A preliminary X-ray examination of these catalysts has 
shown the existence of a new phase, probably as a result 
of the combination of nickel and uranium. From the 
X-ray data so far available, it is thought, however, that 
a situation exists where both of the foregoing alternatives 
occur simultaneously. 

When a catalyst is prepared which contains this com- 
plex a much stronger adsorption of hydrogen is observed, 
when compared with catalysts containing nickel alone. 
These observations were made by obtaining differential 
thermal analysis thermograms on the fully reduced 
catalysts. 

The presence of uranium in these catalysts also has 
important effects on the kinetics of the reactions involved 
in the steam—hydrocarbon reforming reactions. For 
example, for the butane (C,H,,)~steam reaction at 30 atm. 
pressure and 450° C, the reaction is described by 


dt 


while the corresponding kinetic expression for a nickel 
catalyst is 


=k (C,H, ,)°(H,O)! 


From the foregoing kinetic expressions it is seen that 
water is more strongly adsorbed on the nickel/uranium 
catalyst than on a catalyst containing nickel alone. It is 
thought that this stronger adsorption of water will help 
to inhibit “coke” formation, which is an important limiting 
factor in the operation of these catalysts. 

We thank General Refractories, Ltd., for use of their 
X-ray facilities. 
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New Identifications in the Oxygen Second 
Negative System 


THe oxygen second negative band system is a result of 
the transition A*I1,—X*IIy. It is a system of red-degraded 
double-headed bands, extending from 1900 A to 6500 A, 
and the separation of the heads of each band is 200 cem- 
The bands were first observed by Johnson! and further 
identifications have been made by other workers?-6, 
A list of band-head wavelengths. taken from refs. 1-5, 
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has been published by Wallace’. The frequencies of the 
band heads are given by 


aase6 


Wor = asra + [898-9(v’ + 3) — 1370 + p] 
[1876-4(v" + $) — 1653W” + pH] (1) 
This communication reports the observation of several 
bands that have not been reported previously and the 
re-assignment of vibrational quantum numbers and 
wavelengths for a few known bands. The system was 
excited in a liquid oxygen cooled discharge through 
oxygen (pressure = 0-005 torr) and helium (1-0 torr) at a 
current of 20 m.amp. The spectrum was photographed 
for 3 min using a Hilger large quartz prism spectrograph. 
The reciprocal dispersion was about 3 Ajmm at 2700 A 
and 10 A/mm at 4000 A. The experiment was designed 


to measure integrated intensities, so a wide slit (80u) was.: 


used, reducing the accuracy of the wavelength measure- 
ments to +05 Å. The helium lines appearing on the 
spectrogram were used as standards. 

The new bands and those for which new assignments 
have been made are listed in Table 1. The suffixes é and ii 
in the v” column refer to the shorter and | onger wavelength 
head of the band. The letter in the last column refors 
to the comments below. 


Table 1. NEW ASSIGNMENTS FOR SOME 0;+ SBOOND NEGATIVE BANDS 


2 r (Observed) ~» (Calculated) vo 
2703-2 36982 36987 3 2 b 
2705-3 36954 36961 5 Bt b 
2806-1 35626 35627 8 bt b 
2821-0 35438 35427 8 Sii a 
2862-0 33751 33749 1 8 e 
2980-0 33547 33549 i 84 a 
3141-0 31828 31827 5 Gi b 
3143-0 31808 81804 1 ib 
3127-9 31961 31954 3 i e 
3148-1 81758 31754 3 Dii e 
3277-2 30505 30492 8 8H a 
4219-1 23695 23695 3 10% d 

8-1 39233 39212 ll 4% s 
5736-1 17429 e 
8433-0 15541 15510 oO li e 
6531-8 15305 15310 0 14% e 


(a) New bands. {b) Both the bands 3, 2i and 5, 3i 
had previously been assigned the same wavelengths, but 
I have observed that they are clearly separated’, The 
1, 4ii band had previously been assigned the wavelength 
3141-0 A. The band measured at 3143-0 A in the present 
experiment corresponds more closely in wavelength and 
intensity with the assigument 1, 4it. The much weaker 
band at 3141-0 A has been given the assignment 5, 6i. 
(c) All these bands were originally measured by Lal‘ on a 
small quartz spectrograph; the present measurements 
give better agreement with the calculated values. id) 
This band was measured by Johnsont, who did not assign 
any quantum numbers to it. (e) These bands were all 
measured by Byrne®, but his assignments gave very poor 
agreement with equation 1. The present assignments 
fit into the general scheme and are also reasonable as 
tegards intensity. No reasonable assignment could be 
found for the band at 5736-1 A. 

A complete and up to date list of all the band head 
wavelengths for the system has recently been prepared 
together with a photograph showing all the new bands’. 
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sions and the Gassiot Committee of the Royal Society for 
providing a maintenance grant. 

C. Livron* 
Spectroscopy Department. 
Imperial College, London. 


Received October 31, 1966. 

* Present address: Centre for Research in Experimental Space Science and 
Department of Physics, York University, Toronto, Ontario, Canada, 
* Johnson, R, C., Proc. Roy. Soc., 105, 683 (1924), 

* Ellsworth, V. M., and Hopfield, J. J., Phys. Rev., 29, 79 (1927). 
* Mulliken, R. S., and Stevens, D. 8S., Phys. Rev., 44, 720 (1933). 
‘Lal, L., Phys. Rev., 73, 255 (1948). 

* Feast, M, W., Proc. Phys. Soc., A, 63, 557 (1950). 

* Byrne, J., Proc. Phys. Soe., A, 78, 1074 (1961). 

* Wallace, L., Astrophys. J. Suppl., 7, 165 (1962). 

€ Linton, C., Ph.D. thesis, London (1966). 





no. so0se DECEMBER 17, 1966 


BIOCHEMISTRY 


Location of Nucleic Acids by Electron 
Probe X-ray Microanalysis 


Wuen a specimen is bombarded with electrons, X-rays 
are emitted. Each element in the specimen emits its own 
X-ray spectrum which consists of a number of prominent 
lines superimposed on a continuous background. The 
apectral lines emitted by each element are characteristic 
of the element, in the way that the D doublet (à = 600 nm) 
is characteristic of the optical spectrum of sodium, and 
they can be used to identify the elements which are present 
in the specimen. 

In electron probe microanalysis the characteristic lines 
are separated by Bragg reflexion in a crystal spectrometer 
‘and elements above magnesium in the periodic table can 
usually be identified. The use of electrons to excite the 
specimen has certain other advantages. The incident 
electrons can be focused into a probe about lu in diameter. 
This means that it is possible to analyse an area of the 
specimen which is only 1 um in diameter. Cosslett and 
Duncomb!? have developed a technique whereby the 
electron probe is scanned across a specimen in synchrony 
with the electron beam in a cathode ray tube. If the 
erystal spectrometer is set to detect characteristic X-rays 
of an element, and the output is used to modulate the 
brightness of the cathode ray tube screen, then an image 

¿can be formed on the screen which represents the dis- 
tribution of that element in the specimen. 
|. When histological sections are examined this way, it is 
often difficult to correlate the distribution of the elements 
< with the biological structure. Experience with sections of 
a number of different tissues has shown that localization 
at cellular level is usually impossible, as there are no 
natural landmarks that can be identified in the micro- 
analyser. The answer to this problem would seem to lie 
in the use of stains which contain elements of fairly 
high atomic number, such as those used in electron 
microscopy. This communication describes a method of 
staining histological preparations that enables accurate 
localization of areas for analysis, and which may lead to 
a method for measuring in situ the nucleic acids in histo- 
logical preparations. 
- Ordinary paraffin sections were prepared at a thickness 
of 7u from the spinal cords of three rats fixed in 10 per 
~ gent formalin. The sections were stained for 24 h with a 
gallocyanin chrome alum chelate prepared by the method 
of Berube, Powers, Kerkay and Clark*. They believe that 
this chelate is the actual staining compound in gallo- 
eyanin chrome alum solutions. Stained sections were 
prepared for optical microscopy on glass slides, and for 
X-ray emission microanalysis on nylon films. 

When the specimen was examined by optical micro- 
scopy it was found that only nuclear chromatin, nucleoli 
and Nissl substance had stained. The chromatin network 
of glial cell nuclei could be seen distinctly and clearly. 
There was no background staining. 

The results of the observations with the microanalyser 
are illustrated by Fig. 1. A photograph was taken with 
transmitted (bright field) illumination of each section on 
a nylon film before it was put into the apparatus. An 
area of such a photograph of ventral horn grey matter is 
shown in Fig. 1A. Then the sections were examined with 
the microanalyser to discover the distribution of chro- 
mium. The results were recorded photographically as in 
Fig. 1B, which shows the same area as Fig. 14. The 
black areas in Fig. LB are the areas containing chromium. 
‘Comparisons of pairs of photographs show that the larger 
black areas are sections of nerve cell bodies. The smaller 
areas are sections of dendrites and nuclei with some 
background noise due to the continuous X-rays. Investi- 
gation of the smaller areas with a static electron probe 
allows false positives to be identified. When the static 
electron probe was positioned on a nucleus which had 
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Fig. 14. An area of ventral horn grey matter stained with chrome gallo- 
cyanin chelate photographed with transmitted light before microanalysis. 


Fig. 1B. The same area as that in Fig. 14 photographed with the miero- 
analyser: the distribution of chromium is shown as black areas. The 
rger areas correspond to cell bodies visible in Fig. LA. 


been stained with the dye, and the spectrometer was 
scanned through the Bragg angle for the chromium 
characteristics Ka line, a ratio of signal to background 
noise of 10 : 1 was found. When the probe was positioned 
on an unstained part of the section, the chromium Ka 
line could not be detected. 

Our results show that in histological sections the 
chromium component of the gallocyanin chrome alum 
chelate has the same distribution as the dye component. 
Pakkenberg* has shown that under the correct conditions 
gallocyanin chrome alum gives specific quantitative data 
for nucleic acids. If the composition of the gallocyanin 
chrome alum chelate is homogenous, then the chromium 
distribution should also give specific quantitative data 
on the distribution of nucleic acids. Such a technique 
would be a valuable step in extending the range of uses of 
X-ray emission microanalysis beyond elemental analysis 
to the analysis of radicles or compounds for which there 
are specific reagents with a component suitable for 
measurements with this apparatus. 

Two fields of research may benefit from these results. 
Because the analyser is a scanning device, it should be 
possible to detect cancer cells by their high nueleie acid 
content in smears of exfoliated cells stained with the 
gellocyanin chrome alum chelate in a similar way to the 
microfluorometrie method of Mellors, Glassman and 
Papanicolaou®. It may also be possible to use the chelate 
as a specific stain for nucleic acids for electron microscopy 
because chromium is electron dense and demonstrable by 
that technique. 

R. T. Sms 
Anatomy School. 
Cambridge. 
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Cavendish Laboratory, 
Cambridge. 
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One Dimensional Resolution of Nucleic Acid 
Bases on Cellulose Layers 


RESOLUTION of nucleic acid derivatives on cellulose 
layers!-® has advantages over paper chromatography, 
particularly in the speed of separation of mixtures. Keck 
and Hagen® have separated the five common bases of 
nucleic acids one dimensionally on cellulose layers, using 
as solvent a mixture of methanol, water and hydrochloric 
acid, but the resolution of uracil and thymine is inferior 
to that achieved in paper chromatography*. Randerath’ 
achieves a more sensitive separation, but uses two solvents. 
The present communication describes a rapid one dimen- 
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sional procedure which has been used in this department 
for the separation of the five common bases found in 
perchloric acid hydrolysates of RNA and DNA mixtures. 

The cellulose powder was layered from a slurry (20 g 
of powder in 125 ml. of water) using a Stahl-type appli- 
cator® to a thickness of 0-5 mm, and dried for 24 h at 
room temperature. 

Chromatography of the mixed nucleic acid hydrolysate 
and of base standards was carried out in closed glass 
tanks filled with the solvent to a height of about 1-0 em. 
The solvent used was 1-0 molar dipotassium hydrogen 
orthophosphate, 1-2 molar ammonium sulphate and pro- 
panol (123 : 74 : 3 v/v). For the purpose of recording Rr 
values the solvent was allowed to equilibrate with the 

. tank atmosphere before insertion of the plates. Plates 
were dried in air and spots were located under ultra-violet 
light. 

Under these conditions five distinct spots were obtained 
from & mixed nucleic acid hydrolysate, each one corre- 
sponding to a spot of a standard base, with the following 
Rr. values: adenine, 0-17; guanine, 0-29; thymine, 
0-58; cytosine, 0-60; uracil, 0-64. The chief advantage 
of this solvent system is its simplicity, and the resolution 
of five bases within 2 h. 

A. B. Harris 
R. WARBURTON 
Department of Chemistry and Applied Chemistry, 
Royal College of Advanced Technology, 
Salford. 
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‘Modified Intercalation Model for the 
Interaction of Amino Acridines and DNA 


Tue binding of amino acridines to DNA (Fig. 1) has been 
shown .to occur by both a strong and a weak binding 
process The energy and specificity of the strong binding 
process are too great for the interaction to be purely electro- 
static and it has become clear that interaction of the 
aeridine ring with the bases in DNA is involved?-§, Lerman® 
postulated that the binding process involved an inter- 
calation of the amino acridines between base pairs in the 
ordered array of DNA with a consequent extension and 
local untwisting of the DNA double helix. Estimates 
have been made by various authors of the extent of 
untwisting which is possible for the DNA structure and 
which is required to allow intercalation: these vary from 
12° (ref. 7) to 45° (ref. 6, an angle of —9°, in the left- 
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Fig. 2. Arrangement of an acridine molecule across a hydrogen bonded 


base pair of DNA as proposed by Lerman’. Dotted lines represent the 
acridine. 





Fig. 3. Perspective view of the modified intercalation model showing an 
acridine molecule oriented between adjacent bases on a single polynucled- 
tide chain; the other chain has been omitted for clarity. In this diagram 
the spacing between A and G represents 6'8 A, although this distance is 
not critical to the model. The actual bases shown are examples only. 


handed sense, between successive base pairs). The plane 
of the intercalated amino acridines was thought to be 
perpendicular to the helix axis and this has been verified 
within the broad limits of the experimental methods*.*. 
Evidence for extension of the DNA helix on binding amino 
acridines has been obtained by autoradiography’ and 
X-ray'!!?, sedimentation? and viscosity®* studies. 
In his 1961 paper, Lerman proposed that the amino 
acridine was located over a base pair of the DNA (Fig. 2). 
Denaturation of the DNA disrupts the ordered arrays of 
base pairs in the double helix, apart from limited local 
renaturation, and, on the basis of the above intercalation 
model, would be expected to remove or, at least, greatly 
to reduce such strong binding. Many observations show 
that this is not the case and that the strong binding 
process is not reduced in extent by denaturation; this has 
been shown for amino acridines'* and for similar organie 
cations™®. On the basis of model building studies we 
wish to propose a modified intercalation model which 
satisfies these criteria and, in particular, the condition 
that binding should occur to the same extent on denatured 
DNA. 

The basis of the model is that the aeridine does not 
interact with a hydrogen bonded base pair, but rather that 
the interaction occurs between an acridine and two 
adjacent bases on the same polynucleotide chain. This is 
shown in Fig. 3. Increasing the spacing between the two 
adjacent base pairs to approximately 6-8 A, to allow 
sufficient room for the acridine, need not greatly reduce 
the angle of rotation between the two base pairs. A most ` 
important feature of this model, unlike that of Lerman, 
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is that a negatively charged oxygen atom on the phosphate 
group between the two. bases can’swing in to the inside of 
the chain, where it is immediately adjacent to the posi- 
tively charged ring nitrogen of the amino acridine. This 
would explain the marked effect which the ionic strength 
has on strong binding. Further, since it is proposed that 
binding occurs between an acridine molecule and adjacent 
bases on the same polynucleotide chain, the complemen- 


“tary bases on the other polynucleotide chain will not be 
| involved directly in the binding of a single acridine 
molecule. 


Consequently, strand separation would not 
be expected to affect greatly the overall extent of the 
strong binding process. 

It is interesting that a recent comparison of optical 
transforms based on Lerman’s model with X-ray diffrac- 
tion patterns of the complex showed quantitative dis- 
erepancies’*, The authors!* point out that these dis- 
crepancies could be resolved if the untwisting of the base 
pairs were much less than that proposed by Lerman and 
if the bound dye were not situated wholly over a base 
pair. These structural requirements are satisfied by the 
model proposed here. 


“Ifthe acridine is oriented as shown in the diagram, then 


a long side chain on the 9 position should not offer any 
steric hindrance to binding. This is supported by the fact 
that acranil and atebrin (Fig. 1) do not bind any less 
strongly to DNA than does proflavine. The effect of 
diminishing the flat area of the acridine on the binding is 
shown by the observation that 9-amino-tetrahydro- 


: acridine binds much less strongly™. If the binding were 


across a base pair (Fig. 1), it is difficult to see why this 
acridine with a buckled ring should bind at all; but in the 
structure now proposed (Fig. 3) the two bases above and 
below the tetrahydroacridine could still interact with its 
two remaining aromatic rings. This model seems to offer 
an explanation for a number of experimental observations 
which are incompatible with the previous intercalation 
model. 
k N. J. PRITCHARD 
A. BLAKE 
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Changes in the ATP Content of the Calf 
Thymus Nuclei under the Influence of Insulin 


Tuer relative autonomy of cell nuclei established in recent 
years is determined to a certain extent by the poor 
permeability of the membrane to certain cell metabolites®. 
The nuclei possess substrates sufficient for biological 
oxidation?» and they can decompose the exogenic glucose 
in metabolic reactions providing the ATP necessary for 
the ‘synthesis of the macromolecules in them. Nuclei 
incubated in a glucose medium have reduced oxygen 


consumption, but use more ATP compared with the 
nuclei incubated in the absence of substrate’. 


* We know that hormones, in particular insulin, are 


important in the transport of amino-acids and hexoses 
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through the membranes. Investigations of the influence 
of insulin on the incorporation of labelled alanine into 
isolated calf thymus nuclei incubated with glucose have 
shown a 20 per cent acceleration of this incorporation'. 
We examined the effect of insulin on the amount of 
inorganie phosphorus, phosphate ester, ATP and RNA in 
this incubation mixture. The isolation of the nuclei, and 
the determination of inorganic phosphorus and ATP 
content, and the consumption of oxygen were carried out 
as described before*. The phosphate ester was determined 
after 10 min of hydrolysis in 1 N sulphuric acid, sometimes 
after adsorption of the nucleotides on charcoal. 
RNA and DNA were determined by the method of 
Schneider**. The incubation mixture contained 2 ml. of 
nuclear suspension (9-12 mg of DNA, 1 ml. of 0-1 molar 
tris-hydrochloric acid or potassium phosphate~hydro- 
chlorie acid buffer pH 7-4, 0-4 ml. of substrate and salt 
solution® containing magnesium and sodium ions); as 
substrate we used 100 ug/ml. of glucose, fructose or galac- 
tose, 0-38 ml. of 0-25 molar sucrose and 0-02 ml. (0-8 1) 
of insulin. Nuclei with low ATP content proved to be 
most suitable for the investigations described here. 

Table 1. INFLUENCE OF INSULIN ON THE AMOUNT OF INORGANIC PHOS- 


PHORUS, PHOSPHATE ESTER, ATP AND RNA IN CALF THYMUS NUCLEI 
INCUBATED WITH A SUBSTRATE OF GLUCOSE, GALACTOSE AND FRUCTOSE 


xmoles of = umoles of 
inorganic phosphate mæM ATP/ mg per 
Substrate Insulin phosphate/mg  ester/mg mg DNA cent RNA 
NA DNA phosphorus phosphorus 
phosphorus phosphorus 
Glucose - 0-445 0-475 231 240 
+ 0-368 0-610 289 272. 
Galactose ~ 0-466 0-400 296 220 
+ 0-382 0:418 394 322 
Fructose ~ 0-364 0-450 238 203 
0-302 O-477 235 213 


Insulin slightly increases the consumption of oxygen 
by thymus nuclei; this occurs in éris-hydrochloric: acid 
and in potassium phosphate-hydrochloric acid buffers 
(Fig. 1). The influence of insulin is greatest up to the 
thirtieth min of incubation. The increased oxygen 
consumption is not caused by the abolition of the Crabtree 
effect‘ under the influence of insulin, because the glucose 
concentration is also high after the thirtieth min. Table 1 
shows that the amount of inorganic phosphorus in the 
nuclei incubated with glucose, galactose, and fructose is 
reduced more in the presence of insulin. There is a rise in 
the amount of phosphate ester, the greatest increase being 
in the nuclei incubated with glucose. The amount of 
ATP and RNA increases in the nuelei incubated with 
glucose and galactose. The activating effect of insulin is 
shown to a greater extent with glucose and galactose, 
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Fig. 1. The influence of insulin on the consumption of oxygen by calf 
thymus nuclei incubated in fris-hydrochioric acid (I) and potassium 


phosphate-hydrochloric acid (II) buffers, For incubation mixture see 


text. 
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compared with fructose, and this is likely to be caused by 
the accelerated transport of hexoses through the nuclear 
membrane’. ATP is involved in the hexokinase reaction 
and more ADP is obtained which, as an acceptor of the 
freshly synthesized high energy phosphates, has an activat- 
ing effect on oxidative phosphorylation in the nuclei. 
Activation of the oxidative phosphorylation can account 
for the increase, under the effect of insulin, of both 
the phosphate ester and ATP. On the other hand, the 
changes in the ATP content under the effect of insulin 
may be caused by its control of certain enzymes of 
glyconeogenesis"! and also by control of the biological 
oxidation and its coupling with oxidative phosphoryla- 
tion’, In support of the latter assumption are the 
activating effects of adenosine and of insulin on the 
oxygen consumption by the nuclei which are not additive 
when the nuclei are incubated in the presence of insulin 
and adenosine’. The increased RNA content in some 
samples is too high to be explained merely as a synthesis 
of RNA, as was shown for liver cells!’ In view of the 
fact that the calf thymus nuclei contain natural poly- 
adenylie acid’, it is possible that the increased amount of 
RNA results to a certain extent from the synthesis of 
polyadenylic acid. The results of the investigations of 
Allfrey et al. on the influence of insulin on the transport 
of amino-acids cannot be accepted as absolutely reliable 
because we have established that the insulin affects the 
carbohydrate metabolism in them as well. Because in our 
experiments the nuclei were incubated in a medium 
containing glucose as well, it is possible for the accelerated 
protein synthesis to be the result of a larger supply of 
ATP to the nuclei rather than a direct effect of the 
insulin on the transport of the amino-acids. 
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Transferrin Variants in Carp Serum 


A TRANSFERRIN polymorphism in carp serum was reported 
earlier’ which was very similar to that demonstrated in 
sera from a number of animal species?-*. It is easy to 
detect transferrin components by means of starch gel 
electrophoresis, because they are usually present in large 
quantities and because they have distinctive properties. 
Radioactive labelling (iron-59) makes possible a more 
aceurate identification of the protein. We isolated carp 
transferrins by zone electrophoresis and gel filtration’. 
There is evidence that the heterogeneity displayed by 
starch gel by some transferrins is related to electrokinetic 
properties of the distinct transferrin components, but no 
such lack of homogeneity has been proved to exist?. 
Sera were obtained from fish bred in ponds near Lyon 
(France) (étangs des Dombes) as previously described}. 
One hundred and fourteen serum samples from different 
individuals were investigated. The actual number and 
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Fig. 1. Electrophoretic pattern of carp serum on starch gel. a, Pheno- 
type TÍ A; b, phenotype Tf AC; c, phenotype Tf AB. 


location of the transferrin components were determined 
by starch gel electrophoresis, according to the method 
devised by Poulik’, with a discontinuous buffer system. 
This buffer system makes the identification of the trans- 
ferrin variants easier than Smithies’s buffer. It is possible, 
therefore, in most cases to avoid the check with iron-59. 
Experimental data were compared with data calculated 
from the hypothesis of a genetically controlled variation. 
One or two transferrin components have been found 
in individual samples of carp serum (Fig. 1). Three trans- 
ferrin variants were defined by electrophoretic displace- 
ment in starch gel. We have termed these, in order of 
anodic mobility, Tf A, Tf B and Tf C. This suggests that 
there are six different phenotypes. A genetically con- 
trolled polymorphism is supposed to exist; that is, the 
polymorphic character of carp transferrin ought to be 
determined by a gene (non-dominant) with three alleles. 
In the present work (114 individuals) the frequency of 
the three alleles is: A, 0-58333; B, 0-24123; C, 0-17544. 
According to the hypothesis of a random association of 
two alleles from the three so far demonstrated, it is 
possible to compute the theoretical frequency of the six 
phenotypes. These are compared statistically with experi- 
mental data in Table 1. 


Table 1. EXPERIMENTAL AND THEORETICAL FREQUENCIES OF PHENOTYPES 
Frequency (experimental) Frequency (computed) 
Yo. No 


Phenotype Per cent 3 er cent 
ThA 40 35-09 38-8 34-03 
Tf B 7 614 6-6 5-82 
THC 4 8-51 3-5 34 
Tf AB 81 27-19 32-1 28-14 
Tf BC 10 8:77 9-6 8-46 
Tf AC 22 19-30 23-3 20-47 

114 100-00 113-9 100-00 


Good agreement exists between the observed and com- 
puted values: 7? = 0-244; degrees of freedom, 2; P = 
0-98. 

These results thus provide support for the hypothesis 
of a genetic polymorphism controlled by three existing * 
alleles; however, a thorough investigation involving the 
examination of several generations of animals is necessary 
before the existence of a hereditary variation in carp 
transferrin synthesis can be established. 
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Pulse-labelling of Nucleic Acids and 
Polyphosphates in Normal and Anucleate 
Cells of Acetabularia 


Fotiowine the observation that the DNA and RNA of 
synchronized cells of Chlorella which have been given 
pulses of phosphorus-32 in inorganic phosphate are 
rapidly labelled in certain fractions’, we have performed 
analogous experiments on normal and anucleate cells of 
Acetabularia. This organism provides a very convenient 
system for investigation of the synthesis of RNA outside 
the nucleus, perhaps in the plastids. When we applied 
the technique of pulse-labelling to cells of Acetabularia 
crenulata we found that most of the label was incorporated 
in polyphosphate. We also investigated the distribution 
of total nucleic acids in normal and anucleate cells and 
the occurrence of pulse-labelled RNA fractions. 

Cells of the marine green alga Acetabularia crenulata 
were cultured by the methods of Hammerling? and 
Beth’. Anucleate cells were produced by amputation of 
the basal rhizoid which contains the nucleus. For pulse- 
labelling experiments samples of 200-300 cells were 
collected at various times during the light phase and 
washed and resuspended in sterile sea water. After pre- 
illumination with 2,500 lux for 15 min at 25°-26° C the 
colls were given 2-5 uc./ml. of labelled phosphate for 
30 or 60 min in identical conditions. The cells were 
thoroughly washed with sterile sea water and distilled 

` water respectively and gently disrupted in the cold in a 

“medium of 0-05 molar tris buffer, pH 7-5, and 2 mmolar 
magnesium sulphate. The nucleic acids were isolated 
and fractionated by chromatography on methylated 
sorum albumin columns as reported earlier‘. 
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: Fig, 1. Fractionation of the nucleic acids from normal cells of Acetabu- 
ornk ulata (@) after pulse-labelling with labelled ed se 

(5 xo./ml.) for 30 min (300 cells, 25-30 mm stalk length). 
graphy was carried out on methylated serum albumin and kieselguhr, 
elution was with a logarithmic concentration gradient of sodium chloride 
from 0-1—1:5 molar and 5 mi./tube were collected at room temperature. 
For comparison the elution diagram of the nucleic acids of Chlorella (O) 
under identical conditions is given. @——~-@, Absorption at 254 my; 

x =Á X, CDM. 


Fig. 1 shows a typical chromatographie pattern of 
nucleic acids from normal cells of Acetabularia crenulata 
after a 30 min exposure to labelled phosphate in the light. 
The ultra-violet absorption profile indicates that the 
nucleic acids were resolved into the following fractions: 
soluble RNA, DNA and at least three components of RNA 
of high molecular weight. The elution pattern corresponds 
fairly well with that obtained from preparations of 
Chlorella pyrenoidosat. The profile of radioactivity shows 
three distinct components; the first shows as a high peak 
and is eluted together with the bulk DNA; the others 
appear as smaller peaks just before the main fractions of 
RNA of high molecular weight. The identification of this 
RNA is proved by the action of ribonuclease which 
degraded it to non-sedimentable materials. The highly 

*labelled DNA fraction, however, was stable to ribo- 
nuclease and deoxyribonuclease; alkaline hydrolysis with 
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0-5 molar potassium hydroxide for 18 h at 38° C liberated 
a labelled acid-soluble product. It was identified as 
phosphate by means of paper chromatography and auto- 
radiography; only traces of labelled ribonucleotides were 
detectable. Acid hydrolysis for 7 min with 1-0 normal 
hydrochloric acid at 100° C degraded the radioactive 
material of the DNA region almost quantitatively to 
labelled phosphate. These results suggest that the 
highly labelled component of the DNA fraction mainly 
consisted of polyphosphates which were eluted at about 
the same molarity of sodium chloride as the DNA and so 
the latter is masked completely by the radioactive poly- 
phosphates. 

Pulse-labelling of anucleate cells resulted in a very 
similar distribution of radioactivity in the nucleic acids 
separated by column chromatography (Fig. 2). A high 
peak of polyphosphates coincided with the chromato- 
graphic position of the bulk DNA of normal cells, and 
two smaller peaks were eluted just before the corre- 
sponding fractions of RNA of high molecular weight. 
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Fig. 2. Fractionation of the nucleic acids from anucleate cells of 4. 

crenulata after labelling for 60 min (5 ywc./ml.; 200 cells, 25-30 mm 

stalk length, 4 days after anucleation). Chromatography as described 
for Fig. 1. © @, Absorption at 254 my; x ~--~ x,¢, pum. 





Our findings are in agreement with those reported by 
Janowski’ in that they provide evidence of the existence 
of rapidly labelled RNA fractions in normal and anucleate 
cells of Acetabularia. A detailed comparison, however, is 
impossible, because Janowski used a different fractionation 
technique on methylated serum albumin, and the results 
give no information on the chromatographic distribution 
of the bulk nucleic acids of Acetabularia. The relative 
stability of the radioactive fractions to the action of 
ribonuclease and deoxyribonuclease which he reported 
suggests the presence of labelled polyphosphates in the 
preparations. 

We are incubating normal and anucleate cells of A. 
crenulata for various periods of time with sodium bicar- 
bonate in the light in order to avoid incorporation of label 
into polyphosphates. Preliminary experiments have 
revealed radioactive fractions in the region of the DNA 
and the RNA of high molecular weight on the elution 
diagram. 

This work has been supported by a grant from the 
Deutsche Forschungsgemeinschaft. 
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Sulphuric Esters of Polysaccharides as 


Activators of a Bradykinin-forming System 
in Plasma 


Previous work! has shown that intravenous injection of 
agar, a naturally occurring sulphuric ester of polygalac- 
tose, leads to an appreciable reduction in bradykininogen 
concentration as well as to a significant increase of 
p-tosylarginine methyl ester (TAMe) esterase activity in 
the plasma of the rat. Other results indicate that, besides 
agar, synthetic sulphuric esters of certain polysaccharides 
are potent activators of the bradykinin forming system in 
rat or human plasma in vitro. In the experiments demon- 
strating this activity, 0-2 per cent oxalated plasma was 
collected, avoiding contact with glass, and treated with 
l mg/ml. of 8-hydroxy quinoline (8HQ), an inhibitor of 
enzymes which destroy bradykinin®. Kinin formed was 
assayed on isolated, atropinized guinea-pig ileum which 
had been treated with antihistamine, using synthetic 
bradykinin as the standard. Powdered cellulose, glycogen 
from shellfish, inulin, soluble starch and agar were added 
to rat plasma, either as such, or after conversion to water 
soluble sulphuric esters by treatment with chlorosulphonic 
acid in pyridine’. The effects of carrageenin, a sulphuric 
ester of polygalactose, extracted from Irish moss, as well as 
of heparin, were also examined. When incubated at 
37° C with rat plasma, all sulphuric ester polysaccharides 
caused stimulation of smooth muscle equivalent to, on 
average, 1-0 ug of bradykinin/ml. The active material 
formed had the characteristics of bradykinin; it was 
rapidly destroyed by plasma in the absence of 8HQ, as 
well as by chymotrypsin. Maximum activation was 
reached 1 min after the addition of 10-+ or 10- g of cellu- 
lose sulphate to 1 ml. of plasma (Fig. 1). Larger concen- 
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Fig. 1, Effect of concentration (wy) of cellulose sulphate on the formation 
of bradykinin in oxalated rat plasma. 
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Fig. 2. Activation of TAMe esterase in human plasma by cellulose 

sulphate and glass powder. (Esterolytic activity was determined by the 

method of Brown’.) ©, ee pia imeg/ml.; ©, glass powder, 
500 mg/ml. 
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trations (10-3 g/ml.) of this activator were less effective 
during the early phase of the incubation, which suggests 
an inhibitory effect of excess sulphopolysaccharide on 
bradykinin production. Ten parts by weight of hexadi- 
methrine bromide, previously shown to inhibit kinin 
formation’, inactivated one part of cellulose sulphate. 
None of the non-sulphated, native polysaccharides induced 
kinin formation; heparin, a sulphated derivative of poly- 
glucosamine and glucuronic acid, previously shown’ to 
be an activator of certain kinin-forming agents, was much 
less active than the other sulphopolysaccharides examined. 
The amounts of bradykinin formed by optimal concentra- 
tions of cellulose sulphate in rat plasma were the same as 
those resulting from the exposure of plasma to powdered 
glass“. Either treatment led to a comparable depletion 
of plasma-kinin precursor, so that pre-incubation of plasma 
with glass in the absence of 8HQ, followed by incubation 
with cellulose sulphate and quinoline, did not result in 
kinin activity while, reciprocally, pre-incubation of plasma 
with cellulose sulphate in the absence of 8HQ, rendered 
it unresponsive to subsequent activation with glass in the 
presence of 8HQ. 

The bradykinin-forming activities of cellulose sulphate, 
of agar and of heparin were also tested on oxalated human 
plasma. Their efficiency was approximately the same as 
those obtained in rat plasma, heparin being again the 
least active of the series. 

Kinin formation by polysaccharide sulphates may in- 
volve activation of a proteolytic process. This was 
indicated by results showing that (a) soy-bean trypsin 
inhibitor (40 ug/ml. of plasma) prevented the action of 
every active polysaccharide tested, and (b) TAMe esterase 
activity in human plasma was markedly enhanced by 
cellulose sulphate (Fig. 2). Maximum activity, obtained 
after 1 min of incubation, was significantly decreased after 
12min. The nature of this inactivating effect is unknown 
but deserves further investigation. For comparison, 
Fig. 2 shows that an equivalent amount of esterolytic 
activity was present in plasma incubated for 3 min, 
either with glass powder or with cellulose sulphate. 

Polysaccharide sulphuric esters are prepared under 
comparatively mild conditions which do not cause changes 
in structure other than the introduction of sulphate 
substituents at hydroxyl groups. This fact, as well as 
the high activity of this class of compounds, may make 
them useful tools in the study of the relationship between 
structure and activity as well as of chemical details of 
the kinin-forming process. These compounds, by decreas- 
ing bradykininogen stores in vivo, could, in addition, yield 
information about the participation of bradykinin in 
certain physiological or pathological processes?. 

We thank Professor M. Rocha e Silva for his helpful 
suggestions. This work was aided by grants from the U.S. 
Army Research Office and the National Research Council 


of Canada. 
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Polyprenols of Wood and Leaf Tissue of the 
Silver Birch, Betula verrucosa 


GREEN leaves of Aesculus hippocastanum and of Ficus 
elasticus contain mixtures of eastaprenol-10, -11, -12 and n 
-13 and ficaprenol-10, -11, -12 and -13 respectively*?. The 
wood of these plants contains no polyprenols, but that of 
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Betula verrucosa yields esters of betulaprenols -6, -7, -8 
and. -9 (refs. 3 and 4). It was of interest to investigate 
whether Betula leaves contained prenols of the latter 
type or, like many other higher plants’, of the casta- 
prenol-type. 
: Whole lipid and unsaponifiable lipid of leaf tissue and 
-of wood chippings from the same branch were isolated? 
and. then chromatographed preparatively on layers 
(600p thick) of silica gel G using isopropyl ether and light 
petroleum (13:37 v/v) as the solvent. Material corre- 
sponding to betulaprenols -6 to -9 (Rr 0-3-0-4), casta- 
prenols (Re 0-4-0-5) and polyprenol esters (Rr 0-8-0-95) 
was recovered and its polyprenol content was determined 
-by weight and confirmed by the size of spots on thin layer 
chromatograms®:6, 

‘Reversed-phase partition thin layer chromatography’ 
using acetone and water (89: 11 v/v) as the mobile phase 
showed that both tissues contained compounds with the 
same Rrs (0-81, 0-73, 0-63, 0°50 and 0-34, 0-23, 0-15, 
0:08) as betulaprenols -6, -7, -8, -9 and castaprenols -10, -11, 

== 12, -13 respectively. The relative proportions of each 
prenol were estimated by the intensity and size of each 
spot on the stained chromatograms’. These figures were 
confirmed by the weight of individual prenols isolated 
(see below) and, for wood betulaprenols -6 to -9, by gas 
chromatography*. 

Table 1 shows that betulaprenols -6 to -9 were con- 
“centrated predominantly in the wood, whereas betula- 
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Fig. 2. Methyl-proton region of 100 Mc/s nuclear magnetic resonance 
spectra of solutions in carbon tetrachloride of (a) betulaprenol-7 and 
(6) betulaprenol-11. 


prenols -10 to -13 were mainly in the leaves. Most of the 
betulaprenols -6 to -9 of the wood were esterified whereas 
the prenols of the leaves and the betulaprenols -10 to -13 
of the wood were not. é Ligh ugg 

Individual betulaprenols -6 to -9 (wood) and betula- 


prenols -10 to -13 (leaves) were isolated by preparative. 


reversed-phase chromatography’. Each prenol chromato- 
graphed as a pure compound in reversed-phase and 
adsorption systems (see above). 

Infra-red spectroscopy (Fig. 1) indicated each compound 
to be a predominantly cis-polyisoprenoid primary. allylic 
alcohol’. Mass spectra of betulaprenols -7 to -12 showed 
prominent molecular ions at me 494, 568, 630, 698, 766 
and 834 respectively, confirming their size. The cracking 
pattern of each spectrum was typical of a polyprenol'-*. 
Nuclear magnetic resonance spectroscopy confirmed this 
and the methyl proton region (8-1~-8-6 +) provided quanti- 
tative data on the configuration of the isoprene residues in 
each compound (ref. No. 9 and results of Feeney and 
Hemming, in preparation) (Fig. 2; Table 2). Whereas 
betulaprenols -7 to -9 each contain two trans-internal 
residues, betulaprenols -10 to -12 each contain three trans- 
internal isoprene residues. Each prenol has a cis-"“OH- 
terminal” isoprene and differs from other prenols of the 
same series only by the number of cis-isoprene residues. 

Betulaprenols -10 to -13 are indistinguishable from 
eastaprenols -10 to -13 respectively by all tests so far 
applied. Nevertheless the precise position of the trans- 
internal residues in each molecule is not yet known. 
Should the betulaprenols -10 to -13 prove to be the same 


Table 1. POLYPRENOL a eh OF THE Woop AND LEAF TISSUE OF 
etula verrucosa 


Form of Concentration of prenols (mg/kg tissue) 
Tissue prenol Betulaprenols -6 to -9* Betulaprenols -10 to -13t 
Wood Esterified 256 ł Nil 
Free Trace 19 
Leaf Esterified Nil Nil 
Free 10 134 


The lower figure in the table is probably a consequence of the relative 
umarurity of this sample of wood obtained from a branch only 2-5 in. in 
ameter. 


* Made up of approximately 5 per cent, 50 per cent, 40 per cent and 5 per 
cent of betulaprenols -6, -7, -8 and -9 respectively, 


+ Made up of approximately 7 per cent, 63 per cent, 23 per cent and.7 per : 


cent of betulaprenols -10, -11, -12 and -13 respectively. 
+ Lindgren? reports a corresponding figure of 1,500 mg/kg. 
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Table 2, ASSIGNMENTS AND RELATIVE INTENSITIES OF THR PEAKS IN THE 
METHYL PROTON REGION OF THE NUCLEAR MAGNETIC RESONANCE SPECTRA 
OF SOLUTIONS OF BETULAPRENOLS IN CARBON TETRACHLORIDE 


Re CH, a CH, 
C= CH ~CH,~ cre ee -CH,-C=CH-CH, -0H 


CH, n-2 
Type a 


Type b Type ¢ 


No. of protons resonating in this position + 


posi- groups and type Betulaprenols 
tion of isoprene 
(tr) residue -7 -8 -9 -10 -11 -12 
8-42 Trans a, trans b go a 9-3 12-8 12-2 11:8 
9 12 12 12 
8°34 Cis a, cis b 1b ; ) 19 jí : 43 P ) 
az | ie | 212 p: 20,9 2) 28:1 
B28 Cise T aoa, ae ee a 
(3) (3 


* The configuration of the methyl groups is relative to the olefinic protons . 
In the case of residues of type b and ¢ this is also the configuration of the 
isoprene residues themselves, These assignments are made on the basis of 
other reports?-1¢, 


_. t Calculated from the relative areas of the peaks (integrated electronically) 
in the 7-8-8-6 z region of each spectrum assuming the total number of protons 
(methyl plus methylenic) resonating in the 7-8-8-6 t region to be 48, 55, 62 
69, 76 and 83 for betulaprenols -7, -8, -9, -10, -11 and -12 respectively. The 
figures in parentheses are the theoretical figures assuming betulaprenols -7 
to -9 to contain two and betulaprenols -10 to -12 to contain three trans- 
internal isoprene residues (type b), The resolution of the 8'34 and 8-28 r 
peaks in the spectra of betulaprenols- 8, -9, -10 and -12 was insufficient for the 
relative areas of these peaks to be assessed separately. 
ance was 100 Mejs. 


compounds as castaprenols -10 to -13, then it is suggested 
that the latter name be used for the leaf prenols of both 
plants. 

The polyprenols of Betula provide an interesting aspect 
of comparative biochemistry. The leaf prenols differ 
from the wood prenols in size, stereochemistry and in that 
the latter occur esterified. In both series of prenols the 
internal trans-isoprene residues are probably adjacent to 
the w-terminal isoprene residue. This would be consistent 
with the formation of leaf prenols by the addition of 
cis-isoprene residues to all trans-geranyl-geranyl pyro- 
phosphate and the formation of wood prenols by addition 
of cis-isoprene residues to all trans-farnesy] pyrophosphate. 
Leaf polyprenols are associated principally with the 
chloroplasts! and their preference for all trans-geranyl- 
geranyl pyrophosphate as precursor may therefore be 
expected. 

We thank Dr. B. O. Lindgren for the gift of a mixture 
of betulaprenols -6 to -10. One of us (A. R. W.) was a 
Medical Research Council research student. 
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Preliminary Observations on the Lipids of 
Bovine Retinal Outer Segment Disks 


“THE outer segments of retinal photoreceptors consist of a 
stack of membraneous disks’. The isolation of bovine 
retinal photoreceptor disks devoid of mitochondria and 
microsomes has recently been accomplished?. This 
communication presents a preliminary account of their 
lipid composition. 
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Table 1, COMPARISON OF LIPID CONTENT oF BOVINE RRTINAL OUTER 
SEGMENT DISKS WITH BEEF HEART MITOCHONDRIAL LIPIDS 


(Data from Fleischer, Klouwen and Brierley, ref. 4). 


Highly purified 
Retinal beef heart 
photoreceptor mitochondria 

mg lipid/mg protein 1:48§ 0°36 

xg lipid phosphorus/mg protein 42-7 13 

Per cent lipid* 59-8§ 26 

Per cent phospholipid t 89 93 

ug phosphorus/mg lipid 32t 35t 

* Percentage of lipid mg lipid x 100. 





mg lipid + mg protein 

t Relative to total lipid. This was determined by separating the neutral 
lipids from the phospholipid by silicic acid chromatography and weighing 
= pile ons, were determined by passing a lipid extract through a 
‘Sephadex’ column to separate non-lipids from lipid (ref. 8). 

§ When ‘Sephadex’ column chromatography is used to remove non-lipid 
material (ref. 8), in place of the Folch back extraction procedure (ref. 9), 
the values for mg lipid/mg protein and per cent lipid become 1:33 and 57-2 
per cent respectively. 

The retinal photoreceptor disks are very rich in lipid 
(Table 1). The lipid content is about 60 per cent on a 
weight basis. 89 per cent of the lipid is phospholipid, 
and therefore the phospholipid content of our retinal 
photoreceptors exceeds 50 per cent on a weight basis. This 
is perhaps the highest lipid content reported for purified 
organelle from animal sources, with the exception of 
myelin. It is, for example, four times greater than the 
lipid content of beef heart mitochondria. Collins ef al.* 
reported about 30 per cent phospholipid from retinal 
photoreceptors by an earlier isolation procedure. 

The polar lipids of the retinal photoreceptor disks can 
be resolved into seven fractions by two-dimensional thin 
layer chromatography. They are, therefore, more complex 
than those of beef heart mitochondria, which consist 
mainly of three phospholipids—lecithin, phosphatidyl- 
ethanolamine and cardiolipin—with a stoichiometry of 
about 1: 1 : 0-5, based on lipid phosphorus‘. The retinal 
photoreceptor lipids are likewise rich in phosphatidyl- 
ethanolamine and lecithin, but are practically devoid of 
cardiolipin; instead they contain a comparable amount of 
other acidic phospholipids. 

A thin layer chromatogram of the neutral lipids of 
retinal photoreceptor disks is shown in Fig. 1 A and B. 
Neutral lipids from beef heart mitochondria (column 1), 
coenzyme Q, (columns 3 and 6) and coenzyme Q,, (columns 
2 and 5) were similarly treated for comparison. The chroma- 
togram, as observed in visible light, shows two deep 
yellow bands in the retinal photoreceptor neutral lipids 
(Fig. 14, column 4). These are the top two bands which 
are circled and marked “Y”. The yellow colour fades 
with time. After the chromatogram is sprayed with leuco- 
methylene blue’, oxidation compounds appear blue. 
The two lower bands of the retinal photoreceptor neutral 
lipids, marked “B”, are oxidants by this criterion (Fig. 14, 
column 4). Oxidizing components are thus present, but 
they do not migrate in the region of coenzyme Qo or 
coenzyme Qe- 

The lipids are more readily observed after the chromato- 
plate is charred (Fig. 1B). There is no detectable substance 
in the coenzyme Q area. One microgram of coenzyme Q 
is readily detectable by the charring procedure. Five 
hundred micrograms of the neutral retinal photoreceptor 
lipids were spotted, equivalent to about 4-5 mg of total 
lipid. There is less than one part of coenzyme Q in 4,500 
of retinal photoreceptor lipid. A dense band with an 
Er of about 0-15, appearing in both retinal photoreceptor 
and mitochondrial neutral lipids, is cholesterol. Choles- 
terol was found to account for about half the retinal 
photoreceptor neutral lipid fraction, or about 5 per cent 
of the total lipid. The charred cholesterol band overlaps 
with one and perhaps both of the oxidizing bands. That 
cholesterol itself is not an oxidant can be seen by examina- 
tion of the mitochondrial neutral fraction, which exhibits 
the expected charring of cholesterol, but no corresponding 
oxidation of methylene blue. ‘ 

Pearse® has reported the localization of coenzyme Q 
(ubiquinone) in the outer segments of the retinal rod of the 
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Fig. 1. Thin layer chromatogram of the neutral lipid fraction of bovine retinal outer segment disks. The adsorbent used 


was a mixture of silicic acid and magnesium silicate (90/10) (ref. 7). j 
The yellow bands observed with visible light in the retinal photoreceptor lipids were 


diethy! ether/acetic acid (70/30/1). 


circled and marked “Y” (upper two bands, column 4, Fig. 14). 
biue to detect oxidation components such as coenzyme Q (ref. 5). 
togram was sprayed with a mixture of chromate-sulphuric acid and charred at 180° C (ref. 7). 


The chromatogram was developed with n-hexane/ 


The chromatogram was then sprayed with leucomethylene 
These were circled and marked “B”. Finally, the chroma- 
The charred chromatogram 


is shown in Fig. 1B. 
Applications, from left to right, were: (1) heavy beef heart mitochondrial neutral lipid (200 ug); the band, third from the 


origin in Fig. 18, which gives a positive leucomethylene biue test (Fig. 14) is coenzyme Qi; 


(2) coenzyme Qio (5 ag); 


(3) coenzyme Q, (5 ug); (4) retinal photoreceptor neutral lipid (500 ug); (5) coenzyme Qro (6 ug); (6) coenzyme Qs (5 pg). 
The neutral lipid fraction is defined as the fraction which is eluted from a silicic acid colamn with chloroform. The heavy 
dense band observed in mitochondrial and retinal photoreceptor neutral lipids (Rr=0-15) is cholesterol. 


rat and other species using a histochemical test. Pearse 
and McConnell also report (private communication) 
a positive histochemical test for the same retinal photo- 
receptor preparation analysed in the present report. It 
would therefore appear to us that the positive histo- 
chemical test is not referable to the presence of coenzyme 
Q, because (1) coenzyme Q is essentially absent in the 
retinal photoreceptor lipids, and (2) there are two oxidizing 
components, as yet unidentified, in the neutral lipids 
which may be responsible for the histochemical reaction. 

We thank Dr. D. E. Green for his help and interest, and 
K. Hagey, M. Caldwell, S. Earley, R. Pernot, G. Ozga 
and C. Rafferty for technical assistance. The research 
was supported in part by grants from the U.S. Public 
Health Service. Meat by-products were supplied by the 
Oscar Mayer Packing Co. of Madison and by the David 
Davies Packing Co. of Columbus. 
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Cytochemical Localization of Redox 
Compounds in Isolated Bovine Retinal Outer 
Segment Disks 


In view of the findings of Fleischer and McConnell, 
reported in the previous paper, we thought that the 
cytochemical hydroquinone-tetrazolium reaction should 
be applied to the same sample of isolated retinal outer 
segment (ROS) disks. The results are illustrated in Fig, 1. 





Sucrose suspension of isolated ROS disks from cow retina. A 
strongly positive hydroquinone-tetrazolium reaction (20 min incubation) 
indicates the presence of a ubiquinone-like redox compound (x 1,000). 


Fig. 1. 
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After a short incubation (20 min) a strong particulate 
reaction was obtained. This could not be related to any 
particular structure since intact disks are not present in 
the isolated preparation, as shown by electron micrographs. 

The cytochemical result indicates that in the isolated 
disks, as in the disks in situ in tissue sections, there is a 
redox compound with characteristics similar to those of 
ubiquinone. This may be the compound localized by 
Fleischer and McConnell in their neutral lipid chromato- 
gram by means of the leucomethylene blue test. On the 
other hand, it may be present in those lipid fractions 
which have not yet been tested for redox compounds by 
biochemical methods. 

Whatever the nature of the redox compound, and 
whatever lipid fraction is ultimately shown to contain it, 
it is still possible to suggest that it is intimately con- 
cerned with electron transport in the disks. 

We are especially grateful to Dr. J-P. Tranzer for his 
assistance in defining the specificity of the hydroquinone- 
tetrazolium reaction. 
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Dilution Effects on the Measurement of 
Blood Cholinesterase inhibition by Carbamates 


UNDER “steady state” conditions in the absence of its 
normal substrate (acetylcholine), or when the substrate 
concentration can be neglected, the inhibition of acetyl- 
cholinesterase (ChE) by insecticidal or related carbamates, 
such as l-naphthyl N-methylearbamate, o-i8sopropoxy- 
phenyl N-methylearbamate (TPMC) and eserine, can be 
defined by the equation 
vie = 1/(1 + iK,/K,) a} 
The symbols v’ and v are the rates of substrate hydrolysis 
by the inhibited and uninhibited enzyme respectively, 
¿i is the concentration of carbamate, K 1 the effective 
bimolecular carbamylation rate constant, and K, the 
effective unimolecular rate constant for the hydrolytie 
regeneration of free enzyme’ ?. It followed from (1) that 
if v’)/v) represents the steady state inhibition obtaining 
in vivo or as a result of the pre-incubation of tissue and 
inhibitor in vitro, and v'z/vz that estimated after diluting 
the tissue z times and allowing a new steady state to be 
achieved 
w/e = U/L + z(vz/v'z — 1)) (2) 
When estimating human blood ChE inhibition as an index 
of accidental or occupational exposure to insecticidal car- 
bamates it is therefore important to keep z minimal or to 
carry out the assay so rapidly that the change towards 
the new steady state can be neglected. Fortunately, the 
values of K, for typical insecticidal carbamates?:? are 
such that, if assays can be completed within a few minutes 
of sample dilution, the changes before and during the 
measurement are relatively small. A simple radiometric 
method for estimating blood ChE under field conditions 
has been described‘ which enables an assay to be made 
within 2 min of dilution and involves diluting a 20 ul. 
blood sample a nominal eleven times. When this method 
was applied to samples of undiluted human blood pre- 
ineubated with IPMC or eserine to simulate conditions in 
vivo, it was found that the new steady state effects of 
subsequent dilution were invariably less than those 
indicated by equation (2). The steady state inhibition 
obtaining at the instant of dilution was estimated by 
extrapolating the time-inhibition curves obtained after 
dilution. The results obtained in experiments with IPMC 
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and eserine at 25° C are summarized in Table 1. In these 
experiments the actual dilution was ten times, because of 
asmall volume of aqueous inhibitor that was present in the 
whole blood. The observed steady state inhibition by 
eserine has been corrected for the slow enzymatic decom- 
position of the inhibitor itself which was expected at the 
relatively high enzyme concentrations used?. This decom- 
position tends to exaggerate and extend the dilution effect 
so that reactivation of the diluted enzyme appeared to 
continue almost to completion after 18 h. Because of its 
lower carbamylation rate, no correction was required for 
the steady state inhibition by IPMC, and this did not 
change significantly over a period of 15 h. The dis- 
crepancy between the observed and caleulated effects of 
dilution illustrated in Table 1 may be explained as a 
partition phenomenon resulting in a lowering of the con- 
centration of free inhibitor in the aqueous phase as follows. 


Table 1, EFFECTS or A NOMINAL DILUTION OF TEN TIMES ON THE STEADY 
STATE INHIBITION OF HUMAN WHOLE BLOOD CHOLINESTERASE 


Observed Calculated Observed new 


Nominal steady state new steady steady state 
concentration relative en- state relative relative Calculated 
Inhibi- of inhibitor zyme activity enzyme enzyme effective 
tor in undiluted at the instant activity after activity dilution 
bl of dilution dilution after dilution (82) 
(moles/i.) {v’o/to) (v" 2/02) (vefte) 
Eserine 2x107 025 077 0-50 3-0 
IPMC 5x 107 0-58 0-93 0-83 33 
s 5x107 0-61 0-94 0-83 3-1 
a 1x 10+ 0-50 0-91 0-73 27 
a. 3x 10-* 0-27 0-80 0-55. 3-3 
5 5x10-* 9-08 0-47 034 59 
pes 1x 10-* 0-06 0-39 0-27 5-8 
. 1x10* 0-08 O47 0-24 36 


Let a fraction p of unit volume of aqueous tissue behave 
as a non-aqueous phase which competes reversibly for the 
free inhibitor which is present. The fraction p will be 
maximal in undiluted tissue as in vivo and will decrease 
with inereasing dilution of the tissue before adding 
inhibitor as in experiments in vitro. Let the inhibitor 
have a partition or absorption coefficient «æ so that when 
the steady state concentration of free inhibitor in the 
aqueous phase is to, that in the non-aqueous phase is ai. 
The total weight of inhibitor will, therefore, be apis + 
(1 — p)t). Now add F units of buffer or water (that is, 
the nominal dilution z = 1 + V). When a is much 
greater than unity, as might be expected with lipophilie 
or proteophilic inhibitors, it follows that if i, be the new 
concentration of aqueous inhibitor responsible for the new 
steady state inhibition 

Ze = tofi = (1+ V + ap)/(l + ap) (3) 
where ze may be defined as the effective dilution and is 
less than z. It should be noted that ze will approach z as 
p becomes smaller, as in experiments in vitro, when 
inhibitor is added to increasingly diluted tissue prepara- 
tions. When the observed inhibition before and after 
dilution are respectively represented by v’,/vy and v'efve 
it follows from equation (2) that 

Ze = (Vojto — 1)/(ve/v’e — 1) (4) 
This equation was used to calculate ze as shown in Table 1. 
Equation (3) indicates that ze should be independent of 
the inhibitor concentration as the tabulated data suggest. 
The two high values of ze were probably due to the 
inevitably greater errors when estimating the higher 
levels of initial inhibition (v’4/vy < 0-1). The similar values 
of ze obtained with the relatively water soluble eserine 
and insoluble IPMC suggest that the anomalous dilution, 
effect is not due to a simple partition phenomenon between 
aqueous and lipid phases. Loss of inhibitor from the 
aqueous phase may be due to adsorption by indifferent 
proteins or by reversible binding as discussed by Gillette’ 
in the general context of drug action. These results 
indicate that the errors due to enzyme reactivation after 
dilution when estimating the inhibition of blood ChE by 
carbamates by the radiometric method! may be signi- 
ficantly smaller than expected as a result of the nominal ¢ 
eleven times dilution. They also confirm that significant 
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differences exist between nominal and effective inhibitor 
concentrations when studying enzyme inhibition at high 
tissue concentrations as suggested by Gillette’. Further 
implications are that inhibition at high tissue concentra- 
tions would be less than that indicated by observations 
made at low tissue concentrations in vitro, but ze will tend 
to approach z in experiments where inhibitor is added to 
already diluted tissue in vitro, that is, when p of equation 
(3) is made small. The levels of inhibition by IPMC or by 
eserine observed in whole blood (Table 1) were, in fact, 
= considerably lower than those expected from observations 
made at lower tissue concentrations?:* and, in one case 
studied quantitatively, dilution effects apparently obeyed 
equation (2) within experimental errors at low tissue 
concentrations?®. 
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PHYSIOLOGY 


Reversal of the Enzyme Profiles of Muscle 
Fibres in Fast and Slow Muscles by Cross- 
innervation 


Previous histochemical? and quantitative? studies of 
enzymes in skeletal muscles have shown that the muscles 
with fast contraction characteristics have a preponderance 
of fibres with a high activity of glycolytic enzymes. By 
contrast, the muscles with slow contraction consist of 
fibres with high activity of lipid and oxidative metabolism. 
These enzyme differences reflect differences between the 
energy metabolism of the two types of muscles. Denerva- 
tion! was found to cause a preferential loss of activity 
of glycolytic enzymes in the fast muscles and of lipid 
and oxidative enzymes in the slow muscles. Consequently, 
-after the interruption of the nerve supply the enzyme 
differences between the fibres of the two types of muscles 
gradually decreased and tended to disappear. These 
findings were interpreted as indicating that denervation 
results in a metabolic dedifferentiation of the muscle 


fibres. 


Buller et al.® have recently shown in cats that by 
sectioning and cross-uniting the nerves to fast and slow 
muscles a fast muscle becomes slow and a slow muscle 
becomes fast. These findings were confirmed in rats by 
Close’. 

The aim of the present experiments was to investigate 
whether the changes in the characteristics of contraction 
. of the cross-innervated muscles are accompanied by cor- 
responding changes in the enzyme profiles of the musele 
fibres. 

Nerve cross-union operations were performed in one 
hind limb of 4-week-old rats, 2-week-old kittens, and 
adult cats. The cross-union was carried out between the 
nerves to soleus and flexor digitorum longus or between 
the nerves to soleus and flexor hallucis longus. Four to six 
months after the operation the animals were anaesthetized 
with pentobarbital (40-50 mg/kg intraporitoneally). The 
nerves to the appropriate muscles were prepared for 
stimulation in both hind limbs. The muscles were freed 
from the surrounding tissues except for their origin, 
leaving their nerve and blood supply intact. The tendons 
‘were removed from their insertion and attached to a 
transducer and myograph. The flaps of skin were used 
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to form a pool of oil which covered all the exposed tissue. 


The temperature of the pool was maintained between 37° ; 


and 38° C. The nerves to the muscles were stimulated 
with voltages found to be just supramaximal for con- 
traction. The muscle was set at several lengths and the 
length of optimal contraction was used for comparison. 

When the physiological study was complete, the cross- 
innervated muscles and their normal counterparts from 
the unoperated leg were removed and cleaned of oil. The 
four muscles were placed against each other to form a 
“sandwich” block, frozen on solid carbon dioxide, and 
serial cross-sections 32u thick were cut in a cryostat. 
The sections were placed directly in incubating solutions 
for the histochemical demonstration of the activities of 
the following enzymes: phosphorylase, NAD-linked 
a-glycerophosphate dehydrogenase, «-glycerophosphate 
dehydrogenase with menadione, cytochrome oxidase, suc- 
cinic dehydrogenase, isocitric dehydrogenase, 8-hydroxy- 
butyric dehydrogenase, and esterase. The techniques used 
have been described elsewhere’. After incubation the 
sections were fixed in formalin, washed and mounted in 
glycerine jelly. 

The physiological findings were in agreement with those 
of Buller et al.*, and were found without exception in six 
rats, kittens and adult cats studied up to now. Cross- 
innervation of a fast muscle by a nerve originally inner- 
vating a slow muscle resulted in a slowing of its con- 
traction. Conversely, a slow muscle cross-innervated by 
a nerve originally innervating a fast muscle developed a 
more rapid contraction. Fig. 1 illustrates the typical 
result obtained in kittens which were cross-innervated at 
the age of 2 weeks and recordings made 6 months later. 
Fig. 14 shows the increased speed of contraction of a 
soleus muscle cross-innervated by the nerve to. flexor 
digitorum longus. The nerve was stimulated proximal 
to the site of cross-union. Fig. 1B shows the soleus con- 
traction in the control limb. 

In some muscles, in addition to cross-innervation, there 
was evidence of partial re-innervation by the original 
nerve. In such instances the physiological results were 
most revealing. Fig. 1C shows the slow contraction. of 
flexor hallucis longus when the nerve originally innervating 
soleus was stimulated proximal to the site of cross-unton 
with the nerve to flexor hallucis longus. Fig. LD shows the 
rapid contraction of the same flexor hallucis longus muscle 
in response to stimulation of the original nerve to flexor 
hallucis longus proximal to its cross-union with the soleus 
nerve, but which adhered to the suture line of the original 
distal nerve to flexor hallucis longus. Fig. L# illustrates 
the fast contraction of flexor hallucis longus in the control 
limb on stimulation of its nerve. l 

Histochemically the fibres of the cross-innervate 
muscles showed a reversal of the enzyme profiles present 
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Fig. 1. Isometric recording of twitch contraction to supramaximal 
stimulation of (4) soleus muscle cross-innervated by flexor digitorum 
longus nerve; (B) intact soleus muscle on contralateral side; (C) flexor 
hallucis longus muscle cross-innervated by soleus nerve; (D) same 
muscle as (C) but stimulus applied to original flexor hallucis longus nerve, 
some of the fibres of which had re-innervated the original muscle (see 
text); (E) intact flexor hallucis longus muscle of contralateral aide. 
Recordings made in kittens 6-5 montha of age following cross-innervation. 
operation at 2 weeks of age. The upright bar to the right of each coh- 
traction represents 550 g (4, B, C), 750 g (D) and 600 g (Hy. o 5u 
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in the fibres of their normal counterparts. Fig. 2 illus- 
trates the activity of «-glycerophosphate dehydrogenase 
using menadione and MTT in the same muscles the con- 
tractions of which are recorded in Fig. 1. The activity 
of this enzyme in individual muscle fibres was paralleled 
by the activities of phosphorylase and of NAD-linked 
a-glycerophosphate dehydrogenase. High activities of 
these enzymes are present in the majority of the fibres of 
a fast muscle. The cross-innervated soleus is shown to 
contain, a preponderance of fibres with high enzyme 
activity (Fig. 24), while the normal soleus is composed 
almost. exclusively of fibres with low enzyme activity 
(Fig. 2B). Fig. 2C shows the coexistence of groups of 
fibres with high and low enzyme activity in a flexor 
hallucis longus muscle. This particular muscle was shown 
physiologically to be innervated both by its original nerve 
and by the nerve originally innervating soleus. Further- 
more, the contraction of this muscle was found to be fast 
or slow, depending on which one of these two nerves was 
stimulated. Fig. 1D shows a section of a normal flexor 
hallucis longus muscle composed of a preponderance of 
fibres with high enzyme activity. 





Fig. 2. Cross-sections of the muscles the contractions of which are illus- 

trated in Fig. 1, incubated for the histochemical demonstration of a-gly- 

cerophosphate dehydrogenase activity, using menadione and MTT. A, 

Soleus muscle cross-innervated by the nerve to flexor digitorum longus; 

B, normal soleus; C, flexor hallucis longus muscle cross-innervated by the 

soleus nerve and also partially re-innervated by its original nerve; D, 

normal flexor hallucis muscle. 

The relationship between the activities of the enzymes 
of glycolysis discussed here and the remaining enzymes 
studied in the fibres of the cross-innervated muscles was 
the same as that described in the fibres of normal muscles?. 
The activity of esterase and 8-hydroxybutyric dehydro- 
genase was inversely proportional to that of the glyco- 
lytic enzymes. The activity of cytochrome oxidase, suc- 
cinic dehydrogenase, and isocitric dehydrogenase followed 
closely but did not entirely parallel that of the esterase 
and §-hydroxybutyric dehydrogenase. 

In summary, it has previously been shown that different 
enzymes predominate in the majority of fibres of slow and 
fast muscles, indicating differences between their energy 
metabolism'-*, It has also been shown that an intact 
nerve supply is necessary if these metabolic differences 
are to be maintained*’. Cross-innervation of fast and slow 
muscles. reverses their characteristics of contraction®.’, 
The present study shows that this physiological change is 
accompanied by a corresponding change in the enzyme 
profile of the muscle fibres. We conclude that the prefer- 
ential energy metabolism of the muscle fibres is deter- 
mined by their nerve supply. 
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Afferent Connexions to Single Units in the 
Inferior Olive of the Cat 


ANATOMICAL investigations have shown that afferent 
fibres reach the inferior olive from the spinal cord’, the 
basal ganglia and the cerebral cortex’. These findings 
have been confirmed physiologically by workers who have 
shown that stimulation of these structures could evoke 
potentials in the inferior olive*. We have recently 
studied the behaviour of single units in the inferior olive 
in response to the stimulation of afferent pathways, and 
our preliminary findings are presented here. 

Stimulating electrodes were implanted in the motor 
cortex, the caudate nucleus and the cerebellar white 
matter of cats anaesthetized with pentobarbitone (35 mg/ 
kg). Other stimulating electrodes were placed around the 
sciatic nerves and the superficial radial nerves on both 
sides. The stimulating current used was always much 
too small to evoke movement. Intracellular and extra- 
cellular activity was recorded from single units in the 
inferior olive using glass micropipettes filled with 2 molar 
potassium citrate, resistance 5-20 Mohms. The positions 
of the recording and stimulating electrodes were checked 
histologically. 

Records were obtained from 138 units in the inferior 
olive which responded to one or more of the applied stimuli 
and which we located histologically in the inferior olive. 
Thirty-four of the units were excited to fire by stimulation 
of the cerebellar white matter; the latency of the response 
was 0:74-14-9 msec. The twenty-seven units the latency 
of which was less than 4 msec could be made to follow 
stimulation frequencies of 220/see and greater. ‘These 
responses are considered to be antidromic from the 
cerebellum, and as the rest of the recorded responses are 
transynaptic, they are probably interneurones activated 
by recurrent collaterals; we have evidence that they 
cause inhibition in other olivary units. 

Ninety-three units responded to stimulation of the limb 
nerves; most units (sixty-five) responded to stimulation 
of the contralateral (referred to the recording electrode 
in the olive) superficial radial nerve. The responses had a 
latency of 3-2-31-6 msec. Responses were also recorded 
in response to stimulation of the nerves in other limbs, 
and units sometimes responded to the stimulation of 
nerves in any of the four limbs. 

The immediate response to stimulation of the limb 
nerves was always excitation of the olivary units, and in 
a few units the driven excitatory response was followed by 
a silent period of inhibition. Units responding to limb 
stimuli were evenly distributed throughout the inferior 
olive and there was no preferential distribution for units 
with different latencies. This is contrary to the findings 
of Brodal and his co-workers!, who showed in degenera- 
tion experiments that the spino-olivary fibres ended in 
the caudal part of the inferior olive. 

Single units in the olive could be excited by moving 
single hairs on the foot or by stroking the surface of the 
limbs, and other units required stronger stimuli such as 
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pinching for excitation to take place. These were units 
which responded to the stimulation of the limb nerves 
after a short latency. 

Stimulation of the ipsilateral caudate nucleus evoked 
firing in twenty-three olivary units with a latency of 
between 1-0 and 19-9 msec; the fastest rate of stimulation 
which these units could follow was about 10/sec. Nine 
of these units which responded to stimulation of the 
“.eaudate nucleus were driven antidromically from the 
cerebellum and thirteen could also be driven by stimuli 
applied to the limbs. It was found that if a unit responded 
to stimulation of the caudate nucleus the latency of its 
response to stimuli applied to the contralateral superficial 
radial nerve was never less than 10 msec. 

Stimulation of the ipsilateral motor cortex evoked firing 
of twenty-two olivary units with latencies of 1-5-24-8 
msec. When a unit responded to stimulation of both 
motor cortex and caudate nucleus, there was no statistical 
correlation between the latency of the responses to these 
stimuli nor could any other correlation be discovered. 
Hence, we do not think that the caudate nucleus electrodes 
were stimulating fibres passing through the caudate 
nucleus from the cortex to the inferior olive. It was found 
that whon a unit responded to stimulation of both the 
contralateral superficial radial nerve and the motor cortex 
there was significant correlation between the latency of 
the responses to the stimuli. 

Intracellular responses were recorded from twenty- 
one units, with membrane potentials of 40-50 mV. The 

‘eells did not always fire full action potentials when excited. 

Intracellular records of the responses of units to all the 
‘stimuli applied to the animals and transynaptic responses 
were always in the form of an excitatory postsynaptic 
potential, which could, with stronger stimuli, become a 
propagated action potential. No inhibitory postsynaptic 
potentials were observed in response to the stimuli 
applied, but small hyperpolarizations were seen after 
the excitatory postsynaptic potentials. 

We find that afferent activity from many sources 
converges on to single units in the inferior olive. From 
the limbs the most precise topographic information is 
conveyed by fast conducting fibres the latency of which 
fits well with the observations of Eccles et al. on the 
activation of Purkinje cells in the cerebellum by the 

“elimbing fibres which originate from cells in the inferior 
- olive’. Terminal olivary units in this fast pathway are 
also activated by afferents from the motor cortex but not 
by afferents from the caudate nucleus. The correlation 


- “between the conduction times from the motor cortex 


and the limbs is interesting and may point to some 
' special organization in the inferior olive for correlating 
these inputs. The part played by the slower conducting 
pathways from the limbs and the caudate nucleus- 
inferior olive pathway is not so clear, for all the evidence 
at present points to the cells in the inferior olive sending 


efferent fibres to the cerebellum which terminate as 


climbing fibres”. If this is so, the relation of the slower 
“-gonducting pathways from the limbs to the caudate- 
inferior olive pathway may mean that the former play 
“some part in the control of the Purkinje cells other than 
the “read out mechanism” described by Eccles*. 
We thank the Nuffield Foundation and the Medical 
Research Council for grants to support this work. 
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Response of the Adrenal Cortex of the 
Neonatal Rat after Subjection to Stress 


Ir has been generally accepted that the infantile rat is. 
incapable of an adreno-cortical response to stress in the 
first few days of life. Among the criteria used to support 
this contention are: adrenal ascorbic acid depletion!-*, 
adrenal corticosterone levels*-*, and plasma corticosterone: 
levels®. Schapiro? has referred to this as an absolute 
“‘stress-non-responsive period” (SNR period) and to the 
period which follows as the relative SNR period. The 
latter is characterized by the differential onset of the 
adreno-cortical response to various stimuli. The absolute 
period is reported as lasting for at least the first 4 days of 
life, and the relative period which follows may last until 
the sixteenth day. Levine!® has reported a significant 
increase in plasma corticosterone in the 3 day old rat 
following treatment with adrenocorticotrophic hormone: 
or electric shock if the animal has previously received 
infantile stimulation. Furthermore, several other in- 
vestigations have indicated that the SNR period is. 
affected by experimental manipulation such as adrenalec- 
tomy of the mother before parturition? and unilateral 
ligature of the Fallopian tube of the mother before mating’. 

Evidence which suggests that the immature rat does. 
respond to stress during the first few days of life is found 
when the behavioural consequences of stressing are 
investigated in the young rat. Denenberg and Kline 
administered a 0-2 m.amp electric shock for 3 min to in- 
dependent groups of rats at the following ages: 2 days, 
4 days, 1-3 days, 3-5 days, and 1-5 days; controls were- 
undisturbed. Performance with regard to avoidance 
learning in adulthood, with electric shock reinforcement, 
revealed that all experimental groups, except the one 
subjected to shock on the second day, had learning scores. 
significantly higher than the control group. In another 
experiment!? rats handled on days 1-3, 3-5, 1-5, 6-8, 
8-10 and 6-10 survived a terminal stress in adulthood 
significantly longer than did unhandled controls. 

In view of the discrepancies noted and in order to de- 
termine whether the adrenal gland of the newborn rat 
was functional, the following experiment was performed.. 
Fifty-three litters of Purdue-Wistar rats were used. All 
litters were reduced to six male pups on day 1 and were 
not further disturbed until tested at 1, 2, 3, 4, 5, 7, 9, 11,. 
or 21 days old. The tests on day 1 immediately followed 
sexing of the litter. All tests were begun between 6.30 a.m. 
and 9.30 a.m. At the appropriate age, each litter was. 
removed from its mother and randomly divided into three 
pairs; the first pair of subjects was immediately decapi- 
tated (control), the second received an electric shock for- 
3 min, and the third pair was subjected to heat stress. 
for 3 min. The electric shock was 0-8 m.amp from a 
scrambled-constant-current a.c. shocker which consisted 
of a variable transformer and a 2:25 Mohm resistor 
wired in series with the subject through a brass grid floor... 
The rats were subjected to heat stress in a nylon mesh 
basket which wassuspended in a thermo-regulated chamber 
maintained at 63° C+2° C. After the stress period, the: 
rats were immediately removed from their respective 
apparatus and placed in containers partly filled with 
shavings. They were lightly covered to reduce loss of 
body heat and were not further disturbed for 15 min, 
after which they were decapitated. The blood from each 
pair of subjects and the adrenals from each pair of sub- 
jects were pooled, after which the concentrations of plasma. 
and adrenal corticosterone were determined by a modi- 
fication of the fluorometric procedure of Silber, Busch 
and Oslapas'*. Six litters were tested from each of the- 
eight age groups between the first and eleventh days; 
five litters were tested at 21 days old. 

Fig. 1 shows the mean plasma corticosterone response- 
as a function of age when stress was administered and the 
type of stress. Fig. 2 shows the same data plotted for the 
corticosterone in the adrenal gland. For each set of data, 
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analyses of variance were computed for days 1-5, days 
7-11, and day 21. : 

During days 1-5 there was a significant decrease in 
plasma corticosterone as a function of age (F =5-21; 
d.f.= 4/25; P<0-01) and a significant treatment effect 
(F = 387-24; d.f.=2/50; P<0-01). Later tests showed 
that all three groups differed significantly from each other; 
the difference between the shocked group and the control 
group was at the 0-05 level, while all other differences 
were at the 0-01 level. During days 7-11 the only signi- 
ficant difference was caused by the experimental treat- 
ments (f= 6-21; d.f.= 2/30; P<0-01). The group which 
had been subjected to shock differed from the controls at 
the 0-01 level; the heat stressed group differed from the 

-controls at the 0-05 level; the two groups which had been 
subjected to stress did not differ significantly from each 
other. On day 21, a significant difference was shown in 
the treated group of rats (F = 46-83; d.f.= 2/8; P<0-01). 
` "The two groups which had been subjected to stress had a 
greater plasma corticosterone response than the controls 
(both at the 0-01 level) but they did not differ from each 
other. During days 1-5 treatment resulted in a significant 
change (F=61-05; d.f.=2/50; P<0-01) in the heat 
stressed group which had a greater adrenal corticosterone 
response (P < 0-01) than the control or the shocked group; 
the latter two groups did not differ from each other. 
The effect of the days on which measurement was made 
was not significant, but the product of days and treatment 
interaction was significant (F = 2-33; d.f.= 8/50; P < 0-05). 
Fig. 2 shows that the cause of the interaction was the 
inerease in the concentration of corticosterone of the 
heat stressed group during days 2-4. 

During days 7-11 a significant effect was produced 
by treatment (F = 63-54; d.f.= 2/30; P<0-01). The two 
stressed groups had a greater adrenal corticosterone res- 
ponse than the control group (P< 0-01) but did not differ 
from each other. The significant effect of treatment 
(f= 26-67; d.f.= 2/8; P<0-01) on day 21 was a result 
of the higher content of corticosterone in the two stressed 
groups. than in the control group (P < 0-01), although the 
two stressed groups did not differ from each other. 

In summary, during the first five days of life heat. stress 
causes a significant increase in corticosterone, whether 
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Fig. 1. Plasma corticosterone concentrations in the immature rat (1-21 
days old) following exposure to heat stress or electric shock. $, Shock; 
@, heat; A, control. 
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Fig. 2. Adrenal corticosterone concentrations in the immature rat (1-21 
days old) following exposure to heat stress or electric shock. gg, Shock; 
@, heat; A, control. 


measured in the plasma or the adrenal gland; in 
addition, electric shock also raises the amount of plasma 
corticosterone significantly above the control value, 
although the response is much less than that brought 
about by heat stress. During days 7—21, measurements of 
both adrenal and plasma corticosterone were the same. 
Heat stress and electric shock are equally effective in 
raising the amount of corticosterone. 

These results clearly indicate that severe stress can 
elicit an adreno-cortical response in the neonatal rat. 
shortly after birth. The response of the infantile organism 
is characterized by an increased synthesis and release of 
adrenal steroids, as indicated by increases in adrenal and 
plasma corticosterone. These data contradict the absolute 
SNR period proposed by Schapiro (reported to exist 
during the first few days of life) and are not in full agree- 
ment with his relative SNR concept’. 

In addition, the reference made to an age at which the 
adrenal cortical response matures? becomes confusing in 
view of the finding that the infantile organism is capable 
of responding to stress shortly after birth, and that the 
organism is responsive throughout the first 5 days of life. 
Apparently, the adrenal response matures before birth, 


and developmental changes occur after birth. The difficulty © 


here apparently lies in the measure used to indicate 
responsiveness of the infantile organism, that is depletion 
of adrenal corticosterone, plasma corticosterone, or 
adrenal ascorbic acid (AAA). Adrenal and plasma, corti- 
costerone have shown in this investigation that the infant 
rat responds to stress as early as the first day. Using 
AAA depletion as an index, this does not seem to be the 
case, but rather a difference in onset of the depletion of 
AAA is obtained for subjects in relation to the type of 
stress used. Significant depletions of AAA in response 
to shock occur as early as 7-8 days of age’, to epinephrine 
by 5-8 days of age'?, to histamine by the eighth day’, 
and as late as 16 days for cold stress1:4:20, Schapiro? has 
also used adrenal corticosterone as an index of adrenal 
responsiveness and has found that maturation of the 
stress response, as measured by increases in adrenal 
corticosterone, corresponds with the decrease in AAA 
found in response to electric shock by 7-8 days of age. 
Schapiro, however, failed to use the more sensitive within- 
litter design used in this investigation, and allowed an 
interval of 60 min after stress, as compared with our 15 
min. While it appears that the temporal factors involved 
in the infantile response are similar to those of adults, x 
further research will be necessary to confirm this point.’ 


ee 
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These findings suggest that the response of the adrenal 
to stress during early infancy may be part of the mech- 
anism which mediates between infantile stimulation and 
adult. behaviour! 2n, 

It has been indicated that infantile stimulation also 
influences the maturation of the stress response as meas- 
ured by AAA depletion’*-19, with stimulated subjects 

-showing a response as early as day 12, while non-stimulated 
controls failed to show a significant depletion caused by 
cold stress until the sixteenth day. Levine has investigated 


| othe effect of infantile stimulation on the adrenal res- 


ponse as measured by plasma and adrenal corticosterone!’. 
The results indicate that infantile stimulation produces 
an organism which responds to electric shock with an 
increase in plasma corticosterone by the third day of 
life, while non-stimulated controls fail to respond at this 
early age. This responsiveness faded out between 3 and 
12 days of age, and reappeared later. The organism, 
however, is capable of an adrenal response to stress by 8 
days of age, as measured by adrenal corticosterone and 
AAA depletion’. 

The resting level of free circulating plasma cortico- 
sterone decreases markedly throughout the first week of 
life—from 17-40 ug per cent on day 1 to 6-18 ug per cent 
by day 7. The value for adult subjects has been reported 
to be 3-45 ug per cent™. Furthermore, the concentration 


oc of plasma corticosterone found in 1 day old rats after 


_ stress is comparable with the level observed in 21 day old 
and adult rats after a similar stress regime (Fig. 1)!4-1, 

Although the hormone extracted from the plasma and 
adrenals of the infantile rats in this investigation can be 
readily quantified by the fluorometric determination for 
‘corticosterone, its identity has not been verified by any 
other procedures. We are now attempting to isolate and 
identify the adrenal steroids which are synthesized by the 
infantile rat in response to stress. The determination 
used in this investigation is, however, fairly specific 
for corticosterone, and is essentially the same as that used 
by Levine! and Schapiro7:*. 

This work was supported by grants from the National 
Institute of Mental Health, National Institutes of Health, 
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Myelinogenesis in the Rat Brain 


MORPHOLOGICAL evidence indicates that myelin is formed 
in the central nervous system by the wrapping of macro- 
glial plasma membrane about the axon’?. Proliferation 
of glial cells occurs shortly before myelination’, and con- 
necting processes between oligodendrocytes and the 
developing myelin sheath have been noted‘. This concept 
is supported by experiments with isotopes, which suggest 
that lipid from the microsomal fraction, which would 
include glial plasma membrane, is utilized in myelin 
formation®. Myelin would therefore be expected to have 
the same or similar chemical composition as that of the 
oligodendroglial plasma membrane and myelin lipids 
would be present in the brain during the stage of glial 
proliferation immediately before the first appearance of 
myelin rings. Analysis of glial-rich fractions from adult 
rat brain (Table 1), however, shows that they contain 
much less cerebroside and more phospholipid than is 
present in myelin, and hence that the composition is 
similar to that of most other tissue membrane systems. 
This same type of lipid composition is found in glial 
tumour tissue (Table 2) and in the glial-rich brain just 
before the onset of myelination’. In order to examine the 
sequence of biochemical events further, myelin has been 
isolated from the brains of rats from 10 days old onwards. 


Table 1. LIPID COMPOSITION OF RAT BRAIN FRACTIONS 
Adult 
miero- Adult Early 
Neurone Glia some? myelin’? myelin” 
imolar ratio) 
Cholesterol 10 1-0 1-0 1-0 10 
Cerebroside 0 0-12 O14 0-32 0i 
Total phospholipid 2-0 1:47 1:37 0-04 1-36 
Phosphatidyl choline O77 0-43 47 O25 O44 
Phosphatidyl ethanolamine 0-73 0-52 0-48 0-42 0:47 
Phosphatidyl serine plus 0-27 0-23 0-19 ®19 0-32 
inositol 
Sphingomyelin O47 0-17 0-10 0-08 0-13 
eg — 0-04 0-025 — 


Cardislipin and phosphatidic 
acid 


The glial and neurone fractions were prepared by the method of Rose‘. 
Lipid extraction and analysis by quantitative thin layer chromatography were 
as previously described’. Early myelin was prepared from the brains of 
16 day old rats. Results are expressed as a molar ratio with cholesterol = 1-0. 


Table 2, LIPID Composition or GLIAL TUMOUR TISSUE 


Oligodendroglioma Astrocytoma 


Lipid (molar ratio) 
Cholesterol 1-0 1-0 
Cerebroside 0-02 0-04 
Phospholipid 0-87 0-55 


Human glial tumour tissue, fixed in formalin, was used. The oligodendrog- 
lioma was part of a primitive mixed tumour containing mainly oligoden- 
droglia. Histochemical examination showed areas of compact tumour tissue 
separated by intervening strands of degenerating myelinated tracts which 
were infiltrated with numerous gitter (microglial) cells containing both phos- 
pholipid and crystalline cholesterol esters. The material was extracted into 
chloroform and methanol (2 : 1, v/v) and analysed for lipid content. The 
results are expressed as a molar ratio with cholesterol as 1. Two separate 
analyses were performed on each sample, 


The early myelin fraction was found to have a low cere- 
broside content and to be rich in phospholipid and thus 
similar to the lipid composition of glia (Table 1).° Only 
when rats were 30 days old was the adult myelin lipid ratio 
attained. Morphological, enzyme and chemical examina- 
tion of myelin from 12 day old rats does not suggest that 
this fraction is heavily contaminated by other subcellular 
fractions. Thus little succinic dehydrogenase and ATPase 
activity and only small amounts of nucleic acids are found 
in the preparation. It therefore séems possible that early 
myelin consists essentially of oligodendroglial plasma 
membrane and that later insertion of cerebroside into the 
myelin lamella produces the stable mature membrane 
structure. This hypothesis, which attributes a key role to 
cerebroside, may be pertinent to neurological: diseases in 
which defects in cerebroside content have been noted. 

This work was supported by grants from the Medical 
Research Council and the Multiple Sclerosis Society of 
Great Britain. 
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Two Types of Neurones Sensitive to Motion 
in the Optic Lobe of the Fly 


Tue multitude of evoked neurone responses that have been 
observed in vertebrate and invertebrate visual systems 
are interesting in themselves but are difficult to interpret 
out of a behavioural context. We wish to report the results 
of our investigation of two types of neurones sensitive 
to motion in the optic lobes of the blowfly and the house- 
fly and the responses of these units to stimuli which have 
been shown by several authors'-? to evoke optomotor 
responses. 

Adult red-eyed Hucalliphora lilaea, Musca domestica 
and Calliphora phaenicia bred in the laboratory were used. 
Unanaesthetized animals were secured with dental wax. 
The head was fixed relative to the thorax so that respira- 
tion was not hindered. All the eyes were uncovered. A 
triangular section of the exoskeleton was removed from 
the flat portion of the head behind the right eye to expose 





(a) 
Fig. 1, Simultaneous recording of the responses of two directionally selective units to motion of a striped drum of spatial wavelength 14-4°. 


These units had opposite preferred. directions. 
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the right optic lobe. Ringer solution was placed in the 
opening and an electrode was placed in the medial 
superior corner of the opening. Stainless steel electrodes 
{lu tip) were prepared by a modification of Green’s tech- 
nique*. After an experiment, a current was passed through 
the electrode, followed by perfusion with potassium 
ferrocyanide and histological examination for determina- 
tion of the electrode position. The experimental tech- 
nique has been described in detail elsewhere’ and will be 
mentioned only briefly here. The prepared insect was 
placed at the centre of a reflecting sphere 6 ft. in diameter. 
After the electrodes were positioned, a precision striped 
drum 2 ft. in diameter of suitable wavelength was lowered 
over the insect. Not only could the speed and direction 
of rotation of the drum be varied but also the light 
intensity. Responses were recorded on frequency modu- 
lated tape and later digitized for computer analysis. 
The temperature in the laboratory was about 21°C. 
The following data were gathered from thirty-eight 
insects. 

We explored the area of the optic lobe from the basilar 
membrane to the medulla and found units sensitive to 
motion only in the medulla region. All these units fired 
vigorously during drum movement-—some responding to 
certain directions of movement (directional units) and 
some responding to movement in any direction (mèn: 
directional units). 

The directional units were found immediately on pene- 
tration of the optic lobe in the medulla region. All these 
units had a spontaneous dark activity and all reacted in 
the same manner to the stimuli presented to the animal. 
These units gave “on-off” responses to a flashing light of 
diameter greater than 6°, that is, at “on”, a burst of 
activity which decayed to the background level of activity, 
and at “off”, a burst followed by a null period and slow 
increase to background. 

Responses to a striped pattern moving horizontally 
are shown in Fig. 1. The units responded vigorously to 
drum rotation in one direction and were suppressed by 
rotation in the opposite direction. In the “preferred” 
direction the onset of drum rotation evoked a burst. of 








(b) 


Upper trace indicates when a constant drum angular velocity of 30°/sec was turned on, On 
the upper trace there are forty pulses for each spatial wavelength, Time seale 0-2 sec/em. 


Direction of drum rotation in (a) was opposite to the 


direction in (6). 
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Fig. 2, Characteristic firing pattern of directionally selective units in response to motion of a striped pattern. Ordinate: number of spikes 


per unit time. Abscissa: time; each numbered time interval is 0-67 sec. 


(Photographed computer output.) “OR” refers to drum rotation, 


Background light intensity was constant at 10 lumens/steradian. 


activity which was followed by decay to a constant value 
above background (Fig. 2). This steady state value was 
maintained so long as the drum motion continued. 
Cessation of the drum rotation evoked a reduction of 


“activity followed by a slow return to the background 
level of activity. Motion of the drum in the opposite 
‘direction abolished the background activity. 


Usually 
{but not necessarily) this was followed during the period 


_ of drum motion by an increase in activity to a level below 


the background level. Subsequent cessation of drum 
motion evoked a burst of activity followed by a cessation 
of activity and slow return to the background level. No 
excess In oceurrence of “right to left” over “left to right” 
units was noted. Units sensitive to opposite directions 
were frequently found in pairs (Fig. 1). 

The directionally selective units also responded in an 
identical manner to motions perpendicular to the direction 
of stripe movement, that is, to either up or down move- 
ment of the drum and to motion of an open hand either 
toward or away from the animal or to a spiral which was 
fixed in space but was rotating so as to appear to be 


expanding or contracting. This observation supports the 


conjecture of V. Braitenberg (personal communication) 
and others® that the same system effects the optomotor 
response and the landing response. Those units which 
responded positively to “left to right” drum rotation 
responded positively to “downwards” drum movement 


‘and positively to “out to in” motion of the hand. Those 


= units which responded positively to “right to left” 


< responded positively to “down to up” and to “in to out” 
“motions. 


The non-directionally selective units were found on 
deeper penetration. Some of these units had a spon- 
taneous background activity while others had no back- 
ground activity. These units also gave “on-off” responses 
to a flashing light of diameter greater than 6°. Sustained 


| firing was evoked by motion in any direction. The pattern 


ee 


of firing was the same for all directions and similar in time 
course to that of a positive reaction of the directional 
units. 

Movement of a light or a dark edge through a spot of 
diameter of 1-8° or through a constant small light in any 
part of the visual fields of both of these units was sufficient 
to evoke the responses. 

An interesting class of units (Fig. 3) was found in every 
insect on deep penetration over a large area. These units 
fired spontaneously with a fixed period, much like pace- 
maker neurones. The period of these units was constant 
to + 6 per cent for 1 h (the longest time we monitored 


“such a unit}. Periods of about 7 msec and 14 msec were 


found. These units were insensitive to all visual stimuli 
presented. 


We studied the firing patterns of both the classes of 
motion-sensitive units in the context of the optomotor 
response, that is, the torque produced in tethered flight 
in response to a moving pattern. 

The durations of the transient responses of these units 
were of the same order as those of the torque, although 
smaller as would be expected. The response of these units 
was sustained during stimulation as in the case of the 
optomotor response. At constant angular velocity: the 
steady state average frequency of both classes of. fibres 
varied with drum spatial wavelength in the same manner 
as the optomotor response. The variation of the steady 
state average frequency of the non-selective units with 
drum angular velocity decreased sharply from a peak 
which was higher than that of the optomotor response. 
For example, the peak responses appeared at drum 
velocities above 100°/sec for drum spatial wavelength 
of 144°. The average steady state frequency of direc- 
tionally selective units exhibited a broad response which 
had the characteristies of the optomotor response curves: 
We have been unable to observe in Hucalliphora lilacea 
and Calliphora phaenicia a clear reversal in the direction 
indieated by the directionally selective units as was 
shown in the torque measurements. Such a reversal was 
observed in Musca domestica. This probably arises from 
the smaller inter-ommatidial angles in M. domestica. 
Fine structure is evident in each phase of the firing se- 
quences. Preliminary studies indicate that. this fine 
structure also varies with drum angular velocity. 


In view of the behavioural correlations found inthe © 


firing patterns, we suggest that these units are part of the 
optomotor system. We also think it probable that the 
constant frequency units may play a part in the detection 
of motion. 





Spontaneously ‘active unit recorded in the optic lobe of the 
blowfly Eucalliphora, Time scale is 0-5 mset/em, 


Fig. 3. 
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GENETICS 


Starch Gel Electrophoretic Patterns of 
Murine Transferrin 


TRANSFERRIN, the plasma protein responsible for carrying 
iron through the blood, frequently occurs in several 
different genetically determined forms in man}, domesti- 
cated animals? and small laboratory animals*. The starch 
gel electrophoretic pattern of the transferrin of several 
domesticated? and laboratory animals‘ consists of several 
bands even though the animals are homozygous for 
transferrin type. 

Investigations of murine transferrins by three different 
workers have shown that all strains examined possess the 
same transferrin type, with the exception of the CBA 
strain®.>.*, The most common type (b) has three bands 
which, in order of decreasing mobility, stain faintly, 
moderately and intensely (Fig. la). The transferrin 
pattern of the CBA strain (type a) is similar in that three 
bands are present. All three bands of this strain, however, 
migrate more rapidly than the corresponding bands of 
other strains with the result that the last two bands of 
type a exhibit about the same mobility as the first two 
bands of type b (Fig. la). 

This polymorphism exhibited by murine transferrin is 
apparently unique among mammals in that the relative 





a b 


Fig. 1. a, Starch gel electrophoretic pattern illustrating from left to 
right transferrin types a, b, and b modified. b, Autoradiograph of the 
starch gel shown. 
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Fig. 2. Starch gel electrophoretic pattern illustrating, right to left: 

normal adult type b pattern in a 14 week old A2G mouse; b modified 

pattern in a 14 week old A2G mouse; normal adult type b pattern in a 

12 week old SWR mouse; b modified pattern in a 12 week old SWR 
mouse. 


staining intensities of the bands produced by an allele may 
differ between individuals of the same highly inbred strain. 
This variation in relative staining intensities was first 
reported in strain A/AGS mice by Ashton and Braden’, 
who described two kinds of type 6 patterns within this 
strain. One of these was a modified pattern which showed 
an increase in the relative staining intensity of the two 
fastest bands (Fig. la and Fig. 2). Shreffler? has reported 
that while neonatal mice possess an adult type pattern, a 
modified pattern normally occurs transiently in young 
mice. The modified pattern is most evident at 3—4 weeks 
of age and reverts to the typical adult type pattern by 7-8 
weeks. This modified pattern can also be seen in adults 
during disease or “under certain conditions of stress’’’. 

We have examined sera from adult animals of a number 
of additional strains of mice by means of descending 
starch gel electrophoresis® with a discontinuous buffer 
system’. The transferrin types of thirteen inbred and two 
non-inbred strains have been determined. As indicated in 
Table 1, all these possessed the b type mobility and some 
exhibited the modified type b. This study confirms 
Shreffler’s finding that the modified b pattern occurs in 
strains other than A (ref. 7). In addition, we have found 
that the modified b pattern occurs in apparently healthy 
adult mice of several strains. The iron-binding ability of 
the fastest band is demonstrated by autoradiography”. 
It is probable that Cohen was unable to demonstrate this 
iron-binding capacity because of too low a concentration 
of the fastest component in his samples‘. 

All mice used in these experiments were at least 12 
weeks old. Mice were bled from the retro-orbital venous 
plexus. The blood from each mouse was allowed to clot in 
a6 x 50mm tube at room temperature for 1-2 h and then 
refrigerated overnight. After centrifuging the tube at 
1,000g for 15 min, the serum was removed and stored at 
—20° C until required. Selected serum samples from 
individual mice were concentrated by dialysis against 
‘Ficoll’. 

Fig. la shows the pattern obtained by starch gel 
electrophoresis of sera from individual mice of the CBA 
and A2G strains. The pattern on the left is typical of those 
obtained from many individual adult CBA mice. The 
pattern in the centre is from an 18 week old A2G mouse 
and shows the typical adult type b pattern. The pattern 
on the right is from another 18 week old 42G mouse and 
shows the appearance of the modified type b pattern. 
(Notice the increase in the relative staining intensity of the 
two fastest bands.) Fig. 16 is an autoradiograph of the 
same gel photographed in Fig. la. As a result of technical 
difficulties encountered in photographing the autoradio- 
graph, a drawing of the patterns observed is included 
below each photograph. It seemed possible that the 
observed difference between the standard type 6 and the 
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modified type b had arisen froma higher concentration of 
transferrin in the latter. This was tested first by con- 
eentrating a type b serum by a factor of five and then 
diluting a modified type b serum fourfold. In each case, 
the only alteration observed was a parallel change in the 
staining intensity of all bands within each pattern. 

© The possibility was also considered that the different 
bands observed in type a, type b, and modified type b 
individuals had arisen from differences in the content of 
sialic acid. To test this, undiluted neuraminidase 
(500 ug/ml.) was added to twice its volume of serum and 


be the mixture incubated at 37° C for 24 h. Electrophoretic 


examination revealed that the mobility of each band in all 
three types had been decreased by two units. This suggests 
` that the differences observed between type b and modified 
type 6 individuals could not have arisen from differences 
in-the sialic acid content of transferrin components. 


Table 1. MOUSE TRANSFERRIN PHENOTYPES 
Trans- Modified Trans- Modified 
Strain ferrin pattern Strain ferrin pattern 
type observed* type observed* 
AlJax b + A2G/EGAt b + 
CST BL/6Jax b + CBA] Jax a + 
RE] Jax b + AKR Jax b — 
RIN Jax b + C3H/HeJd ò —- 
PLidaxt b + LGiMI} b - 
; ST Jax} b - 129/ Jax t b + 
O SWR) Jar} b + SiGe b - 
EG b - BaB/Ghe } b - 
< Z/Gw b - BIO.BY [Sn $ b - 
‘B10.D2/ Sn} b - BIOLP/Snt b - 
B10.129/5n } b - ICR (non-inbred) $ b + 
HFW (non- b - 
inbred) $ 


* Means observed in the present series of experiments. 
+ Brought to the United States by Dr. J. Lindenmann’”, 
t Not reported previously. 


Table 1 lists the transferrin types observed in various 
strains of mice tested during this preliminary study. Fig. 2 
shows representative patterns obtained during these tests. 
Of the twenty-three strains listed, fifteen have not been 
reported previously (see refs. 7 and 11 for previous reports). 
A modified pattern was observed in ten of the strains. 
The possible occurrence of the modified b pattern in 
the other strains cannot be excluded because, at most, 
fifty individuals of a given strain were tested. A modified 
pattern also occurred in one CBA mouse. In this modified a 
‘pattern, the relative staining intensity of the two fastest 
bands corresponded to that of the two fastest bands of the 
modified b pattern. 
<£ The appearance of the modified b pattern in apparently 
healthy adult individuals of many strains possessing 
type b transferrin was most surprising. Individual adult 
mice of many type 6 strains ranging in age from 10-40 
-weeks have been observed to possess it. A systematic 


«investigation of the time of onset, duration, and frequency 


- of its oceurrence in any strain has not been attempted. 
n Itis not known whether the modified b pattern persists 
once it has appeared in an adult mouse. 

. © “This variation in staining intensity of the transferrin 
bands of mice implies that there is a mechanism controlling 
the relationship between the constituent bands. No 
evidence, however, is available as to the nature of this 
mechanism. The possible significance, if any, of the 
multibanded murine transferrm pattern and the stress 
induced shift from type b to modified type b will be 
discussed elsewhere’. 

A2G and ICR mice were obtained from Dublin 
Laboratories, Dublin, Virginia; LG mice were donated by 
Dr. James R. Miller, Department of Neurological Research, 
University of British Columbia, Vancouver, Canada; 
CFW mice were purchased from Carworth Farms, New 
York; and BaB, E, S, and Z mice were contributed by 
Dr. John W. Gowen, Department of Radiology and 
Radiation Biology, Colorado State University, Fort 
“ Collins, Colorado. Congenie strains derived from 

- C57 BL/10SceSa were obtained from Dr. George Snell, the 
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Jackson Laboratory, Bar Harbor, Maine. All other strains 


of mice were purchased from the Jackson Laboratory, Bar- ee 


Harbor, Maine. 
This work was supported by a training grant and 
research grant from the U.S. National Institutes of Health. 
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HAEMATOLOGY 


Frequency of Occurrence of the Human 
Rh Complexes D(C)(e), d(c)(e), D- - and --- 


SEVERAL cases of rare deviations from normal Rh gene 
complexes have been found in different populations. 
Among these deviating forms two gene complexes with 
weak antigen expressions, D(C)(e) denoted by R“ * and 
d(c)(e), denoted by r4, have been found in Sweden? , 
The complex D--— (which produces only a D antigen) 
and the equivalent d-— or ---— complex (which pro- 
duces no antigens at all) are probably responsible for 
cases in which mother and child appear to have opposite 
homozygosity. Several examples of this have been 
reported, some of them from Sweden. 

Extensive Rh testing for paternity cases gave us an 
opportunity of estimating the frequency of occurrence of 
these rare Rh complexes in the Swedish population. The 
sample consisted of a regionally divided sample of 8,297 
unselected children and 9,468 mother and child pairs. 
Some of the children in the latter sample are included in 
the regional sample. The serological tests have been 
performed as described by Heiken*, but in the mother 
and child sample pure anti-C¥ was not used, so that © 
and CW have not been distinguished. 3 

From the regional sample the frequency of occurrence 
of the normal Rh complexes was estimated by the method 
described by Mourant® and given in Table 1. For com- 
parison the frequencies found in a previous Swedish 
investigation? and those calculated from the mother 
group in this investigation are also given. There are only 
small discrepancies, so that the sample can be supposed 
to be typical of the Swedish population. 

A preliminary estimation of the frequency of occurrence 
of the R=” and rż complexes was obtained from the 


Table 1. ESTIMATED FREQUENCIES FOR THE NORMAL RA GENE COMPLEXES 


Frequency 
Mothers in the 
M-C* sample 
9,468 individuals 


Heiken (ref. 4) 


Regional sample 
5,265 individuals 


8,297 individuals 


Gene complex 


DCe 0-4037 ich. 0-3976 
De'e 0-0198 j 0-4236 0-0207 
dee 0-3818 0-3847 0-3911 
DeE 0-1675 0-1661 0-1613 
A 0.0051 Kga 000s 
e a t PURIS. 

aCe 0-0003 ; 0-0047 0 

deck 0-0027 0-0041 0-0034 
DCE 0-0006 0-0004 0-0007 


* M-C, mother and child. 
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regional sample in the following way. The weak reactions 
with anti-C, anti-c and anti-e can be observed only for 

- D(C)(e) in combination with ¢ or Æ, or for di(c)(e) in com- 
bination with C or E. From the frequencies of occurrence 
in Table 1, the probability of observation is 0-5711 for 
D(C\e) and 0-5997 for d(c)(e). Since six cases of D(C)(e) 
were found in this sample (Table 2), the probable total 
number of cases is 6/0-5711 = 10-506, which gives a 
frequency of 0-00063 in the whole population. One 

_ observed case of d(c)(e) indicates a probable total number 
of 1/0:5997 = 1-6675, and a frequency of 0-00010. 


Table 2. OBSERVED EXAMPLES OF THE Rh COMPLEXES D(C)(e) AND d(c\e) 
; “Numbers in parentheses are paternally inherited cases. 
Phenotypes 


oo Material (C)cDE(e) C(e) DEte) (C)eDee C(e)Dee 

- Regional sample 6 1 0 0 

M-C sample: mothers 3 0 4 2 
ae : children 5 (8) 0 2 (1) 1 (0) 


; A more accurate estimate was obtained from the 
mother and child sample, using the iterative gene counting 
method of Smith*:?, The frequencies of occurrence of the 
chromosomes in the regional sample were used for cal- 
culating the probable number of hidden D(C)\(e) chromo- 
somes. among the mothers and the probable number of 
paternally inherited hidden cases of D(C\(e) among the 
children, expressed as a function of q, the frequency of 
occurrence of the D(C)(e) chromosome. By supposing q 
to be 0-0006, an estimate of the number of hidden D(C)(e) 
chromosomes was obtained. To this number was added 
the seven cases observed among the mothers, and the four 
eases observed among children, where the complex must 
have been inherited from the father (see Table 2). The 
probable total number of cases was then divided by the 
number of non-identical chromosomes in the mother and 
‘child sample, 3 x 9,468 = 28,404, to obtain an improved 
value for q. This value was then used to obtain another 
estimate of hidden D(C)(e) chromosomes, and repeating 
this procedure the estimates of q soon converged to a 
-Anal value of 0-000673. A standard deviation of 0-000205 
for the estimated parameter was obtained by using the 
formulae (5) and (6) given by Ceppellini, Siniscaleo and 
Smith?, 

In the same way the frequency of occurrence of the 
d(c)(e) complex was approached, using a preliminary value 
for q of 0-0001. The observed number of cases of this 
complex in the mother and child sample (Table 2) was 
only two among the mothers and none attributable to 
paternal inheritance among the children. The estimates 
of the frequency of occurrence converged to the final 
value of q = 0-000118 with a standard error of 0-000083. 

In these calculations the frequencies of the normal Rh 
complexes have been assumed to be constant and their 
degree of uncertainty has been ignored. The final estimates 

-Of the frequency of occurrence of R~ * and r+ are therefore 
less reliable than is indicated by their standard errors. 
. The correspondence between the preliminary estimates 
based on the regional sample and the final estimates from 
the mother-child material is good, however, which lends 
support to the estimates. 
_ The presence of the two complexes D~ — and — — — 
ean be discovered only from examples of contrary 


, : NATURE. 


- > DECEMBER? 17; 1966 vou 212 
Table 3.. OBSERVED EXAMPLES: OF APPARENT CONTRARY Homozyaosrry 
IN THE MOTHER AND CHILD SAMPLE 


Phenotype of mother ecdes CcCDee eeDee 
Phenotype of child ecDEE ecDee CDER 


DEE 
ecDee 


Table 4. NUMBER OF CASES OF APPARENT CONTRARY HOMOZYGOSITY IN 
THE MOTHER AND CHILD SAMPLE EXPECTED, FOR DIFFERENT FREQUENCIES 
OF THE ~~- AND D -~~ COMPLEXES 


Frequency of — — — 
0:00005 0-00010 0-00020 0-00050 000100 000435 


Expected No. 0-03 0-66 1:31 3-23 6-30 25°81 
Observed number: 1 
Frequency of D ~~ 
0:00010 0-00050 0-00060 © 0:00080 0-00100 _0-00208 
Expected No. 0-57 2°84 3-40 4-51 562 11-13 


Observed number: 3 


homozygosity between mother and child. Four such cases 
were found in the mother and child sample, one indicating 
the presence of — — —, three indicating D— — (Table 3). 
Only individuals with homozygous phenotypes can be 
carriers of these complexes. Starting from the numbers 
of such phenotypes among the mothers, an expression for 
the probable number of carriers within each phenotypic 
group can be obtained as a function of q, the frequency of 
occurrence of the complex considered. If this frequency 
is multiplied by the corresponding probability for cori- 
trary homozygosity, for cases in which the mother 
carries the complex, the number of cases of contrary 
homozygosity which may be expected can be found. By 
calculating this number for different values of q and com- 
paring it with the number of such cases observed, pre- 
liminary estimates for the frequency of the — — — complex 
of 0-0001-0-0002, and of D~— of 0-0005-0-0006 were 
reached (Table 4). 

Using these preliminary values as a starting point, the 
iterative method which was used for R= and r was 
tried for D~ — and — — —. This method, however, pro- 
duced the very high frequency of 0-00203 + 0-00050 for 
D-— — and the still higher frequency of 0-00435 + 0-00190 
for the — — — complex. As Table 4 shows, these fre- 
quencies correspond to 11-1 expected cases of contrary 
homozygosity for D— — and no less than 25-8 casos for 
—~——, which is clearly not in agreement with the 
observations. 

To find the reason for this discrepancy, the mother and 
child sample was examined more closely. Closeness of fit 
was tested with y? analyses of the phenotypic distribution 
among mothers, distribution of children’s phenotypes 
within the more common phenotypes among the mothers, 
and distribution of homozygotes in the Č- and K-leci 
and heterozygotes for either or both these loci (Table 5). 
No significant deviations were found. The only doubtful 
results were an excessive number of homozygotes among 
the children from the 1,242 mothers of type ccDEe and a 
small total excess of homozygous phenotypes among 
both mothers and children. Since the estimations of 
D — — and ——— are based on the numbers of homo- 
zygous phenotypes, it is possible that even a small devia- 
tion in favour of homozygotes may distort the results. 

The frequency estimates are summarized in Table 6. 
Since the iterative gene counting method leads to un- 
reasonable results for D— — and — — —, the preliminary 


Table 5. CLOSENESS OF FIT FOR DISTRIBUTIONS IN THE MOTHER AND CHILD SAMPLE 


Expected numbers are calculated from the chromosome frequencies of the regional sample without regard to the deviating gene complexes 
A. Phenotypic distribution of mothers 


cedee ecDee ccDEE ecDEe CcDee CoDEe CCDee Cedee cedDe Others 
Observed 1,403 123 291 1,242 3,236 1,363 1,736 34 31 9 
Expected. 1,380:16 136-99 274-20 1,270-62 3,210-61 1,386-56 - 1,741°39 40-49 19-62 7-46 
x* equals 12-208, 9 degrees of freedom, P is 0-2-0-1. 
B. Homozygosity in C- and Z-loci against heterozygosity in either or both these loci. 
Mothers Children 
Homozygotes Heterozygotes Homozygotes Heterozygotes 
Observed 3,556 5,912 3,575 5,893 
Expected 3,533-14 5,934-86 3,531-45 5,936-55 


x’ = 0-286, 1 degree of freedom, 
P is 0-7-0-5, 


z* = 0-857, 1 degree of freedom, 
P is 0:5-03. 
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Table'6, ESTIMATED FREQUENCIES OF THE DEVIATING RA GENE COMPLEXES 
; DONX) 0-00087 + 0-00020 
* 24000008 


00001 —0-0002 


. estimates are given, as these are considered to be the most 
= probable. The frequencies of occurrence of the two 
complexes with a D gene are about equal, and of the 
same magnitude as that of the DCE chromosome. The 
two complexes with a d gene occur less frequently, and 
< may be as uncommon as the dCH complex. This has not 
< been estimated in this work, but in Switzerland its 
“frequency has been estimated as 0-00014 (ref. 3). 
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Effects of Organic Solvents on the Adenosine 
Triphosphatase Activity of Erythrocyte 
Ghosts 


Tae involvement of phospholipids in the adenosine 
triphosphatase activity of human erythrocytes was 
demonstrated by Schatzmann!, who found that treatment 
with phospholipase. C reduced the activity of both the 
Mg* and the Nat—plus-K+—stimulated ATPase. Tatibana? 
and Ohnishi? reported a specifie inactivation of the 
Nat+-plus-K* stimulated ATPase after treatment of 
ghosts with phospholipase A. The lipids present in freeze- 
dried red cell ghosts can be distinguished as so-called 
loosely and strongly bound fractionst®. The loosely 
bound fraction, extracted by ether treatment, contains 
all the sterols and about 23 per cent of the phospho- 
lipids from the human erythrocytes, while the strongly 
4 bound lipids, obtained after treatment with ethanol—ether 
(321 v/v) consist of phospholipids only’. We have 
_ investigated the involvement of lipid fractions in the 
< ATPase. activities. 
| Haman red cell ghosts were obtained from fresh blood 
by a modification of the procedure devised by Parpart‘®. 
The ghost preparations were freeze-dried and stored at 
= 20° C before use; no significant loss of ATPase activity 
was. observed in 4 weeks. Fractionation over a ‘Dowex’ 
resin column, as described by Dunham and Glynn‘, 
“was used to purify the sodium-ATP (Fluka A.G., Switzer- 
land). The ATP disodium salt (Sigma Chemical Com- 
pany, St. Louis, U.S.A.) was 99 per cent pure and was 
further purified by the method of Epstein and Whittam’. 
The sodium-free ATP solution was neutralized immedi- 
ately and adjusted to pH 7-5 by the addition of a saturated 
tris solution. Incubation was in a medium containing 
5x 10-4 molar histidine and imidazole, adjusted to pH 7-5 
with tris. Each incubation tube contained about 7-5 mg of 
ghosts and 5 umoles of ATP; the total volume was 2-0 ml. 
In ‘addition to the ghosts and ATP, the following com- 
pounds were also present: 268 umoles of sodium chloride 
and 15 ymoles of potassium chloride in the first tube, 
-as the blank; in a second tube 5 umoles of magnesium 
*ehloride, giving the Mg*t-dependent ATPase activity; 
and in a third tube the three cations together at con- 
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centrations: mentioned above, so as to give the total” 
Mgt- and Na+-plus-K+-dependent ATPase activity. 
The tubes were incubated at 40° C and shaken for 1 h; 
the enzyme reaction was stopped by the addition of 
1-5 ml. of 7 per cent perchloric acid. The particles were 
centrifuged down in 10 min at 15,000g. The liberated 
inorganic phosphate was estimated in 1-0 ml. of the clear 
supernatant by the method of Fiske and Subbarow. 
In order to calculate the specific ATPase activity, the 
protein concentration of the incubation mixtures was 
determined by the method of Lowry*. 

Table 1 shows that the removal of the loosely bound 
lipids did not reduce the activity of either of the ATPases 
of the red cell ghosts. Inasmuch as this lipid fraction 
contains all of the sterol, it can be concluded that chole- 
sterol does not play any particular part in the lipo- 
protein organization of the enzymes under discussion, It 
was also found that polyene antibiotics (‘Nystatin’ and 
‘Filipin’), which are known to interact with sterol in the 
membrane, thereby causing a reorientation of the lipids®:!, 


did not exert any effect on either of the ATPase activities - 


(Table 1). Furthermore, a part of the phospholipids 
apparently can be removed without causing any signi- 
ficant lowering of the ATPase activities. Although. the 
ethanolamine containing phospholipids are present in a 
relatively high concentration in the loosely bound fraction, 
all other major types of phospholipids were also recovered 
in this fraction’. No striking differences in the fatty acid 
composition of the phospholipids present in the two 
fractions could be detected’. In agreement with the 
observations of Schatzmann!, treatment of the ghosts 
with phospholipase C (Bacillus cereus) caused a consider- 
able inhibition of both ATPase activities. Similar results 
were obtained with phospholipase A (Crotalus adamanteus), 
which is in contrast to the observations of Tatibana? 
and Ohnishi? (Table 1). Treatment. of the ghosts depleted 
of loosely bound lipids, with either phospholipase A or . 
phospholipase C, also produced a most significant. re- 
duction of both the ATPase activities (Table 1). These 
experiments suggest that the phospholipids, not removed 
by ether treatment of freeze-dried ghosts, are involved 
in these processes. Extraction of red cell ghosts with 
ethanol-ether (3:1 v/v) or 90 per cent acetone" causes a 
complete inactivation of both ATPase activities; however, 
it is doubtful whether this effect is primarily due to removal 
of lipids. It was found in the present investigation that 
at concentrations of organie solvents which did not 
extract lipid material from aqueous suspensions. of 
ghosts, a nearly complete inactivation of the Mg?- 
stimulated as well as the Nat~plus—K+-stimulated ATPase 


Table 1. EFFECT OF DIFFERENT TREATMENTS ON ATPASE ACTIVITY 


mymoles of inorganic phosphate 
liberated/h/mg of protein 
K Mz 


Treatment of the ghosts Mgh + Nat + Kt 


None 599 255 
Extraction with ether 608 258 
Successive extraction with ethanol-ether 9 10 
None 306 147 
10- molar ‘Nystatin’ 330 155 

yone 259 136 
10“ molar ‘Nystatin’ 217 118 
None 443 214 
10+ molar ‘Filipin’ 495 234 
None 837 456 
Phospholipase A 119 90 
None 500 262 
Phospholipase C 18 12 
Extraction with ether 539 261 
Successive treatment with phospholipase A 31 0 
Successive treatment with phospholipase C 0 0 


In the ether extraction 45 mg of freeze-dried ghost material was treated 
four times with 6 mi, of dry ether. The mixture was stirred for 20 min. 
Ethanol-ether extraction was carried out by the same procedure (3 : 1 v/v) 
as the extraction system, For paosphollpase A treatment 2 ml. of a suspen- -. 
sion, containing about 80 mg of ghosts, was stirred for 20 h at 4°C with img 
of phospholipase A (Crotalus adamanfeus), dissolved in 1 ml. of distilled water, 
Before use, the phospholipase A solution was heated at 100° C for 7 min and 
centrifuged, in order to remove the proteolytic enzymes. For phospholipase 
C treatment the same ghost suspension was shaken for 2 h at 37° C with Img 
of phospholipase C (Bacillus cereus, anion free) dissolved in 0-4 ml. of dise 

ed water. : : 
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Table 2, Errors or be a SOLVENTS ON THE ATPASE ACTIVITY OF 


RYTHROCYTE GHOSTS 


Relative APTase Haemolytic 
activities expressed in concentrations 


Treatment of the ghosts percentages of of solvent 
the control mixture at 20° C 
Mg*+Nat+K+ Mg*+ {per cent) 
18% Tertiary-butanol 96 95 16 
18% Tertiary-butanol 5 6 
18% Isopropanol 89 90 21 
23% Isopropanol 0 il 
24% Ethanol 101 100 27 
29 o Ethanol 3 10 
25% Acetone 93 91 28 
83° Methanol 2 ; 
ethano 102 97 36 
38% Methanol 5 4 
38%, Dimethylformamide 96 99 41 
43% Dimethylformamide 13 13 
20% Isopropanol-methanol (4 : 1 v/v} 94 90 23 
25% Isoprópanol-methanol (4 : 1 v/v) 1 3 
25% Isopropanol—methanol (1 : 1 v/v) 100 96 28 
30 af Isopropanol—-methanol (1:1 v/v) 6 t 


80% Isopropanol~methanol (1 : 3 v/v) 92 93 33 
35% Isepropanol-methanol (1 : 


45 mg- of human erythrocyte ghosts was treated for 30 min at 20° C with 
40 ml. of mixtures of organic solvents with water. The ghosts were collected 
by centrifugation and washed with 40 ml. of the histidine-imidazole—tris 
buffer in order to remove the organic solvent. Immediately after this treat- 
ment, the ATPase activities were determined. The concentrations of organic 
solvents are expressed in percentages by volume 


occurred. Our previous investigations? have demonstrated 
that a number of organic solvents mixed with water 
caused lysis of the erythrocyte, at a sharply defined 
concentration for each solvent. The haemolytic action 
did not correlate with the concentration of the solvent, 
but with the dielectric constant of the medium. It was 
suggested that at a critical value of the dielectric constant 
within the membrane essential bonds between lipids and 
proteins are broken". Concentrations of the organic 
solvents about 3 per cent smaller than those of the haemo- 
lytic concentrations did not influence significantly the 
ATPase activities of the human red cell (Table 2). On the 
other hand, treatment of the ghosts with aqueous mixtures 
containing organic solvents 2 per cent above the haemo- 
lytic eoncentration gave practically complete inactivation 
(Table 2). Mixtures of methanol and isopropanol in water 
induced. inactivation at total concentrations of organic 
solvent, which agreed with the theoretical values derived 
by making the assumption that the dielectric constant 
alters linearly with the composition of the system!? 
(Fable 2). In view of the lipoprotein nature of the ery- 
throcyte membrane, it may be speculated that, at the 
critical concentrations of organic solvents, essential 
bonds between protein and phospholipids are weakened, 
and although no lipid is removed, the ATPase system, 
being an integral part of the membrane, becomes dis- 
organized. 


B. ROELOFSEN 
H. BAADENHUYSEN 
L. L. M. vAN DEENEN 


Laboratory of Organie Chemistry. 
"Department of Biochemistry, 

State University of Utrecht, 
¿The Netherlands. 


_ * Schatzmann, H. J., Nature, 196, 677 (1962). 
*Tatibana, M., J. Biochem., 58, 260 (1963). 
* Ohnishi, T., and Kawamura, H., J. Biochem., 56, 377 (1964). 
A Parpart, A. K., J. Cell. and Comp. Physiol.. 18, 248 (1942). 
* Roelofsen, B., Gier, J. de, and Deenen, L, L. M, van, J. Cell, and Comp. 
Physiol., 63, 233 (1964). 
* Dunham, E. T., and Glynn, F. M., J. Physiol., 156, 274 (1961). 
? Epstein, F. H., and Whittam, R., Biochem. J., 99, 232 (1966). 
‘Lowry, O. H, Rosebrough, N. J.. Farr, A. L., and Randall, R. J., J. Biol. 
Chem, 193, 265 (1951). 
* Kinsky, 5. C., in Sylvester, J. C., Antimicrobial Agents and Chemotherapy, 
387 (American Society for Microbiology, Ann Arbor Michigan, 1964). 
1 Demel, R. A., Deenen, L. L. M. van, and Kinsky, 8. C., J. Biol. Chem., 240, 
2749 (1965). 
ï Lester, R. L., and Fleischer, S8., Biochim. Biophys. Acta, 47, 358 (1961). 


2t Roelofsen, B.. Gier, J. de, and Deenen, L. L. M. van, Proc, Koninkl, Ned. 
Akad. Wetensch., Series B, 68, 249 (1965). 


NATURE 


DECEMBER 17, 1966 vor 212 


Entrance of Epinephrine into the Human 
Erythrocyte 

Many products of catecholamine metabolism have been 
identified, but the metabolic fate of epinephrine and nor- 
epinephrine has remained virtually unknown!?. In the 
investigation reported here, the presence of added epine- 
phrine and norepinephrine in red cells in vitro was determ- 
ined by means of their reaction with the intracellular 
non-protein sulphydryl group. To measure the sulphydryl 
group within erythrocytes the intracellular protein was 
first denatured by the addition of trichloroacetic acid? 4, 
Epinephrine within the cells reacted with and decreased 
the concentration of the free non-protein sulphydryl 
group with the aid of oxygen liberated during the denatura- 
tion of oxyhaemoglobin, while extracellular catecholamine 
was unreactive. The results indicated that entrance into 
human erythrocytes was a possible pathway for catechol- 
amine metabolism. 

Blood was freshly drawn before each experiment from 
more than a hundred patients with various diseases, and 
from normal employees and students at the Louisville 
General Hospital; ‘Lipohepin’ was the anti-coagulant. 
Only blood specimens with haematocrits between 35 
and 55 were used. In general, the chemicals used were of 
reagent grade; L-epinephrine bitartrate was used, and the 
carbon monoxide was of commercial grade. A solution 
containing 10 mg of epinephrine in 1 ml. of 0-9 per cent 
sodium chloride was prepared before each experiment. 
Measurements were made in a spectrophotometer. 

For measurement of the erythrocyte non-protein 
sulphydryl group, which was largely glutathione®‘, one 
ml. of blood was placed in each of several test-tubes. 
Sodium chloride containing either 1 or 0 mg of epinephrine 
was pipetted into each tube at zero time. The tubes were 
then placed in a water bath for 30 min. At the end of the 
incubation, 9 ml. of 5 per cent trichloroacetic acid were 
added. The sulphydryl group in 1 ml. of the filtrate was 
measured by a previously described technique**. In 
some cases, | ml. of blood was haemolysed by the addition 
of 6-0 ml. of water. The epinephrine was then added. 
Deproteinization required the addition of 3 ml. of 15 per 
cent trichloroacetic acid. The remainder of the procedure 
was the same as for intact cells. 

The reactivity of epinephrine present within and 
outside the erythrocytes was compared with the behaviour 
of the catecholamine in haemolysed blood. Addition of 
trichloroacetic acid to haemolysed blood immediately 
after epinephrine resulted in an appreciably lower absorb- 
ancy reading for the non-protein sulphydryl group than y 
was found in the absence of the catecholamine (Table 1). 
Incubation of the haemolysed blood with epinephrine for 
30 min at pH 7-4 before addition of the trichloroacetic 
acid caused no further changes. The results were the same 
when the haemolysed blood was added to trichloroacetic 
acid containing the epinephrine. Addition of the epine- 
phrine 5 sec after the trichloroacetic acid, however, 
prevented the development of its effects. In intact blood, 
the extracellular epinephrine failed to produce a decrease 
in the sulphydryl group or any fluorescence when the 
trichloroacetic acid was added simultaneously with or 
immediately after the catecholamine’. These effects 
appeared only when epinephrine was allowed to enter the 
cells during incubation at pH 7-4, and maximal changes 
required at least 20 min of incubation®:4 (Table 1). The 
ineffectiveness of extracellular epinephrine was further 
demonstrated by the fact that removal of the original 
plasma after 30 min of incubation, followed by three 
washings of the cells with 0-5 ml. of plasma—a procedure 
which removed 90 per cent of the epinephrine’—did not 
appreciably change the sulphydryl levels or sulphydryl 
drop. Thus 0-1 mg of epinephrine within intact red cells 
after the washings produced the same order of decrease in 
the sulphydryl group as 1 mg of epinephrine in contact ~ 
with haemolysed cells, although the absolute magnitudes 
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of tho sulphydryl drops in each instance had no close 
relationship to each other. In the absence of epinephrine, 
there was no change in the sulphydry! group or in fluores- 
cence during incubation. If intact blood was incubated 
for 30 min with 0-1 or 0-4 mg of epinephrine added at zero 
< time the result was 28 per cent and 90 per cent, respectively, 
of the effects caused by 1 mg of epinephrine, and a similar 
ratio was found in haemolysed blood. The smallest amount 
of epinephrine added to intact or haemolysed blood which 
yielded unequivocably significant changes in the sulphy- 
dry! group and in fluorescence was 0-1 mg. Incubation 
with epinephrine did not change the haemolysis of the 
cells in the presence of low concentrations of sodium 
chloride® or the absorption pattern of the haemoglobin in 
the spectrophotometer from 450 to 650 muy. Norepine- 
phrine yielded results similar to those of epinephrine. 


Table 1. EFFECTS OF EPINEPHRINE ON THE SULPHYDRYL GROUP OF 
ERYTHROCYTES, WITH AND WITHOUT CARBON MONOXIDE 


a) (2) 
Absorbancy Decrease in absor- (3) (4) 
baney readings of Same as column 1, Same as column 2, 


readings 
of the the sulphydryl except for _ except for 
gulphydryl group group after incu- formation of formation of 
without bation with epine- carboxy- carboxy- 
epinephrine phrine for 30 min haemoglobin haemoglobin 
0-130 0-034 0-146 0-012 
0-128 0-041 0147 0 
0125 0-044 0-176 0-017 
0-117 0-029 0-118 — 0-003 
0117 0:012 Q-131 0-006 
Or131 0-033 0-176 0-002 
0-121 0-049 0-140 0-007 
0-089 0-021 0-091 0-007 
O75 0-059 0-190 0-008 


-. Absorbancy readings of the sulphydryl group from 1 mi. of intact blood 
incubated for 30 min with and without 1 mg of epinephrine. Carboxyhaemo- 

obin was formed after the incubation in aliquots of each blood specimen. 
Similar results were found for haemolysed blood (see text). 


The effects of oxygen and carbon monoxide were studied. 
Haemoglobin was oxygenated by the passage of oxygen 
into intact blood, with gentle swirling for 2 min, and an 
immediate decrease of approximately 15 per cent in the 
sulphydryl group and a 28 per cent increase in the sul- 
phydryl drop after 30 min of incubation with 1 mg of 
epinephrine were the result. The sulphydryl group in 
approximately 15 per cent of blood specimens decreased 
by less than 10 per cent after incubation with epinephrine 
with or without oxygenation. Formation of carboxy- 
haemoglobin by bubbling of carbon monoxide for 2 min 
into intact blood after incubation with epinephrine for 
30 min decreased the drop in the sulphydryl group by 
an average of 81 per cent, while the increase in the 
sulphydryl group in the absence of the catecholamine 
averaged 14 per cent. Similar results were found for 
oxygen and carboxy-haemoglobin in haemolysed blood. 

The reactivity of intracellular in contrast with extra- 


“= cellular epinephrine in the present investigation demon- 


“strated the presence of the catecholamine within erythro- 
cytes. Proximity of the catecholamine to oxyhaemoglobin 
accounted adequately for the much greater reactivity of 
intracellular epinephrine as compared with that added to 
‘yhaemolysed blood. Several other possible explanations 
for the effects of epinephrine were investigated. The 
possibility that incubation with epinephrine permitted 
more rapid contact of extracellular epinephrine with 
oxyhaemoglobin during denaturation as a result of an 
increase in the fragility of the red cells was negated by the 
unchanged haemolysis in the presence of low concentrations 
of sodium chloride. This was one of a number of considera- 
tions. Furthermore, the possibility that sensitization of 
erythrocytes which were impermeable to epinephrine 
during the incubation period permitted 0-1 mg of epine- 
phrine remaining outside the cells after washing to 
produce the same sulphydryl drop as the original 1 mg 
applied was eliminated by the finding that incubation 
with 0-1 mg of epinephrine from zero time produced only 
a fraction of the effect of 1 mg without washing. 

The present investigation demonstrated that the reac- 
tion of an epinephrine derivative with the non-protein 
sulphydryl group of the erythrocytes occurred chiefly 
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during the denaturation. of oxyhaemoglobin. ‘Many 
compounds were affected by the oxygen liberated during. 
the denaturation of oxyhaemoglobin, including ascorbic 
acid’, epinephrine’, glutathione*, and serotonin’. De- 
naturation of the oxyhaemoglobin with trichloroacetic 
acid’, metaphosphoric acid’, or acetone" activated the 
oxygen in a similar manner. 

The limit of intracellular epinephrine which was un- 
equivocably determinable by its effect on the sulphydryl 
group of the red cells in 1 ml. of blood was 10 yg. The 
highest rates of catecholamine release from the adrenal 
medulla in cats were reported to be 0-001-0-002 ug/g 
body weight/min™. Other techniques, such as the use of 
radioactive epinephrine or glutathione, might eventually 
extend the results of the present study to physiological 
concentrations of the catecholamines. There is no reason 
to doubt that our conclusions would apply to much lower 
concentrations of epinephrine or norepinephrine. 

This study was supported by a research grant from the 
National Institutes of Health of the U.S. Public Health 
Service. 

I thank Joyce H. Johnson for her technical assistance. 
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PATHOLOGY 


Autoradiography of Fine Needle Biopsy 
Specimens from Patients with Goitre 


AUTORADIOGRAPHIC investigations of cytological material 
from aspiration biopsy of goitre using iodine-131 have 
previously been reported by Schmidt et alt. Recently, 
iodine-125 has been introduced into autoradiography, and 
this makes possible more exact localization of radioactive 
material because of its soft B-radiation. We have therefore 
used iodine-125 for an autoradiographic study of cyto- 
logical material from fine needle biopsies of the human 
thyroid. 

Our preliminary investigations indicate a particularly 
high uptake in some follicular epithelium cells containing 
densely packed periodic acid~Schiff (PAS) positive cyto- 
plasmic granules which stain dark blue with May-Grün- 
wald-Giemsa stain. These cells bear a strong resemblance 
to the thyroid granulocytes described by Séderstrém?*. 
The PAS-positive granules are the structures in thyroid 
cytological specimens which most closely correspond to 
“colloid droplets’”*. Differing theories of the nature of 
these droplets have been proposed. Wollman et al.* found 
that shortly after injection of radioiodine the luminal 
colloid of the follicle becomes labelled, but the epithelial 
cells do not. After the colloid in the lumen had been pre- 
labelled with radioiodine and further incorporation of 
radioiodine had been blocked by thiouracil, colloid drop- 
lets were induced by thyroid stimulating hormone (TSH). 
The droplets then appeared labelled, which suggested 
that these TSH-induced droplets contain colloid from the 


lumen of the follicle and probably consist of pinocytotic 
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Fig. 1. Autoradiographically labelled cell with colloid droplets. 


vesicles of some sort. Nadler et al.® arrived at similar 
conclusions during studies with tritiated leucine. On the 
ether hand, Wissig® has presented electron microscopic 
evidence indicating that the colloid droplets are secretion 
granules with newly formed colloid. 

Our preliminary investigation was performed on a 
thyroid biopsy, taken about 7 min after intravenous 
injection of 200 uc. of iodine-125 into a 65 year old female 
with hyperthyroidism, which later should be treated with 
radioiodine. The label was strong in the granulated cells 
(Fig. 1). The colloid by fine needle biopsy appears as a 
background substance mixed with blood. This was not 
clearly labelled. These observations are best explained 
on the assumption that at least some of the PAS-positive 
granules consist of secretion granules with newly formed 
colloid and that incorporation of iodine takes place in 
these granules. If the granules consist entirely of pino- 
cytotic vesicles, one would expect to find colloidal label- 
ling. It is, of course, theoretically possible that there is 
a strongly selective segregation of labelled thyroglobulin 
from weakly labelled colloid in the granules. We believe 
that this is a less probable alternative, and hope that 
further studies will help to clarify the processes of secretion 
and resorption in the human thyroid cell. 

G. Nitsson 
J. CEDERLUND 
Department of Medicine, 
Borås Hospital, 
Borås, Sweden. 
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CYTOLOGY 


Nuclear Blebs in the Human Foetal Thymus 


Tue recent communication by Törő and Oláh! on nuclear 
blebs in the thymus of post-natal guinea pigs has promp- 
ted this report of similar observations on foetal human 
thymus glands. Small blocks of the thymus glands of 
hysterotomy foetuses measuring 55 mm, 76 mm, 140 mm, 
and 210 mm from crown to rump were fixed in Dalton’s 
solution and prepared for electron microscopy. The 
material was sectioned with glass knives, and the sections 
mounted on 200-mesh New typo copper grids, double 
stained with uranyl acetate and lead citrate, and examined 
under an electron microscope. 

Fig. 1 is an electron micrograph showing a nuclear 
bleb close to the nuclear hilum of a thymoblast in the 
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cortex of the 55 mm specimen; Fig. 2 shows comparable 
blebs in related cells. Such “blebbing” is present in many 
other cortical cells in this gland and in those of the 76 mm 
and 210 mm foetuses. Fig. 2 illustrates and supports the 
hypothetical scheme for the formation of nuclear blebs 


proposed by Törő and Oláh. A hooked nuclear protrusion 
can be seen meeting another nuclear extension, which 





Fig. 1. Electron micrograph of a thymoblast in a 55 mm foetus. M, 
mitochondrion; N, nucleus; G, Golgi apparatus: V, vesicle; NB, nuclear 
bleb. (x 33,000.) 





$ 


Fig. 2. Electron micrograph showing portions of two cortical thymo- 

blasts in a 55 mm foetus. CM, cell membrane; NB, nuclear bleb; HNB, 

hooked nuclear bleb; IBM, inner bleb membrane; OBM, outer bleb mem- 
brane; DG, dense granule. (A, x 15,000; B, x 33,000.) 
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Fig. 3. Electron micrograph of a thymoblast in the 55 mm foetus. a, 
b, c and d are nuclear blebs; V, vesicles; DG, dense granule; JBM, 
‘ inner bleb membrane. (x 24,000.) 





Fig. 4. Hypothetical tunnel to explain nuclear bleb d of Fig. 3. NP, 
Nuclear pore; NS, nuclear substance. 


lies in a different plane; the protrusion appears to be 
attached to the surface membrane of the cell by its outer 
membrane. It recalls the nuclear extrusions extending 
towards the membrane described by Weakley et al.? in 
“lymphoid” cells of the thymus of the golden hamster, 
and by Izard and Broussy* in those of the foetal guinea 
pig. A striking example of multiple nuclear blebs in a 
thymoblast is seen in Fig. 3 where four blebs (a, b, ¢, 
d) are shown. Of these, three are attached and one appears 
to be independent in the cytoplasm which shows Golgi 
vesicles, endoplasmic reticulum, ribosomes, dense granules 
and a tangentially cut centriole. The cytoplasm im- 
mediately surrounded by bleb a has smooth endoplasmic 
reticulum with vesicles containing an amorphous pre- 
cipitate while that enclosed by blebs b and c has fewer 
but more dilated cisternae. Bleb d, which forms a bridge 
across the cytoplasm between two nuclear masses, shows 
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no endoplasmic reticulum; the appearance of this bleb 
can be explained by assuming that blebs arise from arched. 
nuclear extrusions which join up in the manner postulated. 
by Törő and Oláh to form short tunnels (Fig. 4). A 
section through the base of such a tunnel could produce 
a bleb-form similar to that in Fig. 3. The smooth vesicles 
of endoplasmic reticulum appear to be formed from the 
inner membrane of the blebs and may contain substances 
synthesized in the nucleus. The numerous vacuoles 
(V) between bleb a and the outer cell membrane could be 
a stream of such vesicles passing to be released to the 
extracellular compartment. 

My observations support the suggestion of Törő and 
Olah that nuclear bleb formation is related to the func- 
tional development and differentiation of thymocytes 
rather than Izard’s‘ interpretation of them as a nuclear 
membrane regenerative phenomenon; and if, as Fig. 3 
suggests, the vesicles in the encircled cytoplasm are formed. 
from the inner bleb membrane, then they may be vacuoles 
involved in the transport of substances synthesized in 
the nucleus, and as such indicate the oceurrence of 
“nuclear secretion” in early thymocytes. : 
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MICROBIOLOGY 


A Second Molecular Species of Mouse 
Interferon in Mice injected with Statolon 


We have described two molecular species of interferon 
induced by statolon!?. Both are proteins and one (pro- 
duced in tissue culture) has a molecular weight of 30,000 
with an electrophoretic mobility similar to that of. virus 
induced interferon, whereas the other (produced in vivo) 
has a molecular weight of 85,000 and an electrophoretic 
mobility which differs significantly from that of virus 
induced interferon. In the present communication 
we report that the lighter of these species can also be 
produced in vivo by statolon. W. Van Rossum and P. de 
Somer have found the spleen to be a very active interferon. 
producing organ (personal communication). We have» 
investigated extracts of spleens from mice injected with 
statolon and find that, whereas the heavier interferon 
species is produced in the serum, the lighter variety is 
produced in the spleen of such mice. 

Mice weighing 12-14 g were injected with 0-72 mg of 
statolon and were bled after 6h. The spleens were removed 
and homogenized in a 50 per cent solution of 0-15 molar 
saline buffered with 0-02 molar phosphate at pH 7-5. The 
supernatant, after centrifugation for 1 h at 12,000 r.p.m., 
was found to have an interferon titre of 1/700 and the 
serum obtained at the same time measured 1/1,080. 
Spleen extracts of non-injected control mice lacked anti- 
viral activity when similarly tested. Interferon titre was 
measured by means of a plaque inhibition assay with a 
50 per cent inhibition end point; vesicular stomatitis virus 
and L cell monolayers were used?. The splenic inhibitor 
induced by statolon was found to be species specific in 
that it was inactive against the same challenge virus. in 
chick embryo fibroblasts. It was not sedimented by 
centrifugation at 100,000g for 2 h, but was destroyed by 
exposure to 0-25 per cent trypsin at 38° C for 1h. 

To characterize the antiviral activity of this inhibitor 
further, we determined its molecular weight by gel filtra- 
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tion. Chromatography was carried out on a long column 
of ‘Sephadex G-100’ using both standard chick interferon 
and phenol red as internal markers, with standard proteins 
to calibrate the column, as previously described!*, The 
mouse interferon derived from the spleen of mice injected 
with statolon appeared as a single species with a molecular 
weight of 33,000, whereas the chick interferon marker 
appeared at a position indicating a molecular weight of 
36,000, This was indistinguishable in molecular weight 
from virus induced mouse interferon found in tissue culture 
or serum, or statolon induced tissue culture interferon. 
It was clearly distinguishable from the heavier form of 
mouse interferon induced by statolon in serum. 

Hallum, Stinebring and Youngner® have also indepen- 
dently observed a heavy species of interferon (molecular 
weight of 90,000) induced by endotoxin in the serum 
of the mouse. Possibly these heavy antiviral proteins are 
unrelated to the lighter virus induced interferon. The 
present finding of mouse interferon indistinguishable from 
virus induced interferon in the spleens of mice 
injected with statolon suggests that the two species are 
related; one is possibly a precursor of the other. The two 
molecules could be made by two different types of cell. 
Examination of the possibility that the heavy species is a 
complexed form of the smaller molecule is in progress, 

This work was supported in part by a grant from the 
U.S. National Institutes of Health. 

Note added in proof (November 17, 1966). We have also 
observed the splenic interferon induced by statolon in the 
‘mouse to have an electrophoretic migration at pH 43 
which is indistinguishable from viral induced mouse 
interferon. 

Additional recent experiments in the chicken indicate 
that initially (3 h), statolon induced the release of an 
interferon with a molecular weight of 100,000 into its 
circulation. At later times (18 h), however, a species of 
interferon with a molecular weight of 30,000 can also be 
seen in the serum (Merigan, T. C., Bact. Rev., in the press). 

It is also of interest that in mice treated with eyclo- 
hexamide the serum interferon induced by  statolon 
appears in normal yield, confirming the observations of 
others (Youngner, J. S., and Stinebring, W., Virology, 29, 
310; 1966), whereas the spleen interferon is markedly 
diminished (Merigan, T. C., Bact. Rev., in the press). It is 
intriguing that Youngner and Stinebring have observed 
that the mouse serum interferon species with a molecular 
weight of 28,000 induced by virus can also be inhibited 
by cyclohexamide blockade of protein synthesis. 
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Inhibition of Mycobacteria by 8-Oxyquinoline 
as a Taxonomic Characteristic 


EARLIER investigations by Szab6!2 and Tacquet et al.? of 
the accumulation of iron in bacterial cells suggested that 
iron may play a different part in the metabolism of 
saprophytic mycobacteria. When cultivated on Löwen- 
stein-Jensen medium containing 1 per cent ferrie- 
ammonium citrate some of the saprophytic strains 
accumulated iron within the cell, shown by red-pig- 
mentation, whereas other strains did not accumulate iron. 

This investigation was carried out to determine whether 
the biological role of iron in the metabolism of saprophytic 
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mycobacteria was: (a) similar to the process described by 
Harder‘ in soil bacteria in which iron accumulates in the 
cells, or (b) related to the synthesis of iron containing 
enzymes involved in bacterial oxidations, as deseribed by 
Bersin’, Ammon and Dirscherl® and Smith’, or (c) a 
combination of a and b. 

Albert et al.* reported that mycobacterial growth was 
inhibited by 8-oxyquinoline (8-OQ) or its halogen deriva- 
tives. Born and Szabó? and Szabó? postulated that this 
inhibition may be due to chelation of the iron ion by 
8-OQ. In this chelate the iron is not available for bac- 
terial oxidative processes. 

Two media were used in this work. The first was 
Sahuyn medium described by Alföldi et al1° which con- 
tained 2:36 g of ammonium sulphate, 0-5 g of sodium, 
chloride, 1:36 g of potassium dihydrogen phosphate, 
1:0 g of dextrose, distilled water to 500 ml. and trace 
amounts of magnesium, ferric and calcium ions. The 
pH was adjusted to 7-6. The second medium used was the 
Sula medium modified by Tárnok and Szabó, This 
medium contains 1-3 g of disodium hydrogen phosphate, 
0-6 g of potassium dihydrogen phosphate, 0°75 g of sodium 
citrate, 1-0 g of asparagine, 0-25 g of magnesium sulphate, 
17-0 ml. of 3 per cent ferric ammonium citrate solution, 
20-0 ml. of glycerine, 2-5 g of bovine serum albumin 
Fraction V, 0-45 ml. of 0-5 per cent malachite green, and 
960 ml. of distilled water. The medium was sterilized by 
filtration through a Seitz ZK filter. 

The media were dispensed into tubes in 5-ml. amounts 
and 8-OQ was added to give concentrations of 1, 5, 10 and 
50 ug/ml. Media without 8-OQ were used as controls: 
Each culture was inoculated with a saline suspension con 
taining 0-01 mg (moist weight).of a mycobacterial strain, 
and the inoculated cultures were incubated at 37° C for 
3 weeks. In order to obtain 0-01 mg (moist weight) of 
organisms each strain was grown for 3 weeks on Löwen- 
stein-Jensen medium. The growth was collected and 
placed on sterile filter paper which absorhed excess mois- 
ture. After weighing on an analytical balance the organ- 
isms were homogenized in normal saline by shaking them 
with iron balls in a flask. 

After incubation the cultures were examined for 
evidence of growth; the results are shown in Table -1. 
Accumulation of iron in the cells, as demonstrated by the 
red pigmentation of the colonies on Léwenstein—Jensen 
medium containing 1 per cent ferric-ammonium citrate. 
was observed with all strains except M. kansasii, M. aquae 
and M. marianum. 

Among the strains which showed accumulation of iron 
it will be noticed that the majority showed growth after 
the addition of 1 pg/ml. of 8-OQ and no growth after the 
addition of 5 ug/ml. of 8-OQ. With M. smegmatis, growth 
was found in medium containing 5 ug/ml. of 8-OQ but 
not in medium containing 10 pg/ml. of the compound. In 
the three strains M. minetti, M. fortuitum and M. giae it 
was found that growth occurred in medium containing 
10 ug/ml. of 8-OQ but not in medium containing 50 ug/ml. 
of 8-0Q. 

The results indicate that accumulation of iron oceurs to 
& greater extent in some saprophytic mycobacteria than 
it does in others. Presumably, in some strains 5 ug/ml. of 
8-OQ added to the medium will cause chelation of the 
iron-containing enzymes and also of the iron deposited 
inside the cell. A concentration of 5 ug/ml. of 8-OQ did 
not, however, inhibit M. smegmatis and this would seem 
to indicate that more iron is accumulated inside the cells 
of this strain. Similarly, with M. minetti, M. fortuitum 
and M. giae it would seem that an even greater amount of 
iron is accumulated inside the cells, since more than 10 
ug/ml. of 8-OQ is required to inhibit the growth of these 
organisms. It is possible that the increased concentrations 
of 8-OQ which inhibit the growth of M. smegmatis, M. 
minetti, M. fortuitum and M. giae are required to chelate 
the larger amounts of iron which may be deposited within 
the cells of these organisms. 
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Table 1 


1 Gamma 


Control 
Modified 
Sehuyn Sula 
medium medium 


Tron 
reaction 
Sahuyn 
M. f. phle {R} 

M, phlei 61 (L) 
M: phlei 689 (L) 
<M, smegmatis 78 (L) 
M: smegmatis 690 (L) 
es 909 (22) 
M. lactico la (R) 
M. friedman 58 (L) 
M: ranae 17 (£) 
M. butyricum 172 (L) 
M. rabinovitz 59 (L) 
M. rabinovitz R, (R) 
M. rabinovitz S (R) 
y. «Srieburg (R) 
M, minetti (R) 
M. minetti R). 


0 (B) 

M. tharamopheos SN 1201 

M, kansasti (R) 

M. aquae SN 601 SA 

M, uag SN 651 (B) 

M. marianum (Chauvier) U.S.A. 


+, Growth; 
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These observations also show that M. minetti, M. 


_ fortuitum and M. giae are closely related, which is in 


accord with the results found using other taxonomic tests 
by Penso, Castelnuovo and Morellini?! and Szabó and 


_ Vandra*t, 
oS I. SZABÓ 
-National Institute for Tuberculosis “Korányi”, 
Budapest, 
Hungary. 
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BIOLOGY 


Developmental Stages of Trypanosomatid 
Flagellates : a New Terminology 


KNowLEDaE of the structure and life cycles of the medi- 
cally important Haemoflagellates of man and lower animals 
has increased during this century, and it became necessary 
to define tho developmental stages of the leishmanias and 
trypanosomes in their mammalian and insect hosts. In 
the course of their cyclical development, flagellates of the 
genera Leishmania and Trypanosoma pass through stages 
comparable with those of the monogenetic Trypanosomati- 
dae and so it has been customary to refer to them by names 
derived from those genera in which the corresponding 
stages are the most characteristic forms. 

“In the past the following terms have been commonly 
used for this purpose!: “leptomonad’’, based on the flagel- 
lated stage of Leptomonas (Fig. le); “‘crithidial’’ for the 


flagellates with a short undulating membrane attributed 


of Leishmania (Fig. la), and “trypanosome”, 


to Crithidia® (Fig. le); 
and ‘‘Leishman-Donovan bodies” 


“leishmanial’’, “‘leishmaniform” 
for the rounded forms 
“trypano- 
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5 Gamma 
Modified Modified. 
Sula Sahuyn Sula 


50 Gamma. 
codified 
Sula 


amma 


Modified 
Sahuyn Sula Sahuyn 


++ 


PEPE LEED E PE Etta prt tedgairit 
PEEP te eb yp tee Ee pager eraraged 
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i ee ++A+HI IIIi jit++iil 
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PEEHHEE EEE EEE HEHEHE HHH HH 
PELE LG HEHE E EL td eee 


—, growth inhibited; (R) Rome; (L) Lausanne; (B) Borstel, 


somal” and “‘trypanosomatic” for the blood forms and 
metacyclic flagellates of Trypanosoma (Fig. 1f), as well as 
for the stages of Herpetomonas bearing a superficial 
resemblance to trypanosomes (Fig. 1d). The latter stages 
are sometimes described as “leptotrypanosomes”’, ‘‘try- 
panoides”’ and “trypanomorphie’’, while the term “herpe- 
tomonad” has been used also specifically for flagellates of 
the genus Herpetomonas, especially during the time when 
it was thought to be characterized by the possession of two 
flagella. 


a 


C2) 


© 
b 





c d e f 


Fig. 1. Diagram of stages in Trypanosomatidae. (a) Amastigote; (b) 
choanomastigote; (ce) bromsar ote; (d) opisthomastigote; (e) epimasti- 
te; ( ) trypomastigote. 


The foregoing stages are also denoted by compound 
proper or common nouns, based on the generic names, for 
example ‘“‘Leptomonas-form”, “leptomonas form”, and 
so forth. Furthermore, certain authors have used some of 
these terms indiscriminately or inconsistently. Thus, 
‘“Herpetomonas” and ‘‘Crithidial’’ were applied to the 
same stage*; both “herpetomonas” and ‘“‘leptomonas” 
stages were used to denote “‘crithidial’ forms, while 
“herpetomonad” or ‘‘herpetomonadine” was used for 
“Jeptomonad” forms*-*, as well as for any member of 
Doflein’s family Herpetomonadidae® (now Trypanoso- 
matidae). 

The foregoing review provides a good example of the 
confusion in the current usage and meaning of the terms. 
used to describe the stages of the flagellates.in question, 
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Furthermore, the use of generic names for the formation 
of descriptive terms for stages of development—a practice 
‘which seems to be confined to the Trypanosomatidae— 
is in itself objectionable, because (a) the use of such 
terms implies more similarity between a given genus 
and a stage of another organism than actually exists, and 
(b) taxa, being subject to the International Code of 
Zoological Nomenclature, are liable to be changed, 
whereas the descriptive terms are not governed by these 
rules. 
o > This criticism is fully borne out in a recent revision of 
-the taxonomy of the Trypanosomatidac’ and in investiga- 
tions: on their internal structure’. Thus, a new genus 
‘Blastocrithidia was created® for the membraniferous forms 
(Fig. le) which had previously been included in the genus 


-< Qrithidia®, Since this form does not occur in the latter 


(Fig. 16), the use of the term “erithidial” to denote a 
stage of Blastocrithidia is now highly misleading. Similarly, 
phase contrast microscopy has demonstrated that the 
forms of Herpetomonas in which the flagellum arises behind 
the nucleus (Fig. 1d) represent a special structural type, 
differing significantly from the true “trypanosome” 
stage (Fig. 1f) to which they are usually referred’. The 
“ recent. additions to our knowledge of the monogenetic 
Trypanosomatidae have been incorporated by one of 
us!* in a comprehensive review of this family. 
» Because the existing names for the stages of develop- 
ment of these flagellates are inappropriate and misleading, 
they are no longer tenable, and their perpetuation can 
only lead to further confusion. We therefore feel that it is 
time for a revision of the terminology. To be free of 
‘the defects of the old terms, the new ones must not be 
connected in any way with the names of taxa, such as 
genera, but should be independent, uniform in construc- 
tion, descriptive and internationally acceptable. 
The main feature distinguishing the morphological 
atages of the Trypanosomatidae is the arrangement of 
the flagellum in the body, as determined by its starting 
point. (mdieated by the position of the kinetoplast), its 
course and point of emergence. The “flagellar” charac- 
teristies can therefore serve as a basis for the classification 
of the stages in question. For the terms it is proposed to 
use the root ““—-mastigote” (from Greek pasts = whip), 
combined with appropriate prefixes (on analogy with the 
terms “‘mono-, para-, iso-, hetero- and holomastigote”’ 
previously used for different types of the flagellar apparatus 
in the Mastigophora!). On this basis we have devised the 
following new terms. (1) Amastigote (Fig. la), for former 
“Teishmanial” stage, represented by rounded forms devoid 
of an external flagellum (as in genus Leishmania, and 
others). (2) Promastigote (Fig. Ic), for former “lepto- 
monad” stage, represented by forms with antenuclear 
kinetoplast; flagellum arising near it and emerging from 
the anterior end of the body (as in gen. Leptomonas, and 
others). (3) Opisthomastigote (Fig. 1d), for former “‘try- 
‘panosome” or “trypanomorphic” stage, represented 
(in genus’ Herpetomonas only) by forms with postnuclear 
kinetoplast ; flagellum arising near it, then passing through 
the body and emerging from its anterior end (as in (1)). 
(4) Epimastigote (Fig. le) for former “crithidial” stage, 
_ represented by forms with juxtanuclear kinetoplast; 
flagellum arising near it and emerging from the side of 
the body to run along a short undulating membrane (as 
in genus Blastocrithidia and in stages of Trypanosoma). 
(5) Trypomastigote (Fig. 1f), for the true “trypanosome” 
stage, represented by forms with postnuclear kinetoplast; 
flagellum arising near it and emerging from the side of the 
body to run along a long undulating membrane (as in 
genus Trypanosoma). Although trypanosomes are also of 
the epimastigote type, it is desirable to distinguish this 
important stage by a special term, which is suggestive 
of the stage in question but is not based on the generic 
name {rpuro = to bore), (6) Choanomastigote (Fig. 1b), 
for the peculiar “barleycorn” form, usually with ante- 
nuclear kinetoplast; flagellum arising from wide funnel- 
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‘shaped reservoir and emerging at the anterior end of the 


body (typical of genus Crithidia). = 
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Effect of Gallic Acid on the Growth of the 
Silkworm Larvae Bombyx mori L. 


EARLIER it was reported! that the isoquercitrin contained 
in mulberry leaves (or morin) is an important factor 
stimulating biting action in the silkworm larvae. Naito 
et al.®? isolated chlorogenic acid from mulberry leaves and 
noted that it is also a “biting factor”. On the other hand, 
Kato et al.4 found that chlorogenic acid is an important 
factor promoting growth in the silkworm larvae. 

It is inferred that these substances are composed of 
polyphenols. Polyphenolic substances have therefore 
been considered to be necessary for the physiology of 
silkworm larvae. In order to verify this, we added gallie 
acid (3,4,5-trihydroxybenzoic acid), one of the poly- 
phenolic acids, to diets prepared for silkworm larvae; we 
found that gallic acid had a pronounced effect on the 
growth of the insects. 

A hybrid silkworm (Gunko x Banri) was tested. 
Rearing was conducted on prepared diets under sterilized 
conditions, and the growth rate of the insects was observed. 
The compositions of these diets are shown in Table 1. 

The growth rate of each silkworm larva reared on. 4 
diet A (M-20), to which gallic acid had been added at a 
rate of 50 mg/10 g dry diet, was compared with the 
growth rates of silkworms reared on diet A (M-20) which 
did not contain gallice acid, and on mulberry leaves 
(Fig. 1). The insects reared on the diet which did not 
contain gallic acid did not reach the second instar 6-9 
days after hatching. Those reared on the diet containing 
gallie acid, however, reached the second instar in only 4 
or 5 days, and their growth was similar to those fed on 








Table 1. COMPOSITION OF PREPARED Die? 

Substance Diet A (M-20)* Diet B(M-0)t 
Mulberry leaf powder 20 g — 
Soybean protein (defatted) 25g 20 g 
Starch 15g 15g 
Sucrose 10g 10 g 
Cellulose powder 35 g 50g 
B-Sitosterol 500 mg 500 mg 
Vitamin mixture ¢ 500 mg 400 mg 
Wesson's mineral 1,000 mg 900 mg 
Ascorbic acid 500 mg 500 mg 
Tnositol 500 mg 500 mg 
Potassium phosphate, dibasic 500 mg 500 mg 
Choline chloride 50 mg 50 mg 

Total 108-55 g 98-35 g 
Distilled water 160 ml. 50 ml. 


* Contains mulberry leaf powder, 
t Does not contain mulberry leaf powder. 
$ Composed of eight kinds of vitamin B group. 
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Erect oF VARIOUS AMOUNTS OF GALLIC. ACID ON: GROWTH, 


‘Table. 2. 
DEVELOPMENT AND SURVIVAL OF THE SILKWORM LARVAE 15 DAYS AFTER 
Pea i K HATCHING : i 
<O Amount of galio -Mean weight Rate of fourth Rate of survivin: 
aed: added/10 g of larvae — instar larvae larvae e 
“ary diet (mg) (mg) (per cent) (per cent) 
0 95 0 87 
10 146 30 93 
$0 162 25 98 
165 31 100 
70 169 25 98 
100 133 12 98 


Diet A (M-20) was used. Each experiment involved thi „at th t 
about 200 newly hatched larvae. > volved the use, at the start, of 


Rate of 
“added per 10 g dry diet Mean weight Rate offourth surviving 
oooh Gallic acid Morin of larvae instar larvae larvae 
cio (mg) (mg) (mg) (percent) (per cent) 
0 0 60 9 93 
25 0 104 5 100 
50 0 94 7 99 
0 25 92 3 99 
“25. 25 121 22 100 
50 25 1i4 21 98 
0 50 102 3 100 
25 50- 131 30 99 
50 50 124 33 100 


. “Phe diet A (M-20) was used. Each experiment involved the use, at the 
start, of about 150 newly hatched larvae. is j 


= mulberry leaves. This indicates that gallic acid is an 
excellent factor promoting growth in silkworm larvae. 
A test was carried out on the relationship between the 
growth rate and the amount of gallic acid. Growth rates 
of silkworm larvae reared on diets containing various 
| amounts of gallic acid were compared (Table 2). It was 
found that when gallice acid was added at a rate of 
10 mg/10 g dry diet, it promoted growth. The greater 
the amount of gallice acid added, the greater the growth, 
until a peak was reached at 50 mg/10 g of acid in the dry 
diet. It is thought, therefore, that the most suitable 
amount of gallic acid for optimum growth rates is about 
50 mg/10 g dry diet. i 
-= There have been many studies on phenolic substances 
in insects, but mainly in connexion with the tanning 


100 






No. of larvae (per cont) 
en 


100 
50. Pg 
3 
5 10 15 20 
Days after hatching 
Pig. 1... Effect of gallic acid on growth of the silkworm larvae. The diet 


A (M-20) was used... The number of larvae present is shown as a per- 
centage of the initial number of larvae (20). (1) Diet containing gallic 
“acid at a rate of 50, mg/10 ¢ ary diet; (2) no gallic acid; (3) mulberry 


leaves. I, IL 10, and V, Various instar. 
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No. of 2nd instar larvae (per cent) 








1 2 8 4 5 6 7 8 9 10 


Days after hatching, 


Fig. 2. Effect of galtic acid and morin on the appearance of second instar 

larvae by days. The diet B (41-0). was used. Each started with twenty 

newly hatched larvae, ==, Control (no gallic acid or morin added); 

«+--+, +galtic acid (10 mg/10 g dry diet); — ——, + gallic acid (50 mg/l ï 
g dry diet); , + morin (20 mg/10 g dry diet), 





reaction’ and detoxication mechanism’. Little is known, 
however, regarding their nutritional effects. The effect of 
gallic acid was therefore compared with that of morin 
using diet A (M-20) and diet B (M-0) (Table. 3 and 
Fig. 2). Because diet B was not complete, rearing was 
carried out only as far as the second instar. From the 
results, it seems that both gallic acid and morin are effective 
in enhancing the development and survival of silkworm 
larvac—at least in the earlier stages. l ee a 
; Yasust HAMAMURA 
` Kazuxo Kuwara — 
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Kobe, Japan. 
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Carbon Dioxide Fixation in Malaria 
(Plasmodium lophurae) ; 


Tae main function of the mature erythrocyte is the 
transport of oxygen to and the removal of carbon dioxide 
from the tissues. The obligate intraerythrocytie parasite, 
malaria, not only requires constituents of the red blood 
cell such as haemoglobin and glucose, but also the gases 
transported by its host cell. The role of oxygen in the 
metabolism of the malaria parasite is well documented, 
and stems from the early observation that in vitro blood 
infected with malaria soon loses its bright red appearance ~ 
and darkens!. Aerating the cells restores the brightness, - 
and the parasites continue to maintain themselves by 
utilizing the oxyhaemoglobin for aerobic metabolism. 
In spite of the fact that infected erythrocytes and even 
erythrocyte free malaria parasites consume oxygen in the 
presence of suitable substrates, only 25-50 per cent. of 
the available glucose is aerobically degraded to carbon 
dioxide and water?. Thus, malaria parasites are princi- 
pally facultative aerobes and the best gas mixture’ for 
maintaining parasitized erythrocytes in vitro. is 95 per 
cent air+5 per cent carbon dioxide”. By contrast, the 
role of carbon dioxide in the metabolism of malaria is not 
well understood and is restricted to a single, equivocal 
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record some 20 years ago’. The present communication 
presents unequivocal evidence for a functional role of 
carbon dioxide in the metabolism of malaria parasites 
and. erythrocytes infected with malaria. 

Avian malaria, Plasmodium lophurae, was maintained 
by syringe passage in White Pekin ducklings according 
to the methods of Trager’. Blood was withdrawn from 
the jugular vein into heparinized syringes, centrifuged in 
the cold (1,500g, 4° C) and cells resuspended in their 


-own plasma at concentrations of 33:3 per cent (v/v) or 


50 per cent (v/v). This compensated for erythrocyte 
loss which oceurred during the course of the infection. 
Malaria parasites free of erythrocytes were prepared by 
agitating one volume of infected erythrocytes washed 
three times and mixed with an equal volume of 0-15 per 
cent saponin in a glucose—saline buffer on a rocker table 
for 15 min at 38° C (ref. 6). The resultant suspension of 
parasite—host cell nuclei was sedimented by centrifugation, 
washed free of host cell haemoglobin in buffer, and resus- 
pended in this solution at a concentration of 33-3 per cent 
(v/v). Samples of cell suspensions (9 ml.) were agitated 
slowly in air at 37° C in the presence of 50 uc. of bicarbonate 
labelled with carbon-14 (58 ue./umole). The incubation 
time with isotope was 1 h for normal and infected red 
blood cells and 15 min for free parasites. Extraction of 
cells and identification of radioactive products were 
carried out according to the methods of Ting and 
Dugger’. 

The distribution of radioactivity in normal duck erythro- 
cytes, cells infected with P. lophurae (80-100 per cent 
parasitaemia), and in erythrocyte free P. lophurae is 
shown in Tables 1 and 2. 

Quantitatively, the most striking feature of carbon 
dioxide fixation in avian malaria is the 400 per cent in- 
crease in fixation by the infected erythrocyte when con- 
trasted with the normal duck red cell (see Table 1). The 
Major products appear in the cation and keto acid frac- 
tions, and citric, glutamic, aspartic and isocitric acids 
showed the greatest amount of carbon-14 in the infected 
cells; however, the major increments in the parasitized 
cells occur in the case of lactic acid and alanine as well as 
in glutamic and aspartic acid. During fixation of carbon 
dioxide by free parasites, 68 per cent of the radioactivity 
appears in the cation and keto acid fractions (see Table 2). 
This follows the distribution in infected cells (60 per cent), 
and is in sharp contrast to that of the normal duck 
erythrocyte (33 per cent). The qualitative distribution of 
products in the free parasites is also similar to those of 
the parasitized cells (glutamic, malic, aspartic and «-keto- 
glutaric acids), and strongly suggests that the parasite is 
responsible for the increased fixation and the rearrange- 
ment of the pattern of fixation found in the uninfected 
erythrocyte. Because of the low radioactivity in the 
normal duck red cell no qualitative determinations were 
possible (trace analysis in these cases indicates that 
chromatographic plates placed in contact with X-ray 
film for 1 month show some radioactivity, but such spots 
are too weak to be counted satisfactorily by the liquid 
scintillation method). Previous workers’, using longer 

eriods af incubation with radioactive carbon dioxide, 
have shown that the major compounds are pyruvie and 
a-ketoglutarie acids with approximately equal specific 
activities, but far lower than that found for infected cells 
in the present investigation. 

Carbon dioxide fixation has been shown to play an 
important part in the metabolism of other parasites such 
as nematodes (Ascaris and Heterakis gallinae), tapeworms 
(Hymenolepis diminuta and Echinococcus granulosus) and 
for protozoa (Trichomonas vaginalis, Trypanosoma cruzi 
and T. rhodesiense)®. To this list we can now add P. 
lophurae. It is important to note than fixation by P. 
lophurae shows some rather striking differences from the 
worms and T. cruzi in that their major product is succinate 
whereas for lophurae it is glutamic acid. Nor does the cell 
infected with malaria resemble T. vaginalis where the 


NATURE 


DECEMBER 17, 1966 vorz 


Table 1, PRODUCTS OF CARBON DIOXIDE FIXATION IN MADARIA AS DETERM- 
INED BY JON EXCHANGE AND THIN-LAYER CHROMATOGRAPHY 


Cells were incubated for 1 h at 37° C in the presence. of 50 ue. of labelled 
bicarbonate (58 ue. umole) 
Malaria-infected 


erythrocytes Normal erythrocytes patio of 


Product (d.p.m./mi. (d.p.m./m] nfected} 
cells) (%) cells) (%) normal 
Total 139,000 100 33,300 100 42 
Total cation 72,000 52-1 9,500 28-8 75 
Aspartic acid 11,500 8&3 2,450 75 47 
Glutamic acid 51,000 36-6 4,800 14-6 10-6 
Alanine 3,020 2-2 770 2-4 so 
Unknown 795 0-6 440 13 1-8 
Origin (peptides?) 6,150 4-4 975 2-9 6-3 
Total anion 56,000 39-8 22,200 70 25 
Citric acid 27,600 19-9 7,200 51-8 16 
Malic acid 7,150 5-2 3,650 11-0 19 
Isocitric lactone 11,200 8-0 —_ ~e Gmg 
Lactic acid 5,250 3-8 1,080 3-3 43 
Succinie acid 1,840 1:3 810 2-4 23 
Fumaric acid 2,280 1-6 810 2-4 T8 
Total keto acids 11,000 7-9 1,380 42 8-0 
Oxaloacetic 635 05 — = — 
a-Ketoglutaric 6,850 49 Trace ~ ~~ 
Pyruvic 3,500 25 ace 2 _ 


Table 2, PRODUCTS OF CARBON DIOXIDE FIXATION BY ERYTHROCYTE- 
FREE MALARIA PARASITES (P. lophurae) AS DETERMINED BY ION 
EXCHANGE AND THIN-LAYER CHROMATOGRAPHY 


Parasites incubated for 15 min at 37° C in the presence of 50 xe, of labelled 
bicarbonate (58 i ual 


(d.p.m./mil. ercentage of 

Product packed cells) total 
Total 1,340.148 100 
Total cation 700,810 52-0 
Aspartic acid 128,300 9-5 
Glutamic acid 343,230 26-8 
Glycine and alanine 9,880 O7 
Unknown 215,900 16-0 
Origin 3,500 0-3 
Total anion 426,958 31-9 
Citric acid 79,790 5-9 
Malic acid 199,105 14-8 
Isocitric lactone 95,900 Ti 
Lactic acid (7) 22,800 LT 
Suecinic acid 26,080 1-9 
Fumarie acid 3,333 0-3 
Total keto acids 212,380 15-8 
Oxaloacetic 49,188 37 
a-Ketoglutaric 152,000 11:3 
Pyruvie 11,102 Os 


major fixation product is lactic acid. The major products 
of erythrocytes infected with P. lophurae are amino-acids 
(aspartic and glutamic acids) a~d keto acids. The pattern 
of labelling in the infected cell suggests oxaloacetic and 
«-ketoglutaric acids as key intermediates and probably 
involves the fixation of carbon dioxide by way of phos- 
phoenolpyruvate carboxylase and pyruvate carboxylase 
or similar enzymes with subsequent transamination to 
form the amino-acids. The pattern of labelled products 
in the free parasites and infected erythrocytes is not 
directly comparable because of the different incubation 
periods, but quantitatively the free parasites are ten 
times more active than the normal red cells in the 15 min 
incubation. 

The present findings indicate that fixation of carbon 
dioxide by malaria parasites is a hitherto unsuspected 
metabolic pathway and that considerations of carbo- 
hydrate and amino-acid metabolism must include this 
pathway as well as glycolysis, the Krebs cycle, proteolysis 
of haemoglobin and free amino-acid pools of the erythro- 
cyte and plasma. 

This investigation was supported by contracts from the 
U.S. Office of Naval Research and the U.S. National 
Science Foundation. 

Irwin W. SHERMAN 
Irwin P. Tine 


Department of Life Sciences and 
Dry-Lands Research Institute, 
University of California, 
Riverside. 
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Cellular Migration of Intestinal Epithelia 
in Suckling and Weaned Rats 


CELLULAR proliferation in the small intestine and the 
rapid renewal of intestinal epithelium have been investi- 
gated before!~*. A number of techniques have been used 
to measure the rate of proliferation and the migration of 
the cells of intestinal epithelium, but only adult animals 
have been investigated. The morphology*® and enzyme*-* 
pattern of the small intestine in the suckling differ from 
that of the adult rat, and therefore we decided to compare 
the rate of cellular migration at these different ages by 
means of incorporation of tritiated thymidine and histo- 


o autoradiography. 


Rats of the Wistar strain aged 7, 10, 11, 28, 32, 57 
days and 7 months were used in these experiments. Pre- 
weaned animals were left with their mothers, and their 
care and milk intake remained unchanged throughout the 
experiment. Weaned rats (28 days and older) had access 
to water and pellets of chow. Each animal received an 
intraperitoneal injection of 2 pe. of tritiated thymidine/g 
of body weight (specific activity 2-0 c./mmole). Tritiated 
thymidine was dissolved in sterile water so that each 
millilitre of solution for injection contained 400 ue. The 
animals were killed 2, 24 and 48 h after injection. Their 
intestines were immediately removed, cleansed with cold 
isotonic saline, opened longitudinally, and specimens were 
taken from the duodenum, jejunum and ileum as previ- 
ously described’. The tissues were immediately fixed in 
10 per cent buffered formalin solution, pH 6-4, and em- 
bedded in paraffin. Sections 3u thick were cut and stained 
by the Feulgen technique. Autoradiographs were then 
prepared on slides with the coating technique described 
by Kopriwa and Leblond’, and exposed at 4° C for 30 
days. The slides were developed for 2-5 min, rinsed in 
distilled water and then placed in acid fixer for 5 min. The 


«slides were kept in cold water for another 15 min and 
| allowed to dry in air overnight. 


The entire height of the 


-villi and that portion of the villi occupied by labelled 


eolls were measured. The rate of cellular migration of the 
small intestine was expressed as a percentage of the height 
of the villi occupied by cells labelled with tritiated thymi- 
dine 2, 24 and 48 h after injection’. 

The results are summarized in Table 1. The rate of 
migration of intestinal epithelium in adult rats is essenti- 
ally the same as has been found previously*. Two hours 
after intraperitoneal injection of tritiated thymidine, only 
the cells in the erypts were labelled; at 24 h, however, 
labelled cells occupied 40-55 per cent of the height of the 
villi. After 48 h the labelled cells had reached the tips of 
the villi. Rats aged 28, 32 and 57 days showed essentially 
the same rate of epithelial migration as did the adult 
(Fig. la). 

In marked contrast, cellular migration is extremely 
slow in the intestine of suckling animals aged 7, 11 and 12 
days. Labelled cells are found in the erypts 2 h after 
injection as in adult rats. After 24 h, labelled cells are 
still found predominantly in the crypts and occupy only 
the basilar 10 per cent of the villi. At 48 h only 25 per 
cent of the villus contains labelled cells (Fig. 1b). The 
villi are shorter in the young animal, and so it is evident 


‘that the cell migration in the small intestine of the 
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a b 
Duodenum of raf 48 h after eee of tritiated thymidine. 


Fig. 1. 

Autoradiograph after Feulgen stain. (x e. 60.) a, Rat 32 daya old, 

showing labelled cells at tips of the vili; 6, rat 11 days old, showing 
labelled cells in basilar 20-25 per cent of villi. 


suckling animal proceeds at a rate 20 per cent or less than 
that of the weaned animal. No significant differences in 
the relative rates of migration were found in the duodenum, 
jejunum, or ileum of the suckling animals despite marked 
differences in activities of various enzymes in those 
intestinal divisions’. The rate of cell proliferation was 
not calculated in this investigation. The intestinal 
crypts of the suckling contain fewer cells than the adult 
and the cells of the villi in the suckling contain an increased 
density of the tritiated thymidine grains. This suggests 
that the rate of cellular proliferation and division also 
proceeds much more slowly in the suckling than in the 
weaned animal. A decreased rate of cellular migration 
has also been found in the duodenum"™ and ileum! of 
adult mice raised in germ free conditions. 

Preliminary investigations indicate that the activity 
of aspartic transearbamylase is low in the small intestine 
of the suckling as compared with the adult rat (our 
unpublished results). This enzyme catalyses an early 
step in pyrimidine synthesis, and so these findings support 
the conclusion that a decreased rate of cellular migration, 
and regeneration exists in the intestine of the suckling 
animal. Whether the decreased rate of cellular migration 
observed in the suckling rat is related to a decreased 


Table 1. RATE OF CELLULAR MIGRATION IN THE SMALL INTESTINE OF 
RATS OF VARIOUS AGES 
Age in No, of Hours after injection 
days animals used Area 2 24 48 
7 7 D Cc 10 25 
J C 10 25 
I Cc Cc 20 
10 4 D C 10 
J (8j 10 
i T D ¢ 10 20 
J Cg 10 25 
I Cc 10 20 
28 6 D Cc 40 100 
J C 50 100 
I Cc 55 100 
32 8 D Cc 50 100 
J Cc 50 100 
I Cc 55 100 
57 6 D € 50 100 
J p 55 100 
I C 50 100 
210 6 D C 45 95 
J C 45 100 
I C 40 g5 


Results expressed as percentage of the height of the villi occupied by cells 
labelled with tritiated thymidine. 
D, Duodenum; J, jejunum; J, ileum; C, label found only in crypts, 
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bacterial population, to differences in diet or to hormonal 


control mechanisms is unclear. \ 
‘We thank Miss Ann Craig, Mr. Robin Lawson and Dr. 
Stanton L. Eversole for their help. This investigation 
< was supported by the John A. Hartford Research Founda- 
tion and in part by grants from the U.S. Public Health 
- Service. 
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-Genetic and Physiological Variations of 
Esterases in Mouse Serum 


Inrgasrecws variation and multiple forms of serum 
esterases and cholinesterases have been reported in human 
and animal sera’-*, Some of these enzymes, with different 
electrophoretic patterns, have been shown to be genetically 
controlled by autosomal allelic genes. The various 
levels of activity of the pig serum arylesterase‘ and the 
human serum cholinesterase’ have been demonstrated 
to be genotically determined by multiple allelic genes. 
The activity levels of certain esterases in mouse epididy- 
mist and. kidney? are, however, dependent on male sex 
hormone. The differences among breeds or individuals 
in catalytic activities of esterases and multiple forms of 
cholinesterase in equine plasma have been reported 
previously*. In this connexion, the present communi- 
eation deals with the inheritance of activity levels 
of serum esterase and the effect of pregnancy on 
activity levels of multiple forms of serum cholinesterase 
in mice. 
_ We took serum samples from the mouse strains C,H, 
DDisd and their hybrids. The serum esterases were 
Separated by vertical starch-gel electrophoresis® using 
half the concentration of the discontinuous buffer of 
Poulik!° to prepare the gel. The esterases were character- 
ized histochemically and spectrophotometrically using 
‘a-naphthyl acetate, B-carbonaphthoxycholine iodide and 
benzoylcholine as substrates and with eserine and tetra- 
ethyl pyrophosphate (TEPP) as inhibitors, according to 
the criteria of esterase classification in the previous 
report’, 

A highly active esterase zone D was present in all 
tests for the sera of the adult male and female mice of 
strain C,H (Fig. 1b), but this zone D was absent in the 
eases of the adult male and female mice of strain DDijsd 
(Fig. la). To examine the type of the inheritance of the 
variation of the esterase activities, a number of crosses 
“were carried out between the two strains of mice. The 
sera of F, progeny contained the esterase, although the 
activity was low in all adult mice (Fig. le and d). The 
results suggest that the genotypes of the mouse strains 
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indicating the phenotypes of the highly active pattern 
and the negative pattern are HsD/EsD and EsdjEsd 
respectively. The genotype of F, progeny indicating the 
phenotype of the low active pattern may then be hetero- 
zygous, that is HsD/Esd. 

Some of the F, progeny were intercrossed to determine 
whether the esterase activity segregates in accordance 
with Mendel’s law. The three phenotypes, negative, low 
active and highly active patterns, were obtained in the 
adult mouse sera of the F, progeny in the expected ratio, 
1:2:1 (Fig. le, f and g). The phenotypes of the Fy 
progeny were independent of sex. It was considered that. 
the three phenotypes corresponded to the three genotypes, 
Esd/Esd, EsD/Esd and EsD/EsD, respectively. | The f 
activity of the esterase of C,H sera decreased during preg- 
nancy, and so the sera of pregnant mice were not used for 
the analysis of the inheritance of the esterase levels in all 
cages. 





a b e d g f g 


Fig. 1. Genetic variation of activity level of esterase zone D, (a) DDisd, 

zone D is absent; (b) C,H, highly active zone D: (c) and (d) (DD!ad x 

C:H)F,, low active zone D; (e), (f) and (g) F, x F,, zones D are absent, 
low active and highly active respectively. 


C 


Cm 





a b c d e 
Fig. 2. Physiological variation of activity level of esterase zone C 


(a) Immature female; (6) adult male; (e) adult female; (d) pregnant 
female; (e) lactating female, j 









the adult males and the immature animals 


“> levels in the sera of the adult mice did not 
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‘The esterase zone D hydr olysed a-naph- 
a “thyl acetate, but not 8-carbonaphthoxy- 
choline iodide and benzoyleholine. | Its 
activity. was not inhibited by 10-* molar 
-eserine, but was inhibited by 10-° TEPP. 
‘The esterase is thus not a cholinesterase. 


It is considered that the enzyme is a type 
of ali-esterase. 


_.. During the genetic study of the esterase 
zone D, wide variation of activity of 


-esterase zone C which had slightly greater 
‘mobility than zone D was found in the 
mouse sera of adult females (Fig. 2). 
= The activity of zone C in the females 
was slightly higher than the activities in 






(Fig. 2a, b and c). The esterase activity 
- indicate any difference among OH strain, 
< DD/sd strain or their crossbreds. The 
| activity of zone CO increased markedly as 
pregnancy developed. in all cases and 
reached a maximum activity level at 
the end of gestation (Fig. 2d), but after 
parturition. the activity decreased pro- 








> Bressively and reached the normal level 


at the end of lactation (Fig. 2e). 
— Zone C and the other zone Cm hydrolysed §-carbo- 
: naphthoxycholine iodide and benzoylcholine, and their 





activities were inhibited by 5x10-° molar eserine and 


10-5 molar TEPP, and so they were considered to be 
multiple molecular forms of pseudocholinesterase. Zone 
Om, however, had always a greater activity than zone C. 
In. contrast to zone C, the activity of zone Cm did not 
snerease during pregnancy. 

From these investigations, it is concluded that the 
differences of the activity levels of the serum esterase 
zone D which is a type of ali-esterase are genetically con- 
trolled by autosomal allelic genes; and that the activity 
level of one of the multiple molecular forms of the serum 
cholinesterase, zone C, is physiologically controlled and 
increases markedly with developing pregnancy. 


Y. Oxi 
M. TAKEDA 
S. NISHIDA 


Department of Animal Science, 
Faculty of Agriculture, 
Tohoku University, 

Sendai, Japan. 
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SOIL SCIENCE 


Utilization of Solar Radiation in Desaliniza- 
tion of Ridged Plantbeds on Saline Soils 


THERE are several million acres of saline soils in the Indo- 
Ganges plain which are characterized by a high ground 
water table which fluctuates between 1 and 5 ft. during 

- the year. After the summer rains the ground water moves 
up through capillaries under the influence of a suction 

gradient. caused by evaporation at the soil surface and this 
brings about salinization of the top soil, Crop growth 
and agricultural production on such soils suffer a serious 
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Fig. 1. Average angle of incidence of solar radiation on Earth (at Delhi Jit latitude 28-4° Ny} 
at noon from December 1-15, 1965, on flat. and ridged 


setback on account of the deleterious effects. of salts on 
germination, crop stand, and availability of water and 
nutrients'. 

Intensity of solar radiation is one of the most important 
factors that influence the rate of evaporation—a weather 
phenomenon responsible for the salinization of soils. 
We have made use of the same phonomenon in winter to 
desalinize one slope of ridges running from north-east to 
south-west by increasing the angle of incidence and dura- 
tion of solar radiation on the other slope of the ridge as 
illustrated in Fig. 1 

At Delhi (28-4°N.) solar radiation is received at an 
angle of about 40° on the flat soil surface during the firat 
fortnight of December, during which the presente 
ment was conducted. The interception of the Sun’s a 
radiation by the south-easterly slope which is at an angle 
of 60° with the base of the ridge increases the angle of 
incidence of Sun’s rays to about 100°, thus increasing 
considerably the intensity of solar radiation on the south- 
easterly slope of the ridge. The south-easterly slope and 
ridge top received solar radiation for 10-9 h (from sunrise 
to sunset) whereas the north-westerly slope received 
radiation for only 3-5 h during the afternoon, 

A series of ridges 25 cm high and 60 cm apart y were 


made on December 1, 1965, on a saline soil with ECe of- 


15-5 mmhos/em in the first 15 em and 5-4 mmhos/em in 
the next 15 cm and a water table of 100 em. The ridged 
plantbed was irrigated and sampled fourteen days later 
to a depth of 7-5 em on the south-easterly and north- 
westerly slopes to test salinity and moisture content. 
Soil temperature was recorded at three different times 
on the day of sampling. The results are presented. in 
Table 1. 


Table 1. Som TEMPERATURE, MOISTURE CONTENT AND Saranrry Sraros 


AT DIFFERENT SITES ON THE RIDGE 
Site on the ridge 


Particulars North-westerly South-easterly 
Top slope slope 
Temperature ° © 
at 7-5 cm depth 
11-00 h 12-0 85 165 
13-00 h 19-0 13-5 21-0 
17-00 h 16-8 14-0 17-5 
Per cent moisture 12-1 19-2 15-0 
ECe mmhos/em 24-43 6-72 3535 


Soil temperature on the south-easterly slope and the- 
ridge top was considerably higher than that on the north- 
westerly slope, a condition liable to enhance thé rate of ` 
evaporation on the south-easterly slope. The moisture — 
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gradient. from... north-westerly slope towards. south- 
eastorly slope and the suction gradient created by in- 
creased evaporation on the south-easterly slope favoured 
the movement of water along with the dissolved salts 
from the north-westerly slope to the south-easterly slope, 
thus bringing about a fivefold decrease of salts on the 
north-westerly slope as compared with that on the south- 
“. easterly slope. 

_.» Based on these findings, a set of new ridges was made 
on a contiguous piece of saline soil to investigate the effect 
of the technique explained above on the stand and growth 
¿of cabbage seedlings. On January 10, 1966, cabbage 
seedlings were transplanted 1 ft. apart on north-westerly 
and south-easterly slopes; the ridge top of the seedbeds 
was 8 ft. long. The experiment was replicated eight times. 
Weights of green and dry matter of the plants which 
survived 45 days after transplanting were recorded in 
each replication. The results are presented in Table 2. 


Table 2. STAND AND GROWTH OF 45-DAY-OLD CABBAGE SEEDLINGS TRANS- 
: PLANTED ON RIDGED PLANTBEDS 

Planting site on the Stands/ Weight of plants (g) Per cent 

ridge row Fresh Dry moisture 

North-westerly slope 80 16-5 28 83-0 
South-easterly slope 4-5 4-3 0-9 79-1 
Ridge top 1-0 2-4 O68 78-6 
SBE 0-88 0-46 0-55 pie 
C.D. at 5 per cent level 267 136 1-67 — 


A hundred per cent stand of the cabbage transplants 
became established on the north-westerly (desalinized) 
slope whereas a mortality of 43-75 per cent and 87-5 per 
eent--was observed on the south-easterly slope and the 
ridge top respectively. Likewise, the growth of trans- 
plants on the north-westerly slope was significantly more 
luxuriant than on the south-easterly slope or the ridge top 
as indicated by the fresh and dry weight accumulation 
of each plant. The relatively greater reduction observed 
in fresh weight than in dry weight of plants on the sali- 
nized sites (south-easterly slope and ridge top} is indicative 
of the fact that the plants suffered as a result of reduced 
availability of water caused by high salt concentration. 
This is borne out by the moisture percentage of the plants. 

The results reported here show that solar radiation is 
a potential source of energy which can be harnessed in 
winter to desalinize the north-westerly slope of the ridges 
running from north-east to south-west. This will ensure 
satisfactory stand and growth of crop plants on saline 
soils. The technique used here does not involve any 
additional investment except to adjust the ridge direction 
of the plantbeds in such a way that solar radiation 
is intercepted at an angle greater than its incidence 
on flat land and is focused on one slope of the ridge for 
longer duration than on the other slope of the ridge. 

We are grateful to Dr. O. P. Gautam, head of the 
Agronomy Division, for providing facilities to conduct the 
experiments. 


S. S. Barns 
K. N. Sıxan 
Division of Agronomy, 
Indian Agricultural Research Institute, 
New Delhi, India. 
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Surface Area—a Rapid Measure of Wilting 
Point of Soils 


Witting point is the lower limit at which water is avail- 
able to plants. The knowledge of moisture content of the 
soil at this point is an important consideration if available 
water resources are to be used properly for irrigation 
purposes. Several methods of determination of wilting 
point have been reported. Well known methods are the 
15-atm. percentage’ and the sunflower method*. These 
methods, however, have not been widely used. The 
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equipment in the former case is very costly, while the 
second is a rather long method. We therefore tried to find 
some soil property related to the wilting point which was 
easy to determine. 

Several workers*-> have reported that wilting point is 
closely related to the percentage of clay in the soil (accurate 
determination of which requires a lengthy procedure). 
Surface area, on the other hand, is a property which 
depends not only on the amount of clay but also on the 
nature of clay minerals present, a factor known tò- in- 
fluence moisture retention by soils. In the present 
investigation, seventy-nine soil samples were collected 
from fourteen profiles in semi-arid regions of the Hissar 
district in Punjab. Surface area was determined by the 
rapid method proposed by Carter et al.*, Calcium saturated 
soil samples (1-1 g) were treated with 1 ml. of ethylene 
glycol-monoethyl ether. After about 1 h the samples 
were subjected to vacuum desiccation over calcium 
chloride until a constant weight was obtained. This 
normally took about 2 h. Wilting point was measured by 
the 15-atm. percentage method for the same soils, using 
Richards’s pressure membrane apparatus’. The relation- 
ship between surface area and wilting point given by the 
15-atm. percentage method is shown graphically in Fig. I. 
A high correlation of + 0-83 (significant at the 1 per cent 
level) suggests that surface area could be used as a measure 
of wilting point. The relationship between the two is given 
by the regression equation: wilting point (percentage 
oven dry basis) = 0-094 x surface area (m?/g) + 2-4. 
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Fig. 1. Relationship between wilting point and surface area of soils. 


This method has the advantage of being rapid and 
less costly, and would be useful even for soils of varying 
mineralogical constitution. 


I. P. ABROL 
B. K. KHOSLA 
Department of Soils, 
Punjab Agricultural University, 
Hissar (Punjab), India. 
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FORTHCOMING EVENTS 


(Meetings marked with an asterisk are open to the public) 


Monday, December 19-—-Tuesday, December 20 


NO. 5068 


BRITISH BIOPHYSICAL SOCIETY (at the Institution of Electrical Engineers. 


Savoy Place, London, W.C.2)}-Meeting on “The Genetic Code”. 


Wednesday, December 21 


ROYAL METEOROLOGICAL SOCIETY (at 49 Cromwell Road, London, 8.W.7), 
at 5 p.m.—Mr. K. A. Browning: ‘The Lobe Structure of Giant Hailstones”’; 
Mr, W, C. Macklin and Mr, I. H. Bailey: “On the Critical Liquid Water Con- 
centration of Large Hailstones”; Mr. A. E. Carte: “Features of Transvaal 
See Mr. A. E. Carte and Mr. R. E. Kidder: “Transvaal Hail- 

nes”, 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 
dates mentioned: 

RESEARCH ASSISTANT (preferably with a scientific background in physiology 
or biochemistry) in the Laboratory of General Physiology for work in the 
field of active transport and metabolism—The Registrar, The University, 
Leicester (December 21). 

LECTURER or ASSISTANT LECTURER IN SOCIOLOGY, with special reference 
to ‘Industrial Sociology—-The Assistant Registrar (Establishment), The 
atveatty of Sussex, Stanmer House, Stanmer, Brighton, Sussex (Decem- 

r 23), 

LECTURERS or ASSISTANT LECTURERS in the fields of animal and plant 
physiology, cell biology, and genetics—The Assistant Registrar (Establish- 
ment), The University of Sussex, Stanmer House, Stanmer, Brighton, 
Sussex (December 23). 

RESEARCH ASSISTANT (preferably with experience in computer program - 
ming, crystallography or spectroscopy) IN ELECTRON DIFFRACTION BY GASES 
The Secretary of the University Court, The University, Glasgow (December 


<- LECTURER/ASSISTANT LECTURER (preferably specialist in either statistics 
or in computation) IN THE DEPARTMENT OF MATHEMATICS—-The Staff Officer, 
The University of Aston in Birmingham, Gosta Green, Birmingham, 4 
(December 24). 

LECTURER or ASSISTANT LECTURER IN STATISTICS in St. Salvator’s College 
~~The Secretary, University of St. Andrews, College Gate, St. Andrews, Fife, 
Scotland (December 24). 

, CHAIR OF COMPUTATION IN THE DEPARTMENT OF MaTHEMATICS—The 
Deputy Secretary, The University, Southampton (December 31). 

ASSISTANT EXPERIMENTAL OFFICERS AND EXPERIMENTAL OFFICERS (men 
and women with qualifications in mathematics, physics, chemistry, biology, 
meteorology, engineering and geology) in the Scientific Civil Service for 
careers in science and technology—The Civil Service Commission, Savile 
Row, London, W.1, quoting Ref. $/579-580/66 (December 31). 

ASSISTANT LECTURER IN PHYSICAL GEOGRAPHY IN THE DEPARTMENT OF 
EcoNOMICS-AND GEOGRAPHY—The Secretary, Royal College of Advanced 
Technology, Salford, 5, Lanes, quoting Ref. No. ECON/4 (December $1). 

COMPUTING ASSISTANTS (2) (with a good honours degree in mathematics orin 
pure or applied science and preferably an interest in computational statistics, 
operational research or numerical analysis) in the Electronic Computing 
Laboratory—The Registrar, The University, Leeds, 2 (December 31). 

LECTURER (preferably with experience in either palaeontology and strati- 

aphy, or engineering geology and hydrogeoclogy) IN THE DEPARTMENT OF 

XEOLOGY, University of Ibadan, Nigeria—The Inter-University Council, 33 
Bedford Place, London, W.C.1 (December 31). 

LECTURER (medically qualified) IN THE DEPARTMENT OF BACTERIOLOGY— 
The Registrar, The University, Liverpool, 3, quoting Ref. 309 (December 31). 

RESEARCH WORKER (entomologist with a suitable degree or equivalent 
qualification and an interest in ecology) to carry out a population study of the 
aphid Myzus persicae on potato crops-—Dr. A. Milne, Unit of Insect Physi- 
ology, School of Agriculture, The University, Newcastle upon Tyne, 1 
(December 31). 

RESEARCH ASSISTANT AT THE INSTITUTE OF SOUND AND VIBRATION 
wi. RESBARCH for the fundamental study of the noise from high performance, 

high speed, direct injection diesel lengines—The Deputy Secretary, The 

University, Southampton (January 1). 
| LECTURER (with an interest in physiology, especially insect physiology) IN 
ZooLoey at Fourah Bay College, The University College of Sierra Leone— 
The Inter-University Council, 33 Bedford Place, London, W.C.1 (January 3). 

LECTURERS/ASSISTANT LECTURERS IN MATHEMATICS (it is hoped to make 
appointments in some of the following fields: theory of functions, functional 
analysis, algebra, mathematical logic, topology, astrophysics, plasma physics, 
theory of fluids, quantum theory, and relativity)—The Registrar, University 
of Kent at Canterbury, Canterbury, Kent, quoting Ref. A/25 (January 4). 

SENIOR LECTURER (with a special interest in inorganic chemistry); and 
LECTURERS (preferably with special interests in physical chemistry and/or 
inorganic chemistry) IN THE DEPARTMENT OF CHEMISTRY, University of Ife, 
Dow Inter-University Council, 33 Bedford Place, London, W.C.1 

anuary 4). 

ASSISTANT LECTURER and a LECTURER IN STATISTICS (preferably in mathe- 
matical statistica or probability theory) IN THE DEPARTMENT OF APPLIED 
MATHEMATICS—-The Registrar, The University, Hull (January 5). 

ASSISTANT (Assistant Lecturer) IN SOCIOLOGY—The Secretary of the Uni- 
versity Court, The University, Glasgow (January 6). . 

JUNIOR LECTURER/ LECTURER IN BOTANY at Rhodes University, Grahams- 
town, South Africa-—-The Association of Commonwealth Universities (Branch 
Office), Marlborough House, Pall Mall, London, 8.W.1 (South Africa and 
London, January 6). 

SENIOR LECTURER (with a good honours degree in physiology, biochemistry 
or related subjects, or with a medical qualification registrable in the United 
Kingdom) IN PHysIOLOGY—The Registrar, The University, Manchester, 13, 
quoting Ref. 247/66/Na (January 7). 

ASSISTANT LECTURER or LECTURER (preferably entomologist) IN ZOOLOGY 
—The Registrar, Queen Mary College (University of London), Mile End 
Road, London, E.1 (January 9). 

SENIOR LECTURERS, LECTURERS and ASSISTANT LECTURERS IN THE 
DEPARTMENT OF MATHEMATICS-—The Secretary, University of Lancaster, 
University House, Bailrigg, Lancaster (January 9). 

LECTURERS and ASSISTANT LECTURERS IN CHEMISTRY AND CRYSTALLO- 
GRAPHY In the School of Molecular Sciences——The Registrar, The University 
of Warwick, Coventry, Warwickshire (January 10). 
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CHAIR OF CHEMISTRY at Bedford College—The Academic Registrar, Uni- 
versity of London, Senate Honse, London, W.C.1 (January 12). 

RESEARCH SCIENTIST or SENIOR RusKarcn Screntist (with a Ph.D. 
degree or postgraduate research exnerience of equivalent standard and 
duration supported by satisfactory evidence of research ability, together with 
relevant exnerience in biochemistry or genetics) at the Cattle Research Labor- 
atory, Division of Animal Genetics, Commonwealth Scientific and Industrial 
Research Organization, Rockhampton, Queensland, to develop research on 
the nature, significance and genetics of biochemical differences between 
cattle, nartly from a background of earlier work at the Laboratory on simply 
inherited differences in blood proteins, enzymes, and red cell charactera-— 
Chief Scientific Liaison Officer, Australian Scientific Liaison Office, Africa 
House, Kingsway, London, W.C.2, quoting Appointment No. 682/41 
(January 13). 

Screntist (with a degree in horticulture, plant science or agricultural 
science at Bachelor, Master or Ph.D. level, preferably with majority units in 
horticulture, soils, agronomy and agricultural botany) IN THE LEVIN Hor- 
TICULTURAL RESEARCH CENTRE, AGRICULTURE DEPARTMENT, NEW ZRALAND, 
to carry out research and assist in developing investigations in cultivation of 
vegetables for market and processing—-The High Commissioner for New 
Zealand, New Zealand House, Haymarket, London, 8.W.1, quoting Ref. 
B13/2/87/4627 (January 13). 

CHAIR OF PHYSICAL CHEMISTRY—The Registrar, University of Strathclyde, 
George Street, Glasgow, C.1, quoting Ref. No. 69/66 (January 14). 

ASSISTANT PROFESSOR OF BIOCHEMISTRY—Prof. G. E. Connell, Chairman, 
Department of Biochemistry, University of Toronto, Toronto 5, Ontario, 
Canada (January 15). 

CURATOR VETERINARIAN (preferably with exnerience of laboratory animals) 
to be in charge of the Small Animal Breeding Station-—-The Secretary, 
rere of Edinburgh, Old College, South Bridge, Edinburgh (January 

LECTURER or ASSISTANT LECTURER (preferably candidate working In the 
fields of mathematical physics, astrophysics, or control theory) IN THAR 
DEPARTMENT OF MATHEMATICS—The Registrar, The University, Leeds, 2 
(January 16). 

LECTURER/SENIOR LECTURER IN PURE MATHEMATICS at the University of 
Sydney, Australia—The Association of Commonwealth Universities (Branch 
Dee, ric House, Pall Mall, London, S.W.1 (Australia and London, 

anuary 16). 

ASSISTANT (with a degree in natural sciences, or holding, or studying for the 
Diploma of the Museums Association) IN THE HANCOCK MuseumM--Tho 
Curator, The Hancock Museum (University of Newcastle upon Tyne), Barras 
Bridge, Newcastle upon Tyne, 2 (January 20). . i 

LECTURER/SENIOR LECTURER (with a degree in veterinary science, pre- 
ferably with honours, and postgraduate experience in gross or developmental 
anatomy) IN VETERINARY ANATOMY at the University of Sydney, Australia 
—The Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, 8.W.1 (Australia and London, January 

LECTURERS (women graduates) IN MATHEMATICS, CHEMISTRY and GEO- 
GrapHy—The President, New Hall, Cambridge (January 24). 

LECTURER (with an appropriate degree with postgraduate qualifications in 
plant genetics) IN AGRICULTURE (Genetics, Plant Breeding) at the U niversity 
of Queensland, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, §.W.1 (London and 
Brisbane, January 27). f 

LECTURER IN PHYSICAL CHEMISTRY—The Secretary, University of Exeter, 
Northcote House, The Queen’s Drive, Exeter, Devonshire (January 31). 

LECTURER IN ZOOLOGY at the University of Otago, Dunedin, New Zealand 
—The Association of Commonwealth Universities (Branch Office), Marl- 
borough House, Pall Mall, London, S.W.1 (New Zealand and London, 
January 31). . . 

THIRD CHAIR OF CHEMISTRY— The Secretary, The University, Edinburgh 
{January 31). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS IN CHEMISTRY 
(including Agricultural Chemistry), PHYSICS, PHARMACY, ENGINEERING, 
METALLURGY and related subjects—-The Registrar, The University, Notting- 
ham (February 17). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (preferably with the 
degree of Ph.D. or equivalent research experience, and normally below the age 
of 30) IN CHEMISTRY; BIOCHEMISTRY, including PLANT BIOCHEMISTRY; 
ELECTRONIC ENGINEERING; Broiocy; PHYSICS; APPLIED PHYSICS or 
APPLIED MATHEMATICS IN RELATION TO CHEMISTRY-~The Registrar, The 
University, Hull (February 17). 

IMPERIAL CHEMICAL INDUSTRIES RESEARCH FELLOWS (preferably with the 
degree of Ph.D. or equivalent research experience, and normally below. the 
age of 30)—The Secretary of the University Court, The University, Glasgow 
(February 17). 

FOUNDATION CHAIR OF EDUCATION at the University of Neweastle, New 
South Wales, Australia—The Association of Commonwealth Universities 
(Branch Office), Marlborough House, Pall Mall, London, 8.W.1 (Australia and 
London, February 28). 

ROBERT BLAIR FELLOW (British subject at least 21 years of age) IN APPLIED 
SCIENCE AND ‘TECHNOLOGY for one year of advanced study or research 
abroad in applied science and technology-—-The Education Officer (EO/ 
HE.6), The County Hall, London, S.E.1 (March 6). 

ASSISTANT PROFESSORS IN ANALYTICAL, THEORETICAL, INORGANIC and 
NUCLEAR CHEMISTRY—Head of the Department of Chemistry and Chemical 
Engineering, University of Saskatchewan, Saskatoon, Canada. 

BIOCHEMIST (with a good honours degree in biochemistry and an interest 
in histochemistry) WITH THE POCKLINGTON EYE RESEARCH UNIT WITHIN THE 
DEPARTMENT OF PATHOLOGY to investigate biochemical problems or corneal 
graft pathology—Prof. C. J. Cunningham, Royal College of Surgeons of 
England, Lincoln’s Inn Fields, London, W.C.2. 

CHANING WILLS CHAIR OF GEOLOGY——-The Registrar, University Senate 
House, Bristol, 2. z 

CHIEF GEOPHYSICIST (between 35 and 45, citizen of the United Kingdom 
or the Republic of Ireland, at least 15 years experience in mineral exploration 


work, with a degree in geophysica and preferably a knowledge of Arabic) 
with the Ministry of Petroleum and Mineral Resources, Saudi Arabia, 


to take charge of the geophysical side of the Ministry’s current minerals 

rogramme—The Appointments Officer (Room 301), Ministry of Overseas 
Development, Eland House, Stag Place, London, 8.W.1, quoting Ref. RC/ 
128/156/01. 

GRADUATE RESEARCH ASSISTANT to participate in a research project con 
cerned with platelet behaviour and blood chemistry in arterial thrombosis 
and myocardial infarction—The Secretary, St. Mary’s Hospital Medical 
School, Paddington, London, W.2. 2 

LABORATORY TECHNICIAN IN TRE DEPARTMENT OF BIOLOGY AND CELL 
ScreNcE to assist with the preparation of practical classes and with histo- 
chemical/biochemical research—The Clerk to the Governors, Woolwich 
Polytechnic, Wellington Street, London, S.E.18. 
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LECTURER (preferably. with industrial experience) IN THE MATERIALS 
SECTION OF THE ELECTRICAL ENGINEERING DePanTMENT—Prof. J. C. 
Ande , Electrical Engineering Department, Imperial College, London, 

LECTURERS In PercuoLocy—The Registrar (RS), Portsmouth College of 
Technology, Hampshire Terrace, Portsmouth, Hampshire. 

MINERALOGIST (with a Ph.D, or M.Sc, with suitable experience) to conduct 
basic and applied research on clay and shale materials, including bentonite 
The Director, Research Council of Alberta, Edmonton, Alberta. Canada. 

Prvatcist (honours graduate) IN THE DEPARTMENT OF RADIATION PHYSICS 
to develop and investigate the clinical application of thermography and other 
new techninues in radiology—Mr. R. Oliver, Department of Radiation 
Physics, The Churchill Hospital, Oxford. 

CIPAL LECTURER IN SocroLocy—The Registrar (RS), Portsmouth 


PRIN 
College of Technology, Hampshire Terrace, Portsmouth, Hampshire. 


PROFESSOR OF PHILOSOPHY and HEAD OF THE DEPARTMENT OF PHILOSOPHY 
~The President, Simon Fraser University, Burnaby 2, B.C., Canada. 

SENIOR LECTURERS (with good qualifications and experience) to teach the 
following subjects up to and including degree level: zoology; plant physi- 
ology; ‘microbiology; and pharmacology—The Princinal, Barking Regional 
College of Technology, Longbridge Road, Dagenham, Essex. 

YOUNG TECHNICIAN or JUNIOR TECHNICAL OFFICER at the Institute of 
Cancer Research, Department of Physics, Belmont, Sutton, Surrey, to assist 
in research on the biological and chemical effects of ionizing radlation—The 
Secretary, Institute of Cancer Research, 34 Sumner Place, London, S.W.7, 
quoting Ref. 301/277. 

. ZOOLÖGISTS (2) (graduates, preferably though not necessarily with their 
doctorate d ) IN THE DEPARTMENT OF BroLogy—C. W. Argue, Professor 
of Biology, University of New Brunswick, Fredericton, N.B., Canada. 


REPORTS and other PUBLICATIONS 
(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Planning, Vol. 32, No. 497 (Sentember 1966): Trends in Psychogeriatric 
Care. Pp. 161-194. (London: Political and Economie Planning, i) 


“Royal Tnatitute of Chemistry, Monographs for Teachers, No. 11: Industrial 
Chemistryv—Organic, Advanced Level. By D. M, Samuel. Pp. 34. (London: 
The Royal Institute of Chemistry, 1966.) 6s. f269 
‘Wild Barfield, Ltd. Industrial Process Heating Equipment. Pp. 20, 
(Watford: Wild Barfield, Ltd., 1966.) [269 
University of London. University College Calendar 1966-67. Pp. xev+ 
265. (London: University College. 1966.) 269 
Sewage Problem Solved for Seaside Towns. Pp. 6. (London: The Elec- 
tricity Council, 1966.) {269 
iacovery Reports, Vol, 34, Pp. 117-162: The Distribution and Life- 
History of Calanoides acutus (Glesbrecht}. By Keith J. H. Andrews. (London 


and New Vork: Cambridge University Press, 1966.) 373. 6d. net. {289 
Queen. Mary College, University of London. Annual Report, 1064-1965. 
Pp- 131 (London: Queen Mary College, 1966.) 1279 


The American Chemical Scene. By Prof. Michael J. S. Dewar. (Sixth 
Marchon Lecture, delivered 16 June, 1966, at the University of Newcastle 
upon Tyne.) Pn. 19. (Newcastle upon Tyne: The University, 1966.) 53. [220 

Ministry. a Technology. Interlab. Pp. 12. (London: Ministry of Tech- 
nology, e 

Practical and Cost Considerations in Writing Conference Contribution. By 
Eugene Gros. Pp. 11. (London: Scientific Information Consultants, Ltd., 


i {289 
The Institute of Navigation. Annual Report, 1965-66. Pp. 18. (London: 
The Institute of Navigation, 1966.) 289 

Ministry of Transport: Road Research Laboratory. R.R.L. Report No. 25: 
Some Methods of Obtaining Information on Driver Behaviour. By S. W. 
guenan. Pp. ii+11. (Harmondsworth, Middlesex: Road Research Tabara 

Memoirs of the Royal Astronomical Society. Vol. 70, Part 3: A Survey of 
Radio Sources and Background Radiation at 38 Me/s. By P. J. 8. Williams, 
8. Kenderdine and J. E. Baldwin. Pp. 53-110, (Oxford: Blackwell Scientific 
Publications, 1966. Published for the Royal Astronomical Society.) {289 

Report on the British Museum (Natural History) 1963-1965. Pp. 146+ 12 
plates. (London: British Museum (Natural History), 1966.) 12s. 6d. 299 

Young Fabian Pamphlet No. 14: The Youth Employment Service. Pp. 28. 
(London: Fabian Society, 1966.) 38. 6d. [299 

Bulletin of the British Museum (Natural History). Entomology. Vol. 18, 
No. 8: A Revision of the Genus Anthene from the Oriental Region (Lepidop- 
tera: Lycaenidae), By G. E. Tite, Pp. 258-275 +2 plates, 128. Geology. 
Vol. 18, No. 8: Thysanopeltidae (Trilobita) from the British Devonian. By 
E. B. Selwood. Pp, 191-220+3 plates. 22s. (London: British Museum 
(Natural History), 1966.) 299 

General Register Office. Census 1961—England and Wales. Fertility 
Tables, Pp. xxii +813. (London: H.M. Stationery Office, 1966.) 58s. net. [309 

Scottish Marine Biological Association. Annual Report 1965-66. Pp. 53. 
(Millport, Isle of Cumbrae: Scottish Marine Biological Association, 1966.) [310 

Ministry of Technology. Report of Warren Spring Laboratory: Report of 
the Warren Spring Laboratory Steering Committee and Report of the 
Director of Warren Spring Laboratory for 1965. Pp. vi+58+8 plates. 
(London: H.M. Stationery Office, 1966.) 6s. 6d. net. [310 

The British Association of Chemists. The B.A.C. and You. Pp. 12. 
(London: The British Association of Chemists, 1966.) {410 


Other Countries 


Comité International des Poids et Mesures. Procés~Verbaux des Séances, 
ge Bérie—Tome 33. 54° Session—1965 (5-8 Octobre). Pp. 102. (Paris: 
Gauthier-Villars, 1966.) {279 

The Tea Research Institute of Ceylon. rt for the year 1964, Part 1. 

» 16. Annual Report for the year 1985, Part 2. Edited by Dr. E. M. 
Chenery and Dr. R. L. De Silva. EE: 132. (St. Coombs, Talawakele: The 


Tea Research Institute of Ceylon, 1 y {279 
Pflanzen phieche Kommission der Schweizerischen Naturforschenden 
Gesellschaft. eiträge zur Geobotanischen Landesaufnahme der Schweiz, 


Heft. 48: Uber die Spät- und Postglaziale Vegetationsgeschichte des Süd- 
westlichen Jura, Von Samuel Wegmiiller. . 14442 tafeln. (Bern: Verlag 
Hans Huber, 1966.) 34 Sw. franes; 384 D.M. [27 
india: Council of Scientific and Industrial Research, Science in India. 
Second edition. Pp. 70. Research Potential and Science Policy of the 
People’s Republic of China: a Bibliography. Compiled by Research Policy 
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Library, Lund, Sweden, and Research Survey.and Planning Organization. 
ea tee (New Delhi: Council of Scientific and Industrial Research, 


a {279 
Publications of the South African Institute for Medical Research. Vol, 15, 
No. 52: The Arthropod Parasites of Vertebrates in Africa South of the 
Sahara (Ethiopian Region). Vol, 3: (Insecta Excl, Phthiraptera). By E. 
Haeselbarth, J. Segerman and F. Zumpt. Edited by F, Zumpt. 283. 
(Johannesburg: South African Institute for Medical Research, 1966.) {289 
Commonwealth of Australia: Department of National Development. Bureau 
of Mineral Resources, Geology and Geophysics. 1:250,000 Geological Series — 
Explanatory Notes. Ingham, Qld., Sheet SE/55—10 International Index. 
Compiled by F. de Keyser, R. 8. H. Fardon and L. G. Cuttler, (Parkes, 
A.C, .: Bureau of Mineral Resources, Geology and Geophysics, 1965.) [290 
World Health Organization. World Directory of Schools of Pharmacy, 
1963. Pp. 301. (Geneva: World Health Organization; London: W.M. 

Stationery Office, 1966.) 20 Sw. francs: 35s.; $6.75. D 

World Health Organization. Technical Report Serles. No. 316: TI 
Technical Basis for Legislation on Irradiated Food—Report of a Joint 
FAO/TAEA/WHO Expert Committee, Rome. 21-28 April 1964. Pp. xi+55. 
3 Sw, france; 58.; $1. No. 338: Haemoglobinopathies and Allied Disordera— 
Report of a WHO Scientific Group, Pp: 40. 3 Sw. francs; 5s.; $1. No. 389; 
Specifications for the Identity and Purity of Food Additives and their 
Toxicological Evaluation—Some Antimicrobials, Antioxidants, Emulsifiera, 
Stabilizers, Flour-Treatment Agents, Acids and Bases—Ninth Report of the 
Joint FAO/WHO Expert Committee on Food Additives. Pp, 24. 2 Sw. 
francs; 3s. 6d.; $0.60. (Geneva: World Health Organization; London: 
H.M. Stationery Office, 1966.) 309 
= Commonwealth of Australia: Department of External Affairs. Australian 
Nationa] Antarctic Research Expeditions. ANARE Data Reports. Series D 
(XVI) Meteorology. Publication No. 87: Meteorology: Davis, Macquarie 
Island, Mawson and Wilkes, 1963. Prepared by The Bureau of Meteorology, 
Melbourne. Pp. xvili+ 420. (Melbourne: Antarctic Division, Department of 
External Affairs, 1966.) {809 
National Science Foundation: Office of Science Information Service. 
NSF-66-17: Current Research and Development in Scientific Documentation, 
No. 14. Pp. viii+ 662. (Washington, D.C.: Government Printing one. 
10 


.) $2, 

Publications de PInstitut National pour VEtude Agronomique du Congo. 
Série Scientifique, No. 108: Amélioration de la Résistance de la Fibre chez 
Gossypium hirsutum L. Par Dr. J. Demol. Pp. 86. (Bruxelles: Institut 
National pour PF tude Agronomique du Congo, 1966.) 120 franca. {310 

United States Department of the Interior: Geological Survey. Water 
Supply Paper 1819-G: Water-Quality Characteristics of New Jersey Streams, 
By Peter W. Anderson and John R. George. Pp. iv+48+plate 1. Water- 
Supply Paper 1951: Quality of Surface Waters of the United States 1963. 
Parts 9-14: Colorado River Basin to Pacific Slope Basins In Oregon and 
Lower Columbia River Basin. Prepared under the direction of S. K. Love. 
Pp. xvili+ 781. (Washington, D.C.: Government Printing Office, 1966.) [310 

Metropolitan Life Insurance Cempany. Statistical Bulletin, Vol. 47 
(July 1966): The Golden Wedding Anniversary—An Increased Likelihood. 
Accidental Deaths in Mines and Quarries. Mortality from  Streptoeoecal 
Infections and Residual Heart Involvement. Low Six-Month Toll for 
Catastrophic Deaths. Pp. 12. (New York: Metropolitan Life Insurance 
Company, 1966.) {316 

Research Institute of Applied Electricity, Hokkaido University. Mono- 
graph Series No. 14: Contributions to the Mechanics of Breathing in Man. 
By Prof. Chiyoshi Yoshimoto and Prof. Tomohisa Mikami. Pp. 35. (Sapporo, 
ihe Research Institute of Applied Electricity, Hokkaido bas it 


1 1 
Colony of Mauritius. Annual Report of the Mauritius Institute 1964. 
Pp. 18. (Port Louis: Government Printer, 1965.) Re.1.00. [310 

The Columbia—A.U.B. Nutrition Research Program. Report on the First 
Five Years 1961-1966. Pp. 31. (Beirut, Lebanon: Dr. D. 8. McLaren, 
Nutrition Research Laboratory, American University of Beirut, 1066.) [310 

Mitteilungen des Deutschen Wetterdienstes. Nr. 37 (Band 5): Versuch 
einer Statistischen Analyse der Beziehung Zwischen Witterung und Ertrag 
mit Hilfe Multipler Regressionen. Von Hans Baumann und Ernst Weber. 


Pp. 22. Nr. 38: Abriss einer Methodik der Phinologie. Von Fritz Schnelle. 
PBe 28. (Ofenbach a. M.: Selbstverlag des Deutschen Wetterdienstos, 


-) 

The Regional Research Centre of the British Caribbean at the Imperial 
College of Tropical Agriculture, Trinidad, W.I. (University of the West 
Indies.) Soil and Land-Use Surveys, No. 18: Barbados, By K. C, Vernon and 
D. M. Carroll. Pp, 39. (Trinidad, W.I.: The Imperial College of Tropical 
Agriculture, 1965.) 10s. {310 

United States Department of the Interior: Geological Survey. Professional 
Paper 543-A: Slide-Induced Waves, Seiching and Ground Fracturing Caused 
by the Earthquake of March 27, 1964, at Kenai Lake, Alaska. By David 8. 
McCulloch, Pp. vit41+plates 1 and 2. (Washington, D.C.: Government 
Printing Office, 1966.) {810 

Occasional Papers of the California Academy of Sciences, No. 55 (June 30, 
1966): Report on Two Small Collections of Reptiles from Iran. By Richard 
J. Clark, Erica Clark, and Steven C. Anderson. Pp. 9, No. 56 (June 30, 1966): 
A New Deep- Water Chiton from the Northeastern Pacific. By Allyn G. Smith 
and Ian McT. Cowan. Pp. 15. No. 57 (June 30, 1966): Descriptions of the 
Larva and Pupa of Necydalis cavipennis LeConte and the Pupa of Ortho- 
leptura insignis (Fall.) (Coleoptera: Cerambycidae). By Hugh B. Leech. 
Pp. 13. No. 58 (August 19, 1966): The Eye of the Giant Clam (Tridacna 
maxima). By Charles R. Stasek. Pp. 9. No. 59 (June 30, 1966): Moerch’s 
West Central American Molluscan Types with Proposal of a New Name for à 
Species of Semele. By A. Myra Keen. Pp. 83. (San Francisco: California 
Academy of Sciences, 1966.) {310 





Editorial and Publishing Offices of NATURE” 
MACMILLAN (JOURNALS) LIMITED 


4 LITTLE ESSEX STREET, LONDON, W.C.2. 
Telephone Number: Temple Bar 6633, Telegrams: Phusis London W.C.2. 


Annual subscription: Inland £14, Overseas £13 15s., payable 
in advance, postage paid to any part of the world, 





Advertisements only should be addressed to 
T. G. Scott & Son, Ltd., | Clement's Inn, London, W.C.2. 
Telephone Number: Holborn 4743 
Registered as a newspaper at the General Post Office 
Copyright © Macmillan (journals) Limited, December 17, 1966 





No. 


NATURE 


MACMILLAN (JOURNALS) LTD. 


5069 SATURDAY, DECEMBER 24, 1966 


CONTENTS 


CHINK IN THE FLOOD Gates . 
Tun Next ACCELERATOR 


News and Views—Accelerator Come Home—Not Yet in Europe—Origin of 
Genetic Code—Middle-sized Aid—Hot New Gospeller-—-Vibration Analysis— 
Brain Drain Return——Micro-Information—-Newcastle Perplexed--Education by 
Museum-—Optical Activity of Proteins—Snow and Ice and Cold—Mosquitoes 
with Viruses—Baboons with Bilharzia—Parliament in Britain—-Announcements 
~The Night Sky in January 


COMPUTERS IN THE LIBRARY by Michael F. Lynch 


FLAME Ionization AND MAGNETO-HYDRODYNAMICS by Jean Debiesse and Siegfried 
Klein P : 2 ‘ x ` 


Book Reviews by Prof. J. Maynard Smith, Dr. Marie Boas Hall, Dr. A. J. 
Meadows, Prof. K. C. Dunham, Dr. Ruth H. Rogers, Dr. W. Derbyshire, J. C. 
Williams, Prof. T. S. West, Prof. D. J. Millen, Dr. A. D. Bradshaw, Dr. R 
Melville, J. H. Mayo, Prof. T. M. L. Hunter. Dr. J. Hunter, Prof. W. ©. Price 
and Dr. K. G. M. M. Alberti ‘ : ; 


Obituaries—-Dr. Arthur Patterson ; 


GEOMAGNETIC POLARITY Scare or Time by Dr. Ian MeDougal and Dr, F. H. 
Chamalaun x 

THERMAL ANISOTROPY IN Rocks by Dr. P. Munjal and Prof. I. Fatt 

GRAPHITE-HYDROGEN REACTIONS AND THEIR IMPLICATIONS IN GEOCHEMISTRY 
by Dr. Earl A. Gulbransen ‘ 

A CHARGED PARTICLE OSCILLATOR by Dr. A. H. “Mcliraith . ; 

Iystapiniry or FIRING THRESHOLD AND “REMOTE” ACTIVATION IN CORTICAL 
Nevurones by Dr. R. Elul and Prof. W. R. Adey 

NEURONAL BASIS FOR THE CENTRAL ACTION OF CHLORPROMAZINE by Prof. P, B. 
Bradley, Dr. J. H. Wolstencroft, L. Hösli and Dr. G. L. Avanzino . 

ROLE OF CATALASE IN BIOENERGETIC Processes ix Livers or Warre Rats by 
S. E. Manoilof . 

Muscie Lesions 1N Mice INJECTED WITH a IsoLocous AND . Homorocous Muscir 
Exrracts by Dr. G. Tolnai. 

PHAGOCYTOSIS AND SYNTHESIS OF Rizow UCLEIC Acb IN Hu MAN GRANU 'LOCYTES 
by Dr. Martin J. Cline 

DEVELOPMENT OF IMMUNOLOGICALLY COMPETENT CELLS IN THE Rat by Dr. Trving 
Goldschneider and Dr. Douglas D. McGregor. 

PHOSPHORYLATION OF Escherichia coli ALKALINE PHOSPHATASE BY SUBSTRATE by 
H. N. Fernley and Dr. P. G. Walker . 

A COMPUTER PROGRAMME FOR THE ANALYSIS OF HUMAN C HROMOSOMES by Dr. 
C. W. Gilbert . 2 : : K ; ` ` ; A s 


LETTERS TO THE EDITOR 


Vol. 212 


1395 
1395 


1396 
1402 


1405 


1409 
1414 


1415 
1418 


1420 
1422 


1424 
1425 
1428 
1429 
1431 
1433 
1435 
1437 


Page 
ASTRONOMY Optical Diffraction Effects in the Back-reflected Energy 
Evidence for a Correlation between the Position and Red- Distribution from an Aggregate of Small reid ta paride 
shift of Quasars.—Peter Strittmatter, John Faulkner and —R. J. Seaney 
Malcolm Walmsley : i 1441 Laser Excited Raman Spacing of an Oriented conta of 
Trans Bisdimethylsulphide Dibromo Platinum (11). 
; PLANETARY SCIENCE P. J. Hendra and Prof. E. R. Lippincott . ; 
Hook Whistler-—a New Equatorial Whistler observed oF i ois Sas 
Injun-3—D. A. Gurnett, S. D. Shawhan and G. Monte Carlo Calculation of Thermodynamic Properties of 
-Pfeiffer $ ; 1442 Simple Fluids.—-Dr. K. Singer ; ; : : 
Biennial Oscillation in the Equatorial ‘Troposphere, -— R. Determination of the Solid Volume Percentage below 
g Ananthakrishnan and A. Thiruvengadathan . . 1443 Detectable Size in Electronic Counter Size Analysis, = 
Seamounts in the Gulf of Guinea.—Captain G. P. D. Hall 1443 Dr. C. C. Harris and Dr. A, Jowett . ` : 
Notes on the Barwell Meteorite.—P. Lancaster Brown 1444 Coincidence Error in Coulter Counter Particle Size aia dies 
PHYSICS -—I. C. Edmundson z ‘ a 
a 2 —G, F. Moore 
Utilization of Magnetic Viscosity Effects in Soils for Arch- Delayed Excimer Emission from Anthracene—G. F. Moore 
aeological Prospection.--C. Colani and Dr, M. J. Aitken. 1445 Doubly Charged Negative Ions.——Dr, J. H. Fremlin 


Page 


1447 


1448 


1449 


1450 


1450 
1452 
1453 


(Continued overlea?) 





NATURE DECEMBER 24, 1966 











d infrared filters at Standard Telephones & Cables Lid. { er Division) Harlow Essex 





Unicam SP7OOC se used for characterisation of visibl 


For the full answer in ultraviolet, visible and Select any one of the five scan speeds, four 

near infrared spectroscopy you need the chart speeds, five transmittance or three 

Unicam SP700A or SP7OOC. absorbance scales best suited to your sample. 
These double-beam ratio recording Discover how the SP700 takes unusual 
spectrophotometers cover a wide linear range specimens in its stride. Take full advantage 

of either wavelength or wavenumber with of the large and accessible sample 

exceptional accuracy, and give you full control compartment. 

over every vital parameter. Why settle for less ? Send for further details today. 





se 


[UNICAM & 


Precision Unicam Instruments Limited 
York Street Cambridge England 


S pe ctro p hoto m ete rs Telephone Cambridge 61631 Telex 81215 








x 


LETTERS TO THE EDITOR (continued) 


THE SOLID STATE 


Basal Plane Contraction and Annealing of a Degràphitized 
Carbon.—-Eitaro Matuyama f 


Dependence o of Rate of Creep on the Onentation of the Tensile 

s for Heavily Oriented Graphite; ee G. Zukas and 
Dr. W. V. Green . ‘3 . 

Packing Density of Ats in Metalle Monolayers on 
Platinum.—Dr. B. J. Bowles . 


CHEMISTRY 
Sorption of Nitrogen-16 on Graphite.—R. L. D. French . 


Limitations of the Spectropolarimeter in reference to Optical 
Activity in Meteorites —A. L. Rouy and Prof. B. Carroll 


Bee ht of the Thermal Decomposition, of Bitumen = 
Dr. Imre Lõrinc . s . 

Relative Band Strengths and r-Centzolds for the BPs KR 
System of Nitrogen.—-K. C. Joshi . > . . 


Carbon Tetrachloride naan ang Eeceen Capture. LN. L. 
Gregory . Š $ : 


Formation of Nitrous Oxide ea, Kenner 


SOIL SCIENCE 


Aromatic Hydrocarbons in ponent Simonart ang Tado 
Batistic . 


Fractional Precipitation of Humic Acids ftom Recent Sedi- 
ment by Use of N,N- ee and its Infra-red 
Absorption Spectra.—Akira tsuki and Takahisa Hanya . 


er at of Air firough Wata in ald Saturated Soils, — 
P. J. Wilhams . 


AGRICULTURE 


Experimental Infections of ute with eam kepaiica: 
Challenge Infections.—J. G. Ross . 


Influence of Water Hardness on the Phytotoxiclty of 
Paraquat.—C, Parker z 


Effect of the Causal Fungus of Brown Root Rot of Tomatoes 
on the Hatch of the Potato Root Helwan Heterodera 
rostochiensis Woll.—Giyn L. James x . . 


Change in Response of Lwcesia cuprira Wied. to Organo- 
phosphorus Insecticides in Australia——G. J. Shanahan 
and R. J. Hart . 3 = X : : : 


BIOLOGY 


Swarming of Thysaroessa lon eicavdata (Krøyer) (Crustacea, 
Bupheusiacaa) ın the Shetland Islands, —D,. S T. Fonyth 
Dr. L. T. Jones. 


Use of Tools by the Egyptian Vulture, Neophron herenobtiris. 
e van Lamek Goodall and Hugo van Lapiek- 
od ; 


Sensitization of HeLa Cells ecu taluted 5-Bromodeoxyundine 
to Ultra-violet Light at Different „Stages of the Division 
Cycle.—-Bozidar Djordjevic . . 


Effect of Co on Fruit-set in Rosa. —Dr. G. A. D. Jackson 
and J. B. Blundell . ` ‘ 


Indolyl-3-acetic Acid fon the Developing Banana Frut.— 
Dr. R. A. Khalifah 


Production of Oat Callus and its Susceptibility to a ` Plant 
Parasitic Nematode,—Dr. J. M. Webster A 


Cytokinins ın Citrus - nee of a Cell Division Factor fom 
Lemon Seeds.—Dr R. A. Khalifah and L. N. Lewis 


GENETICS 


Ubiquinove as a Protozoan alls Factor, —Dr. M. R. 

Droop and J Doyle x F a B 

Control of Meiotic Chromosome Pamng by the Chrormèsomes 

of Homosologous Group 5 of Treticum aestivum. —Dr. Raiph 

Reyr Victor Chapman, R. M Young ang Angela M. 
eld . 


Infectivity of Tiyputitsones denyed Fom. Individual 
Glosstra morsitans Westw.—H. A. W. Southon and M. P. 
Cunningham K . . . . . 


Natural Selection in the Mimetie Butterfly B yponmnas 
mistppus L. in Ghana,—Dr. Malcolm Edmunds . 


PHYSIOLOGY 
Effects of Diet on the Com tion of Body Fat in Tuad 
sericata (Meigen).—J.S. Barlow . 


Formation and Retention of the Spermalozoan Reservoir i in 
the Cervix of the Ruminant.—P. E. Mattner . 


Page 


1474 


1475 


1477 


1478 


1478 


1479 


BIOCHEMISTRY 


Model for DNA and Protein Interactions ead the Fiachan o: of 
the Operator.—Alfred Gierer 3 


Ascorbate Stimulation of RNA Synthesis. c. z. Price - 


Search for Radiation poems nons in Nes ee Richard 
M. Lemmon 3 


Antiparallelsfi of Chains in Polygiycino 1 Serot, s. 


bea A Reversal of the Thymineless State in owo. — Prot, 
Glenn A. Gentry and Paul A. Morse, jun. ; . 


Long Term and Short Term Effects on Retention of ¢ a Con- 
ditioned Avoidance Response in Rats by ba irra with 
Long Acting Pitressin and a-MSH.—Prof. D. de Wied 
and Dr. B. Bohus . : . . 


Enzyme ae of Aspermistoeenie Antigon — Prot, 
Seymour Katsh and Dr. Grace F. Katsh 


Non-mycobacterial Adjuvant which mediates E 
Aspermatogenesis.—Prof. Seymour Kateh; Prof. 
Crowle and Dr. Grace F. Katsh . 


Action of Pancreozymin tions on Gastric Secretion. — 
Prof. D. F. Mageo and M. Nakamura . . 


Steroids of Invertebrates: the im vitro Productön of 


erimental 
Area J. 


11-Ketotestosterone and Other Steroids by the Eggs of the 
Slug, Arton ater rufus (aan) eas H. Gottfned and Dr. 
O. Luss . * * . 
Effect of Certaın Nitriles on Cartilage thesis t# viro. — 
Dr. H. Morag McCallum and Dr. EN . Arbuthnott 
Activities of Glycogen Synthetase and UDPG- ‘pyre yrophosph 
lase ın Muscle of a Patient with a New Type of Muscle 


hofructokinase Deficiency . 


GI osis caused by Phos 
~ br Gas 4 zikiri and Mitsuo Nishi: 


Giichi Okuno, Susumu 
kawa 


Formation in — of a Lipoprotein Menibrane masking 
Lysozyme Actıvity.—D. Romeo and B, de Bernard Š 


IMMUNOLOGY 


Active Immunization of Chicks against Plasmodium galin- 
aceum by Inactivated Homologous Sporozortes and 
Erythrocytic Parasıtes.—W. H. G. Richards . 


Antimalarial Activity of Sulphonamides and a Sulphone, 
Singly and in Combination with Pyrimethamine, against 
Drug Resistant and Normal Strains of Laboratory Plas 
modia.—W. H. G. Richards . : i $: 


Artificial Induction of Transplantation Viral Anbgensi in the 
Course of Chemical Carcinogenesis. —Vera P. Hamburg, 
Alexander L. Loizner and Dr. George J. Svet-Moldavsky 

Demonstranón of Antibodies of Different Immunoglobulin 

to the O-Antigen of the Infecting E. col, Strain in 
inate and Children with Pyelonephrins, —L. A. nonon 
and Dr. J. Wmberg . : 

Two Antigenically Distin; iahatils Subclasses of Human 
A Myeloma Proteins differing in Mhoir: Heavy, Chains.— 
D. Feinstein and Dr, E. C. Franklin . 


HAEMATOLOGY 


Colorimetric Determination of Guanidines in Blood.—Prof. 
H. Yatzidis, Dr. D. Oreopoulos, Dr. N. Tsaparas, Dr. S. 
Voudiclari, Dr. A. Stavroulaki and Dr. S. Zestanakls 


CYTOLOGY 


Electron Microscopy of the Chemoreceptor Cells of the 
Carotid Pabyenin of the Toda; “Kosei Ishii and ‘Takeo 
Oosakı 


PATHOLOGY 


Neoplasm Transplantation Inhibition by Uninvolved Lymph 
Tissue.—Burton V. Caldwell and Prof. Paul A. Wright . 


ANTHROPOLOGY 
Canine ‘‘Field” in Sexual Dimorphism of Tooth Size.— 
Dr. Stanley M. Garn, Rose S, Kerewsky: and Dr Daris R: 
Swindler 


Evidence for Collagen ma Fossil of the Löwe foresees 
Dr, Alexander R. Doberenz and Dr. Richard Lund . à 


PSYCHOLOGY 
Mechanism of Binocular Increase of Discomfort to High 
Lumuinance.—Charles ae poyras ang Jonathan D. 
Wirtschafter 
Startle Response of Rats aer the Production of Lesions at 
the Junction of the Mesenicepbalon and the Diencephalon, 
—Sven G, Carlsson > 


1488 


1489 


1490 


1491 


1432 


1494 


1495 


1405 


1496 


1498 


1499 


xil NATURE DECEMBER 24, 1966 








microbiological reagents 
and media 


THE ONLY COMPLETE LINE OFFERED IN U.K. 


Culture Media Peptones Requirements of the Bacteriologist, Bio- 
‘ ee chemist, Biologist, Pathologist and Pharma- 
pile ae Hydrolysates cologist can usually be met promptly from 
TAR Amino Acids our extensive stocks. We shall always be 
Tissue Culture Media Enzymes pleased to obtain other items specially to order. 
Serological Reagents Enrich Please send for the latest technical information. 
z oe complete 
Diagnostic Reagents Indicators k laboratory 
Sensitivity Disks Carbohydrates a , service 
Unidisks Biochemicals an ™ i 

BAIRD & TATLOCK (LONDON) LIMITED, CHADWELL HEATH, ESSEX, ENGLAND. 
Branches in Londor., Birmingham, Manchester and Glasgow. Member of the Derbyshire Stone Group. 








oi DIAMOND WHEEL TUBE AND ROD CUT-OFF MACHINE 


Cuts Glass, Refractories, Ceramics and Semiconductors 





CAPACITY 

With Large Angle Rest 
Tubes from 2” dia. 

to 4” dia. 

With Small Angle Rest 
Tubes from 0-2” dia, 

Rods from O-I4” dia 


Angle Rests 
Interchangeable 
Mounting bench or stand 


Finish grey waterproof 
stove enamel 


Drive flat endless belt 


Adjustable stop on angle 
rest for repetition cutting 


SPINDLE 
High speed vibration free 
taper roller bearings 
Grease lubrication 


MOTOR 


Totally enclosed fan 
Cooled continuous rating 


COOLANT 
re water or soluble 
al 
Soluble oil pump and 
tank unit a separate extra 


DIAMOND WHEEL 
Standard wheel 6” dla. 
x | mm. 

4” dia. x .0157 can be 
fitted for small Rods and 
Tubes. 





Model TCO.104 


Model TCO 100 is a similar machine with maximum capacity of 2” dia. Tube 


CUTROCK ENGINEERING CO. LTD. 


, Phone Finchley 5978-9 35 BALLARDS LANE, LONDON, N3 





Cadi 


No s0099 DECEMBER 24, 1966 


CHINK IN THE 


Mr. Riowarp Crossman, the new Leader of the House 
of Commons, has done much in the past week to win 
friends. He may yet influence people. The issue is 
the modernization of the ancient and archaic machinery 
of Parliament in the United Kingdom, and Mr. Cross- 
man has done more than any of his predecessors in the 
recent past to acknowledge that something must be 
done to improve on the present state of affairs. It 
is true that he has not gone so far as to suggest ways in 
which Members of Parliament might be given decent 
facilities for doing a decent job, and it remains to be 
shown that sittings of the House of Commons on two 
mornings each week will prove more than an empty 
joke, but there is no doubt that his proposals to 
establish two select committees on science and tech- 
nology and on agriculture will be valuable precedents. 
In the long run, they will provide the House of Com- 
mons—and also the other interested parties, particu- 
larly the Cabinet and the Civil Service—with an oppor- 
tunity to learn by practical experience that detailed 
enquiry by a subject committee can be a valuable 
means of scrutinizing what the Government is doing 
without being an intolerable interference with orderly 
administration. It is particularly welcome that 
science and technology should be one of the first sub- 
jects to be dealt with by the House of Commons in 
this way. 

But what should the new committee do? What 
questions should it ask? And how should it seek to 
influence policy ? To begin with, at any rate, it is to be 
hoped that members of the committee will not attempt 
too much. If anybody thinks that the committee on 
science and technology can be used as a means of 
forcing policies on a reluctant government, he should 
be quickly disabused. And if the analogy between the 
committee and the public watchdog is too rigorously 
followed, the committee will frequently find itself 
frustrated by too much detail and too imperfect a 
sense of direction. In this sense, comparisons with 
other legislative committees may be misleading. The 
Public Accounts Committee of the House of Commons 
has, for example, built up a splendid reputation for 
counting candle-ends with precision, and in that in- 
carnation has become a fearsome institution through- 
out Whitehall, yet it is rightly so much concerned with 
uncovering the procedures by means of which past 
decisions were arrived at that it can only indirectly 
influence the forward objectives of public policy. 
Then the committees of the Senate and the House of 
Representatives in the United States most frequently 
function as statutory links in the machinery for approv- 
ing the budgets of the several agencies of the Adminis- 
tration; they, too, spend a lot of time crying over 
spilt milk. The new committees in the House of 
Commons will be most valuable if they can seek to 
influence the formation of the principles on which new 
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policies are constructed. But to begin with, at least, 
they will have to be satisfied with an educative role. 
In the immediate future, the most valuable task which 
the committee could attempt would be to bring out 
into the open the whole process of forming public policy 
in science and technology. This, after all, is how the 
Commons Committee on the Nationalized Industries 
has made its mark. 

To this end, it is partioularly welcome that Mr. 
Crossman has it in mind that the proceedings of the 
committees should usually be open to the public. 
Although there are arguments the other way, only by 
such means can the committees hope to claim and to 
hold the attention of the outside world which the 
potential importance of their work deserves. The com- 
mittee on science and technology should not, in 
practice, too frequently rush for the bolt-hole of 
secrecy which Mr. Crossman has allowed for in his state- 
ment. It is also to be hoped that it will gather evidence 
widely, and from outside the Government and its 
immediate connexions. There is no reason why it 
should not frequently provide a forum in which critics 
of government policy might urge heterodox arguments 
—or even discredit themselves. 

Fortunately, there is no shortage of topics into which 
the committee can usefully enquire. It is, for example, 
several years since the British Government and several 
of its appendages began to talk of constructing yard- 
sticks for deciding how to allocate money and resources 
to research and development; ıt would not be out of 
place to ask how they are getting on. There are ques- 
tions such as what should be done with or at Harwell; 
how much attention should be paid to postgraduate 
teaching in the education of scientists at a time when 
administrators and some others think of it as a luxury 
but when university teachers and many employers 
know it to be an essential part of professional training ; 
what should be done to strike a more equitable balance 
between civil and defence research, or at least to ensure 
that more civil benefits are won from the great spending 
on military development; whether the Government is 
entirely right or, alternatively, entirely wrong in trying 
to persuade more people to go into industry by exhorta- 
tion rather than by persuading industry to make 
industrial life more attractive for professional scient- 
ists. Simply by asking the right questions, and per- 
sisting with them, the committee can perform a great 
public service. 


THE NEXT ACCELERATOR 


Ture will be modest rejoicing this Christmas among 
high-energy physicists in the United States, for now 
that the Congressional elections are safely over, æ site 
has at last been chosen for the 200 GeV proton accelera- 
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tor intended for operation a decade from now. This is 
something to be grateful for, even though the pressures 
on the budget of the United States may yet delay 
the project or even kill it altogether. And those in 
Europe who would like to see a 300 GeV accelerator 
under the umbrella of CERN will now be encouraged 
to think that project, too, is a step nearer to reality. 
For can Europe risk staying out of the accelerator 
business when the United States is forging ahead ? 
That is how the caloulation goes, and there is much 
talk of how the brain drain would be accentuated if the 
largest accelerators were all outside Europe. But the 
calculations may be wrong. 

In Europe, and even in the United States, it is 
increasingly difficult to decide how public expenditure 
on the large accelerators should be justified. To say 
that building accelerators is the only sure way of 
preventing high-energy physicists from emigrating is 
only a local argument and does not, in any case, cut 
much ice in places where high-energy physics is con- 
sidered something of a luxury. But that is altogether 
too stern a view. High-energy physics is a central 
and inescapable part of the most respectable of intel- 
lectual traditions. It is as unreal to suppose that 
civilized societies could stop building accelerators as 
to think that funds should not in future be supplied to 
art galleries on the grounds that such institutions do 
not contribute directly to economic production. The 
practical question, however, which is in no sense 
unreal, is to establish more convincing criteria for 
settling the scale on which the continued financing of 
new accelerators should be conducted. 

Unfortunately there is good reason to believe that 
the high-energy physicists themselves could be more 
helpful than they are. The report from CERN in 
which the case for a 300 GeV accelerator in Europe 
was first argued, four years ago, begged most of the 
important questions about the reasons for supporting 
high-energy physics. Then it is now even more clear 
than four years ago that the building of large machines 
on an international scale can and should be a substitute 
for national programmes of machine construction 
and not, as CERN tended to argue at the beginning, a 
kind of pinnacle for a continually growing body of 
research in high-energy physics. An open acknow- 
ledgment of this would help to loosen many purse- 
strings, as would a more open agreement by physicists 
about the timing of various projects. In particular, 
there is good cause for asking whether the 300 GeV 
machine would not profit from being delayed at least 
until the new machine in the United States was some 
way towards completion. And why should not CERN 
seek to make a bargain with the accelerator builders 
in the United States, to exchange experimental time 
on the 200 GeV machine at Weston for American 
access to a 300 GeV machine in Europe, started four 
or five years later ? These and other awkward questions 
may have entirely sensible answers. Those who would 
build machines would be well advised to spend at 
least a good part of their boundless energy answering 
them. ° ; 
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NEWS AND VIEWS 


Accelerator Come Home 


Tax Midwest has won. Of all the contenders for the 
site of the 200 GeV proton accelerator proposed in the 
United States as a successor to the 33 GeV machine 
at Brookhaven, the states in the American Midwest 
had the strongest political claim. They were tired of 
seeing lush federal contracts for scientific and defence 
projects going either to the East or West coasts or to 
Texas, and they said so. Now, after more semifinal 
rounds than an international beauty contest, the 
choice of the actual site has been announced: Weston, 
Illinois, near Chicago and the Argonne National 
Laboratory. 

The U.S. Atomic Energy Commission has spent six 
months weighing the relative merits of the six sites 
selected from a short list of 85 by the National Academy 
of Sciences. Apart from Weston, the six were: Ann 
Arbor, Michigan; Brookhaven Laboratory on Long 
Island; Denver, Colorado; Madison, Wisconsin; and 
Sierra Foothills, near Sacramento, California. All of 
these spots had been judged to be near transport, local 
and international, and near major centres of research, 
for the commission considered it essential that the 
accelerator be placed where it would contribute to 
the effectiveness of research in the United States on 
elementary particle physics. Scientists must be able 
to fly there for the day. One of Weston’s attractions, 
which may have tipped the balance, is that it is just a 
40 minute drive from O’Hare Airport in Chicago, 
which can be reached non-stop from many cities in 
Europe as well as in the United States. 

The 200 GeV machine is not quite as good as built. 
The AEC will ask for only $10 million towards the 
budget for the coming fiscal year, to cover the first 
designs, but actual construction funds may easily 
have to wait until the financial demands of the Viet- 
namese war have lessened. The magnet ring of the 


new machine—if and when it comes into existence— # 


will have a diameter of one mile. It will take about 
eight years to construct and the cost will be about 
$300 million, with another $75 million for research 
equipment and a bubble chamber. In all, the national 
laboratory which will surround the accelerator is 
expected to employ about 2,000 people. The AEC 
has already sought assurances from schools, trade 
unions and estate agents in the surrounding countryside 
that the newcomers brought would not be subjected to 
racial discrimination. Such undertakings were given 
more freely by those near the site than those farther 
away, but the AEC feels confident that the community 
to be established will be fair and tolerant. 


Not Yet in Europe 


By the announcement of a site for the 200 GeV machine 
in the United States, the Atomic Energy Commission 
has stolen a march on CERN, where progress in the 
planning of the 300 GeV machine is slow if methodical. 
At the meeting of the council of CERN a week ago, it 
was decided that a final choice between the nine sites 
in Europe now on offer would be made by the end of 
1967. The council has hit on the ingenious idea of 
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appointing a committee of three people chosen from 
member states not seeking to build the accelerator 
on their own territory—Denmark, the Netherlands and 
Switzerland—to narrow down the choice to three sites. 
The council itself, between September and December 
next year, will then make a final decision, no doubt 
in a process in which the three shortlisted countries 
will find themselves expressing their willingness to 
accommodate the accelerator by the size of their 
financial contribution. 

The council is also hoping that by the end of 1967 
European governments will finally commit themselves 
to the financing of the accelerator although, on this, 
hopes may be disappointed. Everything will depend 
on the extent to which the principal contributors, such 
as the United Kingdom, feel themselves able to commit 
substantial sums to the operation of the large accelera- 
tor. On the legal side, however, there is more optimism, 
and there is apparently general opinion among the 
governments of member states that the 300 GeV 
laboratory should be governed by the same convention 
as that which applies to the present laboratory at 
~ Geneva. The council has also approved a suggestion 
that there should be some kind of collaboration between 
CERN and the Russian laboratory at Serpukhov, 
where a new 70 GeV accelerator is due to operate in 
1967. For a time at least the Russian machine will 
be the most powerful proton accelerator in the world, 
although the laboratory at Geneva hopes to have 
its intersecting storage rings in operation before 
the new machine in the United States comes into 
service. 


Origin of Genetic Code 


THs genetic code is probably universal, said Dr. 
F. H. S. Crick, speaking at the winter meeting of the 
British Biophysical Society on December 20. Although 
some doubts remained, further evidence would probably 
show this to be the case. But why should it be univer- 
sal? There were two possible explanations, he said. 
One was that it was the only possible code for stereo- 
chemical reasons, because the amino-acids fit uniquely 
either to the codons or to the anti-codons. (The first 
\ possibility was suggested by Pele and Welton earlier 
this year in Nature, 209, 869; 1966; but Dr. Crick found 
it quite unacceptable; the second was more likely, and 
evidence for it seemed to be accumulating.) Another 
type of explanation for the constancy of the code was 
that it had become so complicated that any change 
would be lethal—that the genetic code had got into a 
rut. The fact that there is only one version of the code 
and not several co-existing versions still needed to be 
explained. 
Dr. Crick’s subject was the origin of the code, and 
he went on to discuss possible primitive systems. It 
was clear, for instance, that a primitive system would 
not need all 20 amino-acids; a system of 4 or 6 amino- 
acids would be sufficient. The primitive system was 
_ likely to be concerned with nucleic acid replication, 

but the sequence of the nucleic acids had to be right; 
« this would probably have come about by chance. He 
said it would be necessary to postulate an enzyme to 
catalyse the stringing together of the monomers, 
unless someone could find a mineral with holes of the 
right size to catalyse the reaction. 

According to Dr. Crick, the evolution of the code is 
unlikely to have taken place by the addition of amino- 
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acids to a primitive system in which a small number of 
amino-acids was sufficient. But how else ? 

It was a pity, Dr. Crick said, that there is no other 
system with which to compare our own. He was 
pessimistic about finding a system on Mars, but the 
study of meteorites and fossils might help. 


Middle-sized Ald 


A SCHEME for helping to foster the wider use of simple 
machinery in underdeveloped countries has been 
started in London by a group known as the Intermedi- 
ate Technology Development Group, with Mr. E. F. 
Schumacher, Economic Adviser to the National Coal 
Board, as one of the prime movers. He has long been 
known for his view that advanced nations may be 
mistaken in seeking to force the pace of development 
elsewhere by concentrating on aid with sophisticated 
technical developments. The group, which was set 
up last February, is being financed by a grant from the 
Scott-Bader Foundation and by subscriptions from 
individuals and companies. As its first task, the group 
has set out to compile a catalogue of items of equip- 
ment costing less than £100 and already being manu- 
factured in Britain—winches, pumps, simple agricul- 
tural equipment and the like. The o izers are 
hoping that the cost of the venture will be at least in 
part offset by charges levied on manufacturers. 

On future developments, Mr. A. G. R. Gater, who has 
left the National Economic Development Council to 
work with the group, says that the setting up of an 
information centre to give detailed advice about 
equipment, to manufacturers as well as to purchasers, 
would be a natural development of the buyers’ guide. 
Eventually the group may be able to undertake con- 
sultancy for customers in developing countries. Mr. 
Gater said that the group had been enormously en- 
couraged by letters of support from individuals and 
by offers of practical help from people with knowledge 
of developing countries, many of whom had returned 
to Britain with the intention of manufacturing equip- 
ment intended for use elsewhere. There was a “good 
head of steam”, as he put it. 


Hot New Gospeller 


As fast as the ‘New Christianity’ abandons its position 
of moral arbitration, technology takes it up. This at 
least seems to be the feeling of the British Minister 
of Technology, Mr. Wedgwood Benn, who last week 
gave the world seven new deadly sins. He was speak- 
ing at a luncheon attended by the Directors of the 
Research Associations, and for all his eloquence, he 
made the new sins sound far less fun than the old. 
Briefly, Mr. Benn’s sins are Academic Escapism, 
Graduate Rejection, Student Brainwashing, Industrial 
Amateurism, Status Hunting, Neo-luddism and Anti- 
technological Bias. 

Some of these, of course, need to be explained, which 
shows how copywriting has declined since the old 
list was compiled. Gluttony and sloth used to speak 
for themselves, and were particularly appropriate for 
lunchtime occasions, but the new technology somehow 
lacks the impact of the Old Testament. Mr. Benn did 
elaborate, of course. ‘Student Brainwashing”’ applies 
to “teachers who try to pick out their so-called ‘bright- 
est’ pupils for so-called ‘academic’ education, and 
simultaneously discourage them from seeking careers 
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in ind ”. It sounds difficult, not to say uncom- 
fortable. “Academic escapism” is practised by 


“university dons who interpret academic freedom as 
an excuse for escaping from the social responsibility 
of deploying some of their great talents to help find 
practical answers to the research and engineering 
difficulties that face our industries’. This sin is 
secretly practised, Mr. Benn added coyly, in some well 
known ivory towers. 

The unfortunate thing about the performance is 
that Mr. Benn is selling technology by arguments 
which do not reflect its real value. This is rather like 
backing a horse because it has a pretty name; it may 
be an amusing way of losing money, but serious 
punters recognize that it is rather silly. 


Vibration Analysis 


Tue use of an on-line digital computer in the analysis 
of sound and vibrations is to be sponsored by the 
Science Research Council with a grant of £55,000 
to the Institute of Sound and Vibration Research at 
the University of Southampton. The high resolution 
analysis of random signals is becoming increasingly 
important in a number of applications and in particular 
m the design of mechanical equipment of all kinds. 


Brain Drain Return 


Lorp FuLTON, the retiring Vice-Chancollor of the 
University of Sussex, has made public some cheering 
figures about the origins of the academics recruited to 
the faculty at his university in the past few years. He 
says that 60 per cent of the faculty has worked for a 
time overseas and that 38 per cent of the 229 university 
teachers recruited in the past two years were working 
in posts abroad at the time of their appointment. 
Altogether, 53 of these 86 prodigal sons were working 
in the United States and Canada, and the University 
of Sussex can boast that no fewer than 21 of the 
teachers recruited from abroad were citizens of the 
United States. Lord Fulton, in his address to the 
Court of the University, said that these figures show 
“the international traffic in scholarship as well as the 
need for caution before jumping to conclusions about 
the losses which are sustained by this country”. With 
becoming but convenient modesty he did not raise the 
possibility that the attractions of the University of 
Sussex to academics working abroad may be greater 
than those of at least some other British universities. 


Micro-Information 


Wir the intention of encouraging the still fuller 
use of devices for copying documents, the Office of 
Scientific and Technical Information at the De 

ment of Education and Science has laid out £32,691 
to create what it calls a National Reprographio Centre 
at the Hatfield College of Technology. There will be 
a handful of people under the County Technical 
Librarian, Mr. G. H. Wright, who will collect and 
disseminate information about new copying systems 
and also to assess the merits of systems and equipment 
available in Britain. At this stage it is not intended 
that the Centre should undertake the development of 
new pieces of equipment, although this is not entirely 
out of the question. The Hatfield College of Tech- 
nology has been holding courses on information 
retrieval for somes years, and in 1965 Mr. B. J S. 
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Williams at the college was asked by the Office of 
Scientific and Technical Information to carry out a 
study of information retrieval based on microforms. — 

Mr. Williams says that the work of the Centre is 
made topical because “for the first time it is going to 
be cheaper to copy journals and reports than to buy 
them”. He reckons that the cost of materials and of 
processing in the production of a piece of micro-film 
containing up to 60 pages of text and known alter- 
natively as a “microfiche” or a “microform” is 
unlikely to exceed 6d. (£0:025). He points out that 
government departments in the United States have 
done much to encourage the use of these devices, chiefly 
by circulating official reports in this form. He thinks 
that in three or four years, miorofiches will also “catch 
on in Britain”. 

In practice, the Centre at Hatfield intends to work 
closely with comparable organizations in the United 
States and the Netherlands. In the United States 
there is a Library Technology Programme supported 
by the American Library Association, and in the 
Netherlands there is the microfiche Foundation at 
Delft. So far, more seems to have been done to im- . 
prove the effectiveness of copying methods than to 
deal with some of the legal problems which arise from 
their use. The copiers acknowledge that steps will 
eventually have to be taken to deal with copyright 
problems, and in particular to arrange that copyright 
owners receive some kind of royalty for what is copied, 
but there is as yet no experience to suggest how this 
should be done and in any case there is always the 
awesome prospect that any substantial change in 
existing practice will require amendment of copyright 
legislation. The technological problems are much 
easier. 


Newcastle Perplexed 


A SENSE of muted protest pervades the report of the 
Vice-Chancellor of the University of Newcastle upon 
Tyne, Dr. C. I. C. Bosanquet. The “alternating spasms 
of extravagance and parsimony” to which the universi- 
ties are subjected by the “kaleidoscopic changes of 
Government policy” involve them, he says, in as many 
changes of fortune as a player of ‘Monopoly’. He/ 
suggests that this is probably inevitable, but says that 
in return for the flood of information which the univer- 
sities send to the Department of Education and Science 
and the University Grants Committee, they might well 
ask the Government to give them earlier information 
and fuller explanations of their changes in policy. 

Expenditure for the financial year ending on July 31, 
1966, amounted to more than £4-5 m, and capital grants 
of almost £17 m were given for building projects 
starting in 1965-66 and 1966-67. The university now 
has 4,412 undergraduates, and 730 graduates, and 
intends to expand to 6,000 students by 1972, if the 
finances are forthcoming. There would seem to be a 
good case for this expansion, with the decision not to 
build a new university on Tees-side. Newcastle has 
been distinctly lukewarm about the project from the 
beginning, and Dr. Bosanquet regrets that its condi- , 
tional support has been quoted as unconditional 
support. 

The most interesting new addition to the university 
during the year is the MRC Reproduction and Growth 
Research Unit at the Princess Maternity Hospital, 
under Dr. A. M. Thompson. It was previously at 
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Aberdeen, but Dr. Bosanquet is clearly delighted that 
the MRC has decided to move it to Newcastle. 


Education by Museum 


Tus New York Museum of Natural History is preparing 
for its centenary in 1967 and this year’s annual report 
describes a large expansion programme. Education is 
among the departments being extended, but what there 
is already appears to be cheerfully advanced. 

Lectures “exploring the world of nature” for large 
audiences of adults and children are to be added to the 
existing school programme “The World We Live In”. 
As part of the Federal Government’s Operation Head- 
start, children of pre-kindergarten age are attending 
the Natural Science Center for young people, to learn 
about small live animals and plants which are native 
to New York. Similar, but more advanced, instruction 
is already given to groups of children from primary 
schools. There are also courses of six lectures for young 
people, given on Saturday mornings, in archaeology, 
amphibians, reptiles, nature study for beginners and 
the ecology of mammals. High school scientists have 
a series of lectures and field trips on the ‘principles of 
geology’. 

The Louis Calder natural science laboratory provides 
facilities where project work submitted by young people 
can be earried out. In the first year, projects were 
carried out by nine children aged from nine to sixteen. 
One boy carried out a learning experiment with ants; 
another prepared an exhibit of an Indian sholl heap 
which he had discovered, and a third carried out a horti- 
cultural project. 

The museum has a special programme of instruction 
for children in hospitels and special schools, and natural 
science kits prepared by the staff of the Natural 
Science Center are sent out to schools in New York. 
The contents of the kits include mosses, fungi, shells, 
feathers and insects. There are also collections of films, 
slides and exhibits available and these can be borrowed 
by groups outside the museum. 


Optical Activity of Proteins 


\ by a Correspondent In Molecular Petrology 


Tar observation of optical activity (optical rotatory 
dispersion or circular dichroism) has, for some years 
now, been the principal method available for studying 
the conformation of the polypeptide chain in solution. 
On the simple assumption that the only ordered struc- 
ture which it is necessary to consider is the «-helix, 
semi-empirical procedures, particularly the well known 
equation of Moffitt, have been used to analyse con- 
formation and to follow conformational changes. With 
improved instrumentation it became possible to 
examine directly the Cotton effects associated with the 
peptide group, and the three states of the polypeptide 
chain which now appear to be important in globular 
proteins—the «-helix, the 6-structure and the random 
form—have been well characterized. More recently, 
however, several examples have come to light of 
measurable Cotton effects in proteins associated with 
the absorption bands of the aromatic amino-acids in 
the neighbourhood of 280 mu. The origins of these 
effects have been uncertain, but they have seemed of 
interest both because they vitiate conformational 
analyses in terms of optical rotatory dispersion and 
also because they suggest a new means of studying 
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the environment of the aromatic amino-acids, which 
appear in a number of cases to be implicated in bio- 
logical function. A prominent example is the suggested 
presence of tryptophan at the binding sites of anti- 
bodies. . 
The first systematic attempt to olarify the origins 
of aromatic Cotton effects in proteins appears in an 
article by Rosenberg (J. Biol. Chem., 241, 5119; 1966). 
In the first place, it must be understood that the 
Cotton effects of the free aromatic amino-acids are very 
small; thus the absorption band of tyrosine at 270 mu 
has a rotatory strength two orders of magnitude smaller 
than that attributed to the n—x* transition of a 
peptide group in the «-helical state. In the absence of 
specific environmental perturbations, any aromatic 
Cotton effects in proteins must therefore be vanish- 
ingly small. There are two ways in which the Cotton 
effects observed near 280 mu can be thought to arise: 
the first is from resonance interaction between appro- 
priately oriented identical groups (exciton interaction), 
as in polynucleotides and «-helical polypeptides, and 
the second from perturbations by a charged environ- 
ment. Rosenberg has shown that large changes in 
rotatory strength of the free aromatic amino-acids or 
their derivatives can be induced only by changes in 
their charge state (ionization of «-carboxyl or amino 
groups). It is certainly most likely that the effects in 
proteins come about through the presence of charged 
groups in close proximity to the aromatic residues. 
Rosenberg also describes an important consequence. 
Whenever a Cotton effect in an aromatic amino-acid 
or its derivative is observed in the 260-280 my region, 
a very much larger effect appears at 210-240 mu where 
the chromophores have their second #—2* absorpticn 
bands. In proteins, such Cotton effects would be 
obscured by those of the peptide backbone, which 
occur in the same region. It does appear, however, 
that in the increasingly large number of proteins in 
which aromatic Cotton effects are observed, extreme 
caution must be exercised in interpreting the Cotton 
effecta in the peptide region in terms of conformation. 
At the same time, there now appears some hope of 
understanding the bewildering variety of Cotton effects 
in the range 190-240 my in the large number of 
essentially non-helical globular proteins, where the 
spurious simplicity imposed by dominance of the 
«-helix is eliminated. The same journal also contains 
reports of the studies by Rosenberg (ibid., 5126) and 
Edsall and his associates (ibid., 5150) of the optical 
rotatory dispersion and circular dichroism of carbonic 
anhydrases in which aromatic Cotton effects are very 
prominent and in which they were first reported (from 
Edsall’s laboratory). It is now shown how these 
Cotton effects vary with the state of the protein and 
how they may be analysed, at least tentatively, into 
contributions from the particular aromatic amino-acids 


Snow and Ice and Cold 


Tus International Conference on Low Temperature 
Science, which was held at Sapporo (Japan) in August 
1966 to celebrate the twenty-fifth anniversary of the 
Institute of Low Temperature Science, Hokkaido, 
concentrated on two fields: the physics of snow and ice 
and oryobiology. . 

Creep phenomena in ice were explained in terms 
of the movement of dislocations, and the velocity of 
dislocation was shown to be dependent on stress. One 
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difficulty is that if all mechanisms of creep involve 
dislocations, the spread of values for the function 
describing the creep rate should not be nearly so great 
as observations show it to be. The modification of the 
electrical properties of ice by the introduction of 
defects into the structure in amounts greater than the 
equilibrium concentration was also discussed; doping 
the ice with chemical agents or by optical irradiation 
has a considerable effect. At the conference it was also 
shown that the electrical conductivity of a surface of 
crystallizing ice is governed by the interaction of cations 
with Z-defects. The mechanical and physical proper- 
ties of snow were discussed at the conference. The 
difference in the change of creep rate with temperature 
for ice and snow respectively was attributed to greater 
chemical contamination in snow than in ice and to a 
greater effective stress in snow because of its more 
open structure. On the mechanism of snow avalanches, 
it was reported that a fairly reliable index of the collaps- 
ing condition of the snow cover can be obtained from 
measurements with a resistograph and snow sampling 
tube. The physics of frost heaving were concerned 
with the prevention of frost heaving, and the formation 
of bubbles in ice lenses at freezing point. It was shown 
that the phenomenon of frost heaving could be ex- 
plained if it was assumed that there are mobile films 
of water between the ice and the soil particles. One 
objective here is to find some means of preventing the 
process. 

The organizers of the conference chose to deal with 
cryobiology in what they call a work-shop and they 
claim that this was remarkably successful. Discussion 
concentrated on the details of the mechanism of cellular 
injury and resistance of organisms to freezing. 


Mosquitoes with Viruses 


Tua medical and ecological importance of two groups 
of arboviruses—the California complex and the 
Bunyamwera group—which are carried by mosquitoes 
was discussed at a symposium organized by the 
Research Institute of Epidemiology and Microbiology 
of Bratislava in October. These viruses are responsible 
for systemic infections of man which sometimes affect 
the respiratory and nervous systems, and they have 
been isolated and characterized from many mosquitoes 
and from vertebrates including man. 

Serological and ecological investigations have re- 
vealed vertebrates with neutralizing antibodies against 
the viruses. In the Camargue a strain of Tahyna 
virus (of the California complex) was isolated from the 
mosquito Aedes caspius, and in this region many human 
and virtually all horse sera collected contained anti- 
bodies against the virus. The Inkoo virus, of the same 
complex, was isolated from a pool of Aedes communis 
and Aedes punctor in Finland, where antibodies against 
the virus were found in about 30 per cent of the human 
and bovine sera, and in about 60 per cent of the rein- 
deer sera which were collected. Similar work in 
Southern Moravia established that Aedes vexans is the 
principal vector of Tahyna virus in this region, where 
a high proportion of hares and domestic pigs showed 
antibodies, which suggested that they are the main 
vertebrate hosts for the virus. 

Viruses of the Bunyamwera group have been isolated 
from mosquitoes near Poona in India, and there is 
evidence for antibodies in the sera of horses and 
cattle although no illness caused by infection has yet 
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been established. Viruses of this group have also been 
isolated from Aedes curtipes in Sarawak; antibodies, 
which were never present in a high proportion in human 
sera, were commonest in the coastal swamp and in 
inland forests. 

Isolation of viruses from human beings has revealed 
their connexions with various diseases. In 1964 the 
La Crosse strain of California virus was isolated from 
the brain of a child who died of meningoencephalitis. 
Other members of the family had antibodies against 
the virus, and serological investigations in Wisconsin 
showed a relationship between the presence in the sera 
of antibodies to California virus and exposure to a 
forest or rural environment. At least thirty-seven 
cases of encephalitis in children in the mid-west of the 
United States have been shown to be the result of 
infection with a virus of the California complex. 
Viruses have not been isolated from children with 
febrile respiratory illness, but a number of serological 
conversions against Tahyna virus have been demon- 
strated in such cases in Czechoslovakia. 

The symposium also heard something of the progress 
in the development of the special techniques necessary 
for the investigation of these viruses. The multi- 
plication of Tahyna virus has been examined in tissue 
culture and in various experimental animals; only 
chimpanzees have reacted with a febrile illness. This 
virus did not show a particular affinity for nervous 
tissue unless it was inoculated into the central nervous 
system. This also seems to apply to the Bunyamwera 
viruses, although a laboratory infection with Germiston 
virus has been followed by mental confusion. 


Baboons with Bilharzia 


A TBIBE of baboons in Lake Manyara National Park, 
Tanzania, has been found to be harbouring Schistosoma 
mansoni—the organism which causes bilharzie. Mr. 
A. Fenwick, Bilharzia Research Officer of the Tropical 
Pesticides Research Institute, has written to say that 
viable laterally spined ova of the organism have been 
found in faecal samples from a tribe of baboons 
(Papio anubis) in an isolated ravine in the national 
ark. 

7 The attention of the authorities was drawn to this? 
site as a focus of bilharzia after the infection of several 
visitors in July and August 1966. They suffered a 
violent swimmers’ itch after bathing in a pool formed 
by the river issuing from the ravine, and ten bilharzia 
cases were later confirmed among these people and 
typical S. mansoni ova were found in their faeces. 
Populations of Biomphalaria pfeifferi, the local inter- 
mediate host of Schistosoma mansont, and Lymnaea 
natalensis have been found in the river and specimens 
of Biomphalaria shedding mammalian-type cercarias 
have been collected. There are few local inhabitants 
and the steepness of the ravine appears to deter their 
visiting the lower reaches of the river. 

The preliminary observations indicate that the snails 
are being infected from an animal reservoir and that 
baboons may be sustaining the life cycle of the parasite 
and maintaining the source of infection to visitors. 
Studies are continuing in order to confirm identifica- 
tions of the adult schistosome by infecting mice with 
cercariae emitted by snails collected from the river, 
to obtain some indication of the proportion of baboons 
infected, and to find whether or not other mammals, 
particularly rodents, are also involved as hosts. 
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Parliament in Britain 


On Desember 15, Mr. A. Crosland said that approxim- 
ately 20,050 places in faculties in science and technology 
were taken up in universities and colleges of advanced 
technology in October 1964 and 24,341 in October 
1965. In addition, 3,760 students were admitted in 
the 1965-66 academic year to full-time and “sand- 
wich” degree courses in science and technology in 
technical colleges. The reports of the Universities 
Central Council on Admissions indicated that, in the 
field covered by their scheme, 1,500 fewer students in 
science and technology were admitted in 1964 than 
the institutions had forecast, and that in 1965 admis- 
sions differed only marginally from the estimate, 
although in pure science the number was 430 below 
the estimate. 


Ix reply to a question on December 12, Mr. G. Roberts 
said that 3,109 suitably qualified candidates applied 
for Science Research Council studentships to start in 
October 1966; 2,763 were offered awards. There 
had been a progressive increase in the number of 
awards made by the council during the past few years, 
but the council was responsible for only about half the 
total awards for postgraduate study. 


Is a written answer in the House of Commons on 
December 12, the Chancellor of the Exchequer, Mr. J. 
Callaghan, stated that Sir William- Fisher had been 
appointed chairman of the Decimal Currency Board 
and Lord Erroll deputy chairman. The board’s func- 
tions would be (1) to examine in detail the problems 
of the changeover, including consultation as appro- 
priate with interested parties; (2) to promote the 
speedy and efficient transition to the use of a decimal 
currency; (3) to organize a programme of guidance 
to the public; and (4) to examine any claims for com- 
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pensation (within the Government’s broad policy on 
the subject) and to make recommendations. 


Is written answers in the House of Commons on 
December 15, Mr. G. Roberts stated that 384 students 
who qualified for first degrees and 515 graduates 
awarded higher degrees in 1964-65 were known to 
have taken permanent employment overseas. These 
figures exclude graduates in medicine, dentistry and 
veterinary science, and overseas students returning 
to their own country. The average recurrent expendi- 
ture by universities per undergraduate was estimated 
in 1964-65 as £630 per annum. 


Ix reply to a question in the House of Commons on 
December 13, the Parliamentary Secretary to the 
Minister of Power, Dr. J. Bray, gave details of ten 
current research contracts, totalling about £53,000, 
placed with universities or colleges of advanced tech- 
nology. This did not include contracts placed by the 
nationalized industries which last year numbered 138, 
totalling about £25,000. 


Announcements 


Tum sixth Biennial International Conference of the West 
African Science Association will be held in the University 
of Abidjan during March 20-25. The conference is open 
to all those interested in the advancement of science in 
West Africa, and papers will be presented within the 
following four sections: Physical Sciences and Mathe- 
matics, Earth Sciences, Biological Sciences, and Social 
Sciences. Further information can be obtained from Dr. 
J. A. Braun, General Secretary, Association Scientifique 
de Côte d'Ivoire, BP.4322, Abidjan, Ivory Coast. 


Erratum. In an article in Nature, 212, 499 (1966) 
entitled “Direct Measurement of a Biphotonic Photo- 
ionization in Liquid Solution” by Herschel 8. Pilloff and 
A. C. Albrecht, the reference numbers in the ninth hne 
should be 2—4 and not 3-5. 


THE NIGHT SKY IN JANUARY 


All times are in Universal Time > 
Moon CORJURCTIONS WITH THR Moon 
New Moon 108 18h Venas 12d 00h, 4° N. 
Full Moon 28d O7h 08d 19h, 04° 8. 
Mars {31A 21h, D'N. 
Jupiter 25d 18h, 4° 8, 
Saturn 15d 28h, 2° N. 
PLANETS 
Times of rising (72) and setting (9) during the month 
Name RIS Beginning Middle End Mag. Dy (10* mifteq) Zodiaca! position 
Mercury S Unfavourable 17h 25m —09 132 Sagittarius 
Venus g Unfavourable 17h 40m 18h 30m —3-3 150 Capricornus 
Mare R 00h 30m 00h 10m 28h 40m +0-9 119 Virgo 
Jupiter RRS 17h 40m 16h 30m 7h 26m —2-2 398 Cancer 
S 22h 40m 21ih 50m 21h 00m +14 926 Aquarius 
Dy is the distance of planet from the Earth on the 15th of the month. 
QOOULTATIONS OF STARS BRIGHTER THAN MAGNITUDE +6 aT GREENWIOH 
Star RID Time Mag 
o Pso D 18d 18h 46m 45 
(D, disappearance; R, reappearance) 
METEORS 
Name Active period Date of maximum Radiant Remarks 
Quadrantids Bd-Bd 4d Olh R.A. 282° Favourable 
Dec +650° 


Jupiter at opposition 
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Computers in the Library 


The 
by MICHAEL F. LYNCH 


Postgraduate School of Librarianship, 
University of Sheffield 


lead 


A NUMBER of novel information services are currently 
becoming available in Britain to workers in science, 
medicine and engineering. They include the MEDLARS 
service of the U.S. National Library of Medicine’, pro- 
vided jointly by the National Lending Library for Science 
and Technology and the Computing Laboratory of the 
University of Newcastle upon Tyne, the service based on 
Chemical Titles? and Chemrcal-—Biological A ctartites*.+ to be 
provided by the Chemical Society Research Unit in Dis- 
semination and Retrieval of Information at the University 
of Nottingham, and that of the National Electronics 
Research Counc’. The provision of these services is 
supported by the Office for Scientific and Technical In- 
formation of the Department of Education and Science, 
which also encourages research by means of grants and 
contracts. In these services, computers are used to 
select references to articles from the current periodical 
literature. The role of the computer in this operation, 
and the place of the new services in the British information 
system, are matters of current interest. 

The application of computers to the selection of refer- 
ences in response to a request for information is not new. 
Almost 10 years ago, H. P. Luhn of the IBM Corporation 
experimented with selective dissemination of information 
by matching descriptions of scientists’ interests with index 
terms applied to articles*. What has followed was stimu- 
lated by Luhn’s work, but he is perhaps most widely 
known today for his KWIC—or Key-Word-In-Context— 
Index, a machme-produced concordance of the titles of 
articles produced by machine’. 

The success of the KWIC and other machine-produced 
title indexes (Chemical Abstracts Service launched 
Chemical Titles in 1961, and this has been followed by 
many similar publications) and the slower inception of 
computer based information services highlight the 
problems of retrieval. The computer is essentually a 
manipulator of symbols and not an information processing 
device in the strict sense. The success achieved in numeri- 
cal computation and allied fields derives from the existence 
in these areas of meani rules or algorithms for 
processing symbols into some useful final state, the rules 
being incorporated into the computer programme. The 
relatively slow progress in applying computers to the field 
of scientific information can be ascribed to the inadequacy 
of rules for manipulating the symbols by which the in- 
formation is recorded. Almost the sole established rule 
of use, when Luhn began his work, was the ordering of 
words in alphabetical sequence (although, as Metcalfe’ 
bas commented, this is one of our best precision tools, 
hence the success of the KWIC index). To use computers 
effectively for retrieval, we must first discover the appro- 
priate rules. 

The essence of the problem 1s that the relation between 
concepts and the words in which they are described is as 


ast few years have seen many experiments In the automatic 
handling of information. 


It ls too soon to know where they will 


yet imperfectly understood. For retrieval, this means 
that @ request for information, phrased in a certain set of 
words, may be satisfied by an article, the words or the 
description of which may be an entirely different set. 
Much of the research in information retrieval (or, more 
precisely, reference retrieval) by computer has therefore 
been concerned with establishing computable models 
which bring these two sets of words into approximate 
coincidence, thus leading to the correct selection of refer- 
ences. The assessment of “correct in this context is 
iteelf a most difficult task, as it depends primarily on 
human factors and, in the final analysis, on a judgment 
of usefulness. Much of the pioneering work in the evalua- 
tion of retrieval systems has been carried out by Cleverdon 
at Cranfield’. 

The devices traditionally used to overcome the prob- 
lems of variant’ word descriptions are indexing and 
classification, and these retain their place in computer 
studies, although earlier workers tended to discount the 
importance of classification. Indexing ıs the selection or 
assignment of words describing the content of a document. 
It mvolves decisions that relate to the body of the docu- 
ments being indexed, and to the questions likely to be 
put to the collection. The index words must both deseribe 
and discriminate. The indexing may be derivative (word 
indexing), using only words used in the document, or it 
may be by assignment (subject indexing), that'is, words 
other than those used in the document may also be used. j 
The former method is more amenable to mechanization, 
the latter to treatment by human indexers. The role 
of the representation, that 18, the set of index words 
applied to the document, is critical. If a concept is not 
indexed, it cannot be retrieved directly, while the choice 
of words obviously affects the probability of retrieval in 
& given situation. 


Class Distinction 


Classification, in 1ts widest sense, has to do with forms 
of relatedness, and with the organization and display of 
the relations in a useful manner. In classifying a set of 
items both the similarities of the items and the relations 
of the classes to one another must be taken into account. 
Some basis for judging similarity must be established. A 
library classification, the form in which it is most generally 
met, has as its main purpose to provide a linear arrange- 
ment of books so that those standing close together have 
most in common in regard to subject matter. Certain 
relations alone, those of a generic~specific and co-ordinate 
nature, can be accommodated, and many potentially 
useful relations must be excluded, or displayed by a 
limited number of cross-references. The extension of an 
existing classification and changes in its basic form are 
slow and costly processes. Yet classifications should be 
dynamic to allow for changes, especially in rapidly 
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developing fields. Even more important, they should 
accommodate all potentially useful forms of relatedness, 
and allow discrimination among them. 

Indexing itself has an element of classification, more 
marked, certainly, in the case of subject indexing than in 
word indexing; documents for which the same term 
has been used can be presumed to have some similarity. 
Alphabetic arrangement of index words also tends to 
group like items together, as with “computation”, 
“somputer” and “computing”. But what of ‘‘automa- 
tion”, “mechanization”, etc.? Subject indexes overcome 
in part this difficulty by using a controlled vocabulary, 
in which @ consistent choice 18 made among synonyms 
and closely related expressions. Thus ‘‘See” references 
guide the user of an index from the excluded term to the 
chosen one, and ‘See also” references include some, at 
least, of the associated concepts. Control of vocabulary, 
however, implies approximation (as also does condensa- 
tion) and thus loss of information. None the less, a con- 
siderable degree of control of vocabulary is desirable in an 
index for human use, as it cuts down the number of points 
at which the user must consult the display. 

Automatic indexing and automatic classification have 
both been extensively studied in connexion with machine 
retrieval. Luhn, again, was one of the first to use a 
computer to extract descriptive and discriminant words 
from the machine-readable text of a document by means 
of a statistical approach?*, He linked this closely with 
automatic abstracting (more correctly, extraction), in 
that he sought first to determine the significant words of 
a text, and then to find a small number of sentences in 
which the words appeared most frequently, using the 
sentences as an abstract for the document. At about the 
same time, Baxendale included simple syntactic tech- 
niques to derive simple phrases, as well as single words, 
as index terms’. Luhn also studied means of controlling 
and correlating words in a vocabulary by compiling a 
thesaurus. Later work in this area, for example, the 
studies of Maron?*1*, has been concerned with refining 
the statistical criteria used in selecting the index terms. 
For example, the frequencies of words within the collec- 
tion, as well as within a particular document, have been 
taken into account. Word indexing is, however, prone to 
excessive scatter because of synonyms and to the inclusion 
of irrelevant entries. Automatic methods for assignment 
indexing to reduce this scatter have also been investigated. 


Mechanical Classification 


4 Complementary to the mvestigations of automatic 
indexing has been the work on automatic classification. 
It is clear that if computers are to be used to retrieve 
references on the basis of records derived from them, 
classifications of word usage, rather than of concepts, 
must be developed. Thus Doyle* suggested the “‘semantic 
road map”, a classification compiled automatically and 
derived from usage, which would help to guide searchers 
in the choice of appropriate terms. Later, Stiles'® intro- 
duced the idea of the association factor in indexing. 
This is @ measure of the frequency of co-occurrence of 
pairs of index terms in relation to the frequency of occur- 
rence of each term. For each index term used in a collec- 
tion, he generated a list of other terms which co-occurred 
with it to a significant extent. He termed this list the 
profile of each term. He was then able to detect synonyms 
and near synonyms in the vocabulary by comparing all 
the profiles and taking those which had more than a 
certain number of terms in common. The results of this 
and similar techniques, developed by Needham", Meet- 
ham?’, Vaswani'® and others, are multi-dimensional 
classifications of words in the form of networks in which the 
nodes are words and the links among them are associations 
derived from usage. Indeed, an electrical network to 
represent the relations of such a classification was con- 
structed by Giuliano’®, but they are more commonly 
represented in the form of a matrix within the computer. 
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The links within the network are used to find words which 
are potentially associated with those of an enquiry. The 
word “water” might, for example, be found to be linked 
closely with ‘moisture’, “humidity” and “dampness”. 
Thus a match between the words of the query and those 
of & relevant document becomes more probable. 
Increasing attention has recently been paid to the role 
of structure, both in the description of a document (as 
syntactic structure) and in classification, and elegant 
graphical theoretical techniques have been developed to 
deal with structural manipulations. Salton®, Gardin™ 
and Meetham*? have contributed especially to these 


aspects. 


System Effectiveness 


Few of these techniques have yet been incorporated in 
generally available services. The adequacy of the models 
on which they are based can be judged only in terms of the 
usefulness of the results, and it is the difficulty of assessing 
this usefulness which limits the rate of progress towards 
fully automatic retrieval of references. The high cost of 
many of the sophisticated procedures is another important 
factor; ın the first place, some of them require a record 
of the texts of documents which can be read by machine. 
Second, the computations involved are time-consuming 
and expensive. Two factors which work towards the 
reduction of these coste are the increasing power of com- 
puters in relation to their cost, and the trend towards 
computer typesetting in publication, which gives a digital 
record of the text as a by-product. One result of the 
latter factor is that the economics of searching the com- 
plete texts of documents, rather than sets of index terms, 
become more favourable. It is likely to be true for some 
years to come, however, that retrieval will in general 
be secondary to the publication of journals, abstracts 
and indexes. Again, ıt is important that the flexibility of 
computer typesetting be exploited fully, especially by 
providing bibliographic tools for human use in as wide a 
variety of forms as possible*. Recent work in Sheffield, 
for example, has indicated that automation can assist 
the compilers of indexes still further; articulated subject 
indexes, similar in structure to those of Ohemtcal Abstracts, 
can be constructed by computer from sumple title-like 
phrases chosen by human indexers, thus relieving in- 
dexers and editors of much repetitive work™. 

The storage and manipulation of information on 
chemical structures present a strong contrast to the 
problems involved in dealing with information expressed 
in linguistic terms. Topological descriptions of molecules 
are ideally suited to computer organization and search. 
Today, general methods exist for assigning unique machine 
descriptions to discrete chemical structures**, and for 
searching molecules for specified substructures**™. In 
particular, the substructure searches free the searcher 
from constraints imposed by hierarchies which are implicit 
in chemical nomenclatures. Because more than 3-5 million 
different chemical compounds are already known, and 
the number increases by about 75,000 each year, it 15 
essential to use computers to organize this information 
efficiently. The Chemical Abstracts Service is at present 
engaged in a project which will lead to a file in which every 
published compound will be included; today, almost 
500,000 structures are available in machine form. This 
file is being used to aid in naming compounds for inclusion 
im manual indexes, and will eventually be used to provide 
structure search services**. The potentialities of these 
searches have already evoked widespread interest among 
chemists. Studies which would extend the range of 
manipulations possible on chemical structures are at 
present in hand at Sheffield, where computer techniques 
to determine similarities among structures are being 
developed**, These differ from the straightforward 
search techniques in that a structure or substructure 
need not be specified at the outset; rather, the fragment 
common to a pair of structures is determined automatic- 
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ally. The method could thus be used to analyse structural 
changes in chemical reactions, or, eventually, to discover 
correlations between structures and activities. 

The searches at present provided by the information 
services referred to at the outset differ considerably from 
the procedures that a scientist uses when he consults an 
index or other source, where new Imes of pursuit may 
suggest themselves constantly, and may be modified 
according to the number and nature of the references 
discovered. The scope for interactions of this sort 18 
limited with present machine searches. A query is 
submitted, and the results are returned some hours or 
days later. The search request can be improved and the 
results only evaluated over a considerable period of time. 
There are strong indications that the use of multiple 
access computers, which a number of users can interrogate 
virtually simultaneously, may fill the gap caused by the 
slow response time associated with batch processing. A 
multiple access machine can have a number of typewriters 
linked to it, possibly from remote locations. The user 
can type in his query, and has an almost instantaneous 
response typed out before him. He can refine the terms 
of his search, narrowing it if the output is large, widening 
it if small. (He may also request guidance, by calling for 
lists of words associated with those of his initiel enquiry 
to be typed out.) This approach is already a reality, 
if to a limited extent at present, with Project MAC at 
the Massachusetts Institute of Technology, where small 
files of information on physics can be searched by scientists 
who have teletypewnters in their offices, laboratories 
and even in their homes. This is closely allied to the 
ambitious Intrex project (Information Transfer Experi- 
ment)*, the purpose of which is to use existing technology 
to exploit the resources of a university lbrary to best 
advantage. Buildmg on maternal already available ın 
digital form (MEDLARS and NASA data), the project 
will make it possible for the scientist to search complete 
catalogues of the lbrary’s holdings at his own desk, thus 
reducing the effort he must expend in order to gam access 
to information. In this project, which owes much to 
Moocers’s promotion of the concept of the “reactive 
typewriter’’?, a battery of devices which will provide a 
variety of levels of access to the collection is foreseen. 
The telephone is the simplest of these; the computer, when 
interrogated by dialling, could provide recorded replies to a 
limited range of directory enquiries. A teletypewriter 
could also be used, and would provide information at a 
greater rate, and with more scope for mteraction. At the 
third level, a television screen could display information 
at a very fast rate, when linked to the computer by a 
keyboard. Rapid copying and transmission of documents 
are also foreseen in the scope of the experiment, which 
should give valuable msight into the interactions between 
men and automated information systems. 


Decentralization 


It seems certam that the ultrmate success of information 
services depends not only on the adequacy of the actual 
retrieval process but also on the means by which the 
services and their users are linked. Thus, it is interesting 
to note that a trend towards decentralization has already 
begun. The U.S. National Library of Medicine has 
already acted in this direction by establishing secondary 
centres in California, Colorado, Michgan and New 
England, as well as in Britain and Sweden. The Intrex 
project carries this trend yet further, to the individuals at 
their desks. In the light of these developments, it is to be 
hoped that university libraries in Britain will be given the 
staff, equipment and funds to enable them to provide 
academic staff with the active information services that 
their colleagues in industrial and governmental research 
establishments have come to regard as their mght, and 
that this will advance hand in hand with the moreasing 
use of computers to control the housekeeping activities of 
libraries**, . 
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The channels for communicating information provided 
by the scientific societies and by commercial and govern- 
mental organizations are important, yet they form only 
& part of national and international networks, of the 
workings of which we have as yet only an incomplete 
picture. In these networks, prmary journal publication, 
abstracting and indexing services, preprint exchange, 
citation of previous work, conferences, colloquia and 
personal exchanges all have their placo, each characterized 
by a different tıme scale. The channels for exchange of 
information are dynamic systems, which change con- 
stantly in response to changing needs. Timeliness is one 
of the most important factors which influence the changes, 
and the need for it has undoubtedly led to the recent 
growth of informal routes such as preprint exchange. Not 
only the traditional forms of publication, but also those 
which bypass the delays associated with formal publica- 
tion, stand in need of study, and of support, if their role 
can be shown to be useful**. Furthermore, it is important 
to be able to predict the effects of changes in one area on 
activities in others. It seems possible that an approach 
using the methods of cybernetics could aid in the deserip- 
tion and understanding of the significant interactions 
in the exchange of information on a national or inter- 
national scale. It could lead to a simulation of the 
information transfer system, analogous to the studies of 
the national economy in progress at the University of 
Cambridge under 8Stone*’, and could give insight into the 
dynamic aspects of the system which could help guide the 
efforts of the administrators who must ensure improved 
flow and utilization of information. The problems which 
would beset such an approach are manifold ; not the 
least of them is the difficulty of measuring the variables 
involved. 

In the final analysis, it is the scientists and engineers 
themselves who must be the arbiters of the usefulness of 
innovations in information handling. Without their 
active participation and criticism at this early and imper- 
fect stage, progress towards the most effective use of 
computers in the communication of scientific information 
must be slow. 
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Flame lonization and Magneto-hydrodynamics 


_ by JEAN DEBIESSE and 
SIEGFRIED KLEIN 


Centre d'Études Nucléaires de Saclay 


Research in magneto-hydrodynamics and attempts at its application 
to power generation have been much stimulated, in the past two 
years, by a series of experiments carried out at Centre d’Etudes 
Nucléaires at Saclay. The authors of this work have prepared a 
summary of their principal findings, which centre on the important 
part played by negative ions In flames and by negative droplets In 
mercury vapour. It turns out that flames can be considered as 
gaseous seml-conductors. The use of Isotopic tracer techniques in 
the study of flames and plasmas has also provided a powerful means 
of confirming the results of electrical measurements hitherto 
dependent on the use of probes. This method Is rich In possibilities. 


Ix 1960 one of us reported that when two identical 
electrodes at different temperatures are placed in an 
ionized gas or vapour a potential difference appears 
between them. This potential difference depends on the 
mode of production of the ions and electrons. The cooler 
electrode is always the more positive and the potential 
difference observed 1s much too large to be accounted 
for by a classical thermoelectric effect. 

These findings derive from the following experiments 
carried out with an experimental device of the type shown 
in Fig. 1. Two metal thiumbles are welded into a glass 
sphere containing a little mercury. The sphere is evacu- 
ated to a good rough vacuum and a high frequency current 
is passed through a coil surrounding it. When the sphere 
is heated to about 400° C by means of an auxiliary heat 
source, Mercury vapour is formed and iomizes. Up to 
this point no voltage difference exists between the thimble 
electrodes, but if one of the electrodes is now cooled, a 
potential difference appears between them. If the 
difference in temperature between the thimble electrodes 
is changed, then the potential difference changes and 
reaches an upper limit when the cold electrode is at 
100° C and the other at about 300° C. 
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Fig. 2 shows another apparatus in which the ionized 
mercury is replaced by an ordinary gas flame burning in 
oxygen. Two metallic electrodes are situated along the 
length of the flame, and the electrode nearer the burner is 
cooled by water. The flame envelopes both electrodes and 
a potential difference as great at 1:5 V can be created. 
This potential difference does not depend on the shape 
of the electrodes, the metals of which they are made or 
their relative positions in the flame. Measurements were 
also made with the flame seeded with potassium carbon- 
ate: practically no change in the potential difference was -~ 
observed, but the internal resistance of the flame was 
greatly modified. This device can be used as an E.M.F. 
generator: with electrodes of area 3 cm}, a current of 
several hundred milliamperes under a potential drop of 
1 V can be obtained. 

To summarize briefly, the new effect has been demon- 
strated under a wide range of expeyimental conditions in 
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which the common factor is a pair of electrodes with a 
temperature difference between them (usually of a few 
hundred degrees) plunged into a flame or ionized condens- 
able vapour; potential differences from a few volts to a 
few tens of volts were always obtained. 


Theoretical Arguments 


If an insulated plane metallic electrode is ummersed in 
a neutral ionized gas—that is, a gas containing as many 
positively charged ions as electrons per unit volume— 
then the electron flux to the surface is much greater than 
the ion flux because of the widely different velocities of 
these two species. The electrode will become increasingly 
negatively charged with the result that the slow electrons 
will be more and more strongly repelled until finally 
both electron and ion fluxes which reach the electrode 
surface will be equal. At this stage a sheath will have been 
formed around the electrode in which an electric field 
will exist. The electrode is then at a potential V—the 
“floating potential’’—and any insulated surface immersed 
in the gas will adjust itself to the same potential. 
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oxygen, chlorine, bromine and iodine respectively, on to 
this electrode enhances the potential difference. Injection 
of the same gases on the hot electrode leads to a reversal 
of the potential difference; this electrode then becomes 
positive. With two identical electrodes maintained 
at the same temperature in a flame, potential differences 
of about 2 V can be produced by injecting electronegative 
gases on one of the electrodes, which then becomes 
positively biased. The maximum voltages obtained using 
oxygen, chlorine, bromine and iodine are 1-8, 2:0, 2:3 
and 2-8 V, respectively, under these conditions. In 
contrast, the injection of other gases which are not capable 
of forming negative ions has no effect. In the light of 
these experiments, the effect described at the beginning 
of this article can be explained in terms of a comparative 
excess of oxygen near the cold electrode, and the part 
played by electronegative gases, which yield negative 
ions by reaction with the flame electrons, seems to have 
been amply demonstrated. 

In the theoretical domain, the presence of large con- 
centrations of heavy negative carriers has a significant 
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Fig. 3. Variation of the electromotive force in open circuit and the short-circuit current 


as a function of the rate of flow of bromine, F. 
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According to classical theory, the floating potential 
of a cold (300° K) electrode held in a flame at 2,000° K. 
would be about 1:102 V, assuming, of course, that the 
electrons would also be at 2,000° K. Similarly, a hot (600° 
K) electrode would have a floating potential of 1:03 V 
relative to the flame, with the consequence that a measur- 
able potential difference would exist of 0-59 V between the 
electrodes. It appears, however, that the potential differ- 
ences observed are of quite a different order of magnitude. 

The effect of negatively charged ions or clusters formed 
near the cold electrode has also been investigated. The 
injection of electronpgative gases or vapour, such as 
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influence on the floating potential of a neighbouring 
electrode. The electrode now exchanges with the flame 
only positive and negative ions of about equal mass, and 
thus it receives for a given time as much positive as 
negative charge. Without a negative sheath, this elec- 
trode assumes the potential of the flame and, as a result, 
when it is connected to the other electrode which has 
retained its normal floating potential, potential differ- 
ences of the order of 1 V should be obtained. We have, 
however, obtained values as high as 2-8 V. In order to 
generate such large differences of potential, “hot” electrons 
with @ temperature of about 7,000° K would be required. 
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The presence of such electrons was suggested by A. Von 
Engel and J. R. Cozens’, who supposed that they might 


come from excited radicals, molecules, or ions produced 
; in the combustion phenomena. 





Once we had obtained a satisfactory explanation for 
our results, we set out to demonstrate the part played 
by the carriers of the negative charge using an entirely 

f different technique involving the use of a radioactive 
tracer. ‚In the method a copper electrode is moved with 
constant speed in contact with a flame, doped with radio- 
active bromine; the electrode presents a small surface 
area to the flame for short periods (a few seconds). The 
radioactive deposit is then measured by means of a 
Geiger-Müller counter outside the flame and the ratio 
between the quantities of radiobromine and inactive 
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bromine is determined by a method similar to that used 
to verify Faraday’s law. A quantity of the same liquid 
bromine as used in the flame experiment is deposited on 
a copper plate, the resulting bromide is weighed and its 
counting rate is also measured. This enables the mass 
of the reacted bromine to be calculated from the counting 
rate expressed as pulses per second. 


Tracer Experiment 


In the experiment, bromine-82 and bromine-80, in a 
ratio of 1 : 10? in liquid bromine, were carried by an argon. 
stream into the coal gas. The volume ratio of bromine, 
argon and coal gas in the mixture was 1:5:16. The 
experimental set-up comprises a copper electrode placed 
parallel to the flame length which can be displaced while 
remaining in contact with the flame, and a second elec- 
trode, also of copper, facing it. Situated between the 
electrodes but at a lower level is a two-channel burner 
which allows bromine to be injected around one of the 
electrodes. Using this device, we have plotted the poten- 
tial difference between the electrodes against the flow 
rate of the injected bromine. Then, varying the flow 
rate of bromine between the same limits, the short-circuit 
current was determined. Both curves are plotted in 
Fig. 3. It transpires that with a constant rate of flow of 
coal gas, progressive increase of the argon~bromine flow 
rate near an electrode causes the potential difference 
between the electrodes to rise at first and then to level 
off. The curve for the current, 1, has a similar form. We 
suppose that voltage and current saturation conditions 
both obtain when all the electrons situated in the neigh- 
bourhood of the electrode at which the injection of 
bromine 1s made have been captured to form negative 
ions. From the short-circuit current we can also cal- 
culate the approximate number of ions passing from the 
gas on to the electrode. This current is produced by the 
electromotive force of the device iteelf. The experiment 
has enabled us to show that all electrons are ‘‘fixed” 
m the form of ions of the electronegative gas. 

A number of applications can be derived from this 
work. Rectifying effects can easily be demonstrated 
between two identical electrodes disposed asymmetrically 
in relation to a flame fed coal gas. One of the electrodes 
is positioned in the flame and the other is placed at the 
edge, 2 or 3 mm from the bright region. The electrode 
temperature is kept constant throughout the experiments 
by an internal air circulation. The electron density is 
greater at the centre of the flame than near the edge, and 
therefore if an alternating voltage is applied across these 
electrodes more electrons will be collected in the direction 
from the flame centre towards the periphery during 
the half cycle when the peripheral electrode is positive 
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than in the opposite direction during the other half cycle 
when the central electrode is positive. The effect is 
strongly dependent on the large differance in mobility 
between ions and electrons, and it is possible to predict 
that it will disappear when the mobilities of the two 
charge carriers are of the same order of magnitude. 

Two cylindrical platinum electrodes, 10 mm in diameter, 
are introduced asymmetrically into a coal gas flame 
deficient in oxygen, as already mentioned. An 4.c. 
potential of a few volts is applied across them and meas- 
urements are made by means of a double-beam oscillo- 
scope. The first beam is fed with the reference signal 
from a low frequency generator, while the other displays 
the voltage across the resistor R. A burner specially 
devised for this experiment enables an electronegative 
gas, chlorine in the present instance, to be introduced 
into the flame, without changing the oxygen-coal gas 
ratio. In Fig. 4, 4 and B show the reference voltage and 
the rectification obtained from this voltage signal: 
C and D were obtained with different chlorine flow rates. 
Frame D shows that the presence of a sufficient concentra- 
tion of chlorine eliminstes the rectifying effect. This 
result can only be explained in terms of the formation 
of negative ions by attachment of flame electrons to 
chlorine. Such an attachment strongly lowers the mobility 
of the negative charges, and decreases it below that of the 
positive charges. 


Gaseous Semiconductors 


All these experiments suggest that flames behave as 
gaseous semiconductors. Accordingly, we have attempted 
to demonstrate the Hall effect in flames. This effect 
arises from a difference in the mobility of the carriers of 
the positive and negative charges. The Hall angle 
characteristic for the phenomenon has, in our case, the 


value 
498 = Bly(—-)—w(+)] (1) 


u(—) and (+) being the respective mobilities of negative 
and positive carriers, the magnetic induction. The 
electric field, which generally causes the movement of the 
carriers, has been eliminated and replaced by the velocity 
of the gas stream. The carners of both polarities are thus 
moving in the same direction and 


98 = Blu(—)+u(4+)] (2) 


As most of the negative carners are free electrons, their 
mobility is much greater than the mobility of negative 
ions. Expression (2) becomes, for all practical purposes, 


iB = Bu(—) (3) 


The experimental set-up is shown in Fig. 6. The flame 
of a torch of coal gas deficient in oxygen is introduced 
in the gap between the polepieces of an electromagnet. 
Voltage and intensity signals along a direction normal 
both to the gas flow and to the magnetic field are measured 
between platinum electrodes a few square centimetres in 
area. A special burner is used which enables an electro- 
negative gas, chlorine in the present case, to be injected, 
and a platinum cap attached to the burner tip prevents 
any contamination of the flame. The current through the 
flame is measured using the same electrodes by means 
of a microammeter in series with a storage battery. 
This current, measured under conditions of saturation, is 
proportional to the intensity of ionization, that is, to 
the conductivity of the medium. The voltage, measured 
with an electronic voltmeter, is proportional to tg8, and 
thus to the mobility of the negative charge carriers. The 
Hall potential is first measured with an undoped oxygen- 
coal gas flame; chlorine is then admitted at different rates 
and the conductivity of the medium is measured. The 
ratio of Hall potential to conductivity, which is propor- 
tional to égB, is then calculated. The results are plotted as 
curves a and b in Fig. 6. For low rates of flow of chlorine, 
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both the conductivity and the Hall effect are seen to 
increase—a result which can only be explained by an 
enhancement of the electron mobility in the flame. The 
electron mobility is inversely proportional to the frequency 
of electron-neutral particle collisions and the collision 
frequency is inversely proportional to the square root 
of the absolute temperature. Now the flame temperature 
is increased a few hundred degrees Kelvin when chlorine 
is injected and it is evident that such a change in tempera- 
ture can only explain an 8-10 per cent variation in electron 
mobility. The measured increase in mobility is, however, 
of the order of 35-40 per cent (curve 6 in Fig. 6). The 
explanation of these results is that this increase of electron 
temperature is much greater than the increase of flame 
temperature. 
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Fig. 6. 

When the chlorine flow exceeds a certain value, the Hall 
effect begins to decrease while the conductivity continues 
to grow and may attain three times its mitial value. It 
subsequently decreases as a result of the dilution of the 
ionized medium. An important fact is that when the 
conductivity returns to its initial value, the Hall coefficient 
is substantially smaller (Fig. 6 shows ‘the corresponding 
flow value). Our results demonstrate that ig8 tends 
towards a very low value, of the aame order of magnitude 
as that of the ions. This can only be explamed by the 
formation of negative ions from the attachment of 
flame electrons to chlorine atoms. Consequently any 
large decrease in the Hall effect necessitates that practic- 
ally no free electrons remain in the flame. It is for this 


reason that the phenomenon only becomes apparent ' 


above a certain threshold value (y) of the chlorme flow 
rate (curve B in Fig. 3). 
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BOOK REVIEWS 


NUFFIELD BIOLOGY 


The Nuffield Foundation Science Teaching Project 
Biology. Teacher’s Guide 1: Introducing Living Things. 
Pp. xvii+ 152. 168s. Text: Pp. x+179. 15e. 6d. 
Teacher’s Guide 2: Life and Living Processes. Pp. 
xvii +125. 15s. Text: Pp. 162. 188. Teachor’s Guide 3: 
The Maintenance of Life. Pp. xviii+ 248. 20s. Text: 
Pp. vu+238. 17s. 6d. Teacher’s Guide 4: Living Things 
in Action. Pp. xviu + 205. 208. Text: Pp. 313. 21s. Keys 
to Small Organisms in Soil Litter and Water Troughs. 
Pp. 27. 28. (London: Longmans, Green and Co., Ltd ; 
Harmondsworth, Middx.: Penguin Books, Ltd., 1966. 
Published for the Nuffield Foundation.) 


THESE books consist of a series of students’ texts and 
teaching guides, intended to cover 5 years’ work in biology 
from age 11 to 16, leading to “O” level at age 16. The 
examining boards for the General Certificate of Education 
(GCE) have agreed to set alternative examinations on this 
syllabus, and the first candidates, from schools which have 
been experimenting with the scheme, took the examuima- 
tion in 1965. The books have been prepared under the 
direction of the Nuffield Foundation by a group of 
teachers seconded for the purpose, with advice from 
scientists in universities and research institutes, and with 
the help of teachers and pupus in 170 schools which have 
tried out the syllabus, in whole or in part, and have 
reported on their experiences. In addition to the books, 
a number of 8 mm films have been prepared, and costed 
hats of the apparatus required are available. Although 
the syllabus has been planned as a coherent whole, the 
authors believe that the final 3 years could be used 
without the first two, and that particular experiments 
could be introduced into a more orthodox syllabus. 

I find it difficult to restram my enthusiasm for these 
volumes. They seem to me admurable both in what they 
attempt to do, and in the way in which they doit. First, 
their objectives. Science is presented as an activity 
directed to the solving of problems and the satisfaction 
of curiosity. On page after page, experiments are de- 
scribed which will enable children to answer for them- 
selves questions about how animals live. One of the great 
potential virtues of biology as a school subject is that it 
abounds in problems which can be answered with little 
or no apparatus in a school classroom. It therefore lends 
itself to teaching the scientific method, which 1s, after all, 
intended for the solution of problems and not for the 
demonstration of truths stated in text-books. Another 
virtue of biology as a school subject is that its problems 
are not abstract ones, of interest only to the philosophically 
minded, but have an obvious human relevance. This 
relevance 1s also admirably brought out. 

But what differentiates these volumes from other text- 
books 18 not their objectives but the care with which 
they have been prepared. Reading the pupil’s texts and 
the teacher’s guide, it is at once apparent how much haa 
been gained by trying out the syllabus in a variety of 
schools before presenting it in its present form. All sorts 
of snags are pointed out, and the methods of avoiding 
them explained, with a degree of foresight which could 
not be achieved in any other way. The result is a series 
of suggestions for experimental work which are at the 
same time ambitious and practicable. 

Is too much being asked, either of pupils or of teachers ? 
This question is bound to be asked. The best answer is 
that these courses have already been followed successfully 
in many schools which have been collaborating with the 
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Nuffield Foundation. If the syllabus seems modern in 
companson to that followed in many unrversities, this 
merely reflects the fact that university courses in biology 
are still in many cases following a direction which was 
anachronistic when ıt was laid down a hundred years ago 
by T. H. Huxley. 

It seems clear that the syllabus 1s one which children 
can follow, and that teachers, given adequate facilities, 
can teach. But will teachers be given adequate facilities ? 
A course consisting of experiments on ving organisms is 
inevitably more expensive, both in apparatus and time. 
than the exammation of dead materal. But if new 
methods of teaching will help to produce a generation of 
schoolchildren for whom science is a means of satisfying 
curiosity, ‘instead of the impersonal, mcomprehensible 
and often distasteful business it so often ıs today, the 
small additional cost will surely have been worth it. 

J. MAYNARD SMITH 


GALILEO 400 YEARS AFTER 


Homage to Galileo 

Edited by Morton F. Kaplon. (Papers presented at the 
Gahleo Quadricentennial, University of Rochester, Octo- 
ber 8 and 9, 1964.) Pp. xii+139. (Cambridge, Mass., 
and London: The M.I.T. Press, 1965.) $6; 458. 


It is easy to say “Let us now praise famous men”, but 
very difficult to do so adequately. The four-hundredth 
anniversary of Galleo’s birth produced a large number of 
celebratory conferences; so far as I am aware, this is the 
first “book of the conference” to appear in print. It isa 
small book, handsomely produced, but suffers as so often 
in such cases from excessive diversity. Two of the essays, 
that by Philp Abelson on ‘‘Science and Government” 
and that by Erich Kahler called “Science and History”, 
have nothing to do with Galileo: the first discusses the 
relation of science and government in the United States: 
its author, currently editor of Science, argues in favour of 
more university control of research funds. The second, 
by an international scholar, deals with the philosophy of 
history. The other essays deal, mainly in a fairly general 
way, with Galileo as a historical figure. Giorgio de 
Santillana glowmgly sketches the drama of Galieo’s 
view of science. Gilberto Bernardini’s eulogy describes 
Galileo as a modern physicist sees him—Galileo the 
experimenter. N. R. Hanson analyses Galileo’s real 
discoveries in dynamics from a philosophical point of 
view, and argues, first, that Galileo was truly a mathemat- 
cal analyst and, secondly, that Galileo the empiricist is a 
mythical creation of later ages. E. W. Strong, on the 
other hand, in ‘‘Galileo on Measurement”, compares 
Galleo’s method to Newton’s, and argues for ‘‘Galileo’s 
clear recognition that the search for general invariant 
laws requires quantification of properties of bodies that 
can only be provided by mensuration”. These two last 
are the only papers to be based squarely on Galleo’s 
own words; they deal with a problem very much alive in 
current history of science and are of real relevance to 
the philosophy of science as well. The positivist school 
of the history of science at the beginning of this century 
naturally assumed that as Galileo was a successful early 
modern physicist he must be an empiricist. Twenty- 
five years ago the late Alexandre Koyré called attention 
to the mathematical, even Platonist, aspects of Galileo’s 
thought and presentation, and readers of Galileo began 
to distinguish between empiricism and thought experi- 
ment. Latterly there has been a swing the other way. 
and younger historians have shown that many of Galileo’s 
experiments, like that of the inclined plane, could produce 
the results that he describes, and therefore have argued 
that he did perform them. They receive support from 
Professor Strong, though he by no means discounts the 
role of mathematics in Galileo’s thought, and he has inter- 
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esting comments on Galileo’s perception of the problems 
arising from any attempt at measurement in the study of 
physics. Marw Boas HALL 


STELLAR EVOLUTION 


Stellar Evolution 

By R. F. Stein and A. G. W. Cameron. (Proceedings of an 
International Conference, Nov. 13-15, 1963, sponsored by 
the Institute for Space Studies of the Goddard Space 
Flight Centre, NASA.) Pp. xiv+464. (New York: 
Plenum Press, 1966.) $19.50. 


Tua number of books written on stellar evolution has 
never been very large. The present volume 1s therefore a 
welcome addition, not least because it ranges over the 
whole of the field. As Geoffrey Burbidge points out in his 
concluding remarks, this was the firat conference for several 
years at which all aspects of the subject were discussed. 
His claim can easily be confirmed by a glance at the 
titles of the individual sections—‘‘Physics of Stellar 
Intenors”’; “Stellar Evolution”; “Stellar Variability”; 
“Stellar Mass Loss”; ‘Observations concerning Stellar 
Evolution”. Not all the sections, however, receive equal 
treatment. Thus the final, observational, section accounts 
for only 60 pages out of a total of more than 450. The 
papers in this section are also marked by their brevity; 
D. L. Crawford’s report on “Photometry of B Stars’, 
for example, consists of one page of written material and 
three pages of diagrams. 

It ıs natural in reading these proceedings to try to 
deduce from them the current state of research in the field. 
It should be remarked in this connexion that the lapse of 
time between the holding of the conference (1963) and the 
publication of the proceedings (1966) is rather less impor- 
tant than would appear at first sight. Most of the papers 
have been revised to 1964 and a few to 1965. Neverthe- 
legs, some papers might be slightly modified if rewritten 
today—Dicke’s article on ‘Stellar Evolution with Vary- 
ing G’’, for example—while others are now easily available 
in journals. 

Such drawbacks are normal in the publication of 
conference proceedings. They may be offset when the 
papers spark off vigorous discussions which are reported 
in full. Unfortunately, the present volume is disappoint- 
ing in this respect. Apparently less than a third of the 
papers evoked any discussions, and many of these consist 
of one, or two, comments only. Despite this, it is clear 
from the papers presented that further developments in 
the study of stellar evolution now wait mainly on advances 
in adjacent fields. There is a need, in the first place, for a 
more detailed knowledge of the physical processes occur- 
ring within stars (for example, an accurate formulation 
of convection and a greater knowledge of neutrino pro- 
cesses). Second, more observational data are required, 
particularly on helium abundances in different types of 
stars. 

An active worker in the field of stellar evolution will 
probably find relatively little which is new to him in 
this book, though it certainly provides a generally readable 
summary of recent progress. It may well prove to be of 
considerable use, however, in teaching. Its value for this 
derives especially from the long introduction by Robert 
Stein. One of the great problems in teaching the theory 
of stellar structure and evolution is that so much depends 
on machine computation. As a result, a student often 
has difficulty in seeing the physical significance of what 
he is calculating. Stein shows that an approximate, 
analytical approach is extremely helpful in overcoming 
this difficulty. That this semi-quantitative approach can 
also sometimes be useful in original research is shown in a 
subsequent article by K. von Sengbusch and 8. Temesvary 
on “Schematic Pre-Main-Sequence Evolution”. 

A. J. MEADOWS 
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DROPS IN ROCKS 


Research on the Nature of Mineral-forming Solutions 
With special reference to Data from Fluid Inclusions. By 
N. P. Yermakov et al. Translated by V. P. Sokoloff. 
Edited by Edwin Roedder. (International Series of Mono- 
graphs in Earth Sciences, Vol. 22.) Pp. 743. (London 
and New York: Pergamon Press, Ltd., 1965.) 160s. net. 
Many natural crystals, especially those that have devel- 
oped freely in cavities ın rocks, enclose drops of the fluid 
from which they crystallized. If the temperature of 
crystallization 18 appreciably higher than present normal 
temperature, the drop of flud fails completely to fill the 
cavity. The liquid mclusions thus provide a means of 
determining the original temperature of formation by 
heating them under controlled conditions until the liquid 
fills the cavity. An approximate measure of the salinity 
of the fluid can be obtained by freezing until the formation 
of ice sets in. Furthermore, delicate analysis of the small 
amounts of fluid obtained from cazeful crushing of the 
crystal provides one of the few methods avanlable for 
obtaining information about the composition of mineral 
and ore-forming solutions. 

More than 100 years have passed since H. C. Sorby 
first explored these possibilities and deduced the tem- 
perature of formation of some crystals from Cornish 
pegmatites and lodes. Since his time the subject has been 
neglected in Britain until very recently. In the United 
States, W. Newhouse reopened the subject in 1932 and 
others have followed him, but the substantial contribu- 
tions from workers in Russian laboratories were little 
known outside the Soviet Union until this able translation 
by V. P. Sokoloff of Professor Yermakov’s book appeared. 
In an editorial preface, Dr. Edwin Roedder, of the United 
States Geological Survey, himself the leader in this fleld 
in the United States, hails Yermakov as the foremost 
exponent in the Soviet Union. 

The work is in two sections. The first (348 pages), 
entitled ‘Studies of Mineral-forming Solutions’, is a 
systematic account of the subject dealing with the classi- 
fication of cavities and of inclusions generally, noting that 
they include single-phase and multi-phase types, and may 
enclose gas, liquid and sohd. Homogenization for the 
purpose of estimating temperature of formation is con- 
sidered at some length, and details are given of micro- 
thermochamber methods, and of acoustic methods, where 
the bursting of the cavities during controlled heating is 
observed. An excellent critical account of sources of error 
is included. The growth of daughter crystals and the state 
of aggregation of mineral forming solutions as deduced 
from the course of homogenization forms an interesting 
new aspect of the work. Examples are given of studies 
of calcite, fluorite and quartz, favourite minerals for this 
purpose, and many results obtained by the author and 
his students at Lvow State University are set out and 
discussed. The familiar stages of crystallization starting 
from silicate melts with water in solution are followed 
from endomagmatic, through eaplte-pegmatite to pneu- 
matolytic (early and late supercritical) and hydrothermal 
with temperatures assigned from the fluid inclusion meas- 
urements. Yermakov maintains that his studies provide 
one of the most mmportant keys to the understanding of 
the genesis of ores, and makes a strong case for the 
introduction of these techniques as part of the standard 
equipment of the ore geologist. Part 1 is well illustrated 
and includes a comprehensive international bibliography. 

The second part, entitled ‘Transactions of the All-union 
Institute of Piezo-optical Mineral Raw Materials”, is a 
symposium by Yermakov and fifteen others. Apart from 
quartz from Barsukchi, Pamir and Kazakhstan, gold ores 
from the Urals, skarns from the Northern Caucasus, and 
pegmatites from Volynia are described. One of the most 
valuable papers in the series is that by G. M. Safronov 
and V. Ye. Khadzhi dealing with thermometric investi- 
gations of liquid inclusions in synthetic quartz, for here 
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the basic physico-chemical parameters can be given and 
a real approach ıs made to the derivation of corrections 
for the pressure applicable to homogenization tempera- 
tures. There is also a useful paper by V. A. Kalyushnyi 
on the construction of homogenization curves and their 
use as records of changes of phase ratio resulting from 
heating, where the theoretical basis is considered. 

The techniques are likely to be of growing importance 
in work on mineral paragenesis and the origin of ore 
deposits. This book is by far the most comprehensive and 
important text on their development and use which has 
so far appeared in any language. K. ©. Dunnam 


MECHANICS OF FLUIDS 


Mechanics of Liquids and Gases 

By L. G. Loitsyanskii. (International Series of Mono- 
graphs in Aeronautics and Astronautics. Division I: 
Aerodynamics.) Pp. xi+802. (London and New York: 
Pergamon Press, Ltd., 1966.) 160s. net. 


On the whole, the approach in this book is conventional 
—beginning with knnematics, going on to the discussion 
of the flow of inviscid fluids and ending with accounts of 
viscous fluids and of turbulent flows. There is also a 
most interesting introduction, which is unusual in a 
book of this kind. 

There is a great deal of mathematics in the book, and 
it is possible for the reader to get lost among the many 
equations strung slong his way, though if he persists he 
will be brought firmly back to the appropriate physical 
problem in the end. The difficulties are increased partly 
because of a certain inconsistency in the methods used 
(there is, for example, a section on tensors which are then 
only intermittently used in the text), and partly because 
the theory is developed first in the abstract for the general 
case, and it is not until later that the simplifications are 
made which enable the reader to see its application to 
particular problems. For example, Loitsyanskii develops 
the three-dimensional equations of motion before discuss- 
ing the problem of motion in one dimension. 

There is very little discussion of the physical nature of 
fluids and of the microscopic causes of the internal forces. 
Further, although at least half the book is concerned with 
viscous and turbulent flows, it is possible to read the first 
half without realizing why it is that viscous forces and 
turbulence can often be ignored: the matter is dealt with 
in three or four lines. 

There are several misprints in the book, but these should 
cause no difficulty to the careful reader who checks his 
formulae. A more serious problem for the English reader 
using the book for reference is that it sometimes happens 
that formulae are given different names from those used 
in Britain: an example of this ıs the Mangler transforma- 
tion which, in one form, 18 referred to here as Stepanov’s 
transformation. This merely means that the reader 
should check his references elsewhere. 

It is obviously for reference that the book will be primar- 
ily used, and it will be of particular value to teachers who 
are preparing & course on some of the subject matter in 
the book. There is a wealth of mathematical detail, 
some exceptionally clear descriptions (for example, that 
of a vortex line in Chapter 1) and some excellent diagrams. 

Rura H. Roemers 


HIGH RESOLUTION NMR 


Théories Moléculaires de la Résonance Magnétique 
Nucléaire 

Applications à la Chimie Structurale. Par G. Mavel. Pp. 

x+325. (Paris: Dunod, 1966.) 78 francs. 

Prormssor Maver has restricted his subject matter to 

theoretical descriptions of NMR phenomena and the 


NATURE 


1411 


various techniques available, and an outline of the quan- 
tum mechanical calculations of chemical shifts and 
coupling constants, parameters that can be obtained from 
NMR spectra. He has discussed very few applications, 
but to compensate for this has included a very complete 
list of references. He has not attempted to describe the 
various spectrometers available or the procedures adopted 
to obtain spectra. 

The subject matter can be divided into three sections: 
the derivation of the spectral parameters (chemical shifts 
and coupling constants) from spectra; the theoretical 
estimation of these quantities; and the effects of chemical 
exchange. The first of these will probably be of greatest 
interest to readers; it describes moat of the methods now 
available and provides extensive tables. Double and 
multi-resonance experiments can be performed, or multiple - 
transitions observed in attempts to reduce the number of 
conceivable spectral assignments. The theories of these 
effects are very well reviewed when they are pertinent to 
spectral interpretation, but where the emphasis is on the 
study of relaxation phenomena discussion is brief. The 
derivation of every possible assignment and the determ- 
ination of optimum parameters for each is work well 
suited to a computer, and a number of programs are 
now available. These are listed and their functions 
described, but there is no discussion of their operation. 
The second section describing the derivation of chemical 
shifts and coupling constants is a very good literature 
survey, but discussion is necessarily brief. The third 
section satisfactorily describes the effects of chemical 
exchanges on spectrum appearance, but the determination 
of exchange rates by pulse methods is only referred to. 

In summary, this book is oriented towards workers 
using conventional high resolution NMR techniques on 
hydrogen and fluorine nuclei, and outlines the develop- 
ments that are relevant to their work, while reference is 
made to developments in fringe topics. Experienced 
workers will presumably use the book as a handbook and 
reference source, and newcomers to the field will find the 
literature survey extremely valuable. W. DERBYSHIRE 


PRECIPITATORS 


An Introduction to Electrostatic Precipitation in Theory 
and Practice 

By H. E. Rose and A. J. Wood. Second edition, revised 

and enlarged. Pp. 212. (London: Constable and Co., 

Ltd., 1966.) 30s. net. 


Tus is the second edition of a well known monograph, 
first published in 19586. It deals with the removal of solid 
particles or liquid droplets from a gas in which they are 
suspended, by giving the particles an electric charge, then. 
removing them from the gas by means of an electric field. 
As the authors state, the phenomena taking place are ill 
understood and design methods are largely empirical. 

After a description of the various types of equipment 
an expression for the theoretical efficiency of a precipitator 
is derived. The authors have used the usual exponential 
form of efficiency equation first proposed by Deutsch. In 
this they are clearly in a dilemma, since they produce 
photographic evidence that the assumption on which the 
formula w based is not valid. Perhaps they might have 
mentioned the work of Little’, whose results of tests on a 
large scale precipitator suggest that the Deutsch formula 
18 not obeyed, and of Williams and Jacksor*, who 
attempted to produce an alternative theory. 

Some problems arising in the design and operation of 
precipitators are then discussed, including the effects of 
the electrical resistivity of the dust, the use of conditioning 
agents and the avoidance of back ionization and corona 
suppression. A chapter is devoted to the mechanical 
design and construction of precipitators with particular 
reference to rapping mechanisms and electrode design. 
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This is followed by a discussion of the power supply 
requirements of a precipitator and a description of the 
equipment available. 

The second edition has been enlarged by the addition 
of new material and improved by the replacement of 
most of the photographs of equipment. The book is 
recommended for students and for workers in industry 
needing an introduction to the subject. There is a need 
for many more monographs on topics concerned with 
industrial processes involving powders, and authors faced 
with the problem of relating an inadequate theory to 
industrial practice might do well to use this book as a 
model. J. C. Wiiiams 


1 Jattle, A , Trane. Inst. Chem, Eng., 34, 259 (1985) 
2 Williams, J. O., and Jackson, R., Interaction between Fluids and Particles 
(Inst, Chem. Eng., London, 1862). 


PURE CHEMICALS 


Purification of Laboratory Chemicals 

By D. D. Perrin, W. L. F. Armarego and Dawn R. Perrin. 
Pp. viii +362. (London and New York: Pergamon Press, 
Ltd., 1966.) 70s. net. 


Moprrn techniques of measurement have become so 
refined and sensitive that many reagents formerly accepted 
as pure can no longer be used because their content of 
impurities lies well within the limits of detection. Con- 
sequently, there is a considerable need in many cases to 
purify reagents before use, and unhappily it is often 
difficult to find the relevant information from the litera- 
ture. The authors of this book have addressed themselves 
to this problem and have provided a useful service. The 
first two chapters discuss separation processes based on 
chromatography, crystallization, distillation, molecular 
sieves, solvent extraction, zone-refining, etc., giving a 
good overall picture of the processes involved. Chapter 3 
gives details of purification procedures for individual 
organic compounds listed alphabetically, and the fol- 
lowing chapter repeats the mformation for inorganic and 
metal-organic compounds. The text concludes with a 
chapter on general purification processes for classes of 
compounds. 

The coverage of this text is necessarily not exhaustive, 
but a surprising number of compounds are listed and the 
authors have generally done a very fine job. It is, how- 
ever, & matter of regret that only in a relatively few 
instances does the text mention what the actual impurities 
are likely to be or which are moat difficult to remove. 
Criteria for purity such as melting pomt, boiling point 
and refractive index are not always very sensitive guides, 
and in many instances a spot-test revealng a “not- 
detected” test for an impurity might have been more 
valuable. This is, however, a really worthwhile book 
which wil provide valuable information for the puri- 
fication of many compounds and save much tedious 
searching of the literature. It is a welcome addition to 
the bookshelf. T. S. West 


PEDESTRIAN CHEMISTRY 


Physical Chemistry 

By Frank T. Gucker and Ralph L. Seifert. Pp. xx -+ 824. 
(New York: W. W. Norton and Company, Inc., 1966.) 
810. 


Tms book aims to provide an introductory course in 
physical chemistry. The authors have clearly taken much 
care in writing it. New terms are generally carefully 
defined and set out in bold type. There are nearly 600 
problems of graded difficulty for the student to test his 
understanding. Answers are provided for a representative 
set of these problems. In addition there is a reading list 
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at the end of each chapter and there are notes to help the 
student choose from among this material. 

Yet in spite of this care and the intentions of the authors 
to give “a proper perspective and balanced understanding 
of present scientific accomplishment in physical chemus- 
try”, it seems likely that students may sometimes find 
that the subject lacks life. While the rather formal 
style does justice to the precision of physical chemistry 
it tends to make the subject appear complete, rather than 
vigorously developing. 

The layout of the book is likely to appear a little sur- 
prising to the student. After a chapter on mathematical 
background there are chapters on nuchdes, radioactive 
decay and nuclear reactions, and structure. It is not 
until Chapter 5 that the student reaches atomic structure, 
and this leads naturally enough to a chapter on molecular 
structure which provides an introductory account of the 
application of quantum theory to simple molecules. Only 
in Chapter 7 does he encounter experimental observations 
on molecular systems. The sequence adopted in develop- 
ing this material may surprise him too. Starting with 
magnetic susceptibility the authors proceed through 
nuclear magnetic resonance, Mossbauer spectra, molar 
refraction, optical activity, dielectric constant and con- 
clude the chapter with a short account of molecular 
spectroscopy. 

The chapter on the first law of thermodynamics is 
followed by one on thermochemistry which provides a 
classification of heats of reaction in the traditional way. 
The second law of thermodynamics is introduced through 
the Carnot cycle. There are the usual applications to 
chemical equilibrium, and to solutions, the latter contain- 
ing a section on colligative properties. The chapter on 
surface chemistry has a distinctly old-fashioned appear- 
ance. It gives a classification of colloids, methods of 
preparation and stabilization. Polymerization and 
macromolecules are not considered. 

The historical background of each topic, together with 
some biographical maternal, in the introductory section 
of each chapter attempts to indicate the development of 
the subject. But on the whole the relevance of physical 
chemistry to contemporary thought in science does not 
stand out. D. J. Mien 


ON THE CHALK 


Chalkland Ecology 

By John Sankey. (The Scholarship Series in Biology.) 
Pp. xiv+137+8 plates. (London: Heinemann Educa- 
tional Books, Ltd., 1966.) 16s. net. 


Tum great attraction of the English countryside is in its 
variety of contrasting rocks and soil types. The queen 
of these is the chalklands, the open downs and magnificent 
woodlands of which have delighted naturalists, scientists 
and laymen alike since well before Gilbert White wrote 
his unique Natural History of Selbourne. 

Mr. Sankey at Juniper Hall Field Centre has worked 
and lived on the chalk for many years, and Ohalkland 
Ecology is a distillation of all he has considered important 
for an appreciation of its ecology: not only the soil, the 
vegetation and the animals, but also their interaction 
and their conservation. 

But the trouble with fleld ecology is that 1t is too big. 
It demands knowledge of species, factors and their inter- 
action. This book sets out to do all this: it includes ways 
of surveying and measuring, lista of plants, lichens and 
fungi, a useful key to the identification of grass and 
sedges, and an excellent list of the great variety of animals 
with which Mr. Sankey is particularly expert. The 
book is slim, with the result that everything can be dealt 
with only briefly. The book is intended mainly for sixth 
formers and training colleges, and for these it will be 
valuable. And yet at the same time it will do them a dig- 
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service by suggesting that ecology 1s superficial and that 
generalizations are acceptable. I wish Mr. Sankey had 
decided to concentrate on the question ‘“‘why”’ even if this 
meant he left out the “what”. For modern ecology is 
excitingly expermmental and analytical, and chalkland is 
one of the best regions to discover this. 

A. D. BRADSHAW 


ALPINE BUTTERCUPS 


The Alpine Ranunculi of New Zealand 

By F. J. F. Fisher. (Bulletin 165.) Pp. 192. (Welling- 
ton: Botany Division, Department of Scientific and 
Industrial Research, 1965.) 70s. 


Dzsrire its relatively small size, New Zealand is one of 
the major areas of diversification of the butteroups 
(Ranunculi) in the southern hemisphere. Nearly half 
the native species occupy alpine or sub-alpine habitats 
and are large flowered and beautiful plants. Hitherto, 
their identification has been beset with difficulty, partly 
on account of their plasticity with change of habitat 
and partly because numerous hybrids confuse the specific 
boundaries. The unravelling of this complex of inter- 
grading forms was a formidable task on which Dr. F. J. F. 
Fisher has brought to bear all the techmques of modern 
experimental taxonomy. The basic field work necessary 
for the successful conclusion of his study must have 
entailed many arduous journeys into the New Zealand 
alps. The field work was supplemented by the cultivation 
of transplants in an experimental garden, where the 
breeding relationships were studied and chromosome 
numbers determined. Fisher has made much use of leaf 
characters, especially of the general shape and lobing, 
which in the past have been regarded as too variable to be 
of much value. When the underlying regularities have 
been mastered they can be turned to good account, and 
leaf shape interactions then provide valuable evidence on 
hybrid intergrades. A full page distribution map is given 
for every species, accompanied by leaf outlines related 
to different parts of the range of the species. The general 
trends of leaf shape clines are thus effectively demon- 
strated. The systematic revision provides a description of 
each species with a discussion of its hybrids and is illumin- 
ated by excellent line drawings contributed by Mr. K. R. 
West. The several factors contributing to variation are 
critically evaluated for each group of species and finally 
are integrated into a phylogenetic scheme. An initial 
dichotomy into many petalled and few petalled races is 
postulated, followed by migration and counter migration 
influenced by the climatic changes of the Pleistocene. 
Cold periods drove the alpines down into the valleys, 
allowing intermingling of populations and hybridization 
to take place. In milder mtervals the plents retreated up 
the mountains into relative isolation, which favoured 
further speciation. A convincing and highly dynamic 
picture of the evolution of the group results. Dr. Fisher 
is to be congratulated on an outstanding piece of research 
which for content, interest and method of presentation 
may long stand as an example to others in the field of 
experimental taxonomy. R. MELVILLE 


SMELLS 


Odour Preferences 
By R. W. Monorieff. Pp. 357. 
1966.) 90%. 


Tas factors affecting human and animal odour preferences 
are complex and varied. Using results from a wide variety 
of tests the author has attempted to survey the theoretical 
and practical aspects of this subject. The result is a 
volume which makes interesting reading and which con- 
tains a mass of information. 


(London: Leonard Hill, 
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The first section of the book analyses the preferences of 
twelve people who were presented with 132 different 
smells ranging from flowers to chemicals. The effects 
of age, sex and temperament on preferences are examined 
and discussed in detail. 

The second part of the book discusses the preferences 
of a wide range of people, about 500, towards ten dissimilar 
odours ranging from strawberry essence to oil-soluble 
chlorophyll. Here again, variations in preference with 
sex, age and temperament are very fully analysed, and the 
reproducibility of these preferences is assessed. 

The third and final section of the book assesses the 
findings against prior knowledge. The psychology of 
pleasantness and unpleasantness, effects of association, 
adaptation, habituation and racial characteristics are dis- 
cussed. There are short summaries of recognized systems 
of odour classifications, odour preferences in animals and 
olfactory preferences ın foods. The concluding sections 
deal with perfume preferences and the use of perfumery 
in industry. 

At first sight, there is too much tabulation and analyses 
of the experimental results recorded in Parts 1 and 2 of 
the book. The evidence in support of some of the con- 
clusions is rather thin and would not satisfy the statisti- 
cian, but this is a good attempt to deal with a very 
difficult subject. The list of very varied references given 
with each chapter is particularly valuable. 

J. H. Mayo 


SKILL 


Acquisition of Skill 

Edited by Edward A. Bilodeau. Pp. xui+539. (New 
York: Academic Press, Inc.; London: Academic Presa, 
Ine. (London), Ltd., 1966.) 1008. 


SENSORY-MOTOR skills are basic ingredients of human 
activity, and their importance becomes all the greater as 
man continues to amplify his limited capabilities by 
devising increasingly complex machines. So it is not 
surprising that the past quarter century has seen consider- 
able research into the properties of such skills and into 
the ways in which they are acquired. Despite its title, 
this book does not attempt to produce either a coherent 
overview of skills research or a handbook concerned with 
practical training problems. Rather, it is addressed to 
experimentalists who are interested in current theoretical 
issues related to laboratory studies of skill. The book is 
the outcome of a research conference held in 1965 at 
New Orleans and contains contributions from ten principal 
authors and eight others. The contributors are all well 
known. workers in the area of skills and all but one are 
American. Here, they produce a close-packed wealth of 
recent material on aspects of, among other things, selective 
learning, individual differences, facilitation and inter- 
ference, information feedback, tracking behaviour, cyber- 
netic theory, and relations between motor skills and rote 
verbal learning. The book contains much to interest 
those who are concerned with current research and theory 
about sensory motor skills. Its value is enhanced by 
careful editorial work and the inclusion of several useful 
up to date bibliographies. I. M L. HUNTER 


Sequences 

Vol. 1. By H. Halberstam and K. F. Roth. Pp. xx + 290. 
(Ozford: Clarendon Press; London: Oxford University 
Press, 1966.) 638. net. 


ALTHOUGH the title of this book may be misleading, the 
reputation of the authors as experts in the theory of 
numbers implies a collection of interesting and important 
number-theoretic results on certain classes of sequences 
of integers. More than half the book is concerned with 
general results relating to the addition of sequences. 
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Each of the three chapters covering this work presents a 
different set of basic methods for attacking addition 
problems, namely, density, number-theoretic and prob- 
ability methods. Chapter 4 is an introductory study of 
sieve methods used in number theory, and in Chapter 5 
there is a short collection of resulta related to the multi- 
plicative structure of the integers. 

Although the book is mainly for the expert in number 
theory, the many excellent descriptive paragraphs giving 
the history of results and the relations between resulta 
provide the well-trained non-specialist with a good picture 
of the present position in the subject. Many unsolved 
problems are described and there is a large reference list 
for each chapter. Whether the appendix on elementary 
number theory will encourage those with no knowledge of 
number theory to read the book is debatable. The book 
is delightfully printed. The authors should be given every 
encouragement to produce the second volume as soon ss 
possible. J. HUNTER 


Ultraviolet Radlation 

By Lewis R. Koller. Second edition. (Wiley Series in 
Pure and Applied Optics.) Pp. vu+312. (New York 
and London: John Wiley and Sons, Inc., 1965.) 908. 


THis book is aimed at providing an introductory back- 
ground to the nature of ultra-violet radiation for the large 
number of workers who are not specialists in the field but 
who need to use ultra-violet radiation or to understand 
its effects. It deals with ultra-violet sources and detectors, 
solar radiation, the transmission and reflectivity of 
materials and applications of ultra-violet radiation. Ultra- 
violet spectroscopy is only dealt with to the extent that 
it is necessary to describe the variation of these properties 
with wavelength. Each chapter has a fairly extensive 
bibliography which ıs intended as a starting point for 
those who wish further wnformation. 

The additions which have been made in the second 
edition mclude data on xenon arcs and vacuum ultra- 
violet sources, new information on short wave solar 
radiation gained by rocket spectroscopy and transmission 
data on newly developed materials. W. ©. Price 


Transport Function of Plasma Proteins 

Edited by P. Desgrez and P. M. de Traverse. (West 
European Symposia on Clinical Chemistry. Vol. 5.) Pp. 
vii+ 184. (Amsterdam, London and New York: Elsevier 
Publishing Company, 1966.) 70s. 


Tus is the fifth West European Symposium on Clinical 
Chemistry. There is scant collected information about 
the subject and the publication of this symposium has 
been eagerly awaited. Sadly, the standard varies greatly 
and the editors have been too lenient in determining the 
content, so that the result is unbalanced. Certain topics 
are given too much emphasis, for example, vitamins are 
dealt with at length although most vitamin transport 
takes place within cells. On the other hand, clinical 
aspects receive very limited coverage. There is much to 
be learned from clinical syndromes such as betalipo- 
proteinaemia, Tangier disease and Wilson’s disease. 
There is very little about the transport of common cations, 
and this ıs doubly frustrating when one knows that Pro- 
fessor Jérome spoke on this subject at the symposium. 

None the less, some excellent articles are included. That 
by Desgrez on transcortin is good, both as a general review 
and as an account of the methodology involved. Salvatore 
has written a comprehensive and lucid account of thyroxine 
transport, while Latner provides a vignette on the binding 
of circulating enzymes. Of greatest interest, perhaps, are 
Biserte’s concluding remarks on the mechanism of binding 
and the functions of transport. 

I would recommend the book for reference on certain 
topics rather than as a comprehensive account to be read 
in its entirety. . K. G. M. M. ALBERTI 
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Dr. Arthur Patterson 


ARTHUR LINDO Parrmrson was born on July 23, 1902, 
in Nelson, New Zealand, and died on November 6, 1966. 
He went to school in Montreal, Canada, and Tonbridge, 
England. His university education was mostly at 
McGill University, with postgraduate study at the Royal 
Institution in London between 1924 and 1928, and at the 
Kaiser Wilhelm Institut fur Faserstoffchemie in Berlin 
during 1926-27, where he developed his interest in 
Fourier methods which led to his fundamental contribu- 
tions to orystallography. After leaving the Kaiser 
Wilhelm Institut he spent short periods at McGill Univer- 
sity, the University of Pennsylvania, the Massachusetts 
Institute of Technology, and developed an interest in 
biological applications while at the Rockefeller Institute 
for Medical Research in New York, and at the Johnson 
Foundation for Medical Physics in Philadelphia. His 
long-term posts were at Bryn Mawr, where he was profes- 
sor of physics from 1936 to 1949, and at the Institute for 
Cancer Research in Philadelphia, where he was head of the 
physics department from 1949 until his death. 

His best-known contribution to crystallography is 
the “Patterson” function. In the process of obtaining an 
X-ray diffraction pattern, information concerning the 
relative phases of the various diffraction maxima is 
lost, so that it is impossible to re-create directly an 
image of the crystal structure. The phase informa- 
tion has to be obtained by indirect methods, and 
Patterson showed that a Fourier synthesis made with 
the intensities of the observed diffraction maxima 
led to a determination of the inter-atomic vectors. 
In simple cases this vector map could be interpreted 
to give the atomic positions, but its great applica- 
tion to major structure determinations is that it will 
ordinarily show the atoms of high atomic weight, even 
though those of low atomic weight are not resolved. 
Phase determination can then begin when the position 
of these atoms only is known. The relative importance of 
the Patterson function in the analysis of structure is 
shown by the fact that it remains unchallenged twenty- 
eight years after its discovery, and it may become even 
more important with the development of structure-seeking 
methods by high speed computer. The pertinacity neces- 
sary for the development of the method is desenbed in 
his own words in Patterson’s contribution to Fifty Years 
of X-ray Diffraction, published in 1962 to commemorate 
the fiftieth anniversary of the discovery of X-ray 
diffraction. 

Not so well known to structural crystallographers, but 
equally important in the field of diffraction by imperfect 
crystals, is his contribution to the theory that diffraction 
maxima broaden if the size of particles increases. His 
two papers of 1939 are required reading and probably 
the starting point for most workers in this fleld. In 
addition to these two fundamental theoretical contribu- 
tions, he has been concerned with the determination of 
the structure of many crystals of biological importance. 
His systematic study of homometric sets (non-congruent 
arrangements of pointe with the same inter-point vectors) 
was & major contribution to the question of the unique- 
ness of crystal-structure determination. 

In recent years Patterson has been heavily involved in 
work on national and international scientific committees, 
including two terms on the United States National 
Committee for Crystallography, and six years on the 
Executive Committee of the International Union of 
Crystallography. He was a trusted administrator and 
adviser and was held in the highest esteem by the crystal- 
lographio community in the United States and throughout 
the world. A. J. C. WILSON 
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GEOMAGNETIC POLARITY SCALE OF TIME 


By Dr. IAN McDOUGALL and Dr. F. H. CHAMALAUN 
Department of Geophysics and Geochemistry, Australian National University, Canberra, A.C.T. 


THE two principal hypotheses advanced to explain the 
strong bimodal distribution of the magnetic polarities of 
rocks are that the geomagnetic field has changed its polarity 
at certain times in the past and that some rocks possess the 
property of self-reversal, whereby they acquire a direction 
of magnetization opposite to that of the geomagnetic 
field. 

Corollaries of the first hypothesis are that rocks of the 
same age everywhere in the world would have the same 
polarity and that rocks with reversed and normal polarity 
would form a time sequence. This hypothesis can be 
tested by the application of palaeomagnetio and potas- 
sium~argon dating methods to rocks from different 
localities and of different ages. During the past five years 
a large number of determinations of polarity and age have 
been obtained in several laboratories and a polarity scale 
of time covering the past 4 x 10° yr has been set upi, 
which provides considerable support for the field reversal 
hypothesis. 

Since the last summary? of the combined polarity and 
age data was given, new results have been reported by 
Doell and Dalrymple’ from New Mexico and by our- 
selves?'4.* from Réunion, Victoria and Iceland. It is the 
purpose of this article to summarize critically all the 
available date and to show that, when the new results are 
included, the polarity scale of time is not only confirmed 
but also that certam boundaries can be defined more 
precisely than previously. In particular, the Jaramillo 
and Olduvai events, each of which was originally pro- 
posed’? on the basis of results from a single locality, are 
now fully confirmed by our results from Victoria and 
Réunion, and the boundaries of these events can now be 
more accurately defined. 

In addition, there is a need for an up to date summary 
of comparisons between the results of polarity and those 
of age because of recent developments in the study of 
changes of polarity in deep sea sediments** and m the 
patterns of magnetic anomalies observed across oceanic 
ridgea?-12, 

The determinations of both polarity and age have 
associated errors and uncertainties and therefore the 
available data are of variable quality. In preparing a 
summary of this kind it is desirable to attempt to differ- 
entiate between results of greater and lesser value. For 
this reason we propose certain minimum criteria which 
have to be met before a result can be regarded as accept- 
able. 

The reliability of the potassium-argon dates must be 
assessed primarily on the basis of internal consistency}. 
Loss of radiogenic argon by diffusion, which causes the 
indicated age to be younger than the true age, is the 
most common source of error. Provided that care is taken 
in choosing samples that show minimal alteration, 
reliable results can usually be obtained. 

For the polarity determinations to be meaningful, there 
must be good reasons to believe that the magnetization 
was acquired parallel to that of the geomagnetic field at 
the time of formation of the rock, and that the direction 
has not altered significantly since then. Unweathered 
igneous rocks from tectonically undisturbed regions are 
most likely to meet these requirements, as we can be 
confident that they acquired a thermal remanent magnet- 


ization durmg cooling. There are, however, several 
physical mechanisms which can in principle result in 
erroneous polarity determinations. 

A rock may have had the property of self-reversal 
whereby it became magnetized antiparallel to the pre- 
vailing magnetic field. There is no generally applicable 
test available that will positively indicate the presence or 
absence of this property. For those cases for which 1t has 
been possible to apply the baked contact test no unequiv- 
ocal example of self-reversal has been found", and only 
one well documented case is known from laboratory 
investigations’®. Thus it appears that self-reversal is a 
rare phenomenon in natural rocks. Most of the mech- 
anisms proposed require that the ferromagnetic minerals 
have a particular magneto-chemistry. This can be 
investigated in the laboratory and the possibility that 
self-reversal has occurred can be evaluated; however, the 
evidence is not conclusive. 

Incorrect palaeomagnetic results can also arise because 
of magnetic or mineralogical instability. A secondary 
component of magnetization, usually of isothermal 
origin, can be superumposed on the original magnetization. 
Mineralogical changes, such as the secondary formation 
of magnetite, the formation of titanomaghaemite', or 
exsolution m the ferromagnetic phases'?, can produce a 
secondary component of chemical magnetization, which 
tends to be more stable than magnetization of isothermal 
origin. Secondary magnetizations of both kinds, however, 
can usually be removed by applying a.c. or thermal 
demagnetization procedures. 

Further evidence for the reliability of the magnetic 
data is provided if consistent results are obtained from 
multiple samples from the same horizon as well as samples 
from related horizons. Although the criteria given here 
should be regarded as a minimum for acceptance of 
data, the consistency that is found when results obtained 
from many different rock types and localities are com- 
pared suggests that the difficulties are not so serious as 
might have been expected. 

The following criteria have been used as a basis for ac- 
ceptance or rejection of the polarity and age measurements. 

(1) The measurements of both the palaseomagnetism 
and age were made on the same igneous rock body. 

(2) The determinations of polarity were carried out by 
conventional palasomagnetic techniques; determinations 
using a hand compass in the field are therefore excluded. 

(3) Multiple samples either from the same rock body or 
stratigraphically related bodies were used for determina- 
tions of polarity. The scatter or magnetic directions from 
the samples from one body must not be excessive; as a 
limiting value the dispersion factor (K) is arbitrarily 
taken as 26. 

(4) Demagnetization experiments (a.c. and/or thermal) 
were carried out on the samples to remove unstable 
components. 

(5) The potessium-argon dates were measured on 
samples that have minimal or no alteration. 

(6) Where independent stratigraphic control exists the 
potassium—argon dates must be internally consistent. 
This normally can only be determined when dates have 
been measured on a number of samples from a strati- 


graphic sequence, 
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(7) The uncertainty in the reported potassrum—argon 
date is less than 10 per cent. 

All data found to be acceptable under these criteria are 
listed in Table 1 and shown in Fig. 1. The nomenclature 
used follows that proposed by Cox et al? both with 
respect to the relatively long term polarity epochs and 
the short term events of opposite polarity within an 
epoch 


Table 1. POLARITY AND AGH RESULTS USED IN THE CONSTRUCTION OF THE 
POLARITY TIME SOALE 


Potassium- References 
Pola- argonage Sample Material Locality Dat- Pola- 
rity* (x10° yr) ref. dated ing rity 

N 0-104 GA1264 Alkah andemte Réunion 8 8 
N 0187 G@41265 Alkahandesite Réunion 3 3 
N 0 20 GA1288 Basalt Réunion 8 3 
N 0 21 GA1279 aian andesıte Réunion 3 3 
N 021 GA1800 Basal union 3 3 
N 0 23 GA1257 Rikar andesite Réunion 8 3 
N 0-26 GAI284 Alkali andesite Réunion 3 3 
N 0 S17 Obsidian Slerra Novada 2 2 
N 0-2 GA t Réunion 8 3 
N 0-29 GA1294 Basalt Réunion 8 8 
N 0-35 GA1260 = Alkah andesite Réunion 8 8 
N 043 GA1295 Basalt Réunion 8 3 
N 0-45 AI Basalt Réunion 3 3 
N 0-47 GA1206 Basalt Réunton 8 8 
N 0-54 GA1281 Basalt Réunion 3 8 
N 057 GA1064 Basalt Victoria 4 24 
N 058 GA1261 Basalt Réunion 3 3 
N 0-68 S1 Sanidine Sierra Nevada 20 25,2 
R 0-71 4D049 dSanidine New Mexico 5 8 
R 0-72 8 X 122 Sanıdıne New Mexico 5 5 
R 078 4 DO Sanidine New Mexico 5 5 
GAl017 
R 0-81 GAL Basalt Victoria 4 24, 4 
GA1116 
1 088 4 DO 6 Sanidine New Mexico 5 5 
N 0 89 3 X 187 Sanidine New Mexico 5 5 
R 0 Obsidian Sierra Nevada 26 25 
GA1285 
NX 101 GA1200 Basalt Réunion 8 8 
GA 2000 
R 102 GA1255 Basalt Réunion 8 8 
R 104 8 X 194 Obsidian New Mexico 5 5 
R 107 GA1271 Basalt Réunion 8 3 
R 114 8 Basalt Serra Nevada 2 2 
R 115 GAILZ75 Basalt unon 8 3 
R 118 KA1211 Basalt Hawaii 19 2 
R 118 GA1280 Basalt Réunion 3 8 
R 12 S10 Latite Sierra Nevada 25,26 25 
R 13 Sir Latte Sierra Nevada 25,26 25 
R 1:31 GAb573 Alkali andesite Hawaii 27 18, 28 
R 1:86 KA1188 Basalt Idaho 19 1 
N 1-60 GAL Basalt Iceland 6 28 
R 1:04 §19 Tatite Sierra Nevada 2 2 
R 1-9 S12 Latite Sierra Neva 30 28 
N 1:92 &A1100 Basalt Africa 22 21 
R 1:92 GA2070 Basalt Réunion t d 
R 1-96 GA1278 Basalt Réunion 3 
R 1-96 GA2078 Basalt Réunion 
R 1-96 GA2071 Basalt Réunion 
R 1-07 @A1270 Basalt Réunion 
N 197 GA1269 Basalt Réunion 8 8 
N 108 GA2072 Basalt Réunion i ł 
R 200 persed Basalt Réunion 
N 2:01 G@A1989 Basalt Réunion 8 8 
R 203 GAI272 Basalt Réunion 8 8 
R 2:03 GA1278 Basalt Réunion 3 3 
R 2°08 GA2078 Basalt Réunion 
N 2-08 GA Basalt Réunion f 
R 209 GA2069 Basalt Réunion 
R 2-09 GAQWT4 Basalt Réunion a 
R 2-17 @A1479 Basalt Iceland 
R 22 aidsi Andesite Sierra Nevada 30 7 
9 
R 22 QALIL Basalt Victoria 4 24,4 
N 2-46 0 Andemte Sierra Nevada 2 2 
N 2-49 GALO21 Basalt 1ctoria 4 4, 24 
x 2 68 GA1028 Bazalt Victoria 4 4,24 
N 2°55 G@A1L020 Basalt Victoria 4 4, 24 
N 2-6 Basalt Slerra Nevada 20 25 
N 2-63 G@A1019 Basalt Victoria 4 4, 24 
R 2-80 GA1128 Basalt wall t 23 
N 2 83 GA809 t Hawau 27 18, 28 
N 30 5 Plagioclase Sierra Nevada 30 7 
R 3-06 21 Basalt Sierra Nevada 2 2 
N 3-10 GA1478 Basalt Iceland 6 28 
N 31 S16 Basalt Sierra Nevada, 80 7 
N 3-2 86 Basalt Sierra Nevada 20 25 
N 3-3 GA81O Basalt wall 27 8, 28 
N 3-32 822 Basalt Sierra Neveda 2 
N 33 Basalt Sierra Novada 2 2 
R 34 KA1172 Basalt 19 1 
R 3:48 S28 Basalt Sierra Nevada 2 2 
R 3-5 824 Basalt Sierra Nevada 29 2 
R 3-5 S25 Basalt Sierra Nevada 29 2 
R 3°65 S26 Basalt Biorra Nevada 29 2 
R 36 327 Basslt Sierra Nevada 29 2 
R 3-9 G42005 Basalt Victoria 4 24,4 
R 39 &4A1085 Basalt Victoria 4 24,4 


X, Normal polarity: R, reversed polarity; Z, mtermediate direction, 
{ Data previously unpublished. 
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a 1 Duagram of polarity versus age for the results listed ın Table 1. 


Normal polarity prevailed from the present back to 
0-70 + 0:02 x 10° yr ago; this period is known as the 
Brunhes normal polarity epoch’. Most of the acceptable 
data are from Réunion’, but there is a very substantial 
body of additional data on rocks within this age range, 
particularly from Hawaii and the Sierra Nevada. These 
results are not included in the compilation, mainly 
because of the large uncertainties in the isotopic dates. 
It seems most unlikely, however, that an interval of 
reversed polarity remains undiscovered in this time range. 

Origmally the most recent change in polarity, the boun- 
dary between the Brunhes normal and Matuyama reversed 
epochs, was thought to have occurred about 1:0 x 108 yr 
ago71018, The age of this boundary was controlled by 
the normally magnetized Bishop Tuff dated at 0:98 x 
10° yr and a number of samples dated at 1-0-1-4 x 10° yr 
with reversed polarity. The age of the Bishop Tuff 
wes later revised, however, to about 0-67 x 10% yr?, so 
that the age of the Brunhes-Matuyama boundary was 
then known to lie between 0:7 x 10% and 1:0 x 10* yr. 
Recent results from the Valles Caldera, New Mexico, 
indicated reversed polarity for rocks dated at 0-71 x 10° 
to 0-73 x 10* yr and normal polarity for a sample with a 
measured age of 0-89 x 10% yr. From these results Doell 
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and Dalrymple® concluded that the Brunhes~Matuyama 
boundary was dated at 0-70 x 10* yr, and that a normal 
event, termed the Jaramillo event, occurred at about 
0-89 x 10° yr. Because the identification of the Jaramillo 
event was based on one or two samples dated at about 
0-89 x 10* yr the older and younger limits for this event 
could not be defined with any precision. Results recently 
obtained in this laboratory**, however, not only confirm 
the occurrence of the Jaramillo event, but allow its 
boundaries to be determined with some accuracy. The 
date of 1-01 x 10* yr on a normally magnetized lava from 
Réunion’, together with numerous results on reversely 
magnetized rocks dated at 1-0 x 10%1:4 x 10° yr, 
strongly suggests that the older boundary of the Jaramillo 
event is well controlled at 1:00 + 0-04 x 10% yr. Several 
reversely magnetized rocks from Victoria, Australia, were 
dated by ust at 0-81 x 10% yr and indicate that the 
younger limit for the Jaramillo event lies between 0-81 x 
10° and 0-89 x 10° yr ago. Doell and Dalrymple‘ reported 
an intermediate direction of magnetization from one of 
the Valles Caldera rocks which was dated at 0:88 x 10% yr. 
If this intermediate direction records the transition of the 
magnetic field as it changed polarity then the younger 
limit of the event ıs accurately dated to close at 0-89 x 
106 yr. 

Except for adequate coverage of results in the age 
range 1-0 x 10%-1-35 x 10° yr and at about 2-0 x 10° yr, 
relatively few acceptable data are available on rocks of 
the Matuyama reversed and Gauss normal epochs and the 
reversal is poorly controlled at 2°35 + 0-15 x 10® yr. 
Apart from the Jaramillo event there 1s evidence for two 
other normal events within the Matuyama reversed epoch. 
A normally magnetized basalt from Iceland was dated by 
McDougall and Wensink* at 1:60 + 0-05 x 10% yr. The 
results are considered to be reliable and on this basis it 
was tentatively proposed that a normal polarity interval, 
which was called the Gilsa event, occurred at this time. 
Supporting evidence for this event from elsewhere is 
lacking. 

The Olduvai normal event has been recorded in the age 
range 1-9 x 10*-2-1 x 10° yr from three widely separated 
regions. This event was originally proposed by Cox et al." 
from the palaeomagnetic results of Gromme and Hay*! on 
basalts from Olduvai Gorge, Tanganyika, which were 
dated at 1:92 x 10* yr by Everden and Curtis**. The 
Olduvai event was later confirmed ım our study on rocks 
from Réunion’. Four normally magnetized lavas in this 
age range have now been dated from Réunion and the 
ages all agree closely at 2-02 + 0-07 x 10" yr. Results 
from two reversely magnetized rocks (GA 2069, GA 1273) 
that are stratigraphically younger than the normal 
polarity rocks give ages agreeing at 2-04 + 0-05 x 10° yr. 
The two average ages are indistinguishable from one 
another, but clearly indicate that the younger limit for 
the Olduvai event is well dated at 2-03 + 0-05 x 10° yr. 
This date is significantly older than the measured age 
of 1-92 x 10° yr for the Olduvai basalt itself, and this 
may be ẹ result of the loss of a small proportion of its 
radiogenic argon by the latter. An alternative possibility 
is that about 2 x 10° yr ago the geomagnetic field behaved 
in a more complex manner by changing its polarity a 
number of times over & short period. At one locality in 
Réunion a reversely magnetized basalt (GA 2074) has been 
found below lavas with normal polarity and the measured 
age of this lava with reversed polerity is 2-09 + 0-06 x 
10° yr. The results from Réunion suggest that the length 
of the Olduvai normal event is of the order of 0-05 x 10% 
0-1 x 10* yr and occurred at about 2:05 x 10* yr ago. 
Cox et al! state that ın the Pribiloff Islands, Alaska, a 
stratigraphic sequence of lavas of this age has been found 
in which the Olduvai event is also recorded, but no 
detailed information has yet been published. 

The boundary between the Gauss normal and the Gilbert 
reversed polarity epochs 18 closely dated at 3-35 + 0-1 x 
10° yr (ref. 2). Within the Gauss normal epoch the 
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Mammoth reversed event reported by Doell eż al.* has 
recently been confirmed by results from Iceland’, where 
a lava of normal polarity. dated 3-10 + 0-10 x 10° yr 
occurs just below three reversely magnetized lavas which 
can be traced over considerable distances. Within the 
Gauss epoch, from 2-6 x 10° to 3:0 x 10® yr ago, few 
acceptable data are available. A previously unpublished 
result on & reversely magnetized lava from a quarry on 
Kaena Point, Oahu, Hawaii, suggests the possibility of 
yet another event (Kaena) in the Gauss normal epoch at 
2-80 + 0-06 x 10° yr. The rock is petrographically of 
excellent quality for dating and the palaeomagnetic 
resulta appear to be satisfactory. From the relatively 
few data available, the Gilbert reversed epoch appears to 
extend from 3-35 x 10° yr to at least 4 x 10° yr. 

The results show a remarkably consistent pattern of 
polarity versus age for the past 4 x 10* yr and thus 
provide strong support for the hypothesis that the geo- 
magnetic field has changed its polarity in the geological 
past. The polarity epochs are of variable length and 
within them occur several well authenticated short events 
of opposite polarity, the duration of which appear to be 
about 0-1 x 10° yr. For rocks older than about 2 x 10° 
yr the error associated with the isotopic age determinations 
is of the order of 0-1 x 10* yr; thus it is clear that there 
are still many parts of the scale of tyme where the density 
of data 18 less than that required to exclude the possibilty 
of other unidentified events. 

The fact that events of short duration such as the 
Jaramillo and Olduvai events have been positively identi- 
fied in widely separated localities leaves little doubt that 
they are the result of geomagnetic feld reversals. 

Recently systematic research has begun on the remanent 
magnetization of deep sea cores*:®. A regular succession 
of normal and reversed polarities has been identified in a 
number of such cores and this succession can be correlated 
very satisfactorily with the polarity scale of time based 
on surface samples. Opdyke et al.* believe that they have 
been able to identify the four polarity epochs and also the 
Jaramullo, Olduvai and Mammoth events in bore cores 
from the Antarctic. The essentially continuous record of 
polarity that is obtained from the bore cores will be of 
considerable value in filling in gaps in the time scale 
determined from land samples. In the study of Opdyke 
et al.* the Gilsa and Kaena events have not been identified ; 
some doubt therefore remains as to the reality of these 
events. The Jaramillo event, however, was not found in 
all cores studied, suggesting that the duration of an event 
may be too short compared with sedimentation rates at 
some places to be properly recorded. Further detailed 
work should clarify the position. Because such good 
correlations apparently can be made of the results from 
bore cores with the polarity scale of time based on surface 
samples a precise method is now available for calculating 
sedimentation rates in ocean basins’. 

Vine and Mathews?® suggested that the patterns of 
magnetic anomalies observed across oceanic ridges could 
be interpreted in terms of bodies of normally and reversely 
magnetized rocks. They suggested that rocks became 
magnetized parallel to the prevailing geomagnetic field 
and were then moved successively away, giving rise to a 
lateral sequence with the oldest rocks being farthest from 
the ridge. Pitman and Heirtzler!? have recently applied 
this hypothesis to the remarkably symmetrical patterns 
of anomalies across the Pacific—-Antarctic ridge. They 
showed that with a spreading rate of 4:5 cm/10° yr the 
pattern can be matched with the polarity scale of time 
based on land samples. Furthermore, by assuming the 
spreading rate to have been constant they extrapolated 
the history of geomagnetic field reversal to 10 x 10° yr 
ago. The interpretation suggests that field reversals may 
have been much more frequent in the period 3-5 x 10% 
10 x 10° yr ago than in tthe past 3-5 x 10° yr. Geo- 
chronological and palaeomagnetic studies on surface 
samples can provide a check on these extrapolations even 


1418 


though the resolution of the potassium-eargon date 
decreases with increasing age. 

The fact that results from these different environments 
apparently can be correlated suggests that the hypothesis 
of geomagnetic field reversal is correct. 


Received October 20, 1966. 
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THERMAL ANISOTROPY IN ROCKS 


By Dr. P. MUNJAL and Pror. |. FATT 
College of Engineering, University of Callfornia, Berkeley 


Mosr physical properties of rock are to some extent 
dependent on direction. This anisotropy leads to difficul- 
ties in calculations of the behaviour of the Earth in 
engineering and science, especially when there are no data 
to describe the anisotropy. Such data are difficult to 
obtain both in the fleld and in the laboratory. 

A sedimentary rock usually hes a higher conductivity 
in a direction parallel to the bedding plane than in the 
perpendicular direction because of stratification and 
lithological effects. Conductivities have been reported in 
the two directions for Pennsylvania limestone, gneiss, 
quartzitic sandstone and marble', but more compre- 
hensive investigation will be necessary to show whether 
the results are typical. Moreover, the results are in doubt 
because of the experimental technique, with separate 
core plugs for measurement in the two directions and the 
inherent inaccuracy in cutting test samples along specified 
directions. (This experimental technique provides no 
check that the two samples are actually parallel and 
perpendicular to the bedding plane.) Birch’s? measure- 
ments on igneous rocks show that conductivity measured 
parallel to the foliation ranges from 1-16 to 1-23 times 
that measured at right angles to this direction. Barrett? 
noted differences of up to 20 per cent in the conductivity 
of insulating brick made of porous clay in a direction at 
right angles to different faces. Data are available on the 
measurements of anisotropic behaviour of rock forming 
minerals during heat transfer‘, but these cannot be used 
to estimate directly the thermal anisotropy of rock. 
Even with the crystals, previous investigators have not 
always quoted the temperature of the measurements, and 
even when they have done so, the direction may not be 
specified. Furthermore, the results conflict even for 
common minerals such as quartz and calcite, which 
implies that individual conductivity measurements are 
not reliable. 

The experimental technique described here is an im- 
proved version of the methods of Senarmont®, Rontgen® 
and Powell’, who studied molten wax, lycopodium powder 
on & surface moistened by breath, and carbon dioxide and 
frost respectively. Their methods were comparatively 
crude and provided no way of finding anisotropy at 
different temperatures. 

In our method, heat is supplied at a constant rate to a 
cylindrical gource in the centre of a block of the rock 
under investigation. The temperature profile on the 


face of the block is then observed aa heat moves away from 
this source. If the rock is thermally isotropic in a plane 
normal to the line source, the temperature profile is a 
circle. If there are two orthogonal thermal conductivities 
in this plane, however, then the temperature profile is 
elliptical. The major and minor axes of the elliptical 
contour were measured only when enough time had 
elapsed for the diameter of the cylindrical source to be 
small compared with the length of the two axes. (In 
practice the ratio of the two dimensions was about 1 : 13.) 
The source can thus be considered as a line. This was 
verified experimentally by the observation that the 
anisotropy did not change after the ratio of the axis 
of the ellipse to the diameter of the hole was greater than 
about 10. It was observed that ellipses were formed 
when the ratio of the axis to the hole diameter was as 
small as 3. Thus we believe that the data obtained are 
not influenced by the finite size of the heat source. 

Thermal anisotropy is defined as the ratio of the thermal 
conductivities and 1s given by the ratio of the squares 
of the lengths of the major and minor axes of the observed 
ellipse. This definition follows from the solution for heat 
flow from a line source into an infinite medium. 

Cubes of rock with sides 30 cm long were used in the 
method described here. The rock may be dry or saturated 
with water, although it is easier to work with dry rock. 
Most of the rock specimens used had an observable internal 
orientation. The sample cube was cut from the specimen 
in such a way that there were two faces parallel to the 
bedding plane and the remaining four were perpendicular. 
This alignment of the sample block was checked experi- 
mentally by observing that two perfectly circular tempera- 
ture profiles were obtained on the two faces parallel to 
the bedding plane. In a few cases where the original rock 
samples did not have an observable orientation, a trial 
Measurement was made. A block with a known orienta- 
tion to the original specimen was cut and the shapes of 
the temperature contours on two opposite faces were 
recorded. Departures from circularity were noted. A 
second sample cube was then cut at an orientation cor- 
rected for this distortion. Three holes, each 1 cm in 
diameter, were drilled through the cube at the centre of 
each face. The horizontal face was then painted with a 
temperature indicator. Three types of paint, “Templaq’, 
DetectoTemp’ and “Thermindex’, were used, depending 
on the temperature to which the block was to be heated. 
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Paints were available for the following temperatures at 
which changes in colour occurred: 40°, 45°, 59°, 65°, 73°, 
79°, 85° and 87° C. 

A rod-type electric heater (110 V, 100 W) was then 
inserted into the vertical hole at the centre of the painted 
horizontal surface.. The heater was centred using a 
tightly fitting ‘Teflon’ sleeve located on the bottom hori- 
zontal surface. Woods metal (melting pomt 73° C) was 
then poured into the annular space between the rod and 
the cube to give good thermal contact between the rod 
and the inside of the hole. 

A square of ‘Cadilaq’ with sides 30 em long and a hole 
in the centre to accommodate the rod was placed over 
the painted face. (‘Cadilaq’ 1s a high temperature trans- 
parent plastic with low heat conductivity.) This plastic 
sheet eliminated convective heat loss from the painted face. 

Thermocouples were taped to the midpointe of the edges 
of the painted faces so that the arrıval of the temperature 
rise at the edge could be observed. The experiment was 
stopped when the rise in temperature reached the outer 
edge of the block so that the block could be thought of as 
infinitely large. 

On passing a current through the rod heater, a heat 
wave moved outwards from the centre of the painted face. 
The change in colour of the temperature-indicating paint 
clearly showed the position of a temperature front. The 
axes of the oircle or ellipse marked by the colour change 
were measured with dividers and rule before the temper- 
ature rise reached the outer edge of the painted face. 

The block was allowed to cool and the paint washed 
off with alcohol. It was then allowed to dry, after which a 
paint which reacted to a higher temperature was applied. 
Details of the procedure are given by Munjal’. 

Twenty different rock types were investigated ın this 
way and each sample was investigated on three mutually 
perpendicular faces. All measurements were made on 
samples in the dry state except for one measurement at 40° 
C made on a water-saturated block of Bandera sandstone. 

We defined a thermally isotropic rock as one for which 
any diameter of the circle containing the colour change 
did not differ from any other diameter of the same circle 
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by more than 1 per cent. The following rocks were 
found to be thermally isotropic: Boise sandstone; 
bituminous coal; conglomeratic sandstone; granite; 
limestone (Sonora, California); limestone (Texas); rock 
salt; Solenhofen limestone; Torpedo sandstone and Yule 
marble. The source and description of these rocks are 
given by Munjal’. 

The ten rocks which were found to be thermally 
anisotropic are shown in Fig. 1, where the thermal 
anisotropy is plotted against temperature. Unhke most 
minerals, rocks have thermal anisotropies only along two 
axes and the conductivities ks, and ky, are equal. 

In all cases where the bedding was visible, the thermal 
conductivity was greater in the direction of the bedding 
plane than at right angles to it. Within the bedding plane 
the thermal conductivity was isotropic. Thin section 
analysis of the rocks was also made’. Thin sections 
parallel to the three axes of the sample were prepared. 
These showed preferred orientation of the grains parallel 
to the direction of maximum heat flow. In the Bandera, 
Berea, and ferruginous sandstones more quartz grains 
had their long axes parallel to the direction of higher heat 
conductivity than perpendicular to this direction. Com- 
parison of thin sections taken parallel and perpendicular 
to the bedding shewed that most quartz grains had their 
long axes parallel to the direction of the bedding plane. 
In the sections taken perpendicular to the bedding the 
long axes were randomly oriented. A similar observation 
was made on the carbonaceous shale sample. 

The anisotropic ratios shown in Fig. 1 decrease more 
rapidly with an increase in temperature for rocks which 
have a high thermal anisotropy (except for one chert 
sample which had an increasing ratio with an increase in 
temperature). Tables showing the dimensions of the 


ellipses used to construct Fig. 1 are given by Munjal’. 

The solid square point at 40° C and thermal anisotropy 
1:17 in Fig. 1 is for water-saturated Bandera sandstone; 
the thermal anisotropy is 93 per cent that of the dry rock. 
This is to be expected because water in the pore spaces 
of the rock forms a network of isotropic conductors and 
therefore reduces the anisotropy. 
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Fig. 1. Graph of thermal anisotropy versus temperature for various rocks. 
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The method of detecting thermal anisotropy described 
here may be of use in locating bedding planes in sedi- 
mentary rocks or folation planes in igneous or meta- 
morphic rocks when such textural features are invisible 
or ambiguous. The method can also be used to ascertain 
the orientation of the thermal anisotropy ellipsoid with 
respect to the direction cosines of the block surfaces from 
a single measurement on a. single block of rock. 

This work was supported by an American Petroleum 
Institute grant. 
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GRAPHITE—HYDROGEN REACTIONS AND THEIR IMPLICATIONS 
IN GEOCHEMISTRY 


By Dr. EARL A. 


GULBRANSEN 


Westinghouse Research Laboratories, Pittsburgh, Pennsylvania 


THERMOOHEMIOALLY, graphite and hydrogen should not 
react appreciably at low pressures and high temperatures 
to form hydrocarbons, because of the small equilibrium 
concentrations of the reaction products. If the reaction 
products are rapidly removed or quenched, however, 
hydrocarbons could form. Table 1 shows the equilibrium 
ratios of the pressure of hydrocarbons to the pressure of 
hydrogen for three carbon—hydrogen reactions at 1,327° C 
and a hydrogen pressure of 5 torr. 


Table 1 
Prydrocarbon 
Reaction Prydrogen Reference 
(2) +2 Hilg) = OHA) 105x107 1 
2 C(s) +2 Hilo) == CHo) 23x107 1 
6 U) +3 Halo) = CHA) 18x10" 2 


The existence of a noticeable graphite-hydrogen 
reaction during flow conditions was demonstrated by 
Gulbransen, Andrew and Brassart*. At 1,650° C and a 
pressure of 19 torr, a reaction rate of 6-0x 101? atoms of 
carbon cm-*sec-! was inferred from gravimetric measure- 
ments and the geometrical area of the sample. The 
reaction species were not identified by mass spectrometry 
because of the small concentrations m the flow reaction 
systems. 

An understanding of the kinetics and tho nature of the 
reaction products of the graphite-hydrogen reaction 18 
important for two reasons: (1) graphite is potentially 
a material for the construction of nuclear 
reactors in space using hydrogen as the 
working gas and, (2) the reaction illustrates 
the important effect of flow and quenching 
on the course of chemical reactions which 
are not thermochemically favoured. The 
purpose of this article is to point out the 
possible importance of the graphite—hydro- 
gen reaction and other reactions of the same 
type in geochemistry and to put forward 
mechanisms for the formation ofthe Earth’s J 
atmosphere, hydrosphere and hydrocarbon 
gases under conditions similar to those 
found in volcanoes. 

A special type of reaction system was 
designed by W. M. Hickam of these 
laboratories, for studying the nature of the 
reaction products of gas—hquid or gas—solid 
reactions under rapid quenching conditions. 
Fig. 1 shows the apparatus. High frequency 
heating was used to levitate and to heat 
the sample. The reaction system eliminates 
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specimen supports and hot furnace tube surfaces. Quench- 
ing of the reaction products was rapid from the cold walls 
of the quartz tube. Liquid nitrogen could be blown over 
the quartz tube for cooling. The reaction system was of 
small volume and was attached directly to the mass 
spectrometric pumping and analysing system. The gas 
analyses and the total amount of gas used were 
measured. 

Samples of very pure graphitet 0-2 g in weight were 
used. Ultrapure hydrogen and high purity deuterium 
containing 1 per cent hydrogen were used. Before starting 
a series of experiments the graphite specimen was heated 
to 1,300°-1,400° C for 10 min to outgas the sample and to 
remove the adsorbed oxygen on the surface. 

Table 2 shows typical mass spectrometric data for the 
graphite—hydrogen reaction at three pressures, 5, 10 and 
20 torr of hydrogen‘. Reaction times of 2 min were used 
to prevent a build-up in temperature of the quartz tube. 
After reaction, the gas mixture was admitted to the mass 
spectrometer system for analysis. Control experiments 
were made by heating the sample in vacuum and in high 
purity argon. 

Table 2 shows that small amounts of methane, acetylene, 
ethylene and other hydrocarbons including benzene and 
toluene were formed. The carbon monoxide and carbon 
dioxide result from the reaction of the adsorbed surface 
oxygen monolayer with carbon on heating’. The adsorbed 
oxygen is difficult to remove completely by vacuum 
heating at 1,300° to 1,400° C. 


Stainless Hose J 


450 kc Generator 


Fig. 1 Levitation-reaction system. 
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Table 2. Gas ANALYSES, GRAPHITR+ HYDROGEN RHACTION 
Levitation Total amount 
conditions b Gas analysis (Mole per cent) of gas 
CO`and/ Other 
Qas torr H, or N, co, OH, 0O;Hs C,H, hydro- CH C,H, ¢.0,-atm 
carbons 
Vacuum. None 70 81 25-78 93 0-0009 
Argon 10 0-15 0-10 O74 0-01 = - - - 0 2009 
Hydrogen 5 90-25 0-17 - 008 0-22 0-08 9 20 0-07 - - 0-1341 
Hydrogen 10 98-863 0-27 ~ 0-25 O34 O11 0 21 - 0-17 0-02 0-2720 
Hydrogen 20 90-51 006 - 0-05 0 24 005 0 05 - 0-04 - 0-5580 
H HD D co 00 Deuterated hydrocarbons* 
Deuterium 20 ode so 97-25  ©18 oor O51 0 5675 


* ODi, O,D,, and O,D, + small amounts of CED, and 0,HD,. 


The control experimente show that hydrocarbon gases 
were not formed or released from the sample and reaction 
veasel in the absence of hydrogen. The deuterium experi- 
ment shows that deuterium-carbon compounds were 
formed. It is concluded that graphite reacts with hydrogen 
or deuterium at temperatures of 1,300°-1,400° C under 
conditions where the reaction products are quenched. 

Calculations with the kinetic data of Gulbransen, 
Andrew and Brassart* and the mass spectrometric analyses 
show that 7 per cent of the caleulated reaction product 
appears as hydrocarbon gases in the reaction system. A 
large fraction of the reaction products dissociates before 
quenching. 

The origin of hydrocarbons and other carbon com- 
pounds, water vapour, oxygen and other gases in the 
Earth’s atmosphere and hydrosphere has been a subject 
of great interest*"*. Brancazio* has suggested the follow- 
ing input and loss processes. 

I. Input processes: (a) capture from a primitive solar 
nebula; (6) capture from the solar wind; (c) collisions 
with comets and meteorites; (d) outgassing from the 
interior; (e) chemical reactions with surface materials. 

II. Loss processes: (a) sweeping action of the solar 
wind; (b) chemical reactions with surface materials; 
(c) rotational instability of the planet. 

Brancazio states that process I (d) Modified by I (e) and 
TI (b) are the more important mechanisms for the origin 
and evolution of the Earth’s atmosphere and hydro- 
sphere. The next step is to consider these processes in 
more detail and to develop a model for the various physical 
and chemical phenomena which may have occurred. A 
model is now proposed, based on laboratory experiments 
for these several processes. 

The following assumptions are made: (1) outgassing 
occurred largely by the eruption of voleances on the 
Earth’s surface; (2) the chemical composition of the 
volcanoes is given in Table 3; and (8) the early atmo- 
sphere was probably reducing and contained nitrogen, 
ammonia, methane and hydrogen®?*. 


Table 8. ASSUNAD COMPOSITION OV VOLCANOES 


terial 


Mai State 
Basaitic rocks Bolid and liquid, mixed phases. 


Graphite In solid or liquid solution and as a 
separate phase. 


In solid or laud spolukion and as 


Active gases, hydrogen, nitrogen and 
o olemonta, : gases where posable. 


ther 


Reaction products of internal re- In solid or liquid solution and as 
actions, methane, ammonia, water, gases where ie correspon: 
carbon monoxide, carbon dioxide, to local equilibrium conditions. 
bydrogen sulphide. 


Chemical reactions occurred on release of pressure—that 
is, on eruption—between components within the volcano 
and also with gases already in the Earth’s atmosphere. 
These reactions took place at high temperature under 
varying pressure conditions and under fast flow and 
quenching conditions to give reaction products not 
normally expected in appreciable amounts on the basis of 
thermochemical considerations. Thus, the formation 
of various hydrocarbon gases could occur in the way 
demonstrated in my laboratory experiments. 


In addition to the formation of hydrocarbons, water 
could be formed by the reaction of hydrogen with solid 
or liquid rocks. Under flow and rapid quenching, hydrogen 
could react with many oxides in the rocks reducing the 
oxidation state of the oxide or forming metals. Thermo- 
chemical calculations show that many of these reactions 
are more favourable than the formation of ethylene, 
acetylene and benzene from the graphite-~hydrogen 
reaction. 

Graphite could react on the release of pressure and 
under flow conditions with the oxides in the rock to form 
carbon monoxide. Moreover hydrocarbon gases could react 
with the hot oxides to form'carbon monoxide and water. 
Carbon dioxide could form by the water gas equilibrium 
CO(g) + H,0(g) CO, (g) + H,(g). 

The quenched gases from a volcano at this early stage 
of the Earth’s history would consist of nitrogen, hydrogen, 
ammonia, water, hydrogen sulphide, carbon monoxide, 
and small amounts of carbon dioxide and hydrocarbons. 

Water vapour could condense as solid or liquid water 
depending on the temperature of the atmosphere and 
Earth’s surface. Carbon dioxide could dissolve in the 
seas if liquid and react with the silicate rocks in the 
presence of water to produce carbonates. Some of the 
hydrocarbon gases could be adsorbed if gaseous or con- 
densed as liquids, and trapped by volcanic rock to isolate 
these compounds from further chemical reactions. This 
mechanism of hydrocarbon isolation may account for the 
oil and gas deposits in the Earth. Some modification of ` 
the deposits at a later date by biological organisms un- 
doubtedly occurred to account for the presence of porphy- 
rin type compounds in oil}. 

The chemical reactions which occurred in volcanoes under 
various pressure, temperature and flow and quenching 
reaction conditions, combined with mechanisms for re- 
moval of the reaction producta—that is, water, carbon 
diomde and hydrocarbons—provide a model for the forma- 
tion of the oceans and for the formation of large 
quantities of deposited carbonates and hydrocarbon 
compounds. 

The absence of hydrogen in the present atmosphere is 
a result of loss of hydrogen by fractionation in the Earth’s 
gravitational fleld*. Both carbon monoxide and any 
residual hydrogen would have been oxidized when 
oxygen appeared in. the atmosphere by a photosynthesis 
reaction. 

My model provides the Earth’s atmosphere and hydro- 
sphere with water, nitrogen, methane, ethylene, acetylene, 
benzene, toluene, hydrogen, carbon monoxide and carbon 
dioxide. Chemical reactions between these gases in the 
presence of radiation and electric discharges as proposed 
by Urey'*!5 make possible the formation of the complex 
organic compounds (including amino-acids) necessary for 
the formation of simple forms of life. 

One further suggestion follows from this analysis: 
the oceans, hydrocarbons and carbonaceous deposits 
must have formed gradually and simultaneously during 
the early period of the Earth’s history. 

I thank Mr. W. M. Hickam and Mr. J. F. Zamaria for 
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A CHARGED PARTICLE OSCILLATOR 


By Dr. A. H. McILRAITH 
National Physical Laboratory, Teddington 


Durna an investigation of electron paths in an X-ray 
tube by means of a rubber gravitational model, it was 
found that when an isolated pair of rods is pressed into 
the rubber a ball released from rest a large distance from 
them passes between them many times before having a 
collision. This observation suggested that in the corre- 
sponding electrical model comprised of a pair of positively 
-charged infinitely long parallel electrodes a single negatively 
charged particle will follow an oscillatory path which 
always passes between the electrodes. Here it is assumed 
that the particle has no collisions with other particles and 
does not lose energy by radiative or other means. The 
proof of this given here holds not only for the field pre- 
viously postulated but also for any other force field the 
corresponding potential field of which possesses a single 
saddle point with three planes of symmetry and the lines 
of force of which at a distance are asymptotic to lines 
passing through the saddle pomt. 

Consider the field shown in Fig. 1. The poles 4 and A’ 
could be a pair of equally charged rods, a pair of equally 
charged spheres or a charged ring. The field has a saddle 
point at O. In the vicinity of the origin the lines of force 
are strongly curved ; elsewhere they are essentially straight 
and radiate from O. D is the locus of pomts for which the 
electric field component Ezis zero. Outside D Es is directed 
away from the Y axis while inside D it 1s directed towards 
the Y axis. The shape of D depends on the geometry of 
the electrode system. D always passes through the poles. 
For a pair of parallel rods D is a circle. 





Fig. 1. Force field resulting from a pair of equal poles A and A’. 


Let a negatively charged particle be released from rest 
at the point P (r,9). Initially the particle follows a line 
of force but, owing to its momentum, ıt fails to follow the 
sharp bend to A and so its trajectory crosses the X axis 
at the angle p. When r is large ọ is nearly equal to 9. 
As r decreases 9 increases. Eventually a value of r 1s 


Then, owing to the symmetry 


of the field about the X axis, the trajectory of the particle 
is also symmetrical about this axis and is therefore 
stationary (Fig. 2a). G is the locus of the starting points 


of the trajectories for which 9 = 


the X axis. This family of stationary trajectories is that 
of lowest energy. Other families of stationary trajectories 
can be found by increasing the value of r until the first 
crossing of the Y axis the second crossing of the X axis, 
eto., are made at right angles. Examples are shown in 
Fig. 2. For a given set of boundaries the shape of G 
depends on how rapidly the strength of the field far from 
the origin falls off with distance. When it falls off more 
rapidly than about the inverse 2-5th power of the distance 
from the origin G is split into a pair of curves which cross 
the X axis but which fail to cross the Y axis. 

It will be shown ın a later paper that particles starting 
from positions lying between the loci for adjacent families 
of stationary trajectories follow trajectories which are 
stable but not stationary, that is, each trajectory lies 
within a fixed envelope which does not contain the poles. 
It follows from this that all particles starting from rest 
outside G follow stable trajectories, while those starting 
from rest inside @ follow trajectories which converge on 
one or other of the poles and are therefore lost. Evidence in 
support of this is given by the experiments performed with 
the gravitational model and the gaseous discharge tube 
quoted later. Because of the finite diameter of the elec- 
trodes, particles starting in theshaded area of Fig. 2a collide 
with the electrodes even though their trajectories are intrin- 
sically stable. Thus the particles of greatest interest are 
those which have their starting positions in the unshaded 
region outside G. 

The outer boundary of the system could be a con- 
ducting sphere in the case of the charged spheres or the 
charged ring, while in the case of the charged rods it 
could be a conducting cylinder. The ends of the cylinder 
should be closed by plane or spherical caps to prevent 
particles from drifting out of the system. The motion of a 
particle in a cylinder fitted with end caps has an oscillatory 
component parallel to the axis of the cylinder, otherwise 
it is little different from that described here. 


reached such that 9 = = 


z at the first crossing of 
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Fig. 2. 


The path of a 0-75 in. diameter steel ball running between 
& pair of 0-25 in. diameter rods 2-75 in. apart is shown in 
Fig. 3. The circular outer boundary of the syste 
48 in. in diameter. The rods are pressed into the rubber 
to a depth of 05 in. It is evident that although its 
starting point is 1-5 in. from the Y axis the ball follows a 
stable trajectory until the amplitude of its oscillation 
falls below the separation of the rods. The observed 
‘amplitude for the onset of unstable motion agrees well 
with the known shape of G. The displacement of the 
“eentre of the trace away from the origin towards the left- 
hand rod results from side dlumination of the ball. 
“A working model of the cylindrical version of the 
oscillator was made. It consists of a copper tube (1 in. in 
diameter, 4 in. long) with a pair of copper wires (0-0125 in. 
in diameter) 0-1 in. apart equally disposed about its axis. 
One of the end plates is made of copper gauze to allow 
visual inspection of the interior of the oscillator. At an 
air pressure of 4x 10-4 torr and an applied potential of 
4kV a current of 10-20 pamp flows in the oscillator and 
produces a visible discharge. A photograph of the form 
of the discharge at the centre of the tube is shown in 
Fig. 4. As anticipated from the expected distribution of 
oseillating electrons the discharge passes between the 
wires and is concentrated about the Y axis. With an 
applied: voltage of 6 kV the discharge ceases when the 
pressure falls below 8x 10-5 torr. If the pair of wires is 
replaced by a single wire of the same diameter passing 
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a 


Possible stationary paths for a particle attracted by a pair of equal poles. 


down the axis of the tube the discharge ceases when the 
pressure falls below 3 x 10-* torr. This suggests that in this 
model the addition of a second wire increases the mean 
free path of the oscillating electrons by a factor of about 
forty. ; : 






Fig. 3. Path followed by a ball attracted by a pair of equal depressions i in 
a stretched rubber sheet. 


* 





Fig. 4. Discharge pattern at the centre of a charged particle oscillator. 


-This model was constructed and assembled in haste 
and consequently is far from perfect. Its chief weakness 
lies in the fixing of the wires. They were pulled tight by 
hand and clamped by means of screws. As a result they 
are not as straight as they should be and they become 
bowed when heated in the discharge. A second model, 
in which the wires are held taut by means of springs and 
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in which greater attention has been paid to its geometrical 
alignment, produces a more intense and stable dis- 
charge. 

These preliminary. results suggest that this device is 
able to hold charged particles in a state of oscillatory 
motion for an appreciable length of time. If this is the 
case there may be a variety of uses for it, notable among 
them being its use as a vacuum gauge and as a sputter-ion 
vacuum pump. 

It can be shown by arguments based on symmetry 
similar to those used here that the gravitational field. 
due to a double star should be able to hold particles 
ranging in size from dust to small planets in a state of 
permanent oscillation. The stationary trajectories found 
can be divided into two classes: those which are stationary 
with respect to the rotating double star, and those which 
are stationary with respect to an inertial frame of reference. 
The former have long been known! and, doubtless, so 
also have the latter. As the double star rotates with a 
period T about its centre of mass, the only allowed particle 
trajectories of the latter class are those of which the 
periods are integral multiples of 7'/2 when the stars are of 
equal mass, or integral multiples of T when they are of 
unequal mass. Moreover, only those particles the motion 
of which bears a particular phase relationship to the 
rotation of the double star are able to exist permanently 
in any given trajectory, that is they are bunched together. 
Consequently, a distant observer will notice a periodic 
variation in the spread of these particles transverse to his 
line of sight, the least spread occurring when the stars 
are in line with him. 


Received August 1, 1966. Revised November 10, 1966. 
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INSTABILITY OF FIRING THRESHOLD AND “REMOTE” ACTIVATION IN 
CORTICAL NEURONES 
By Dr. R. ELUL* and Pror. W. R. ADEY 


Space Biology Laboratory, Brain Research Institute, and Department of Anatomy, University of California, Los Angeles, California 


Granit, Kellerth and Williams have described)? inhibition 
of & special type in spinal motoneurones, characterized 
by a marked reduction in the firing rate in the absence of 
hyperpolarization of these cells. This inhibition, elicited 
by asynchronous afferent volleys, could be shown to be 
postsynaptic, but because of the absence in intracellular 
recordings of any consistent electrical correlate except 
the altered output of the cell, it was termed “remote 
inhibition”. 

Tn the present article, an observation is reported which 
in many respects appears complementary to that described 
by Granit, Kellerth and Williams. In the course of intra- 
eollular exploration of neurones in the cerebral cortex, 
spontaneously occurring depolarizations were often found, 
which exceeded the apparent ‘‘eritical firing level” without 
apike triggering. 

The preparation used in these experiments was the pre- 
trigeminal cat; in this preparation a complete transection 
» placed immediately rostral to the trigeminal nerve, 
“prevents any somatic sensation, including pain, from 
reaching the brain?, In the present experiments, intra- 
‘cellular recordings were made in the exposed sensorimotor 
cortex, using micropipettes filled with potassium chloride 
“of potassium citrate solution connected to a conventional 
recording systern. 

As previously deseribed‘*, the resting potential of 
impaled cortical neurones undergoes spontaneous oscil- 


*Qn leave from the Hebrew University-Hadassah Medical School, 
garnalen. Present address: Department of Biophysics, University College, 
ondon. 


















lations. These oscillations are especially conspicuous in 
the unanaesthetized pretrigeminal cat, reaching in many 
neurones up to 20 mV, that is, about 35 per cent of the 
total trans-membrane potential. A typical example of 
intracellularly recorded wave activity is shown in Fig. LA. 
It will be noted in this figure that the spikes are usually 
triggered on the crest of the waves, at the moment of 
maximal depolarization. In the same record, however, 











Fig. 1. Instability of spike firing threshold. A-C, Intracellular record- 

ings, positivity upwards, dotted line in B, C provides a fixed d.e, refer- 

ence, A, Low recording speed, arrows indicate where the apparent firing 

level had been exceeded without generating a spike; B, similar to 4, but 

at higher recording speed and with another cell, C, Abrupt change of the 
spike triggering level, same cell as B. 
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waves also appear that do not lead to spike firing, although 
of equal or even higher amplitude, and witha slope and 
duration comparable with that of the waves which 
trigger spikes. =~ 

The irregular character of the relationship of waves 
and spikes becomes more obvious when an attempt is 
made to determine the “‘critical firing level” by drawing a 
straight line through the bases of a number of spikes. 
Such a line may indeed be drawn in certain cells in which 
the spike triggering threshold is fairly constant (Fig. 1B). 
In other cells, however, the critical firing level appears to 
shift ceaselessly between several potential levels (Fig. 1C). 

The observations illustrated here of the inconstant 
spike-wavo relationship were by no means rare. Similar 
records could: be obtained from cells which survived 
impalement for many minutes, and apparently the 
phenomenon was not related to cell damage, because the 
cells in which it was found maintained their resting 
potential within normal limits (45-80 mV) and their 
firing rate did not exceed 10/sec. There appeared to be 
some correlation. between the amplitude of intracellular 
potential oscillations and irregular spike triggering. Cells 
with wave activity smaller than 10 mV were likely to show 
‘classical’? behaviour. On the other hand, in almost every 
cell exhibiting waves in excess of 10 mV, an inconstant 
firing level was observed (Fig. 10). A quantitative analysis 
of the cell population involved, and of certain other aspects 


of the spike-wave relationship, will be presented elsewhere. 





| As in the investigations of Granit et al.1-7, it is also clear 
“from the present intracellular recordings that presynaptic 
processes cannot satisfactorily account for the experi- 
mental findings. Although the present observations relate 
to spontaneous activity, thus making difficult any assess- 
ment of inhibition or excitation, it seems quite likely that 
these observations belong in the same category as “remote 
inhibition”. An inability to detect a correlation between 
the pulse-coded output of the neurone and events re- 
corded intracellularly was common to both. 

There are several explanations to be considered in 
relation to the anomalous spike-wave relationship, and 
these can conveniently be grouped into two general hypo- 
theses: (i) In these nerve cells the “critical firing level” 
. is unstable, and varies in such a way as to result in the 
observed behaviour. (ii) The record obtained with an 
intracellular electrode does not reflect events at the spike 
triggering zone. It is conceivable that such a situation 
could arise in cells impaled at a considerable distance from 

the triggering zone, if leakage across the membrane, or 
the high impedance of the interposed cytoplasm, could 
cause significant losses in the electrical coupling between 
he two sites. If this were so, spike activity would result 
predominantly from synapses at a great distance from the 
pipette tip, whereas the waves picked up by the micro- 
pipette would mostly reflect other synaptic events that 
have only secondary effects on the spike output of the 

coll. 
There is at this time no direct evidence for either of 
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these mechanisms. The notion of a triggering zone with 
time-variant threshold does not appear to agree. with 
observations on spinal motoneurones activated by syn- 
chronous volleys, in which the firing level typically shows 
a high degree of stability’, although this may result from 
a genuine physiological difference between the action of 
synchronous and asynchronous volleys. Hypothesis (i) 
also includes the possibility, previously considered by 
certain authors, of neurones which have more than one 
triggering zone—the various triggering zones presumably 
differ in threshold*:*. In these investigations, however, 
transfer of dominance between the different triggering 
zones could only be affected by repetitive stimulation. 


over a considerable length of time, whereas the present 
observations would require alternation of triggering zones: 
several times in each second, in a “flip-flop” fashion.  — — = 
of the alternative hypothesis are 


The implications 
likewise difficult to accept. The cell body, or the principal _ 
dendritic trunks, are likely to become impaled in the 
great majority of intracellular recordings", and therefore 


the spike triggering zone cannot be expected to be sepa- 


rated by more than 100y from the site of entry of the 
microelectrode; the values of resistance and capacitance 
which must be assigned to the cytoplasm and to the en- 
closing membrane, in order to make possible the observed: 
loose coupling, would be substantially higher than the 
figures commonly cited!!1*, Nevertheless, because the 
time constant of the membrane found in nerve fibres’ 
and in neurones devoid of dendrites“, deviates from the 
corresponding figure calculated for motoneurones"®, ‘the 
possibility cannot be rejected that the deviation in the 
latter case results from “pollution” by a membrane with 
markedly different electrical properties, possibly located in 
the dendrites, Such an assumption could readily explain 
the rapid spatial decrement observed in cortical neurones". 

This investigation was supported in part by grants 
from the National Institutes of Health, U.S. Public 
Health Service, and in part by a contract from the Air 
Force Office of Scientific Research of the Office of Aerospace 
Research, U.S. Air Force. 
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NEURONAL BASIS FOR THE CENTRAL ACTION OF CHLORPROMAZINE 
By Pror. P. B. BRADLEY, Dr. J. H. WOLSTENCROFT, L. HOSLI* and Dr. G. L. AVANZINOt 


Medical Research Council Neuropharmacology Research Unit, The Medical School, Birmingham 


l CHLORPROMAZINE is one of the oldest of the tranquillizers, 


and is still probably the most widely used and most 
extensively investigated of this class of substances. 
Despite the fact that it has been in use since 1953, how- 
ever, we are still ignorant of the precise mode of action 


* Present address: Department of Physiology, The John Curtin School of. 


Medical Research, Australian National University, Canberra, Australia. 


+ Present address: Istituto di Fisiologia Umana dell’Universita, Viale 
Benedetto, Genoa, Italy. 


on the central nervous system by which it produces its 
clinical effects. 

Investigations in animal preparations, using a com- 
bination of electrophysiological and behavioural tech- 
niques, have shown that the drug has a selective action 
on the sensory inflow into the brain stem reticular forma- 
tion from afferent pathways. Chlorpromazine depresses 
these sensory influences as shown by its elevation of the 
threshold for sensory induced arousal while it has little 
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effect on- arousal produced by direct stimulation of the 
brainstem reticular formation’. Thus, chlorpromazine 
induces a state of indifference and unresponsiveness to 
sensory stimuli in animals*-°. The action postulated for 
this drug--a depressant action related to the collateral 
afferent input to the reticular formation of the brain 
stem-——explains many of its observed central effects 
both in animals and in man‘. The methods used so far 
do not, however, enable us to pinpoint its action at the 
neuronal level. 

An investigation of the effects of chlorpromazine on the 
activity of single neurones in the brain stem reticular 
formation, showing convergence responses to sensory 
stimuli, indicated that the drug depressed these neurones’ ; 
however, because chlorpromazine was injected intraven- 
ously in these experiments the effects observed may have 
been indirect. That the effects observed with this drug, 
particularly those on behaviour, are due to direct central 
action is suggested by the following observations: first, 
when chlorpromazine is administered systemically it 
becomes concentrated in brain tissue”, and second, when 
it is injected into the cerebral ventricles its effects on 
behaviour and the electrocorticogram are similar to those 
produced by systemic administration?. Biochemical 
investigations on brain tissue have provided no satis- 
factory explanation for the central effects of chlor- 
promazine. We therefore decided to investigate the 
pharmacology of its central action by applying it to single 
neurones by a micro-iontophoretic technique. Initial 
attempts with this technique were unsuccessful, but when 
chlorpromazine was applied by a “‘micro-tap”, inhibition 
of neuronal activity was observed’. Further attempts 
using iontophoresis led to the results described below. 

In its peripheral actions, chlorpromazine shows a wide 
variety of pharmacological properties. It has adrenolytic 
and cholinolytie actions and is an antagonist to 5-hydroxy- 
tryptamine’’. There has been some speculation as to 
whether the central effects of chlorpromazine might be 
due to a central adrenolytic action, but no satisfactory 
evidence has been produced to support this idea. Acetyl- 
choline, noradrenaline and 5-hydroxytryptamine are 
known to have actions on brain stem neurones when applied 
iontophoretically™ and there is evidence that they may 
be involved in synaptic transmission in the central nervous 
system. We therefore investigated the possibility that 
chlorpromazine might antagonize or otherwise interact 
with certain of their actions. The procedure involved 
iontophoretic application of these substances before and 
after applying chlorpromazine. In an attempt to corre- 
late the effects found by these techniques with the effects 
of chlorpromazine on the arousal response, we also in- 
vestigated the pharmacological properties of rostrally 
projecting neurones in the reticular formation of the lower 
brain stem. 

All experiments were made on cats decerebrated under 
halothane anaesthesia, administration of the halothane 
being discontinued before recordings were made. After 
removal of the cerebellum, five-barrelled micropipettes 
were inserted through the floor of the fourth ventricle. 
Recordings were made from single neurones and drugs 
were applied iontophoretically by techniques previously 
deseribed"*, Chlorpromazine was used at a concentration 
of 2 per cent and pH 4-5-5-0. This dilute and acid solution 
passed current more easily than stronger and less acid 
solutions. 

_. We examined the effects of chlorpromazine on the 
spontaneous activity of 110 neurones, of which it in- 
hibited seventy-six, excited two and had no effeet on the 
‘remaining thirty-two. An example of the inhibitory 
effect is shown in Fig. 1, this neurone being also inhibited 
by noradrenaline. When a comparison was made between 
the- effects of the two drugs on the same neurone (Table 1) 
it was found that, of the sixty-four neurones inhibited by 
noradrenaline, 84 per cent were also inhibited by chlor- 
promazine, while the latter had no effect on neurones 
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Table 1. COMPARISON OF THE RESPONSES TO.1-NORADBENALINE (NA) AND 


AN. 

CHLORPROMAZINE (CPZ) TESTED ON THE SAME NEURONE 

NA response — ~ — + + 9 

Cpz response — 0 + ~ & 0 

No. of neurones 54 9 1 6 4 10 
— Indicates inhibition, + excitation, and 0 no effect. 


which were unaffected by noradrenaline. This suggests 
that there may be some relationship between the actions 
of these two compounds. The inhibitory effect of chlor- 
promazine on six neurones excited by noradrenaline could 
have been due to antagonism of the effects of the latter 
compound (see later). Excitatory effects of chlorpromazine 
were extremely rare. 

In a number of experiments the effects of /-noradren- 
aline, acetylcholine, 5-hydroxytryptamine and glutamate 
were compared before and after the application of chlor- 
promazine to the same neurone. The only consistent 
finding of antagonism was that the excitatory effects of 
noradrenaline were abolished or reduced following chlor- 
promazine application and were sometimes replaced by 
weak inhibitory effects. This effect is shown in Fig. 2 
and was observed with ten out of eleven neurones excited 
by noradrenaline. The inhibitory effects of noradrenaline 
were not antagonized by chlorpromazine (see Fig. 1). 
This applied to all forty-two neurones inhibited by nor- 
adrenaline to which chlorpromazine was also applied, and 
suggests either that receptors for noradrenaline excitation 
are different from those for inhibition or that a different. 
mechanism was involved. No antagonism of the inhibitory 
responses to acetylcholine or 5-hydroxytryptamine was 
observed, but with one of the eleven neurones excited 
by acetylcholine and two of the ten neurones excited by 
5-hydroxytryptamine. these excitatory responses were 
absent following application of chlorpromazine. 

There were no consistent effects of chlorpromazine on 
the excitatory responses to glutamate. Occasionally, a 
neurone showed either a slight increase or decrease in its 
response to glutamate following chlorpromazine. but this 
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Fig. 1. Effects of -noradrenaline (NA) on a rostrally projecting neurone 

in nucleus reticularis gigantocellularis before and after the application of 

chlorpromazine (Cpz). Drugs applied with current of 50 namp. findicates 
frequency of discharge in impulses per sec. 


60 

50 

40 

30 

20 Si 
wots A 


iion sale thia 
~ ` 


Min 


Fig. 2. Effects of l-noradrenaline (NA) and acetylcholine (ACh) on a 

rostrally projecting neurone in the medial reticular formation of the 

medulla before and after application of chlorpromazine for 1 min. 

The reduction in the response to acetylcholine is probably not. significant, 

but the excitatory response to noradrenaline was antagonized and re- 

placed by a weak inhibitory effect. Drugs and current contro! (sodium 
chloride) applied with 50 namp. 





No. 5069 DECEMBER 24. 1966 


could have been due to a slight movement of the miero- 
pipette towards or away from the neurone (as shown by 
variations in spike height) as this response was very 
sensitive to such movement. The absence of any definite 
effect on the glutamate response is further evidence for a 
specific action of chlorpromazine as opposed to a general 
effect on the neuronal membrane. 

These results suggest that the central actions of chlor- 
promazine are primarily related to those of noradrenaline, 
since it consistently antagonized the excitatory action of 
noradrenaline but had comparatively little effect on the 
response to the other substance tested and its inhibitory 
action closely followed that of noradrenaline. There is as 
yet no conclusive proof that noradrenaline is a synaptic 
transmitter in the brain, but there is a considerable 
amount of biochemical, histochemical and pharmacological 
evidence to support such an assumption':4. Nerve 
terminals which contain catecholamines as shown by 
fluorescence microscopy are present in regions of the brain 
stem in which we have tested responses to noradrenaline’. 

“These responses are both inhibitory and excitatory, so 
that if noradrenaline is a synaptic transmitter in the 
central nervous system it is possible that it is an inhibitory 
transmitter at some sites and an excitatory transmitter 
at others. 

We can therefore put forward the following hypothesis: 
(i) At sites where noradrenaline is an excitatory trans- 
mitter chlorpromazine is an antagonist. (ii) At sites 
where noradrenaline is an inhibitory transmitter chlor- 
promazine does not antagonize the action of noradrenaline 
but depresses the neurones by a different mechanism. 

A possible explanation for the action of chlorpromazine 
on neurones inhibited by noradrenaline is provided by 
experiments which suggest that chlorpromazine partially 
blocks the uptake of noradrenaline by nerve terminals!®-1°, 
If this effect occurred at sites in the brain where nor- 
adrenaline was being released as a transmitter, then its 
local concentration would be increased and the inhibition 
potentiated. If a similar effect occurred at sites where 
noradrenaline was an excitatory transmitter, potentiation 
would not be observed as the excitatory effects are blocked. 

We shall now consider whether this hypothesis can 
explain some of the effects of chlorpromazine on the 
ascending reticular activating system. Accordingly, the 
second part of this investigation is concerned with identi- 
fying and examining the pharmacological properties of 
rostrally projecting neurones in the reticular formation. 
So far we have only studied such neurones in the medulla 
and caudal pons where they have been found previously 
by anatomical and electrophysiological techniques***. It 

ois most probable that at least some of the rostrally 
projecting neurones in the medial reticular formation of 

the medulla and pons belong to the ascending reticular 
activating system, as arousal can be produced by stimu- 
lating this part of the brain stem*?. Moreover the axons of 
these neurones travel in a region in and near the central 
tegmental tract in the mesencephalon?! which is com- 

monly stimulated in order to produce arousal. (D. 

Bowsher has also written to say that he has obtained 
evidence for this from anatomical investigations.) 
Neurones with rostral projections were identified by 
antidromic stimulation of their axons in the region of the 
central tegmental tract in the mesencephalon. Those 
which were studied were found 3-0-7-0 mm rostral to the 
obex and 0-5-2-0 mm lateral to the midline. Histological 
examination, combined with surface and depth measure- 
ments, showed that most of these neurones were in 
the nucleus reticularis gigantocellularis. | Noradrenal- 
ine was applied iontophoretically to twenty-two of 
these neurones and eight were found to be excited, 
thirteen inhibited and one unaffected. Figs. 1 and 2 show, 
respectively, inhibitory and excitatory effects of nor- 
adrenaline on rostrally projecting neurones in this region, 
together with the effects of chlorpromazine described 
earlier. This response to noradrenaline is different from the 


NATURE 


1427 


almost uniform inhibitory responses found in the nearby 
paramedian reticular nucleus*, and the proportion of 
neurones excited by noradrenaline is higher than that 
found by sampling responses of untyped neurones in this 
region. 

If the responses to noradrenaline of these twenty-two 
neurones can be taken to represent the responses of 
rostrally projecting reticular neurones, then we can dis- 
cuss the mode of action of chlorpromazine in terms of the 
mechanisms suggested. First we must make the assump- 
tion that systemically administered chlorpromazine has 
similar actions to those observed with iontophoretic 
application. The majority of rostrally projecting neurones 
were inhibited by noradrenaline and we would therefore 
expect them to be depressed by chlorpromazine. This effect 
has been observed in all neurones of this type to which 
chlorpromazine was applied iontophoretically. It would 
also be expected that those which were excited by nor-. 
adrenaline would be depressed by chlorpromazine. if 
noradrenaline were being tonically released as a trans- 
mitter at these neurones. Also, influences mediated by 
noradrenaline as an excitatory transmitter would. be 
selectively antagonized. Through these mechanisms, the 
activity of neurones which are presumably part of the 
ascending reticular activating system would be depressed. 
An explanation in these terms could also be applied to 
the effects observed by Bradley and Key. Thus, the 
depression of neuronal activity induced by chlorpromazine 
would increase the threshold for activation of these 
neurones by sensory influences while leaving unchanged 
the threshold for arousal from stimulation of their axons 
in the mesencephalon. 

Further experiments will be necessary to substantiate 
this explanation, but at least the present results indicate 
how our hypothesis could lead to an understanding: of 
some of the effects of chlorpromazine. Thus, it is necessary 
to know whether systemically applied chlorpromazine has 
central pharmacological actions similar to those found 
when it is applied by iontophoresis, and more conclusive 
evidence for synaptic transmission by noradrenaline is 
required. If confirmation is obtained it is possible that 
other actions of chlorpromazine, for example, its action 
on body temperature’, might be explained by inter- 
ference with the actions of noradrenaline in the hypo- 
thalamus, and locomotor effects by interactions with nor- 
adrenaline in the spinal cord and supraspinal structures. 


Received October 26, 1966. 
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ROLE OF CATALASE IN BIOENERGETIC PROCESSES IN LIVERS OF 
WHITE RATS 
By S. E. MANOILOF 


Chemical Pharmaceutical Institute, Leningrad, U.S.S.R. 


ALTHOUGH catalase is common in living organisms, its 
biological role remains obscure. Catalase is known to be 
active in the decomposition of hydrogen peroxide. Our 
experimental findings? allow us to present some evidence 
as to the significance of catalase in metabolism. 

When. a solution of crystallized catalase is added to 
liver mitochondria isolated from recently killed animal 
and carefully washed with a hypotonic solution of potas- 
sium chloride‘, there is an intensification of phosphoryla- 
tion although the rate of absorption of oxygen remains 
unchanged. 

The reaction medium contained 0-2 ml. of 0-1 molar 

glutamic acid, 0-2 ml. of 1-5 x 10> molar ATP, 0-2 ml. 


. of 0-1 molar phosphate buffer, pH 7-4, 0-1 ml. of 0-5 


“molar sodium fluoride, 0-1 ml. of 0-15 molar sodium 
chloride, 0-9 ml. of 0-25 molar saccharose, and 0-5 mg of 
hexokinase. The mixture was made up to 2-0 ml. with 
water. 

«Liver mitochondria (10 mg protein) were added to the 
medium and incubated in a Warburg apparatus at 30° C 

‘for 28 min in air. The results are given in Table 1. 

<c Fable 1 shows that catalase increases the rate of 

“phosphorylation by a factor of two and does not influence 
. the rate of oxygen absorption, whereas the introduction 

_ of exogenous cytochrome c raises the rate of phosphoryla- 
tion.as well as*rate of oxidation. Our data are consistent 
with those of others*.*. In these experiments we also 
studied the concentration of adenylnucleotides. The 
results obtained are given in Table 2. 

Tt is well known that the synthetic activity of mito- 
chondria is accompanied by a decrease in the concen- 
‘tration of ATP and a simultaneous increase in the amount 
of ADP and AMP. Table 2 shows that the proportions of 
ATP, ADP and AMP in mitochondria before the extrac- 
tion, of cytochrome c are different from those in the 
mitochondria after extraction of cytochrome c. Before 
the extraction of cytochrome c, the amount of ATP 
decreased and that of ADP and AMP is simultaneously 
increased. This shows that intensive synthetic pro- 
cesses are in progress in the mitochondria. This finding 
is corroborated by the data of Table 1. 

In mitochondria in which the processes of tissue oxida- 
tion are inhibited, the amount of ATP is considerably 
higher, indicating a fall in the amount of synthesis in 

‘progress. This finding is also represented by the data of 
“Table 1. 


Table 1.. INFLUENCE OF CATALASE ON THE PROCESSES OF COUPLED OxIDA- 


TIVE PHOSPHORYLATION IN RAT LIVER MITOCHONDRIA 
Pu atoms per Op atoms per 
10 m; 


Experimental conditions g 10 mg P/O 
oe protein protein 
~ Liver mitochondria on glutamic acid 10-3 + 0-2 48+02 2554+002 
Liver mitochondria after extraction of 3-0 £0-1 28401 1:07+0-01 
 eytochrome e 
. diver mitochondria after extraction of 62401 22+OL 28 +001 
¿i eytochrome e and addition of cata- 
i Jase (3:3 x 10-* molar 
` Liver mitochondria after extraction of 6140-1 38401 1:5 +001 


; shrome ¢ and addition of exogen- 
ous cytochrome e (2-8 x 10 molar) 


When. catalase is added to mitochondria in which 
|- synthesis of organic phosphorus compounds is suppressed, 

the synthesis of these compounds increases (see Table 1). 
_ This process is accompanied by a decrease in the amount 
of ATP and an increase of ADP and AMP. Exogenous 


Table 2, INFLUENCE OF CATALASE ON THE ADENINE NUCLEOTIDE CONTENT 
OF Rat Liver MITOCHONDRIA : 
ADP and 
Experimental conditions ATP AMP 

Normal! mitochondria 1024+18 896419 

After extraction of cytochrome ¢ 30-0 + 2-1 70-0 + 251 

After extraction of ‘cytochrome ¢ and catalase 13-2 +18 86-8 + 1-9 

(3°3 x 10-* molar) 
After extraction of cytochrome ¢ and addition of 21-44 2-0 TBO 4 21 


exogenous cytochrome c (2-8 x 10-5 molar) 


cytochrome c also increases the synthetic capacity of the 
mitochondria but to a lesser degree than does catalase. 
(see Table 2). In order to show conclusively that catalase 
stimulates the process of phosphorylation in mitochondria, 
we investigated the rate of synthesis of glucose-6-phos-. 
phate in normal mitochondria, in mitochondria deprived. 
of endogenous cytochrome e, and in mitochondria deprived 
of endogenous cytochrome ¢ but with catalase added. 

In a typical experiment, normally respiring mito- 
chondria contained 0-174 ymoles of glucose-6-phosphate ; 
mitochondria deprived of endogenous cytochrome ¢ cone i 
tained 0-076 umoles; : and mitochondria deprived of 
endogenous eytochrome c, but with added catalase, con- 
tained 0-114 pmoles glucose-6-phosphate. 

The results of this investigation demonstrate first that 
mitochondria deprived of cytochrome c lose the capacity 
to synthesize glucose-6-phosphate and, secondly, that 
adding catalase to the mitochondria restores the synthesis 
of glicose-6-phosphates. These results also indicate that 
under our experimental conditions, the changes in the 
quantities of ATP, ADP and AMP have no apparent. 
connexion with the activation or inhibition of ATPase, 

If the increase in the amount of ATP in mitochondria 
without endogenous cytochrome ¢ were a result of in- 
hibition of the ATPase extracted from mitochondria by 
potassium chloride, then added catalase would not 
decrease the quantity of ATP to the amount present in 
normally respiring mitochondria. 

We suggest the following possible mechanism, based on 
our findings. At the beginning of terminal oxidation in the 
cells molecular oxygen interacts with cytochrome-oxidase, 
In the process the oxygen molecule becomes polarized. 
A molecule of organic acid takes up the oxygen molecule 
at the most polarized hydrogen atom in the g-position. 
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| cytochrome oxidase 
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: The hydrogen -peroxide wbich is produced in this 
reaction is immediately attacked. by catalase, forming 
two hydroxyl radicals (2 OH), along with other decom- 
position products. ~~ 
The. hydroxyl radicals can lose their energy by an 
anhydrization reaction as in the following equation: 


o o 
r—ton4éu—et 
R—-P—OH + OH +R—P—O + H,O 
l | 
o o 


rbon + òH — i + TE 


a 








Further, as the result of recombination 
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i l z 
forms R—-P—O—P— which produces a molecule of ATP. 


A part of the peroxide produced by the process is again: 
decomposed by catalase, and the hydroxyl radicals formed 
re-enter the dehydration reaction. Another part of the- 
hydrogen peroxide decomposes to water and oxygen... 


These results suggest that the processes of phosphoryla, 
tion in the presence of catalase do not depend on the = 
intensity of absorption of oxygen by the mitochondria. we 


This may explain the observed intensification of the pro+ 
cesses of phosphorylation at a low level of absorbed 
oxygen in our experiments with catalase. We consi 
the formation of ATP to be a result of energy transfer 
means of a radical mechanism in which catalase pr 
ticipates. 
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MUSCLE LESIONS IN MICE INJECTED WITH ISOLOGOUS AND 
HOMOLOGOUS MUSCLE EXTRACTS 


By Dr. G. TOLNAI 
pene of Pathology, University of Ottawa and the Ottawa General Hospital, Ottawa 


COMPLEMENT fixing antibodies were demonstrated in the 
serum of patients with myasthenia gravis'-*. These 
antibodies were shown to react with skeletal and heart 
musclet? and occasionally with thymic epithelial cells*. 
The cross-reaction suggests the presence of common 
- antigenic components in these tissues. While Tal and 
¿Liban? were able to produce lesions similar to those of 
oo muscular dystrophy in rabbits and guinea-pigs with 
<- heterologous and homologous muscle extracts, they did 
“not demonstrate lymphorrhages or musele necrosis as 
frequently seen in myasthenia gravis. The experiments 
eseribed here were undertaken to investigate the possi- 
ility of producing myasthenia gravis-like lesions in mice 
ider isologous conditions. 
Inbred mice of C3H/HeJd and (C3H/HeJ x DBA/2J)F, 
-: gtrains were obtained from the Jackson Memorial Labora- 
tory, Bar Harbour. These animals received injections of 
| jsologous and homologous Freund adjuvant-bound muscle 
. extract. 
= The muscle extract was prepared as follows. Skeletal 
‘muscle was removed aseptically from freshly killed 
:CO3H/HeJ male and (C3H/HeJ x DBA|2J)F, male 
animals. The muscle was minced with fine scissors and 
pressed through stainless steel wire mesh. The brei was 
mixed with an approximately equal volume of Hanks 
solution and sterilized with ultra-violet irradiation. This 
suspension was mixed with an equal volume of Freund 
adjuvant®. Dry weight and protein content for the 
1 C3H/HeJ extract were 54 and 48 mg/ml. and for the 
(03H /Hed x DBA/2J)F, extract were 31 and 29 mg/ml. 
respectively. 
Animals were divided into five groups as follows: 









Group.) 
Group 2 
Group 3: 
Group 4 
Group 5 


Eight males.of (C3H/HeJ x DBA/2J)F, strain 
Seventeen females of (C8H/HeJ x DBA/2J)F, strain 
Eighteen males of C3H strain. 

Nineteen: males. of C3H. strain. 

Eleven males ‘of the (C8H/HeJ x DBA/2J)F, strain 


Animals in groups 1, 2 and 3 received injections.of (3H X 
DBA)F, muscle extract prepared ‘from male animals. 
Animals in groups 4 and 5 received C3H extract. Four. 
male control mice of (C3H x DBA)F, strain and five- 
males of the C3H strain received injections of Freund 
adjuvant mixed with equal amounts of Hanks solution 
(Table 1). 


Table 1 
D see $ ao 
Onor en: u; {Fremda 
m3 ENER 4 5. adjuvant only). 
(C8Hx (C3H~x con x C8H/He OZH x 
DBA)F,3 gta? ALP, BAF, 
(8) ta) g 8) d yog 
C3H3 C38H/He (C3Hx C3HiHe 
ao) s G1) ¢ Oe 


The mice were 4-13 months old and received four injections in 38. cd Gi 


They were killed 24, 106, and 146 days after the last injection, 


Injections were given intramuscularly in the. nuchal 
region. Four injections were given at weekly intervals. 
Mice were fed Purina chow and water ad libitum and 
killed in groups 24, 106, and 146 days after the last. 
injection (Table 2). Autopsies were carried out and tissues 
fixed in 10 per cent buffered formalin. Blocks of skeletal 
muscle, heart, thymus, lung, kidney, liver and lymph nodes 
were embedded in paraffin. Microscopic sections were 
stained with haematoxylin-phloxine-saffron and by the 
periodic acid~Schiff technique. 


Table 2. NUMBER OF ANIMALS KILLED AT DIFFERENT TIME INTERVALS 


Number of animals killed 
Animal groups 10 
days after last injection 


ON ifa GOD et 
nanoa © 
Sas 
ee ee 




















` 1430 


During the course of the experiment the mice appeared 
healthy and showed no evidence of muscle wasting. Gross 
abnormalities in muscle were not noted at autopsy 
except at the sites of injection. 

On microscopical examination, findings in the control 
mice were confined to injection sites, except that one 
(C3H x DBA)F, mouse showed a thymic lesion described 
below. At the site of injection, the muscle fibres were 
separated by spaces of variable size containing fatty 
material surrounded by macrophages, lymphocytes and 
occasional plasma cells. Fine cytoplasmic droplets in the 
cytoplasm of macrophages were sudanophilic in cryotome 
sections. Muscle necrosis was not seen. The thymic 
lesion consisted of dilated cyst-like spaces lined with 
epithelial cells, and contained lymphocytes, macrophages 
which had ingested foamy periodic acid—Schiff positive 
material, Macrophages were also scattered in small 
groups and singly in thymic cortex and medulla. The 
cyst-like spaces resembled distended Hassal corpuscles. 
They were considered to be non-specific and were mor- 
phologically similar to the structures described by Svet- 
Moldavsky and Raffkina in the thymuses of rats subjected 
to several small injections of Freund adjuvant". 

Group | mice, isologous with the donor group (C3H x 
DBA)F, and of the same sex, showed changes at injection 
sites similar to those of controls, but in addition necrosis 
of voluntary muscle fibres was present in all animals. 
Residual, degenerating muscle fibres in areas of necrosis 
were intermingled with polymorphonuclear leucocytes, 
lymphocytes, plasma cells and macrophages (Fig. 1). 
Necrotizing vasculitis was present in six out of eight 
animals (Fig. 2). 














Fig. 1. Muscle necrosis at the site of injection of a group 1 mouse. 


(x 240.) 





Fig. 2. 


Necrotizing angiitis at the site of injection in a group 1 mouse. 
(x 240.) 
. 
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Fig. 3. Floccular necrosis in skeletal muscle remote from the site of 


injection. Group 3 mouse. (x 240.) 





Fig. 4. Lymphorrhages in a group 3 mouse. (x 400.) 


In group 2. (C3H x DBA)P, females had received 
injections of musele extract prepared from males of the 
same strain. Lesions described in group 1 mice were 
present in all animals and some of the animals which 
survived 146 days showed additional lesions. Two out of 
four such animals had floccular muscle necrosis in a skeletal 
muscle at a distance from the site of injection (Fig. 3). 

Group 3 animals were males of the C3H strain that had 
received muscle extract made from males of the (C3H x 
DBA)F, strain. These mice showed lesions at the sites of 
injection similar to those described in group 2, and two of 
them also showed focal calcification in the area (Fig. 4). 
Two out of five mice which survived 146 days showed 
floccular necrosis in skeletal muscle distant from the 
injection site. Two other animals showed lymphorrhages— 
focal accumulation of lymphocytes in the muscle inter- 
stitium (Fig. 5). Muscle necrosis and lymphorrhages 
Were not seen in the same animals. One animal had thymic 
alteration similar to that already described in a control 
mouse. 

Mice in group 4 were C3H males that had received 
muscle extract from isologous male donors. Mice in group 
5 were (C3H x DBA)F, males injected with muscle 
extract made from C3H male animals. Lesions at in- 
jection sites in both these groups were those of muscle 
necrosis and necrotizing angiitis, Floccular necrosis of 
muscle fibres at distant sites, lymphorrhages and thymic 
alterations were not seen in either group 4 or group 5. 

Crude muscle extracts mixed with Freund adjuvant 
injected intramuscularly into isologous animals of the 
same sex produced lesions only at the sites of injection. 
Necrosis of muscle fibres, absent in controls, is as yet 
unexplained. Necrotizing angiitis, also absent in controls, 
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Fig. 5. Dystrophic calcification ik te ae te of injection in a group 3 mouse. 
x ) 


may indicate a reaction of an immunological nature. 
Investigations are in progress to demonstrate musele- 
protein antibodies in lymphocytes and plasma cells in 
lesions at injection sites. 

In isologous animals when the genetic difference between 
the donors of the muscle extract and the recipient animals 
is the presence of a Y chromosome in the former, floccular 
necrosis of muscle fibres distant from the injection site 
was present in some mice with long survival. In trans- 
plantation experiments graft rejection has been described 
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when male skin is transplanted to females differing only 
in the histo-compatibility gene of the Y chromosome’. Of 
the mice which received muscle extracts from F, hybrids 
some long-term survivors showed, in addition to floccular 
necrosis in muscle fibres at remote sites, the presence of 
lymphorrhages. These two lesions were not found, 
however, in the same animals. An immunological reaction 
may be responsible for these changes (both of which 
oceur in myasthenia gravis). 

It is possible that these tissue reactions are based on 
cellular functions which operate when F, hybrid tissues 
and tumours are rejected by the parental strain’. 
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PHAGOCYTOSIS AND SYNTHESIS OF RIBONUCLEIC ACID IN 
HUMAN GRANULOCYTES 


By Dr. MARTIN J. CLINE 


Hematology Unit, Department of Medicine, University of California Medical Center, San Francisco, California 


THE ingestion of foreign particles initiates a series of 
profound changes in the metabolism of blood granulocytes. 
The biochemical activities associated with this phago- 
eytosis'? can be briefly summarized as follows. Shortly 
after the ingestion of inert particles or bacteria, the oxygen 
consumption of the white blood cell increases in rough 
proportion to the mass of the ingested material. A con- 


_ eomitant increase in glycolysis provides the bulk of the 


energy necessary for phagocytosis. The amount of glucose 
metabolized by way of the direct oxidative pathway is 
also significantly increased, as is the synthesis of certain 
phospholipids. In association with these changes the 
granules of the neutrophilic leucocyte rupture and release 
their hydrolases into the cytoplasm or into cytoplasmic 
vesicles, presumably to aid the digestion of the ingested 
material. Phagocytosis is also accompanied by significant 
alterations in the metabolism of ribonucleic acid (RNA) 
and pyrimidine’. In brief, ingestion of inert particles is 
followed by an increase in the rate of entry of pyrimidines 
into the acid-soluble nucleotide pools of the human 
granulocyte which is independent of any changes in the 
rate of synthesis of RNA, and by a contraction in the size 
of these pools which is dependent on continued poly- 
merization of ribonucleotides into RNA. Concomitantly, 
an increase occurs in the rate of turnover of RNA, with 
both increased synthesis and degradation of RNA. These 
alterations take place within 15 min of ingestion of par- 
ticles and are dependent on the number of engulfed 
particles’. The questions arise as to whether the other 
changes in cellular economy associated with phago- 
eytosis require the synthesis of new messenger RNA 
(mRNA) or whether they are “pre-set” and independent 


of RNA synthesis. The present series of investigations 
was undertaken in an attempt to answer these ques- 
tions. 

Granulocyte preparations of at least 92 per cent purity 
and including mature granulocytes, metamyelocytes and 
myelocytes were obtained from heparinized venous blood 
by the method of Fallon et al.‘ from patients with granulo- 
cytosis secondary to acute inflammatory diseases or with 
polycythaemia vera. No difference in the behaviour of 
leucocytes from these populations was observed in the 
experiments described in this article. 

In experiments which involved the measurement of 
the production of “CO,, the cells were washed in phos- 
phate-buffered saline’ and were incubated in 4 ml. of 
Krebs-Ringer solution® supplemented by 10 per cent 
autologous plasma in a concentration of 2 x 107 cells/ml. 
in sterile siliconized centre-well flasks. After equilibration 
in 5 per cent carbon dioxide-95 per cent oxygen at 87° C 
for 60 min, 5 pg/ml. of actinomycin was added to the cell 
suspensions, and 1 ml. of ethanolamine-methy] cellosolve 
solution’? was introduced into the centre well. After a 
15 min interval, polystyrene latex particles, 1-34 in 
diameter, 1 mg/ml., and 0-2 ue. of glucose-1-“C (specific 
activity, 3 me./mmole) were added to the cells. Ineubation 
was stopped after 10 or 30 min by the addition of per- 
chlorie acid to the cell suspension. After a further 
30 min at 37° C, the contents of the centre well were 
quantitatively transferred to a phosphor and counted in a 
liquid scintillation spectrometer (ref. 7 and Nosanchak, 
J. S., and Blumenthal, H. J., personal communication) 
with an efficiency of 40 per cent. The supernatant fluid 
free of cells was analysed for lactic acid’. All experiments 
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were performed in triplicate, with appropriate control 
samples of plasma without cells. : 
_ Assays for acid phosphatase were performed by the 
method of Valentine and Beck? on cells which had been 
incubated under conditions identical to those described, 
except that the suspending medium was Eagle’s minimal 
essential medium?’ containing 10 per cent autologous 
plasma. The rate of incorporation of radioactive amino- 
acids into the protein which could be precipitated by 
treatment with trichloroacetic acid was determined at 
intervals after the addition of 0-3 ue./ml. of agal hydro- 
lysate labelled with carbon-14 (New England Nuclear 
Corp.) to the cell suspension. The washed radioactive 
precipitate was collected on glass filter disks and counted 
in a liquid scintillation spectrometer. The ingestion of 
polystyrene particles by human granulocytes was quanti- 
tated by counting the number of leucocytes containing 
foreign particles according to the method of Hamburger". 
RNA and protein synthesis and phagocytosis. The in- 
gestion of polystyrene particles by granulocytes was not 
affected by proviously exposing the cells to actinomycin 
D (5 ug/ml.) for 15-60 min or by exposure to 4x 10-5 
molar puromycin (Table 1). I have found that these 
concentrations of actinomycin and puromycin inhibit 
the. synthesis of RNA and protein by 90 and 95 per cent, 
respectively, within 10 min. Just as with guinea-pig 
neutrophils", phagocytosis by human granulocytes is 
depressed by compounds which interfere with glycolysis 
but is not affected by compounds which interfere with 
oxidative phosphorylation. Similar results were obtained 
at 10, 20 and 30 min after the addition of polystyrene 
particles; representative data for the 20 min interval are 
shown in Tablo 1. 


Table 1, REPRESENTATIVE DATA ON DISTRIBUTION OF ENGULFED PARTICLES 
UNDER VARIOUS CONDITIONS AT 20 MIN AFTER THE ADDITION OF POLYSTYRENE 


PARTICLES 
No. of Percentage of cells containing 
Conditions experi- 0 1-5 6-10 11-15 >15 
ments particles particles particles particles particles 

Aerobie (normal) 5 313 09 42 52 58-3 
Actinoniyein 

(6 g/ml.) 29-8 52 2'6 3-5 58-6 
Normal 20-4 6-6 41 33 65-6 
Anaerobic 15-6 4-4 35 44 724 
Normal 19-3 56 5-2 22 66-7 
Todoavetate 

(1 «10 M) 59-8 15-1 51 51 16-1 
Normal 22-6 45 39 3-3 65-7 
Sodiam fluoride 

{2x 10 M) 61-2 26-4 2-9 10 14-6 
Normal 3 23-4 68 73 3-4 65-5 
Potassium cyanide 

{1 x10 M) 20-4 64 4-2 6-4 62-6 
Normal 20-4 6-6 41 33 65-6 
‘Puromycin 

(4x 10 M) 27-4 53 4-0 2-0 61-4 


No observable enhancement in the rate of synthesis of 
protein has been demonstrated in phagocytic neutrophils 
of the guinea-pig'*. Ingestion of particles by human 
granulocytes was accompanied by a slight decrease in the 
rate. of. incorporation of radioactive amino-acids into 
protein. After exposure for 30 min to C-labelled amino- 
acids. and polystyrene particles, 812+62 c.p.m. were 
incorporated into 4x 107 non-phagocytic cells, whereas 
673+ 30 c.p.m. were incorporated into a similar number 
of phagocytes. This difference in the incorporation of 
labelled amino-acids into protein which can be precipitated 
"by acids may reflect the presence of protease released in 

“phagocytic granulocytes?. 

‘Within. 10 min of the addition of polystyrene to human 
granulocyte suspensions, the rate of production of “CO, 
from. glucose-1-C showed an increase by a factor of 
“between 2 and 10. This is consistent with the marked 
stimulation of the hexose monophosphate shunt pathway 
of glucose oxidation induced by phagocytosis in granulo- 
cytes from several other species'**, Within 10 min of the 
addition of radioactive glucose, the production of “CO, in 
-“yesting” leucocytes treated with actinomycin did not 
differ significantly from that in untreated control cells. 
Moreover, there was no significant difference between the 
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CO, production of either phagocytic cells ‘treated with 


actinomycin or untreated cells in this period (Table 2). 
Thirty minutes after the introduction of radioactive 
glucose, the production of “CO, was significantly less in 
both phagocytic and non-phagocytic leucocytes treated 
with actinomycin than in comparable untreated cells. 
This reduction in the production of “CO, in the cells 
treated with actinomycin was not a result of death or of 
a decreased load of ingested particles. The percentage 
of viable cells, as determined by supravital staining’, 
remained between 99 and 100 per cent. It was coneltided 
that the initial early stimulation of the hexose mono- 
phosphate shunt pathway of glucose oxidation by in- 
gestion of particles was independent of the synthesis of 
RNA but that the sustained increased utilization of this 
pathway might require the production of RNA. 

The production of “CO, from glucose-6-4*C was so low 
as to make comparisons unreliable between phagocytes 
which were treated with actinomycin and those which 
were not. 

The energy for the phagocytic process is derived mainly 
from glycolysis, and the production of lactic acid by 
mammalian granulocytes is increased after the ingestion of 
particles'!:?, I undertook to determine whether this meta- 
bolic concomitant of phagocytosis is dependent on the 
synthesis of new RNA. As can be seen from the results 
in Table 2, the increase in the production of lactic acid 
associated with phagocytosis was not affected by previous 
inhibition of RNA synthesis during the first 30 min after 
ingestion of the particles. By 60 min, however, the pro- 
duction of lactate was significantly less in phagocytes 
treated with actinomycin than in untreated control cells. 


Table 2. INFLUENCE OF ACTINOMYCIN D ON GLUCOSE-1-"C UTHAZATION 
AND LACTATE PRODUCTION IN RESTING AND PHAGOCYTIC GRANULOCYTES* 


Radioactivity Lactate 
Conditions Time in CO, production 
(min) (e.p.m.) (ug) 

Control 10 50-04 3-6 207411 
Actinomycin 508 2-3 208+ 5 
P>08 P=07 
Control 30 162-0+ 80 2484 4 
Actinomycin 1290+ 90 239+ 8 
P <0-02 Phd 
Phagocytic 10 3220+ 70 226+ 8 
Phagocytic + actinomycin 323:0+ 80 228+ 6 
P>0-9 P=0-9 
Phagocytic 30 2534-04 65-0 206412 
Phagocytic + actinomycin 1737-0 + 147-0 204+ 6 
P<0-001 P=O-8 

Phagocytic 60 4044+16 
Phagocytic + actinomycin 208 + 32 

P<0-001 


* All data are given on the basis of 4x 10" cells. Radioactivity data are 
adjusted to 2 x 10* c.p.m. added as glucose. P is probability value referring 
to difference between control and treated cells. 

Effect of actinomycin D on release of acid phosphatase. 
When granulocytes ingest inert particles or viable bacteria, 
their granules lyse and release stored hydrolytic enzymes 
into cytoplasm vacuoles or into the extracellular medium". 
This phenomenon can be quantitated by measuring the 
depletion of lysosomal enzymes either in the whole cells 
or in the isolated granular fraction. In the present experi- 
ments the release of acid phosphatase was investigated in 
detail, although preliminary investigations with ribonu- 
clease gave similar results. Within 10 min of the addition 
of polystyrene spherules to a suspension of granulocytes, 
the acid-phosphatase activity per cell began to decline, 
and it continued to do so for an additional 40-60 min. In 
cells treated with actinomycin the fall in enzyme activity 
after particle ingestion was equally prompt, as shown by 
the representative investigation in Fig. 1. In non- 
phagocytic cells exposed to actinomycin, no change in 
enzyme activity occurred before 2-4 h. By 4 h, the level 
of enzyme activity in non-phagocytic leucocytes treated 
with actinomycin was 80-90 per cent of that in comparable 
control cells. i 

Whenever factors affecting phagocytosis have been 
evaluated, both morphological and biochemical techniques 
have been used!. The superiority of methods based on 
metabolic changes in phagocytes rather than on direct 
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“> Fig, 1. Acid phosphatase activity expressed as yg phosphorus/h per 


1x 10* leucocytes. @—— @, Control cells; O -~ - O, phagocytic ce 
A-——~A, phagocytic cells treated with actinomycin D. 


counting of ingested particles is well known’. For this 

` reason the chief attention in these investigations was 
directed toward the examination of some of the metabolic 
alterations accompanying the ingestion of particles: the 
increased production of “CO, from glucose-1-"“C, which 
occurs primarily through stimulation of the hexose mono- 
phosphate shunt, the increased production of lactic acid 
by way of glycolysis, and the loss of lysosomal enzymes 
after degranulation. The results of these investigations 
‘clearly indicate that these alterations in metabolism are 
independent of RNA synthesis during the first 10 min of 
particle ingestion. The lack of a requirement for protein 
synthesis for particle ingestion and the lack of an ob- 
servable increase in protein synthesis accompanying 
phagocytosis are additional evidence against a requirement 
for new mRNA. One may logically ask, therefore, what 
purpose, if any, is served by the increased rate of turnover 
of RNA which accompanies phagocytosis. This question 
-cannot be answered definitively at present. It may be that 
it reflects the attempts of the granulocyte to restore 
cellular RNA damage by ribonucleases released from the 


NATURE 


1433 _ 


granules. The observation of decreases both in the utiliza- 
tion of glucose-1-"C and the production of lactate in. 
phagocytes exposed to actinomycin for 30 or 60 min 
could be interpreted as indicating that synthesis of RNA is 
necessary to maintain the biochemical alterations of 
phagocytosis, even if it is not required to initiate them. 
Such a conclusion would require additional evidence that 
actinomycin does not impair cell viability in some manner 
not defined by the present experiments. 

Although the rate of turnover of RNA of human granu- 
locytes increases during phagocytosis, neither the ingestion 
of particles nor the early alteration in biochemical activities ~ 
induced by particle ingestion appears to require synthesis 


of new RNA. Thus, treatment of leucocytes with actino- oo z 


mycin D does not affect the initial increased production of __ 
either “CO, from glucose-1-“C or lactate from glucose 
accompanying phagocytosis. Loss of lysosomal enzyme _ 
associated with degranulation is also unaffected by in-  _ 
hibition of the synthesis of RNA. Inhibition of the syn- 





thesis of protein does not affect the engulfment of eee 


particles. These observations indicate that particle 
ingestion and the initial biochemical concomitants of 
ingestion are “pre-set and do not require messenger 
RNA or protein synthesis. a 

This work was supported by a U.S. Public Health 
Service grant. 
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DEVELOPMENT OF IMMUNOLOGICALLY COMPETENT CELLS IN THE RAT 
By Dr. IRVING GOLDSCHNEIDER* and Dr. DOUGLAS D. McGREGORt 


Institute of Pathology, Western Reserve University, Cleveland, Ohio 


Exeerments?-* with inocula rich in small lymphocytes 
` provide strong evidence that cells of this type are immuno- 
logically competent, but there is no information about 
‘their origin or the stage at which they, or possibly their 
_ precursors, acquire the capacity to initiate an immuno- 





S -logical response. 


From a study in which normal newborn F, hybrid 
“pats were inoculated with parental bone marrow cells or 
| parental thymocytes, we conclude that small lymphocytes 
‘which can bring about a graft-versus-host reaction in the 
rat can be derived from precursors in adult bone marrow 
and infant thymus. Thoracic duct cells obtained from the 
inoculated animals were found to have immunological 
capacity of the marrow or thymocyte donor. 
_.. As shown in Fig. 1, each recipient of thoracic duct cells 
‘received 300 rads of whole body X-irradiation 24 h 
before the injection. Table 1 shows that immunization 
with (Lewis x DA), skin grafts implanted 9 days before 
injection protected irradiated recipients from a graft- 
‘versus-host reaction induced by (Lewis x DA)Fi lympho- 
cytes. The graft had only a slight effect, however, on 
susceptibility of the host to a reaction induced by lympho- 
cytes from parental Lewis donors. . (Lewis x DA)F, 
thoracic duct cells did not obviously augment the capacity 


+ Present address: Walter Reed Army Hospital, Washington, D.C, 
+ Faculty Research Associate, American Cancer Society. 


of Lewis lymphocytes to cause & graft-versus-host reac- 
tion in grafted and X-irradiated F, rats. Table 1 shows | 


that ninety-nine million (Lewis x DA)F, lymphocytes 2 


together with one million Lewis lymphocytes killed six” 
of ten (Lewis x BN)F, recipients. In fact, the animals 
in this group became ill later, and survived longer, than 
similar F, rats injected with only one million Lewis 
lymphocytes. 
Lewis bone marrow cells and thymocytes failed to cause | 
runt disease in normal newly born (Lewis x DA)F, 
rats. Such inocula, however, had weak immunological 
activity in grafted and X-irradiated adult (Lewis x BN)F, 


Table 1. E¥FECT OF AN INTRAVENOUS INJECTION OF tae AND. (Lewis 
x DA)F; THORACIC Duct CELLS* ON (LEWIS x BN)F, Ratst 


Fate of recipient 
t of 


No. thoracic duct cells Onset o 
Status of inoculated x 10* No. rats illness (days. Death 
recipient (Lewis x killed/No. after (days after 
Lewis DA)F, inoculated inoculation) inoculation) 
Normal — 100 10/10 7 (6-8) 13 (9-17) 
— 10 6/6 10 (8-12). 15 (11-16) 
1 _ 6/6 11 (10-13)> 17 (13-19) 
Sensitized į _ 100 1/15 12- oy 18 
1 99 6/10 18 10-15) 16 (15-17 
1 — 4/6 12 (11-12) 1916-23} 


* Normal male Lewis rats 8-14 weeks of age, 200-280 g body weight, > ‘ 
+ Female rats 60-80 g body weight. Exposed to 300 rads of whole body 
N-irradiation 24 h before injection. RSs : 
+ Recipients of first-set (Lewis x DA)#, skin graft 9 days before injection. 

A ; 
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EFFET oF aN INTRAVENOUS INJECTION oF Lewis ELLS* on 
(Lewis x BN)F, Ratst 
Fate of secondary host. 


Table: 2, 


Donor inoculum No. of rats Onset of iliness Death (days 
Type No, cells x 16° killed/No, (days after after 

inoculated inoculation) inoculation) 

Bone marrow 50 3/6 14, 18, 20 36, 37, 37 

500 $ 1/1 17 22 

Thymocytes 250 3/3 11, 12, 12 13, 13, 24 
100 5/8 13 (11-19) 17 (13-25) 

Thoracic duet cells 1 4/6 12 (11-12) 19 (16-23) 


* Normal male Lewis rats 8-14 weeks of age, 200-280 g body weight. 


t Female rats, 60-80 g body weight. Recipients of a first-set (Lewis 
x DA)#, skin graft and 800 rads of whole body X-irradiation 9 days and 24 h 
before injection, respectively. 


t Cells infused over 30 min through cannula in femoral vein. 


recipients. Table 2 shows that fifty million Lewis bone 
marrow cells or one-hundred million Lewis thymocytes 
caused clinical signs of homologous disease and killed 
about the same proportion of F, rats as one million Lewis 
thoracic duct cells, Of course, the experiments do not 
distinguish an effect mediated by cells indigenous to mar- 
row or thymus from one mediated by circulating, immuno- 
logically competent, small lymphocytes. 

Rat bone marrow and thymus are relatively deficient 
in immunologically competent cells, although they prob- 
ably contain the precursors of these. Table 3 shows that 
one-hundred million thoracie duct cells from adult 
{Lewis x DA)F, rats inoculated at birth with fifty 
million. Lewis bone marrow cells killed all ten grafted and 
X-irradiated (Lewis x BN)F, recipients. The recipients 
developed a severe graft-versus-host reaction and usually 
died within 3 weeks. In contrast, an equal number of 
lymphocytes from normal, uninoculated (Lewis x DA)F, 
donors killed only one of fifteen (Lewis x BN)F, rats 
of about the same age and body weight. 

Thoracic duct cells from adult (Lewis x DA)F, rats 
inoculated at birth with Lewis thymocytes also reflected 
the. immunological capacity of the thymocyte donor. 
Table 3 shows that all five grafted and X-irradiated 
(Lewis x BN)F, rats were killed by one-hundred million 
thoracic duct cells from thymocyte-inoculated F, donors. 

In these experiments, it was unlikely that the graft- 
versus-host reaction was mediated by ‘“‘mature’’ immuno- 
logically competent cells in the bone marrow and thymo- 
cyte inocula. Nevertheless, the possibility was studied 
further by intravenously inoculating newly born (Lewis 
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Fig. 1. Assay for parental cells in parent-F', chimeras. 
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x DA)F, rats with five million adult Lewis spleen cells—a 

dose just smaller than that required to induce runt disease. 
Table 3 shows that one-hundred million thoracic duet cells 
from spleen cell-inoculated F, donors had no obvious 
effect on five grafted and X-irradiated (Lewis x BN)F, 
rats. 

Results of a single experiment using spleen cells rather 
than thoracic duct cells strengthen theeview that thymo- 
cytes (and presumably bone marrow) can contribute 
immunologically competent cells to the pool of small 
lymphocytes which normally recirculates from blood to 
lymph in the rat®. Table 4 shows that one-hundred 
million spleen cells from thymocyte-inoculated (Lewis x 
DA)F, rats killed two secondary F, hosts. After drainage 
of about one-thousand million small lymphocytes from 
a thoracic duct fistula, however, spleen cells from a 
similar donor had no obvious effect on the secondary F, 
host. Apparently, cells capable of reacting against 
(Lewis x BN)F, tissue antigens had been withdrawn 
from the spleen by drainage from the thoracic duct. This 
interpretation gains support from the observation that 
thoracic duct cells, obtained from the animal during the 
process of lymph drainage, killed all five grafted and 
X-irradiated (Lewis x BN)F, recipients. 


Table 3. EFFECT OF AN INTRAVENOUS INJECTION OF 10° (LEWIS x DAF, 
THORACIC Duct CELLS on (Lewisx BN)F, Rats* 


Treatment of primary host + Fate of secondary host 


Age when No. rats Onset of iliness Death 
Neonatal cannulated killed/No. (days after (days after 
inoculum {weeks} inoculated inoculation) inoculation} 
Not inoculated & 1/15 12 16 
Bone marrow 8 6/6 11 (9-13) 20 (16-24) 
ts ji 14 4/4 13 (12-14) 24 (16-31) 
Thymocytes 8 5/5 14 (13-16) 19 (18-23) 
Spleen cells 8 0/5 >100 > 100 


* Female rats, 60-80 g body weight. Recipients of first-set (Lewis x DA MP, 
skin graft and 300 rads of whole body X-irradiation 9 days and 24 h before 
injection. respectively. 


t (Lewis x DA)F, rats inoculated intravenously at birth with fifty million 
Lewis bone marrow cells, one-hundred million Lewis thymocytes or five million 
Lewis spleen cells. 


Table 4. EFFECT oF aN INTRAVENOUS INJECTION OF (LEWIS x DA)F,* 
SPLEEN CELLS OR THORACIC Duct CELLS ON (Lewis x BN)F, Rats? 


Fate of secondary host 
Inoculum No. rats Onset of illness Peath 
No. cells kiled/No. (days after (days after 
Type x 10° inoculated inoculation) inoculation} 


Status of 
primary host 


Normal Spleen cells 100 2/2 Li, 14 17,18 
Lymphocyte- Spleen cells 100 0/1 > 100 > 100 
depleted ¢ Thoracic duct cells 100 5/5 14 (13-16) 19 (16-23) 


*Tnoculated intravenously at birth with one-hundred million Lewis 
thymocytes. Spleen and thoracic duct cells obtained eight weeks later. 


+ Female rats, 60-80 g body weight. Recipients of first-set (Lewis x DA Fy 
skin graft and 300 rads of whole body X-irradiation 9 days and 24 h before 
injection, respectively. 


į Drainage from thoracic duct fistula for 24 h immediately before killing. 


Table 5. EFFECT OF AN INTRAVENOUS INJECTION OF LEWIS AND (LEWIS x 
DA)F, THORACIC Duct CELLS ON (LEWIS x BN)F, Rats* 


Treatment of 
primary host + No. thoracic 


Fate of secondary host 
Age when duct cells in- ; 


Onset of 


Neonatal cannu- oeulated x 10* No. rats illness (days Death 
inoculum lated (Lewis x killed/No. after (days after 
(weeks) Lewis DA)F, inoculated inoculation) inoculation) 
Not — 100 1/15 12 16 
inoculated 1 99 6/10 13 (10-15) 16 (15-17) 
8 5 95 3/3 9,9, 9 14, 18,19 
10 90 4/4 10 (9-11) 16 (14-19) 
Bone marrow 8 -= 100 6/6 11 (9-13) 20 (16-23) 
_ 100 4/4 13 (12-14) 24 (16-31) 
14 = 25 0/6 > 100 > 100 
Thymocytes 8 _ 100 5/5 14 (13-16) 19 (16-28) 
= 100 3/5¢ 15,18,19 19, 35, 46 


* Female rats, 60-80 g body weight. Recipients of a first-set (Lewis 
x DA)F, skin graft and 300 rads of whole body X-irradiation 9 days and 24h 
before injection, respectively. 


+ (Lewis x DA)F, rats inoculated intravenously at birth with either fifty 
million Lewis bone marrow cells or one-hundred million Lewis thymocytes. 


t Recipients, 87-100 g body weight. 








no, s069 DECEMBER 24, 1966 


Table 5 shows that one-hundred million lymphocytes 
from Lewis bone marrow-or-thymocyte-inoculated (Lewis 
x DA)F, donors were more active against secondary F, 
hosts than a mixture of ninety-nine million (Lewis x 
DA)F, lymphocytes and one million Lewis lymphocytes. 
On the other hand, mixtures of thoracic duct cells con- 
_ taining five million, or ten million, Lewis lymphocytes 
usually caused a more severe graft-versus-host reaction 
than lymphocytes from marrow-inoculated F, rats or 
thymocyte-inoculated donors. 

Injections of bone marrow can save the lives of mice 
exposed to a lethal dose of whole body X-irradiation’. 
In mice with an intact thymus, cells from marrow even- 
tually repopulate lymphoid tissue, the thymus included’. 
Bone marrow cells can also correct the immunological 
deficiency of thymectomized and X-irradiated adult mice 
when the animals are recipients of a thymus graft’. 
Similarly, cells from foetal liver, foetal thymus and neo- 
natal thymus grafts contribute immunologically compe- 
tent cells to spleen and lymph nodes of sublethally 
irradiated mice by a mechanism dependent on the 
thymus®-", 

Development of immunologically competent cells from 
precursors in marrow and thymus is not a phenomenon 
occurring only in regenerating lymphoid tissue of X- 
irradiated mice. The present experiments demonstrate 
that in normal, non-irradiated rats inoculated at birth 
with bone marrow or thymocytes, the thoracie duct lymph 
contains cells with the immunological repertoire of the 
marrow or thymocyte donor. The fact that donor-type 
immunologically competent cells gain access to thoracic 
duct lymph identifies the cells as small lymphocytes‘ 
although it provides no information about when small 
lymphocytes acquire the capacity to undertake an 
immunological response. 

Taylor®? bas suggested that thymocytes can generate 
immunologically competent cells in thymectomized mice. 
He inoculated neonatally-thymectomized mice with 
thymocytes from normal, adult CBA/T6 donors. Between 
9 and 18 weeks later, spleen and lymph node cells from 
inoculated animals were injected intravenously into 
lethally X-irradiated (C57BL x CBA)F, hosts. The 
presence of dividing CBA/T6 cells in lymph nodes of the 
secondary host was taken as evidence that cells of thymus 
origin were ongaged in a graft-versus-host reaction. 

Yunis et al. performed a similar experiment in which 
the immunological activity of spleen cells derived from 
thymus was measured by the spleen assay™*. The authors 
make no claim that immunologically inactive precursors 
_. from thymus developed into competent cells. The results 

eould be explained by the activity of mature, immuno- 


"logically competent cells (presumably small lymphocytes) 


in the thymocyte inocula. 

‘The possibility that suspensions of cells prepared from 
bone marrow and thymus tissue contain circulating small 
lymphocytes cannot be dismissed in the present experi- 
ments. It is unlikely, however, that these lymphocytes 
account for the immunological activity of inocula prepared 
from thoracic duct lymph of marrow-treated F, rats or 
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thymocyte-treated F, rats. Fifty million Lewis bone 
marrow cells or one-hundred million Lewis thymocytes 
had the immunological activity of approximately one 
million Lewis small lymphocytes. Yet 8-14 weeks after 
inoculation, at least the same immunological potential 
was embodied in one-hundred million thoracic duct cells 
from inoculated F, rats. The results suggest that about 
fifteen million Lewis small lymphocytes were in the donor’s 
circulating lymphocyte pool. This conservative estimate 
is based on the following assumptions. First, the circulat- 
ing lymphocyte pool in an adult rat contains 1,500 million 
small lymphocytes®. Second, the ability of Lewis lympho- 
cytes to cause a graft-versus-host reaction in X-irradiated. 
(Lewis x BN)F, rats is unaffected by either temporary: 
residence of the lymphocytes in the primary F, host, or 
a (Lewis x DA)F, skin graft in the secondary host. 

Experiments in which newly born (Lewis x DA), 
rats were inoculated with Lewis spleen cells strengthen 
the view that immunologically inactive cells in bone 
marrow and thymus proliferate or mature in the primary 
F, host. Spleen is a potent source of immunologically 
competent cells in adult Lewis rats?. Thoracic duct cells 
from F, rats inoculated at birth with five million adult 
Lewis spleen cells, however, had no obvious effect’ on 
grafted and X-irradiated, secondary F', hosts. 

Experiments using tritiated thymidine and chromosome 
markers have shown that cells migrate to and from thymus 
in normal guinea-pigs", and in normal’ and X-irradiated’ 
mice. Results of the present experiments in the rat 
provide some evidence that two cell populations involved 
in this traffic, bone marrow cells and thymocytes, can 
generate immunologically competent small lymphocytes. 
It should be emphasized, however, that the resulta provide 
no information about the identity of the precursor cell- 
types, the size of the precursor pool, or the anatomical 
site in which small lymphocytes or their precursors 
acquire the capacity to initiate an immunological response. 

This work was supported by the U.S. Public Health 
Service. 
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PHOSPHORYLATION OF Escherichia coli ALKALINE PHOSPHATASE 
BY SUBSTRATE 


By H. N. FERNLEY and Dr. P. G. WALKER 


Department of Biochemistry, Institute of Orthopaedics, Stanmore, Middlesex 


ALKALINE phosphatase from Escherichia coli is known to 
catalyse the hydrolysis of a wide range of phosphate 
esters at about the same ratet. It also reversibly incor- 
porates inorganic phosphate under acid conditions? 4, 


These two facts, together with kinetic evidence*,*, support 
the suggestion that the enzyme is reversibly phosphory- 
lated during the hydrolysis cycle, and that under optimum 
conditions, the rate determining step is one common to all 
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Fig. 1. 
phatase from Æ. coli at 20' 
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pH 4.95 


15 pym. enzyme 
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Hydrolysis of 6 molar 4-methylumbellifery! phosphate by alkaline phos- 
°C. The buffer system was 0-021 éris—acetic acid. A 


10 mV signal corresponds to about 50 mumolar methylumbelliferone. The time con- 
stant of the apparatus was 4 msec, 


substrates, the dephosphorylation of phosphoryl-enzyme. 
| Aldridge, Barman and Gutfreund’, however, using a 
-. technique for rapid sampling have measured the rate of 

_ dephosphorylation of phosphoryl-phosphatase at different 

< pH values, and have demonstrated that this rate is 
=- appreciably faster than the turnover (k,) at pH 8-10, 
“although at pH 7 the rates of phosphorylation and de- 

‘phosphorylation are about equal. 

This article reports some experiments which we carried 

-out with a fluorimetric “‘stopped-fiow” apparatus’ using 

- 4-methylumbelliferyl phosphate, a fluorogenic substrate 

which is hydrolysed at a similar rate to other phosphate 

-- esters including p-nitrophenyl phosphate. The results 

-eonfirm that at alkaline pH dephosphorylation must be 

faster than the rate of turnover, while under acid con- 

ditions, the rate limiting step is the hydrolysis of phos- 
phoryl-enzyme. 

The principle of the method is as follows. Equal 
volumes of enzyme and substrate (0-3 ml. each) are mixed 
80 that it is possible to observe the reaction mixture from 
about 5 msec after mixing. If the rate of phosphorylation 
of the enzyme exceeds the steady state rate, an initial 
rapid. liberation of the alcohol moiety of the substrate 
would be expected, equal to at maximum the number of 
active sites. If, on the other hand, phosphorylation is 
rate limiting or if the mechanism does not involve a 
phosphoryl-enzyme intermediate, no ‘burst’? of alcohol 

< will be observed. In any event, lack of a burst will pre- 
clude a rate limiting dephosphorylation step, which 
“necessarily implies rapid phosphorylation. 
i Tho enzyme preparation was about 50 per cent pure 
as judged by its activity under standard conditions’. 
A solution (30-60 pg/ml.) in 0-05 per cent bovine plasma 
albumin was rapidly mixed with substrate buffered at 
. the pH. under investigation. No ‘‘pre-steady-state” effect 
Was observed which could be attributed to the jump in 
 pH-—this being necessary because the enzyme is fairly 
rapidly inactivated under mildly acid conditions in the 
absence, but not in the presence, of substrate. 
o 4-Methylumbelliferone fluorescence (Amax 448 my?) 
was excited by both the 315 mu (pH 4-8) and 365 mu 
(PHL 8-10) lines of a stabilized d.c. mercury are with 
> Jena 315 my interference or Corning 7-37 filters. Fluo- 
| řesçonco was measured at 90° by passing the light 
_, through a Corning 3-173 ultra-violet cut-off filter (to remove 
fluorescence from the. substrate and scattered primary 
- radiation) on to the photocathode of a photomultiplier 
tube. The output current was led into a storage oscillo- 
e 













scope equipped with a differential amplifier and time base. 
To control the level of noise the capacitance across the. 
oscilloscope input was varied. 

Some oscilloscope traces are recorded in Fig. 1. For 
three of them, pre-steady-state conditions are evident, 
and it is possible to conclude directly that there is a` 
change from one rate limiting step to another between.” 
pH 5-91 and pH 6-95. At less than pH 6 hydrolysis of 
phosphoryl-enzyme must be the rate limiting step, 
while at pH 6-95 only a small fraction of the enzyme can 
be phosphorylated. Under alkaline conditions (pH 8~10) 
the traces are linear within experimental error and it 
can definitely be said that here dephosphorylation is ‘not 
rate limiting. The question remains as to why so many 
substrates are hydrolysed at the same rate. i 

More useful information can be derived from the pre- 
steady-state data of Fig. 1. The hydrolysis cycle for 
alkaline phosphatase can be written 





ROH 


kaks 


{ka + ks)’ 


- _ (krt kaks 


with k, = m= klk, + Be) and K, = 


(key ky 
ae "ea 

The symbols are: HH, free enzyme; ROP, 4-methyl- 
umbelliferyl phosphate; HH.ROP, the Michaelis enzyme- 
substrate complex; ROH, 4-methylumbelliferone; EP, 
phosphoryl-enzyme; and Pi, inorganic phosphate. If 
the substrate concentration is much greater than Ky, 
the oscilloscope traces can be fitted by the equation 


Bokgls Ek 
(katka) ~~ (he + hy)? 


The three unknowns, EZ, (total con: : 





[ROH] = at + b— bexp( — ct), wherea = b 


and c=(k,+ks,). 
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centration of active sites), ka and ks, can be determined by 
standard methods'*. That the initial substrate con- 
centration (5 umoles/l.) is greater than K, was confirmed 
by varying the substrate concentration through the range 
0-5-5 pmoles/l. under stopped-flow conditions. The 
dependence of k, apparent on the substrate concentration 
‘showed that between pH 4 and pH 6 the K, values are 
all less than 0-5 umoles/l. 

It proved possible to determine Km directly from total 
hydrolysis curves by making use of the fact that at pH 
4:95 inorganic phosphate is a rather weak inhibitor 
(Kj/Km= 220). Such a curve is shown in Fig. 2, where 
the initial substrate concentration is about 15 mymoles/I. 
The kinetic parameters for pH 4-95 are: Km, 4 mymoles/L. ; 
Ks, 300 mymoles/l.; K; (phosphate), 900 mymoles/l. ; 
ky, 22 sec and ka 0:3 sec}. f 
“The values for ka k, and ky which have so far been 
determined are plotted in Fig. 3. We have also included 
two values for ks from Aldridge et al.*, to show the probable 
‘course of k, with increasing pH. The overall activity, 
ko, risos to 20 sect at pH 10 (0-027 2-amino-2-methyl- 
propane-1,3-diol-hydrochloric acid buffer). The variation 
` of ka with pH is complex, with a minimum at about pH 7 
which indicates that at least three differently reacting 
enzyme-substrate complexes occur in the pH range 4-10. 

The average E, value of 0-11 umoles/l. for each 15 
ug/ml., together with an estimated 50 per cent purity 
and a molecular weight of 80,0001, gives a figure of 
-11-12 active sites for each molecule. Why, especially 
as it is a dimer of two identical sub-units"™, are there not 
two active sites for each molecule ? The maximum activity 
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cCc Hig. 2, Total hydrolysis of 4-methylumbellifery! phosphate by alkaline 
ooo o phosphatase from Æ. coli (0-2 pg/ml.) at pH 4-95 and 20° ©. The upper 
i trace ia a continuation of the lower one. A 10 mV signal corresponds here 


to 1-9 mymolar methylumbelliferone, 


NATURE 


1437 


Logi, k sec* 
























80 





4-0 5-0 6-0 7-0 


pH i : 
Fig. 3. Alkaline phosphatase from 2. coli and 4-methylum 


phosphate. Values for ky, ka and kj in OZI tris-acetic acid buffers 
20° C, The ky value at pH 10 refers to 0-021 2-amino-2-methyl-pro: 


90 


1,8-diol-hydrochloric acid. 


of E. coli alkaline phosphatase is about 3,200 moles of 
substrate hydrolysed/mole of enzyme/min at 25°C. 
This is equivalent to a turnover at 20° C of about 40 sec, 
which is just double the activity we have observed at low 
ionic strength. The importance of ionic strength and pH 
in determining the activity is well illustrated by Wilson, 
Dayan and Cyr‘, who found that the maximum activity. 
at low ionic strength was half the maximum activity at | 
high ionic strength (low 0-11, high 1-01). It seems possible 
that k, remains the same (20 sec! at 20° C} but that at 
high pH and high ionic strength both sites in the molecule 
are functional, thus doubling the activity. 

The special apparatus used in this work was provided 
by a grant from the National Fund for Research into 
Poliomyelitis and other Crippling Diseases. 
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A COMPUTER PROGRAMME FOR THE ANALYSIS OF HUMAN 
CHROMOSOMES 


By Dr. C. W. GILBERT 


Paterson Laboratories, Christie Hospital and Holt Radium Institute, Manchester 20 


Tue routine analysis and karyotyping of human chromo- 
somes are becoming of increasing importance in clinical 
and research investigations. The analysis of the chromo- 
somes at present takes up a considerable amount of 
time of an experienced cytologist and thus automation 
of some or all of the processes involved would be advan- 
tageous. 


The steps involved in making a chromosome analysis 
are (a) the making of a preparation, (b) the selection of 
mitoses of suitable quality, (c) the recognition and measure- 
ment of selected features of the chromosomes, and (d) 
the analysis and evaluation of the measurements. The 
making of the preparations involves taking specimens from 
patients, animals or tissue cultures, and they have to be 
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treated differently in many steps before the finished 
microscope slides can be examined. At present there 
is a limited scope in the automation of these procedures. 
In principle, it is possible to automate step b, but the 
design and cost of suitable apparatus present a formidable 
problem. As a result, the scanning for mitoses has to be 
done by an observer, but this does not require excessive 
training if a set of clearly defined and simple rules for 
selection is laid down. Between steps b and c it may be 
convenient to make photographic records of the selected 
mitoses and later work from these. Alternatively it may 
be possible to work directly from the microscope image 
which may be transferred in digital form to a magnetic 
tape by a flying spot scanner’. 

Several laboratories are involved in work on the auto- 
mation of the recognition and measurement of suitable 
features of chromosomes (step c) and, while progress has 
been made, the problem as yet is not fully solved!-%. 
A useful interim approach to the automation of this step 
is to use an observer for the recognition of the chromosomes 
and provide suitable mechanical aids for the rapid measure- 
ment and recording of selected features. The final step d 
is the analysis and evaluation of the measurements. This 
may be made by a suitably programmed computer to 
produce a karyogram or similar presentation for each 
metaphase. 

The purpose of this article is to present such a pro- 
gramme, and the essence of the programme is to arrange 
the chromosomes into a karyogram based on a recorded 
set of measurements from which the arm lengths can be 
calculated. The sorting is achieved by making the best 
assignment of each chromosome to one of a normal set 
which will have been determined by experience. 

The characteristic features of each chromosome will 
be called the pattern of that ehromosome; this must be 
expressed by a set of numbers if a computer is to be used 
in the analysis. Qualitative features must be coded, for 
example, the presence or absence of a feature represented 
by land 0. In order to identify the two chromosomes of a 
pair, it is necessary to set up a measure by which the 
patterns differ. This pattern difference should have an 
essentially positive value and should increase in magnitude 
as the patterns obviously differ. If two chromosomes are 
identical in all features, then the pattern difference should 
be zero. There is no unique way of setting up a measure 
of the pattern difference, but suitable quadratic expressions 
of the corresponding differences of the elements of the 
patterns have the right properties. Thus the pattern 
difference P(u,u') between two chromosomes u and w 
is expressed by 


Piuu’) = w(a—a’)? + w(a—a’) (b—b’) + w,(b — b’)? 


where a and b are the arm lengths of the chromosome u 
and the prime denotes those of the chromosome wu’ and 
the coefficients w are weighting factors. If the pattern 
difference is always to be positive, then 


We? S AWW 


-The weighting coefficients may be functions of the average 
arm lengths of the two chromosomes and they can be 
chosen to apportion the emphasis between different 
features such as between total length and arm ratio. It 
is also convenient to choose the coefficients so that the 
average values of the pattern differences of the homologues 
of the large and of the small chromosomes are approxi- 
mately equal. In the current programme all the weighting 
coefficients have been given the same value 


(l+p)/(1+ pL*/4L,”) 
where L is the total length of the two chromosomes which 


are being compared, Ly is the average length of a human 


. 
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chromosome (43:5), and p is a constant. Small values of 
p would be appropriate if the random variations of the 
chromosome lengths were independent of their length and 
a large value of p if the variations were proportional to 
their length. A suitable value for p was found by experience 
and is fairly large. 

The simple method of independently assigning each 
chromosome to that one of the normal set with which it has 
the smallest pattern difference ignores the fact that the 
majority of the chromosomes occur in pairs. A better, 
if somewhat longer, approach is one that emphasizes 
pairing and which has the added advantage that the 
differences between the homologous pairs will give an 
estimate of the average pattern difference arising from 
random variations. This average pattern difference can 
be used to determine a dividing line between acceptable 
and unacceptable assignments of the chromosomes and 
it can also give an overall estimate of the accuracy of the 
karyogram. 

When the programme is operated, the lengths of the 
two arms of each chromosome are first calculated from the 
input data and normalized. In normalizing, the total 
length of all forty-six human chromosomes is taken to be 
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Fig. 1. Flow diagram of the section of the computer programme that 
identifies pairs with the chromosomes of the normal set. 
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2,000 for a female cell and (2,000 + Y — X) for a male cell. 
If the number of chromosomes is different from forty-six, 
then the extra or missing chromosomes are assumed to 
have a normalized length of 43-5 and the cell is normalized 
accordingly. Then the pattern difference of all possible 
pairs of chromosomes is calculated and the 150 pairs with 
the smallest differences are selected and stored in ascending 
© order of magnitude. The mean of the twenty-two smallest 
of these is calculated and this will be a lower limit to the 
average pattern difference between homologues. From 
this lower limit an acceptance limit is now derived. This 
is set at six times the lower limit if that is small or at 
increasingly more than six times for larger values of the 
lower limit. The aim is to achieve an acceptance limit 
at about five times the real average pattern difference 
between homologues. The set of 150 pairs is now reduced 
in number by retaining only those within the acceptance 
limit. Next, each of these pairs is compared with each 
member of the set of normal chromosomes (provided in 
the programme) and the pattern difference between the 
average of the pair and the normal chromosome calcu- 
lated. This is then averaged with the pattern difference 
between the members of the pair, so that preference is 
given to pairs with small differences. Thus the averaged 
pattern difference between the paired chromosomes u and 
uw’ and the chromosome v of the normal set is 


IPG (u tu’), v) +4 P(uu’) 
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earlier group. If the test is satisfied an allocation is made 
and the programme passes on to the next group. If not, 
then all the permutations of one pair from each set of this 
group are selected and tested. If any satisfy the test, then 
the one with the lowest total pattern differences is allo- 
cated. The box “reRm” in Fig. 1 indicates that the next 
permutation is selected and the flow sheet shows that all 
are selected and tested in turn. If no allocation has been 
made, then all the permutations which omit one of the 
normal chromosomes are tried. The box “PERM SKIP k” 
indicates the selection of the next permutation which 
omits k normal chromosomes from the group. Again the 
best assignment is allocated or, if none is possible, then ~ is 
increased by one and more normal chromosomes omitted 
from the group. This process ends in allocating the best. 
assignment that is possible and which uses the maximum 
number of pairs, or it results in no allocation at all for the 
group. The next group is then analysed in the same way. 
After all the groups have been analysed, a number of the. __ 





pairs will have been assigned to some of the chromosomes 


in the normal set and there may remain a number of un- 
assigned chromosomes. These are then assigned to the 
normal chromosome that they fit best within the limit of 
acceptance. Any chromosome then left unassigned is listed 
as unknown. The karyogram is now complete and the 
result is then printed out, indicating which chromosomes 
were assigned as a pair and which as a single. The cor- 
responding pattern differences are also printed. 
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Fig. 2. A karyogram of a cell as printed by the computer. The chromosomes in the 
cell had been numbered from 1 to 45 in the order they appeared on the cytologist’s 
karyogram (see Fig. 4). 


In this way against each normal chromosome a set of up 
to four pairs is kept in ascending order of their averaged 
pattern differences, provided they are within the acceptance 
limit. 

A karyogram is now constructed which uses as many of 
these pairs as possible with no chromosome assigned more 
than once. This is carried out in groups of four chromo- 

gomes or less in an order similar to that in current use 
by cytologists. A flow diagram for this part of the pro- 
gramme is shown in Fig. 1. The leading permutation, for 
example, the first pair of the set against each normal 
chromosome in the group, is selected. This is tested as a 
possible assignment in which all members of the pairs 
are different and have not previously been assigned in an 


A computer print-out for a cell is reproduced in Fig. 2. 
The value of p used in the weighting factor was 7. The 
individual pattern differences have been divided by the 
average pattern difference as estimated from the smallest 
twenty-two pairs and these ratios are shown under the 
heading “FITTING CHISQUARE”. This method of program- 
ming emphasizes pairing. The use of an acceptance 
limit does not unduly force chromosomes into pairs -and 
so the method can cope with cells that have either missing 
or extra chromosomes. Nor does it force an assignment on 
an abnormal chromosome. The average of the pattern 
differences is an important parameter which gives a 
measure of how closely the identified chromosomes corte-. | 
spond to those of the normal set. 
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The programme has been written for the Atlas computer 
at the University of Manchester and was first tested with 
chromosomes generated by adding in a random way a 
Gaussian distribution of lengths to the arms of the chromo- 

- somes of the normal set. In these tests the identity of 
each chromosome was therefore known and so the number 
of misclassifications could be determined for different 
magnitudes of the variations built into the test chromo- 
somes. 

The results of such a series of tests are summarized 
in Fig. 3. The total percentage of chromosome mis- 
identification is given by the intersection of each curve 
with the. ordinate axis, each curve representing an in- 
creasing amount of built-in random variation. One can 
define degrees of mis-identification. The mis-identification 
of a chromosome with one of the normal set which it 

. closely resembles is regarded as less serious than its mis- 
identification with an obviously different one. A measure 
of the magnitude of the misclassification is given by the 
square root of the pattern difference between the true 
identity of the chromosome and that to which it was 
assigned. The abscissa in Fig. 3 is the magnitude of the 
mis-identification and the curves are the cumulative 

- distributions showing the percentage of the chromosomes 
that were mis-identified with a greater identification error. 
The arrows against each curve show the average amount 
-of the random variation which was built into the test 
chromosomes. As is to be expected, the more variation 
added the greater the proportion of misfits. At the top 
of Fig. 3 is shown the lower end of the spectrum of the 
magnitudes of the pattern differences between the 


<o ghromosomes of the normal set. 
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Fig. 3. Cumulative distributions of the proportion of chromosomes in- 
correctly identified, plotted against the magnitude of the misclassifica- 
tion, The arrow on each curve indicates the built-in mean variation of the 
chromosomes. At the top is shown the lower end of the spectrum of the 
magnitude of differences between chromosomes of the normal set. 


It should be noted that if a chromosome is misclassified 
this will often result in misclassification of another: 
frequently the errors are just a simple interchange. Two 
chromosome pairs which could not be distinguished one 
from the other, so that the pairing was made at random 
from the four chromosomes, would give on the average 
one interchange or two misfits, corresponding to 4-3 per 
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cent of the chromosomes being mis-identified. The 


lowest curve in Fig. 3 corresponds approximately to this 
situation. 
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Fig. 4. Two karyograms as arranged by a cytologist and showing the 
identification made by the computer. Upper row of figures is the 
classification by the cytologist, the lower by the computer. 


The programme has been used to analyse the data 
obtained by measuring with callipers the lengths of the 
arms of chromosomes recorded on enlarged photographs. 
These cells had previously been karyotyped by a cyto- 
logist. Fig. 4 shows two typical karyograms as arranged 
by the cytologist, with the top line of figures showing his 
identifications. The lower figures show the identifications 
made by the computer programme, the underlined figures 
being those identifications made as single chromosomes 
and not as members of a pair. The cells were of the XO 
type and demonstrate that the pairing method can cope 
with missing chromosomes. The root mean pattern differ- 
ence for the set of cells analysed was about 4 per cent and, 
reading from Fig. 3, this would indicate about 25 per cent 
of the chromosomes misclassified. A majority of the 
misclassifications occur in group ITTI, where the eytologist’s 
identification will by no means be absolutely certain. The 
eytologist would not have allocated three X chromo- 
somes as the computer did in Fig. 4, because he makes use 
of information which the current computer programme 
lacks but which might be developed in future programmes. 
The agreement between the karyograms made by the 
computer and by the cytologist is reasonably good and 
suggests that automation of the analysis of the measure- 
ments of chromosomes will be a useful tool for the 
eytologist. 


Received October 10, 1966. 


1 Mendelsohn, M. L., Conway, T. J., Hungerford, D. A., Kolman, W. A, 
Perry, B. H., and Prewitt, J. M. S., Cytogenetics, §, 223 (1966). 

* Ledley, R. S., Science, 146, 216 (1964). 

* Butler, J. W., Butler, M. K., and Stroud, A., Data Acquisition and Processing 
in Biology and Medicine, 261 (New York, Pergamon Press, 1964). Data 
Acquisition and Processing in Biology and Medicine, 47 (New York, 
Pergamon Press, 1965). 
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LETTERS TO THE EDITOR 


ASTRONOMY 


Evidence for a Correlation between the 
Position and Red-shift of Quasars 


Ir is often assumed that quasars are partaking in the 
general expansion of the substratum of an isotropic 


“universe. This hypothesis requires that those quasars 


possessing any particular observational property should 
be randomly distributed over the sky. In this com- 
- munication we present evidence which suggests that for 
abt least one such property, the red-shift, quasars may be 
ordered in sets of decreasing isotropy. If further observa- 
tions should continue to support this result, the simple 
cosmological explanation of quasar red-shifts may have to 
be abandoned in favour of (a) an anisotropic universe or 
(6)-a more local and possibly galactic origin for quasars. 
In Fig. 1 we plot in an Aitoff (equal area) projection 
the red-shifts of quasars and their position in the sky 
using galactic co-ordinates. For convenience an arbitrary 
division into four groups has been made, namely 
Group I z> 1-5 
Group II 1:5 > z> 1-0 
Group IH 1-0 > z > 05 
Group IV 0-5 >z > 0-0 
where z is the red-shift. The data are taken principally 
from a list, compiled by G. R. Burbidge, of all quasars 
that had been identified by June 1966. A few additional 
red-shifts have subsequently been provided by E. M. 
Burbidge. From. the figure, one very striking fact is 
immediately apparent. With the exception of 3C191, the 
quasars of Group I divide into two very compact and 
almost antipodal sets of five members each. The second 
group is more widely spread in the northern hemisphere, 
though still about the same general position, while the 
members of this group in the south are again almost 
coincident with Group I. Finally come the members of 
Groups TTI and IV which extend over the widest area of 
the sky. 
It does not seem possible to explain these results by 
any of the more obvious selection effects. There is, of 





—49° 


course, a strong observational bias in favour of certain 
regions of the sky both in the radio detection and the 
subsequent optical identification of quasars. This, how- 
ever, should not affect the distribution of red-shift with 
position within those regions that can be observed. Since 
there is some tendency for the quasars with high red-shift 
to appear fainter, it might be supposed that obscuration 


near the galactic plane would favour their detection at... 
high galactic latitudes, thus accounting for the (almost) 


polar caps of our Group I objects. This possibility can - 
be dismissed on the following three counts: (i) most of | 


the Group I objects are more than a magnitude brighter > : 
than the optical limit of observation (taken to be'at ` 


~ 195 m); (ii) if galactic obscuration were important, 
objects in Groups I-IV should appear brighter at the 
poles than nearer to the equator; a glance at Fig. 2a. 
and 6 demonstrates that this is not the case; {iii) the 
Group I objects in the northern galactic hemisphere are 
not distributed uniformly about the pole. Observers, in 
their quest for the largest red-shift, may tend to study 
only the fainter objects. This may modify somewhat our 
argument (ii) but even then it is difficult to understand 
why so few Group I objects have been found away from 
the main sets since arguments (i) and (iii) still stand. 
In this context Sandage? has suggested that, for most 
quasars, there are negligible corrections to the colours 
and presumably, therefore, to the magnitudes as a result 
of galactic absorption; this is in agreement with a direct 
interpretation of our argument (ii). There also appears 
to be no correlation with zenith angle (which might be 
a preferred direction for faint objects), at the Kitt Peak, 
Lick and Palomar observatories where most of the red- 
shifts have been obtained. Finally, there is the possibility 
that,-as optical identification of fainter objects would be 
favoured by more accurate radio positions, quasars with 
high red-shift would occur preferentially along the ecliptic 
where lunar occultation determinations of position can be 
made. Again there appears to be no evidence of such an 
effect in our data. 

Thus, unless some strong selection effect has been 
overlooked, the remarkable fact remains that all the 





Fig. 1. Red-shifts of quasars plotted against position in the sky in galactic co-ordinates. In order of decreasing red-shift, the symbols represent 
quasars of Group I (solid circles), Group II (open circles), Group IH (triangles) and Group IV (squares). N and 8 denote the directions of the 
Earth’s north and south poles and the dashed line the projection of the EHarth’s equator on the sky. 
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quasars. with. g > 1:5 (including 30191) are contained 
within two areas occupying only ~ 6 per cent of the sky. 
Even with generous estimates for regions not investigated, 
for example, galactic equatorial regions (obscuration), 
Earth’s polar regions south of è ~ —40° (inaccessible to 
the large telescopes), this is only ~ 10 per cent of the 
available sky. 

Clearly, no final conclusions can be drawn on the basis 
of the evidence given here. Because we predict those direc- 
tions in which high red-shifts should be found, however, 
our suggestion of anisotropy will be subject to simple 
observational test as more red-shifts are determined. 
Should the result be confirmed, it would indicate that 
either (a) the effects of universal anisotropy become im- 
portant for z > 1, or (b) quasars are not cosmological. For 
alternative (b) the tendency for the Group I quasars to lie 
in approximately antipodal parts of the sky strongly sug- 
gests an explosive event, probably within our own Galaxy. 
Cosmic events on this scale are already indicated in the 
explosion in M82, and possibly in the many examples of 
double radio sources. Furthermore, the case of M82 shows 
that such explosions can occur at a considerable angle to 
the galactic plane (M82, though generally classified as 
irregular, appears highly flattened in the sky), a require- 
ment imposed by the high galactic latitude of our Group I 
objects. Can it be that the production of quasars for a 
local observer is related to the mechanism which, for a 
distant observer, produces double radio sources ? 

We thank E. M. and G. R. Burbidge for placing their 
extensive knowledge at our disposal, and F. Hoyle for 
many helpful discussions. This work has been supported 
in part by the U.S. National Science Foundation and in 
part by the U.S. National Aeronautics and Space Ad- 
ministration. 
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Vote added in proof. Since. this letter was submitted, 
red-shift determinations have become available for several 
more quasars. Of these, three fall into Group I, their 
designation, galactic longitude and latitude and red-shift 
being respectively: Ton 1530, 250°, 83°, 2-05; PHL 5200, 
60°, — 50°, 1-9; 23544 14, 103°, — 46°, 1-8. The red-shifts 
are due to W. A. Hiltner, C. R. Lynds and E. M. Bur- 
bidge respectively. We wish to point out that they each 
lie in the preferred regions of the sky, one in the north, 
two in the south. 
PETER STRITTMATTER 
JOHN FAULKNER 
Institute for Theoretical Astronomy, 
and Peterhouse, Cambridge, 
England. 
Matcotm WALMSLEY 
University of California, 
San Diego, California. 
Received November 14, 1966. 
1 Sandage, A. R., Astrophys. J., 141, 1560 (1965). 
? Lynds, C, R., and Sandage, A. R., Astrophys. J., 187, 1005 (1968). 


PLANETARY SCIENCE 


Hook Whistler—a New Equatorial Whistler 
observed by Injun 3 


THis communication reports a new type of whistler 
discovered in the very low frequency radio noise data from 
the Injun 3 satellite. (See ref. 1 for details on the Injun 3 
very low frequency experiment.) 

Spectrograms of frequency against time for the new 
whistler are shown in Figs. 1 and 2. We have called this 
whistler the “hook whistler” because of the similarity of 
its frequency-time plots to a type of very low frequency 
emission called a hook?. The hook whistler consists of 
two whistler-like components separated by a frequency 
dependent time delay of 0-200 msec. The difference in 
time delay between the two components of a hook whistler 
typically decreases to zero at a frequency of about 1-0 
ke/s, giving the impression that the two components 
join at this frequency as illustrated in Fig. 1. 

It is thought that the two components of the hook 
whistler originate from the same lightning impulse rather 

pre 
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than from two independent impulses because of the 
repeated occurrence of hook whistlers with nearly the same 
time delay between the two components. Fig. 2 shows 
six successive hook whistlers which occurred within a 
time interval of about 20 seo. All six have the same 
frequency-time spectra within the accuracy of the measure- 
ments of the spectrogram. We believe that it is highly 
improbable that the whistlers shown in Fig. 2 could have 
originated from six pairs of lightning impulses with the 
time delay between elements of each pair being essentially 
the same in each case. It seems much more plausible 
that the two components of a hook whistler originate from 
the same lightning impulse and that they arise from differ- 
ent propagation paths from the lightning source to the 
satellite. 
A preliminary study of the Injun 3 data has shown that 
hook whistlers are found for all altitudes sampled by 
Injun 3 (240 km-2,780 km altitude), for all local times, 
and principally near the magnetic equator (less than 40 
degrees magnetic latitude). A more complete investigation 
of the occurrence of these unusual whistlers is being 
conducted. The theoretical explanation of these whistlers 
is being sought by one of us (8. D. 8.) using computer ray 
tracing techniques. 
This work was supported in part by a contract with the 
U.S. Office of Naval Research. 
D. A. GURNETT 
8. D. SEAWEHAN 
G. W. PFEIFER 

Department of Physics and Astronomy, 

University of Iowa, 

Iowa City, Iowa. 


Roceivod November 14, 1066. 


1 Gurnett, D. A., and O’Brien, B. J., J. Geophys. Res., 89 (1). 65 (1964). 
* Gallet, E. ML, Proc. Inst. Rad. Eng., 47, 211 (1959). 


Biennial Oscillation in the Equatorial 
Troposphere 


Snos the discovery in 1961 of the 26-monthly zonal wind 
oscillation in the equatorial stratosphere!*, a large volume 
of literature has accumulated on this subject. An excellent 
review of the work up to the end of 1964 has been given by 
Murgatroyd’. 

Although Veryard and Ebdon‘ examined the available 
data, to see whether a similar oscillation existed in the 
equatorial troposphere, they could not arrive at definite 
conclusions. Angell and Korshover® studied the zonal 
wind data of a number of stations in the north Pacific 
region, and could trace the 26-monthly oscillation to the 
200' mbar level and often to lower levels at tropical 
stations, the amplitudes rapidly decreasing downwards. 

We have studied wind data from two equatorial stations, 
Gan and Singapore in the Indian Ocean, for the periods 
1960-64 and 1959-64 respectively, taking 12-monthly 

ing means of the zonal winds. Clear evidence for the 
existence of biennial oscillation in the lower troposphere 
is found at both these stations. The results for five lower 
tropospheric levels and two stratospheric levels are shown 
in Fig. 1. 

The oscillations are more conspicuous and can be clearly 
noticed over a greater depth of the lower troposphere at 
Gan than at Singapore. The range is about 6 knots at 
Gan and about half this value at Singapore. The maxima 
and minima ocour at almost the same epoch at both the 
stations at all the lower tropospheric levels. For example, 
over Gan the annual mean wind 1s westerly at 1-5 and 3-0 
km and easterly at 7:2 km, the transitional level being 
approximately 6-4 km. The minima of the zonal wester- 
lies at 1:5 and 3-0 km occur at practically the same 
epoch as the maxima of the easterlies at 7:2 km. (There 
is a slight indication that the extreme values at 7-2 km 
occur a month or two after the corresponding values are 
reached at 1-5 and 3 km; however, this matter requires 
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Fig. 1. 12-monthly running means of ronal winds. 


further confirmation.) The biennial oscillation is less 
clearly perceptible in the upper tropospheric levels at the 
two stations. 

It 18 well known that the period of oscillation of the 
stratospheric zonal winds varies from about 23 to 28 
months. As can be seen from Fig. 1, the stratospheric 
oscillatzon over Gan and Singapore had a period of about 
29 months from 1960 to 1964. In the lower troposphere 
the period of oscillation was only about 24 months. As a 
consequence of this, while the minima of the westerlies at 
1:5 and 3-0 km occurred almost simultaneously with the 
maxima of the westerlies at 20-7 km in October 1961, the 
westerlies were ın their increasing phase at all the three 
levels towards the end of the period. 

We thank the Meteorological Office, Bracknell, for 
supplying the wind data from Gan. 


R. ANANTHAKRISHNAN 
A. THIRUVENGADATHAN 


Meteorological Office, 

Poona, India. 

2? Veryard, R. G., and Ebdon, R. A., Nature, 187, 791 (1961). 

2 Reed, R. J., Campbell, W. J., Bamuasen, L. A., and Rogers, D., G., J. 
Geophys. Res., 818 (1961). 

bd d, R. J., “The 26-month Oscillation’—WMO Technical Note 
No 1, i28 (1865). 


*Veryard, B. G., and Ebdon, R. A., Met. Mag., 90, 125 (1981). 
* Angell, J. K., and Korshover, J., Mon. Weather Rev., 91, 587 (1983). 


Seamounts in the Gulf of Guinea 


In the course of two recent geophysical traverses across 
the Gulf of Guinea, H.M.S. Hecla has discovered a number 
of marked elevations of the ocean bed approximately on 
a line between St. Helena and the islands of the Bight of 
Biafra. 

The separate elevations which were found are shown in 
Table 1. 


Table 1 
Latitude Longitude 
05° 44’ 8 00° 26’ W., 688 fathoms 

06° 25’ 8. "I?E 242 ” 
08° 26’ 8 01° 82’ H 687 ie 
07° 54’ 8 00° 58’ B 208 o 
4y 00° 22° W. 889 fa 
04° 18’ 8 02° 44’ W., 794 » 
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The continuous graphical traces made by the precision 
depth recorder during’ the traverses indicate that these 
are rugged topographical features, trending north-east 
and south-west. Graphical traces from the ‘Askania’ 
sea-gravity meter and the ‘Varian’ towed proton magneto- 
meter, obtained simultaneously with the soundings, show 
marked. correlations of the anomalies. 

Measured from the abyssal depths from which they 
rise (2,600 fathoms in the north-west to 3,100 fathoms in 
the south-east) these features have an elevation exceeding 
that of the Alps. 

The seamounts are near and may form part of the 
submerged feature, shown on certain American bathy- 
metric charts as “The Guinea Ridge”. 


G. P. D. HALL 
H.M.S. Hecla. 


Notes on the Barwell Meteorite 


Tex flight path of the Barwell fireball has been described 
previously by Miles and Meadows!. I have used much 
the same observational material, but discarded the 
reports which are obviously anomalous and also some 
rather unsatisfactory reports. I find their conclusion of 
the multiplicity of bolides? open to doubt, and consider 
that there is little real evidence for an assumption other 
than that of a single bolide, which approached Barwell 
from a point originating approximately 20° W. of 8. 
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Fig. 1. Map to show the location of Barwell and the probable direction of 
travel of the Barwell meteorite before landing. 


Meteoric fragments have been recovered from only one 
specific area (Barwell) (see Fig. 1). All fell within a radius 
of 600 m of fragment “H” (see Fig. 2); this was the first 
fragment to be recovered and was found within 0:5 h of 
the fall. Apart from the work involved in the analysis of 
sighting reports, I made ten field trips to Barwell 
in the period January to May 1966. Some of the fragments 
were inspected in situ or immediately after recovery. 
Others were inspected through the kind co-operation of the 
Leicester City Museum staff and the Geological Museum 
staff. J found the use of a portable tape recorder 
invaluable for this kind of fleld work. Local eyewitness 
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accounts of both fall phenomenon and individual fragment 
recoveries are Dow permanently recorded. 

Although the fireball had been widely observed in flight 
during its passage over southern and central England on 
December 24, 1965, information about the recovery of 
meteoric fragments was slow in reaching the ears of 
authority and this was principally caused by the advent 
of the Christmas holidays. 

The recovery of fragment “H” was notified to the local 
police two days after the fall. The finder had been puzzled 
at first by its appearance, and thought it was a lump of 
freshly broken concrete which had fallen from a passing 
lorry. It was not until a few days later that reports 
finally reached the Leicester City Museum, the Geological 
and Astronomical Departments of the University of Leices- 
ter and the Geological Museum. Within 24h field parties 
from these institutions, assisted by private parties, were 
searching the area. These initial searches recovered a total 
of approximately 25 kg of meteoric fragments in a period 
of two days. The early recoveries were located in places 
well frequented by members of the public. Subsequent 
recoveries were made chiefly by local inhabitants after 
the British Museum offered the incentive of rewards to 
finders (based on the rate of ten shillings per ounce for 
larger fragments), and this has resulted in almost doubling 
the original total weight, but no further recoveries have 
been reported since late March 1966. 

Some fragments are known to have found their way into 
the hands of private collectors and the location and speci- 
fication of these pieces are not known with any certainty, 
so they have been omitted from the accompanying map. 
I estimate, however, they do not amount to more than 
a total of 2 or 3 kg of material. All the fragments 
are at present in the hands of the British Museum, De- 
partment of Mineralogy, where a complete assembly is 
being attempted. Many have been purchased outright 
by the Museum authorities, but H, K, L, V, W will be 
returned to private ownership after casts have been 
completed. It is intended that a substantial fragment of 
material will be presented to the Smithsonian Institution 
by the British Museum authorities. 

Fragment sizes (>60 g) and penetration show wide 
variations. Penetration ranges from superficial impressions 
on field turf to depths up to 68 cm in sandy loam soil. 
These variations in penetration can be accounted for if 
on disruption some fragments were ‘‘blown” upwards or 
laterally and others downwards. 

All significant fragments (> 60 g) show primary fusion 
crust. Three distinct faces are represented: smooth, 
striated and relief (regmaglyptic). Some fragments show 
faces which are transitions between the three kinds. The 
crust relief would indicate that the parent body main- 
tained an approximately stable orientation during flight 
before disruption occurred. Final disruption took place 
at an unusually low altitude since the individual fragments 
show only primary crust (with total absence of secondaries) 
and freshly broken stone surfaces on adjacent faces. The 
altitude of final breaking was probably of the order of a 
few thousand feet, as the scatter of fragments in the area 
of fall shows only very minor sorting caused by differences 
in mass. 

Only four fragments show indications of approach 
direction (E, H, P, Q)**, three of which (E, H, P) are 
anomalous to the approach direction of the parent bolide 
(20° S. of W.). Such variations of approach direction of 
individual fragments have been reported in previous 
falls5:®, 

As of July 12, 1966, a total in excess of 47 kg of olivine- 
hypersthene chondrite stones have been recovered from 
the compact area of fall in Barwell. Recent attempts at 
aasembly by the staff of the Mineralogy Department, 
British Museum, indicate that significant ts are 
still unaccounted for; however, fragments B, O, I, J, Q, R, 
(see Fig. 2) make conclusive fits. Measurements of fusion 
orust relief using established principles of size determina- 
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Fig 2. Map to show the location of the fragments of the Barwell meteorite. 


ai This fragment consists of two pieces (100 5 g and 118 6 g) which 
in a school playing fleld producing minor impressions on field turf. 


oy t 2,840 g, it was recovered by a local police constable (P.C. 
tt) reoelving 


reports of a meteorite fall. It produced a hole 
22 om across in sandy loamy soil. This fragment narrow hitting 
the principal local eyewitness to the fall. 


(CO) Weight 1,676 g, ıt was found 80 om deep m loose garden soil. 
(D) Total weight approximately 5,000 g, ıt consists of a number of pieces 
oh shattered on impact. 


eight 450 Cinaid , rit a the first to be recovered 
(m Wom aia afer tha pe It hit the tarmacadam roadway 


outside bra "The Common ee a smal) crater 4 om deep and 10 om 
in ter. One piece ( g) rebounded from the road through 
a glass window. ves much fine dust PaA the area, The indicated 
direction of approach was B.8.E. 
Hw eight 8,200 g (estimate of al piece), only 680 g were recovered. 
$ $ motor car paripa tm hous Voway aud causod minor PARES Se 
ody wor 


(G) Weight 2,470 g, 16 was found lying on the surface of the ground with 
no apparent im na on the ground beneath, but it may have been 
‘bed from its et ae position of fall. 


* (H) A lenticular mass weig! nt a) 
Ingh yeloatty and ponetra ie g, onis of a local 


passed ugh asbestos sheeting, a 

akın and penetrated, avery a 26 om long ends roore 

floor decking. Tho Gireotion c on af tp .E. at an 

calo 15° eet 1°). 

(I) Weight 8,512 g, it hit the RA gravel driveway of “Lyndhurst”, 

producing a orater 28 om in diameter and 8 om deep. 

(J) Weolght 8,351 g, it hit the driveway of ‘‘Kaipao: House”, prod 

crater. This fragment makes a fit with fragment (B). 


to have had a 
twear factory. It 


ine timber 
o from the 


tion indicate that the weight of the parent body before 
final disruption and after passage through the retardation 
zone was of the order of approximately 90 kg. 

Numerous small fragments (chips) have been recovered 
in the area south of the fall zone centre (in the area of 
open fields with short grass and a recreation ground); 
however, the quantity of this material is believed not to 
exceed a total weight of 2 kg. 

Although no fragments have been located since late 
March 1966, the search for additional ones continues. 
The task is made more difficult with the advent of summer 
and the subsequent growth of crops and general vegetation 
in the surrounding fields and allotments. Another fact 
is that the chondrite fragments weather rapidly and, after 
a few weeks’ exposure to the British climate, examples 


(8), (£) Two fragmente unng 200 g and 110 g, they produced oniy 
impressions on fleld tant, 0 
(M) Weight 180 g, kamiy recovered from hedgerow. 
(N) Weight 85 g. 
(0) Weight 445 g, 1t produced minor Impressions on field turf. 
Si Weight ache g. it was found ın allotment area 45 cm below surface 
- In loose sandy loamy soll. The direction of the hole indicated an approach: . 
from the N.B. , 
(Q) Weight 7,895 g, this was the largest fragment recovered so far. It 
was found 2 months after fall by a local resident. The fragment pene- 
trated to a depth of 68 cm in firm san ag oeny. soll soll, The hole ini tes 
almost perfect zeni 
(R) Weight 8,578 g, it waa recovered In an allotment area from a depth of 
85 cm ın loose sandy loamy soil. 


1 
i 


(S) Weight 256 g, it was found by a local inhabitant while digging his. , 
garden. Hel it a few centimetres below the surface in loose sandy 
loamy soil. 
SUN $ 2,670 g, this ent was located some 500 m north of the 
sone some 10 weeks after fall behind a shoe fi It was 
tying partly exposed to view and had made only a superficial npression 
on made-up ground (clinker ash). . 
U We t 1,278 g, found by local schoolboy geologist within a few 
metres o fragment (Q) , but does not mako a fb yi it. It was recovered 


ata depth of 25 om. 
(V) Weight 500 g (estimated), 1t made only a minor tmpresalon on field 


(W) Weight 450 g (estimated), it mado only a minor impreasion on field 


(X) Weight 430g; it was found 40 cim below thie parece In loose sandy 
oamy 60! 
(XY) Weight 490 g, it was found Jams, poset suffeos:tu; loops sindy loamy: 


without fusion crust are difficult to distinguish at a glance 
from local alluvial debris. 


P. Lanoastm: Brown 
Karlsvik, 
30 Eghams Wood Road, 
Beaconsfield, 
Buckinghamshire. 
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Utilization of Magnetic Viscosity Effects in 
Soils for Archaeological Prospection 


Durme the evaluation of a new type of metal detector 
on various archaeological sites in England during the 
past summer, it has been observed that the instrument is 
also sensitive to non-metallic features such as filled-in 
pits and buried hearths. Instead of a conventional system 
of continuous sinusoidal currents (and associated magnetic 
fields), this instrument uses repeated rectangular uni- 
polar pulses; these are fed to a transmitter coil (which 
in the present instance is square, of side length 1-2 m, 
and 6 turns) laid flat on the ground. The voltage induced 
in a receiver coil concentric with the transmitter coil 
is fed to a fast-recovery d.c. amplifier. 

The output of the amplifier is sampled at a fixed time, 
say 100 usec, after the cut-off of the transmitter pulse 
(which lasts for about 500 usec and has an amplitude of 
15 amp). The sampled voltage is then averaged over many 
pulses by an integrating circuit. If there is a metal object 
in the field of the transmitter coil, then the decay of eddy 
currents induced in it at cut-off of the transmitter pulse 
will give rise to a voltage in the receiver coil; this voltage 
decays exponentially and as long as the object is not too 
small it will still be of appreciable amplitude at the 
sampling time. 

Fig. 1 shows the response of the instrument as the coil 
system was successively positioned along & traverse over 
what was found, on subsequent excavation, to be an 
earth-filled pit that had been cut into limestone during 
Roman occupation of the site. It has been known for 
several years that such archaeological features give rise 
to a significant distortion of the geomagnetic field in their 
vicinity, and their location by total field intensity measure- 
ments (also shown in Fig. 1) using a proton free-preceasion 
magnetometer is well established*. This distortion is 
caused by the enhanced magnetic susceptibility of the 
humus-rich filling of the pit compared to the sterile sub- 
strata into which the pit was dug; it has been shown by 
Le Borgne*“ that cultivation and burning favour the 
conversion of ferric oxide from its weakly ferrimagnetic 
x-form to its more strongly ferrimagnetic y-form. We 
suggest that the response of the metal detector to the 
pit of Fig. 1 is caused by the magnetic viscosity that the 
latter form is known! to exhibit. 

Confirmation that the observed response is caused by 
magnetic viscosity was obtained by studying the time- 
dependence of the voltage induced in the receiver coil. 
These measurements were made in the laboratory on & 
sample of soil taken from the pit-filling. Smaller coils 
than previously (1 om diameter, transmitter coil 75 turns, 
15 amp) were used. The viscous magnetization which 
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remains in & sample at a time ¢ (ref. 5) after removal of a 
magnetic field which has been applied for a time greater 
than ¢ is of the form A -— Blogt where A and B are con- 
stants. Consequently the voltage induced in the receiver 
coil should be proportional to t1, and an approximation 
to this time-dependence was observed (see Fig. 2). Any 
voltage which arose from conductivity effecta in an 
extended medium would be expected to decay according 
toż, Additional evidence that conductivity is unimpor- 
tant was obtained by re-measuring the sample after it 
had been air dried: there was no significant change in the 
response observed. 

The same small coils were used on the site to study the 
spatial variation of the viscous magnetization property. 
Fig. 3 shows the depth profiles obtained when the cous 
were positioned successively down the walls of two vertical 
sections, one of which was through the pit of Fig. 1 
and the other of which was normal ground nearby. 
For the latter the viscous effect reaches a maximum at 
a depth of 10-15 em and then decreases rapidly, whereas 
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in the pit the effect is maintained down to 40 cm. Thus 
the overall effect from the pit arises not only from the 
greater volume of viscously magnetic soil but also from 
an enhancement of the effect. Similar observations were 
made in the vicinity of buried hearths presumably as a 
result of the effect of burning on surrounding soil, The 
small coils have also been used to locate barely visible 
silted-up post-holes in a surface from which the top-soil 
has been scraped. 

From further experience of five archaeological sites it 
appears that the effect described makes available a new 
archaeological prospecting technique of a sensitivity that 
is comparable with, and potentially greater than, the 
proton magnetometer technique. 

We thank Dr. G. Webster, Mr. D. Harding and Mr. C. 
Burgess for collaboration. We also thank the Wolfson 
Foundation and the Paul Instrument Fund of the Royal 
Society for financial support. 
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Optical Diffraction Effects in the 
Back-reflected Energy Distribution from an 
Aggregate of Small Irregular Particles 


ANOMALOUS backscattering or “back gloss” has been 
noticed by Brandenberg and Neu! for some painte and 
Gordon’ for soils. A semi-automatic goniophotometer 
recently constructed at this establishment has shown 
that this effect also occurs with many materials including 
magnesium oxide, magnesium carbonate, white card, 
paper, abraded metallic surfaces and many fine powders. 

The reflectivity plot produced by this apparatus for a 
magnesium oxide reflector is shown in Fig. 1. Two traces 
have been made for incident illumination: (1) normal 
to the magnesium oxide surface and (2) at 45° to the 
magnesium oxide normal. Such a reflector is generally 
acknowledged to approximate to a Lambertian scatterer 
for visible radiation. It can be seen, however, that an 
anomalous increase in backscattered energy is super- 
imposed on the expected cosine law form in a narrow are 
about the line of the incident beam. 
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Fig. 1. Reflecttvity plot of magnestum oxide reflector showing the 
anomalous A AA effect for incident illumination. 1, Normal to 
magnesium oxide suface; 2, 45° to magnesium oxide normal. 
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The collimated output of a gallium arsenide laser 
(wavelength 0-85 microns) provided the illuminating 
beam, and a 2 mm diameter silicon diode was used as the 
detector. The detector moved around the reflector along 
an arc of radius 1 m and to 80° either side of the normal. 
The sudden fall in energy which occurs on each trace is a 
result of the interruption of the incident beam by the 
detector mount. 

The reflector consisted of a 4 mm thick layer of mag- 
nesium oxide powder backed by a thin layer of titanium 
oxide. Care was taken in the preparation to ensure that 
a smooth surface was not produced by the pressing 
operation. 

Exploratory investigations have been made with 
reflectors of finely graded particles of known sizes. A 
correlation between the mean particle size d and the total 

arc 0 over which anomalous scattering occurs 
appears to exist and is of the form 


K 
= 


where K is a constant. Fig. 2 is a plot of 0 against the 
reciprocal of d. 





OL O-2 O38 
Ud (e) 
Tig. 2. Plot of the angular aro 6 over which anomalous backsca: 
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tionship of form atoka where K is a constant. Diamond 
@, alumina particles, 


It was observed that as the particle size increased there 
was a reduction not only in 6 but also in the magnitude 
of the anomalous peak. These trends prevented quantita- 
tive data from being obtained for particle sizes greater 
than 22 microns. In the case of particles less than 3 
microns across, the anomalous peak was so extensive that 
some difficulty was experienced in estimating 0. 

The resulta obtained so far could be explained by 
assuming that the anomalous peak is a diffraction pheno- 
menon. The assumption implies a wavelength dependence 
and preliminary investigations have indicated that for a 
given particle size the value of 0 falls as the wavelength is 
reduced. 

It should be emphasized that anomalous scattering is 
not restricted to the partially coherent and monochromatic 
radiation emitted by the gallium arsenide laser. An 
incandescent source, suitably collimated, produces 4 
similar effect if substituted for the laser. 

The results here suggest that a reflector composed of 
magnesium oxide particles less than a few microns or 
greater than 50 microns in size should be a better approxi- 
mation to a Lambertian scatterer than the original 
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reflector. Experiments have shown that in the case of 
very small particles, diffuse scattering only occurs for 
incidence angles less than 30°. At greater angles, the 
reflector becomes specular in accordance with the simple 
Rayleigh roughness criterion. In the case of large particles, 
Lambertian scattering is found only to occur if the 
illuminated area includes a statistically large number of 
scattering elements. 
R. J. SHANEY 


Royal Armament Research and Development 
Establishment, 

Fort Halstead. 
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Laser Excited Raman Spectrum of an Oriented 
Crystal of Trans Bisdimethylsulphide Dibromo 
Platinum ti) 


Tm investigation of the Raman spectra of single crystals is 
@ well established technique, but the use of plane polarized 
uni-directional exciting radiation is difficult and has been 
applied only to “ideal” cases. The difficulty arises from 
the inherently low intensity of discharge lamp sources 
when they are operated at a pressure sufficiently low for 
the lines in their spectrum to be narrow and therefore 
useful. Recently, the laser has been evolved and provides 
& far more satisfactory source for this work. 

Using a helium-neon laser operating at 6328 A in the 
prototype ‘Cary 81’ laser Raman spectrometer, we ex- 
amined a single crystal of the orange complex bisdimethyl- 
sulphide dibromo platinum (II). The orystal was fixed 
to the end of a metal rod and the flat surface of the crystal 
was pressed against the plane surface of the hemispherical 
collector lens in the instrument. The arrangement is 
illustrated in Fig. 1. A number of spectra were recorded 
with the crystal held at different angles of rotation about 
a horizontal axis. Three of these are shown in Fig. 2. 
The angles noted on the diagrams show the approximate 
orientation of the orystel about this rotation axis. 

The complex is of approximately D, symmetry with 
the sulphur, bromine and platinum atoms lying in a plane. 
The three principal emission maxima occur at Av=34l, 
215 and 143 om-+. It is clear from Fig. 2 that if the first 
band is at maximum intensity in a given orientation, the 
other two are at a minimum. Rotation through a right 
angle reverses the situation. 

A recent investigation has been made of the Raman 
spectra of a series of anions of formula MX,- of Da 
symmetry! and has shown that the v, (4:9) symmetrical 
stretching mode of vibration occurs near Av=200 cm~ 
when X = bromine and M = palladium (I) or platinum (IT). 
Stammreich and Forneris? have shown that the same 
mode in potassium tetrabromoaurate (III) occurs at 
212 cm. Thus it would seem reasonable to propose that 





Fig. 1. Optical arrangement in the ‘Cary 81’ laser Raman spectrometer. 
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Ay em 
Fig. 2. Raman spectra of a single crystal of trans bisdimethy! sulphide 


dibromo platinum (IT) in three orientations: A, at about 46°; B, at 0°; 
O, at about 90°. 


the band we observe at Av=215 cm-! arises from the 
symmetric bromine-platinum—bromine stretching mode. 
There is little doubt that the higher frequency band at 
Av= 3841 cm~ arises from the identical mode involving 
the sulphur—platinum-sulphur system as we have identi- 
fied bands near 350 cm- typical of group ViTI-sulphur 
co-ordinate bonds. 

It is therefore suggested that in the experiment the 
crystal was oriented with the plane which included the 
four donor atoms parallel to the plane surface of the 
collector lens. As the laser radiation is plane polarized 
at the sample, the variations of intensity with angle 
observed are as expected because there is no change in 
polarizability contributions at right angles to the X- 
platinum—X system when the vibration involves only 
stretching of the X platinum bonds. ing these 
two assignments are correct, the band at Av=143 cm~ 
must involve a polarizability change along the platinum— 
bromine direction. An out-of-plane mode clearly does not 
fulfil this condition and thus the only conceivable vibra- 
tion satisfying this requirement is the sulphur—platinum— 
sulphur in-plane bending mode. The equivalent vibration 
of the bromine—platinum—bromine system would be at a 
much lower frequency (probably within 100 cm of the 
exciting line). A very weak emission near Av= 295 cm-t 
seems to be independent of crystal orientation and there- 
fore probably involves a vibration of the dimethyl- 
sulphide groups themselves. One such vibration which 
would be expected to occur in this region of the spectrum 
is the carbon-sulphur—carbon bending mode. Fateley 
and Miller? have observed this vibration in the far 
infra-red spectrum of dimethylsulphide at 283 em. 

It is clear that this very simple technique, which uses 
@ commercial Raman spectrometer in a completely stan- 
dard form, provides a very powerful means of assigning 
observed bands to fundamental modes of vibration. 

This work was supported in part by grants from the 
Advanced Research Projects Agency, U.8. Department of 
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Mr. J. Alkins for supplying us with crystals of bisdi- 
methylsulphide dibromo platinum (II). 
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- Monte Carlo Calculation of Thermodynamic ; 
Properties of Simple Fluids 


A METHOD of calculating properties of simple fluids by 
computer simulation appeared in 1953 (ref. 1). It entails 
the generation of large numbers of configurations of N 
fluid particles (represented by N triplets of co-ordinates) 
by random displacements of one particle at a time. The 
potential energy 
N N 
ọ= È D 
i=l j>i 
is calculated after each displacement; and, by rejecting 
appropriate fractions of all steps in which » increases, one 
obtains a sequence of configurations which tends towards 
a Boltzmann distribution. The method has been applied, 
mainly by Wood et al., to calculate the equation of state 
of hard-sphere fluids**, the pressure, internal energy, 
specific heat and radial distribution function of argon 
(Lennard-Jones potential) at 55° C over a range of densi- 
ties and the radial distribution junction of liquid argon 
at —146-5° C (ref. 5). 
The present extension of this method is designed to 
evaluate the classical configurational partition function 


ZAV,T,N) = UN1f...fexp(—o/kP)dr...dry (1) 


(ris) 


and hence, in principle, all thermodynamic functions over 
a range V and T. Z,(V,7,N) can clearly be expressed 
in the form 


VIINI T exp (—9/kT) (9/49 (2) 
Pain 


where f(ẹ)dọ is the fraction of all accessible configurations 
for which the potential energy has a value between 
pand pọ + dọ. 

Equation (2) can be evaluated as follows. By means 
of a bounded random walk among all acceesible configura- 
tions the computer forms a histogram of the numbers 
of configurations with potential energy within intervals 
of small width «. The nth entry is 


NESA Pnt 5)= Fa 


The basic assumption is that—apart from a normalizing 
factor—this histogram converges statistically to f(p) as 
s — 0, and that, to a sufficient approximation, 


2(V,0,N) = O È exp(—on/kT).Fn (3) 


so that the partition function can be determined (apart 
from a constant factor) over a range of temperatures 
depending on the potential energy range covered -by the 
histogram. 

A second method of evaluation involves the formation 
of a sequence of Boltzmann-weighted configurations (com- 
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pare ref. 1). This is used to generate a histogram, of which 
the nth entry is 


Ga(T) = exp(—qa/kT)F a 


This determines equation (3) for the temperature T'; 
by means of re-weighting with Boltzmann factors corre- 
sponding to another temperature, that is 


G(2") = G(T) expl- pa/k(1/T" —1/T)] 


equation (3) can be evaluated for a range of temperatures 
adjacent to T. 

It is not practicable to determine the F,-histogram for 
the entire range of potential energies; additional date 
are therefore required to calculate the change of the 
constant O in equation (8) with volume. To obtain these 
the virial 

W = 2ri.Vip 
t 


as well as ọ are caloulated for each configuration and 
a table of mean virials W, corresponding to configurations 


within each potential energy interval 
€ € 
© Ty Pa + A 
is formed. The weighted sum 
WT) = E Wa oxp(— on/kT) 
n 


determines the virial and thus the pressure (PV = RT — 
W/8) for the same temperature range as Ze. This method 
was suggested by I. R. McDonald. The isothermal 
variation of C can then be obtained by thermodynamic 
relationships, for example 


y 
Ael VaT) — A VT) = sd PaV; (4, = — kTInZ,) ' 


Table 1. COMPARISON OF OALCULATAD AND EXPHRIHHRTAL RESULTS FOR 
GASHOU8B ARGON 


volume ture Preasure (atm.) Internal e Specific heat 
(0.0.) (0) (cal, mole~?) {cal. mole deg.~*) 
calc. By calc. 5$ alo exp. 
70 0 204 “Bs — 486 baa 0-36 0-44 
75 448 407 — 462 ~456 029 0:34 
150 591 664 — 443 ~488 022 018 
46-7 548 622 —TAL ~T14 0:56 0-66 
75 877 948 —703 -8688 0-46 0 
150 1,162 1,264 — 678 —635 0-85 0:87 
35 1,410 892 — 964 ~024 O72 1-02 
75 1,989 1,998 — 892 —851 0-70 0-91 
150 2,446 - — 850 —791 047 0 69 
Ligutd argon, 7'= 86° K. 
Polatm. 
Heat of Isothermal 
Molar volume vaporization compressibility 
(0.0.) (cal. mole!) (em* dyne x 10°) 
Calculated result 2886 1,590 2-02 
Experimental result’ 286 1,558 2-12 


A selection of resulta obtained by I. R. McDonald for 
gaseous argon using the first method of evaluation given 
in this report (N = 32), and a few preliminary results 
for liquid argon calculated from the second method given 
(N = 108), are listed in Table 1. Calculations for con- 
densed phases of interacting particles appear to be quite 
practicable. A full account of the work will be published 
elsewhere. 

K. SINGER 
Department of Ohemistry, 
Royal Holloway College, 
Englefield Green, Surrey. 
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Determination of the Solid Volume 
Percentage below Detectable Size in 
Electronic Counter Size Analysis 


Sınos we proposed a graphical procedure to estimate the 
sold volume percentage below detectable size’, an 
alternative method has been suggested by Eckhoff?. 
Using our datat, he obtained two values for the solid 
volume, V œ, which are about 5 per cent below our estim- 
ate. The purpose of this communication is to discuss 
the reasons for these differences. Tho numerical differ- 
ences arise through different extrapolation criteria; thus 
values similar to Eckhoff’s can be obtained from our 
method with his criteria. Our value, however, cannot be 
found from Eckhoff’s method. This is not a criticism; 
his method was not intended for use with an equation. 

When. our results are plotted on a sufficiently large 
scale, the reasons for the different estimates of Vo 
become clear (Fig. 1). The average straight line through 
the five points (Fig. 1, line A) gives Vo = 20,600. This 
is in accordance with a Rosin—-Rammler distribution. 
Eckhoff obtains Vœ = 19,259 and 19,621 by two different 
extrapolations through the finest size region of a histo- 
gram. 19,259 results from a linear extrapolation from 
the three finest fractions intercepting the size axis at 
about 2 microns. Insufficient experimental evidence 
precludes questioning the value 19,259. The method of 
reaching it, however, is wrong because the sample con- 
tained material below 2 microns. Vo = 20,000 can be 
obtained from Fig. 1 by drawing a line through the three 
finest fractions; this is not shown to avoid congestion. 
A line through the two finest fractions (Fig. 1, line B) 
gives Væ = 19,600. As with Eckhoff’s method, these 
lower values arise through extrapolation from the finest 
region only. Thus, although our method was explained 
in terms of size distribution equations, their application 
is not necessary; this was noted in our penultimate para- 
graph’. 





4x10? 6 6 


7 8 9 10 15 
Fra 


221 


IMS bn GR ciate Zea N D e a 
ve -~ er ution); B, line 
me two finest fraction points. 


Two issues concerning size distribution equations have 
been raised. First, have they a physical rather than a 
statistical foundation and, second, even with @ physical 
basis, can the behaviour of quantities in the measured 
range be assumed to extend into the undetectable part of 
the distribution ? We have already pointed out that there 
is no assurance that the law outside the measured range is 
the same as inside, so that the results of this extrapolation 
technique must be used with discretion!. Only an experi- 
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mental method would avoid these difficulties, and an 
elegant procedure? is now available. 

There is growing evidence that several equations of 
size distribution, once regarded as empirical, have a sound 
physical foundation‘. Additionally, recent measurements* 
have demonstrated the applicability of these equations 
down to 3x 10-* microns. These considerations, together 
with a knowledge of the method of sample prepara- 
tion (batch grinding), suggested that a Rosin-Rammler 
distribution was more likely than not; thus, Vao= 
20,600. Without this information, however, we would 
propose V~=19,600, at the same time pointing out the 
strong evidence for a Rosin-Rammler distribution. 

Eckhoff illustrated the results of the three V œ estimates 
on a log probability plot, showing that V œ= 19,259 gave 
a straight line for the finest 60 per cent of the material. 
On a Rosin—Rammler plot (log log reciprocal versus log) 
Vo=19,259 gives a strong curve, less curvature is 
produced by V æ= 19,600, while Vo = 20,600 results in a 
straight line. 

‘We thank Mr. R. K. Eckhoff for his discussion. 
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Coincidence Error in Coulter Counter 
Particle Size Analysis 


MATHEMATICAL expressions for the count loss that occurs 
when two or more particles enter the orifice of a Coulter 
counter in close succession are usually based on the 
concept of a sensing zone within which two or more 
particles cannot be counted separately’. Thus, Princen 
and Kwolek? give an expression for count loss (primary 
coincidence) in a suspension of particles of equal size 


n=N-—cN? (1) 


where N is the real number of particles in volume V, 
n is the observed number, and c=A/2V, where A is the 
volume of the sensing zone. 

Assuming that particles which coincide in the sensing 
zone produce a voltage pulse equal in height to the sum 
of the individual heights and contribute a count gain 
(secondary coincidence) to the observed counts at higher 
thresholds, and assuming s log-normal distribution of 
particle size, Princen and Kwolek developed theoretical 
expressions relating the observed count, the real number 
of particles, and the distribution parameters. Their 
equations are not easy to solve, even with a computer, 
and their assumptions are not necessarily valid in practice. 

Equation 1, however, gives a clue to the possibility of 
correcting for both primary and secondary coincidence 
by an empirical method that involves no assumptions 
about size distribution or pulse summation. 

When a primary suspension is diluted, the number of 
particles per unit volume is inversely proportional to the 
dilution factor, and equation 1 can be written as 


n/O=1—cO (2) 


where C is the concentration relative to the primary 
suspension. Thus, n/O should be linear with O, and 
extrapolation should give n/O,=N in the primary gus- 
pension. If in practice the plot is linear for uniform 
particles of threshold size, it should still be linear for the 
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Table 1. VALUES OF 6 OALOULATHD FROM THE DATA IN Fie, 2 


Threshold om(N—n)/N* 
5 47x10 

10 42 

16 40 

20 3-7 

25 3-6 

30 8-9 

85 6:3 

40 95 


secondary count gain at higher thresholds, irrespective of 
the nature of pulse summation. Intuitively, one might 
expect that the plots remain linear for non-uniform 
particles at all thresholds. 

The linearity over a limited threshold range was tested 
by counting lycopodium spores at three concentrations on 
a Coulter counter (industrial model A) with a 2002 
orifice tube. The primary suspension contained 100 mg 
of Lycopodium per litre. Limited replication of counts was 
used at low count levels in order to reduce the theoretical 
standard error (S.E. = y/n). 

The observed counts (Fig. 1) were linear within the 
limits of experimental error at all thresholds, and extra- 
polation to zero concentration thus appears to be justified. 
The distribution obtained by extrapolation is shown in 
Fig. 2, together with the counts observed with the primary 
suspension. 

Tf the count loss at the small particle end of the distri- 
bution were dependent only on particle number statistics 
and sensing zone volume, c in equation 1 would be constant 
and n would remain maximal on lowering the threshold 
beyond the end of the distribution. In fact, n begins to fall 
below the maximum before the limiting threshold indi- 
cated by the extrapolation is reached. Consequently, 
the small particles between thresholds 15 and 20 would 
not have been. detected if dilutions had not been examined 
and equation 1 were the only means of correcting n. 

The variation of c with threshold (Table 1) suggests 
that the sensing zone concept is too simple. A fall in count 
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Tig L Observed numbers of lyoopodium spores at three concentrations, 

extrapolation to zero concentration. The pomts for thresholds 20 

and under are plotted with successive increments of 1,000 in order to 

space them apart, Vertical pan Indicate the theoretical standard error 
when ıt is large enough to plot. 
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at very low thresholds has long been recognized and 
explained by saying that the pulses generated by large 
particles have broad, tent shaped bases that can obscure 
small pulses if the particle concentration is too high. If e 
depends on the effective pulse width (duration) in relation 
to the time in which n pulses are counted, then its value, 
3-6x 10 at threshold 25, representa the average pulse 
width for the whole distribution. Since c increases at 
lower thresholds and the average pulse height corresponds 
to threshold 42, the average pulse must be tent shaped 
for at least half its height. Since o also moreases at 
thresholds comprising less than the whole distribution,, 
large pulses must be wider than small ones, not only at 
their bases but for an appreciable height. 

Thus, even at the limiting threshold, c must vary with 
the particle size distribution, and it is probably merely 
coincidental that 3-6x10-* co mds to a ratio of 
sensing zone to orifice volume (3-1) almost equal to that 
found by Mattern et al.1. The higher ratio reported for 
30u orifice tubes®? may be due partly to the fact that the 
smaller orifices are made from relatively thicker plate 
than the larger ones. 

Samyn and McGee suggested that small particles 
cannot be detected unless large particles are first removed 
from the suspension. When the extrapolation method was 
applied to a suspension of 5,000 paper mulberry pollen 
grains in 2 ml., before and after adding 20,000 lycopodium 
spores, however, the full size distribution of the pollen 
down to Tu was accounted for in the mixture. 

The curves in Fig. 2 cross at threshold 49 where the 
primary count logs must equal the secondary count gain. 
That the curves for the two dilutions would also cross 
at the same point is shown by the linearity and small 
slope at thresholds 45 and 50 in Fig. 1. The distribution 
is steep between thresholds 30 and 55, and the extra- 
polation would have a large error if the instrument suffered 
a slight calibration drift between concentrations. In fact, 
good linearity was not achieved until all three concentra- 
tions were examined in close succession at one threshold 
before proceeding to another. 
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Limited conclusions about the nature and extent of 
secondary coincidence can be drawn from Fig. 2. The 
shoulder at threshold 80 suggests a doublet mode corre- 
sponding to the singlet mode at about 40, but the count 
gain at 80 is only about a quarter of the apparent loss at 
40. This appears to confirm Mattern’s suggestion! that 
pulse summation is complete only when the coinciding 
particles are sufficiently close together. 


I. ©. EDMONDSON 
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Delayed Excimer Emission from Anthracene 


P-ryre delayed fluorescence has been observed from a 
wide range of aromatic hydrocarbons in fluid solutions?. 
Birks, Moore and Munro? have attributed P-type delayed 
fluorescence to a triplet—triplet annihilation process which 
yields a higher excited state of the excimer (D**) which 
then converts rapidly into excimers and monomers in the 
ratio a#:1. These workers observed the normal and 
delayed fluorescence spectra of cyclohexane solutions of 
pyrene, 1 : 2-benzanthracene, and 5-methyl-1 : 2-benzan- 
thracene. The spectra were then analysed using normal 
fluorescence rate parameters determined from lifetime 
measurements and values of « = 2 for pyrene and 
a ~ 0-9 for 1: 2-benzanthracene and 5-methyl-1 : 2- 
benzanthracene were obtained*. For the delayed fluores- 
cence from a dilute solution the ratios of the quantum 
yields of excimer (Ip) and monomer (Ix) fluorescence are 
given by* 

In _ a(Keyne + Kine) 

Ing (kgo + kip) + (1.4+ @)kaep 
where kpy, kim, kfp, kin end kup are the rate parameters 
of monomer fluorescence, monomer internal quenching, 


excimer fluorescence, excimer internal quenching and 
excimer dissociation respectively. 
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krr 


a) 


Fluorescence Intensity 





400 


450 500 


Wavelength (nm) 


Fig. 1. Curve 1, Normal fluorescence spectrum of anthracene monomer; 

ourve 2, delayed. fluorescence spectrum of dilute solution of anthracene in 

glycerine; ourve 3, on ee eee of anthracene in 
ycarine 


550 800 


The corrected delayed fluorescence spectrum obtained 
from a dilute solution of anthracene in ‘glycerine (Fig. 1) 
shows both monomer and excimer emission bands with 
the excimer maximum (Amax) at 520 nm. The intensity 
of the delayed fluorescence was proportional to the square 
of the intensity of the exciting light indicating a triplet— 
triplet annihilation process. As Ip/In > 0, the parameter 
a is finite, indicating that both monomers and excimers 
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are formed by the annihilation process and that inter- 
action between triplet state molecules occurs at distances 
small enough to allow excimer formation. The formation 
of stable photo-dimers in anthracene under ultra-violet 
irradiation is well known, and it is possible that the 


excimer is an intermediate state in the photo-dimer 
formation process, but apart from the results presented 


here fluorescent excimer emission has not been observed 4 


from fluid anthracene solutions and is uncommon in 
substituted anthracenes‘. (Birks and Barnes* have 
recently reported excimer emission from 9-methyl- 
anthracene and 9,10-dimethyl anthracene). 

The magnitude of the attractive potential V’ in the 
excimer configuration can be determined from the 
fluorescence spectrum’. If M, is the maximum energy 
of the monomer fluorescence emission and Dm is the 
energy of the peak of the excimer fluorescence spectrum, 
then 

V’ = Mo — De (2) 
Birks et al.* have shown that the potential V’ 1s of similar 
magnitude (~ 6,000 cm~') in most compounds exhibiting 
excimer fluorescence. Table 1 shows the values of V’ 
obtained for anthracene together with those previously 
reported for some other compounds®*. It is clear from 
this table that V’ and Dm for anthracene fit into the 
general pattern so far established for excimer forming 
compounds. It is not clear, however, why excimer emis- 
sion should oceur from glycerine solutions but not in less 
viscous solvents either in prompt or delayed fluorescence. 
Parker and Hatchard’ have shown that there is no delayed 
excimer emission from solutions of anthracene in ethanol. 


Table 1. WAYE NUMBERS (107 ae OF MONOHER AND RXCOIMER FLUORES- 
OENOE ONS 


Compound Mo Dua r 
Anthracene 258 182 66 
pmothylAneirarone 249 181 68 

9,10-dimethyl anthracens 240 178 62 
1,2-benzani 259 198 63 
Pyrene 269 208 61 


When the glycerme solution was rapidly cooled to 
77° K, the delayed fluorescence spectrum (the dashed 
curve in Fig. 1) showed a considerable shift to longer 
wavelengths. This curve is similar to that obtained by 
Tanake et al.8 for the prompt fluorescence of anthracene 
crystals under pressure. These authors showed that the 
emission peaks of anthracene crystals shifted to longer 
wavelengths with an increase in pressure and that the 
vibrational structure became blurred. When the pressure 
was released the crystal did not recover completely to 
produce the original spectrum but showed a broad emis- 
sion with a peak at 475 nm and some diffuse structure at 
low wavelengths®. (Similar results for anthracene crystals 
have been reported by Jones and Nicol®.) Tanaka et al.® 
suggest that a dimer type centre of emission may be 
formed which remains in the crystal when the pressure 
is removed. The portion of the spectrum at wavelengths 
greater than 480 nm in the dashed curve in Fig. 1 probably 
represents excimer emussion from anthracene similar to 
that observed by Tanaka eé al. from anthracene crystals. 
As the temperature of the glycerine solution is reduced 
to 77° K some recrystallization occurs and it is possible 
that anthracene microcrystals are formed and molecules 
are forced together into a configuration which favours 
excimer formation. 

Anthracene excimer emission has also been reported 
by Chandross*. A solution of dianthracene in methyl 
cyclohexane was frozen quickly and irradiated with 
mercury light in the 254 nm region. A broad structureless 
fluorescence band appeared with maximum emission at 
480 nm. 

The results discussed here indicate that excimer emis- 
sion from anthracene crystals occurs with a maximum at 
about 480 nm, shifting to 620 nm for anthracene in solu- 
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tion. Pyrene excimer emission shows 4 similar shift from 
450 nm in crystals!* to 480 nm in solution’. 
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Doubly Charged Negative lons 


Stuckey and Kiser! recently reported an experment 
in which they believed that they had produced doubly 
charged negative ions of oxygen and the three lighter 
halogens. The method used would have required the 
doubly charged ions to persist for 10-* sec or more. This 
is unlikely on theoretical grounds—-which means that the 
experiment will be all the more important if it is confirmed 
—and the absolute amount of the doubly charged ions 
{about 1/10 of the amount of the corresponding singly 
charged ions) is very surprisingly large. 

It would seem sensible, therefore, to consider any 
possible mechanism, even if improbable, by means of 
which currents could be collected in the resonance mass 
spectrometer at twice the resonant frequency to be 
expected for singly charged negative ions. I+ is impossible 
to work out orbits in detail without exact information on 
the equipment used, but there are one or two mechanisms 
which should perhaps be considered. 

The first of these is that whenever negative ions are 
accelerated in a vacuum which is less than perfect there 
will be a steady loss of ions by collisions in which the 
electron is removed with little change in the energy of the 
main part of the atom. This leads to a continuous supply 
of high energy neutral atoms which leave the orbits of the 
negative ions tangentially. Such neutral atoms, with 
energies of a fow tens of electron volts or greater, may be 
1onized on collision with a solid surface or may cause 
secondary ionization. Positive ions leaving such & surface 
would have the same effect as would the arrival of negative 
ions. 

If there were a mechanism by which singly charged 
negative ions would produce a larger number of such fast 
neutral particles at the double frequency resonance, a 
doubly charged resonant peak would appear. If the ion 
source region contains an adequate number of electrons 
and positive ions, this region ought to be at least partially 
conducting to the frequency concerned. Such a mechan- 
ism may exist. i 

Ordinarily, one would expect that at double the resonant 
frequency a negative ion will be accelerated away from the 
source if it leaves at the appropriate phase of the radio- 
frequency field, but before its orbit has been turned 
through more than a right-angle this field will reverse 
and it will lose energy gain. In a complete circuit it will 
gain energy twice and lose energy twice. 

If, however, one of the parts of the orbit in which it is 
losing energy lies within the conducting region around the 
ion source, it will be partly protected from the radio- 
frequency field and will be slowed down less than it should 
be. It will therefore gain more energy than it loses in the 
whole cycle, and the orbit will expand until it escapes 
entirely from the ion source region. Although it will 
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precess rapidly the ion will be permanently captured into 
this orbit, until its discharge by collision. The neutral 
atom resultang will then necessarily have an energy of at 
least some tens of electron volts. 

On the other hand, if the radio-frequency field is at not 
quite double the proper frequency no permanent stable 
orbit will be formed, and the ion will periodically be 
brought almost to rest. Since the cross section for neutral- 
wation varies inversely with velocity down to quite low 
energies, there ıs then a very high probability that the 
resulting neutral atom will have too low an energy to 
produce ions detectable at the target. 

The second mechanism to be considered is that with 
certain, configurations of conducting region and for par- 
ticular phases of starting, it may be possible for a particle 
to gain energy contmuously by a mechanism somewhat 
like that operative in a microtron, which would give rise 
to a directly collected negative ion current at the double 
resonance. Conditions for this would be rather critical, 
and ıt does not seem quite so likely as the other mechan- 
ism. proposed. 

A very sensitive test of the reality of the doubly charged 
negative ions observed would be afforded by investigating 
the change of relative peak heights for singly and doubly 
charged ions as the residual gas pressure was increased. 
The currents of each will fall exponentially, but the cross 
section for breakdown of doubly charged ions will neces- 
sarily be very much larger, with a corresponding increase 
in the value of the exponent. 

A second method of investigation might be to use a 
grid over the collecting electrode with a retarding poten- 
tial to a plate collector behind it. This would discriminate 
at once between the collection of charged and neutral 
particles and could be used to show whether the supposed 
F-- for example at 860 ke/s had correctly four times the 
energy of the F- at 430 ke/s. 

Some information could perhaps also be obtained by 
pulsing the source and watching the rate at which the 
current died away. The acceleration of singly charged 
ions by a complex mechanism would take more time than 
would be taken by the normal acceleration of doubly 
charged ones. I do not fully understand the point made 
by Stuckey and Kiser when they say that “peaks at 
multiples of the resonant frequency were not observed”: 
surely this is exactly what they are observing in the main 
experiment ? 
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THE SOLID STATE 


Basal Plane Contraction and Annealing 
of a Degraphitized Carbon 


Grararras damaged by radiation grow in the direction 
of the c-axis and shrink in the direction of the a-axis!. 
Kelly* was able to account for the contraction of the basal 
plane by assuming that the Poisson ratio effect, the layer 
lattice vacancies and the layer plane buckling are caused 
by interstitial clusters. Similar contraction has also been 
observed in lamellar compounds of graphites*. In a 
carbon obtained by baking graphite oxide, the regular 
lattice was restored at about 2,000°C as in the highly 
irradiated graphites. 

Hofmann et al." have obtained extremely thin lamellae 
of graphite from graphite oxide by reduction with hydra- 
zine. Using their method, I have obtained wide varieties of 
carbons for X-ray investigation. In my experiment, how- 
ever, the carbon particles dispersed in the reducing liquor 
agglomerated slowly when maintained at 90° C for periods 
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ranging from a day to a week. The agglomerates floated 
as small balls which sometimes grew larger and became 
spongy. This treatment was carried out by varying the 
time of the reaction. The products were classified accord- 
ing to speed of sedimentation of the oxide in water and the 
state of agglomeration of the suspended carbon. 



































-1° 0° 0° 1° 
20 (chromium K) 
Fig.1. Characteristic poak shifts in three carbon samples, 4, B, and O 


Fig. 1 shows the selected microphotometer curves for 
the X-ray diffraction patterns obtained with chromium 
Ka radiation. It is reproduced in such a way that all 
peaks have the same height and the base lines are spaced 
in proportion to the differences between the temperatures 
of heat treatment. The scale on the abscissa is twice the 
Bragg angle. In case A, the 1010 and 1120 peaks are 
shifted towards high angles, whereas the 0004 peaks are 
shifted towards the opposite side. The broken lines are 
drawn so as to pass as close as possible to the peaks. 
When they are extrapolated they pass through zero shift 
points at about 3,000° C. In case B, the trends of the 
1010 and 1120 peak shifts are similar to those in case A, 
but the shifte of the 0004 peak are somewhat i 
In case C, all peaks are almost stationary, that is, the 
annealing effect of temperature is very small. The curves 
labelled “as reduced” apply to samples baked in vacuo 
at 500° C. The increase in the shift of the 0004 peak is in 
the order 4>B>QCQ. The lattice changes Aaja calculated 
from the shifts of the 1010 and 1120 peaks almost coin- 
cided in our previous experiment on baked graphite oxide. 
This is not the case in the present samples. The changes 
estimated from the shift of the 1120 peak are too small by 
a factor of about a quarter. 
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Warren’ has shown that the peak shift of the 1010 and 
1120 lines appears when the layers are randomly stacked 
but with the lattice of each layer preserved. In this case, 
both lines have a characteristic asymmetric profile similar 
to that found in some types of heated carbon blacks’. 
In the present diffraction experiments the first line is too 
asymmetric whereas the second line is almost symmetric 
and the shifte are about twice as large as the calculated 
values. These facts seem to indicate a distortion of 
the layer planes, which possibly involves buckling of 
the layer lattices in addition to disorder in the layer 
stacking. 


0002 


E 


Fig. 2. Microphotometer record of the X-ray Pyaar pattern of a 
carbon sample heated tn vacuo to 1,50 


It was expected that the most severely degraphitized 
carbon might be found in the final sample agglomerated 
from a lightly black liquor. The carbon formed hard black 
grains when baked and was examined with X-rays. The 
microphotometer record for chromium Ka radiation is 
given in Fig. 2. The sample was heated at 1,500° C in 
vacuo. This diffraction pattern is unique in that not even 
the diffuse band near the 0002 line is visible. So far as I 
can trace, only Mohun has reported such a completely 
amorphous diffraction pattern for carbon’. He obtained 
his pattern by chlorinating mineral carbides at tempera- 
tures below 1,000° C. 
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Dependence of Rate of Creep on the 
Orientation of the Tensile Axis for 
Heavily Oriented Graphite 


In polycrystalline material’ general deformation by slip 
requires co-operative slip by five independent systems. 
Graphite is known to deform easily by slip along its basal 
plane’, but such slip contributes only two independent 
systems. Other deformation mechanisms, such as non- 
basal plane slip, grain boundary sliding or cracking, twin- 
ning, or intracrystalline cracking must therefore operate in 
conjunction with basal plane shp. A series of experimente 
was designed to determine whether basal plane slip or 
some other deformation mechanism was the rate control- 
ling mechanism during creep. The dependence on 
orientation of the creep rate of heavily oriented graphite 
(ZTA, National Carbon) was used for these experiments, 
By applying the same tensile stress to samples the axes 
of which were inclined at different angles to the average 
e-direction, different combinations of resolved shear strese 
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and tensile stress were applied along the basal planes, 
“e”-axes, and the different kinds of grain boundaries, 
thereby causing different creep rates. 

The ZTA graphite used for these tests was a dense 
graphite, with a very fine grain and a high degree of 
preferred orientation brought about by hot pressing. The 
“e”’.axes were well aligned parallel to the direction of 


«pressing with an initial cosine power value of 3-9 as 


determined by X-ray diffraction using a modified Bacon 
technique. ‘Test bars 1 in. long and 1/4 in. in diameter 
were machined from billets 6 in. in diameter with their 
long axes at 0°, 8°, 20°, 30°, 45°, 60°, 70°, 82° and 90° to 
the average c-direction. The creep tests were carried out 
at 2,500° C in an atmosphere of either helium or argon. 
Specimens were heated by radiant heat using a graphite 
tube resistance heater, and stressed to 2,020 Ib./in. by 
¿i “dead” weights on a lever arm. The creep strain was 
‘measured optically by following the relative motion of 
fiducial markers on the creep sample. The equipment and 
techniques were described in greater detail elsewhere’. 
«The creep rate at constant load and temperature 
decreased continuously with increasing creep strain, and 
never reached a steady state value, and the creep rates 
attained after 2 per cent elongation were therefore used to 
determine the influence of crystal orientation. It was 
decided to use this amount for comparison because it was 
sufficient to establish the creep curve while the change in 
. the creep structure, which causes a decrease in creep rate, 
was still negligible. 

The comparison was to have been made at a tensile 
stress of 2,020 lb./in.? for samples from each orientation, 
but the creep rates for samples oriented with their ‘c -axes 
normal, or nearly normal, to the tensile axis were so low 
as to make it impractical to test for periods long enough 
to attain 2 per cent strain. In these cases, the tests were 
conducted at higher stresses until 2 per cent elongation 
was attained, and the creep rates were then adjusted to 
2,020 Ib./in.? stress using the empirical stress dependence 
law. This law states that 





È = Aa" 


(1) 


where ê is the creep rate, o the stress, and A and n are 
constants for a sample at a particular temperature, 
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Fig. 1. The creep rate after 2 per cent elongation at 2,500° C under a 
tensile stress of 2,020 Ib,/in.* (or adjusted to 2,020 Ib./in.") as a function 
of tensile-axis orientation. 
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structure, and with a particular creep history. Earlier 
work by Green and Zukas‘ and by Green? showed that n 
was independent of structural factors within controllable. 
limits, and was about 5-5 for a number of different graph- 
ites. A slightly greater stress dependence of the creep 
rate of ZTA graphite was found to apply to all orientations 
examined. The values of n, determined by experiment, 
were used to calculate the creep rates of 2,020 Ib./in.* 
using equation (1). In Fig. 1 the creep rate is plotted 
against the angle of inclination of the average c-axis 
direction to the tensile axes. The creep rate is shown here 
to be fastest for samples stressed along the average 
c-direction. The creep rate is 105 times faster when the 
tensile axis is along the average c direction than when 
the tensile axis is normal to that direction. 

Because slip is a shear process activated by a shear 
stress acting in the slip direction, the rate of slip, and 
consequently the creep rate, would be expected to be a 
function of shear stress if slip itself were rate controlling. 
In a given crystal, the relationship between tensile stress, 
c, and shear stress, t, on a given plane is 


t =o sin y COS A (2) 
where x is the angle between the slip plane and the tensile 
axis, and à is the angle between the tensile axis and the 
slip direction. The value of y for the average crystal was 
determined by machining samples in a known orientation 
with respect to the pressing direction, but the value of à 
was determined by % and by chance since there was no 
preferred distribution of directions in the basal planes. 
For a given value of y, however, the orientation possi- 
bilities of the operative glide direction were restricted, 
since six equally spaced possible <1120> glide directions 
(counting both plus and minus directions) were present 
in the basal planes. Thus was restricted for the operative 
glide directions. For the polyerystalline tensile bars, the 
average value of y was determined by machining and the 
value of 4 was involved with an averaging process over a 
restricted range of à. From equation (2), the shear stress 
on the {0001} basal planes along one of the possible 
<1120> slip directions is a maximum when both the 
basal plane and slip direction are inclined at 45° to the 
tensile axis. The shear stress decreases to zero when 
either sin x% or cos à goes to zero. If slip, caused either 
by dislocation glide or by simultaneous slip over the entire 
cross-section of a crystal, were the rate controlling process 
in the creep of graphite, then the creep rate should have 
been small for samples inclined at both 0° and 90°, while 
it should have been large for the samples inclined at 45°. 
This was not the case, and so basal plane slip cannot be 
the rate controlling mechanism involved in the creep of 
graphite unless such slip is greatly influenced by the 
normal stress operating on the glide plane. This is quite 
unlikely. Furthermore, slip along any plane, such as the 
oo prism or the {1011} pyramidal planes, in any 

irection contained in the basal plane, such as the usual 
<1130>, could not be rate controlling according to the 
results and equation (2). These conclusions should not be 
at all surprising in view of the ease of basal plane slip in 
graphite and the limited number of independent slip 
systems relative to the number required for general 
deformation in polycrystalline material. Slip in the 
<1120> directions only, on any combination of planes, 
can never extend hexagonal crystals along the “‘c’’-axis. 
Because of this limitation and the experimental results, 
we conclude that creep in graphite must be controlled by 
some process other than <1120> slip. 

If creep rate were controlled by basal plane cleavage 
(that is, basal plane delamination) or by cracking along 
grain boundaries parallel to tho average basal plane, then 
from an equation similar to equation (2) for the stress 
normal to a plane, the weak orientation should have been 
tensile stressing along the “‘c’’-axes, and this was the 
observed result. Tested samples cut at different orienta- 
tions with respect to the average ‘‘c’’-axis were there- 








Fig. 2. 

trace of the preferred basal plane orientation and is shown to be 

approximately parallel to the fracture surface and to many microcracks 
formed during creep. 


Microstructure of 45° sample creep tested to failure. AA is the 


‘fore examined by metallographic techniques for cracks. 
Failure and crack formation tended to occur parallel to 
the average basal plane, especially for the samples the 
axes of which were inclined at less than 45° to the average 
“e"-axis direction. The structure of a 45° sample tested 
to fracture is shown in Fig. 2. Note that there are many 
crack segments parallel to the basal plane trace, and that 
fracture occurred along this plane. Either basal plane 
cleavage or intergranular crack formation resulted in 
failure. It was impossible to determine with any certainty 
whether the cracks were exclusively basal plane cleavage 
or intererystalline, although they appeared to be mainly 
intererystalline. If the average number and size of cracks 
increase with increasing creep strain, then the average 
stress.on the remainder of the material which is supporting 
the load must increase with strain during the period in 
which the creep rate is decreasing. In a uniform material, 
this would cause creep rate to increase rather than de. 
crease. Since it did not, it must be concluded either that 
crack development is not the rate controlling process, or 
that there are wide variations from point to point in the 
graphite structure which introduce the conditions required 
to develop cracks. 

To sum up, while it has not been established that crack 
development is the rate controlling process, it has been 
shown that slip along the known slip systems in graphite 
is not the rate controlling process in tensile creep of 
graphite. This conclusion regarding slip is consistent with 
the ease of basal slip in graphite, the limited number of 
such slip systems available and the requirement that five 
independent slip systems are required for general deforma- 
tion in polycrystalline material. Further investigations 
are now in progress on hot worked graphite in an attempt 
to identify the rate controlling process. 

This work was carried out under the auspices of the 
US. Atomic Energy Commission. 


E. G. ZuKas 
W. V. Green 


University of California, 
Los Alamos Scientific Laboratory, 
Los Alamos, New Mexico. 
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Packing Density of Atoms in Metallic 
Monolayers on Platinum 


It has been shown!‘ that a monolayer of certain metals 
can be deposited on a platinum electrode at a potential 
somewhat removed from that at which bulk deposition 
takes place. It has further been shown? that the result- 
ing monolayer is bound to the platinum substrate by 
“metallic” bonds. 


Ronolave Table 1 s 
Monolayer - 
metal x Bee. 
xX H Ry Rr 
Copper 1-16 128 Lil, 
Cadmium 0-84 1-52 0-83, 
Tin 0-73, 1-58 O77, 
Thallium 0°67, 1-71 0-66, 
Bismuth 0-50 1-82 0-58, 
(Platinum) 1-000 1-39 1-000 


In the course of these investigations, it was found that 
hydrogen, which is normally adsorbed on a platinum 
electrode, is excluded from the surface in direct relation 
to the amount of adsorbed monolayer. 

The data have been obtained from charging curves 
where the amount of hydrogen adsorbed at zero volts 
(normal hydrogen electrode) is given by the excess charge 
over that required by the double layer capacity. If this 
value is plotted against the total amount of metallic ion 
adsorbed, a curve such as Fig. 1 is obtained. The particular 
curve shown is for thallium on platinum and indicates the 
linear relationship between the adsorbed monolayer and 
the displaced hydrogen. The negative value of the slope 
of this curve gives the number of atoms of thallium 
required to displace one atom of hydrogen from its 
position on the platinum surface. Column 2 of Table 1 
gives this value for several metals which form monolayers. 
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On the assumption that each platinum atom on the 
surface is associated with only one hydrogen atom, the 
value of X/H quoted in Table 1 should be inversely 
proportional to the ratio of the squares of the atomic 
radii of the monolayer metal and platinum. The constant 
of proportionality in this relationship should depend on 
different geometric structures of the platmum surface 
and the monolayer metal. (The values of Rx are taken 
from ref. 4 and the values of (Rp,/Rx)* are given in column 
4 of Table 1.) 

Fig. 2 shows X/H. plotted against (Rp;/Rx)?. It can be 
seen that the points fall on a line which corresponds with a 
proportionality constant of unity, that is, that both the 
surface of the platinum and the monolayer have the same 
geometrical structure and that the substrate is fully 
covered by the monolayer. 

The value of X/H for bismuth appears to be low by a 
factor of 0:85. This is remarkably close to the difference in 
coverage of a close packed and a square type monolayer, 
which is 24/ (3/2), or 0-866, and it may be that bismuth, 
which is the only one of the investigated metals to crys- 
tallize in rhombohedral form, is deposited on the surface 
of the platinum in a square type two dimensional structure 
whereas the other metals investigated form a close packed 
layer. 

B. J. Bowzzs 
Chemistry Division, 
Atomic Energy Research Establishment, 
Harwell, 
Didcot. 


1 Bowles, B, J., Electrochim. Acta, 10, 717 (1985). 

* Bowles, B. J., Elsotrochim. Acta, 10, 731 (1985). 

* Bowles, B. J., and Cranshaw, T. E., Phys. Leil., 17, 258 (1965). 

< Wolls, A. F., Structural Inorgame Ohemusiry (Clarendon Press, Oxford, 1045). 


CHEMISTRY 


Sorption of Nitrogen-16 on Graphite 


In the course of expermmente designed to determine the 
specific activity of nitrogen-16 in the earbon dioxide 
coolant of a Calder Hall nuclear reactor, it was discovered. 
that this nuclide is adsorbed on various surfaces in the 
presence of overwhelmingly large concentrations of the 
carbon. dioxide carrier gas. Adsorption occurred at room 
temperature on copper, iron, rust and graphite, bemg 
strongest on the last two materials. Sorption on to alu- 
minium and polythene was negligible. The present com- 
munication describes preliminary experiments to establish 
the basic nature of the adsorption process. In these 
experiments a graphited surface, such as is common 
within a nuclear reactor, was chosen as adsorbent. 

In a reactor cooled by carbon dioxide nitrogen-16 16 
formed by the action of high energy neutrons (> 10 MeV) 
on the oxygen of the carbon dioxide molecule iteelf by 
way of the **O(n,p)**N reaction. The nitrogen-16 formed in 
this way then returns to the ground state of oxygen-16 by 
the emission of high energy beta particles (Bmax = 10 MeV) 
and gamma rays (6-1, 7-1 MeV). Nitrogen-16 has a half- 
life of 7-35 sec. 

The mean recoil energy of an atom of nitrogen-16 at 
formation lies in the region 0-4-1:0 MeV or ~1:5x 10 
kcal/mole. The atom then loses its energy by successive 
collisions with the surrounding carbon dioxide molecules 
until ite energy is of the order of chemical binding energies 
when it may combine to form, for example, nitric oxide, 
nitrogen peroxide or cyanide, the respective reaction 
energies being 122, 11 and — 17 kcal/mole. It is estimated 
that ~ 10-1 sec are required for the energy of the nitrogen- 
16 atom to fall to this order of magnitude, due to collisions 
with carbon dioxide molecules. It is therefore somewhat 
unlikely that any nitrogen-16 remains unbound after the 
~ 5 seo required for it to reach the adsorption chamber 
from its point of formation in the core of the reactor. 
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Fıg. 1. Schematic diagram of experimental arrangement. 


We have made no attempt to ascertain experimentally 
the chemical form of nitrogen-16, and the unknown species 
or molecule will simply be referred to in what follows as 
nitrogen-16. 

A gamma, spectrometric technique was used to follow the 
adsorption kinetics of nitrogen-16. The apparatus (Fig. 1) 
consists of a thallium activated sodium iodide crystal, 
3 in. high and 3 in. in diameter, coupled by way of a photo- 
multiplier, cathode follower and amplifier to a hundred 
channel analyser’. This technique makes it possible to 
measure unambiguously the principal 6-13 MeV gamma 
rays due to nitrogen-16 in the presence of other nuclides 
emitting low energy radiation. The adsorption chamber 
(Fig. 1) is an aluminium cylinder 3 in. in internal diameter 
and 1-5 in. high with 0-5 in. inlet and outlet pipes. This 
was placed above and on the axis of the detection crystal. 

Test plates of graphite were prepared by coating 
aluminium disks 2-5 in. in diameter with a suspension of 
colloidal graphite, heating briefly to 400° C in a furnace 
and allowing to cool. Colloidal graphite was used in order 
to simulate the internal metallic surfaces of the Calder 
Hall reactors, which are coated with this material. The 
activating temperature of 400° C is similar to the 
temperatures encountered within these reactors. As 4 
first step, however, the adsorption experiments were 
conducted at room temperature and not at typical reactor 
surface temperatures. 

Carbon dioxide containing nitrogen-16 was extracted 
through a 0-25 in. nominal bore stainless steel pipe from 
the top of a coolant channel in the reactor. Under our 
experimental conditions nitrogen-16 activities of the order 
of 30 disintegrations/sec/ml. are obtained, which represents 
a concentration of ~300 atoms of nitrogen-16 per ml. 
carbon dioxide or a partial pressure of nitrogen-16 of only 
10-14 torr. 

Because of the short half-life of nitrogen-16, all measure- 
ments had to be carried out using a continuous flow 
technique rather than the batch system normally used in 
adsorption experiments. 

In a typical experiment (Fig. 2) a ‘‘base line” count rate 
18 first determined with gas flowing through the chamber 
at a constant rate of 601./min. The flow is then diverted, 
a test plate inserted and the flow is returned to pass 
through the chamber. Because of adsorption of nitrogen- 
16 on the plate, the count rate normally rose suddenly 
and then fell over a period of several hours towards the 
original base line. 

The observed decrease in count rate can be explained 
by assuming that the rate of adsorption of nitrogen-16 
depends directly on the number of vacant sites and that 
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Fig. 2. Typical experiment. 


these sites decrease ın number as adsorption proceeds. 
Such a decrease would occur if the adsorbed species still 
filled a site after the constituent nitrogen-16 had decayed. 
Because nitrogen-16 is short lived, quasi-equilibrum at 
the surface will be quickly established and the rate of 
adsorption at any given time will equal the rate of disinte- 
gration of nitrogen-16 on the plate. The difference between 
the count rate at any given time and the base line count 
rate thus gives a measure of the rate of adsorption of 
nitrogen-16, which can be obtained in terms of molecules/ 
cm*.sec. An adsorption rate as low as three molecules/ 
om'.szes can be measured in this way. We carried out 
eleven separate experiments, and plotted the results 
- according to the well known empirical Elovich equation*. 


Table 1. DERIVED ELovick CONSTANTS 
ere, $ Elovich constanta 
a 
No. (380) (cm*/molecule) (molecules/am*.seo*) 
1 25x 10" 23x107 138 
2 30x10 8'4 118 
8 1-0 104 28 46 
4 12% 104 22 43 ` 
5 18x10t 16 40 
6 8-1 x 108 14 100 
7 1-0 x 164 14 78 
8 8-4 x 108 18 71 
9 1-2 104 1-2 76 
10 4:0 x 10° 44 74 
11 13x1% 11 74 


ts are those obtal ned by fittin mental results to the 
meee aoe =(1fb (t tb) ing the expert where g is the concentration 
of nitrogen-16 on ‘ace (molecules/cm") at time ¢, a Ins constant repre. 
senting the rate of adsorption when g=0, n°) 1s & constant with dımenalons of 
reciprocal g and $ 18 a constant with ons of time. 
The appropriate constants were determined, and these 
aro listed in Table 1. The geometric surface areas were 
taken in caloulating the constants; no attempt was made 
to measure these areas directly by a Brunaner-Emmett— 
Teller method. The true surface areas are probably some 
orders of magnitude greater. The scatter in the values of 
the constants derived from successive experiments is 
attributed mainly to the difficulty of reproducing identical 
adsorbing surfaces. The values are, however, sufficiently 
consistent to indicate that a reproducible kinetic adsorp- 
tion process is probably occurrmg. Unfortunately, a 
detailed interpretation of these preliminary results in 
terms of a specific mechanism is not really justified 
because we are not sufficiently certain of the nature of 
the surface used. 

In order to overcome this uncertainty we hope to 
conduct experiments using a pure graphite surface. We 
also hope to identify the species of nitrogen-16 involved. 
Thus, using well characterized adsorbents and adsorbates, 
this interesting and sensitive technique should help to 
give substance to theories in what is at present still a very 
empirical subject. 
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Limitations of the Spectropolarimeter in 
reference to Optical Activity in Meteorites 


CONFLICTING claims have arisen concerning the significance 
of the discovery of a small laevo-rotation ın the saponified 
material of a carbonaceous chondrite!*, The discovery has 
been questioned on two grounds—that the optical activity 
may be caused by terrestrial contamination and that the 
reported optical activity is an mstrumentel artefact 
caused by the high optical density and by the presence of 
colloidal particles in the extract of the meteorite. Unless 
the second objection is resolved, it is doubtful whether 
projected tests for optical activity on extra-terrestrial 
bodies can have much significance. 

We have recently suggested a basis for the existence 
of a bias in the spectropolarimeter’, an effect suggested to 
us by E. Anders. The bias originates because the low 
degree of transmission of the meteorite extracts causes 
the automatic variable amplifier of the current output to 
operate in an overloaded condition. This situation 
generally introduces a phase shift in the current output. 
If the modulation which is produced by the oscillating 
polarizing element were strictly simple harmonic, the 
phase shift would not bias the readings. The oscillations 
are achieved mechanically or magneto-optically. Unfor- 
tunately, in either case there are terms in the modulating 
signal other than the simple harmonic one. It is interest- 
ing that the magneto-optical method of modulation can 
produce either a dextro or laevo bias of a few hundred 
millidegrees, whereas the mechanical linkage method leads 
to a laevo bias only. The latter bias is in the range of 
10-10 degrees, which is the range of the results reported 
for the Orgueil?. 

If this conclusion is valid, it should be possible to induce 
@ bias in a spectropolarimeter by replacing an absorbing, 
light scattering sample by a well annealed neutral density 
filter and frosted glass slide. This has been done for a 
filter having a transmittance of about 10 per cent and the 
results are plotted in Fig. 1 together with Nagy’s values 
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for the Orgueil'. The similarity between the Nagy curve 
and that for the neutral density frosted glass filter is even 
more pronounced than the results would indicate, because 
in the Nagy experiment the transmittance decreased with 
decreasing wavelength, whereas the neutral denmty filter 
exhibits a practically constant transmittance. 

The use of controls to correct for bias is questionable 
practice because of the erratic behaviour of the spectro- 
polarimeter in this region. 

This research was supported by a grant from the U.S. 
National Aeronautical and Space Administration. 
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B. CARROLL 
Department of Chemistry, 
Rutgers—The State University, 
Newark, New Jersey. 
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Acceleration of the Thermal Decomposition 
of Bitumen 


Biown bitumen which has a high softening point generally 
shows no chemical decomposition when heat treated at 
about 100° C in the absence or presence of air. Neverthe- 
less, there is a problem concerning the chemical stability 
of bitumens at this temperature when treated with steam 
or carbon dioxide. 

Investigations have been performed on a powdered 
blown bitumen, which is produced by distillation of crude 
oil from Nagylengyel in Hungary. This oil has a large 
content of bitumen and a very small content of light dis- 
tillates. The bitumen has a softening point of 172° C 
(determined by the Ring and Ball method) and shows no 
change of weight when stored in air at 163° C for a long 
period. The size of the powdered particles was between 
0-25 and 0-90 mm and the particles showed a 0-2 per cent 
loss of weight when kept at 110° C in an atmosphere of 
carbon dioxide for 24 h. The loss of weight was 0-6 per 
cent when the particles were kept under similar conditions 
in steam. In each case the loss of weight was roughly 
800 g. 

Alterations in the elemental composition of the residue 
could not be demonstrated after this treatment, as the 
quantitative change was too small. The softening points 
of the samples treated both in air and carrier gas in- 
creased by about 10~12° C. The asphaltene content of the 
sample treated with carbon dioxide decreased by 15 per 
cent at 110° C compared with that of the sample treated 
in air, while that of the sample treated with steam showed 
no change. No conclusion based on the investigation of 
the heat treated samples could therefore be drawn con- 
cerning the nature of the decomposition processes which 
occurred during the mild heat treatment, except for the 
decrease in weight. It was therefore considered expedient 
to investigate the compounds which escaped with the 
carrier gas from the samples during the heat treatment. 

We succeeded in enriching and collecting the escaped 
gases by removing the greater part of the carrier gas. 
Steam was removed by cooling and carbon dioxide by 
repeated absorption on potassium hydroxide. From the 
samples treated with steam a quantity of a viscous liquid 
condensate was collected which comprised 0:03 per cent 
of the bitumen by weight. 

Chromatographic investigation of the condensate 
showed that the composition of the carrier gases modified 
the composition of the product gas. Methane, ethane, 
ethylene, propylene, n-butane and smaller quantities 
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of butene-l, trans- and ots-butene, n-pentane and 
2,2-dimethylbutane were identified in the chromato- 
gram of the condensate of the steam-treated sample. A di- 
methylsulpholane column was used for the identifications. 

In the condensate from the carbon dioxide treated 
sample the following compounds were identified: methane, 
ethane, propane, iso-butane, n-butane, and smaller quan- 
tities of butane-l, iso-pentane, n-pentane, and 2,2-di- 
methylbutane. Ethylene and propylene were completely 
absent. 

The condensate was entirely soluble in ether, the final 
boiling point being above 350° C. Chromatographic 
investigations showed the presence of hydrocarbons having 
a chain length of 8, 9 and 10 carbon atoms, with smaller 
quantities of even longer ones. 

Our investigations show that whereas the low molecular 
weight hydrocarbons of bitumen, which has a high softening 
point, are chemically stable when subjected to mild heat 
treatment, hydrocarbon compounds of bitumen which 
have a high number of carbon atoms decompose under the 
influence of carbon dioxide to yield mainly hydrocarbons 
with a small number of carbon atoms; when treated with 
steam, the same hydrocarbons yield saturated and un- 
saturated hydrocarbons with a small number of carbon 
atoms. The initiation of the decomposition processes at 
such low temperatures can be explained by a consideration 
of the surface activation effect of gases. 


Imez Lépino 


I., Volkmann-u 10, . 
Budapest, Hungary. 
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Relative Band Strengths and r-Centroids 
for the B?x;-X'x; System of Nitrogen 


THis communication deals with the determination of 
relative band strengths and r-centroids for the forbidden 
bands of the B’Xy—X1Z5 system of nitrogen and com- 
pares these values with previously known results. 

To evaluate the relative band strengths and r-centroids 
it has been assumed that both the states involved in the 
transition are represented well by Morse potentials. This 
assumption has been found generally to apply to low 
quantum numbers. In the present study, only those 
bands which originate from v = 0 to 3 of the B’ state 
have been used. The foregoing assumption is, therefore, 
taken primarily for the X state, for which caloulations 
have been carried out up to v = 13. The relative band 
strengths have been evaluated by the method suggested 
by Jarmain and Fraser! and the r-centroids by using 
Nicholls’s method?. The molecular constants used to 
calculate the foregomg parameters are those of Tilford, 
Vanderslice and Wilkinson?. Table 1 gives the calculated 
relative band strengths and r-centroids for the bands 
arising from v’ = 0 to 3 and v” = 0 to 13. These values 
of relative band strengths are compared, in the same 
table, with the rescaled values of Franck—Condon factors‘. 
A comparison between the values of the relative band 
strengths which are determined on the basis of Morse 
potentials and the Franck-Condon factors (rescaled) 
evaluated on the basis of RKR potentials has been given 
in Fig. 1. It can be seen that for lower v” values the 
intensity distribution is exactly similar in both the cases, 
but for higher v” the absolute values are different. 

As the change in the internuclear separation is relatively 
large (Ar. = 0°1758 A) for the B’—X system of nitrogen, 
it would be expected that the primary Condon locus 
would be far removed from the 0,0 band. Experimental 
resulta by Ogawa and Tanaka’ and Wilkinson’ are in 
good agreement with the foregoing criterion. It is found 
(Table 1) that the band strengths for the bands lying in 
the vicinity of the 0,0 band are fairly low. Since the band 
strengths are indicative of the intensities of bands, the 
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Table 1. RELATIVE BAND STRENGTHS AND r-CBNTROIDS 
o 

v 0 1 2 8 4 5 8 7 8 9 10 u 12 13 
0 0-001 0-010 0-088 0 089 0-149 0-189 0-189 0'151 0-100 0 055 0 025 0-010 0-003 0-001 
0-001 0 006 0-017 0-084 0-052 0-088 0-079 0-088 0-082 0-075 0-066 0-055 0-045 0-085 
1:182 1-199 1:216 1-284 1252 1-271 1-280 1-310 1:380 1:351 1:872 1:895 1-418 1-441 
1 0 007 0-089 0-087 0-136 0-104 0-031 0 001 0-045 0116 0-149 0-130 0 085 0 044 0:018 
0:007 0-024 0-046 0-058 0:055 0040 0-021 0-007 3 0-002 0-008 0-016 0-028 0:028 
1171 1-188 1:206 1:222 1-240 1-258 1-277 1-296 1:816 1:336 1-357 1:878 1-400 1-423 
2 0-019 0-077 119 0-072 0-005 0-024 0-085 0-075 0-015 0-007 0-069 0 128 0-183 0-006 

0-019 0-045 0-050 0-031 0-008 a- 0:006 0017 0-023 0:021 0-014 0 007 0 002 — 
1161 1:177 1194 1-211 1-228 1-246 1:284 1:283 1-302 1-822 1:842 1:883 1-884 1:406 
3 0-087 0-108 0-082 0-008 0-040 0-126 0-088 0-019 0-001 0-006 0000, 0-052 0-117 177 
0-087 0-049 0-021 0-001 0-007 0-020 0-021 0-011 0-002 0-001 0-005 0-011 Cols 0-018 
1-161 1167 1-183 1-200 1-217 1-284 1-252 1-270 1:289 1-308 1:828 1:348 1:869 1:390 
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absence of bands near 0,0 can be justified on the basıs of 
the present mvestigation. 

It can be seen from Table 1 that r-centroids vary from 
1-151 A to 1-441 A. As this variation is not too large, 
one would expect that the R,(f) variation will also be 
relatively small. This confirms the suggestion of Bates’ 
that for parallel band systems R.(f) variation would be 
small. Further data on the life time and absolute inten- 
sities are, however, necessary to draw definite conclusions. 
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Carbon Tetrachloride Toxicity and Electron 
Capture 


Tms communication suggests a possible connexion be- 
tween two dissimilar fields of research: on the one hand 
the study of the toxic action of carbon tetrachloride and 
related compounds and, on the other, the study of 
“electron capture”, or negative ion formation, by organic 
compounds in the gas phase. 

Slater! suggested that the tissue damage produced in 
the liver by carbon tetrachloride is initiated by a free 
radical, probably .CCl,, produced from carbon tetra- 
chloride by interaction with a normally occurring homo- 
lytic process (symmetrical rupture of a covalent bond). 

There is abundant evidence? that carbon tetrachloride 
reacts very readily, in the vapour phase, with free or 
loosely bound electrons and it is reasonable to suppose 
that free radicals are formed in the reaction 


CCl, -+6- — CCl, + Cl- 


The presence of chloride ions resulting from simular 
reactions has been shown experimentally**. The free 
electrons in these cases had more energy than is likely to be 
acquired in a biological system, but the following con- 
siderations would support an assumption that an equiva- 
lent dissociative reaction can take place in liquid media. 

The energy required to break the carbon—chlorine bond, 
D(Ci,C—Cl), is about 68 kcal/mole (ref. 9). In the gas- 
phase reaction this is supplied by the energy released in the 
formation of the chloride ion, #A(Cl)=88 keal/mole (ref. 
10). In other phases, solvation energies must also be con- 
sidered. These will depend very much on the medium in 
which the reaction takes place and on the energy level of 
the electron in its dissolved state, but, if we consider a 
process in which an electron is transferred from a large 
molecular ion to the relatively small chloride ion, the 
effect of solvation energy will be to stabilize the small ion 
rather than the large one", and hence to assist the reac- 
tion. Thus it is probable that, if a carbon tetrachloride 
molecule encounters a sufficiently loosely bound electron 
in solution, a chloride ion will be formed and a trichloro- 
carbonyl radical liberated. A similar mechaniam may be 
postulated for other biochemical dehalogenation processes 
which have been reported’. 

Many biochemical processes are described as “electron 
transfer reactions”. These may occur in the following way. 
An enzyme molecule, F, acts as an electron receptor. It 
has a site at which an electron may be added by one 
metabolite and later removed by another 


HA+O-— H-+AC 
H-+AB—> HA+B- 


‘When the electron is in stiu it is certainly loosely bound, 
as is the normal intermediary group, A. 

If the normal metabolite, AB, is now replaced by a 
carbon tetrachloride molecule, we may expect the electron 
to be removed as usual, but instead of the easily removable 
group, A, the .CCl, radical may become attached to the 
enzyme molecule. 
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B-+CCl, — ECCI, + Cl- 


The tightly bound .CCl, group will not be removable in 
the normal biochemical reaction and the enzyme molecule 
will be inactivated. 

This process of enzyme inactivation could, in principle, 
account for the toxicity of carbon tetrachloride and 
similar compounds and also of many insecticides. The 
postulated mechanism would also explain the observation 
by Butler?* that carbon tetrachloride is reduced in vivo 
to chloroform. Thus a proportion of .CCl, radicals may 
react with sites other than the enzyme and abstract, 
for example, a hydrogen atom from a hydroxyl group or 
from a sulphydryl group. The latter exchange does 
appear to be possible from energy considerations. 


D(RS—H) = 89 kcal/mole (ref. 14), 
D({Ci,C—H) = 91:4 kcal/mole (ref. 9) 


I have found that the activation energy of the electron 
capture reaction in chloroform vapour 


e~+ CHCl, — .CHC], +Cl- 


is some 2-4 kcal/mole greater than that for the equivalent 
reaction with CCl, so this reaction must be expected to 
occur significantly more slowly. This may account for 
the lower toxicity of chloroform. 

Similarly, although the activation energy of the reaction 
with trichlorofluoromethane is not known, the bond dis- 
sociation energy D(Cl,FC—Cl) can be calculated*® to be 
about 74:5 keal/mole, and it can be inferred that the 
activation energy will be greater than that for CHCl, 
where D(Cl,HC—Cl) = 72 keal/mole. This is compatible 
with the finding!* that CFCl, does not imtiate necrosis in 
the rat liver. 

The properties of halothane, and other fluorine com- 
pounds, are less easy to understand. From calculations 
similar to those outlined above we might conclude that 
electron capture by the halothane molecule would result in 
debromination. This is not observed in vivolt, It is 
possible that the negative molecular ions of molecules 
containing several fluorine atoms are stable enough in 
the physiological environment to become discharged by 
other mechanisms before dehalogenation takes place. 

It is suggested, therefore, that if Slater! is right and 
free radicals produced from carbon tetrachloride are 
responsible for the initiation of liver damage, then the 
radicals are probably produced by a process of electron 
transfer. This mechanism accounts qualitatively for 
the relative toxicities of carbon tetrachloride, chloroform 
and trichloro-fluoro-methane but not for halothane. 
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Formation of Nitrous Oxide 


THE mechanism of formation of nitrous omde from am- 
monium nitrate ıs attributable to the recognized thermal 
dissociation of ammonium salts followed in this instance 
by nitration of ammonia and decomposition of the ensuing 
nitramide. The mechanism of this latter stage has been 
studied by various workers, notably by Marlies and La 
Mer:. Further, the decomposition of methyl nitramide 
to the oxide and methyl alcohol is on record’. 

As the nitration process, for example, of benzano i is 
commonly accompanied by some oxidation, the possibility 
of its occurrence in the preparation of nitrous oxide with 
formation of nitrogen peroxide is not rising and 
technically well recognized. It has also recently been the 
subject of public concern. 
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SOIL SCIENCE 


Aromatic Hydrocarbons in Soil 


Tux study of various soils by gas chromatography has 
made it possible to identify several aromatic hydrocarbons 
as well as thiophene in their aqueous extracts. This report 
describes the identification of benzene, toluene, ethyl- 
benzene, p/m-xylene, o-xylene and naphthalene in the 
soil. Four different types of soil, originating from the 
AO horizon, have been investigated; meadow soil, cul- 
tivated soil, forest soil and podsol. Each of these soils 
contains all the identified substances, but their concen- 
trations which range from 1 to 5 p.p.m. vary from one 
soil to another. 

The above mentioned compounds are to be found in 
twenty-nine substances released by gas chromatography. 
Identification proceeds as follows. A kilogram of soil is 
shaken with a litre of 0:1 normal hydrochloric acid; 
these are left in contact for 12 h and then filtered. The 
filtrate 18 extracted with sulphuric ether and the ether 
solution is then extracted with 0-1 normal sodium bicarb- 
onate. The acid substances were thus eliminated. The 
ether is then evaporated so as to reduce the ether extract 
to 1 ml., and this is subjected to gas chromatographic 
analysis. 

A gas chromatograph with double flame ionization is 
used. The column is a 2 x 92 x 0-4 cm stainless steel 
tube packed with 6 per cent tricresyl phosphate on 60-80 
mesh ‘Chromosorb W’. Argon is used as carrier gas, 
with a flow rate of 45 ml./min and an inlet pressure of 
14 Ib./in.? gauge. During the analysis, the column is 
heated to 80° C and then to 132° C. 

Fig. 1 shows the chromatogram obtained during the 
analysis of cultivated soil and podsol. Table 1 shows the 
retention periods for the two temperatures applied. 
Thiophene and toluene, together with the unknown 
substance responsible for peak 6, are quantitatively the 
most important. The latter compound is being further 
investigated to identify it. The peaks 3, 8, 9 and 11 
corresponding respectively to benzene, p/m-xylene and 
o-xylene although not very sharp, are quite conclusive. 
Naphthalene which appears as peak 29 at 132°C is also 
quantitatively important. Fig. 1 shows that the cultivated 
soil (A) contains more hydrocarbons than the podsol (B). 
Thiophene is due to the solvent used. 

This is the first recorded instance of identification 
of aromatic hydrocarbons aa natural compounds in soils. 
There are no data as to the origin of these substances. 
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5 10 15 17 


OT Oe Column atiz O a 
ntion nition 
Peak Compound time Peak Compound time 
2 Thiophene 2 20° 
3 ne 2 40” Benzene 1’ 80” 
4 Notidentified 4’ 80° 
6 Toluene 5’ 20” Toluene 1’ 60° 
6 Notidentified 7 10° 
7 » chy g 00" 
8 Hthylbenzene 10 20° 
9 p/m-Xylene 11’ 20° pim-Xylene 8° 05" 
10 Not Identified 12’ 50° 
11 o-Xylene 14’ 15" o-Xylene 3 85" 
12 Notidentified 15’ 80° 4’ 05" 
13 Notidentified 4 25° 
14 E A 5’ 15° 
15 A S 6 iy 
16 ” ” 7 00° 
17 os = T 20° 
18 i A g 80° 
18 n ” y 20° 
20 ” » 11’ 20° 
21 A š 12’ 207 
22 ” » 14’ 20° 
28 ” ” 17’ 08° 
24 ” » 19 10” 
25 ee v 21’ 05” 
26 ” ” 22’ 80” 
27 i a 24° 30° 
\ 2 ” ” 81° 00° 
29 Naphthalene 86’ 00” 


Although it is known that several higher plants contain 
hydrocarbons, it is nevertheless not impossible that these 
compounds may originate from the microbial activity 
which takes place in the soil. Albro and Huston! have 
found aromatic hydrocarbons in bacteria, while we have 
found hydrocarbons in the culture df a mould. It would 
be interesting to investigate the eventual influence of the 
substances identified on the development of plants, for 1t 
has been established that certain petroleum fractions have 
a stimulatory action on vegetation?.. 
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Fractional Precipitation of Humic Acids from 
Recent Sediment by Use of N,N-Dimethyl- 
formamide and its Infra-red Absorption 
Spectra 


Tam classification of humic substances, which are the main 
component of organic material in soils and sediments, is 
based on colour and behaviour in solvents. Humic acids 
are defined, according to the Tyurin method!, as a group 
of compounds which are extracted from a sample by 
alkeline solution and then precipitated by the addition 
of mineral acid. 

The chemical properties of humic acids have been 
investigated by @ number of workers. Experiment 
has not, however, made clear whether humic acids are a 
mixture of various organic compounds or a homogeneous 
group of polymers which has a pattern of molecular 
weights similar to natural or synthetic polymers. 

It has been difficult to purify or fractionate humic 
acids because of the lack of a good organic solvent. 
For investigation of humic acids, therefore, as Scheffer 
and Ulrich? also remark, purification and fractionation 
are of great importance. N,N-Dimethylformamide 
(DMFA), which was used by Whitehead and Tinsley? 
to extract directly some organic materials from souls, 
was proved by us to be a good solvent to dissolve humic 
acids. This communication describes the behaviour 
of humic acids in DMFA and some information obtained 
from infra-red absorption spectra of humic acids which 
have been fractionated using this solvent. 

For the preparation of humic acids a sample was taken 
from Haruna lake, in Gunma, Japan. 

The so-called bitumen fraction was removed from the 
sample by extraction in a Soxhlet apparatus with 2:1:1 
benzene, methanol and acetone solvents. Humic acids 
were extracted with 0:1 normal sodium hydroxide solution, 
centrifuged at 10,000 r.p.m. for 40 min to remove clay 
substances and precipitated at pH 2 with concentrated 
hydrochloric acid. They were dried in a vacuum desiccator. 
Removal of the methanol soluble fraction (hymatomelanic 
acid) was carried out in a Soxhlet apparatus. 

Approximately half the amount of humic acids which 
was insoluble in methanol was found to be soluble in 
DMFA when Soxhlet extraction was carried out. Undried 
humic acids, prepared as follows, were completely dissolved 
in DMFA at room temperature. 

Humic acids which are insoluble in DMFA were dissolved 
in 0-5 normal sodium hydroxide solution and then pre- 
cipitated by the addition of concentrated hydrochloric 
acid. The wet precipitate was centrifuged and immediately 
dissolved in this solvent. 

The fact that DMFA dissolves completely wet humic 
acids which are freshly precipitated but dissolves in- 
completely dry humic acids may indicate some inter- 
or intramolecular changes which occur during drying 
of humic acids. The swelling of humic acids which are 
insoluble in DMFA observed during a Soxhlet extraction 
seems also to be evidence of intermolecular change. 
It can be concluded from the above that DMFA essentially 
dissolves the humic acids. 

We carried out stepwise fractional precipitation to 
investigate the degree of homogeneity of humic acids. 
A sample of 0-5 g of humic acids insoluble in methanol 
was dissolved in 20 ml. of 0-5 normal sodium hydroxide 
solution and the solution was acidified at pH 2 with 
hydrochloric acid. The resultant precipitate was centri- 
fuged in a separate tube and then washed twice with 
distilled water containing a small amount of hydrochloric 
acid. A volume of 35 ml. of DMFA. was added to dissolve 
the precipitate. This DMFA solution was transferred 
into a 200 ml. conical flask, and 5 ml. of distilled water was 
added. It was left at 30°C for 24 h and the resultant 
precipitate was centrifuged at 7,000 r.p.m. for 5 min at 
30° O. This was repeated until a precipitate was no longer 
obtained. The fractions obtained were numbered 1-4. 
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A plot of the percentage weight of each fraction versus 
the volume of precipitant is shown in Fig. 1. Precipitation 
began at a volume ratio of approximately 1:1. Humic 
acids precipitated by stepwise addition of distilled water 
amounted to about 50 per cent of the humic acids in- 
soluble in methanol. Infra-red absorption spectra of these 
fractions are shown in Fig. 2. All infra-red spectra were 
¿obtained by the potassium bromide disk method. 
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Fig. 1. Stepwise fractional precipitation by DMFA and water. 
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osBig, 2. Infra-red spectra of humic acids fractionated by the addition of 
water, 


It is reasonable to assume that these fractions were 
essentially identical in the range of 1,200-4,000 cm7, 
which suggests that these humic acid fractions are of 
basically similar structure. According to Flory‘, the 
higher the molecular weight of a polymer, the smaller 
the volume of precipitant necessary to cause precipitation, 
that is, the solubility of polymers falls off with increasing 
molecular weight or chain length. 

Humic acids which are insoluble in methanol seem to 
compose a group of polymers which have varying mole- 
cular weights. 

The broad absorption peak at 1,000-1,100 cm~, as 
well as absorption in aliphatic methylene at 2,850 and 
2,920 em~, decreased in intensity with the decrease in 
molecular weight. 

- Tb is also interesting to note that the humic acids frac- 
tionated contain a small amount of ash, in contrast to the 
high ash content of humic acids which are not removed by 
reprecipitation.. For example, the ash content of the 
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humic acids extracted from lake mud was reduced from 
5 per cent-20 per cent to less than 2 per cent. 
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Movement of Air through Water in Partly 
Saturated Soils 


WHEN the water content of a soil is reduced below satura- 
tion, the interfaces between air and water lie within pores, 
and are curved because of surface tension, o. The pressure 
of the water Pu is lower than that of the surrounding air 
F a by 


Pa = Pe= > a) 


where rs is the radius of the interfaces. As the water 
content is reduced, drainage occurs from progressively 
smaller openings, and the interface radius decreases. 
The pressure of the water also falls, in accordance with 
equation 1, producing the well known “‘suction—moisture 
content” relationship. 

In many situations of geotechnical and agricultural 
interest the soil is partly saturated. In a sample of the. 
soil the interfaces between the external air and the pore 
water are curved but localized near the surface. In addi- - 
tion, there are usually bubbles of air within the soil, 
totally entrapped by water-filled pores. They may be 
spherical, or sufficiently large to occupy a number of inter- 
connected pores. If the water pressure is uniform, then 
such a bubble can only have the same pressure as the 
external air if its interface (or interfaces) with the water 
also has the radius rs. These interfaces usually have some 
other radius, and accordingly the air pressure within the 
bubbles is not usually the same as that of the atmosphere, 
Because the solubility of air in water depends on the air 
pressure (Henry's law), it follows that there will often bea 
gradient in the concentration of dissolved air in the water: 

When the interface (or interfaces) of a bubble is of greater 


radius than that at the surface of the soil sample, the | 
gradient will occur from the vicinity of the sample surface > 


towards the vicinity of the bubble. The existence of a 
concentration gradient results in a diffusion of air in solu- 
tion towards the region of lower concentration. When 
the saturation concentration is exceeded, however, air 
will come out of solution. An entrapped bubble can thus 
be enlarged. The process will be a continuing one. As 
the radius of the bubble increases, the air pressure within 
it falls further so that the saturation concentration in. 
its vicinity is further reduced. Its growth may eventually 
be stopped by its extension into small pores, where the 
interfaces will again have a small radius. i 

This process of air movement by diffusion through 
water can, of course, also occur in the opposite direction 
and cause entrapped air to decrease in extent or to dis- 
appear. This will be the case when the interfaces of the 
entrapped air have the smaller radius. 

The process is relevant to studies of infiltration and of 
drying of soil horizons near the soil surface, to the inter- 
pretation of laboratory suction—moisture content tests, 
and to geotechnical considerations of the mechanics. of — 
partly saturated soils. Few articles in the wide literature 


in these fields, however, give even scant attention to the 


significance of air movement in this way. 
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A simple experiment has been devised to observe the 
process. A soil ranging from fine silt to medium silt 
was prepared by crushing chiolite (NaF.AIF,). This 
naturally occurring mineral has a refractive index close 
to that of water (in which it is practically insoluble), and 
when the pores of the soil are filled with water small 
samples are quite transparent. Air within the pores is 
fully visible. Such a sample was placed in a specially 
constructed pressure membrane apparatus, consisting 
basically of a small ‘Perspex’ cell, part of which could be 
placed under a microscope. The sample was placed in the 
cell, above a drainage opening covered by a membrane 
filter. The air pressure in the cell could be raised, and 
drainage of water from the sample to the outside could 
occur through the membrane. Air leakage does not occur 
because of the smallness of the pores of the membrane 
which remain totally filled with water at the air pressures 
in question. 

After the air pressure is raised, drainage occurs from 
the sample but soon appears to stop. The pressure of 
the water in the pores is then uniformly atmospheric, 
because the water phase is in continuous connexion with 
water in the drainage tube under the external (room) 
pressure. The interfaces between the air and the water 
are then curved with a radius which depends on the 
pressure applied to the air. These interfaces, depending 
on the pore size, will to some extent lie within the “soil”. 
The air pressure can be selected with regard to the pore 
size, such that the air only extends into a few larger pores 
near the sample surface. In one such test, an air pressure 
of 0:22 kg/cm? was applied. 

Fig. la shows entrapped air bubbles, situated 3-4 mm 
within an otherwise saturated part of the sample. The 
photograph was taken about 20 min after the air pressure 
in the cell was raised. As the water pressure had by 
this time again become uniformly atmospheric, volume 
changes of the bubbles due to temporary changes of water 
pressure were completed. Subsequently the bubbles 
enlarged slowly and 26 h later had the forms shown in 
Fig. 1b. By this time enlargement had slowed down, and 
it is apparent that the interfaces (now lying within pores 
surrounding the cavities in which the bubbles originally 
occurred) again are of a size (given by equation 1) compar- 
able with that of the interfaces to the external air. 

In the present example the geometry is complicated and 
allows only a rough estimate of the rate at which the 
bubbles should grow. The observed rates are compatible 
with this estimate. The experimental observations 





a b 


Fig. 1. Three bubbles entrapped in a partly saturated soil sample. a, 
Shortly after the establishment of an external air water-pressure differ- 
ence, Pa~ Py = 022 kg/em*; b, the same bubbles 26 h later. 
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reported here are also sufficient to leave little doubt as 
to the cause of the well known and problematical entry of 
air into devices for measuring pore water pressure which 
are used in field measurements in partly saturated soils. 
Even though such devices are isolated from soil air by 
filters with fine pores totally filled with water, air occurs 
within the device after a period of time and prevents 
its correct operation. It moves by diffusion from the 
small and restricted bubbles in the soil pores, to the larger 
bubble which can grow in the chamber of the pressure 
measuring device. 
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AGRICULTURE 


Experimental Infections of Cattle with 
Fasciola hepatica. Challenge Infections 


PREVIOUS investigations™? in cattle have shown that with 
high level single infections of 2,500 to 15,000 metacercariae, 
a severe parenchymal reaction develops around the im- 
mature flukes. This inhibits the development of the 
migrating parasites and very few develop to adult 
flukes in the bile ducts. A similar situation has not been 
observed in other hosts. Attempts to produce an acquired 
immunity to Fasciola hepatica in sheep and laboratory 
animals have met with little success*. It is, however, 
possible that the inhibition recorded in single high level 
infections can operate in challenge infections and that 
cattle may differ from other hosts in their reaction to 
challenge. 

Two groups of three calves were given two infections of 
metacercariae, Both groups were initially infected with 
200 metacercariae orally. One group was subsequently 
challenged with 300 metacercariae 3 weeks later and 
slaughtered 7 to 16 weeks after challenge, and the other 
group was given a similar challenge 18 weeks later and 
slaughtered 6 to 9 weeks after challenge. A further two 
groups of calves (A and B) were given single infections of 
200 or 300 metacercariae and slaughtered at times after 
the infection corresponding to each infection given to the 
doubly infected calves. In the latter group of calves given 
the double infection it was possible to differentiate the 
initial and challenge infections at autopsy. The per- 
centage of successful infections is shown in Table 1. 


Table 1 
Mean percentage takes of successive 
Group infections 
First Second 
infection infection Total 
3 week interval double infections _ _ 22 
Control 200 and 300 single infections (A) 31 ~ 31 
18 week interval double infections 1 17 9 
Control 200 and 300 single infections (B) 27 J ee 27 


A reduction in the total percentage of successful 
infections indicated a resistance to challenge in both 
groups with double infections. In the group in which the 
second challenge was 18 weeks after the first, the second 
infection resulted in a clearance of the initial patent 
infection in the bile ducts. A similar phenomenon has 
previously been observed in Haemonchus contortus infec- 
tions in sheep*:5, where it was referred to as “self cure”. 
It has also recently been reported for Schistosoma indicum 
infections in sheep*. In Trichostrongylus retortaeformis the 
term “self cure” has been applied to the natural termina- 
tion of a parasitic infection’. This inevitably leads to 
confused terminology. It would be preferable to refer to 
the natural termination of a parasitic infection as a 
“spontaneous self cure’’ and to the induced clearance of 
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an infection, as observed in Haemonchus contorius and 
Fasciola hepatica, as an “acquired self cure”. Following 
the challenge“ infections, it was noted that migrating 
parasites in the parenchyma were more prone to in- 
“hibition than in single infections of comparable level. 
These findings, together with the previously observed 
inhibition which occurs with high level infections and 
* reports that the life span of fluke in cattle may be about 
9 months, alter previous conceptions of fascioliasis in 
cattle. The indications are that large numbers of adult 
flukes in the bile ducts of cattle, which result in anaemia, 
may only occur in very particular circumstances’? and 
that progressive damage and loss of active liver cells 
may be an equally important consideration. 


J. G. Ross 


‘Veterinary Research Division, 

‘The Farm, 

Stormont, Belfast, 4. 
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Influence of Water Hardness on the 
Phytotoxicity of Paraquat 


Wuere 9,10-dihydro-8a, 10a-diazoniaphenanthrene-2A (di- 
quat) and 1,1’-dimethyl-4,4’-bipyridilium-2A (paraquat) 
ate used for the control of aquatic weeds, and there is a 
“need to measure the quantities persisting in the treated 
water, a sensitive bioassay, involving Lemna minor L., 
has been advocated’, In the course of investigations in 
which this procedure was used, the results were unac- 
countably erratic, and on further analysis it was found 
thet the phytotoxie effects were greatly influenced by 
the composition of the aqueous medium, in particular 
the content of calcium ions. 
The clonal material of L. minor was maintained in a 
modified Steinberg solution?. The paraquat used was in 
the form of the dichloride salt. Concentrations are ex- 
pressed in terms of the bipyridilium ion. The test solutions 
were made up immediately before the start of the bio- 
assay; 150 ml. of each were placed in a. polystyrene 
eontainer and six plants of L. minor, each with two to 
_ three fronds, were transferred from the stock population 
after rinsing in distilled water. The containers were 
placed in a greenhouse under fluorescent tubes which gave 
a continuous supplement of about 1,000 ft.-candles. 
The experiments were normally started between 4.00 and 
5.00 p.m. and the level of injury was recorded at noon on 
-the next day. The damage was assessed by a scoring 
procedure which has already been described*, using a 
scale of 0 (no visual injury) to 5 (completely bleached). 

- The first expériments were concerned with comparisons, 
as diluents, of distilled water and local tap water which 
contained a total of 425 mg/l. of dissolved solids, of which 
210 mg/l. could be. ascribed to temporary hardness 
(mainly calcium bicarbonate) and 100 mg/l. to permanent 
hardness made up primarily of calcium and magnesium 
sulphates. These experiments clearly established that 
the substitution of tap water for distilled water greatly 
reduces the activity. For example, 0-0033 mg/l. of 
paraquat in distilled water was equivalent to 0-33 mg/l. 
in tap water—a hundred-fold difference. 

In the next experiment tap water was compared with 
distilled water in which the pH was adjusted, or calcium 
nitrate, magnesium sulphate or the complete nutrient 
mixture added. The data of Table 1 further confirm the 
chief differences which result from a change from dis- 
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tilled to tap water. It is apparent that these differential 
effects cannot be ascribed to variations of pH. . The 
addition to the distilled water of calcium nitrate at 20 
mg/l., equivalent to that in the nutrient solution, partially 
suppressed the phytotoxicity of paraquat at 0-1 mg/l., 
while at the higher concentration (200 mg/l.) injury was 
eliminated. Additions of magnesium sulphate were also 
antagonistic, but they were less effective. 

In a further series of experiments the reductions in the 
level of toxicity induced by different calcium salts were 
examined. With concentrations from 1074 molar. to 
1-6x 10-3 molar the bicarbonate, nitrate, chloride. and 
sulphate all had similar antagonistic influences. At the 
lowest concentration the additions only caused slight: 
reductions in the activity of 0-1 mg/l. of paraquat in dis- 
tilled water, while at the highest concentration antagonism 
was almost complete. The activity of 1 mg/l. of paraquat 
in tap water was not influenced by the inclusion of calcium.. 
nitrate at 100 mg/l., but was partially reduced by a con- 
centration of 1,000 mg/I. 

As the order of the antagonism of the complete nutrient 
solution could not be accounted for in terms of the content 
of calcium cations, equivalent to 20 mg/l. of calcium 
nitrate, the effects of the other major components were 
investigated. It was found that the potassium nitrate 
and magnesium sulphate present at 350 and 50 mg/l. 
respectively were the most important while potassium 
dihydrogen phosphate (98 mg/l), the other major com- 
ponent, had little influence. 

The possibility that the substitution of tap water for 
distilled water caused a progressive breakdown of paraquat 
was examined, by comparing freshly prepared solutions 
with those which had been previously exposed for 24h 
to the experimental conditions. Such pre-treatment. had 
no effect. 

In addition to these experiments with L. minor, & Roat- 
ing aquatic plant, limited observations were made on-s 
submerged species (Elodea canadensis), and the results 
indicated that injury was substantially greater. when 
paraquat was made up in distilled rather than tap. water. ~ 
Finally, in the light of these findings, french beans- 
(Phaseolus vulgaris) and wheat (Triticum vulgare) in: the 
early vegetative phase were sprayed with paraquat made 
up in distilled and tap water. Small differences in the 
initial toxic effects were observed, with a slight advantage 
for distilled water as a diluent. 

It has previously been reported‘ that for a range of 
40 to 160 mg/l. of total hardness, the herbicidal effective- 
ness of paraquat to a number of submerged species was not 
affected. The lowest. dose (1 mg/lI.), however, killed all 
but one species, and so the influence of water hardness. 
was masked. It seems possible that in very soft water 
concentrations below 1 mg/l. of paraquat can’ be used 
for the control of aquatic weeds provided there is no loss 
of activity due to other causes, such as adsorption: on 
suspended matter. It also follows that in the bio-assay 
using L. minor it is essential to ensure that the same 
source of water is used throughout and that, for the benefit 
of other workers, the composition is specified. : 

The nature of the antagonistic action is as yot obscure. 
It seems more reasonable to suppose that the presence of 


Table 1. VARIATIONS IN THE PHYTOTOXIOITY OF PARAQUAT TO Lemna 
minor, WHEN THE DILUENT 18 TAP WATER OR DISTILLED WATER WITH 
OR WITHOUT ADDITIONS OF INORGANIC SALTS 


Score of injury on a scale of 0-5. 


Water Additions mg/l. pH Concentration of paraquat (mg/l) 
0-033 O-1 0:38 

Distilled — 6-1 2-53 2-46 m 

+s HCI About 1 54 1-99 261 = 

= NaOH About 1 75 2-31 2-64 _ 
Tap om 75 _ 0 0 
Distilled Complete nutrients 56 = 0-06 1-26 

i Ca(NOs)a 20 —— — 1-87 — 

is CANO: 200 _ — 0 _ 

ja g80. 20 _ —- 204 — 

$2 MgSO, 200 — — 1:33 — 
L.S.D.  (P=0-05) 0-79 
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calcium or other cations interferes with uptake rather 
than with the direct effects of paraquat through the photo- 
synthetic mechanisms. 

I thank Mr. R. G. Powell for helpful suggestions and 
advice, and Miss M. Taylor for technical assistance. 
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Effect of the Causal Fungus of Brown Root 
Rot of Tomatoes on the Hatch of the Potato 
Root Eelworm, Heterodera rostochiensis 
Woll. 


Recent observations on the brown root rot complex of 
tomatoes caused Last and Ebben! to support the view 
of Termohlen? that a fungus which produces a grey 
sterile mycelium in culture is responsible for the brown 
root rot symptoms. Preliminary studies on the oecur- 
rence of potato root eelworm and the grey sterile 
fungus (GSF) on the roots of tomato revealed that the 
development of the nematode is adversely influenced by 
the presence of the fungus. It was thought that the 
restriction of the reproduction of the nematode could 
be caused by some substance (or substances) produced 
by the fungus and which affect the hatch of potato root 
eelworm, or its subsequent migration to and development 
in the host plant roots. An investigation of the former 
is reported here. 

The fungus was incubated at 25° C on malt extract 
broth in Erlenmeyer flasks for 2 weeks; the resultant 
mycelial mat was removed, and the liquid medium was 
filtered through a sintered glass filter (1-1-5u pore size). 
Malt extract broth on which no fungus had been cultured 
was similarly filtered. Root diffusate, collected from 
growing potato plants’, was also sterilized by filtering 
through a sintered glass filter of similar pore size. 

A suspension of Heterodera eggs, extracted from cysts 
and surface sterilized with hydrogen peroxide, was made 
up to a known volume with sterile water, and 1 ml. was 
aseptically pipetted into eighteen solid watch glasses kept in 
large Petri dishes (each Petri dish contained six watch 
glasses). An estimate was made of the number of eggs 
and larvae added to each watch glass. 

Each watch glass was treated with one of the following 
six mixtures (the replication was threefold): (a) filter- 
sterilized malt extract broth (1 ml.) on which GSF had 
been cultured for 2 weeks and 1 ml. of potato root diffusate 
also filter-sterilized; (6) 1 ml. of filter-sterilized malt 
extract broth on which no fungus had been cultured and 
1 mal. of filter-sterilized potato root diffusate; (c) 1 ml. of 
filter-sterilized potato root diffusate and 1 ml. of sterile 
water; (d) 1 ml. of unsterilized potato root diffusate 
and l ml. of water; (e) 2 ml. of water; (f) 1 ml. of filter- 
sterilized malt extract broth and 1 ml. of sterile water. 

After 1 week the number of larvae present in each watch 
glass was counted and Fig. 1 shows that the fungus 
produced exudates in the culture medium which very 
significantly inhibited the hatch of Heterodera. 

Graham‘ has recorded that, in commercial glasshouse 
soil, where both GSF and Heterodera rostochiensis Woll. 
are present, the population of the nematode pathogen 
remains at a low level. The presence of a substance 
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Fig. 1. The number of hatched Heterodera larvae at the end of the 


experiment, showing the critical differences between the treatments, 
(Initial number of eggs/ml, was 5,200.) 


produced by GSF which is inhibitory to the hatch of 
potato root eelworm would explain this observation. 


GLYN L. James 


Imperial College Field Station. 
Ascot, Berkshire. 
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Change in Response of Lucilia cuprina Wied. 
to Organophosphorus Insecticides in Australia 


ORGANOPHOSPHORUS (OP) chemicals were introduced as 
alternative insecticides for use against Lucilia cuprina 
in Australia after the development of cyclodiene resistance 
in the species late in 1957 (ref. 1). Surveillance tests have 
been conducted almost every year since 1957 to seek a 
possible change in response of the blowfly to OP insecti- 
cides. For this work field strains of blowflies were estab- 
lished in the laboratory from larvae taken from sheep 
with flystrike. Samples of females were topically treated 
on the dorsal thorax by a method already described with 
concentrations of OP liquids, known to be lethal to 
susceptible flies®. 

Late in 1965 a proportion of females from a field strain 
from Dubbo, central western New South Wales, survived 
the discriminating concentration of diazinon, which is 
extensively used to combat flystrike in Australia. A 
volume of 0:5 ul. of 0-02 per cent diazinon (equivalent. 
to 0-1 yug/female) is the discriminating concentration 
against susceptible blowflies. Sub-cultures of the Dubbo 
strain were established from females, which survived 
0-1 ug of diazinon/female for response tests. 

The preliminary investigation had a two-fold purpose— 
to ascertain the order of change of response of the Dubbo 
strain of blowflies in comparison with a susceptible colony 
to diazinon, and to determine whether cross tolerance to 
ronnel, which is also used against blowflies in Australia, 
was involved. There was particular interest in the second 
objective because OP resistance in some strains of insects, 
for example, Musca domestica L., is divisible into two 
types, namely diethoxy or dimethoxy OP resistance, 
A similar dichotomy applies with OP resistance in a 
species of blowfly Chrysomyia putoria Wied’. 


~ 
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Data for mortality resulting from treatment of females 
of the susceptible and Dubbo strains with diazinon and 
ronnel are given in Table 1. The change in response of 
the Dubbo strain to the two insecticides is of a similar 
order (x 3-1 diazinon, x 3-5 ronnel); it is non-specific 
in that it extends to two classes of OP esters, diethoxy 
(diazinon) and dimethoxy (ronnel). Because the factor of 
change is less than five times the normal, the alteration 
in response of the Dubbo field strain to OP chemicals has 
been tentatively termed a tolerance, not a resistance’. 
The phenomenon is not isolated: OP tolerance has 
been diagnosed in twenty-five out of twenty-nine field 
strains from widely separated districts in New South 
Wales. 


Table 1, PERCENTAGE MORTALITY AFTER TOPICAL APPLICATION OF DIAZINON 
AND RONNEL TO FEMALES OF SUSCEPTIBLE AND DUBBO STRAINS OF Lucilia 
cuprina 

. Concentration Susceptible Dubbo 
(per cent) ` Diazinon Ronnel Diazinon Ronnel 
00042 15* 125 
0-005 325 12-5 
0-0050 40 50 
00071 80 75 
0-0084 95 95 
0-01 100 
0-0128 22-5 17-3 
GOI 54 40 30 
0-0185 52-5 35 
0:0222 65 47:5 
0-0266 75 TTO 
0-032 87-5 85 
L.D. 50 0-0057 0-0059 0-0178 0-0204 
Tolerance factor x susceptible 31 3-5 


* Forty females/concentration, 


Initial investigations which attempted at artificial 
strikes with susceptible and OP tolerant larvae on sheep 
thoroughly treated with diazinon and ronnel at recom- 
mended concentrations indicate that the protective period 
afforded by these chemicals will not be markedly reduced, 
despite the presence of OP tolerance in field populations of 
the blowfly. This aspect of the problem is still under 
investigation. 
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BIOLOGY 


Swarming of Thysanoessa longicaudata 
(Kroyer) (Crustacea, Euphausiacea) in the 
Shetland Islands 


Tae accumulation of euphausiids at the surface of the sea 
in dense shoals has been reported frequently (see Marr? 
for many examples), It is evident that both mature 
and adolescent animals may swarm, but the accounts 
most frequently concern pre-spawning adults. 

For the North Atlantic species, reports of swarming 
have been confined to those associated with the continental 
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shelf and slope waters, rather than. the open ocean**. 
The occurrence of a swarm of the oceanic species Thy- 
sanoessa longicaudata in shallow water, already briefly 
noted!, is thus of some interest. 

This species is normally found in large numbers only in. 
waters outside the continental shelf and is, indeed, the 
dominant euphausiid of the northern Atlantic. On the 
morning of May 28, 1965, a swarm of small “fish”, having 
the appearance of a dense oily mass, was reported from. 
Lerwick harbour in the Shetland Islands (60° 10’ N.. 
1° 10’ W.); the organisms were subsequently identified. 
as T. longicaudata. At 10.00 G.m.T., approximately 1 h 
after high water, the swarm was in the landward (south- 
west) corner of the harbour in about 3 m of water. It 
extended throughout the water column and may have been, 
driven there by the north-easterly gale blowing through 
the harbour entrance in the north-east corner. The day 
was bright, with high cloud and sunny intervals. The 
main centre of the swarm covered about 10 m2, surrounded, 
by euphausiids at a lower density; there were scattered 
euphausiids also in the lee of the east harbour wall. The 
euphausiids were being eaten voraciously by herring gulls. 
(Larus argentatus) which were sitting on the water rather 
than swooping for their prey. The local residents could 
not recall a similar swarming phenomenon. By the time 
of low water the swarm had disappeared. 

A tin can of about 500 ml. capacity dipped into the main, 
swarm caught approximately three hundred animals. 
All were swimming actively 2 h after capture, suggesting 
that the swarm was not composed of moribund animals. 
About half these euphausiids were then preserved in. 
formalin. Subsequent analysis showed the sub-sample 
to be composed of sexually mature T. longicaudata, except 
for one calyptopis of 3-0 mm length and one last-stage fur- 
cilia measuring 5-5 mm. Table | gives the distribution of 
sizes of adults in the sub-sample. 


Table 1 
Length (mm) 11 12 13 14 15 16 
Males 1 18 34 a =e —_ 
Females — 1 19 55 25 1 


All but two of the females each carried two spermato~ 
phores on the thelycum (spermatheca), and the majority 
had distended ovaries, indicating that they had not 
spawned. Most of the males had fully formed, but undis- 
charged, spermatophores at the distal ends of the ejacula~ 
tory ducts. 

The presence of a swarm of T. longicaudata in this 
region, particularly in such shallow water, is surprising; 
instead one would have expected the related shallow water 
species, T. inermis or T. raschi. Both these species are 
known to swarm‘; their adults make seasonal upwards 
migrations which Zelikman considers to be linked primarily 
to the development of phytoplankton blooms. She did 
not observe swarming of T. longicaudata in the Barents 
Sea, although this species does undergo seasonal vertical 
migrations, appearing in the surface waters in the spring. 

Lerwick is only about 100 miles from the edge of the 
continental shelf of the Shetland—Faroe channel. A 
strong flow of Atlantic water into the North Sea, assisted. 
by the north to north-east winds, may well have carried 
a surface patch of T. longicaudata to the Shetlands. Here 
local peculiarities may have caused the extreme concentra- 
tion of the euphausiids; in this respect the swarm in 
Lerwick harbour cannot be compared with the swarms 
of other euphausiids occurring in open water. We do 
not know of any supporting evidence of an inflow of 
Atlantic water into the North Sea at this time, but the 
occurrence of the copepods Metridia longa and Calanus 
hyperboreus in Continuous Plankton Recorder samples 
from the Shetland—Faroe channel in mid-May suggests 
the presence there of cold water. This may represent a 
flow of water from the north or an upwelling of deep water. 


. 
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in some way accounting for the presence of T. longicaudata 
at Lerwick. 


D. C. T. FORSYTH 
L. T. JONES 


Oceanographic Laboratory, 
Craighall Road, 

Edinburgh. 

1 Marr, J. W. 8., Discovery Rep., 32, 33 (1962). 
* Einarsson, H., Dana Rep., No. 27 (1945). 


‘Fisher, L. R., Kon, 8. K., and Thompson, 8. Y., Bull. Inst. Oceanogr. 
Monaco, No. 1021 (1953). 


* Zelikman, B. A., Int. Revue ges, Hydrobiol. Hydrogr., 46, 276 (1961). 
$ Foriyth, D: C. T., Jones, L. T., and Adams, J. A., Scott. Fish. Bull., No. 24, 


Use of Tools by the Egyptian Vulture, 
Neophron percnopterus 


THe use of natural objects as tools by free-living verte- 
brates has, so far as we know, been reported for four 
species only—the chimpanzee, Pan troglodytes; the 
gorilla, Gorilla gorilla; the Californian sea otter, Latax 
lutris; and the Galapagos woodpecker finch, Camarhyn- 
chus pallidus. Chimpanzees have been observed to use 
rocks to break open hard food?; to insert sticks into honey®, 
to use sticks and stems for feeding on termites and ants’, 
and to use leaves for sopping up water to drink? and also 
for wiping their bodies*-4. A gorilla is reported to have 
pulled fruit towards it with a crooked stick’. The sea 
otter uses rocks for breaking open shell fish*, and the 
woodpecker finch probes insects from their holes with 
spines or short twigs’. 

Here we report the use of stones by the Egyptian 
vulture to break open the shells of ostrich eggs. The 
Egyptian vulture is the smallest of the five species of 
vulture which are found in East Africa (where these 
observations were made). It is characterized by its slender 
yellow bill, the yellow skin of its cheeks, and its nearly 
white plumage. It is reported to feed on carrion, insects, 
small mammals, reptiles and excrement’. 

The present report is based on observations made in 
Tanzania on (a) one pair of Egyptian vultures in the 
Serengeti National Park at Seronera, and (b) three 
individuals about 60 miles east near the Olduvai Gorge. 
All five birds used stones in a similar manner to crack 
open the shells of fresh ostrich eggs so that they could 
feed on the contents. Each individual picked up a stone 
in its bill (Fig. 1), raised its head high with bill pointing 
upwards (Fig. 2) and then projected the stone in the direc- 
tion of the egg with a forceful movement of head and neck 
(Fig. 3). This pattern was repeated until the shell of the 
egg was broken; the bird used one stone or several in 
succession. 

The first time this behaviour was observed the Egyptian 
vultures, together with a number of other vultures, 
were gathered around an ostrich nest which had been 
abandoned—presumably because of a grass fire in the 
area on the previous day. Two eggs were broken open 
by the Egyptian vultures on this occasion. The other 
species of vulture present—the white backed Pseudogyps 
africanus and the lappet-faced Torgos tracheliotus— 
were not, apparently, able to break open the eggs them- 
selves, although they repeatedly pecked at them and 
then hurried to feed on the contents when the Egyptian 
vultures broke one open. The second time the behaviour 
was observed was when we experimentally placed two 
eggs, one at a time, near the three vultures in the Olduvai 
Gorge area, 

Two of the four eggs were opened after four and six 
direct hits respectively; each of these eggs was broken 
by a single vulture in just under 2 min. The other two 
eggs were broken after eleven and twelve hits respectively ; 
one by a single vulture (which twice moved away from the 
egg before finally opening it) in approximately 8 min: 
and the other by two birds, each throwing stones at the 
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same time (Fig. 2), in 5 min. These two birds aimed 
wildly, often pausing to threaten each other, and many 
hits only just touched the egg. During the process of 
breaking all four eggs the vultures threw stones approxi- 
mately twice as often as they hit the eggs. 

In both localities the vultures were observed to pick 
up stones at distances of up to 10 yards from eggs they 
were about to open. One bird ran towards the egg, stone 
in bill, but threw it down some 6 yards in front of the 
objective. It then picked up the stone once more and 
carried it to the egg where it threw the stone again. 
Two other vultures walked slowly towards the eggs 
concerned, repeatedly throwing down their stones and 
picking them up again, until they reached their objectives. 

One of the vultures, the most subordinate of the three 
at Olduvai, did not attempt to join the others in breaking 
open either of the eggs, but it did pick up and throw a 
stone when it first alighted on the ground—about 10 yards 
from the first egg which we had put down. When the 
second egg was being eaten this vulture approached the 
first egg (broken in half and empty), and projected stones 
at the remains. For this purpose it not only made use of 
stones used earlier by the other two vultures, but also 
took three stones over to the egg from distances of up to 





Egyptian vulture holding 10-25 oz. stone before it was thrown at 
ostrich egg. 





Fig. 2. Position assumed just before the downward throwing movement, 
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Fig. 3. Vulture (in centre) has just projected stone towards ostrich egg. Note wide open beak. 


S yards. It aimed stones at least thirty times, occasionally 
breaking off and pecking at pieces of shell. It may be 
significant that this bird sometimes merely dropped, 
rather than threw, stones towards the egg. 

The two stones which were used by the vultures at 
Seronera weighed just over 4 and 6 oz. respectively. 
The eight stones used on the first egg at Olduvai ranged 
from just over 2 to just over 5 oz.; the stone used to 
break the second egg weighed just over 10 oz. (Fig. 1). 

We intend to make more detailed observations of the 
behaviour of these vultures in the near future. Possibly 
the stone throwing pattern is used in other feeding situa- 
tions—-perhaps to smash the eggs of other large birds 
such as bustards. 

We thank the National Geographie Society for permis- 
sion to use their photographs. The observations were 
made during a National Geographic Society photographic 
expedition. 

JANE VAN Lawick-GooDALL 
Huco van LAWICK-GOODALL 
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Sensitization of HeLa Cells containing 
5-Bromodeoxyuridine to Ultra-violet Light 
at Different Stages of the Division Cycle 


Tue halogenated analogues of thymidine have proved 
useful as radiation sensitizing agents, and have aided 
in the study of some of the basic problems of radiation 
biology, that is, those problems concerned with the role 
of DNA as a sensitive cellular target of radiation, both 
ionizing’? and ultra-violet?. Their mode of action has, 
however, yet to be fully explained. One unanswered 
question is the effect of continued growth after incorpora- 
tion of the analogue has been terminated; does the stage 
of the division cycle, or the intervention of mitosis, 
influence the degree of sensitization brought about by a 
given degree of substitution of, for example, 5-bromo- 
deoxyuridine (BUdR) for thymidine ? 

Humphrey and Dewey! have reported that chromosomal 
damage arising from irradiation of Chinese hamster cells 


with 250 kV X-rays is not increased above control values 
in G, cells which have been grown in the presence of 
BUdR for one generation, and therefore contain BUdR 
in only one strand of their DNA, while cells in the S or 
G, phase show enhanced sensitivity. Conversely, it had 
been noted? that D98 cells which have gone through one 
replicative cycle in the presence of BUdR appear to be 
more easily inactivated by ultra-violet radiation following 
subsequent passage through mitosis. 

The experiment reported here was undertaken to 
examine critically how sensitization, measured by loss of 
colony-forming ability, depends on the stage of the divi- 
sion cycle at which ultra-violet irradiation is carried out. 
Mitotic HeLa S3 cells were selectively collected’ and 
incubated for 19 h in medium N16 with 10 per cent calf 
and 5 per cent foetal calf serum (NI6FCF) to which was 
added 2x 10-* M BUR; they incorporated the analogue 
as they passed through the S phase. Purification of the 
resulting G, population, which was heavily contaminated 
with S phase cells, was achieved by adding high-specific- 
activity tritiated thymidine (14-4 c./mmole, 2 ypc./ml.) 
to the culture for 1 h before irradiation, in a procedure 
similar to that of Whitmore et al.*. Further purification 
was achieved by adding vinblastine sulphate (0-03 ug/ml.) 
to the medium 3 h after plating, in order to eliminate the 
few mitotic and G, cells that might develop. This treat- 
ment does not hinder progress of cells through the division 
cycle until they reach metaphase’, and the accumulated 
mitotic cells can easily be rinsed from the plates and 
discarded. Details of these procedures will be published 
elsewhere”, i 

After rinsing the G, cells with balanced saline, a portion 
of them were irradiated at room temperature with a 
dose of 32 ergs/mm?, using a Westinghouse G307'8 
‘Sterilamp’ to supply ultra-violet radiation. Cell survival 
was determined by the fraction of cells forming macro- 
scopic colonies (50 cells or more) after 12 days of incuba- 
tion in medium N16 containing 20 per cent human serum, 
10 per cent horse serum and 2x 10-5 M thymidine. The 
remaining cells were allowed to progress into G, by incubat- 
ing them for an additional 7 h after removing all supple- 
ments except non-radioactive thymidine. They were 
then similarly tested for ultra-violet sensitivity. 

The following comments about the result of this experi- 
ment, shown in Table 1, are pertinent. (1) Although 
unsubstituted cells in the particular stages of the cycle 


Table 1. SURVIVAL OF BUdR-contarnina HeLa CELLS AFTER IRRADIATION 
WITH ULTRA-VIOLET LIGHT 


Time of Stage in Survival (per cent of BUGR survival} 
irradiation division unirradiated control) thymidine 
cycle Thymidine BUdR survival 
20 Ga 80 10-0 013 
27 G: 73 8-4 0-12 
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obtaining at the two times of irradiation yielded approxi- 
mately the same fraction of surviving colonies, sensitivity 
was not the same at these times: the 27 h cells existed 
largely as four-cell microcolonies, while the 20 h cells were 
still in the two-cell stage. Careful measurements of the 
number of cells per micro-colony were not made. (2) 
Treatment with BUdR gave a large degree of sensitization. 
This was because the cells had incorporated the analogue 
into their DNA, as was shown by a separate control 
experiment in which incubation of collected mitotic cells 
in the presence of BUdR for only 3 h, at which time 
DNA synthesis would not yet have begun, did not produce 
significant sensitization to ultra-violet radiation: survival 
was 57 per cent as compared with 64 per cent in thymidine- 
grown cells. It may be noted that interpretation of 
sensitization, as detected by cell survival (colony forma- 
tion) measurements, is not entirely clear in this system, 
as there is a strong possibility that a reduction in division 
probability occurs after BUdR substitution. It is thus 
possible that colony formation should properly be inter- 
preted as a reflexion of the extent to which the division 
probability?® is retained, rather than as an all-or-none 
response of irradiated cells. Division probability may be 
decreased by BUdR substitution alone; although the 
plating efficiency of unirradiated BUdR-containing cells 
was 98 per cent in the experiment reported here, in other 
experiments it was as low as 50 per cent and toxicity has 
also been reported by others!!17. In any event, because 
of the shape of the curve which relates colony formation to 
division probability (as calculated for a simplified model)’, 
the toxicity of BUdR might not be readily detectable as a 
reduction in plating efficiency unless substitution is 
extensive. Thus, while BUdR substitution for thymidine 
in DNA unquestionably enhances the reduction in colony 
formation arising from a given dose of radiation, the 
reduction in division probability may be simply additive 
for the two agents. (3) The two cell populations appear 
to have been equally sensitized to ultra-violet, indicating 
that neither passage through mitosis nor the stage in the 
cell cycle at which irradiation is carried out determines 
the extent of sensitization by a given degree of BUdR 
substitution. 

I wish to express my appreciation to Dr. L. J. Tolmach 
for helpful discussions. This work was supported by a 
U.S. Public Health Service research grant from the 
National Cancer Institute. 
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Effect of Dormin on Fruit-set in Rosa 
Dormin (abscisin II) is present in the flesh and achenes 
of the mature hips of Rosa arvensis'; it is also present in 
R. rugosa and R. canina, and it has been suggested that 
its presence in both parts of the hip may be related to the 
onset and depth of dormancy in the mature embryo?. 
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Percentage increase in hip diameter 
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Fig. 1. The growth in terms of average diameter of normal hips of 
R. sherardii (x), emasculated flower-buds (A), emasculated flower- 


buds treated with GA (©), and emasculated flower-buds treated with 


dormin (@). 


The inception of cell division in abscission layers suggests 
that this substance may also be concerned in more 
positive aspects of growth; the ability of dormin to 
induce a limited amount of parthenocarpie development 
in R. sherardii supports the idea. 

Two clones of R. sherardi growing in a cool greenhouse 
were used in a preliminary experiment in May 1966. The 
method of applying the test substance has already been 
described?; each of a total of ninety-seven emasculated 
buds was treated with either 0-05, 2-5 or 10 yg of syn- 
thetic dl-dormin contained in 5 pl. of aqueous solution. 
A further sixty-eight emasculated buds were each treated 
with 1-0 ug of gibberellic acid (GA). Twenty-five emas- 
culated control buds received neither dormin nor gibber- 
ellie acid, and eighty untreated buds were left to develop 
as normal controls. The dimensions of the developing 
hips were measured at weekly intervals until they were 
collected after 6-5 weeks (when the normal hips had 
almost reached full size). The number of achenes in each 
hip and the average weight of achenes and of flesh per 
hip were then determined. 

Some parthenocarpic development was produced by 
dormin, but no conclusive difference was found in this 
preliminary experiment with the different dormin con- 
eentrations*, and at 6-5 weeks the average fruit-set for 
all the dormin treatments was 35 per cent. The corre- 
sponding fruit-set for the normal hips was 40 per cent, 
and for hips treated with GA 94 per cent, while the 
emasculated controls had all dropped off by week 3. Fig. 1 
is a plot of growth against time, expressed as a percentage 
increase in hip diameter, for those hips which survived 
to 6-5 weeks (except in the case of the emasculated 
controls). 

The rate of growth of the parthenocarpie hips set with 
GA was initially greater than that of the normal hips; 
this is characteristic of the effect of GA, which appears to 
boost the cells of the hip flesh rapidly into their grand 
period of enlargement’. The hips set with dormin grew 
much less, but dormin seems to have a real effect com- 
pared with the behaviour of the emasculated controls. 
This was confirmed by the average fresh weight of flesh 
in each hip at 6-5 weeks, which was roughly similar for 
hips treated with dormin and GA. 

In the normal hips about 30 per cent of the achenes 
were fully developed by 6-5 weeks (the remainder having 
aborted), while in the hips set with GA there was a com- 


*In a later experiment in the field, optimum fruit-set occurred with 
about 0-25 ug of dormin per bud. 
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plete set of ‘‘pseudo-achenes’? which contained no em- 
bryos, In the hips treated with dormin the achene-set 
ranged from almost 100 per cent to nil, the latter hips 
consisting of a shell of flesh empty except for aborted 
achenes. 
The experiment was repeated with R. spinosissima, 
_ but no parthenocarpic fruit-set was obtained with dormin, 
‘although the latter delayed abscission by about 10 days 
_ compared with the emasculated controls. A similar lack 
of any appreciable fruit-set was found in six other species 
in field experiments. This is reminiscent of the spectrum 
of response shown by different rose species to auxin; 
parthenocarpic development may be induced by auxins 
in R. rugosa, but most species show a very limited fruit- 
set and R. arvensis is completely indifferent®. 

‘The results with R. sherardiit appear to be the first in 
which dormin has promoted continued growth and imply 
that it may not make its first appearance simply as a 
prelude to dormaney or to abscission in ageing tissues. 
‘The results suggest rather that dormin may have a place 
with the other plant hormones in the complex balance by 
which growth in general is controlled. In any case, the 
action of this compound on these young attached organs 
is not that suggested by the synonyms “‘dormin”’ or 
“abseisin II”. 

We thank the “Shell” Research Laboratories for 
generous gifts of dormin, and Mr. M. Thomas, Mr. H. 

row and Miss C. Pritchard for technical assistance. 
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J. B. BLUNDELL 





Department of Botany, 

University College of North Wales, 

Bangor. 

t Cornforth, J. W., Milborrow, B. V., and Ryback, G., Nature,210, 627 (1966). 


? Jackson, G. A. D., Blundell, J. B., and Milborrow, B. V., 148rd Conf. Soc. 
+ Exp. Biol., July 1966. 


= Jackson, G. A. D., and Blundell, J. B., Nature, 202, 1027 (1964). 
4 Bhngel, J. B., and Jackson, G. A. D., 143rd Conf. Soe. Exp. Biol., July 


* Jackson, G. A. D., and Prosser, M. V., Naturwiss., 46, 407 (1959). 
*-Prosger, M. V., and Jackson, G. A. D., Nature, 184, 108 (1959). 


Indolyl-3-acetic Acid from the Developing 
Banana Fruit 


-OTHE endogenous auxin of the banana fruit has never been 
investigated. Only Steward and Simmonds! and Khalifah? 
have published reports of work on the natural hormones 
of bananas. A cell division factor', presumably a cyto- 
‘Kinin, and two gibberellin-like substances? have been 
demonstrated in young banana fruit. A role for auxin 
in the development of parthenocarpic banana fruit 
, was suggested® after exogenous application of «-naphthyl- 
>. acetic acid in an experiment to examine the nature of the 
- auxin in the developing fruit of banana and to identify it. 
- Developing fruits of the banana, Musa sapientum Linn., 
“were collected when approximately 6-5 em long, and they 
were immediately frozen with dry ice. Extraction of the 
auxin was carried out by maceration of 300 g of tissue 
in absolute methanol using a Waring blender and shaking 
the mixture for 3 h. In order to minimize enzyme action, 
the tissue was not thawed until it was placed in the 
alcohol. The extracted tissue was eliminated by filtration 
and the filtrate was evaporated in a vacuum. until all the 
methanol was removed. The residue was dissolved in 
5 per cent sodium carbonate solution, pH 8-5, and then 
washed repeatedly with peroxide-free ether. The bi- 
_. carbonate solution was acidified to pH 3-0 with hydro- 
© ehloric acid and was extracted with ether. The final 
-< ether extract was concentrated to 10 ml. and divided to 
~ five 2 ml. portions. 
One of these portions was quantitatively applied to 
_ Whatman No. 3 MM paper and chromatographed in one 
.. descending direction. The solvent used was butanol and 
_ 58 per cent ammonium hydroxide (5:1). A marker spot 
of synthetic indolyl-3-acetic acid (IAA) was also applied 
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to the same chromatogram. Chromatography was con- 
tinued for 24 h in a dark cabinet filled with nitrogen. 
The chromatogram was developed, dried and viewed under 
ultra-violet light. All spots detected were eluted separately 
in 10 ml. distilled water and characterized fluorometrically 
at pH 5-5. The spot corresponding exactly to that of 
IAA (Rr 0:25) had a maximum excitation wavelength of 
290 my and maximum emission occurred at 360 mp. This 
is characteristic of [AA (refs. 4 and 5). The relative 
fluorescence intensity of the solution was 5-5. According 
to the standard curve shown in Fig. 1, this is equivalent 
to 3-5 ug of IAA in the 10 ml. solution. The bioassay of 
the extracted auxin which uses the curvature of Avena 
was carried out as described by Larsen®. Auxin eluate 
(1 ml.) was added to 1 ml. of 3 per cent agar. The resulting 
1-5 per cent agar solution was used directly to make the 
agar blocks for bioassay. Curvature of the Avena seedlings 
occurred to 18°; this agreed with the fluorometric 
estimation and showed that the extracted compound is 
biologically active. 

Three portions, each of 2 ml., of the final ether extract 
were applied separately to three thin-layer chromato- 
plates’. The plates were coated with silica gel H, 0-5 mm 
thick, and the ether solutions were applied in a line 2-5 em 
from the base of the plate. A marker spot of IAA was 
applied to each plate. The solvent used for development 
was di-isopropyl ether and acetic acid (95:5). The dried 
plates were examined to detect the auxin. One plate was 
sprayed with Ehrlich’s reagent, the second plate with 
Salkowski’s reagent, and the third plate was assayed 
fluorometrically. Positive reaction with both Ehrlich’s 
and Salkowski’s reagents was shown by the marker IAA 
spot (Rp 0-8) and a line made with the plant extract 
corresponded exactly with IAA. When the third chromato- 
plate was viewed under ultra-violet radiation, the marker 
spot and its corresponding area of plant material appeared 
faintly blue at Rr 0-80. All visible spots on this plate 
were scraped off, eluted in 10 ml. of water, centrifuged 
and then characterized fluorometrically at pH 5-5. The 
area at Rp 0:8 which corresponded to the synthetic IAA 
marker spot had excitation and fluorescence spectra 
similar to TAA. Relative fluorescence intensity of this 
solution was 5-8, equivalent to 3-6 ug of IAA (Fig. 1). 

The remaining 2 ml. portion of the final extract was 
used for column chromatography, using the stepwise 
technique described previously*. Each 100 ml. fraction 
of the column eluate was evaporated to dryness and 
redissolved in 10 ml. of water for fluorometric determina- 
tion. Excitation and emission maxima identical to those 
of synthetic IAA (290 mu and 36 my, respectively) were 
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detected in the first and second fractions. This is. the 
characteristic location for synthetic IAA (ref. 8). Relative 
fluorescence intensity of the solution from the first fraction 
was 3:4 (equivalent to 2-2 ug of LAA in the 10 ml.); that 
from the second fraction was 2-0 (equivalent to 1-4 ug 
of TAA). 

There seems to be no doubt that the native auxin in 
the developing banana fruit is indeed IAA. The extracted 
auxin was active in the Avena curvature test and behaved 
in & manner identical to synthetic IAA in paper, thin- 
layer and column chromatography. In addition, the 
isolated material had the same excitation and fluorescence 
spectra as LAA and reacted with the classic reagents of 
Ehrlich and Salkowski. From the fluorometric and bio- 
logical estimations I conclude that the 300 g of banana 
fruit tissue contained 18 yg of IAA, a concentration of 
0-06 p.p.m. 
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Production of Oat Callus and its Susceptibility 
to a Plant Parasitic Nematode 


DicoryLepons grown on White’s medium containing 
2,4-dichlorophenoxyacetie acid (2,4-D) readily produce 
callus which is an ideal substrate for plant nematodes. 
Monoeotyledons produce callus less readily. Morel and 
Wetmore’ initiated callus in species of Amorphophallus 
with carefully balanced vitamins and added naphthalene- 
acetic acid (NAA), and maintained the callus by the 
addition of coconut milk. Carew and Schwarting* 
obtained callus from the embryo of rye by adding yeast 
extract, casein hydrolysate and 2,4-D to the medium. 
The production of oat and onion callus tissues is described 
below. The oat callus was used to culture the chrysanthe- 
mum nematode, Aphelenchoides ritzemabosi (Schwartz). 
Hulled oat (Avena sativa, variety ‘Sun II’) seed was 
surface-sterilized in 20 per cent calcium hypochlorite for 
30 min and onion (Allium cepa, variety ‘Bedfordshire 
Champion’) seed was sterilized in 327 mg/l. ethyl mercury 
phosphate for 20 min. The germinated seeds were placed 
aseptically in tubes containing Heller’s* nutrient agar 
medium supplemented in various ways (Table 1), Glucose 
(20 mg/l.) or the same quantity of sucrose was used as 
the carbon source, and growth substances were added in 
the following concentrations: 5 mg/l. of 2,4-D; 2 mg/l. of 
indolyl-3-acetic acid (IAA); 25 mg/l. of NAA; 100 ml./I. 


Table 1, EFFECT or LIGHT AND ADDITIVES ON THE CALLUS FORMATION 
OF OATS AND ONIONS ON A STERILE MEDIUM 
Oats Onions 
Additives Light Dark Light Dark 
a8 ~ - ~ - 
(2) G+eoconut milk ~ - - - 
i $+ casein hydrolysate + yeast = ~ - - 
(4) G4 TAA 0 0 - - 
(5) 84+ TAA + NAA + - + + 
(6) $+ 2,4-D + + ++ ++ 
(7) 8+2,4-D+ EDTA ++ + ++ + 
(8) G+2,4-D+1AA ++ + + + 
0, No test; —,no response; +, poor callus; + +, good callus; S, sucrose; 
G, glucose. 
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of coconut milk; 100 mg/l. of casein hydrolysate; 500 
mg/l. of yeast extract; and 1-mg/l. of diaminoethanetetra- 
acetic. acid (EDTA). The tubes were kept at 24° C, 
half in the light and half in the darkness. 

Callus formed only in the presence of IAA, NAA and 
2,4-D (Table 1). Within 6 weeks of inoculation, the 
medium containing 2,4-D, IAA and glucose produced a - 
firm, golden oat callus, which was maintained ‘through 
several sub-cultures for 3 yr. Onion produced. the best 
callus on the medium containing 2,4-D, EDTA and sucrose, 
but this wet, white callus grew slowly and survived only 
12 months. Callus formed more readily in the light than 
in the dark. | 

Oat callus in tubes was inoculated aseptically with A. 
ritzemabosi (30 nematodes/tube), and after 6 weeks the 
number of nematodes increased fifty-fold. A. ritzemabosi 
is not a recorded parasite of oats, and the fact that oat 
callus tissue is susceptible parallels the behaviour of 
rose, apple, potato and red clover callus tissues which also 
are not hosts of this nematode but give callus that supports 
its multiplication’. When seedlings of resistant oat variety 
‘Manod’ were sprayed with 2,4-D their susceptibility to 
the stem nematode, Ditylenchus dipsaci, increased*. 

The fate of excess 2,4-D in monocotyledons is not 
completely known*, but 2,4-D affects oat tissue and 
dicotyledons similarly in that it releases the natural 
plant growth substances and increases cell activity, 
which provide an internal plant environment favouring 
the multiplication of nematodes. ` 
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Cytokinins in Citrus : Isolation of a Cell 
Division Factor from Lemon Seeds 


STIMULATORS of plant cell division have been demon- 
strated in several types of fruits?-? and seeds*5, Stimula- 
tors of cell division have been reported in the fruitlets of 
apple, plum, peach, pear, quince and pumpkin!. Explants 
from the secondary phloem of carrot roots were used for 
bioassay. A highly active kinetin-like preparation has 
been isolated from peas and has been described as con- 
taining at least one active purine derivative which is 
different from kinetin’. Cell division factors from apple’ 
fruitlets and coconut milk have also been reported?, 

The study of naturally occurring hormones of Citrus 
has revealed the existence in various tissues of auxins*:?, 
gibberellins** and inhibitors!’ An important group of 
hormones, namely, cytokinins, was not investigated im 
Citrus. The work reported here represents a preliminary 
investigation of the cytokinins in lemon seeds. . 9 

Ten pounds of lemon seeds (Citrus limon, Linn.) were 
dried in an oven at 60° C and ground up. The powder was 
extracted with hexane and then with methanol as deseribed 
previously4. The methanol extract was evaporated in a 
vacuum at 50° C and the residue was dissolved in 200 ml. 
of distilled water. The pH of the water solution was 
adjusted to 3-0 with hydrochloric acid and the solution 
was washed four times with ethyl acetate to remove cell 
division inhibitors!*. The aqueous phase was used in the 
bioassay after being adjusted to pH 5-6 with sodium 
hydroxide. 

We used tobacco callus tissue in the bioassay and the 
basal medium was a modification of that described by 
Murashige and Skoog!*. The organic constituents of the 
basal medium were sucrose (30-0 g/l.), myo-inositol 
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Table 1. CONSTITUENTS OF THE EXPERIMENTAL MEDIA FOR BIOASSAY OF 16 
: THE CELL DIVISION Factor IN LEMON SEEDS 
Plant extract Basal 14 
‘Treatment Concentration volume Water medium 
(per cent) (ml) (ml.) (ml) 
1 0 0 125 125 Big ¢ 
2 2 5 120 125 z 
3 4 10 115 125 & 
4 8 20 105 125 Bio 
$ T + 
on ; ae $ a +t N 
(100 mg/l.), and thiamine hydrochloride (0-4 mg/l.). F me | o 
Indoly!-3-acetic acid was added at a concentration of È hae 
2-0 mg/l. and the agar concentration was 10-0 g/l. Neither Žž ia 
kinetin nor any other organic compound was added. The 26 a 
‘culture solution was first made up to a volume of 500 ml.; 3 Ff ae 
the concentration was adjusted later as indicated in S 4+ TRS 
Table. 1, i 
Four different concentrations of the plant extract zi 
were examined and each concentration was replicated 
ten times. Details of the concentrations and volumes j 
© used are shown in Table 1. The total volume representing t E ee ee 
each treatment was 250 ml.; this was divided into ten 2 * $ i ii 




























25 ml. portions and each portion was placed in a 50 ml. 
test-tube. The tubes were covered with tight caps and 
autoclaved for 15 min at 120° C and 15 lb. pressure. 
Sections of tobacco callus tissue were added to the cooled 
tubes in aseptie conditions. 

The first indication of kinetin-like activity of the seed 
extract was clearly visible after 3 weeks. After 4 weeks of 
incubation, the callus tissue sections grown on media 
fortified with the plant extract were considerably larger 
than the control sections (Pig. 1). The average weight 
of the control sections was 0-35 40-08 g, compared with 
0-60 + 0-13 g when 2 per cent of the seed extract was added, 
0834019 g with 4 per cent seed extract, and 0-98+ 


centrations cannot be compared at this time with standard 
concentrations of kinetin because of the possibility that 
cell division inhibitors might exist in the plant extract. 
All concentrations of the seed extract, however, allowed 
_ ell division activity comparable with a kinetin coneentra- 
dion within the range 10-50 ug/l. This estimate is based 
_on-the fact that a number of roots formed on the callus 
tissue both in 2 per cent and 8 per cent concentrations 
(Big. 1). 
1o A fluorometric enzyme assay for purine derivatives, as 
described by Lewis and Khalifah {unpublished results), 
was applied to the lemon seed extract to examine the 
nature of its cell division factor. The reaction between 
rospective purine derivatives in the plant extract and 
the enzyme xanthine oxidase was followed fluorometrically 





0: 2% 4% 8% 


Sections of tobacco callus tissue after 4 week incubation with 





Fig. 1. 

* ‘media containing 0,2, 4 and 8 per cent of the lemon seed extract. Note 

: root formation on the second and fifth sections of the 2 per cent concen- 
tration and on the second section of the $- per cent concentration, 


0-24 g with 8 per cent. The activity of these three con- 


Reaction time (min) 


Fig. 2. Changes in the concentration of FAD as indicated by its relative 

fluorescence intensity. Determinations were made at maximum excita- 

tion wavelength of 272 mz and 650 ma maximum emission, The reac- 

tion medium (3-3 ml.) consisted of 0-2 mg/ml. of FAD; 1 ml. of ‘plant 

extract; 1 ml. of phosphate buffer at pH 5-5, and 0-3 ml. of xanthine 
oxidase (13:7 u/ml.) 


by the utilization of flavin adenine dinucleotide (FAD), 
a coenzyme of this reaction. The resulting disappearance 
of FAD was detected by recording its relative fluorescence 
intensity (RFI) at maximum excitation wavelength of 
272 my and maximum emission of 550 my (ref. 14) at 
l min intervals, using a spectrophotofiuorometer. The 
reaction took place at 26° C and pH 5-5 (phosphate buffer), 
The plant extract behaved in a manner similar to kinetin ` 
with regard to reaction with xanthine oxidase. The 
results indicated in Fig. 2 strongly suggest that at least 
one purine derivative exists in the lemon seed extract. 
The concentration of FAD in the reaction mediuma dropped 
sharply and the reaction velocity was steady after 7 min. 
Most cell division factors are known to contain a purine 
ring®??, and so we assume that the stimulator of gel- 
division in lemon seed possesses the same property. 

We thank Dr. Toshio Murashige for the use of his 
laboratory facilities. 

This work was supported in part by a grant from ‘the 
U.S. National Science Foundation. My 


R. A. KHALIFAn* 
L.N. Lews 





Citrus Research Center, 
University of California, 
Riverside, California. 





* Present address: 59 El-Nady Street, Maadi, Cairo, Egypt. 


! Letham, D. S., and Bollard, E. G., Nature, 191, 1119 (1961). 
* Zwar, J. A., Kefford, N. P., Bottomley, W., and Bruce, M. I, Nature, 200, 
679 (1963). 


* Zwar, J. A., Bruce, M. I., Bottomley, W., and Kefford, N, P., Coliog. Intern. 
Centre Nat. Rech. Sei., 123, 123 (1964). 

+ Miller, C. O., Proc. U.S. Nat. Acad. Sei., 47, 170 (1981). 

* Rogozinska, J. H., Helgeson, J. P., Skoog, F., Lipton, S, H., and Strong, 
F. M.. Plant Physiol., 40, 469 (1965). 

$ Blowen B. B., Thimann, K. V., and Kefford, N. P., Plant Physiol., 81, 162 


d errr eri R. A., Lewis, L. N., and Coggins, jun., C. W., Science, 142; 399 
(19 


*Sumiki, Y., and Kawarada, A., in Plant Growth Regulation, 483 (Iowa 
State Univ. Press, Ames, Iowa, U.S.A., 1961). 

* Khalifah, R. A., Lewis, L, N., and Coggins, jun., C. W., Plant Phystol., 40, 
441 (1965). 

` Lewis, L. N., Khalifah, R. A., and Coggins, jun., C. W., Plant Physiol., 40, 
500 (1965). 

` Khalifah, R. A., Lewis, L. N., and Coggins, jun., C. W., Plant Physiol., 41 
(in the press, 19686). 

1 Letham, D. S., Collog. Intern. Centre Nat, Rech. Sci., 128, 109 (1964). 

** Murashige, T., and Skoog, F., Physiol. Plant., 15, 473 (1962). 

** Udenfriend, S., Fluorescence Assay in Biology and Medicine, 140 (Academic 
Press, New York, 1962). 





1474 


GENETICS 


Ubiquinone as a Protozoan Growth Factor 


Tars communication records the replacement of a hitherto 
unidentified lipid growth factor for the marine phago- 
trophic dinoflagellate, Oxyrrhis marina, by ubiquinone(30). 

Monoxenic cultivation of this flagellate is possible when 
yeast or any of a range of unicellular photosynthetic 
algae are used as food!?. The first axenic cultures were 
established when strained, but unfiltered, lemon juice 
was added to the medium. The juice was later replaced 
by carbon tetrachloride extracts of the dried rind or of 
lawn cuttings, administered from ethanolic solution. 
It was then possible to identify all the water-soluble 
nutrient requirements and to formulate a culture medium 
in which all the components except the “lemon factor” 
were defined®. There was an absolute requirement for 
the “lemon factor”, which could not be replaced by cream, 
egg yolk, lecithin, soya sterols, cholesterol, olive, linseed, 
ground nut, palm or castor oils, linoleic, linolenic, or 
oleic acids, vitamins A, D, E, menadione, phytol or $ 
carotene. The factor was apparently stable towards auto- 
claving, but was completely destroyed by daylight in 
24 h, and by saponification. 

Chromatography of the lemon extract on strong alumina 
failed to separate the activity from a band of coloured 
and fluorescent components. The activity of the grass 
extracts, on the other hand, could be removed from most 
of the coloured material. Thus, on columns of sugar or 
8 per cent ethanol weakened alumina, petroleum ether 
eluted the activity together with the carotene, leaving 
most of the chlorophyll and xanthophylls behind. The 
carotene could then be separated from the activity with 
2 per cent or 3 per cent acetone in petroleum ether on a 
strong alumina column. A quantitative assay of the 
various fractions with the protozoon was not particularly 
easy. The best method of obtaining an even and repro- 
ducible degree of dispersion in the liquid culture medium’ 
was to prepare the dilutions of the fractions with 0-2 per 
cent glyceryl trioleate in ethanol and add the same 
quantity of carrier solution to each tube of medium 
prepared with 0-4 per cent sodium taurocholate as dis- 
persing agent. All manipulations of the fractions and 
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Fig. 1. Absorption spectra (ethanol solution of grass fractions). Materials 
were carbon tetrachloride extract eluted from 8 per cent ethanol 
weakened alumina with petroleum ether and chromatographed on 
strong alumina, I, Eluant 2 per cent acetone in petroleum ether; IT 
{the residue), eluant 10 per cent acetone. IL contains most of the 
activity for O. marina. The 230-240 my peak is off the scale, 


NATURE 











DECEMBER 24, 1966 vor 212 
5 
. 
@ : 
© o id anno} 
4-4 e 
a 
Fa 
S 
3 
S 
3 ood 
O 
Q 
2 - e 
mape p r — 
2 3 4 5 
Logis ug/ml, 


Fig. 2. Response of O. marina to ubiquinone(30). Five sets of data: 
live cells/ml. after 30 days growth, on logarithmic co-ordinates, 


subsequent preparation of the media were carried out in a 
safe light. 
The active fraction of the grass extract was only faintly 


coloured. The absorption spectrum of this fraction ina 


ethanol solution (Fig. 1, curve II) showed a very strong 
peak at 240 my which was greatly reduced in the adjacent 
fraction, but also and more significantly, a peak at 272 mu. 
probably due to ubiquinone, also greatly reduced in the 
adjacent fraction. The latter (Fig. 1, curve I) contamed 
the carotene and the curve showed some evidence of 
vitamin K (243, 249, 261, 269 mu) and plastoquinone 
(254 mu). Thus, the fat solubility and the extreme light 
lability of our material, coupled with the evidence of the 
ultra-violet spectra, suggested that the activity might be 
due to a quinone‘. 


Table 1. RESPONSE OF Oxyrrhis marina TO SOME LIPIDS 
Concentration (mug/mlL) 
13,000 1,300 130 
Vitamin K, 0 30 30 
Linoleic acid 30 80 80 
Ubiquinone(30) 12,900 15,400 13,000 
Lemon rind extract 8,800 2,600 0 


Data given in live cells/ml, after 29 days growth. 


We next assayed some quinones with Oxyrrhis, using 
commercial samples of vitamin K, and ubiquinone(30). 
The first experiments (Table 1) revealed no activity 
in vitamin K,, but ubiquinone(30) supported growth, and, 
even with the smallest concentration tested, gave a heavier 
yield than that given by the largest tolerated dose of the 
lemon rind extract. Ubiquinone appeared to have at 
least a hundred times the activity of the crude extracts. 
Later experiments, involving serial transfers, confirmed 
that ubiquinone could replace the “lemon factor”, but it 
will not be certain how completely it does so until a 
great many more passages have been completed. (six 
so far). It is possible that there may still be other lipid 
requirements. The response is shown in Fig. 2. One cari 
conclude, at least, that one absolute lipid requirement is 
satisfied by a few mug of ubiquinone/ml. The require- 
ment may in fact be lower than the 0-5 yg/million cells 
suggested by the graph, owing to the lability of the 
quinone. 

External sources of lipids such as cholesterol, sitosterol 
and linoleic acid are known to be needed by some Protozoa. 
Any lipid requirement would put a free-living osmotrophic 
organism at a great disadvantage, and one for so labile a 
component as ubiquinone could surely only persist. in a 
phagotroph. Ozxyrrhie was presumably therefore already 
phagotrophic, but the loss of quinone synthesis would be 
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the-one event that obliged it to continue with this mode of 
nutrition. In other respects the nutrition is typical of 
many lower algae’. 

The lability of the factor towards light indicates the 
importance of the nucleus rather than the terpenoid side 
chain, while the inactivity of both menadione and phytyl 
menadione suggests that there may be a specific need for 

_the 5-, 6-methoxy substitution in the quinone. But this 
“is pure speculation. We believe this to be the first 
example, in any organism, of the satisfaction of an absolute 
growth requirement by a member of the ubiquinone family. 
Investigation of the specificity of Oxyrrhis could contri- 
bute to knowledge of quinone biosynthesis; and the sensi- 
tivity of the response leads us to believe that this organism 
could be used to detect quite small quantities of quinone. 
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Control of Meiotic Chromosome Pairing by 
the Chromosomes of Homoeologous Group 5 
of Triticum aestivum 


Triticum aestivum (2n= 6x = 42) is an allohexaploid species 
in which the three genomes (A, B and D) were derived 
from closely related 14-chromosome diploid species!. 
Every pair of homologous chromosomes has a genetically 
corresponding, or homoeologous, pair in each of the other 
two genomes’. 

In normal meiosis every chromosome synapses only 
with its full homologue, but the genetic regulation of this 
process is known to be of some complexity. Genetic 
activities of the following chromosomes are’ implicated 
in the regulation: (1) chromosomes 2A(II), 34, 3B and 
3D are responsible for the occurrence of normal synap- 
sis*4; (2) chromosome 5B is responsible for the preven- 
tion of synapsis between homoeologous chromosomes*-’; 

. (8) chromosome 5D is responsible for the maintenance of 
_ normal synapsis at low temperatures’. 
~ The participation of chromosome 5D in the control of 
_ Meiotic pairing was inferred by Riley? because plants 
simultaneously nullisomic for chromosome 5D and tetra- 
somic for 5B were asynaptic at 15° C but had normal 
synapsis at 25° C, whereas tetrasomic 5B plants were 
normal at both temperatures. Chromosomes 5B and 
_ 5D, which are homoeologues, both participate in the con- 
trol of meiotic pairing and so it is important to attempt 
‘ to-determine the relationships of the activities of all the 
chromosomes of homoeologous group 5. 

Plants of T. aestivum variety ‘Chinese Spring’ which 
represented a range of chromosome constitutions were 
grown in controlled environment chambers at 12° C, 20° C 
and 28°C. Two plants with each of the following chromo- 
some constitutions were grown at each of the three 
temperatures: (1) euploids, with forty-two chromo- 
somes, in which twenty-one chromosomes were disomic: 
(2) tetrasomics, with forty-four chromosomes, in which 
either chromosome 54, 5B or 5D was tetrasomic and the 
other twenty chromosomes were disomic; (3) nullisomic- 

| tetrasomics, with forty-two chromosomes, which had 
nineteen chromosomes disomic and one of the following 
alterations of chromosome dosage: nullisomic 5A 
tetrasomic 5B; nullisomic 5A tetrasomie 5D; nulli- 
< somic 5D tetrasomie 54; nullisomic 5D tetrasomic 5B. 
k In addition one plant with forty chromosomes, nullisomic 
for chromosome 5.4, was grown at each temperature, but 
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Table 1. MEAN OF CHIASMATA/CHROMOSOME aT 12° C, 20° € AND 28° C 
DURING FIRST METAPHASE OF MEIOSIS IN PLANTS oF T, aestivum WITH 
VARIOUS DOSES OF CHROMOSOMES OF HOMOEOLOGOUS GROUP 5 


12°C 20° C 28°C 
Genotypes Genotypes Genotypes 
Genotype Plants (meansof Plants (meansof Plants (means of 

plants) plants) plants) 

euploid 1-218 1-203 1:199 1-203 1:226 1-249 
1-187 1206 1271 

tetra-5A t191 1-217 1-179 1-205 1-257 1-256 
1-242 1-230 1-255 

tetra-5B 1143 1106 1176 b201 1184 1470 
1-068 1-225 1-156 

tetra-5D 1:119 1:116 1:187 1-194 1-118 1-122 
1-112 1-200 1-126 

nulli-5.4 tetra-5B 1-010 0-995 1-029 1:012 1-014 1-037 
0-980 0-904 1-060 

nulli-54 tetra-5D 1-051 1-087 1:068 1069 1082 1-046 
1-023 1-069 1-029 

nulli-5D tetra-54 0-812 0-973 1229 1233 1140 1-170 
1-133 1-236 1-200 

nulli-5D tetra-5B 0-030 0-028 0-636. 0-829 0-963 1012 
025 1-021 1-061 

nuli-5.4 - ae - 1-028 - 1:203 

nulli-5D - 0076 = . ~ - 


Data are based on twenty celis/plant. Standard error of the mean of every 
genotype (except nulli-5A and nulli-3D) at every temperature is 0-055. 
* Examined but not scored. 


meiosis was only scored on those plants which were grown 
at 20° C and 28° C, for at 12° C inflorescences developed 
poorly and adequate preparations were not obtained. 
Only one plant nullisomie for 5D was available and this 
was grown at 12° C. 

The frequencies of chiasmata were scored for twenty 
pollen mother celis, at first metaphase of meiosis, from 
every plant and the means of these scores, expressed as the 
number of chiasmata per chromosome, in order to. 
allow for differences in total chromosome number, are 
recorded in Table 1. The replicated components of the 
data, that is all the scores except those for nullisomies 
5A and 5D, were compared by analysis of variance. 
This showed significant differences between genotypes 
(F = 38-00, P < 0-001), temperatures (F = 24-70, P < 0-001) 
and between genotype and temperature interactions 
(F=10-70, P< 0-001). 

It is clear from the data that none of the tetrasomics 
deviated significantly from each other or from the euploid. 
Increase of dosage of these chromosomes to the tetrasomic 
level therefore caused no disruption of synapsis. There 
was pronounced asynapsis in nullisomic 5D at 12° C, 
but synapsis was apparently normal at this temperature 
in nullisomie 5A, although preparations of a quality 
adequate for scoring could not be obtained. The activity 
of chromosome 5D is therefore crucial for the maintenance 
of synapsis at low temperatures. 

Asynapsis resulting from deficiency of 5D was displayed 
at the lowest temperature in plants which were nullisomic 
for 5D and tetrasomic for 5B, but not in those which were 
nullisomic for 5D and tetrasomic for 54. The increased 
dosage of chromosome 5B cannot compensate for the 
deficiency of 5D, so that the activity of 5B by which 
homoeologous pairing is prevented apparently does not 
correspond to that of 5D by which synapsis is maintained. 
This is not to assert that different loci are involved, but if 
pairing is regulated by corresponding loci on 5B and 5D 
then alleles with reverse effects must be present. 

Although the activity was not revealed in 5A nulli- 
somics, this chromosome apparently promotes synapsis at 
lower temperatures because when tetrasomic it largely com- 
pensated for the deficiency of 5D. The effect of 5A is 
evidently weaker than that of 5D and, provided the latter 
is present, deficiency of 5A results in little diminution of 
synapsis. This is confirmed by the nearly normal synapsis 
at 12° C of plants which are nullisomic for 5A and tetra- 
somic for 5B, since tetrasomy of 5B did not compensate: 
for the deficiency of 5D. 
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Table 2. MBAN CHTASMATA/CAROMOSOME AT 12° C; 20° C AND 28° C DURING 

Finst METAPHASE OF MEIOSIS IN PLANTS OF T. aestivum, T. dicoccoides 

AND T. carthlicum 
20° € 


12° ¢ 28° C 


Species Species Species 
Species Plants (meansof Plants (meansof Plants (means of 
plants} plants) plants) 
T. aestivum 1218 1208 1199 1-203 1226 1-249 
1-187 1-206 1-271 
T. divoceoides 1:182 1:166 1-248 1-230 1:304 1-244 
1-150 1-211 1:184 
T. earthlicum 1-187 1-188 1-264 1:248 1-079 1-142 
1-188 1-231 1-214 


Data based on twenty cells/plant. 
species at each temperature is 0-033. 


Standard error of the mean of each 

The evidence presented here shows that all the chromo- 
somes of homoeologousgroup 5 participatein the regulation 
of synapsis at meiosis. These activities are revealed only 
in genotypes in which one chromosome is entirely deficient 
and never in simple tetrasomic conditions. There is no 
evidence to show that equivalent loci are involved in all 
three chromosomes, but the presumption that this is so 
must be strong, particularly in relation to chromosomes 
5A and 5D. 

In view of the importance of chromosome 5D in the 
maintenance of normal synapsis in the hexaploid T. 
aestivum, it is of obvious interest to determine the reaction 
to low temperatures of tetraploid species of Triticum with 
twenty-eight chromosomes. These species have only the 
A and B 'genomes so that chromosome 5D is not present. 
We therefore investigated two species of this constitution, 
T. dicoceoides and T. carthlicum. Two plants of each 
species were grown at 12° C, 20° C and 28° C at the same 
time as the other material described here. 

Scores. of chiasma frequencies based on twenty cells in 
first metaphase from every plant, and expressed as the 
number of chiasmata per chromosome, are recorded in 
Table 2. They are shown with the scores for T. aestivum 
euploids collected simultaneously. Analysis of variance 
of the data for all three species showed that there were no 
significant differences between species (F = 0-455, P > 0-2), 
temperatures (F=1-227, P=0-1-0-2) or species and 
temperature interactions (F=1-727, P>0-2). Thus. 
although chromosome 5D is not present, meiotic synapsis 
is as stable over the whole temperature range in these 
tetraploid species as it is in T. aestivum. 

This. may mean that in the tetraploids some other 
chromosome, perhaps 5A, is of greater effect than in 
T. aestivum. This seems unlikely, however, since Kerber® 
has reported no meiotic irregularity in AABB tetraploids, 
deficient for 5D, extracted from T. aestivum. This suggests 
an alternative explanation, namely, that only at the 
hexaploid level—with the greater chromosome number and 
nuclear volume-—-is the more powerful effect of chromo- 
some 5D essential for the occurrence of regular synapsis. 
A corollary to this is that the present activity of 5D 
probably originated after the inclusion of the chromosome 
in hexaploid Triticum. Evidence on this point is now 
being sought, but tentative support for the hypothesis 
ean be adduced from the instability of synapsis in syn- 
thetic AABBDD hexaploids derived from the cross T. 
carthlicum (AABB)x Ae. squarrosa (DD) (ref. 10). 

After these data had been assembled and analysed a 
fascinating series of observations was described by Feld- 
man! on the meiotic synapsis of plants of T. aestivum with 
inereased dosages of the long arm of chromosome 5B 
(5B), Plants with four or six doses of 5B/ in the form 
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of two or three isochromosomes, and entirely lacking the 
short arm (5BS), were reported to have diminished synap- 
sis, homoeologous synapsis and interlocking bivalents. 
This behaviour was displayed by plants with six doses of 
5BE (trisomic for the isochromosome) at all temperatures, 
but was pronounced in those with four doses (disomic for 
the isochromosome) only at low temperatures (15° C). 

The abnormal synapsis was considered to reflect the 
activity of the gene or genes concerned in euploids with 
the prevention of homocologous pairing, which Riley’ had 
already shown to be confined to 5B/4. On this inter- 
pretation the system operates by affecting the spatial 
distributions of chromosomes in pre-meiotic nuclei. Thus, 
in the absence of 5BL, homologues and homoeologues are 
presumed to be adjacent and co-ordinated, while with two 
doses of 5B/ homologues but not homoeologues are 
adjacent. Four, and more especially six, doses of 5B! 
are presumed to give rise to random pre-meiotic distribu- 
tions which lead to reduced opportunities for synapsis, 
increased probabilities of homoeologous rather than 
homologous synapsis and the interlocking of bivalents. 

These interpretations are obviously of great significance 
for the general understanding of meiotic chromosome 
pairing, but whether the overall effect of chromosome 5B 
in the control of meiotic pairing in T. aestivum arises in 
the way visualized is not yet certain. The uncertainty 
stems from a conflict between the evidence derived. by 
Feldman from plants disomic for 5B4 isochromosomes 
and the present evidence from plants tetrasomic for 
chromosome 5B. The differences of behaviour of these 
two genotypes are: (1) plants with four doses of 5B4, as 
two isochromosomes, were asynaptie at 15° C (ref. 11); 
(2) plants with four doses of 5B4, as four complete chromo- 
somes in tetrasomics, had a chiasma frequency, at 12° ©, 
that was not significantly different from euploids, with 
two doses of 5B% as complete chromosomes (f,= 1-26, 
P=0-5-0-3) (Table 1). 

In an attempt to clarify this distinction, data from the 
analysis of first metaphase of plants of T. aestivum grown 
together at 15° C were used. These plants had four doses 
of 5BL in various arrangements, and the other twenty 
chromosomes were disomic. Chromosome 5B was present 
as follows: two plants were disomic for the 5B isochromo- 
some and entirely deficient for the short arm (585); one 
plant was tetrasomie for chromosome 5B complete and 
therefore had four doses of 5B! and 5284, and one plant 


“was monosomic for the 5BL isochromosome and disomic 


for 5B complete, and therefore had four doses of 5BE 
and two of 585. This final plant was obtained by crossing 
disomic 5BL isochromosome and 5B tetrasomic parents. 

Meiosis in the plants with two 5B4 isochromosomes was 
characterized by one feature described by Feldman, 
namely, reduced synapsis, and also possibly by interlocking 
of bivalents (Table 3). There was, however, significantly 
higher synapsis and certainly no interlocking in the plants 
with four doses of 5B! either as the complete chromosome 
tetrasomic or the complete chromosome disomic together 
with the 5B4 isochromosome. The contrast of behaviour 
between plants with four doses of 5.B4 solely as isochromo- 
somes and those, also with four doses, having 5B as. two 
or four complete chromosomes was thus confirmed. 

No definitive explanation of these distinctions is 
possible from the present evidence, but two possibilities 
can be considered. (1) The short arm, 5B5, produces an 
effect on pairing thai is the reverse of the effect of 5BL. 
(2) The long arm of 5B in the 5B4 isochromosome stock 


Table 3. MBEAN CHROMOSOME PAIRING AT 15° C, DURING FIRST METAPHASE OF MEIOSIS, IN PLANTS OF T. aestivum WITH Four DOSES OF CHROMOSOME 
5BL, BITHER AS Two ISOCHROMOSOMES, FOUR COMPLETE CHROMOSOMES OR TWO COMPLETE AND ONE ISOCHROMOSOME 


Chromosome 
Genotype No. SBE 5BS  Univalent 
di-isosomie 5B4 (1) 42 4 0 8-4 
di-isosomic 584 (2) 42 4 0 3-6 
tetrasomic 5B 44 4 4 Or 
mono-lsosomic 5B4 and disomic 58 48 4 2 0-5 


Data based on twenty cells/plant. 


Mean pairing Mean chiasmata 


Bivalent Trivalent Quadrivalent ineach cell in each chromosome 
19-3 E - 33-9 0-806 + 0-050 
19-2 - ~- 32-2 0-786 40-044 
21-0 O-1 0 41-9 0-952 + 0-006 
20-5 0-5 39-6 8-920 + 0-008 
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is genetically different in its effect on synapsis from the 
long arm in the tetrasomic and euploid stocks. (All the 
5B isochromosome stocks derive from the same source.) 
If the short arm carried out an activity which reversed 
that of the long arm, such that increased dosage of 5BS 
increases pairing, Feldman’s interpretation of the behavi- 
our of plants with two or three 5B“ isochromosomes will 
hold, but if the isochromosome performs a distinct 
“activity then a unified theory of the function of the 5B 
system will be more difficult to sustain. In view of the 
considerable importance that this system holds for the 
general understanding of chromosome pairing the resolu- 
tion of the two possibilities is the next important task. 


RALPH RILEY 
VICTOR CHAPMAN 

R. M. Younc* 
ANGELA M. BELFIELD 


Plant Breeding Institute, 
Cambridge, England. 
; o * Present addross: State Research Farm, Werribee, Victoria, Australia. 
Riley, R., in Cytogenetics and the Evolution of Wheat (edit. by J. B. Hutchin- 
son), 103 (Cambridge University Press, Cambridge, 1965). 
* Sears, E. R., Res, Bull. Mo, Agr. Exp. Sta., No. 572 (1954). 
*Kempanna, C., thesis, Univ. Cambridge (1963). 
* Riley, R., and Law, C. N., Adv. Genet., 18, 57 (1965). 
* Riley, R., and Chapman, V., Nature, 182, 713 (1958). 
* Riley, R., Heredity, 15, 407 (1960). 
* Riley, R., and Kempanna, C., Heredity, 18, 287 (1963). 


* Riley, R., in Chromosomes Today (edit. by C, D. Darlington and K. R. 
Lewis) 57 (Oliver and Boyd, Edinburgh and London. 1966). 


* Kerber, E. R., Science, 17, 253 (1964). 
1* Tabushi, J., Rep. Kihara Inst. Biol. Res., 16, 34 (1964). 
H Feldman, M.. Proc. U.S, Nat, Acad. Sei., 55, 1447 1986), 


Infectivity of Trypanosomes derived from 
Individual Glossina morsitans Westw. 


Previous studies on the numbers of metacyclic trypano- 
somes discharged by infected tsetse flies during feeding 
have been used in visual counting techniques. In this 
communication the method described by Lumsden et al.? 
for measuring the infectivity of trypanosome suspensions 
has been applied to the problem, using material derived 
from two individual. Glossina morsitans infected in the 
laboratory with organisms of the Trypanosoma brucei 
“subgroup. 
“One of the flies, a 1 day old female Glossina morsitans, 
‘was fed once on a mouse infected 10 days previously with 
‘Stabilate’> HATRO-301 (T. brucei subgroup, isolated in 
_ October 1962 from a sheep in South Nyanza District, 
> Kenya, in a sleeping sickness area, and preserved at low 

-temperature by the method described by Cunningham et 
al.4), On day 17 after the infecting feed, trypanosomes 
were found in saliva from the fly by microscopical exam- 
“ination, and individual mice fed on by the fly on days 17, 
19, 21 and 25 became parasitaemic in 4-5 days and died 
in 21-29 days. On day 27 the fly fed on defibrinated 
bovine blood through a membrane of rat skin’. Using 
the infectivity titration technique described by Lumsden 
et al.* the concentration of infective trypanosomes in the 
blood left after the fly had fed (5-6 ml.) was found to be 
10%4 per ml. Thus, the estimated number of infective 
organisms discharged by the fly and remaining in the 
blood after feeding was approximately 1043. On day 28 
the fly was weak. It was killed and triturated with 
powdered glass in phosphate buffered (pH 8-0) saline?. 
The suspension was allowed to settle for 30 min at 0° C 
and the number of infective organisms derived from the 
triturated fly was estimated by titration in mice? at 
approximately 1047, 

The other fly, a 1 day old female G..morsitans, was fed 
once on a mouse infected 21 days previously with ‘Stabilate’ 
HATRO-702 (T. rhodesiense isolated in January 1964 
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from a man infected in South Nyanza District, Kenya, 
and preserved at low temperature‘). Trypanosomes were 
first observed in the saliva on day 22 after the infecting 
feed, but individual mice fed on by the fly were not 
infected until day 30. From day 38-to day 69 the fly fed 
only on defibrinated bovine blood through a rat, skin 
membrane. The number of infective organisms in each 
of the residual blood pools (approximately 5 ml.) was | 
estimated, and the results are shown in Table 1. On 
day 70 the fly was moribund. It was killed and triturated, 
and an estimate of the number of infective organisms in 
the suspension was obtained. The result is shown in 
Table 1. 


Table 1. ESTIMATES OF THE INFECTIVITY OF SUSPENSIONS OBTAINED FROM 
THE RESIDUAL BLOOD OF CONSECUTIVE FEEDS OF A SINGLE G. morsitans, 
AND FROM THE WHOLE FLY at DEATH 


Period after Logi No. mouse Approximate number of. 


Feed infection I.D. per mhl, infective trypanosomes 
(days) and S.E. in residual blood 
A 38 3-6 +03 20,000 
B 41 32+ 04 - 8,000 
C 46 3440-5 13,000 
D 49 B52 06 16,000 
E 63 36403 20,000 
F 57 41403 63,000 
G 61 30406 5,000 
H 66 31405 6,000 
I 69 4140-6 63,000 `: 
Whole fly at desth sy ah tra number‘ of 
infective trypanosomes 
in whole fly extract 
70 2740-3 1, 


The range of infectivity estimated for this series of 
feeds was 10?-10*-° J.D... per mil. of residual blood. The 
differences between each of the lowest estimates (B, G 
and H) and the highest estimate (F) exceeded 1-2 times 
their respective combined standard errors and, following 
Lumsden et al.?, may be regarded as significantly different 
(P < 0-05). Thus it can be concluded that the numbers 
of infective trypanosomes extruded during this series of 
feeds varied by a factor of ten. l 

Strict comparisons between this and previous work are 
not possible, but it is interesting to note the results 
obtained by Fairbairn and Burtt*, who induced infected 
flies to salivate on to glass slides before the flies were fed. 
The salivary deposits were then stained and the number 
of metacyclic trypanosomes counted under a microscope. 
Of a sample of eighteen G. morsitans infected with T. 
rhodesiense, one third of the flies showed a range of a 
hundred or more times in the numbers of metaecyclic 
trypanosomes that were seen in salivary deposits obtained ` 
before six to twenty-six consecutive feeds. The average 
range of the whole sample was fifteen times and the 
largest number of metacyclic trypanosomes. extruded at- 
one probing was less than 6,000. From the series of feeds: : 
reported here the mean number of infective trypanosomes 
discharged at each feed was 23,000. This is a larger 
number than appears to have been reported by direct 
counting methods, but the range of numbers in the 
present work overlaps, slightly, the range recorded by 
Fairbairn and Burtt’. 

The two G. morsitans used in this work were derived 
from field puparia kept at a temperature of approximately 
30° C during the latter part of development. Fairbairn 
and Burtt® found that the highest counts of metacyclic 
trypanosomes were recorded from flies that had emerged 
from incubated puparia. 

The estimate of 50,000 infective organisms in the G. 
morsitans infected with the T. brucei subgroup is of the 
same order as Willett and Gordon’s? report of a minimum 
count of 186,000 metacyclic trypanosomes from the teased 
salivary glands dissected out from three G. morsitans 
known to be infected with T. rhodesiense. 

In addition to obtaining estimates of the infectivity of 
individual flies, we have been able to store serial isolations 
of the metacyclic trypanosomes discharged during feeding. 
Material from the residual blood of feeds D-I and. from 
the whole fly suspension has been preserved in capillary 


. 
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lymph tubes at low temperature’. This material is at 
present being used to study antigenic variation. 
H. A. W. Sournon* 
M. P. CUNNINGHAM 


East African Trypanosomiasis Research Organization, 
Tororo, Uganda. 


*Present address: International Biological Programme, 7, Marylebone 


Road, London N.W.. 

* Buxton. P. A., The Natural History of Tsetse Flies (Lewis, London, 1955). 

? Lumsden, W. H. R., Cunningham, M. P.. Webber, W. A. F., van Hoeve, K.. 
and Walker, P, J., Exp. Parasitol., 14, 269 (1963). 

2 famsden, W. H, R. and Hardy, G., Nature, 205, 1032 (1965). 

*Canningham, M. P., Lumsden, W. H. R.. and Webber, W. A. F., Exp. 
Parasitol., 14, 280 (1963). 

* Cockings, K., Kast African Trypanosomiasis Ann. Rep.. 1959, 13 (Govern- 
ment Printer, Nairobi, 1960). 

* Fairbairn, H. F., and Burtt, E., Ann. Trop. Med, Parasitol., 40, 270 (1946). 

kaare a C., and Gordon, R. M., Ann. Trop. Med, Parasitol., 51, 471 
1957), 

* Cunningham, M, P., and Harley, J. M. B., Nature, 194, 1186 (1962). 


Natural Selection in the Mimetic Butterfly 
Hypolimnas misippus L. in Ghana 


‘One of the most common mimetic associations among the 
Lepidoptera in West Africa is that between the model 
Danaus chrysippus L. and the mimetic female of Hypo- 
timnas misippus L. In Ghana the hind wings of D. chrysip- 
pus are mostly white, while those of H. misippus are 
usually brownish orange, but some individuals have a 
white patch on the orange’. 

Between May 14 and July 7, 1965, the population of 
these two species was sampled at Legon. Ghana, by the 
technique of mark, release and recapture. Table 1 gives 
the numbers of each species caught during 14-day periods. 
It is clear that of the total numbers of insects caught, the 
models decreased from 30-6 per cent to zero (zi, = 24-1, 
P<0-001). The most striking decrease occurred between 
May 14-27 and May 28—June 10, where 7?,, using the 2 x 2 
contingency table, is 6-53 (P < 0-02). 


Table 1. RELATIVE ABUNDANCE OF D. ehrysippus AND FEMALE H. misippus 


Percentage of 
Date D. chrysippus H. misippus models out of 
total caught 
May 14-27 34 77 30-6 
May 28-June 10 9 61 12-9 
Jane 11-24 4 62 G1 
June 25-July 7 0 56 0-0 


Table 2 gives the numbers of H. misippus with pure 
orange hind wings and of those with some white present 
in the orange during the same periods of time. At the same 
time as the models were decreasing from 30-6 per cent 
of the total insects caught to zero, the percentage of mimics 
with some white on the hind wings decreased from 
44-4 per cent to 12-5 per cent. The four sets of data 
are again heterogeneous (43, = 19-0, giving P < 0-001), 
and the biggest change again occurred between May 14-27 
and May 28-June 10 (yä, = 4:55, P < 0-05). 


Table 2, RELATIVES ABUNDANCE OF FEMALE H. misippus WITH AND WITHOUT 
WHITE ON THE HIND WINGS 
Percentage of 


Date White absent White present total with white 
May 14-27 35 28 44-4 
May 28-June 10 46 15 24-6 
June 11-24 51 YW 17-8 
June 25-July 7 49 7 12-5 


These results show that a change in the population of 
the model of a mimetic association is accompanied by a 
change in the ratios of the different morphs of its mimic. 
Selection is probably responsible for this change, for in 
the absence of the model selection would not be expected 
to favour mimies with white on the hind wings. Further, 
Stride! has shown that H. misippus males will court 
females with orange hind wings more actively than they 
court females with some white present in the orange. 
Thus the balance of the selective forces operating will 
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depend on the behaviour of the males of H. misippus 

and on the abundance -of the models. It must, however, 

be pointed out that although the mimic was far more 

abundant than the model during the course of these 

observations, this is not so during all the year. Further 

work on this mimetic association is in progress. 
MALCOLM EDMUNDS 

Department of Zoology, 

University of Ghana, 

Legon. Ghana. 

1 Stride, G. O., Brit. J. Anim. Bekar., 4, 52 (1956). 


PHYSIOLOGY 


Effects of Diet on the Composition of Body 
Fat in Lucilia sericata (Meigen) 


Tuis is the third investigation of the effects of diet on 
the composition of body fat in related species of Diptera. 
The effects on two species, Pseudosarcophaga affinis auct. 
nec Fallén and Musca domestica Linnaeus, were usually 
qualitatively similar, though probably quantitatively 
greater in the latter'?. Despite their similarity in many 
respects, these insects have somewhat different feeding 
habits in that M. domestica is omnivorous and in this 
laboratory is reared on plant material with added yeast 
and other micro-organisms, whereas P. affinis is carnivorous 
and is reared on fresh pork liver. The two organisms also 
have different requirements for fatty acids in that M. 
domestica requires none*, whereas P. affinis benefits from 
the addition of fats, particularly oleic acid, to its diet‘. 
The results of the present investigation of a third, related, 
species, Lucilia sericata (Meigen), gave information on the 
composition of its body fats and its requirements, or lack 
of them, for fatty acids, and emphasized the similarities 
and differences among the three species. 

A laboratory colony of L. sericata was maintained on 
fresh pork liver. Eggs were sterilized with benzalconium 
chloride and allowed to hatch in sterile tubes as described 
for houseflies?. Larvae were placed individually on 1 ml. 
of sterile chemically defined medium in a 10 x 75 mm 
test-tube. The media were those used for P. affinis! except 
that the concentration of agar was doubled (1-5 per cent). 
Methods of rearing, of assessment of growth rates, and of 
extraction and analysis of the fatty acids have been 
described before®:*. The amounts of fatty acids in the 
media are shown in Table 1. One hundred larvae were 
reared on each diet in each experiment; three experiments 
were carried out. The results shown here are the averages 
for the three experiments. 

There was no evidence that the presence of fatty acids 
in the diet accelerated growth or development. In this 
respect, L. sericata is similar to M. domestica and differs 
from P. affinis. 

The percentages of the various fatty acids in the fats 
of the larvae reared on the diets are shown in Table 1. 
Compared with the results of previous work, diets con- 
taining linoleic acid produced a relatively high concen- 
tration of this acid in the larval fats. In P. affinis there 
was 3 per cent to 5 per cent, in M. domestica 15 per cent 
to 17 per cent, but in L. sericata there was 40 per cent to 
45 per cent, that is about five times its concentration in 
the fat mixture of the diet. 

To measure other effects on the three species, linoleic 
acid was disregarded and the concentrations of the various 
fatty acids were expressed as percentages of the remainder. 
In Table 2 the effects on the three chief components 
of the fats—palmitic, palmitoleic and oleic acids—are 
compared by rank. The diets were arranged according 
to the concentration of each fatty acid in the fats of L. 
sericata; the numbers in parentheses are the percentages 
of the fatty acid in the fats of the species. 

In respect to these three fatty acids, the effects caused. 
by the diet are obviously the same in L. sericata as in M. 
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Table 1, EFFEOTS or DIETARY FATTY ACIDS on LARVAL BODY Fars OF Lucilia sericata* 


No. 5069 DECEMBER 24, 1966 
Fatty acids in the diet (mg/100 ml.) 
C1630 C18 :0 C18:1 C18: 2 C18 :3 

Control 88 40 222 66 20 
1) 100 40 200 0 0 
(2 0 0 400 0 0 
(3) (i) 0 200 0 
(4) 88 40 0 66 20 
(5) 0 0 0 0 0 


* Fatty acids are designated as follows: C14, myristic and myristoleic; 
linoleic; C18 : 3, linolenic. 
t N.D., Not detectable. 


Table 2. COMPARISON BY RANK OF THE EFFECTS OF DIETARY FATTY ACIDS 
on LARVAL BODY Fats of THREE SPECIES OF DIPTERA 


Diet L, sericata M. domestica P. affinis 
Rank (per cent) Rank (per cent) Rank (per cent) 
Palmitic acid 
(4) 1 (40-5) 1 (36-3) 3-5 (20-7) 
(5) 2 ey 2 (20-9) 3-5 (20-7) 
Control 3 (29-0) 3 (25-7) 1 (22-9) 
a 4 (23-6) 4 (18-7) 5 (20-1) 
(2) 5 (20-6) 6 (8-6) 6 (18-9) 
(3) 6 (20-0) 5 (18-0) 2 (21:5) 
. Palmitoleic acid 
H 1 (39-6) (33-4) 1 (42-6) 
4) 2 (32-3) 1 (36:3) 2 (40-0) 
{1) 3 (28-7) 3 (24-2) 3 (37-0) 
3 4 (25-8) 4 (21-9) 4 (35-1) 
2) 5 (24-4) 6 Esta 5 (34-3) 
Control 6 (23-8) 5 (21-0) 8 (31-8) 
Oleic acid 
(2) 1 (50-1) 1 (68-5) 1 (42:7) 
(3) 2 (48-0) 2 (53-4) 4 (38-7) 
(i) 3 (42-1) 3 1083 2 (40-8) 
Control 4 (39-0) 4 (39-8) 3 (39-5) 
(5) 5 (24-8) 5 (24-9) 6 (34:4) 
(4) 6 (17:6) 6 (22-5) 5 (36-2) 
domestica. Similarly, the effects on palmitoleic acid are 


the same in all three species. The similarity between D. 
sericata and M. domestica, however, emphasizes the 
differences between these and P. affinis. These differences 
seemed small and were not stressed when only P. affinis 
and M. domestica had been investigated*, but they may 
be related in some way to the peculiar dietary require- 
ments for fatty acids of P. affinis. Apparently the differ- 
ences are not related to its carnivorous feeding habit, 
which is shared by L. sericata. The differences among the 
= species may have much utility because they might be 

: exploited in the development of specific control measures. 
In this respect the differences in the tendencies to 
accumulate linoleic acid are most interesting. 


J. 8. Bartow 


Research Institute, 
‘Canada Department of Agriculture, 


: » Belleville, Ontario, Canada. 
~ ' Barlow, J. S., Canad. J. Zool., 48, 337 (1964). 


* Barlow, J. 8., Canad. J. Zool. (in the press). 

* Brookes, V. J., and Fraenkel, G., Physiol. Zool., 31, 208 (1958), 

* House, H. L., and Barlow, J. S., J. Nutrit., 72, 409 (1960). 

* House, H. L., and Barlow, J. S., Canad. J. Zool., 84, 184 (1956), 
* Barlow, J. S., Canad. J. Biochem., 42, 1365 (1964). 


Formation and Retention of the Spermatozoan 
Reservoir in the Cervix of the Ruminant 


IN ruminants, the cervix has an important role as a 
reservoir from which migration of spermatozoa to the 
uterus and Fallopian tubes continues for a prolonged period 
after mating’?. To ensure that an adequate population of 
gametes is established in the cervix, it is necessary that 
spermatozoa should enter freely. Some restriction must, 
however, be imposed on free progression within the 
cervix to prevent too rapid migration of spermatozoa into 
either the uterus or the vagina and premature dispersion 
and loss of the population. Observations on the distribu- 
tion of spermatozoa in the cervices of cattle and goats and 
on the orientation of spermatozoa in the cervical mucus 
of either species indicate that both requirements are met 


Fatty acids in larval fats (percentage) 


cli C1620 Cl6:1 C180 C81 C1822 
3-0 14:8 121 16 19-3 445 
3-5 23-6 28-7 2-8 421 N.D.+ 
2-6 20-6 24-4 2-3 50-1 N.D. 
3-0 20-0 25-6 33 48-0 N.D, 
2-9 22:7 18-1 2-7 9-9 415 
26 30-7 40-1 2-9 25-7 N.D 


C16 : 0, palmitic; C16 : 1, palmitoleic; C18: 0, stearic; Ci8:1, oleic; C18: 2, 


through the peculiar physical and rheological properties 
of cervical mucus. 

Cervices obtained from five cows and six goats killed 
16-25 h after mating were flushed with warm saline 
solution. The number of spermatozoa so recovered. was 
counted in a haemocytometer, after mucus in the 
flushings had been liquefied by adding a few drops of 
dilute neutralized hypochlorite solution. The cervices were 
then fixed in 10 per cent formol-saline, sectioned and 
stained with haematoxylin and eosin. It was found that 
large numbers of spermatozoa remained after the flushing 
procedure and these were aggregated in strands of mucus 
located between the microvilli and in the tubular or 
simple saccular cervical glands (see Fig. 1). The total 
number of retained spermatozoa was assessed from counts 
made of spermatozoan heads in sixteen cross sections 
taken at intervals along the cervix. These counts were 
corrected for error arising out of the interaction between 
the thickness of the section and the dimensions of the 
spermatozoan head by applying Abercrombie’s formula?. 


Table 1. RECOVERY OF SPERMATOZOA FROM CERVIOES OF MATED Cows 
AND Goats 
Mean No. of spermatozoa (+,5.E.) Mean 
. (millions) percentage of 

Species Remaining total sperni 

In flushings in cervix in flushings 
Cattle (5) 1-88 + 0-31 2°55 + 0-53 4344 
Goats (8) 1:40 + 0-38 1:26 + 0-29 bltb 


The results obtained are summarized in Table 1. About 
90 per cent of the cervical mucus was removed by the 
flushing procedure, but the percentage of spermatozoa 
recovered was not proportionate, and it is therefore clear 
that spermatozoa are not uniformly distributed through- 





Fig. 1. Cross section of a caprine cervical gland after fiushing of the 
cervical lumen with saline. baa eahito spermatozoa appear aggregatedin 
the lumen. 














of the mucosa. ) 
A sories of mucus-semen systems‘ was afterwards pre- 
parod using cervical mucus froin oestrous cows and goats 
in conjunction with either homologous or heterologous 
somen. Phaso-contrast microscopy was used in all observa- 
tions. 
In all instances the spermatozoa penetrated the mucus 
-xeadily, and the spermatozoa became orientated and 
progressed along or parallel to the lines of straint which 
could be visualized as a result of the alignment of par- 
ticulate matter in the mucus. When direct contact was 
made with particles of a size sufficient to obstruct free 
passage, the forward progress of a spermatozoon ceased, 
but the original alignment of the gamete was maintained 
and active flagellation of the tail-piece continued. In some 
cases, small aggregates of several stationary spermatozoa 
-built up at such sites as a result of other cells following 
along the path traversed by a leading spermatozoon. 
Progression was eventually resumed, evidently because 
the spermatozoa broke through the encompassing strain 


lines. The resumption of movement was characterized by 


<a sudden but obvious deflexion of the head-piece, where- 
on the spermatozoon moved rapidly forward in the 
original. direction on a course parallel to the former 
pathway, but laterally displaced about its long axis. 
Where an aggregate had formed, all following spermatozoa 
recommenced progression and were deflected at the same 
point. In no case did we find reversal of the original 
direction of progression during this procedure. Such 
reversal appeared to be prevented by the relative rigidity 
of the tail-piece and the persistence of the alignment of the 
tailpiece within the original pathway until the point at 
which the head-pieco had crossed the strain lines had been 
negotiated. 

As mucus is secreted and expressed through the cervix 
in vivo, stresses imposed will cause an alignment of the 
mucoid molecules along the lines of strain*-*. The lines 
of strain will obviously arise at the mucus epithelium and 
pass caudally to the anterior portion of the vagina. We 
therefore suggest that the majority of the spermatozoa 
which penetrate the mucus will, as a result of their be- 
haviour in following the line of least resistance, be con- 
strained- to follow these pathways and so progress im- 
mediately to the wall of the cervix rather than directly 
to the lumen of the uterus. Subsequent progression 
towards either the vagina or the uterus would then 
be impeded (though not entirely prevented) by the 
series of intervening molecular strands, penetration of 
which would result in re-orientation towards the mucosa 
and only slight lateral displacement. 

Such behaviour of spermatozoa is consistent with the 


a finding of a large population of spermatozoa within the 


‘eervix!3, the non-random distribution of spermatozoa 
within the lumen of the cervix, continued escape of small 
numbers of spermatozoa into the uterus'? and also with 
the retention of the spermatozoan reservoir in the cervix 
despite continual discharge of mucus into the vagina 
which should otherwise tend to remove the gametes. 
This work is part of a programme of research on cervical 
mucus supported by the Population Council Ine., The 
- Rockefeller University, New York. 


P. E. Marrner 


Department of Physiology, 
National Institute for Research in Dairying, 
Shinfield, Reading. 


x gann T. Maré, G. S., and Roux, L. L., Onderstepoort J. Vet. Sei., 1, 135 


*Mattner, P. E., Austral. J. Biol. Sci., 18, 688 (1963). 

* Abercrombie, M., Anat. Ree., 94, 239 (1946). 

Tampion; D., and Gibbons, R. A., Nature, 194, 381 (1962). 

+ Gibbons, R. A., and Glover, F. A., in Flow Properties of Blood and Other 
Biological Systems (edit. by Copley, A. L., and Stainsby, G.), 234 (Perga- 
mon Press, London, 1960). 

* Sobrero, A. J.,in Mechanisms Concerned with Conception (edit. by Hartmann, 
©. G.), 173 (Pergamon Press, London, 1963). 
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BIOCHEMISTRY. 


Model for DNA and Protein Interactions and 
the Function of the Operator 


Tue regulation of gene activity seems to depend, at least 
partially, on specific interactions between DNA: and 
protein. In particular, regulation of protein synthesis: in 
bacteria is probably determined by interaction between 
operator genes and proteins acting as repressors’. It is 
conceivable that the proteins interact directly -with 
specific sequences of nucleotides in the groove of double». 
stranded DNA‘. 

Thero is, however, another possibility suggested by the 
recent determination of the structure of transfer RNA’. 
This single-stranded RNA is known to fold back on itself 
and to give rise to several small double-stranded regions 
where complementary bases are paired. The secondary 
structure which results contains branches and loops which 
are probably responsible for the specific interaction with a 
protein, in this case with the amino-acid-activating __ 
enzyme. ae 

A somewhat analogous model can be postulated for the 
interaction of DNA and protein. If each strand of double- _ 
stranded DNA contains sequences of nucleotides Xi, 


Xa ... Xp, followed first by a few nucleotides x’, «x, 
x”... and then by a sequence complementary to Xy, 
X_... Xp, but in reversed order, an equilibrium between 


the normal double-stranded structure of DNA (A) and a 
branched structure (B) containing segments of DNA 
strands folded back on themselves (Fig. la) would be 
expected. More complicated structures would also. be 
possible; there could be several consecutive branches on 
the DNA, and the primary branches might contain 


GIICACTCTGAAC 


CAAGTGAGACTIG 





{A} 






stabilizing 
protein 


Fig. 1. Equilibrium between continuous double-stranded DNA (structure 
A) and branched DNA (structure B). Unpaired nucleotides are only 
schematically indicated. There may be structural requirements ‘for 
additional unpaired nucleotides in structure B. (a) ¥xample of a simple 
branched DNA: (b) example of DNA with secondary branches. 
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secondary and tertiary branches (Fig. 1b). It is postulated 
that branched structures (B) may determine specific 
interactions between DNA and protein. 

In general, structure B, containing a few unpaired 
nucleotides, would be expected to be less stable than 
structure A. Protein, however, may stabilize structure B 
by association with the DNA, particularly if there is some 
specificity of interaction with the loop containing unpaired 
nucleotides. Such an association might be involved in the 
repression or activation of gene function. For example, 
a branched region of DNA containing the operator may be 
stabilized by repressors to block starting sequences for the 
synthesis of messenger RNA. It is conceivable that there 
are chemical modifications of unpaired nucleotides which 
help to shift the equilibrium toward conformation B, 
making an operator more readily accessible to repressors. 

The model could possibly be applied to other problems. 
For example, some loops could be susceptible to specific 
enzymes such as DNases and methylating enzymes 
‘esponsible for host-specific sensitivity and stability of 

NA‘. The spatial arrangement of DNA in chromosomes 

might partially derive from branched structures of DNA 
abilized by proteins. 
Experiments to test the hypothetical model can be 
based on the prediction that the branches contained in 
structure B should be formed by denatured, single- 
stranded DNA even without external stabilization. Some 
base-pairing in single-stranded denatured DNA has been 
demonstrated’. One might expect that denatured DNA 
would in some cases be more suited to detect the specific 
interaction with protein than native DNA. 

I thank Dr. Friedrich Bonhoeffer for stimulating 
discussions. 
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Ascorbate Stimulation of RNA Synthesis 


IxreresrT in the possible role of histone as an inhibitor of 
DNA dependent RNA synthesis has increased recently*. 
During an investigation of the synthesis of microgram 
‘quantities of RNA by wheat nuclei isolated by the method 
of Johnson et al.? it was observed that the addition of 
0 mmolar ascorbate to the medium in which the nuclei 
rere incubated resulted in a large increase in the amount 
f RNA synthesized (Table 1). No stimulation of DNA 
ynthesis by ascorbate was ever observed even under con- 
ditions of active DNA synthesis. 


Table 1. ASCORBATE STIMULATION OF RNA SYNTHESIS 
maME RNA 
bases Mean 
Zero time controls (nuclei only) 25 25 
Basic medium ps 67 
" Ascorbate” medium 142 150 


157 


The nuelei were incubated in a basie medium containing 6 mmolar ATP, 
10 mmolar ethyl carbamate, 10 mmolar glucose, 10 mmolar ribose, 10 mmolar 
RNA hydrolysate 1 mmolar magnesium sulphate, 50 mmolar phosphate 
buffer pH 6-8, 1 mmolar sucrose, and 0-5 mmolar calcium chloride. In 
addition the “ascorbate” nuclei had 10 mmolar ascorbic acid in their medium, 
Ali incubations were for 120 min at 30° C. The RNA was estimated by a 
modified Schmidt-Thannhauser method. 


During incubation the nuclei remain morphologically 
unchanged, which was shown by microscopic examinations 
of samples stained in pyronine and methyl green, and 
even during periods of active protein synthesis very little 
protein is left in the medium when the nuclei are removed 
by centrifugation (unpublished results of W. O. James). 
hen RNA synthesis is stimulated by ascorbate, up to 
40 percent of the nuclear proteinis released intothe medium. 
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I precipitated this protein with 5 per cent trichloroacetic 
acid, but it was soluble in dilute hydrochloric acid. About 
50 per cent was precipitated at pH 10-6, which indicated 
that at least part of the released protein is histone. The 
protein was further analysed by two dimensional chromato 
graphy of the products of acid hydrolysis. With the solvent 
combination of butanol-acetic acid~water (8:1: 1) 
followed by phenol ammonia‘, ten distinct ninhydrin 
positive spots were located in the total released protein 
and the protein soluble at pH 10-6. The fraction which 
was insoluble at pH 10-6 showed only nine spots, and the 
missing one had the same Rr as glutamate. Arginine’ 
and proline® were identified by specific staining in all 
protein hydrolysates. 

One of the major difficulties in the initiation of nucleic 
acid synthesis with isolated wheat embryo nuclei has been 
the apparent presence of control mechanisms within the 
nucleus’. Ascorbate does not remove these controls and. 
when added to nuclei which are not synthesizing RNA. 
it has no effect at all; neither nucleic acid synthesis nor 
the release of appreciable quantities of protein is induced. 
This is in agreement with the observations of Schopfer*, 
who has concluded that ascorbate removes histone from 
inducible chromatin. 

C. E, Price® 
Department of Botany, 
Imperial College, London. 
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Search for Radiation Deaminations in DNA 


Ir has been demonstrated that the free nucleic acid bases, 
adenine and cytosine, are deaminated in dilute aqueous 
solutions by ionizing radiation!*. Neglecting ring destruc- 
tion reactions, the deaminated analogues (hypoxanthine 
and uracil) are among the chief products of the radiolyses 
of these bases; this suggests a mechanism for mutagenesis 
induced by radiation. It is known that the dilute nitrous 
acid treatment of the free bases, adenine, guanine or 
cytosine, leads to the production of the corresponding 
hydroxyl compounds, hypoxanthine, xanthine and uracil, 
respectively*4. Nitrous acid treatment of intact tobacco 
mosaic virus actually results in the formation of mutants®. 
In addition, alteration of the amino-acid sequence in the 
protein of the mutant virus has been demonstrated®. 
Deaminations induced by radiation should play the same 
part as deaminations induced by nitrous acid. 

We decided to search for evidence of deamination 
induced by radiation in water solutions of intact DNA. 
To make the search as sensitive as possible, our work was 
carried out on DNA labelled with carbon-14. We looked 
for the appearance of the specific deaminated nucleotide. 
5’-deoxyuridylic acid (5’-dUMP), from the 5’-deoxy- 
eytidylic acid (5’-dCMP) of the DNA, because the 5’-dUMP 
is available commercially for use as a carrier in chromato- 
graphic work. The other possible deaminated nucleotides 
from DNA, deoxyinosinic acid and deoxyriboxanthine 
phosphate, are not commercially supplied. In addition 
cytosine gives a very high radiation yield of its deaminated. 
analogue, uracil. It therefore appeared that our chances. 
of finding deamination might be greatest in the trans- 
formation of deoxycytidylic acid to deoxyuridylic acid. 

The labelled DNA was prepared by exposure of Chlorella 
to labelled carbon dioxide; hydrolysis of the algae (2 ml. 
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‘of wet packed. cells containing 75 me.) by heating for 
16:h at 100° C with 200 ml. of concentrated hydrochloric 
acid in an evacuated, sealed tube; inoculation of the 
hydrolysate (after removal of the hydrochloric acid and 
sterilization) with a culture of E. colt, and removal of the 
labelled DNA from the bacteria by the method of Kirby’. 
We obtained for this work 1-98 mg of labelled DNA with 
a specific activity of 14-2 uc./mg. 

Hydrolysis of the labelled DNA, both before and after 
irradiation, was carried out as follows: the DNA (in 
aqueous solution) was hydrolysed, for 15 min, to short- 
chained polynucleotides by bovine pancreas deoxyribo- 
nuclease by the method of Kunitz’. Venom phospho- 
diesterase was then added to complete the hydrolysis (2 h) 
to the 5’-mononucleotides, by the method of Koerner and 
Sinsheimer*. Paper chromatography on the hydrolysate 
was carried out on Whatman No. 1 paper using the 
solvent systems: n-butanol, acetic acid and water 
(2:1:1, v/v/v) and isopropanol, water and 12 normal 
hydrochloric acid (65-0 : 18-4 : 16-6, v/v/v). The positions 
of radioactive spots on the chromatograms were determ- 
ined by autoradiography (Kodak ‘Blue Sensitive’ 
medical X-ray film), and the positions of ultra-violet 
absorbing compounds (which includes all the nucleotides, 
nucleosides and free bases) were found by viewing the 
chromatogram over an ultra-violet lamp in a dark-room. 
Radioactivity in the chromatographic spots was de- 
termined with a Geiger-Muller counter. 

All irradiations were performed on 38 ug samples (con- 
taining 0-5 uc.) of the labelled DNA dissolved in 50 ul. 
of water. The samples were frozen (without removal of 
dissolved air) into small ‘Pyrex’ tubes, which were then 
evacuated and sealed. Irradiation was carried out in the 
10 ke. cobalt-60 y-ray source at the Department of 
Radiochemistry. 

Controls of the labelled DNA preparation were made 
in the following manner. A sample of the non-irradiated 
and unhydrolysed material was chromatographed, to- 
gether with 75 yg of 5’-dUMP, using the foregoing two 
solvent systems. About 50 per cent of the material 
remained at the chromatographic origin (as DNA should), 
about 25 per cent was smeared with the isopropanol and 
hydrochloric acid, and another 25 per cent appeared as 
distinct spots at various locations on the chromatograms, 
but no trace of radioactivity was detectable in the carrier 
deoxyuridylic spot. A sample of the non-irradiated 
labelled DNA was hydrolysed by the deoxyribonuclease 
and venom phosphodiesterase method. Chromatography 
of this material (together with carrier, unlabelled 5- 
dUMP) showed that only a trace (about 1 per cent) of 
radioactivity was left at the origin. Aboat 50 per cent 
of the total activity appeared in four major spots that 
were identified as the four: nucleotides (5’-dAMP, 5- 
dTMP, 5’-dGMP, and 5’-dCMP). The remaining radio- 
active spots were not identified. Again, no radioactivity 
was detectable in the carrier 5'-AUMP. Two labelled 
DNA samples were irradiated at 10° rads, and two at 
2x 108 rads, to serve as the “irradiated-but-not-hydro- 
lysed’? controls. Chromatography of the resultant 
material gave, on all four samples, chromatograms very 
similar to those of the non-irradiated and unhydrolysed 
labelled DNA. Again, no radioactivity was detected in 
the spot of carrier 5’-dUMP that was added after the 
irradiations. 

Two samples each of labelled DNA were irradiated 
at 1, 2 and 3 x 10* rads (delivered for 10-30 h). These 
doses were chosen because the maximum deamination of 
free cytosine was observed in this range*. After irradiation 
the samples were subjected to the hydrolysis and 
chromatography described previously. All the resultant 
autoradiographs were more complicated because of a 
profusion of spots and by a less effective DNA hydrolysis 
than were the hydrolysed controls. (The less efficient 
hydrolysis of the irradiated DNA is in accord with a 
similar observation of Shrage'®.) In none of the six 
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chromatograms was there detectable radioactivity in the 
added 5’-dUMP carrier, however. The- carrier spots were 
counted in conditions where we could detect a conversion 
of 0-1 per cent of the DNA 5’-dCMP into 5'-dUMP. This 
sets an upper limit (G < 0-001) to the amount of deamina- 
tion of cytosine in intact DNA that could be taking place 
under the conditions of our experiments. It is probable, 
therefore, that nucleic acid deaminations do not play the 
part in radiation genetics that was suggested by earlier 


observations of the radiation deamination of the free, 


bases. 
This work was supported, in part, by the U.S. Atomic 
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Antiparallelism of Chains in Polyglycine II 


PoLyGLycrxe II was shown to be a new structural form of 


polyglycine on the basis of its characteristic X-ray 
diffraction pattern? and infra-red spectrum'*. On the 
basis of the spacings in the powder diffraction pattern’, 
Crick and Rich? proposed a model for this structure 
consisting of parallel polypeptide chains, each with a. 
three-fold screw axis, packed in a hexagonal array. A 
slight modification of this structure has recently been ` 
suggested‘, although the parallel chain characteristic was 
retained. We wish to draw attention to experimenta 
evidence which requires that antiparallel chains be presèn 
in polyglycine IT. ™ 
During our investigations of the infra-red spectrum of. 
polyglycine II, we have found that mild mechanical treat- 
ment of a film (for example, stroking) will induce a trans- 
formation to the 8 form. A similar result was obtained | 
previously’, and this behaviour is consistent with the 
inability to produce an oriented fibre of polyglycine IT | 
(ref. 1). The infra-red spectrum of the B form of poly- | 
glycine has a characteristic parallel dichroic band. at 
1,685 cm- (ref. 2) which is almost certainly associated 
with the presence of an antiparallel extended chain 
structure®-*, Since the mechanical treatment required to 
transform polyglycine II to the 8 form is most unlikely’ 
to produce an inversion of the direction of a chain with 
respect to its neighbours, we are led to conclude that. 
antiparallel chains are also present in polyglycine II. The 
transformation of polyglycine II to the 8 form by mechani- 
cal treatment would then simply involve the rotation of% 
peptide groups from the hydrogen bonding positions of 
the TI structure to those of the antiparallel chain § form, 
which is readily feasible. It should be noted that the: 
original structure proposed for polyglycine IT can accom, 
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modate.antiparallel chains without any significant change 
in the nature of the hydrogen bonds’, so that an anti- 
parallel chain structure would be comparable in stability 
with one with parallel chains. 
_ Additional evidence for the presence of antiparallel 
ains comes from studies of the crystalline morphology of 
olyglycine II. These studies have shown? that poly- 
glycine II can form lamellar single crystals about 60 A 
k with the axis of the chain normal to the plane of 
he crystal. Since the molecule in its helical conformation 
s much longer than 60 A (at least 500 A in this case), this 
provides unambiguous evidence that the polypeptide chain 
s folded in the crystal’. The implication, therefore, is 
hat neighbouring chains in the single crystal can be 
antiparallel. If such morphology occurs in normal 
preparations, we must conclude that antiparallel chain 
wrangements will generally be found in polyglycine IT. 
inally, infra-red studies of the possible existence of 
H- O hydrogen bonds in polyglycing II show that 
ere are bands in the spectrum which cat be associated 
th bonded CH, groups as well as bands which are to be 
elated with non-bonded groups. The former are 
nt with the presence of suggested C—H -O 
rdrogen bonds in a structure with parallel chains’, 
while the latter require that some chains be antiparallel 
o each other. 
The evidence above suggests that antiparallel chains 
Must. comprise a significant component of the structure 
f polyglycine II. Because the chain arrangement in 
polyglycine II is closely related to that of collagen, for 
which only parallel chain structures have been pro- 
posed?*-11, it is obviously desirable to determine in greater 
_ detail whether a.three-stranded collagen-type helix can 
_ be constructed with one strand antiparallel to the other 
two.. Such a structure seems to be feasible’. 
T thank G. N. Ramachandran for helpful discussions. 
research was supported by grants from the U.S. 
'ublic Health Service and from the U.S. National Science 
indation. 
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Partial Reversal of the Thymineless State 
in vivo 

METHOTREXATE (amethopterin) blocks the activity of 
| the enzyme dihydrofolic reductase and thereby interferes 
ith a number of metabolic reactions involving the 
transfer of carbon atoms, including the production of 
hymidylate, de novo purine biosynthesis, and inter- 
onversions. of several amino-acids. Partial reversal of 
oxicity induced by antifolics such as methotrexate by 
he addition of purine and thymine sources has been 
eported for amphibian! and avian? embryos, but similar 
xXperiments with rat embryos were unsuccessfult. The 
eficiencies induced by methotrexate can be completely 
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reversed in mammalian tissue culture systems, however, 
by the inclusion in the nutrient fluid of a purine source, 
certain amino-acids, and a thymine source, usually: 
thymidine’-*. If thymidine is omitted from the medium, 
a deficiency develops, sometimes called the thymineless 
state, in which the cells begin to die after approximately 
one generation time. It seemed desirable to attempt to 
reproduce this condition in vivo, in order better to define 
the mode of action of methotrexate, as well as to provide 
information which might be used to control cell growth 
in vivo. 
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Fig. 1. The effect of diet on methotrexate toxicity in hamsters. Each 


animal in the two groups treated with methotrexate received 0-25 mg of 

the drug/day, by intraperitoneal injection, until death or termination 

of the experiment. Purina laboratory chow (‘laboratory chow”) or 

General Biochemicals normal protein test diet (“defined diet’) were 
fed freely. Each group contained four animals. 
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Fig.2. Exeretion of labelled thymidine as labelled carbon dioxide by the 
hamster. The cumulative total of carbon dioxide excreted is plotted 
against sample times of 30, 60 and 120 min. Each hamster (average 
weight 36 g) received 2 moles of 2-'*C-thymidine (specific activity 
1-25 mce./mmole) in one ml. by intraperitoneal injection at zero time, 
and was placed immediately in a metabolism chamber. Excreted carbon 
dioxide was collected by bubbling through 6 normal sodium hydroxide 
solution, which was diluted ten times and assayed for radioactivity in a 
liquid scintillation counter, Approximately 6 per cent of the injected 
radioactivity appeared in the urine after 3 h (not shown), bringing the 
total recoyered to 71 per cent. A further sampling for 2 h in one. 
experiment recovered only 3 per cent. Data plotted represent the 
average of two experiments. 
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Fig. 3. Reversal by thymidine of wasting induced by methotrexate in 
hamsters. Each treated animal received 1 mg of the drug/day, for a 
total of 6 days, by intraperitoneal injection. One millilitre of 0-1 molar 
thymidine was administered every 12 h; injections were intraperitoneal 
talven with the methotrexate) and subcutaneous alternately. The diet 
was 95 per cent General Biochemicals normal protein test diet, 1 per 
cent adenine; 1 per cent glycine; 1 per cent 1-methionine; and 2 per 
cent I-cystine. The curves represent averages of three experiments, 
each with five animals in a group. 


The principal criterion for the thymineless state is that 
the thymine source be both necessary and sufficient for 
continued normal growth of the animal; in the present 
investigation normal weight gain was used as an indication 
of growth. During our experiments the animals were 
given other metabolites in which they might be expected 
to be deficient as a result of the action of methotrexate. 
These included adenine (a purine source) and glycine. 
methionine and cystine. These amino-acids were selected 
because they are involved, at least indirectly, with one- 
carbon transfer, and because the protein component 
(casein) of the test diet was relatively deficient in them. 
Thymidine was given by injection, either intraperitoneally 
or subcutaneously, and methotrexate (Lederle) was 
dissolved immediately before the intraperitoneal injections. 

The first experiments to determine the effect of metho- 
trexate and diet on hamsters (Fig. 1) indicated that the 


choice of diet may have a large effect on toxicity of 


methotrexate. At the dose rate of 0-25 mg/day (10 mg/kg) 
it was difficult to kill hamsters on a diet of laboratory 
chow. In order to define the conditions more carefully. 
the animals were given a diet which was supplemented as 
described above and in the legend of Fig. 1, and the dose 
of methotrexate was increased to 1 mg/day. The diet 
was somewhat toxic after long and continued feeding, and 
so the animals were returned to the normal protein test 
diet after the injections of methotrexate and thymidine 
had been stopped. Initial attempts to reverse the toxicity 
of methotrexate involved intraperitoneal administration 
of a single dose of thymidine, 100 umoles/day, given with 
the methotrexate, without significant reversal of toxicity. 
Thymidine is degraded quite rapidly in the rat liver, 
and so we suspected that this also occurred in the hamster. 
. 
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To verify the operation of this pathway in our system the 
experiment described in Fig. 2 was carried out. Although 
the recovery of label in carbon dioxide was not as great as 
that reported for the rat by Morse’, it does indicate that 
injected thymidine is degraded to a large extent in the 
young hamster. Accordingly, an extra dose of thymidine 
each day was tried, this time administered subcutane- 
ously. This was expected to bypass, at least temporarily © 
and in part, this large capacity for catabolizing thymidine. 
These experiments did reveal a substantial reversal of the 
methotrexate toxicity, as shown in Fig. 3. 

The incompleteness of the reversal could be the result of 
any of several possibilities: the inability of certain classes 
of cells vital to growth to utilize the injected thymidine 
(for example, because of a lack of thymidine kinase) or 
one or more of the other metabolites supplied; failure of 
one or more of these compounds to reach all the cells 
requiring them (possibly from excessive catabolism); . 
or an as yet unknown deficiency induced by methotrexate... 
The present data do not permit a choice to be mad 
from these alternatives, but it is possible that t 
principal site of damage may include cells involved) 
in the immune response; the spleen was almost 
completely destroyed in hamsters that received metho 
trexate. Further evidence pertinent to this is that {a)- 
the overall picture in these hamsters bears a close resem- ~ 
blance to the wasting induced in young hamsters by 
thymectomy, and (b) such thymectomized hamsters 
appear to die from failure of the immune response"), 

We thank Mr. W. Bell, Mr. David Boyd and Mrs. 
Sandra Wright for technical assistance. 
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Long Term and Short Term Effects on 
Retention of a Conditioned Avoidance 
Response in Rats by Treatment with Long 
Acting Pitressin and «MSH 


ATTENTION has recently been focused on the offect of 
peptides on conditioned avoidance behaviour. It has 
been shown that adrenocorticotrophic hormone (ACTH) 
administered during avoidance learning results in a delay 
of extinction of a conditioned avoidance response (CARP. 
We found that the rapid extinction of a CAR which 
occurs after posterior lobectomy or hypophysectomy can 
be prevented by treatment with ACTH, melanocyte 
stimulating hormone (a-MSH) or lysine vasopressin 
given during the extinction period?. Our observations 
indicate that the effect of ACTH which results in a delay 
of extinction of the CAR is located in the N-terminal part 
of the peptide, presumably within the first ten amino- 
acidst*. The effect of lysine vasopressin or pitressin 
(posterior pituitary extract) administered during the 
extinction period appeared to be similar to that of ACTH 
and related peptides*. Accordingly, it was considered of 
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interest to investigate whether the effect of vasopressin 
‘and’ of an ACTH-like peptide on extinction of the CAR 
involves the same mechanisms despite the structural 
difference of these two peptides. 

“Male albino rats of an inbred Wistar strain weighing 

120-150 g were used. Avoidance conditioning was carried 
out in a shuttle box. The box was divided into two 
equal compartments by a 2 in. wide barrier!. The floor of 
ach compartment contained a grid through which the 
‘unconditioned stimulus of shock (25 V, 1-8 m.amp) could 
be delivered to the feet of the rats. The conditioned 
‘stimulus was the sound of a buzzer which lasted for 5 sec 
before the unconditioned stimulus was given. The con- 
ditioned stimulus was terminated as soon as the rats had 
crossed the barrier between the compartments. When the 
‘response occurred within 5 see the rats avoided shock. 
“Animals were placed in the shuttle box 1 min before the 
sessions. Ten trials were carried out each day with fixed 
“intervals between them, averaging from 40 to 80 sec, 
“given in a predetermined random sequence. The acquisi- 
tion period was run till the rats had satisfied the criterion 
of learning, that is, 80 per cent or more avoidances during 
three consecutive sessions. Rats which satisfied the 
ériterion of learning were subjected to the first extinction 
period on the day after they had satisfied the criterion. 
Extinction trials were run with the same schedule as that 
“used during acquisition, except that the unconditioned 
timulus of shock was not given. If rats had not 
„crossed the barrier within 5 sec, the conditioned stimulus 
‘was terminated. The first extinction period lasted for 

14 days. Twenty-one days after the first extinction period 

the retention of CAR was tested in a second extinction 

period. This consisted of three sessions of 10 trials each. 

The. schedule and procedure of this second extinction 
period were the same as during the first one. 

‘The. total number of conditioned avoidance responses 
seored during either acquisition, the first or the second 
éxtinction period served as an index of avoidance be- 
haviour. Significant differences of mean CARs between 
the different groups were determined with Student's 
t test. 

The following substances were used: pitressin tannate in 
-oil (Parke, Davis and Co.) in a dose of 1 ru/rat; synthetic 
_ a-MSH (Ciba) in a dose of 10 pg as a long-acting zinc 
_ phosphate preparation. Zinc phosphate complex served 
tas the placebo’. Substances were administered either 
during acquisition or during the first extinction period. 
Rats treated during acquisition received the first. injec- 
“tion 18 h before the first session and subsequently every 
other day till the criterion of learning was satisfied. 
‘Rata treated during the first extinction period had the 
first injection immediately after the last session of the 
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treated with pitressin, a-MSH or placebo during the first extinction 
period. 


acquisition period and treatment was repeated every 
other day during the 14 days of the first extinction period. 

In the first experiment, 25 rats were randomly treated 
with pitressin, «-MSH or placebo during the acquisition 
period. No effect of the treatment on the number of 
CARs or on the number of trials required to achieve the 
criterion of learning was found (Table 1). The treatment 
with pitressin, however, markedly affected the performance 
of the CAR during the first extinction period (Fig. 1). 
The CAR did not become extinct. In contrast, treatment: 
with «-MSH or placebo led to a gradual decrease in the 
number of CARs. No significant difference betweeri 
these two groups was observed. The total number of 
CARs scored by the three groups of rats is summarized 
in Table 2. The effect of the treatment on the second 
extinction period 21 days after completion of the first 
one is also shown in Table 2. Significant retention of the 
CAR was found in rats which were treated with pitressin 
at least 35 days previously. Rats treated either with 
a-MSH or with the placebo exhibited almost no retention: 
of the CAR. 

In the next experiment twenty-six rats which had 
satisfied the criterion of learning were treated randomly 
with one of pitressin, «-MSH or the placebo during: the 
first extinction period. The administration of both pitres- 
sin and «-MSH inhibited extinction of the CAR (Fig. 2).. 
The mean number of CARs, scored in pitressin. and in 
animals treated with «-MSH, did not differ significantly. 
During the second extinction period carried out 21 days 
after the first one, animals treated with pitressin had 
retained significantly more CARs than those treated with 
either «-MSH or placebo (Table 2). 


Table 1. EFFECT OF PITRESSIN, a-MSH AND PLACEBO TREATMENT ON THE 
ACQUISITION OF A SHUTTLE BOX AVOIDANCE RESPONSE 


Acquisition 


Treatment No. of rats trials CARs 
Pitressin 9 55-5 + 2-9" 33-4423 
a-MSH 10 60-0 + 4°7 30-3 + 3-1 
Placebo 6 58-3 + 6-0 35-8 25 


* Mean + standard error of the mean. 


Table 2. EFFECT OF PITRESSIN, a-MSH AND PLACEBO TREATMENT ON 
EXTINCTION AND RETENTION OF A SHUTTLE BOX AVOIDANCE RESPONSE 


First extinction Second erino 


Treatment No. ofrats trials CARs trials CA 
(1) During acquisition 
Pitressin 9 140 126543-1* 30 20-3 +19 
a-MSH 10 140 50580 30 $3417 
Placebo 6 140 43-8 + 0-9 30 2820-9 
(2) During extinction 
Pitresasin 9 140 1310+20 30 PEA E E 
a-MSH 9 140 127-3422 30 41-10 
Placebo 8 140 57-0434 30 1O+0°6 


* Mean + standard error of the mean. 
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The results. of these. experiments indicate that treat- 

“Ment. with pitressin tannate in oil preserves a con- 
ditioned avoidance response irrespective of the time of 
“treatment while -MSH appears to inhibit extinction 
only when animals are treated with the peptide. A 
significant retention of the CAR was still found 3-5 
weeks after cessation of treatment with pitressin, while no 
retention occurred in animals treated with either «-MSH 
or placebo. It could be argued that the difference between 
pitressin and a-MSH in this respect had been the result 
of the difference in avoidance behaviour during the 
first. extinction period when animals had been treated 
during acquisition. This objection, however, is not valid, 
for the treatment with the two substances during the first 
extinction period which had an identical effect on avoidance 
behaviour produced a similar result in the second extinc- 
tion period, that is retention of the CAR only in rats 
treated with pitressin. 

. These observations suggest that the mechanism by 
which pitressin and «-MSH affect conditioned avoidance 
behaviour is basically different. The fact that rats 
treated with pitressin retained the learned response for a 
considerable time after treatment may indicate that the 
response was better fixed in these rats than in either the 
a«-MSH or placebo treated animals. These observations 
may, therefore, indicate that the effect of pitressin on 
extinction. could be the result of influences exerted on 
processes involved in the formation of the so-called 
“long-term”? memory. If this hypothesis is correct, this 
posterior pituitary extract may contain peptide(s) which 
interfere with long-term memory storage of learned 
responses while anterior- and intermediate pituitary 
peptides of an ACTH-like configuration participate in 
“short-term” (memorization from trial to trial ?) processes. 

Whether vasopressin is responsible for the behavioural 
effect of pitressin cannot be determined. Although it has 
been shown previously that long-acting purified lysine- 
vasopressin exhibits similar effects on extinction of an 
avoidance response as pitressin tannate®, experiments 
with a long-acting synthetic vasopressin preparation are 
needed to ascertain that the behavioural effect of pitressin 
is due to this octapeptide. 

D. pe WED 
B. Bonus* 


Department of Pharmacology, 
Medical Faculty, 

University of Utrecht, 
Vondellaan 6, Utrecht, 

The Netherlands. 


*Research Fellow of the Organization for the Advancement of Pure Research 
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Enzyme Inactivation of Aspermatogenic 
Antigen 


ImmunorLocIcaLLY induced experimental aspermatogene- 
sis offers an excellent model for the exploration of auto- 
immune diseases’. Moreover, interest in reproductive 
antigens with respect to problems of fertility and sterility 
is increasing’. It is therefore pertinent to acquire 
information concerning the chemistry of the antigens 
related to this model auto-immune disorder and to repro- 
ductive potential. We have already described the 
aspermatogenic antigen (ASA) as a polypeptide—saccharide 
moiety’ and have also recognized a lipid as part of 
this molecule (unpublished experiments). We report here 
the ability of certain enzymes to inactivate ASA. 
e 
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ASA was extracted: and tested for biological activity as 
described previously*. For the enzyme investigations, 
appropriate buffers were prepared according to established 
procedures‘, 6 mg of each enzyme (indicated below) were 
added to the respective buffers, 20 mg of ASA were 
dissolved in the buffer-enzyme solution and the mixture 
was incubated for 18 h at the temperature appropriate 
for each enzyme. After incubation, the mixture was 
emulsified in an equal volume (1-1 ml.) of Freund-type 
adjuvant and injected into each of two male guinea-pigs. 
This procedure was repeated at least once and as many 
as four times for each enzyme. Control animals were 
injected concurrently with ASA and buffer solution 
(without enzyme) in adjuvant. After 2 months, the 
animals were killed and testicular damage was rated as 
described previously*. 

Results can be summarized as follows. L-Amino-acid 
oxidase, leucine amino peptidase, papain, ficin, pronase, 
cellulase, alkaline phosphatase, and venom phosphodi- 
esterase completely inactivated ASA in thirty-eight of 
the animals tested. Alpha-amylase, §-glucosidase, phos- 
pholipase and lipase were almost as effective in hydrolysing 
ASA as the above enzymes: only one animal in each 
group of five exhibited testicular lesions. Trypsin and 
chymotrypsin inactivated ASA in eight out of sixteen 
animals. Pepsin (4h incubation), D-amino-acid oxidase, 
polyphenol oxidase, carboxypeptidases A and B, prolidase, 
6-amylase and phosphorylase did not inactivate the 
antigen in thirty-nine of the animals investigated. All 
control animals were aspermatogenic. 

These findings can be interpreted to mean that. for 
antigenic activity the following requirements must be 
met: an L-amino-acid in terminal position; leucine in 
terminal or near terminal position; the presence of basic 
amino-acids in the polypeptide chain; a §-glucosidic 
linkage; 32a-1,4 linked p-glicose units; a phosphate 
linked to the lipid; the peptide-sugar-lipid structure of 
ASA must be maintained. Also pertinent is the following 
information: tyrosine (although present in the molecule) 
is not essential; free carboxyl groups are either not 
present or not essential; proline and hydroxyproline 
appear not to be required. 

This and related work is being extended to relate 
antigenicity to auto-immune disease and to reproductive 
capacity. 

This work was supported by grants from the Ford 
Foundation and the U.S. National Science Foundation. 
Richard Trow provided laboratory assistance. 
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Non-mycobacterial Adjuvant which mediates 
Experimental Aspermatogenesis 


EXPERIMENTALLY induced “allergic” aspermatogenesis is: 
being accorded increasing attention as a model for auto- 
immune disorders, Considerable effort has been spent on 
characterizing the aspermatogenic antigens', but the 
contribution of adjuvants has received less attention. 
Certain plant oils can replace the paraffin oil of Freund’s 
adjuvant’, but the bacterial component of Freund’s 
adjuvant (M. tuberculosis, M. butyricum) is not effectively 
substituted®. 

Apart from its fundamental importance in revealing the 
mechanism of mediation by adjuvants in immunological 
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responses, interest in adjuvants has some practical 
significance relating to their use in humans. In this 
respect there could be objections to the use of mycobac- 
teria. Many of these objections could be circumvented 
< Afa non-acid-fast bacterium could be employed. Prelimin- 
i ary studies with Corynebacterium rubrum‘ led to the 
- investigations reported here, which provide evidence 
that this organism effectively mediates aspermatogenesis. 
The bacilli were grown in Roux bottles on nutrient 
-broth containing 1 per cent glycerine. After incubation 
~ for 5 days at 24° C, they were collected by centrifugation, 
“washed, lyophilized, and extracted by one of two proce- 
‘dures. In one procedure, an adaptation of Anderson’s 
technique for extraction of tubercle bacilli’, they were 
extracted exhaustively by magnetic stirring at room 
temperature in a 1:1 mixture of anaesthetic ether and 
95 per cent ethanol. They were transferred to a Soxhlet 
apparatus and extracted with chloroform, and finally, 
a portion of these delipified bacilli were refluxed for 5 h in 
acidified ether and alcohol to remove their bound lipids. 
Those procedures provided ether and alcohol and chloro- 
©. form extracts, ‘‘delipified” bacilli, and ‘“‘super-delipified”’ 
= bacilli: The other extraction procedure consisted of 
successive exhaustive extractions of the bacilli in the 
Soxhlet apparatus with acetone, methanol, benzene, and 
cyclohexane, to provide the corresponding lipids. Al 
extracts were freed of bacillary residue by Seitz filtration 
before they were dried first in a vacuum and then in a 
stream of carbon dioxide. 













Table 1. MEDIATION OF ASPERMATOGENESIS WITH ADJUVANT* CONTAINING 


HOLE, OR FRACTIONS oF, C. rubrum CELLST 


<No. of Range of average Testicle 
guinea- C. rubrum cells or fractions weights of paired damage 
pigs injected (mg/animal) testicles (g) rating 
14 Corubrwm cells O25 27 (14-45) O-4 
4 n s G50 30 (14-42) 0-4 
4 a N 10 1-9 (14-31) O4 
4 ” s+ 15 1-4 (1-0-2-0) +3-+4 
7 Methanol extract 0-5 4-0 (3-0-4-6) Alo 
6 Acetone extract O5 4-6 (4-0-5°3) ALO 
3 Benzene-cyclohexane extract 05 4:7 (8-5-5-8) AH O 
3  Ether-aleohol extract 1-0 4-0 (3-7-4-2) Al O 
3 Residue of extracts 05 1-2 (091-7) All +4 
11 Chloroform extract 0-5 1-6 (1-1-2-8) +3-+4 
4 Delipifiedt C. rubrum O65 1-5 (1-2-1-9) +3-4+4 
7 «©Superdelipified į C. rubrum 05 3-9 (17—46) -+3 


* Paraffin oil and emulsifier. 

+ Antigen is guinea-pig testicular homogenate. 
+ "Delipifled’ signifies bacilli from which unbound lipids had been 
removed: “superdelipified” signifies those treated to remove bound lipids. 








: Table 1 is a summary of the experiments in which whole 
cells or fractions of cells were incorporated into the oil 
phase (8-5 ml. of paraffin oil : 1-5 ml. of ‘Arlacel A’). The 
antigen used was whole guinea-pig testicular homogenate 
vyhich was emulsified with the adjuvant as previously 
deseribed and injected intracutaneously in the nuchal 
-atoa in l ml. portions delivered to six to eight sites. Two 
months after injection, the animals were killed, the testes 
were removed and weighed, and the testicular damage was 
recorded according to our established procedure in which 
maximum damage rates as +4 and in which lower num- 
bers denote progressively less effect with zero indicating 
no departure from the normal histological pattern for 
untreated guinea-pigs. 

The data in Table 1 show that 1-5 mg of whole ©. 
rubrum cells produce a consistent depression of spermato- 
genesis. Materials extracted from the cells by methanol, 
acetone, benzene, cyclohexane, and ether did not mediate 
testicular damage. The residue remaining after such 
extractions, however, elicited aspermatogenesis; a mater- 
ial which could be extracted with chloroform was also 
highly active, as were bacilli from which free lipids had 
been removed (‘‘delipified” in Table 1); but extraction 
to remove bound lipids (‘‘superdelipified’ in Table 1) 
either removed or destroyed the active factor. 

These results suggest that C. rubrum can successfully 
substitute for mycobacteria in adjuvants designed to 
elicit antibody response and, in particular, to induce 
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auto-immune cell damage. The advantages. of the use 
of this bacterium include prevention of cross-reactivity 
with acid-fast organisms, which is an undesirable result of 
the use of Mycobacterial adjuvants. The chemistry of the 
bacterial components from C. rubrum that mediate the 
immune response is incompletely elucidated, but the 
experimental results reported here suggest further lines of 
investigation. 

This work was supported by grants from the Ford 
Foundation, the U.S. National Science Foundation and 
the U.S. Public Health Service. 
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Action of Pancreozymin Preparations on 
Gastric Secretion 


PANCREOZYMIN and cholecystokinin (PZ/CCK) prepara- 
tions are known to depress the motility’ of both intact 
stomachs and denervated gastric pouches, It has been 
claimed that these preparations depress gastric acid 
secretion’, and it is possible that they either are or con- 
tain enterogastrone. 

During investigations of the action of pancreozymin 
and cholecystokinin on pancreatic secretion in dogs with 
simple gastric fistulae, we found marked stimulation. of 
gastric acid secretion in certain circumstances. This has 
been repeated in simple gastric fistulae and Heidenhain 
pouch animals without panereatic fistulae. 

In the unstimulated stomach with a simple gastric 
fistula an increase in PZ/CCK dose from 0:5 to 4 v/min 
(administered intravenously) causes a small but definite 
increase in gastric acid secretion (Table la). If 2 yg/min 
of methacholine is also given intravenously, the stimu- 
lating effect is very much greater (Table 1b). Methacholine 
at this dose has only a slight effect on gastric acid. In 
dogs with a Heidenhain pouch, results were. almost 
identical; without methacholine, pouch secretion was not 
increased by pancreozymin and cholecystokinin, “but 
together with intravenous methacholine it did increase 
secretion when the dose was low (0-25-2 u/min), although 
as the dose was increased the rate of secretion decreased 
(Table 2b). Heidenhain pouch secretion in unstarved dogs 
without methacholine (Table 2a) was not influenced by 
doses from 0-5 to 4 u/min given intravenously. 

In these experiments we used Boots pancreozymin, 
Vitrum Cecekin and a highly purified preparation. The 
latter contained 1,500 Ivy dog units of cholecystokinin 
and 6,000 Crick Harper and Raper units of panereozymin 
activity/mg*. All three preparations demonstrated the 
same action on gastric secretion. 


Table 1. EFFECT OF PANCREOZYMIN AND CHOLECYSTOKININ ON GASTRIC 
ACID (MOLECULAR EQUIV./5 MIN) FROM DOGS WITH GASTRIC FISTULAE 


(a) Without methacholine 


Dose (v/min) 

Dog 0 0-5 1 2 4 
Iv 0-07 0-08 O15 0-88 0-84 
2B 0-00 0-01 0-04 O14 O31 
3B 0:05 0-07 0-08 0-16 019 

{d) With continuous methacholine 
IV 0-19 — 0-49 0-69 2-75 
2B 0-06 — 1-51 1-39 1-40 
3B 0-07 0-61 0-54 — 9:50 
4B — 0-26 0-39 0-96 1-46 


Dose of methacholine, 2 xg/min, given intravenously, 
. 
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Table 2... ERvect OF PANCRROZYMIN AND CHOLECYSTOKININ. ON GASTRIC 
ACID (MOLECULAR EQUIV./5 MIN) FROM HEIDENHAIN POUCHES 


(a) Unstarved dogs without methacholine 
Fees semin) 


Dog 0 2 4 
Bi 0-25 0-19 Old 0-23 0-18 
B2 O31 0-23 0-16 0-23 0-37 

{ò} Starved dogs with continuous methacholine 

Dog 0 0:25 Q5 1 2 4 
Ji 02 — — 0-40 1-29 = 
J2 02 — 0-25 — 0-47 0-10 
B3 0-6 O21 0-42 017 ae oo 
J4 a4 —_ — a O84 0-48 

(0-5 ng of methacholine/min) 
J4 10 — — 012 0-28 0-38 


Dose of methacholine, 2 g/min, given intravenously. 


These results suggest that pancreozymin and chole- 
eystokinin increase the secretion which is already occur- 
ring in the stomach. This action is most marked in 
the innervated stomach or when the stimulus for secre- 
tion is cholinergic. When the dose is large, depression of 
secretion is often seen in dogs with a Heidenhain pouch. 
The depression threshold seems to vary from dog to dog 
(Table 26). 

The most obvious effect, therefore, of the pancreozymin 
and cholecystokinin preparations tested on gastric acid 
secretion is not inhibition, as would be expected if the 
preparations contained enterogastrone, but stimulation, 
which suggests that these preparations may contain 
duodenal gastrin. 

D. F. MAGEE 
M. NAKAMURA 


Creighton University School of Medicine, 
Omaha, Nebraska. 
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Steroids of Invertebrates : the in vitro 
Production of ll-Ketotestosterone and Other 
Steroids by the Eggs of the Slug, Arion 
ater rufus (Linn.) 


THE occurrence of steroids in invertebrate gonads has not 
been extensively investigated. Chemical assays of the 
ovaries of echinoderms, molluscs and crustacea, however, 
have suggested the presence of oestrogenie material!. 
Extracts of the eggs of the crustacean Homarus ameri- 
canus (lobster)? showed oestrogenic activity, tentatively 
identified as caused by oestradiol 178. Biological assays 
of chromatographically purified ovarian extracts of the 
echinoderms Pisaster ochraceous (starfish)*, Strongylo- 
centrotus franciscanus (sea urchin) and the molluse 
Peetenhericius (scallop)! have suggested the presence of 
both oestrogens and progesterone. Recent investigations 
of sea urchin and molluse (oyster) sperm® indicated the 
capacity of this tissue to metabolize the mammalian steroid 
oestradiol 178 and testosterone in vitro, to oestrone and 
androstenedione, respectively. We have found that the 
hermaphrodite gland of the molluse Arion ater, during 
the male phase of reproduction, was capable of testo- 
sterone biosynthesis from suitable labelled steroid pre- 
cursors, and in in vitro incubation conditions was also 
capable of producing dehydro-epiandrosterone and 20a- 
hydroxyprogesterone from endogenous precursors (work 
to be published by Sandor, Gottfried and Lusis). The 
present report concerns the in vitro production of steroids 
from. endogenous precursors by the female-phase repro- 
ductive products (ova) of the hermaphrodite gland of 
Arion ater. 

Eggs of the slug Arion ater (250 in number weighing 
1-57 gm) were punctured and incubated at 18°-20° Č 
for 4 h in 25 ml. of a medium (modified after Robertson®) 
consisting of: 2,338 mg/l. of sodium chloride; 350 mg/l. of 
potassium chloride; 722 mg/l. of magnesium chloride; 
455 mg/l. of calcium chloride; 1,680 mg/l. of sodium 
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bicarbonate. Extraction. with ethyl acetate (5x 20 ml.) 
gave the extract which was processed by ascending thin- 
layer chromatography, in saturated solvent systems, on 
chromatoplates spread with silica gel GF,,, at a thickness 
of 250u. Three thin-layer chromatographic systems were 
used for the resolution of steroids in the ineubate 
extract: light petroleum, benzene and ethyl acetate 
(1: 1:4), chloroform and methanol (94: 6) and toluene 
and methanol (92:8). In these systems the separation 
methods using these systems followed unpublished data 
of Gottfried et al. 

Steroids were analysed by gas chromatography using a 
gas chromatograph in the following conditions: the 
stationary phase was 3 per cent SH-30 (4° U eolumn) 
using nitrogen as eluant; for hydrogen flame ionization 
detection the column, detector and flash heater were at 
temperatures of 235° C, 275° C, and 295° © respectively. 
Relative retention times were established using 5a- 
cholestane as a standard. 

Four ultra-violet absorbing materials were obtained, 
and these were identified as 11-keto-testosterone, testo- 
sterone, 17-hydroxyprogesterone and (presumably) corti- 
sone by criteria based on the following thin-layer and gas 
chromatographie evidence. 

The Rp of the naturally occurring material and its 
acetylation product were identical with authentic samples; 
the gas chromatography of the acetate indicated that its 
relative retention time was identical with 11-ketotesto- 
sterone acetate, and was indistinguishable from authentic 
material when admixed; hydrolysis of the acetate and 
chromate oxidation furnished an ultra-violet absorbing 
product the Rr value of which in two-dimensional thin- 
layer chromatography was identical with that of androst- 
4-ene-3,11,17-trione; gas chromatography of the oxida- 
tion product, whether alone or mixed with androstene- 
trione, produced a single peak of the correct. retention, 
value. 

The Rr of this material and its acetylation product 
was identical with that of testosterone and its acetate; 
the relative retention time of the acetylation product 
during gas chromatography was identical with that of 
testosterone acetate, and was unaffected by mixture with 
authentic material; hydrolysis of the acetate and oxida- 
tion yielded an ultra-violet absorbing product the mobility 
of which in two-dimensional thin-layer chromatography 
was identical with that of androst-4-ene-3,17-dione; 
gas chromatography analysis indicated that the relative 
retention time of the oxidation product was identical 
with androstenedione. 

The material from slug ova had the same Rp as 172- 
hydroxyprogesterone and resisted acetylation; oxidation 
furnished an ultra-violet absorbing product the Re of 
which in two-dimensional thin-layer chromatography 
was identical with that of androst-4-ene-3,17-dione; the 
oxidation product was shown to be identical with andro- 
stenedione by gas chromatographic analysis of the genera- 
tion eyele. 

The Rr of the naturally occurring material and its 
acetylation product were identical with those of authentic 
samples; hydrolysis of the acetate and oxidation furnished 
an ultra-violet absorbing material with Rp identical with 
that of androst-4-ene-3,11,17-trione; analysis of the 
oxidation product by gas chromatography indicated 
correspondence of its relative retention time and that of 
androstenetrione. 

The gas chromatographic data suggested that the 
amounts of 11-keto-testosterone, testosterone, I7«- 
hydroxyprogesterone and cortisone-like material produced 
during incubation, calculated as ug produced/g of tissue/h, 
were 2-8, 0-08, 0-12 and 0-08 respectively. The quantita- 
tive results do not take into account losses incurred during 
processing, although model compounds such as testo- 
sterone and progesterone at a concentration of 5 ug/100 ml. 
of medium can be recovered in 30 per cent yield by the. 
methods described. 
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The production of steroids during the in vitro incubation 
of ova of the slug does not imply that this is an in vivo 
occurrence as well, The physiclogical significance of these 
findings is obscure, and the function of steroids in Arion 
is under investigation. Previously 11-keto-testosterone 
has been isolated only from male Oncorhynchus nerka 
{salmon) blood plasma’. 
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Effect of Certain Nitriles on Cartilage 
Synthesis in vitro 








N-(y-DL-Glutamyl) amino acetonitrile (GAAN), a syn- 
thetic analogue of 8-(N-y-DL-glutamyl) amino propioni - 
brile (GBAPN), the lathyrus factor in the sweet pea 

(Lathyrus odoratus), has previously been shown to be a 
lathyrogen in vivol. Recently a quite different action has 

been observed in vitro in that the agent specifically pre- 
vents the formation of cartilage matrix in chick limb 

bone rudiments in organ culture. 

Cartilaginous rudiments of long bones from 8 day 
chick embryos were cultured on stainless steel grids in a 
chemically defined medium based on BGJ(b) described by 
Biggers et al.*. Each set of four bones was grown in a 
dish containing 1-5 ml. of medium; the cultures were 
maintained for 6 days at 37° C, in an atmosphere of 5 
per cent carbon dioxide in air, the medium being renewed 
every second day. Rudiments from one side of each chiek 
were cultivated in control medium, and those from the 
other side were grown in medium containing the test 
substance. After culture, the rudiments were either fixed 
‘for histological examination or weighed before and after 
drying over phosphorus pentoxide in vacuo, and hexos- 
amine content was estimated by the method of Cessi and 
iliego?, 

Rudiments treated with GAAN at a final concentration 
of 1-0 mmolar are smaller and less hydrated than their 
controls (Table 1); histologically they show loss of the 
normal zone of flattened cells, which is replaced by hyper- 

trophied cells with very little intercellular matrix (Figs. 


EFFECT OF GAAN AT 1-0 MMOLAR ON WET AND DRY WEIGHTS 
OF CULTURED BONE RUDIMENTS 


Wet weight Dry weight 


Table 1, 


Dry weight as percen- 


(mg) (mg) tage of wet weight 
Control cultures 14:03 1-3 9-6 
GAAN cultures 813 1-0 12-7 


Each figure represents the average weight of three sets of four bone rudi- 
ments, 


‘Table 2. HEXOSAMINE CONTENT OF PAIRED SETS OF BONE RUDIMENTS 
| BEFORE. AND AFTER CULTURE FOR 6 DAYS IN MEDIUM WITH AND WITHOUT 
GAAN 1-0 MMOLAR 


Total hexosamine 





Experiment (ug/eight rudiments) 
qd) Before culture 27 
GAAN culture 37 
(2) Control culture 110 
GAAN culture 36 





` (1) Average of two sets of eight rudiments: (2) average of three sets of 
Sight rudiments. 
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Fig, 1. Section through the flattened zone of the femur of an 8 day 

chick embryo after culture in control medium for 6 days. Note plentiful 

dark staining matrix and the dense dark flattened chondrocytes. 
(Stained with toluidine blue x 420.) 





Fig. 2. Section through the flattened zone of the opposite femur from 
the same 8 day chick embryo as Fig. 1, after culture for 6 days in medium 
containing 1 mmolar GAAN. Note smaller amount of matrix and the 
pale rounded chondrocytes. (Stained with toluidine blue x 420, : 


l and 2). Affected rudiments are not necrotic; mitotic 
figures, at all stages, are frequent and sub-periosteal 
osteogenesis continues. The hexosamine content of 
rudiments grown in the presence of 1-0 mmolar GAAN 
is only 30 per cent of that of controls (Table 2). If the 
amount of hexosamine present in the explants before 
culture is considered, the total synthesis of hexosamine 
in the presence of GAAN is only 12 per cent of that of the 
controls. There is no significant difference in the level of 
glucosamine in the culture media of test and control 
samples after growth, which shows that the low level of 
hexosamine in the presence of GAAN cannot be explained 
by leakage from the rudiments into the medium. 

This action of GAAN cannot be lathyrism since it is 
quite different both histologieally and biochemically from 

e 
hd 
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_ the effect of more common lathyrogens in the same system‘, 
T GAAN appears to have two actions; this can be explained* 
by the demonstration in the liver of several animal 
“species of an enzyme that splits GAAN to aminoaceto- 
nitrile (AAN), a known lathyrogen, and glutamic acid. 
The in vivo action of GAAN, therefore, can be explained 
by the formation of AAN, while in bone rudiments in 
organ culture the enzyme is presumably absent, so that 
the effect of the whole molecule (GAAN) is seen. Although 
only the conversion of GAAN to AAN was demonstrated, 
it is possible that this enzyme reaction is reversible. 
This could account for the finding? that cartilage from 
rabbits treated with AAN failed to synthesize hexosamine 
“an vitro but that the addition of AAN to normal cartilage 
in the in vitro system did not prevent synthesis. 

It seems that the recognition of this second action of a 
known lathyrogen may clarify research on lathyrism, while 
in addition the very specific effect of prevention of the 
formation of matrix may prove a useful tool in the study 
of cartilage metabolism. 

We thank Dr. Apolinary Szewezuk of the Biochemistry 
Department, Polish Academy of Sciences, Wroctaw, 
Poland, for the GAAN, and Dame Honor B. Fell, Strange- 
ways Research Laboratory, Cambridge, for advice. The 
work was supported by a grant from the Scottish Home 
and Health Department. 
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Activities of Glycogen Synthetase and 
UDPG-pyrophosphorylase in Muscle of a 
Patient with a New Type of Muscle 
Glycogenosis caused by Phosphofructokinase 
Deficiency 


GLYCOGEN storage diseases (glycogen diseases) resulting 
from congenital abnormalities in glycogen metabolism, 
accompanied either by accumulated glycogen of normal 
or abnormal structure, have been classified into six types 
according to the specific defects in the enzymes related 
to glycogen metabolism'?. This aetiological elucidation 
has become possible because of remarkable progress in 
biochemical analysis. Two other glycogen diseases have 
been reported recently by two groups of investigators; 
one** is glycogen synthetase deficiency disease in liver; 
the other, described in a short communication by us’, is a 
muscle glycogenosis caused by a deficiency of muscle 
phosphofructokinase. A brief report describing the 
clinical features of our patients has also been published’. 

In glycogen diseases where abnormal depositions of 
glycogen are found, namely in types I, II, II, V and VI 
of Cori’s and Field’s classification! ?, it is of particular 
interest that a regulatory mechanism which inhibits 
indefinite accumulation of glycogen seems to exist. 
Glycogen concentrations in tissues are believed to be 
controlled either by the enzymes responsible for glycogen 
synthesis, such as *glycogen synthetase, {UDPG-pyro- 
phosphorylase and amylo—(1-4>1-6)-transglucosidase 
(brancher), or by the enzymes responsible for glycogen 
degradation such as phosphorylase and amylo~1-6—- 
glucosidase (debrancher). Patients without phospho- 

* UDP glucose~a-glucan glucosyltransferase (UDP glucose : a-1,4-glucan 


a~4~glucosyliransferase, B.C. 2.4.1.11). 
+ UTP: a-D-glucose-1—phosphate uridyltransferase, E.C. 2.7.7.9. 
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fructokinase have normal phosphorylase activity in muscle 
with a high glycogen content, and the activity in the 
glycogen synthetic pathway was investigated. The present 
communication describes the results of determinations of 
glycogen synthetase and UDPG-pyrophosphorylase in 
the muscle of a patient deficient in phosphofructokinase, 
when increased activities were found in both enzymes. 

The patient, a 27 year old male, called case 3 in the | 
previous communication, was available for the present 
investigation. His parents, who are not affected clinically, 
also took part. Control tissues were obtained from normal 
adult individuals, and muscle specimens were obtained by 
the method described previously‘. 

Glycogen synthetase activity was assayed by incor- 
poration of glucose-C™ into added glycogen from UDP-C#- 
glucose’. Tissue homogenate prepared in 20 volumes of 
ice-cold tris buffer, 0-05 molar, pH 7-5 containing 0-005 
molar EDTA, was centrifuged at 600g for 10 min and the 
supernatant was assayed for enzyme activity. For the 
UDPG-—pyrophosphorylase assay, muscle homogenates 
were prepared in 40 volumes of the same buffer as that 
used for the glycogen synthetase preparation and centri- 
fuged for 60 min at 80,000g. The assays were carried 
out spectrophotometrically using a coupled system of 
phosphoglucomutase and glucose~6-phosphate dehydro- 
genase. The assay mixture contained the following: 
4x10- molar glycylglycine, pH 7-4; 1:6x10-* molar 
EDTA; 5-6x10-? molar magnesium chloride; 7x 10-* 
molar TPN; 67x10 molar UDPG; 1x10-* molar 
glucose~1-6-diphosphate; 0-28 u of crystalline rabbit 
phosphoglucomutase; 0-4 u of glucose-6—phosphate 
dehydrogenase. The reaction was started by the addition 
of 0-05 ml. of 2x 10-? molar pyrophosphate. The rate of 
increase of TPNH was followed at a wavelength of 
340 my at 1 min intervals at 25° C in a 1 ml. cuvette. 

Table 1 summarizes the results of the enzyme assays, 
and gives the contents of glycogen and of glycolytic 
intermediates as well as the activities of phosphofructo- 
kinase. The activities of both enzymes in the patient 
increased two to three times relative to the controls. The 
total glycogen synthetase activity measured with added 
glucose-6~phosphate (G-6~P) was twice the level found 
in normal controls. That glycogen synthetase in human 
muscle is almost exclusively in the G-6—-P dependent 
form! was confirmed by the normal controls in this experi- 
ment. In the patient, however, there was increased 
G-6-P independent activity of glycogen synthetase, 
perhaps caused by the elevated concentration of G-6-P 
observed in the tissue. This increase in G-6-P, however, 
could not be wholly responsible for the increased activity 
of the independent form, as indicated by the Km (7 x 107 
molar) needed for G-6-P activation in the patient. The 
higher G-6-P independent activity found in the patient 
could therefore suggest the presence of some activity of 
an independent form in comparison with the almost 
complete absence of independent activity in the normal 
controls. Clearly, the glycogen synthetic capacity of the 


ACTIVITIES OF GLYCOGEN SYNTHETASE AND UDPG-prnopHos- 
PHORYLASE IN MUSCLE SPECIMENS 


Table 1. 


Glycogen synthetase 





without with UDPG 
added added pyrophos- Glycogen G-6-P* F-6-Pt PFE 4 
G-6-P G-6-P pherylase 
moles of 
glucose moles rmoles. 
incorporated; substrate mg/ substrate/mg 
g/h g/min 100 mg umoles/g protein/min 
Patient 185 103-5 13-68 2:90 23 O38 0-005 
Father 4°38 0-92 038 005 024 
Mother 03 62-2 0-59 O18 005 016 
Control 1 04 49-0 M 05 01 O19 
2 3-30 4018. £03 +005 +003 


3 417 


The data for glycogen, G-6-P, F-6-P and phosphofructokinase have been 
published (ref. 5). 

+ Glucose—6—phosphate. 

+ Fructose-6—phosphate, 

t Phosphofructokinase. 

§ Average of 6 normal individuals. 


Controls § 
o 
ó 
a 
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patient was increased by the enhanced activity of total 
glycogen synthetase, associated with a markedly increased 
level of G-6-P. 

: The literature records few cases of glycogen diseases 
in which both glycogen synthetase and UDPG-pyro- 
phosphorylase were determined*?, It is reasonable to 
consider glycogen deposition in living organisms as 
induced either by a deficiency in the enzyme catalysing 
glycogen breakdown or by increased activities of enzymes 
n the synthetic system. In the former case, glycogen 
content may increase even if the synthetic system remains 
“normal. With regard to homeostasis, enzymes in the 
synthetic sequence, especially glycogen synthetase which 
is rate limiting in glycogen synthesis, may have lowered 
activity to keep the glycogen content within a certain 
limit. A recent report has indicated that in the animal 
an inverse relationship exists between glycogen con- 
centration and activity of glycogen synthetase**. It may 
be difficult to explain the co-existence of a high glycogen 
level and increased activity of both enzymes. Experi- 
mental results obtained in normal animals could be 
essentially different from the data obtained in congenitally 
abnormal patients. From the animal experiments men- 
tioned above, activity of glycogen synthetase should be 
also low in McArdle’s disease where there is complete 
_ lack of muscle phosphorylase. Normal glycogen synthetase 
K activity has, however, been reported in cases of McArdle’s 
_ disease’, It can be concluded that, in the case of this 
disease, high glycogen concentration correlated with 
normal glycogen synthetase activity is caused by a defect 
n the first step of glycogenolysis. In the patient without 
-phosphofructokinase, however, a high concentration of 
glycogen is not only caused by a lack of the phospho- 
_ fructokinase, but is also influenced by the enhanced 

glycogen synthetic activity. 

_In-summary, activities of glycogen synthetase and of 
UDPG-pyrophosphorylase in the muscle are reported in a 
patient with a new type of muscle glycogenolysis which 
has previously been shown to be caused by deficiency of 
muscle phosphofructekinase. The activities of both 
enzymes were elevated despite increased deposition of 
muscle glycogen. Increased glycogen concentration in 
this patient, therefore, is attributed to two biochemical 
alterations: a defect in the glycolytic pathway and an 
elevated activity in the glycogen synthetic pathway. 

We thank Dr. K. Kurahashi, Institute for Protein 
Research, Osaka University, for the glucose~1-6—diphos- 
phate and crystalline rabbit phosphoglucomutase. 
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Formation in vitro of a Lipoprotein 
Membrane masking Lysozyme Activity 


One of the mechanisms by which catalytic activities are 
regulated in cells is the segregation of enzymes by mem- 
branes. In this way, enzyme activity takes place only in 
a circumscribed area of the cytoplasm. Segregation clearly 
occurs for hydrolytic enzymes (such as lysosomal en- 
zymes), which would otherwise act indiscriminately on 
cytoplasmic components. 

Some features of the phenomenon of segregation (for 
example, the existence and nature of the binding of the 
sequestered enzyme to the membrane constituents) 
remain unclear. The question has been approached using 
artificial structures as models. Weissmann et al.1:? investi- 
gated the properties of swollen phospholipids trapping 
small ions or molecules and concluded that these models 
behaved in a similar manner to biological organelles with 
regard to the action of agents disrupting or stabilizing 
membranes. 

A simplified model of a biological membrane segre- 
gating an enzyme should include phospholipids, proteins 
with structural function and an enzyme bound to the 
membrane or wrapped in it. We have succeeded in 
building such a membrane model using a structural 
protein, a phospholipid mixture and lysozyme as the 
molecule to be segregated. These compounds formed 
macromolecular aggregates which showed some of the 
biochemical properties of particles with masked enzyme 
activity. 

The structural protein was isolated by the method of 
Richardson et al.? from beef heart mitochondria, prepared 
by the method of Romeo et al.4. It was suspended in 
0-02 molar tris acetate buffer, pH 7, containing 0-25 molar 
sucrose. Protein concentration was determined by the 
biuret technique according to Gornall et al.5. Soybean phos- 
phatides® suspended in 0-02 molar tris acetate buffer pH 7, 
containing 0-5 mM EDTA, were prepared in micellar 
form by sonication for 30 min at 20 ke/s, 3-5 amps. The 
treatment was carried out for periods of 45 sec to avoid 
overheating of the ice cooled suspension; during the inter- 
ruptions nitrogen was bubbled through the solution. 
After centrifugation at 80,000g for 30 min, the micellar 
solutions appeared clear or only faintly opalescent. No 
lipoperoxides were found by the thiobarbituric acid test’. 
Total phosphorus was estimated according to Chen et al.’. 
The activity of lysozyme was estimated on agarose plates 
(0-1 molar citrate buffer, pH 6-2) seeded with an acetonic 
powder of M. lysodeicticus. The plates were incubated at 
30° for 24 h and the haloes of lysis were recorded at 
regular intervals. 

The reagent solutions were always prepared in doubly 
distilled water. 

Macromolecular assemblies were obtained by adding 
appropriate amounts of lysozyme and structural protein 
(SP) to the phospholipid solution (PL). Controls were 
run with phospholipid and structural protein, and with 
lysozyme and structural protein. The mixtures were 
incubated at room temperature with constant stirring 
under nitrogen. After 20 min the macromolecular com- 
plexes were removed by centrifugation for 5 min at 
2,500g and washed three times with 0-01 molar tris 
acetate buffer, pH 7, containing 0-25 molar sucrose. They 
were then resuspended in 0-25 molar sucrose, and protein, 
phosphorus and lysozyme were determined as already 
described. 

Table 1 shows the composition and the enzyme activity 
of macromolecular complexes formed by phospholipid, 
lysozyme and structural protein. The amount of lipid 
phosphorus bound to structural protein averaged 5 ug/mg 
of protein, but it was doubled when lysozyme was present 
in the mixture. This fact can be explained assuming that 
lysozyme, a polycationic protein, is capable of re-orienting 
the phospholipid molecules, thus causing their hydro- 
phobic chains to turn partially inside out. Because the 

e 
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Table 1. Liew PROTEIN RATIO AND ENZYME ACTIVITY OF THE MACRO- 
MOLECULAR COMPLEXES FORMED BY PHOSPHOLIPIDS (PL), LYSOZYME AND 
STRUCTURAL PROTEIN (SP) 


Lipid/protein Enzyme activity 
Complexes ratio (ug lysozyme/mg SP) Molar ratio 
(ug Pimg SP) Unmasked Total (PL: lys.: SP) 
PL+lysozyme+SP 116419 25241-9 402428 178:1:18 
PL+SP 5O+ 1-5 = = oe 
Lysozyme + 8P - BL40-7 3140-7 — 


Figures are average values of six experiments + S.E, 4347 ug of phos- 
phorus and 126 + 15 ug of lysozyme were added to 1 mg of SP in the reaction 
mixture, Assumed molecular weights are 900 for a single phospholipid (3 per 
cent of phosphorus), 16,800 for lysozyme and 22,500 for SP. 


prevailing binding mode between phospholipids and 
structural protein is hydrophobic’, this rearrangement 
would make their interaction easier. 

The complexes showed lysozyme activity which was 
35-50 per cent masked. Complete unmasking was brought 
about by treatment with 0-2 per cent “Triton X-100°. 
The overall recovery of the activity, assayed in the pre- 
sence of “Triton X-100’, was almost complete. The amount 
of enzyme bound to the complexes, however, varied with 
the quantity of lipids associated with the structural 
protein. 

In its gross composition, the complex formed by 
phospholipid, lysozyme and structural protein resembled 
known. lipoprotein membranes. 

Bound lysozyme was not removed by washing this 
isolated complex with 0-01 molar tris acetate buffer 
(pH 7) in 0-25 molar sucrose; 85 per cent detachment 
of the enzyme was achieved by adding 9-9 per cent 
potassium chloride to the washing medium. This result 
suggests that the binding of the basic enzyme protein is 
mainly electrostatic. 

The equilibrium densities of structural protein, and 
of complexes of structural protein and phospholipid 
with and without lysozyme, were also determined by 
density gradient centrifugation. Each material was 
layered on top of a sucrose water gradient, prepared in 
2 millimolar iris acetate buffer, pH 7, according to de 
Duve et al.$, and the tubes were centrifuged at 80,000g 
for 4h at 0° C. Samples were taken from the top of the 
tube using an L-shaped capillary. Density measurements 
were carried out according to Romeo et al.*. Structural 
protein equilibrated as a sharp band at a density (20°) of 
1-254. The complex of structural protein and phospho- 
lipid formed a wider band in a region of the gradient, the 
average density of which was (d20") 1-200. The structural 
protein, phospholipids and lysozyme complexes equili- 
brated at the same height in the gradient, but they formed 
a tighter band than. the complex without the enzyme. 

Electron microscope examination of the complex formed 
by phospholipid, lysozyme and structural protein was 
carried out by a negative staining technique. The chief 
features were circular or irregular vesicles 100-200 my. 
across, surrounded by membranes with a typical triple 
layered lamellar structure. Larger films, formed by 





a b 


Fig. 1. 

protein {x 110,000); b, preparation as in a but treated with 0-2 per cent 

(v/v) “Triton X -100° ( x 65,000). Samples were stained with 0-1 per cent 

sodium phosphotungstate (pH 7-2) on grids which were coated with a thin 

support of ‘Formvar’ and a light layer or carbon. Micrographs were 
aken at 75 kV. 


a, Electron micrograph of phospholipid, lysozyme and structural 
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membranous rings with dark central pits, and some 
myelin figures were also observed (Fig. Ia). When the 
complex was treated with ‘Triton X-100°, the material 
became arranged in entirely new forms, which consisted 
predominantly of triple layered strands with a middle, 
thicker layer. The layers opaque to electrons seemed to be 
formed by globular subunits (Fig. 1b). 

In conclusion, the most promising result of this investiga- 
tion is that, under appropriate conditions, lysozyme can be 
included in an artificial structure formed by phospholipids 
and protein, that is, by components common to several 
biological membranes*-* and capable of masking its 
catalytic activity. The demonstration of such a phenom- 
enon may offer a new approach in the study of enzyme 
latency and may be of some importance in the development. 
of a theory of membrane formation. 

We thank Prof. V. Meneghelli for taking the electron 
micrographs. We also thank Mr. B. Gazzin for skilled 
technical assistance. 
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IMMUNOLOGY 


Active Immunization of Chicks against 
Plasmodium gallinaceum by inactivated 
Homologous Sporozoites and Erythrocytic 
Parasites 


Tus work is a continuation of the investigation of 
immunization against malaria carried out previously?~*. 
In the present work, sporozoites and erythrocytic forms 
of Plasmodium gallinaceum which had been treated by 
four different methods were used as antigens to immunize 
fowls. Sera from the immunized birds were tested for 
agglutination of homologous sporozoites. The birds were 
also challenged by inoculation with normal, virulent. 
sporozoites and erythrocytic forms of the same strain 
of P. gallinaceum. 

To prepare antigen, erythrocytic forms were obtained 
from the blood of chicks which had been experimentally 
infected with P. gallinaceum. The birds were killed, the 
heart blood was removed with a syringe and needle and 
mixed with heparin. The blood was then centrifuged and 
the plasma was discarded; the erythrocytes were washed 
in physiological saline, centrifuged and the supernatant 
discarded. The cells were lysed by resuspension in saponin 
S.P.L. (1/40,000) and placed in a water bath at 37° C for 
20 min. The lysed red blood cells were recentrifuged, 
the supernatant was discarded and the parasites and 
erythrocyte nuclei were washed three times in physio- 
logical saline before use. 

Each bird was injected intravenously with 0-2 ml. of 
the final preparation, equivalent to 1x 10° parasitized 
chick erythrocytes, as the test dose of antigen. 

Sporozoites were obtained by the method of Corradetti 
et als. Salivary glands from infected mosquitoes were 
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AGGLUTINATION or Homonogous SPOROZOITES BY ANTISERA FROM FOWLS IMMUNIZED BY THREE INJECTIONS OF SPOROZOITE ANTIGEN 


Proportion of fowls treated with various antigens 


Antiserum titre Ultra-violet Dried Formalin Formalin Freeze-thawed 
Ultra-violet and adjuvant* Dried and adjuvant and adjuvant Freeze-thawed and adjuvant 
mh wae = 8 1 1 3 9 ee a 
327,680 30 20 20 oa oa 
as O 10 14 12 14 16 10 ë 11 
163,840 0 on oa a S 3 5 3 
fee dace 7 2 6 5 1 1 6 3 
81,980 36 Ei 30 20 2 2 30 E 
1 3 1 1 6 5 
40,960 30 30 oh i . p a a 
woods 2 1 
20,480 i a - ~ = be zo E 


* Adjuvant is saponin, 





dissected on a slide in physiological saline. A cover slip 

was floated on top of the physiological saline, which was 

present in sufficient quantity to allow this. A capillary 

tube bent at 90° was then placed in contact with the cover 

slip, and the eluted fluid was collected in a chilled test 

tube, Small regulated drops of physiological saline were 

allowed to drop on the opposite side of the cover slip, so 

that a current of saline flowed over the salivary glands 
| and into the test-tube. By this method the majority of 
the sporozoites were washed from the salivary glands 
and collected in the test-tube. The sporozoites were 
concentrated by centrifugation, and 5x 104 in 0-2 ml. 
were. given intravenously to each bird as the test dose of 
‘antigen. 

Sporozoites and erythrocytic parasites were prepared 
as antigens in one of four ways. (1) During ultra-violet 
irradiation for 30 min, normal parasites suspended in 
physiological saline were placed in shallow Petri dishes 
-vand exposed from a distance of 6 in. to the direct rays of 

an ultra-violet lamp, The lamp had an output of 2,537 

A, of 37-40 pW at 3 ft. from the light source. (2) During 

dehydration, normal parasites were suspended in a small 

quantity of physiological saline and allowed to dry 
overnight in a beaker. For use, they were resuspended in 
physiological saline. (3) Some antigens were prepared 
by treatment of parasites with 0-1 per cent formalin. 

(4) For alternate freezing and thawing, normal parasites, 

suspended in a flask with physiological saline, were frozen 
_ by suspending them in liquid nitrogen (— 196° C) for 

2min. They were then rapidly thawed in a water bath at 

37° C for 2 min. This procedure was repeated continuously 
¿For 32 min. 

For some groups an adjuvant, saponin S.P.L. (100 ug 

a in 0-1 ml./immunizing dose), was added. All injections were 


-given intravenously. For the test, 2-day-old birds were 















RECOVERY OF FOWLS IMMUNIZED WITH SPOROZOITE ANTIGEN 
AFTER CHALLENGE WITH HOMOLOGOUS ORGANISMS 


Proportion of fowls recovered after 


Table 2. 


challenge 
Sporozoite antigen Sporozoite Erythrocytie parasite 
challenge challenge 

19 0 

Ultra-violet 20° 30 
ae 20 0 
© Ultra-violet and adjuvant 20 30 
18 0 

Dried 20 30 
20 0 

Dried and adjuvant 20 20 
20 0 

Formalin 20° 20 
20 0 

Formalin and adjuvant 20 z0 
15 0 

Freeze-thawed 20 z0 

i 15 0 

: Freeze-thawed and adjuvant 20 20 
0 0 

Control (untreated) 20 30 





given three injections of antigen with a 14 day interval 
between injections. Two weeks after the third injection, 
a small sample of blood was taken and the serum was 
collected. The birds were challenged either with 500 
homologous sporozoites or 25,000 homologous erythrocytic 
parasites and were observed for 6 weeks. 

For the agglutination tests, the antisera were diluted 
in physiological saline, and were mixed with living homo- 
logous sporozoites. The results were recorded within 15 
min. All the birds tested showed very high titres (Table 1), 
whereas the highest titre recorded for normal birds was 
one in sixty-four. 

The results (see Tables 2 and 3) show that, as well as 
the ultra-violet irradiated and dried sporozoite antigens. 
described before?-4, freeze-thawing and formalin treated 
sporozoite antigens will also protect against death due to 
challenge by the homologous sporozoite. This protection 
is stimulated by the addition of an adjuvant to the antigen; 
the adjuvant alone had no immunizing properties. Al- 
though the sporozoite antigen gave very good protection 
against homologous sporozoite challenge, it had no effect 
against homologous erythrocytic parasites. The antigen 
prepared from erythrocytic parasites conferred some 
immunity not only against homologous blood forms, but 
also against homologous sporozoite challenge. This activity 
was also enhanced by the addition of an adjuvant. 

Fowls immunized by the various antigens were still 
susceptible to infection; in the optimum conditions used 
they were protected from death, but all had low grade 
parasitaemias. Although the parasites were sometimes 
undetectable microscopically in the blood smear of the 
bird, they could be detected by inoculation of blood into 
normal young chicks. The controls used were the same 
age and strain as the test birds. 


Table 3. RECOVERY OF FOWLS IMMUNIZED WITH ANTIGEN PREPARED FROM 
ERYTHROCYTIC PARASITES AFTER CHALLENGE WITH HOMOLOGOUS ORGANISMS 
Proportion of fowls recovered after 
challenge 


Erythrocytic parasite Sporozoite Erythrocytic parasite 
antigen challenge challenge 

2 7 

Ultra-violet 20° 20 
5 7 

Ultra-violet and adjuvant. 20 20° 
Q 1 

Dried 20 20° 
1 1 

Dried and adjuvant 20° 20° 
5 8 

Formalin 30 20 
Formalin and adjuvant 6 8 
20 20 
2 7 

Freeze-thawed 20 30 
l 2 7 

Freeze-thawed and adjuvant 20 20 
aa o i 
Controls (untreated) 30 30 
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Further investigation of immunity in other Plasmodium 
species is in progress. 
W. H. G. RICHARDS 


Wellcome Research Laboratories, 
Beckenham, Kent. 
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_ Antimalarial Activity of Sulphonamides 

and a Sulphone, Singly and in Combination 
with Pyrimethamine, against Drug Resistant 
and Normal Strains of Laboratory Plasmodia 


Ir has been known for many years that the antimalarial 
action of pyrimethamine is potentiated by sulphonamides 
and sulphones’?. Although potentiating mixtures have 
been. used clinically*-*, they have never been used ex- 
“tensively in man. A disadvantage of the sulphonamides 
previously available is that they were excreted rapidly. 
and needed to be administered daily. The newer, long 
acting sulphonamides, however, are able to sustain a 
plasma concentration equal in duration to that of pyri- 
methamine, presenting a basis for the combined prophy- 
lactic dose to be administered at weekly intervals. Recent 
work® has stimulated fresh interest in the action of sul- 
phonamides and sulphonamides plus pyrimethamine 
combinations on malaria. 

In the present work, a series of sulphonamides and a 
sulphone (Table 1) have been tested to compare their 
intrinsic antimalarial activity with potentiation of this 
activity when used in combination with pyrimethamine. 
They were assayed against both normal and drug-resistant 
strains of avian malaria, Plasmodium gallinaceum, and 
rodent malaria, Plasmodium berghei. Animals were 
arranged in groups of five, and were inoculated with a 
suspension of infected blood, 1x 10% parasitized cells 
given intravenously to chicks, and 6x 10* parasitized 
cells given intraperitoneally to mice. They were dosed 
orally a few hours after infection, and then twice a day 
for the following 3 days. The average blood parasitaemia 
was estimated on the fourth day as a percentage of the 
untreated controls. Because of the prolonged prepatent 
period of the chloroquine-resistant strain of P. berghei, 
blood parasitaemias were sometimes assessed on the 
eighth and twelfth day of infection. In some experiments, 
groups of animals were given a single oral dose of drug 
shortly after infection, or a single large dose of drug at 
different times before infection. The potentiating effect 
of the compounds with pyrimethamine was investigated 
by giving the drugs singly and together in varying pro- 
portions. The optimum doses were determined graphically. 

When infections with normal strains were treated with 

„the seven dose schedule, all the sulphonamides and the 
sulphone showed good antimalarial activity (Table 1) 
and a marked potentiation with pyrimethamine (Table 2), 
with the optimum level of activity being about one tenth 
of that when given alone. Prophylactic and single dose 
treatment showed that sulphorthomidine (‘Fanasil’) 
was the compound with the most prolonged activity. 

The sulphonamides and the sulphone were also tested 
against strains of P. gallinaceum which had acquired 
resistance to treatment with pyrimethamine and the 
triazine metabolite (4,6-diamino-1-(p-chlorophenyl)-1,2- 
dihydro-2,2-dimethyl-5-triazine) of proguanil. Drug re- 
sistance in these strains had been developed in our labora- 
tory. The pyrimethamine-resistant strain was unaffected 
by a dose of 10 mg/kg of pyrimethamine, that is more than 
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Table 1. ANTIMALARIAL ACTIVITY OF COMPOUNDS AGAINST DRUG SENSITIVE 
STRAINS OF Plasmodium gallinaceum AND Plasmodium berghet 


E.D. (mg/kg x 7, orally) 


Drug P. gallinaceum P. berghei 

Pyrimethamine 0-08 0-15 
Sulphadiazine 3-0 02 
5-Methyl-3-sulphonilamidoisoxazole 

Sulphamethoxazole 8-0 10 
2,6-Dimethoxy-4-sulphonilamidopyrimidine 

Sulphadimethoxine 14-0 1-0 
5,6-Dimethoxy-4-sulphonilamidopyrimidine 

Sulphorthomidine 20-0 1-0 
Di(p-aminophenyl)sulphone Dapsone 100 os 


Results are expressed as the concentration of drug which reduces the 
parasitaemia to 50 per cent of the untreated controls (£.D.19). 


Table 2. OPTIMUM DOSES oF COMPOUNDS GIVEN IN COMBINATION WITH 


PYRIMETHAMINE 


Optimum dose of each drug when 
given in combination (E. D.o mg/kg 


x i 
P. gallinaceum 


Drug P. berghei 
Sulphadiazine + 0-125 + 0-02 + 
pyrimethamine 0-0015 0-0125 
Sulphamethoxazole + OB + O1+ 
pyrimethamine 0-0032 00125 
Sulphadimethoxine + 15+ FIF 
pyrimethamine 0-0034 0:0125 
Sulphorthomidine + 2-6 + O1+ 
pyrimethamine 0-004 0-0125 
Dapsone + 12-5 + 0-06 + 
pyrimethamine 0-004 0-018 


300 times the dose effective against the normal strain. 
The other resistant P. gallinaceum strain was resistant 
to 10 mg/kg of the triazine metabolite, that is more than 
twenty-five times the dose effective against the normal 
strain. The strain of P. berghei (G strain) resistant to 
chloroquine was developed by Peters‘, and was resistant 
to 100 mg/kg of chloroquine, which is very close to the 
toxic dose of this drug in mice, thereby demonstrating 
a twelve-fold resistance to chloroquine. The strain of 
P. berghei resistant to chloroquine was slower than the 
normal strain in establishing a level of parasitaemia in 
mice, and it is possible that, during the prolonged pre- 
patent period, the animals developed a degree of immunity 
to the infection which possibly increased the apparent 
effectiveness of drug treatment. 

The results of treatment of the drug-resistant strains 
are shown in Table 3. Comparison of the data with those 
obtained with normal strains shows that the resistant 
strains of P. gallinaceuwm were sensitive to the sulphona- 
mides and sulphone. In the treatment of P. berghei 
infections with pyrimethamine, sulphorthomidine, dapsone 
and potentiating mixtures of sulphorthomidine plus 
pyrimethamine and dapsone plus pyrimethamine, there 
was no difference in the optimum dose levels effective 
against normal and chloroquine-resistant strains. The 
strain of P. gallinaceum resistant to pyrimethamine was 
less sensitive than the normal strain to the potentiating 
mixtures. The factor of resistance to the potentiating 
mixtures was only two to five, as compared with 300 for 
pyrimethamine alone. 

The potentiating effect of the combinations of sulphona- 
mides or sulphone with pyrimethamine is therefore quite 
marked when tested, not only against infections with 
normal laboratory strains of plasmodia, but also against 
drug-resistant strains. These experiments suggest that 
such potentiating mixtures might also prove valuable in 


Table 3. ANTIMALARIAL ACTIVITY OF THE COMPOUNDS, SINGLY AND IN 


COMBINATION, AGAINST DRUG RESISTANT STRAINS 
E. D.s (mg/kg x 7) 


P. gallinaceum . berghei 
Drug Pyrimethamine Triazine Chloroquine 
resistant resistant resistant 
> 300 x > 25 x >12x 
Pyrimethamine >10 - 0-15 
Sulphadiazine 3 3 0-2 
Sulphamethoxazole 5 5 1 
Suiphadimethoxine 10 10 1 
Sulphorthomidine 25 25 1 
Dapsone 100 100 0-6 
Sulphorthomidine + 5+ - i+ 
pyrimethamine 0-02 ~ 0-0125 
Dapsone + 30+ - 0-06 + 
pyrimethamine 0-02 0-018 
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prophylaxis and treatment of drug-resistant human 
malaria. 
W. H. G. RICHARDS 


Wellcome Research Laboratories, 
Beckenham, Kent. 
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Artificial Induction of Transplantation Viral 
Antigens in the Course of Chemical 
Carcinogenesis 


The in vitro infection with various viruses of tumours 
produced by carcinogens gives rise to specifie transplanta- 
tion viral antigens. Among the viruses which produce this 
effect are herpes simplex virust, SV 4. (refs. 1-3), adeno- 
virus type 16 (ref. 3), parainfluenza Sendai virus? and 
polyoma virus!:?}4, Moreover, infection with SV, virus 
of tumours originally induced by polyoma virus produced 
a specific SV.) transplantation antigen’. 

Transplantation polyoma antigen has also been induced 
in vivo by inoculating polyoma virus into mice with 
tumours induced by carcinogens*. Finally, intracardiac 
inoculation of S F, into hamsters with chemically induced 
sarcomata gave rise in vivo to transplantation antigens 
specific for vacuolating SV.) virus’. The experiments 
presented here show that viral antigens can be induced 
in the course of chemical carcinogenesis. 

Adult Syrian hamsters (150-180 g) were injected intra- 
muscularly with 1 mg of 7,12-dibenz-(«)-anthracene in 
oil. The hamsters were divided into three groups. Five 
hamsters of the first group were injected subcutaneously 
with vacuolating simian SV, virus (107 TCPD,,/ml.). 
Five animals in the second group were injected in the 
same manner with adenovirus type 16 (10° TCPD,,/ml.). 
This virus was kindly given to us by Dr. Rosa 8. Dreisin. 
The hamsters in the third group received nothing apart 
from carcinogen. 

Palpable tumours appeared in all three groups after 3 
months. The tumours in each group were isolated asepti- 
eally, and minced in Earle’s solution without any trypsin- 
ization. Different quantities of tumour cells were adminis- 
tered in 0-2 ml. of solution to the three groups of harnsters. 
The results are presented in Table 1, which shows that 
the. growth of the tumours induced in hamsters treated 
‘with carcinogen and adenovirus type 16 was suppressed 
in hamsters immunized with adenovirus. The hamsters 
inoculated with SF, were resistant to tumours from 
hamsters treated with carcinogen and SV). Evidently, 
it is possible to obtain artificial heterogenization!:* in 
the course of chemical cancerogenesis. The mechanism 
of this phenomenon required further clarification. Young 
proliferating cells of connective tissue, the possible pre- 
eursors of malignant cells, may acquire the transplanta- 
tion viral antigen after infection with virus. This antigen 
persists in the cell through all the “precancerous” trans- 
formations. These findings, and the results of our previous 
experiments, show that transplantation viral antigens 
appear during in vivo and in vitro virus treatment of tum- 
ours induced both by carcinogens and by oncogenic virus. 

‘The malignization and the induction of transplantation 
viral antigens seem to be relatively independent. It is 
remarkable that non-oncogenic viruses, such as herpes', 
Sendai; and adenovirus type 16, are capable of inducing 
strong transplantation antigens. 

Since this communication was submitted, we have 
twice repeated the experiments on artificial induction of 
adenovirus 16 and SV,, transplantation antigens during 
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Table 1. RESISTANCE OF HAMSTERS TO TUMOURS ARTIFICIALLY HETERO- 


GENIZED DURING CHEMICAL CARCINOGENESIS 


Inoculation with 10° cells Inoculation with 10% cells 
of hamster tumours of hamster tumours 


induced by induced by 
Carcine- Carcino- 
Carcino- gen+ Carcino- gen+ 
Carcino- gen+ adeno- Carcino- gen+ adeno- 
gen SVa virus gen SF virus 
type 16 type 16 
ar ges with 5/5°* 0/5 5/5 5/5 2/5 5/5 
Immunized with 4/5 3/5 0/5 45 4/5 1/5 
adenovirus 
type 18 
Non-immune 4/5 515 4/5 4/5 5/5 5/5 


* Denominator indicates the number of inoculated hamsters; the numerator 
indicates the number of tumours which developed. 


chemical carcinogenesis with the same results. Artificially 
induced SV, antigen persisted in tumour cells for at 
least two subsequent passages in the non-immune ham- 
sters. We also injected adult hamsters simultaneously 
with 7,12-dibenz(«) anthracene and polyoma virus and 
adenovirus 16. The growth of the first tumour to appear in 
this experiment was specifically inhibited in hamsters 
immunized with adenovirus 16 and in those immunized 
with polyomavirus. Thus, the majority of these tumour 
cells contained two corresponding transplantation viral 
antigens. 

Vera P. HAMBURG 

ALEXANDER L. LOIZNER 

GEORGE J. SVET-MOLDAVSKY 


Laboratory of Virology, 

Institute of Experimental and Clinical Oncology, 

Moscow. 
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Demonstration of Antibodies of Different 
Immunoglobulin Types to the O-Antigen of 
the Infecting E. coli Strain in infants 
and Children with Pyelonephritis 


A PASSIVE haemagglutination technique makes it possible 
to demonstrate high titres of antibodies against the 
O-antigen of the infecting Æ. coli strain in cases of acute 
pyelonephritis in childhood'. Several authors have 
reported that only 19S antibodies are formed in response 
to enterobacterial O-antigens in infants, children and 
adults*-*, as well as in experimental animals‘. Our investi- 
gations of the agglutinating antibodies to the O-antigen 
of E. coli strains which cause acute pyelonephritis illustrate 
an antibody response usually dominated by 19S anti- 
bodies, but in some cases also including antibodies of 
other immunoglobulin types. 

The passive haemagglutination technique of Neter 
et al.’ was used as previously described'. Sera from 
infants and children with acute pyelonephritis! and 
fractions of these sera, obtained by gel filtration through 
‘Sephadex G@-200’, were titrated before and after reduction 
with 2-mereaptoethanol (ME) and alkylation with iodo- 
acetamide according to the method of Schrohenloher et 
al.6. In some sera the antibodies were rather unstable 
and the titres decreased during handling. 

Titration of patient sera after reduction with ME 
and alkylation showed that the antibody activity was 
completely lost in twenty-eight out of sixty-nine sera, 
indicating that the predominant antibodies in these cases 
were of the 19S type. Some of these antibodies might also 
be IgA globulins, because they have been reported usually 
to be sensitive to reduction’. In forty-one sera some anti- 














Anti-O 2 8192 1024 32 4 128 16 ® Fractions 


+ME 0 0 0 2 


Anti-O 





Anti-O 0 0 2 32 4 
+ME 4 
Fig, 1, Gel filtration, on ‘Sephadex @-200’, of a serum from a child 


with acute pyelonephritis, Haemagglutinating antibodies to the O- 

antigen of the infecting Æ. coli organism are demonstrable in the first peak 

containing the 198 antibodies as well as in the second peak containing 

the 7S antibodies, ‘The latter antibodies were demonstrable also after 

tefiltration of the second peak. Shaded areas represent activity of 
antibody resistant to mercaptoethanol. 


body activity was found after reduction and alkylation, 
implying that 7S antibodies also could be present. Anti- 
body activity has been demonstrated also in reduced and 
alkylated IgM globulins in certain instances*’, and so 
it was necessary to characterizo further the antibodies 
involved. This was done by fractionation of the sera on 
‘Sephadex G-200. It was found that with those sera 
where the antibodies were completely sensitive to reduc- 
tion with ME, most antibody activity was recovered in the 
first peak of the gel filtration diagram containing the 
macroglobulins. In many cases, however, antibodies 
sensitive to ME were also found between the 195 and the 
78 peak, as well as in the 78 peak (Fig. 1). Some of these 
sensitive antibodies of intermediary size could be IgA 
globulins’. In a few of the sera from patients with 
severe chronic pyelonephritis most of the antibody 
activity was regained from the second peak, whore most 
but not all the activity was resistant to reduction and 
alkylation (Fig. 2). 

Thus it seems as if antibodies to E. coli O-antigens in 
patients with pyelonephritis are mainly IgM globulins, 
but that antibodies of other types are also present. In 
relation to the findings that high titres of 78 antibodies 
resistant to ME to the O-antigen could be demonstrated 
in cases of severe chronic pyelonephritis, it is interesting 
that 7S antibodies to enterobacterial O-antigen can also 
be obtained in rabbits “under unusual circumstances or 
after repetitive or massive (antigen) doses’’*:§, The coli 
infections in some cases of pyelonephritis may constitute 
this strong antigenic stimulus in humans. 

The demonstration of 7S antibodies in response to the 
O-antigen in an Æ. coli infection may explain a peculiar 
finding. In newborn babies and infants up to 2-3 months 
old, an Æ. coli pyelonephritis does not usually elicit an 
antibody response as it regularly does in older infants or 
children (work to be published by Andersen et al.). 7S 
antibodies readily pass the placenta and can inhibit the 
production of 198 antibodies, and so the above finding 


0-6 262,144 
aj 0-4 32,768 c 
© 4,096 3 
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Anti-O 64 32 256 512 2 262,000 16 Fractions 
+ME o 9 4 128 3,900 0 


Fig. 2, Gel filtration, on ‘Sephadex G-200’, of a serum from a child with 

chronic pyelonephritis. A high titre of antibodies partly sensitive to 

mercaptoethanol to the O-antigen of the infecting Æ. coli strain is found 

in the second peak containing 78 globulin. Antibody activity is also 

found between the first and second peaks. Shaded areas represent 
activity of antibody resistant to mercaptoethanol. 
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might be explained on the basis of a passive transfer of 
75 E. coli antibodies from the mother to the foetus. 

The presence of an IgG antibody response, which in 
animal experiments shows an immunological memory 
giving a high titred secondary response’, could possibly 
be related to the fact that re-infections in cases of pyelo- 
nephritis usually occur with E. coli strains antigenically 
different from the preceding ones (work to be published 
by Bergström et al.). Studies of experimental pyelonephri- 
tis in rats have also indicated a certain protective effect 
by antibodies to the infecting organism!*. 

The haemagglutination technique used is considered 
to favour the 19S antibodies and it may not give a 
picture of the actual quantity of 7.9 antibodies present™. 
Further work will be necessary to investigate this problem 
as well as the instability of the antibodies and the relation 
of antibody type to clinical data. Experiments using 
specific antisera to the separate immunoglobulins indicat- 
ing the presence of IgM and IgA as well as IgG antibodies 
are in progress. 

This work was supported by a grant from the Swedish 
Medical Research Council. 


L. A. Hanson 
J. WINBERG 


Department of Bacteriology and 
Department of Paediatrics, 
University of Gothenburg, 
Gothenburg, Sweden. 
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Two Antigenically Distinguishable Subclasses of 
Human A Myeloma Proteins differing in their 
Heavy Chains 


Human immunoglobulins are complex molecules which 
contain at least two types of polypeptide chains known 
as “heavy” and “‘light’’*. The four classes of human 
immunoglobulins (IgG, IgM, IgA and IgD) differ in their 
heavy chains, (y, u, « and o, respectively). Two types 
of light chains, x and à}, are common to all*4, In 
the case of IgG globulins, four subclasses of y chains are 
now recognized®:*, This communication presents evidence 
for the existence of at least two antigenically distinguish- 
able subgroups of « chains in IgA myeloma proteins. 
A myeloma proteins, free of other immunoglobulin 
contaminants, were isolated from twenty-three sera by 
starch zone electrophoresis’, followed by chromatography 
on ‘Sephadex G-200’. Twenty-one other sera were studied 
without purifying the myeloma proteins. The isolated 
proteins were free from IgG and IgM globulins when 
tested by agar double diffusion analysis at concentrations 
greater than 20 mg/ml. with antisera specific for y and 
u chains. Antisera to IgA globulins were prepared in 
rabbits against purified IgA globulins from a pool of 
normal sera’ and against six different A myeloma proteins. 
Four of these were later shown to belong to the major 
group and two to the minor. The antisera were absorbed 
with cord serum and, in certain instances, also with a pool 
of six Bence Jones proteins of both antigenic types until 
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they no longer reacted with Bence Jones proteins, M 
macroglobulins, and G myeloma proteins by double 
diffusion in agar. Because the adsorbed antisera were 
specific for the « chains, results were identical with the 
isolated proteins and whole sera. 

The existence of two major groups of IgA myeloma 
proteins became apparent when the myeloma proteins 
were compared by Ouchterlony analysis®. With two of 
the antisera, thirty-eight of the proteins showed distinct 
spurs extending over the precipitin lines formed by the 
other six (Fig. 14). When compared, the six deficient 
proteins gave reactions of identity. Thirty-five of the 
spur formers gave reactions of identity with each other, 
while with both antisera, the proteins used for immuniza- 
tion and two other spur forming molecules formed spurs 
extending beyond the precipitin lines of the other spur 
forming molecules. This is probably due to individual 
antigenic specificity of these myeloma proteins!*? rather 
than additional g chain subgroups. The other fourteen 
antisera, whether prepared against normal IgA globulin 
(five rabbits), four spur forming myelomas (seven rabbits), 
or two deficient myeloma proteins (two rabbits), failed to 
distinguish these two groups of molecules from each other. 
The existence of a minor group of antigenically deficient 
molecules was confirmed by absorbing the two antisera 
with each of the deficient proteins. Fig. 1B shows that 
such absorption abolished the reaction with pure prepara- 
tions of all deficient molecules and diminished the intensity 
of the precipitin lines of the spur formers. When sera 
containing deficient myeloma proteins were tested with 
the unabsorbed antisera, a faint outer line which fused 
the precipitin line formed by the spur forming protems 
was always seen (Fig. 24). The persistence of this line 
after absorption with an antigenically deficient protein 
(Pig. 2B) indicates the existence of both classes of mole- 
cules in these sera. On immunoelectrophoresis", this faint 
line had the mobility of normal IgA globulin and probably 
represents small amounts of normal spur forming mole- 
cules in these sera. So far, no such double line has been 
encountered with the spur forming proteins. Two antisera 
prepared against the deficient molecules gave reactions of 
identity with all proteins except the one used for immun- 
ization and they failed to distinguish the minor deficient 
group. This is most probably because the antisera failed 
to recognize the corresponding unique group on the 
deficient molecules. An alternative and less likely possi- 
bility is that the deficient molecules lack certain antigenic 
determinants. We are at present attempting to produce 





Fig. 1, Ouchterlony plates comparing the reaction of three spur forming 

proteins (1~3) and three deficient proteins (4-6) with: A, antiserum toa 

spur forming protein; B, antiserum to the same protein absorbed with a 
deficient protein. 
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Fig. 2. Ouchterlony plates comparing the reaction of three spur forming 
proteins (1-3) and two sera containing deficient proteins (4, 6) and an 
isolated deficient protein (5) with: A, antiserum to a spur forming 


protein; B, antiserum to the same protein absorbed with a deficient 
protein. 


additional antisera against deficient proteins in order to 
resolve this question. 

Comparison of the electrophoretic mobilities and sedi- 
mentation properties of these two groups of proteins 
showed no consistent differences. While the protein with 
the most rapid mobility and a major 175 component 
belonged to the minor class¥*, two of the major group 
also migrated near the « globulins. 9, 11 and 13S com- 
ponents were present in both groups, as were proteins 
containing only a 7S component. Treatment of molecules 
in either class with mercaptoethanol resulted in their 
conversion to 7S units, but failed to alter their antigenie 
properties. Twenty-six of thirty-eight (68 per cent) of 
the spur formers and five of six (84 per cent) of the 
deficient molecules had x type light chains. 

Since these antisera failed to react with light chains, 
even from the protein used for immunization, it seemed 
likely that the antigenic specificity resided on the « chains. 
Direct evidence for this was obtained by noting that the 
precipitin line of one of the reactive heavy chains spurred 
over a deficient protein. Since the heavy chains generally 
yielded diffuse precipitin lines, a more clear-cut demon- 
stration was obtained with the absorbed antisera which 
reacted with each of the three spur forming heavy chains 
tested and failed to react with heavy chains from two 
proteins which did not form spurs. 

Analysis of 125 sera from patients with a variety of 
diseases showed that they all spurred over the deficient 
proteins, and that none lacked the major determinant. 
Since the antisera used reacted only with the determinants 
common to both groups and the unique antigenic determ- 
inants on the spur forming molecules, it has not been 
possible to detect the minor group in normal sera. 
Furthermore, no definite conclusion has been reached as 
to the possible existence of an analogous unique determ- 
inant on the apparently deficient molecules. On the basis 
of findings with other classes of immunoglobulins, it seems 
probable that the relative concentrations of the two 
classes in normal serum will parallel the frequency of the 
corresponding myeloma proteins®*, Attempts to produce 
additional antisera to the minor group and to elucidate 
the chemical nature of the two classes of heavy chains 
are in progress and may answer some of the other questions. 

This work was supported by grants from the U.S. 
Public Health Service. 

Note added in proof. The same two subclasses of 
IgA globulins, occurring with approximately the same 
frequency as ours, have recently been described by H. G. 
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HAEMATOLOGY 


Colorimetric Determination of Guanidines 
in Blood 


INVESTIGATIONS of guanidines are still limited; the main 
cause is the absence of an accurate and practical method of 
determination in biological fluids. We describe here a 
useful method which uses the well known colorimetric 
Sakaguchi reaction for arginine. We discovered the 
suitability of this method when we attempted to investi- 
gate guanidine bases in cases of renal failure. 

To 2 ml. of a sample of blood, plasma or serum are 
added successively 16 ml. of 0-83 normal sulphuric acid 
and 2 ml, of 10 per cent sodium tungstate. This is mixed 
and centrifuged for 15 min at 3,000 r.p.m. From the super- 
eooled deproteinized layer 10 ml. is transferred to a test- 
tube and 0-25 ml. 1 normal sodium hydroxide and 50 mg 
of activated dust charcoal purified by acid are added. 
The mixture is made into a suspension by shaking for 
1 min and it is then filtered through Whatman No. 50 
paper. The charcoal is washed out with distilled water 
and the filter is allowed to drain and then placed in a 
flask containing 25 ml. of 95 per cent ethyl alcohol with 
0-5 ml. of concentrated hydrochlorie acid. The flask is 
tightly stoppered, shaken, and allowed to stand overnight. 

The alcoholic solution is then filtered through Whatman 
No. 50 paper. A further 50 ml. of aleohol is placed in the 
flask and also filtered. The filtrate is placed in a 100 ml. 
evaporating flask and dried in a vacuum with the aid of a 
water bath at 80° C-85° C. 

The residue is taken up in 2 ml. of 1 normal sodium 
hydroxide solution and then 1 ml. of Sakaguchi’s reagent 
(9 parts of 5 per cent urea and 1 part of 0-25 g per cent of 
«#-naphthol in absolute alcohol) is added. After 1 min 
L ml. of sodium hypobromite solution (0-7 ml. in 100 ml. 
of 5 per cent sodium hydroxide) is added. The mixture 
is centrifuged for 5 min. The colour which develops can 
be measured immediately, for it reaches maximum in- 
tensity and remains so for 30 min. The measurement is 
done in a spectrophotometer at 500 my, against a blank, 
set at zero optical density. The blank is prepared in the 
same way as test samples, but contains distilled water. 
With the aid of a graph prepared from the measurements 
of known solutions (156-3 mg of methylguanidine sulphate 
or 167-1 mg of dimethylguanidine sulphate in 100 ml. of 
water correspond to 100 mg of the respective base), 
following the procedure described, the guanidines are 
directly determined in mg per cent (Fig. 1). 
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guanidine treated in the manner described. The colorimetric reaction 
measured in a spectrophotometer at 500 mu, with a cuvette of 1 cm 
diameter, follows Beer's law closely up to a concentration of 2-5 mg/100 
ml. If the sample is considered to contain a higher concentration the 
determination of the sample is carried out after dilution 1:2 or 1:3. 


In confirmation of previous results? we found that 
charcoal adsorbs guanidine bases quantitatively from a 
slightly alkaline solution and liberates 80 per cent—90 
per cent of them when treated with acidified alcohol. 
The guanidine released was determined previously 
colorimetrically using a mixture of potassium ferri- 
cyanide and an oxidized product of sodium nitroprusside, 
a reagent which also reacts with creatine, creatinine, 
arginine, histidine and histamine. Creatine and creatinine 
are adsorbed by charcoal and released by treatment with 
acid alcohol. Creatine, therefore, would interfere in the 
determination of guanidine bases in the blood because of 
its high guanidine equivalent (the methylguanidine 
equivalents of 1 mg of creatine and creatinine are respec- 
tively 0-22 and 0-013). Consequently a correetion factor 
was used for the amount of creatine present in the blood? 
and a technique of conversion of creatine to creatinine by 
acid hydrolysis of the filtrate before determination of the 
guanidines was adopted?. There are many difficulties 
with this procedure. The colorimetric reaction with the 
reagent mentioned is of low intensity and requires 20-25 
ml. of sample for each determination. The preparation 
of this reagent is laborious and it is unstable when pre- 
pared. The acid hydrolysis of creatine to creatinine also 
complicates the method and causes the result to be 
questionable. 

We found that the Sakaguchi reaction which is used 
for the estimation of arginine is very sensitive against 
guanidines. We established that in the conditions which 
we have described this reaction is four times more sensitive 
for guanidines. The colour reaction of guanidine is ten 
times more intense in the Sakaguchi reaction in comparison, 
with the colour which resulted from the alkaline ferri- 
cyanide nitroprusside reagent and therefore can be used 
for small samples. In this colorimetric reaction the 
guanidine equivalent of creatine and creatinine is minimal 
{the methylguanidine equivalent of 1 mg of creatine and 
creatinine is respectively 0-055 and 0-005); their presence 
does not affect the value of guanidines even in cases where 
these substances are in concentrations in the samples. 

Our method is simple, practical and sensitive. The 
maximum error found among the replicates on normal 
and pathological samples was approximately + 5 per cent. 
The recovery of methylguanidine which has been added 
to the blood to a final concentration of 1-2 mg/100 ml. is 
85 per cent-96 per cent. In twenty seemingly healthy 
individuals aged 20-40 yr the concentration of guanidines 
in blood was found to be 0-08—0-30 mg/100 ml. There was 
no significant difference in the contents in blood, heparin- 
ized plasma and serum. A definite increase of plasma 
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guanidines up to 4:2 mg/100 ml. was, however, found in 
cases of severe uraemia (3-4). 
H. Yarzipis 
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CYTOLOGY 


Electron Microscopy of the Chemoreceptor 
Cells of the Carotid Labyrinth of the Toad 


One of us has found that in the toad (Bufo vulgaris) the 
carotid labyrinth responds to lack of oxygen just as the 


mammalian carotid body does, and the presence of 


chemoreceptor cells was confirmed by light microseopy'. 
The present communication gives information concerning 
the ultrastructure of the chemoreeeptor cell of Bufo 
vulgaris. 

The carotid labyrinth with the carotid nerve connected 
was taken from the body of a pithed toad. For examina- 
tion of the chemosensory impulses, the carotid labyrinth 
was reduced in size gradually by repeated cutting. When 
only a few types of impulse were observed. the labyrinth 
was immersed in glutaraldehyde solution according to the 
method of Gordon et al.2. The material was fixed in 
glutaraldehyde for 6 h, washed in buffer, and then fixed 
in l per cent osmium tetroxide, buffered at pH 7-4-76. 
for 1 h. Dehydration was carried out rapidly in graded 
ethanol, and the tissue was embedded in ‘Epon 812°. The 
sections cut from the blocks were stained with uranyl 
acetate and then with lead citrate according to the method 
of Reynolds? and examined under the electron microscope. 

In the carotid labyrinth of the toad, the chemoreceptor 
cells lie near the capillaries, and generally are surrounded 
by a sheath of sustentacular cells which are closely applied 
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to its plasma membrane. Each cell is usually oval in 
shape, but often presents an irregular outline in section 
(Fig. 1). It has a large central nucleus which is approx- 
imately round in shape. The abundant mitochondria are 
generally scattered at random in all parts of the cell 
from the plasma membrane to the nuclear envelope. 
Their internal structure conforms to the usual pattern, 
although the cristae are usually variable in their orienta- 
tion. A relatively small amount of endoplasmic reticulum 
shows short canalicular or cristernal profiles. The small 
dense particles representing ribosomes are associated with 
these surfaces and are also free in the cytoplasmic matrix. 
The Golgi complex consists of smooth flat saccules, and 
around this structure there is a number of small vesicles. 
In addition to the cytoplasmic organelles mentioned, the 
cells frequently contain large heterogeneous bodies which 
are interpreted as deposits of lipofuscin pigment. 

The most striking feature of the chemoreceptor cells in 
the carotid labyrinth of the toad is the presence of 
numerous cytoplasmic vesicles with a diameter of 600 Å- 
1400 A. These vesicles usually contain an intensively 
osmiophilic granule, which does not fill the vesicle com- 
pletely; between the limiting membrane and the granule 
there is always a clear area of variable width. The vesicles 
resemble in size and appearance the granules containing 
catechol’, which have been deseribed in chromaffin cells 
of the adrenal gland. These aspects of the cell seem to be 
similar to those of the cells of the mammalian carotid 
body**. 

Two types of nerve ending are in contact with the 
surface of the chemoreceptor cells in the toad (Fig. 2). 
The first type (Fig. 2a) contains a large number of clear 
small vesicles with a mean diameter of 400 A, and mito- 
chondria or neurotubules. Occasionally, interspersed 
with these clear vesicles are others with a very dense and 
round osmium deposit similar to those described in other 
nerve endings™®-", In the second type of nerve ending 
(Fig. 2b), mitochondria. neurofilamentous inclusions and 
fine tubular structures are present, but no vesicular 
inclusions are found. The plasma membranes of the axon 
terminals of the first and second type and the chemo- 
receptor cells are separated by a distance of about 200 A. 
Desmosome-like structures are often found in a small part 
of the contact surface. The apposing plasma membranes 
in this area are more electron opaque than the membrane 
of unspecialized areas, and are separated by a constant 


b 


Fig. i. (a) Chemoreceptor cell. The cell is usually oval in shape, having a large central nucleus. In the cytoplasm there are many vesicles 
containing an intensively osmiophilic granule, interspersed with mitochondria and endoplasmic reticulum. The cell is surrounded with 


the sustentacular cell. (xe. 6,600.) (6) Enlargement of a part of {a}. i 
pletely. There is always a clear rim around the granule which is of variable width. 


The intensively osmiophilic granule does not fill the vesicle com- 
(xe. 25,000.) 
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a 


Fig. 2. 
cell. 


The nerve ending contains many small synaptic vesicles and mitochondria. 


b 


(a) Nerve ending of the first type in contact with the chemoreceptor cell. Above is a nerve ending, and below is a part of a receptor 


Synaptic vesicles are concentrated toward the junc- 


tion of the nerve ending with the receptor cell, Along the adjoining membranes between nerve ending and receptor cell the desmosome-like 


structures are observed. 


(xe. 20,000.) (b) Nerve ending of the second type in contact with the chemoreceptor cell. Above is a part 


of the chemoreceptor cell and below is a nerve ending. The nerve ending does not contain the synaptic vesicle, but does contain mitochon- 


dria, Along the adjoining membranes between nerve ending and receptor cell are the desmosome-like structures. 


The granules containing 


catecholamine are aggregated inside the plasma membrane of the cell in the region of contact. (xe. 17,500.) 


cleft, about 300 A wide, which is filled with a material 
which is slightly electron opaque. The electron dense 
eytoplasmic materials are aggregated just inside the 
apposing plasma membranes. The contact configuration 
of this area is very similar to the synaptic thickening in 
the synapses of the second type of nerve ending described 
by Gray™ in the central nervous system. 

Since De Castro viewed the carotid body cell under 
the light microscope, its synaptic structure has provided 
the basic concept of the carotid chemoreceptor which has 
been the subject of physiological investigations. Recent 
work with the electron microscope? has revealed the 
fine structure of the cells in the mammalian carotid body, 
and has modified De Castro’s early observation. The 
microscopic features of the chemoreceptor cell in the 
aforementioned toad are entirely analogous to those of 
the mammalian carotid body cell. Concerning the nervous 
element, Lever, Lewis and Boyd’ reported that at or near 
the site of apposition of axonal and glomus membrane 
the axoplasm contains a concentration of mitochondria 
and numbers of microvesicles. On the other hand, Ross® 
stated that there appeared to be no specialization of the 
adjoining surfaces, nor accumulation of synaptic vesicles 
or of mitochondria, at the point of contact between the 
axon and the chemoreceptor cell. Garner and Duncan‘ 
reported that the nerve cytoplasm is separated from the 
cytoplasm of the carotid body cell by a pair of single 
closely opposed membranes or by four double membranes. 
Biscoe and Stehbens' reported specialized electron dense 
zones along the opposing cell surface in the carotid body 
cell of the cat. Our observation on the first type of nerve 
ending coincides with that of Biscoe. The existence of 
synaptic vesicles and mitochondria indicates that this 
nerve ending is a presynaptic member, and that the 
chemoreceptor cell is a postsynaptic cell. The nerve 
ending of the second type has, however, not been reported 
in any animal species. It is distinguished from the first 
type by the absence of synaptic vesicles. From this 
structure we suppose that the second type is the afferent 
nerve ending which is the postsynaptic member for the 
receptor cell. ; 

The chemical transmission in the mechanism of the 
initiation of the chemosensory impulses has been much 
discussed'*-'8, Some authors have presented evidence 


favourable to the cholinergic transmission theory'*-*!, but 
others'* have failed to find evidence that the nerve 
endings are related to the chemoreceptor afferent fibre. 
Our electron micrographs show that both afferent and 
efferent nerve processes contact the chemoreceptor cell 
with the synaptic structures between cell and nerve 
ending. In our previous communication we showed that 
the adrenaline-like substance which is released in the 
living body increases the chemosensory discharge in the 
toad??, The normal transmitter in the chemosensory 
apparatus of the carotid labyrinth is considered to be 
catecholamine. The physiological significance of the 
efferent innervation to the chemoreceptor cell, however, 
is as yet unclear. 

This work was supported by a research grant from the 
Ministry of Education of Japan. 
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PATHOLOGY 


Neoplasm Transplantation Inhibition by 
Uninvolved Lymph Tissue 


HereRo.ocous transplantation of human neoplasms into 
the cheek pouch of the syrian hamster (Mesocricetus 
auratus) was first reported in 1951 (ref. 1). The unique- 
ness of the pouch as a site for transplantation results 
from the alymphatic structure and the very slow diffusion 
of large molecules out of the pouch area’. The large mass 
of loose connective tissue which comprises most of the 
pouch may be responsible for limiting the diffusion of 
transplantation antigens. Its selection as a favourable 
site for tumour transplantation has been based not only 
on its immunological responses, but also on its simplified 
structure, the ease with which transplants vascularize, 
the accuracy with which growth rates and regressions 
can be measured, and the fact that repeated eversion of 
the pouch for observation of transplants creates little or 
no trauma to host tissue or transplant. 

The present investigation was designed to determine 
the effects of uninvolved lymph tissue on the ability of 
normally invasive human tumour tissue to be success- 
fully transplanted into the cheek pouch. The method 
was a modification of that used by Handler’, Tumour 
tissue from female patients undergoing radical mastectomy 
was obtained at the time of operation and its malignant 
nature was affirmed by a pathologist. Uninvolved lymph 
tissue was taken from the axillary region, and micro- 
scopic examination attested to its non-involvement. 
Permanent mounts of both tumour and node were made 
for further investigation and confirmation of involvement. 
Within 1 h after removal the tissue had been transplanted 
as follows. 

Hamsters of both sexes of weight 55-85 g were anaes- 
thetized with 8 mg of ‘Nembutal’/100 g of body weight, 
administered intraperitoneally. The peripheral portions 
of the tumour were excised and small pieces were placed 
in a loose fitting hand homogenizer. These clumps were 
minced until there remained only small clumps of cells 
which were drawn into a size eighteen needle. Cell counts 
were made and clumps containing fifty to a hundred cells 
were most easily placed. After eversion of the pouch, 
the crude homogenate and fragments were inserted into 
the loose connective tissue at a point near the junction 
of two blood vessels to assure a good blood supply. Cells 
were transplanted into the caudal half of the pouch or 
portion where thin bands of muscle fibres seem to provide 
a more suitable medium for transplantation. Intra- 
peritoneally, 2-5 mg of cortisone acetate was administered 
on the day of the operation and on every fourth day 
thereafter to diminish the immunological response of the 
host by lowering the lymphocyte count in the circulating 
blood‘. In a second group, the same procedure was fol- 
lowed except that uninvolved lymph tissue was added to 
the hand homogenizer before the crude homogenate was 
prepared; an approximate 1:1 ratio of node to tumour 
was prepared. Any dilution effect of the neoplasm was 
tested by using, in a separate pilot experiment, a 1:1 
ratio of tumour to adipose tissue from the same patient. 
In all cases the effects of dilution alone were of no sig- 
nificance in the alteration of the ability of the neoplasm 
to be transplanted successfully. 

The results clearly show inhibition of invasion of the 
neoplasm when uninvolved lymph tissue and tumour 
cells were injected together. Thirty-eight hamsters 
received tumours alone, and eleven of them (29 per cent) 
had observable growing transplants after 5 days. In the 
experimental group receiving tumour and lymph node, 
only one of the twenty-six animals showed even a trace 
of implant, and this slight growth was rejected by the 
tenth day after transplantation. Examinations were made 
on all animals at intervals of 5 days and in each case 
the host rejected the tumour after 30 days. 
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A smaller scale investigation was carried out with both 
human melanotie tumour cells and carcinoma of the lung. 
Results, based on these few cases, indicate that the same 
relationship of tumour and lymph node may hold for 
these neoplasms also. Five out of eight transplants were 
successful for at least 25 days in animals receiving tumour 
alone, whereas in five animals injected with tumour and 
lymph node no implant was detectable after 5 days. 

Further investigations are in progress to test the 
relationship of these tissues. The implication that tumour 
invasion is blocked by uninvolved lymph tissue is of 
great significance in attempts at a definition of normal 
mechanisms of defence against the invasion process of 
neoplastic tissues. : 

We thank Drs. Elliott and Paul Young, pathologists, 
and Dr. William Dunlop, cytologist. This work was sup- 
ported by grants from Dwinnell Fund, N.H. Cancer 
Society, and by the National Institutes of Health. 
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ANTHROPOLOGY 


Canine “Field” in Sexual Dimorphism of 
Tooth Size 


AMONG primates, sexual dimorphism in the size of perman- 
ent teeth is usually greatest for the canine tooth, that of 
the male exceeding that of the female by 3-7 per cent in 
Hylobates agilis and Homo sapiens and by nearly as much 
as 80 per cent in Papio anubis. Such dimorphism raises 
the theoretical question of whether the canine itself is 
exclusively involved, or whether the degree of sexual 
dimorphism spills over to adjacent teeth in the form of a 
“field”. 


Table 1. PERCENTAGE SEXUAL DIMORPHISM IN PERMANENT TOOTH SIZE 


FOR BIGHT PRIMATES 


Maxilla Mandible 
pe g g PP L h C P, P: 


Hylobates agilis! 00 50 71 64 24 59 25 30 Q4 42 
Homo sapiens? 33 39 62 36 33 13 29 64 39 33 
Symphalangus 

syndactylus’ 00 64 169 65 63 26 45 130 99 108 
Cercocebus 

albigena® 11-1 10-0 81:6 10-6 7-0 96 70 23-7 27:3 20 
Cercopithecus 

ascanius® 19 00 234 00 54 — 00 268 167 00 
Pan troglodytes? 0-0 43 400 12 27 OO 3:4 20-7 — 1-2 
Papio ursinus? 11-7 15-4 65-6 32-8 13-7 194 321 52:0 1444 16-9 
Papio anubis? 11:7 18-6 789 161 58 TL UT 554 112-4 1238 


Published and unpublished data on various primate 
genera, including Cercocebus, Cercopithecus, Homo, Hylo- 
bates, Papio, Pan and Symphalangus, provide considerable 
evidence for a canine-centered field of sexual dimorphism. 
For the maxilla, percentage dimorphism is usually greater 
for the second incisor than the first, except for Cercopithe- 
cus ascanius. Similarly, the first premolar shows a greater 
percentage of sexual dimorphism than the second, again 
with the exception noted (see Table 1). The same tendency 
holds in the mandible, though less completely, with J, 
exceeding J, in percentage sexual dimorphism and Pye 
exceeding P, in the same respect. Thus, teeth once 
removed from the canine tend to show relatively more 
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Sexual dimorphism than those twice removed, particu- 
larly in Papio and most markedly in Papio ursinus. 

Within human lineages, the degree of brother-sister 
dimorphism in canine size is more strongly correlated 
with the dimorphism in adjacent teeth (I, and P,) than 
with the dimorphism in the more remote teeth (I, and 
P,). For 111 pairs of brothers and sisters, this is true 
both for the maxilla—comparing brother-sister differences 
in canine size with those for the incisors and premolars— 
and for the mandible’, 

_ Thus a canine “field” of sexual dimorphism in tooth 
sıze appears to characterize the permanent dentition of 
a variety of living primates. Although the dentition 
behaves to some extent as a single unit, several partially 
autonomous fields can also be demonstrated. ‘There is a 
third molar field, affecting size, morphology and numerical 
reduction*-§. There is a field linking the size behaviour 
of the more distal tooth of all classes®. There are class- 
specific fields, as shown by higher intra-class correlations. 
Such fields, including the canine field of sexual dimorphism 
discussed here, reflect the complexity of control of both 
tooth size and size patterns'®. They also suggest how 
selection can operate on a part of the dentition, even 
across morphological classes, to bring about various 
patterns of evolutionary change. 

This study was supported in part by U.S. Public Health 
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Evidence for Collagen in a Fossil of the 
Lower Jurassic 


A WELL preserved specimen of Pholidophorus bechei 
Agassiz has been described from the Lower Lias of 
England!. The presence along its body axis of a con- 
spicuous series of epineural intermuscular bones made it 
seem worth while to examine the microstructure of some 
endochondral bone of the head using the electron micro- 
scopic techniques recently developed for the investigation 
of fossil calcified tissues’-?. Preliminary results obtained 
with a specimen of this find are reported here. 

Pieces of the fossil bone were embedded in epoxy resin 
or methacrylate and sections were eut with an ultra- 
microtome, using a diamond knife. Some sections were 
examined directly under the electron microscope and 
others were first decalcified and stained by treatment on 
the grids with 0-5 per cent phosphotungstie acid for 
periods varying from 30 sec to several minutes. Sometimes 
the methacrylate embedding medium was removed, but 
in all cases the decalcified ultrathin sections were shadowed 
with platinum before inspection. 

The electron micrograph in Fig. 1 shows a typical 
e region of an undecalcified ultrathin section. In it there are 
several areas in which sequences of flat platelets show the 
620 A repetitions always seen in recent teeth and bones 
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Fig. 1. An electron micrograph of undeealcified fossil bone. Fiat 
crystals appear to be covering individual segments of underlying collagen. 
The repetitive crystallite pattern was about 620 A. (= 32,640.) 





Fig. 2. 
photungstic acid and the methacrylate embedding media removed. 
{ x 36,600.) 


A similar micrograph of fossil bone decalcified with phos- 


when they are superimposed on groups of collagen fibrils?->. 

This is the oldest fossil examined in this laboratory in 
which such platelet repetition has been found and it was 
important to see whether the crystals still covered collagen 
fibres. This could be done by examination of the de- 
calcified sections of bone embedded in methacrylate. A 
photograph of a section prepared as described previously 
after removal of the methacrylate is shown in Fig. 2. The 
residue is clearly fibrous, although it does not show the 
620 A striae of typical collagen. In many places, however, 
there is a finer repetitive cross structure similar to that 
seen in Pleistocene collagen?.; its spacing of about 100 A 
suggests that it is related to substrial detail visible in 
shadowed preparations of fresh collagen. 

Unfortunately at this point in our investigation the 
supply of usable bone from the specimen was exhausted 
and it was not possible to establish the chemical compo- 
sition of these residual fibres. It would have been im- 
portant to determine through the “cold burning” tech- 
nique whether they are carbonaceous, and if not, to analyse 
them by probe analysis. We hope to be able to obtain 
additional fossils that will permit such an extension of 
our work. 

This work was carried out in the laboratory of Prof. 
R. W. G. Wyckoff and supported by grants from the. 
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U.S. National Institutes of Health and the U.S. National 
Science Foundation. One of us (A. R. D.) is the recipient of 
a Research Career Development Award from the National 
Institute of Dental Research. The specimen was given 
to one of us (R. L.) by Dr. Colin Patterson of the British 
Museum (Natural History). 
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PSYCHOLOGY 


Mechanism of Binocular Increase of Discom- 
fort to High Luminance 


Ir has been shown! that the luminance necessary to 
produce intense visual discomfort or aversion is greater in 
monocular than in binocular viewing. Essentially similar 
results were obtained both in subjects with normal pupils 
and in subjects with pupils dilated by drugs. This 
finding indicates that pupillary and ciliary muscle spasms 
are not the sole causes of this effect. 

Binocular summation of brightness might be a factor 
in the increased discomfort associated’ with binocular 
observation of bright targets. Such an effect, that is. 
binocular summation of brightness, has been deseribed 
by Fry and Bartley*, and if it were operative in our testing 
situation it is possible that an increase in the apparent 
brightness in the binocular viewing conditions could 
cause the observer to experience more discomfort in this 
condition than during monocular viewing. On the other 
hand, the increase in discomfort with binocular viewing 
might be related more to the total illuminance on the two 
retinae than to the apparent brightness of the target. 

In the present investigation Fechner’s paradox is used 
oto determine whether perceived brightness is a crucial 
“variable in the experience of discomfort when viewing 
high luminances. Fechner’s paradox is the change in 
monocular, compared with binocular, brightness which 
occurs when the illuminance of the two retinae is un- 
equal?-§, For example, when a scene is viewed binocularly 
with an appropriate neutral density filter placed before 
one eye, closing the eye covered by the filter increases 
the apparent brightness of the scene, and opening the 
filtered eye reduces the brightness of the scene. Thus, in 
the latter case, an increase in the total illuminance at the 
retinae is accompanied by a decrease in perceived bright- 
ness. 

The use of Fechner’s paradox in the measurement of 
thresholds of discomfort should make it possible to 
separate effects related to summation of brightness from 
effects related to increases in luminous flux at the two 
retinae. With the appropriate neutral density filter 
before one eye the total luminous flux reaching the two 
eyes will be increased in binocular compared with mon- 
ocular viewing, but the perceived brightness will be 
reduced. If the binocular facilitation of aversion to high 
luminance is due to summation of luminous flux, then the 
threshold, that is, the amount. of illumination needed to 
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produce discomfort, should decrease in binocular viewing. 
as the luminous flux will increase, whereas if the aversion 
threshold is related to brightness it should increase, as 
the perceived brightness will be reduced. 

Subjects sat in a well illuminated room, 50 em from a 
large translucent screen which subtended a visual angle of 
about 62°x 70°. The entire screen was continuously 
illuminated from behind by four fluorescent lights which 
provided a constant level of 300 ft. L. Also concealed 
behind the screen were two 300 W incandescent spot lights 
aimed at the centre of the screen, so as to illuminate an 
oval area which subtended a visual angle of about 19° x 
11°. The luminance of the spot lights could be altered 
continuously by a transformer which controlled the voltage 
to the lamps. The spot lights served as the source which 
was intended to produce discomfort in the subjects. 

The subject’s head was held in a chin rest and a small 
cross served as a fixation point. Subjects were warned 
when a trial was to begin and the intensity of the spo 
lights was increased by the transformer from the back 
ground luminance to a potential maximum of about 
10,000 ft. L over a period of 15 sec. When viewing became 
uncomfortable the subject pressed a button to extinguish 
the spot lights. The luminance at which the spot lights 
were extinguished was taken as threshold for the trial. 

The discomfort thresholds were determined for cach of 
five viewing conditions; three were binocular and two 
were monocular. The conditions were altered in a semi- 
random fashion so that no one eye was ever occluded for 
more than one trial at a time. This prevented a change 
in the dark adaptation of the occluded eye. The neutral 
density filters were Kodak gelatine filters mounted in 
35 mm glass projection slides. The 0-5 and 0-4 neutral 
density filters used were found in preliminary investiga- 
tions to provide the largest degree of Fechner’s paradox 
for each subject. Subjects 1 and 2 chose the 0-5 filter 
and subject 3 chose the 0-4 filter. The binocular viewing 
conditions were (a) no filter or glass mount before either 
eye, (b) a clear glass mount before the left eye and (c) a 
neutral density filter before the left eye. The monocular 
conditions were (d) right eye without filter while the left 
eye was occluded and (e) left eye with neutral density 
filter while the right eye was occluded. Each subject 
was asked later to compare the brightness of condition ¢ 
with condition d at the discomfort threshold of condition d. 
All three subjects found the apparent brightness to be 
lower under condition c, which confirmed that Fechner’s 
paradox was operative in these experimental circum- 
stances. 


Table 1. EFFECT OF NEUTRAL DENSITY FILTERS ON BRIGHTNESS AVERSION 
THRESHOLD 
Brightness 
Viewing condition aversion threshold 

Right eye Left eye Mean ft, L 
a + + 5.000 
b + + glasa 5,000 
c + + filter 5,500 
d + ~ 8,500 
e - + filter > 9,800 


The subjects were the two authors and a third observer, 
inexperienced in brightness judgments and unaware of 
the purpose of this study. 

The data from each of the three subjects were similar. 
The mean discomfort thresholds are shown in Table 1. 
It will be noted that discomfort thresholds in the binocular 
viewing conditions were virtually identical without 
(condition a) or with (condition b) the clear glass mount 
covering one eye. Although the discomfort threshold to 
binocular viewing with the neutral density filter over the 
left eye (condition c) is slightly higher than in condition 
a or b, this difference is not statistically significant, but 
the difference is in the anticipated direction as brightness 
and retinal illuminance are both reduced. Thus, all three 
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binocular thresholds can be considered identical but are 
markedly lower than the unfiltered monocular threshold 
{condition d), which again substantiated the marked 
increase in the sensitivity to discomfort in binocular as 
eompared with monocular viewing. It can also be seen 
that in monocular viewing conditions, the addition of the 
neutral density filter markedly increases the threshold, 
as would be expected. The crucial comparison for our 
purposes is that between unfiltered monocular viewing 
{condition d) and filtered viewing (condition c). It will 
be recalled that in going from condition d to condition c 
the total illuminance of the two retinae increases while 
perceived brightness decreases. Thus, if the threshold of 
discomfort is determined by brightness, it would be 
expected that the threshold luminance should increase in 
going from condition d to condition e. It can be seen 
that, in fact, the threshold luminance decreases (P < 0-01 
with a two-tailed ¢ test) which suggests that the threshold 
of discomfort does not depend on the perceived brightness, 
but rather is more directly related to the total illuminance 
‘of the two retinae. 

Thus, although in many circumstances increases in 
retinal illuminance are accompanied by increases in per- 
ceived brightness, the experience of aversion or discomfort 
is probably not due to the perception of brightness per se. 
The results of this investigation may be taken to suggest 
that the increased neural activity presumably caused by 
increased flux can give rise more or less independently 
to the experiences of brightness and discomfort. While 
the data presented here do not rule out the possibility 
that muscles controlling pupillary aperture may be 
important for the feelings of visual discomfort®, it is 
interesting to note Nakagawa’s report’? that weak electrical 
stimulation of the freshly exposed human optic nerve 
caused visual sensations, while stronger stimulation 
failed to produce visual sensations but did induce feelings 
of fatigue and pain. It is possible that the aversive 
response to high luminance is due to a mechanism similar 
to that postulated by Melzack and Walls for the somatic 
system, but any further speculation seems unwarranted 
at this time. 

This investigation was supported in part by the U.S. 
Publie Health Service. 
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Startle Response of Rats after the Production 
of Lesions at the Junction of the 
Mesencephalon and the Diencephalon 
Lesions at the junction of the mesencephalon and di- 
encephalon have been found to affect the reactivity of 
white rats. These rats sometimes showed intense muscular 
reactions to sensory stimulation although they were 
usually more placid than other rats. The purpose of my 
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experiment was to conduct a quantitative study of this 
phenomenon. 

As a quantitative index of “reactivity” the strength of 
the animal’s immediate muscular reaction to a strong 
auditory stimulus was used. This is a component of the 
“orienting reflex’, which has been referred to as the 
“startle pattern’’*. 

Eight male rats were used. Electrolytic lesions were 
produced with a stereotactically oriented electrode, 
lowered bilaterally on to the area described. After the 
experiment, the animals were killed and the exact location 
of the lesions determined. A typical lesion is shown in 
Fig. l. 





Fig. 1. Extension of a typical lesion at the level of the mammillary body. 


The “reactivity”? was measured using the movement of 
a light, hanging cage in which a rat was placed. The 
movements of the cage were mechanically enlarged and 
transmitted to a smoked drum. The amplitudes of the 
reactions to twenty consecutive bursts of intense white 
noise 0-5 see long were recorded at intervals of 25 sec by 
this method. 

It was found that the animals with lesions responded 
more strongly (mean amplitude = 32-0 mm) than normal 
animals (mean amplitude = 9-6 mm). The probability 
that this difference is fortuitous is less than 0-01 according 
to the Mann Whitney test’. 

The startle pattern is often regarded as an emotional 
response which is phylogenetically primitive. Lindsley 
describes it as “probably a primitive and transient form 
of fear’. It is, however, involved in every instance where 
defence reactions or similar “emotional” responses are 
studied®-*. The results presented here might therefore be 
of interest in a discussion of such behaviour. 

This work was supported by a grant from the National 
Institute of Child Health and Human Development, U.S. 
Publie Health Service. 
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FORTHCOMING EVENTS 


(Meatings marked with an asterisk ars open io the public) 


Tuesday, December 27 


ROYAL INSTITUTION (at 21 Albemarle Street, London, W. D at 3 p.m.— 
Prof, rio Lathwaito: “The Engmeer in Wonderland”. One Hundred 
and Thirty-seventh Course of Six Lectures Adapted to a uvenilo Auditory. 
Further lectures on December 20, $1, January 8, 5 and 7.) 


Thursday, December 29 


ROYAL GROARAPHICAL Soormry (at 1 Kensington Gore, London, 8.W.7), at 
2.30 p.m.—Mr. Ero Shipton, C.B “Exploring Tierra ‘del Fuego—Land of 
Tompeat (Obristmas Lecture for Ghildren), 


ROYAL SOOTY oy MEDIOINE (at i mimo, Street, London, W.1), at 
2.30 p.m eor C. H. Stuart-Harris. "Hunting Viruses” (Christmas Holiday 
Lecture for Young People). 


Friday, December 30 


ROYAL GROGRAPHIOAL Soormry (at 1 Kensington Gore, London, 8 W. p at 
230 p: lene are Born” (colour films introduced by Dr. @. P. L. 
er). 


ROYAL SOOTY OF MEDICINE G 1 Wimpole 8treet. London, W.1), 
2.80 p.m.—Dr John T. Scales: “Man, Medicine and Machines” (Chris 
HoltdayjLeoture for Young People). 


ROYAL SOOTY OF ARTS (at J ohn Adam epee Adelphi, London, W.0.2 
ae DI J. D. Carthy: ‘Animal Language” (Dr. Mann Juvenile 
ure, 


at 


Friday, December 30—Tuesday, January 3 
BOGRAPHIOAL ABSOOLATION (at the London School of Economics, Hough- 


fon Street, London, W.0.2)—Annual Conference. 
Monday, January 2 


ROYAL QROGRAPHIOCAL 8ocreTy (Jolnt meeting with the Geographos] 
Association and the tnstitute of British Geographers, at 1 Kensington Gore, 
London, 8.W.7), at 8 p.m.—Prof. K. 0. Edwards: ‘Broadening Vistas”. 


SoorsTy ov CHEMICAL INDUSTRY, LONDON SxoTION, and the Heavy 
ORGANIO CHEMICALS AND CHEMICAL eee Guours (at 14 Belgrave 
Square, London, 8.1.1), at 6.80 p.m.—Prof H. H. Rosenbrock: ‘‘Progress 
in the Theory of Automatic Control of Chemical Processes”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or before the 


dates mentioned: 
ASSIBTANT LECTURER or LECTURWR IN THE DHPARTMANT OF MATHAMATICS 
—The Registrar, University of Essex, Wivenhoe Park, Colchester, Essex 


(December 81 


ASSISTANT (aonenee (with some experience of research and preferably 


working for a er degree) IN PHARMACOGNOSY—The Registrar and Sec- 
retary, Welsh LT a Advanced Technology, Cathays Park, Cardiff, 
quot ng Bef. No. ee 866 (December 81). 

L&eOTURMR or ASSISTANT LEOTURER IN THE CoMPUTING OawrRE—The 


Registrar, aad of Bast Angla, Earlham Hall, Norwich, NOR 880 


Gosee te 
pete LECTURER, LECTURER or ASSISTANT LEOTURER feight 
appointments) in the School o of Biological Sciences. Appointments will be 


made in the following fields’ biochemistry, biophysics, experimental hotany, 


ecology, genotles,, miarobiol sand ae zoology—The Reguatrar, 
University of Fast Anglia. Kar Hall, Norwich, NOR (December 31). 
BENIOR UB- EER (with eonsiderablo experience ın an academic 


Ubrary, and preferably professional qualficatións in charge 2 the Science 
Library—The Serre , The Univeraity, Aberdeen (December 

SENIOR LECTURER (with a higher degree and relevant ung and/or 
{ndustrial ence, and preferably an interest in the teaching of electrode 
processes and/or thermod ca) IN PHYSIOAL CHEMISTRY IN THE DEPART- 
MENT OF CHEMISTRY AND BIOLOGY, Liverpool Regional College of Technology 
—The Director of Education, 14 Sur Thomas Street, Liverpool, 1 (January 2). 

2 ETE EMPIRE CANCER CAMPAIGN RUSRARCH WORKER (medical graduate) 

IN THB DEPARTMENT OF SURGHEY-—Thoe Secretary, King’a College Hospital 


pedicel rage (University of London), Denmark 1, London, §.B.5 
anuary 
BENIOR r LECTURER IN COMPUTING SOmMNCR—The Secretary, 


The Queen’s University, Belfast, Northern Ireland (January 10). 

BHNIOR LEOTURER and a LEOTURBR (preferably with experience a vee’ 
sphenc electricity acoustics, ionospheric, medical radiation or hl 
nuclear p nye) IN THR DEPARTMENT OF PHYSIOS, University o Ibadan, 
poe 19. Inter-University Council, 33 Bedford "Square, London, W.0.1 

anuary 

CURATOR OF MAMMALS to manage the Souety's collection of mammals at 
Regent’s Park and to advise the Sooety in regard to mammals exhibited both 
thore and at Whi pends Park—The Secretary, The Zoological Society of 
London, n, Regenta ark, London, N.W.1 (January 14). 

sane ARSISTANT (suitably qualified uate or final year under- 

grndunto) T THE DEPARTNENT OF ENVIRONMENTAL STUDIS. to work on 

problema of coastal aggradation on the north shore of the Ribble Estusry— 

he Sccretary, University of Lancaster, University House, Batingg, Lan- 
caster (January 14). 

LEOTURER or ASSISTANT LECTURER IN COMPUTING Sorence-—The Regis- 
trar, The University. Sheffield (January 16). 

LROTURERS 2) IN GROGRAPHY—-The Registrar and Secretary, University of 
Durham, Old Shire Hall, Durham (January 16). 

CHAIR OF P8YOHIATRY at St. rge’s Hospital Medical School—The 
ai A sca University of London, Senate House, London, W.0.1 

anuary 19). 

OHAIR OF MATHEMATICS at Bedford College—The Academic Registrar, 
University of London, Senate House London, W.C.1 (January 23). 

THAD OF THE DEPARTMENT OF BIOLOGICAL SCrRNCES—Tho Registrar (RS), 
Portamouth Coll of Technology, Hampshire Terrace, Portsmouth, Hamp- 


shire (Jan 
PAE E (with appropriate qualifications in oivil engineering, 
surveying or science, and have made original contributions to the science of 
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surveying) IX GHODESY AND SURVEYING IN THR DEPARTMENT OF CIVIL 

GINHERING, University of Sydney—The Association of Commonwealth 
Universities (Branch Office), Marlborough House, Pall Mall, London, 8.W.1 
(Australia and London, Jan 25). 

LECTURER (with particular interest in the “Western” clty, and preferably a 
background of demograph y, urban soclety and/or town planning) LW GEO- 
GRAPHY at Victoria versity of Wellt n, New Zealand—The Association 
of Commonwealth Universities (Bran Office), Marlboro: House, Pail 
Mall, London, 8.W.1 (New Zealand and London, January 27). 

RESEARCH ASSOCIATE (Mathematician) IN THR DEPARTMENT OF THEORETI- 
OAL MRORANIOS (a Department of Mathematica within the Faculty of 
Engmneorng)— The Registrar, The epee Bristol 2 (January 27). 

ASSISTANT LECTURER or LECTURER IN STATISTICS IN THB DRPARTMENT OF 
MATHEMATIOS—The Deputy Secretary, The Univeraty, Southampton 


(January 31). 

LEOTURER or AASISTANT LECTURER ne DEMONSTRATORS (2) If THR 
DsPaRTWENT OF CIVIL ENGINEBRING-—~The Registrar, University of Liver- 
pool, Liverpool, $, quoting Ref. No. 824 Tho Rogi $1). 

LEOTURBR (preferably with main research and d teaching interests in the 
algae) IN BOTANY tn 8t. Salvator’s College The tary, University of Bt. 
Andrews, College Gate, St. Andrews, F rei anay 31). 

L ENIOR LEOTURER IN BOTANY with special emphasis on limn- 
ology and algology at Monash University, Melbourne, Austra! Agsoct- 
ation of Commonwealth Universities (Branch Office), Mariborough House, 
Pall Mall London, 8.W.1 (Australia, January 31). 

SENIOR LEOTURRR IN BIBTEOROLOGY at Victoria University of Wellington, 
New Zealand—The Association of Commonwealth Universities (Branch 
Office), Marlboro’ House, Pall Mall, London S.W.1 (New Zealand anu 
London, January $1). 

SENIOR LECTURERS (2) (qualified in pure or applied mathematics, including 
mathematical statistics) IN ALATHEMATIOS at Victoria University of Weling- 
ton, New Zealand—The Association of Commonwealth Universities (Bran 
Office). Marlborough House, Pall Mall, London, 8.W.1 (New Zealand and 
London, Janu 1). 

LECTURER and a SHNIOR LECTURER (with a degree in agnoultural or pure 
science and 6: tence in pasture agronomy at a technical. level) nt AGRO- 
NOMY IN THA DAPARTIMEN OF PLANT SOWNOE, Lincoln College (University 
of Cantarbury), New Zealand—The Association of Commonwealth Univer- 
sities (Branch Office), K ariborough House, Pall Mall, London. 8.W.1 (New 
Zealand and London, February 1 

IMPERIAL CHEMICAL IepUsraree RESRAROH FULLOWS (preferably with the 
degree of Ph.D. or equivalent research experience and normally below the 
age of 80) in various branches of Chomlstry (1 aoe Inorganic Chemistry), 

emical Engineering, neering, allied subjecte— 
Registrar, The University, nchester is ng 17). 

DEAN OF THR MEDIOAL oe University of Otago—The Registrar, 
University of Otago, P.O. Box 56, Dunedin, New Zealand; or The Secretary- 
General, Association of Commonwealth Universities Branch Office), Mari- 
borough House, Pall Mal’ London, 8.W 1 (Now Zealand, February 28), 

RESHAROH FRLLOW (with at least several years of research experience in 
some branch of astronomy) at Mount Seon o Observatory, Department of 
Astronomy of the Australian Nationa) University--The Assocation of 
Commonwealth Universities (Branch Office), Mice) Marlborough House, Pall Mall, 
London, 8.W.1 (Australia ani Tonon, March 1). 

ae ASSISTANT EXPERDIENTAL OFFIOBR/EXPHRINERTAL OyriogR (with a 

egree, Dip. Tech., H.N.C or equivalent, with an interest in biochemistry and 
ay ‘qualified tn physics and/or physical chemistry) for work Involving 
si use of oe, techniques tn the c een Se of macromolecules— 
ational Institute for Research Dairying (University of 

dna Sinaia, Reading, Berkshire, quotin Ref. 66/43. 

ASSISTANT LBOTURER In the Medical Unit help with teaching and 
clinical work—The Secretary, St. Mary 8 Hospital Medical School (University 
of London), Paddington, London 

ASSISTANT Or ASSOCIATE P UNA (with a Ph.D.) IN THE DAPARTHEN?E 
OF Paysios for duties which will include teaching and research—Prof, J. L. 
Clmenhaga, Head, Department of Physica, University of Victoria, Victoria, 
British Columbia, Canada, 

BIOOHEMIST bationary or Basic Grade)}—The Group Secretary, Naps- 
bury Hospital, near St Albans, Herts. 

GRADUATE GROLOGISTS with the Geological Survey of Greenland to under- 
take investigations in the Precambrian of West Greenland—TIhe Director, 
Geological Survey of Greenland, Grenlands Geologiske Undersegelse, 
Ostervoldgade 5-7, Copenhagen K, Denmark. 

GRADUATB RESRAROH ASSISTANT to join a team working on the physiology 
and biochemistry of calcitonin-—-The Secretary Royal Postgraduate Medical 
8choo], Du Cane Road, London, W.12, quoting Ref. 4/223. 

GRADUATE RHSHAROH ASSISTANTS IN MATERIALS oz—Chairman 
Department of Materiais Science, Thornton Halil, University of Virginia, 
Charlottesville, Virginia 22908, U. S.A. 

LECTURER or SANIOR LBOTURRE (with a fal interest in efthor 
mathematics or appled mathematics) IN ti0s—The Registrar, 
Umversity of Tong on Goldsmith’s College, New Croes, London, 8 E.14. 

LEOTURBRS (preferably with experience:n one or more of the following fields: 
electrical and magnetic properties of solids; modern ceramics; or phvsical 
techniques for the examination of materials partlenlarly electron microscopy) 
IN MATERIALS SOIRNOB In the School of Materials Sconce and Technology— 
The Registrar, University of Bradford, Bradford, 7, quoting Ref 74/X. 

PATHOLOGIST (trained morbid anatomist) to the Sydney Eye Hospital— 
E. R. Beer, Chief Executive Officer, Sydney Hospital, Box 1614, G.P.O., 
Sydney, New South Wales, Australia. 

PosTDOOTORAL BIOCHEMIST for research on purification of bacterial anti- 
gens (to work witha team of mmnnologists)—The Secretary, Lister Institute 
of Preventive Medicine. Elstree, Hertfordshire 

POSTDOCTORAL FELLOWS IX THE DEPARTMENT OF CHEMISTRY to work In 
the feld of gas kinetics uang d flash photolysis and shock wave techniques— 
rata Bum as D Department of Chemistry Unuiveralty of Toronto, Toronto 5, 

n O, N 

POSTDOOTORAL FELLOWS in the Humanities, Social Sciences, Natural 


Sciences, Engineenng and anoano rhe Dean, ulty of ‘Graduate 
Studies The Univorsity of Calgary, Grit ae Alberta, Canada, 
POSTDOCTORAL TEACHING FRLLOWS ie h academic ability) IN THB 
DEPARTMENT OF CHHMISTRY—Prof. O. eDowell, De ent of 
Chemistry, The Univermty of Bntish Columbia, Vancouver! 8, B. 
READER (with a first-class academic background, experience “In Soe 


and with a bias towards heavy current or light current engineerin 
ELECTRIOAL AND ELROFRONIC va Na Registrar, University 
Bradford, Bradford 6, quoting Ref. 7 

RHSHAROH WORKER (with a eroa Penoas degree, or its equivalent, in 
biochemistry, and preferably an interest in purification meth as applied 
to protein hormones or experienco ın Immunochemistry) IN THE PHYSIOLOGY 
DEPARTMENT to study p pro tin with special reference to its assay in panan 
body fwds—The $ tary, National Institute for Research ın Da 
{University of Reading), Shinfleld, Reading, Berkshire, quoting Ref. 66 


isi 
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SENIOR TROHNIOGIAN I (experienced in histological and histochemical tech- 
niques, and preferably a cnowiedge of electron mioroscopy y) DY THE DEPART- 
MENT OF PHARMACOLOGY —-The Secretary, Royal Free Hospital Medical 
School, 8 Hunter Street, gomon W.0.1. 

Saxror TROWMIGIAN Uf (FLAC LT. or with H.N.C. in chemistry plus 
rence in Aphra en THR DEPARTAMANT OF Parmoroay, to „to spply 
matic methods of chemical an analysis to the small 

trics—The Chemical Pathologist, Hospital for ok Children, Great 
ond Said London, at 0,1 
OLAN IN THE 


microbiology or biochemistry) at Pollards Wood tion, Chalfont 
St. Gilles, Bucks, to assist in molecular plological research—The Secretary, 
Instituta, of ancer Hospital, 34 Sumner Place, 
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Experimen! a Decay. By Prof. pawera A. Marsland. (An Inaugura. 
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By Prof. 
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Lie nivermty of London, 1966. Distributed by Constable sag, Ly 
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Building Research Institute. CSIR Research Report No, 217: Investigations 
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Worl tion. Technical Note No. 72. The Prepara- 
Be by Mariners. (WMO—No. 179.TP.89) Pp. 

xvi+ 89. 
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At your request, 

our gas chromatography 
bulletin, Column, 

will be mailed to 

you regularly. 


In just five minutes you can assess 

the qualities that make W. G. Pye 
Series 104 the most successful gas 
chromatography system available 
today. Soundly engineered and 
exceptionally functional, the Series 104 
brings speed, convenience and 
reliability to your most demanding 
analytical projects. The high efficiency 
oven, with rapid air stirring and low 
thermal mass, accepts interchangeable 


Left: Analyser Oven Cat No 12104 


Below: Programmer Controller Cat No 12254 
Detector Oven Controller Cat No. 12264/2 
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head units to provide the basis of nine 
different analytical systems. Separate 
compact control modules provide for 
isothermal or programmed operation to 
500°C. Features include independent 
temperature control of detectors to 
better than 0.1°C, a full range of 
sample injectors, sample injection point 
heating, and facilities for component 
collection. Ask us to arrange a 
demonstration without obligation. 


Below: lonisation Amplifier Cat. No. 12304 
Electron Capture Supply Cat. No 12284 


W. G. Pye & Co. Ltd 
York Street Cambridge England 
Telephone Cambridge 58866 





LETTERS TO 


ASTRONOMY 


Density Evolution Hypothesis for Quasars.—M. Rowan- 
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PLUTONIUM IN PLENTY 


Tue fear that the proper exploitation of nuclear power 
for civil purposes would somehow assist the spread of 
nuclear weapons is not new, of course. Since the end 
of the Second World War, those nations able to supply 
nuclear equipment to others have done their best to 
see that no harm comes from this assistance. On 
the whole, the Soviet Union seems to have dealt with 
this problem by restricting severely its technical 
assistance to other countries. In the West, both the 
United States and the United Kingdom have taken the 
view that the development of civilian nuclear power 
throughout the world is to be encouraged, and have 
sought by means of international treaties to construct 
safeguards on the use made of the fissile material 
produced in their reactors. In the last four years 
there has been emerging the view that the International 
Atomic Energy Agency of the United Nations should 
eventually assume responsibility for the administration 
of safeguards on the use of plutonium, and there have 
been some encouraging experiments in the exercise of 
control of the operation of power reactors. In the 
article on page 1517, Leonard Beaton draws attention 
to the imperfections of the system of control now 
growing up, and in particular argues for a system in 
which the international agency would have the right 
and even the duty to own and physically to possess 
plutonium produced in reactors built by the advanced 
nations in countries outside their direct control. His 
argument should serve to emphasize the frailties of 
the present arrangements for safeguarding pluton- 
ium, and the urgent need that something should be 
done. 

The most immediate and obdurate difficulty is well 
illustrated by the debates at Vienna in recent years 
on the construction of the safeguard system now being 
tried out. From the beginning it has been clear that 
developing countries will not willingly assent to a tacit 
recognition that non-nuclear powers and nuclear powers 
are dealt with differently. A system in which there is 
one law for the rich and one for the poor is never 
comfortable, for the poor at least. The safeguards 
which the international agency is now operating are 
in many ways influenced by the arguments of countries 
such as India that it would be inequitable to allow 
nuclear powers to accumulate plutonium as they wish 
and to apply the most stringent safeguards to the 
others. As things are, there is no doubt that tougher 
regulations at Vienna would only exacerbate the 
tendency of non-nuclear powers to become nuclear 
powers in their own right. It will be hard to get a 
safer restriction of the nuclear sovereignty of non- 
nuolear nations until the nuclear powers are prepared 


“ to give up something of their own. 


In any case, the first need is to allow the Inter- 
national Atomic Energy Agency to win the confidence 
of member nations in its capacity to handle inter- 


national control systems. The present safeguards are 
a useful beginning even though they may be seriously 
incomplete, and there is of course no certainty that an 
international agency like that at Vienna would be able 
to handle all the serious problems of managing a 
substantial part of the world’s stock of synthetic fissile 
material. It is better that it should first cut its teeth 
on something simple. It will be some time before the 
inspection of a few nominated reactors can be extended 
to cover the majority of those already built by nuclear 
powers in countries abroad. It is, however, worth 
remembering that even when that happy time arrives 
there will remain to be dealt with most of Mr. Beaton’s 
catalogue of problems. 


WHO STAYS HOME? 


Tax House of Lords has come nearer to identifying 
the reasons why British scientists emigrate to the 
United States than many other institutions more 
adequately equipped to find an explanation. Several 
speakers in the debate on this subject the week before 
Christmas came out with the simple declaration that 
many of those who leave are tempted away by the 
many attributes of prosperity in the United States. 
Sometimes—let it be said—the prospect of more 
money to spend, not only on galvanometers and 
spectrophotometers, can be decisive. This is an 
accurate diagnosis, and one to be reckoned with In 
some broad sense there has grown up a free inter- 
national market in technical skill, and this extends to 
cover many developing countries as well as Western 
Europe and North America. Although personal gain 
is usually only a part of the reason why people move 
from one country to another, it is not discreditable. 
Emigrants to the United States from Western Europo 
have no more reason to be ashamed that they will be 
better off than emigrants from India choosing to work 
in London rather than at home. But it is even more 
important that governments seeking to reduce the 
outward flow of skill should also reckon with the 
attractiveness of some of the side-effects of prosperity 
in a country like the United States. The process of 
operating a prosperous industrial society seems to 
create a climate of vigour, enterprise and daring. lt 
is no wonder that emigrants are always saying that 
they are going abroad because they hope to do their 
work more efficiently, and faster. 

Does it then follow that there is nothing to be done 
to halt or even control the steady westward migration 
of talented people from Europe ? Does skill inexorably 
follow the GNP? Must countries like Britain simply 
shrug their shoulders and hope that there will one day 
be a GNP which is big enough to make the tide flow 
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the other way? These questions, fortunately, are too 
simple. The countries of Western Europe are still 
cultivated places, and give those who work in them 
pleasure and stimulation. Indeed, it would be fas- 
cinating but also alarming to see what would happen 
tò the brain drain if Europe were not the exciting 
place it is. But the last ten years have also seen the 
awakening in Europe of some of the self-catalysing 
industrial vigour which has made the United States 
such a dominating influence in the past 40 years. 
Even if GNP were all that mattered, growth is now 
faster in Europe than in North America. A few 
decades could see quite a substantial change in the 
industrial balance across the Atlantic. It is no wonder 
that a great many talented technical people still stay 
at home. 

In any case, although there can be no simple remedy 
for the loss of people short of an economic miracle, 
there are many partial remedies ready to hand. 
Several speakers in the House of Lords emphasized 
yet again how much benefit there would be if scientists 
and technologists could be given the promise of more 
creative and rewarding careers. The need that industry 
in Britain should come more fully to appreciate the 
capital value of the technical people it employs is now 
self-evident, but eventually it will be for society as a 
whole to decide where to strike a balance between the 
cost—not only in saleries—of keeping scientists use- 
fully employed at home and the cost of letting them 
take their skills elsewhere. As things are, the balance 
lies too much in favour of emigration. In British 
universities, there is much to be said for fostering the 
development of centres of excellence along the lines 
and for the reasons suggested by Lord Annan in the 
House of Lords, and the government will no doubt 
think it a happy coincidence that this same objective 
is also being canvassed by people such as Professor 
Michael Swann (Nature, 212, 1285; 1966) as a means of 
making better use of public money spent on research 
and development. Then it is plain that much good 
will be done by building on the European ideals of the 
common marketeers and now, at last, of Mr. Harold 
Wilson; the object should be to make Europe still 
more intellectually alive than it is at present. In these 
and many other ways, the partial remedies for the 
brain drain are also desirable policies in themselves 
and fortunately, not merely in Britain but elsewhere 
in Europe, there have recently been good reasons why 
governments should take them seriously. It follows 
that the loss of technical people should not be regarded 
as a problem in its own right but rather as a spur to 
make sensible policies for the administration of science 
and technology throughout Europe. 

None of this affects Lord Bowden’s argument that 
an international free market in science and technology 
confers on smaller countries the right to have some 
say in the kind of science undertaken elsewhere. It 
will be valuable if the committee under Dr. F. E. Jones 
(Nature, 212, 965; 1966) can make some quantitative 
estimate of the degree to which the massive spending 
on space research and other activities in the United 
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States has served, in the last decade, to accelerate the 
westward drift of people. But even if it should turn out 
that there has been a serious loss on this account, it is 
hard to see what can be done about it. Certainly it 
would be impractical to think that major decisions on 
policy in the United States would be taken only after 
formal consultations with governments thinking them- 
selves threatened by the loss of people. The best that 
could be done would necessarily be informal, but it is 
not unreasonable to hope that scientists outside the 
United States will not in future be shy of saying what 
they think of proposals which, by their size, have 
international implications. In the long run, plain 
speaking is likely to be more valuable than formal and 
necessarily clumsy administrative devices. The plan, 
announced on November 28 in the United States, for 
doing something to “close?” what is described as the 
“technological gap” is unlikely to be a real substitute 
for policies determined within Europe to increase its 
own prosperity and, at the same time, its capacity 
to hold people. 


LAYMEN’S DILEMMA 


Tau Sheffield Regional Hospital Board may have 
started a bitter debate by its decision to set up a panel 
to select patients for renal dialysis. The treatment 
enables patients with some kinds of kidney disease 
to be kept alive by intermittent treatment on a 
kidney machine. There are too few machines, and too 
few trained people to operate them, so the consultant 
in charge has to decide which patient has the greater 
right to be treated. It is a decision which any con- 
sultant would wish to be spared, and the consultant in 
charge of the unit to be set up at Lodge Moor Hospital, 
Sheffield, suggested that a small panel be set up to 
determine priorities for treatment. 

There is, first, the problem of establishing criteria. 
These are likely to centre on the concept of social 
usefulness, but to say this poses more questions than 
it answers. Will young people always be preferred to 
old? Are conventional people more valuable to the 
community than those with extreme political beliefs ? 
To what extent does money or education increase a 
person’s social usefulness? The idea also seems to 
intrude on one of the most jealously guarded principles 
of the medical profession. For the first time doctors 
will be told who to treat and who to leave alone. 
It is hardly surprising that no other hospital board 
operates a scheme of this sort or—according to the 
Ministry of Health—has any intention of doing so. But 
the difficulty of making the decisions should not 
obscure the fact that if there were more machines and 
people to operate them, decision making would be 
easier. There is a strong case for spending more 
money on dialysis machines, and on the development 
of a machine which is easier to use. Perhaps this is a 
field in which the Ministry of Technology could do 
much to help the hard-pressed health services. 
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NEWS AND VIEWS 


Noises Underground 


Tuts has been a busy year for testing nuclear weapons 
indeenond both in the United States and the Soviet 
nion. 

In the United States, tests are back in the limelight 
if not in the daylight. Last week the U.S. Atomic 
Energy Commission held one of the largest underground 
tests so far in a hole drilled 4,000 ft. into the Nevada 
desert. It must have seemed like old times in Las 
Vegas, 100 miles away, where buildings were shaken 
by the explosion. The Atomic Energy Commission 
has attributed the explosion to a thermo-nuclear device 
exceeding 100 kilotons in power and intended as part 
of a programme to develop warheads for anti-missile 
systems. The explosion in Nevada, the thirty-fourth 
in 1966, was preceded by none of the drum-beating 
which attended the explosion earlier in December of a 
nuclear device in an underground cavern at Hatties- 
burg, Mississippi, and intended to test the theory that 
underground explosions produce less intense seismic 
disturbances if they take place in voids. (Apparently 
the device, equivalent to 380 tons of T.N.T., was too 
small to be of much value.) An explosion similar in 
size to the large underground explosion in the United 
States took place at Novaya Zemlya in the Soviet 
Union on October 27, 1966, and this is also assumed to 
have been part of a programme to develop anti-ballistic 
missiles—a subject that will exercise strategists and 
politicians in Washington between now and the 
approval of the defence budget in the spring. 

In the United States, interest in underground 
explosions has also been fired, in the second half of 
1966, by the prospect that the Atomic Energy Com- 
mussion may yet be able to turn them to commercial 
account. Talk of using underground explosions to 
release petroleum from oil shale has led, at last, to 
what is called “Project Gasbuggy’’—a scheme in which 
the commission will explode a 20 kiloton device in the 
sandstone of north-western New Mexico to see whether 
shattering the rock can increase the flow and recov 
of the natural gas it contains. The El Paso Natural 
Gas Company is prepared to foot one-third of the bill, 
expected to be $47 million. Two petroleum com- 
panies from Houston, Texas, are waiting in the wings, 
asking for one 40 and two 50 kiloton explosions in 
Colorado. If the experiments prove that nuclear 
explosions can help commercially with the exploitation 
of underground gas reservoirs, one of the two com- 
panies from Texas would like the commission to carry 
out at least fifty explosions underground—a task that 
would require @ revision of its charter. Indeed, the 
petroleum industry proper would like to see the 
commission experiment with the oil shale under the 
Rocky Mountains, but there are many people, Professor 
Jobn Galbraith among them, who remain to be per- 
suaded that the exploitation of new reserves is as 
urgent as the companies say. 


Craters on the Moon 


Tum Russian rocket Luna-13 which reached the Moon 
a week ago, and the United States Surveyor due to 
follow in February, are both intended to glean some 
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information about the physicc! properties of the surface 
material of the maria. By all accounts, the Russian 
instrument has been a success, so that there are 
reasonable hopes of some primary data about the 
surface of the Moon during 1967. At the same time 
it is clear that the necessarily restricted range of the 
new instruments will leave room for more traditional 
studies, although these have been stimulated in 
several ways by the photographs of the surface of the 
Moon which are now available. 

Photographs obtained by the rockets in the United 
States Ranger series have, for example, made it possible 
to extend to much smaller dimensions the frequency 
distribution of lunar craters of different sizes. Thus 
Cross, writing in the Monthly Notices of the Royal 
Astronomical Soctety (184, 245; 1966), has re-examined 
the statistics in the light of photographs obtained 
by Rangers 7, 8 and 9 from three points on the surface 
of the Moon—the Mare Nubium, the Mare Tranquilli- 
tatis and the crater Alphonsus. He finds that even the 
smallest craters can be represented by an inverse 
square distribution which also includes the larger 
craters, up to 10 km across, which appear in the 
standard atlases of the Moon. Specifically, the number 
of craters per million square kilometres of surface (N) 
with diameter greater than X (metres) is accurately 
represented by C/X?, where C is a constant differing 
from one place to another. The distribution includes 
craters as small as 65 om in Mare Nubium, 75 cm on 
Alphonsus and craters with diameter 1:6 m in Mare 
Tranquillitatis. 

An inverse square frequency distribution of crater 
size is not in itself a novelty, of course. Independent 
surveys of the surface of the Moon by Shoemaker and 
Hartmann have suggested that, for the visible surface 
of the Moon as a whole, N is proportional to 1/X°? 
whenever X is greater than 1 km or so. With X less 
than 1 km, however, it appears that N is proportional 
to 1/X*-5. On the assumption that most craters are 
caused by meteoritic impact, this excess of smaller 
craters in the overall distribution may be accounted 
for by the lumping together of primary craters and the 
secondary craters formed by the impact of material 
ejected from primary craters. The fact that the 
statistics for limited regions of the surface of the Moon 
seem to accord well with an inverse square relationship 
supports this interpretation, especially where the two 
marta are concerned. Moreover, the Ranger data as a 
whole support the concept of meteoritic impact as the 
principal cause of cratering on the Moon, if only because 
it is hard to see how any other mechanism could 
adequately lead to a frequency distribution which is 
an inverse square relationship over at least five orders 
of magnitude. 


Traffic in Britain 


BrrrisH cities recovering from the unprecedented 
congestion of Christmas will need little persuasion 
that the five years ahead are likely to be critical for 
the development of transport in Britain, but all doubt 
will be removed by the latest report of the Ministry 
of Transport (Roads in Britain, H.M.8.0., 108. 6d.). 
This document, which is also the first annual report 
to appear since Mrs. Castle became Minister of Trans- 
port, is preoccupied with growth and with the problems 
it will bri The volume of road traffic will increase 
by a third by the end of the decade, and will double 
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by 1980, so that even if expenditure on new roads does 
increase by 15 per cent a year for the next few years, 
there will be more congested roads in 1970 than there 
are now. Some, at least, of Mrs. Castle’s impetuous 
impatience with private motor cars can be understood 
if not excused. 

*But what is to be done? The report has some 
cheerful things to say about recent progress with civil 
engineering design; obviously a great deal is being 
done to reduce costs and to build more quickly. There 
18 also great promise in special studies, like that at 
Manchester, in which a detailed study of several 
alternative means of public transport is being carried 
out. In the long run, this is the only way in which 
really sensible decisions about innovations such as 
monorails can be made. Thus the report contains 
some evidence to show that Mrs. Castle’s brave talk of 
@ fully integrated transport system, and her sensible 
plan to weld regional public transport authorities out 
of the disintegrated pattern of organizations which 
now exists, may yet be blessed with really modern 
technology. The danger, of course, is that the Ministry 
may regard the problems of growth as a threat and not 
a challenge. 


No Change for Decimals 


Tux British Government is still sticking to its prepared 
position on the decimalization of British money, and 
remains unmoved by the arguments that it would be 
easier to make the transition from the duodecimal to 
the decimal system by using the present ten shillings— 
and not the pound sterling—as the primary unit. In 
the House of Commons on December 22 Mr. J. 
Diamond, Chief Secretary to the Treasury, said that 
there had been no new argument against the choice of 
the pound since the publication of the White Paper on 
decimalization. Although Mr. Diamond acknowledged 
that the ten shilling unit “has a strong case’, he gave 
1t flatly as his opinion that the case for the pound was 
even more cogent. He went on to suggest that aban- 
doning the pound would entail “disturbing people” 
without need. and pointed to some recent suggestions 
that in the transition from pounds to dollars in Aus- 
tralia, “people are still thinking in terms of the £ when 
they buy larger items”. The House of Commons will 
no doubt have an opportunity to debate the whole 
question when the necessary legislation is prepared. 


OECD on Technology 


Wirt weeks of the announcement of a White House 
committee to study the supposed technological gap 
between the United States and Western Europe, the 
Organization for Economic Co-operation and Develop- 
ment (OECD) has made public its intention of carrying 
out similar work in Europe. In a statement last week 
the organization says that it intends to study in depth 
a number of industries including those manufacturing 
electronic components and computers, plastics and 
synthetio fibres, scientific instruments, iron and steel, 
non-ferrous metals, food-processing, pharmaceuticals 
and textiles. The work is to be superintended by the 
Science Policy Committee of the OECD, and Dr. 
Alexander King, the head of the division, said last 
week that the studies would be continuations of work 
which the OECD has been engaged on for the best part 
of 1966. The organization is also planning to continue 
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and extend its work in the collection of statistics about 
expenditure on and manpower engaged in scientific 
research and development and on the migration of 
scientists and engineers. As yet the OECD has no 
precise idea of the kinds of solutions it may eventually 
be able to recommend. It also remains to be seen 
whether it will find its work overtaken by events, for 
both the Italian and the British governments are 
actively looking for ways of fostering what Mr. Harold 
Wilson has called “a European technological com- 
munity”. 


Doctors up in Arms 


Tux British Medical Association has expressed “grave 
concern” about the future of medicine in the armed 
forces. The immediate issue is the outcome of a 
prolonged wrangle over pay for doctors in the services. 

The service doctors, like the university clinical 
teachers (Nature, 212, 1287; 1966), are falling behind in 
the scramble for more pay. The BMA blames the 
Government’s interpretation of its prices and incomes 
policy and hints darkly about being unable to support 
recruitment of doctors to the services in future. The 
story really begins with the awards to general practi- 
tioners in 1965 and 1966, which destroyed the slight 
differential in favour of service doctors. The BMA 
regarded this as a change of policy and went to the 
Ministry of Defence in June to ask for a 40 per cent 
pay increase for doctors in the services. The Ministry 
offered to ask the Treasury for 20 per cent backdated 
to April 1966. 

Then came the freeze, but if the Government hoped 
to let things lie, the service doctors did not. Under 
pressure, the Government has now come up with an 
offer of 10 per cent, to come into effect in July, back- 
dated to October. This would leave the service 
doctors among the worst paid doctors in Britain. The 
BMA will now lobby the Prime Minister. The service 
doctors are in a weak position, bound as they are by 
their terms of service, but that only rubs salt in what 
they consider to be their wounds. 


Glasgow Kidney Studles 


THe Medical Research Council is to set up what is 
virtually a new unit at the Western Infirmary, Glasgow. 
The intention is to fill the gap left by the break-up of 
the Atheroma Research Unit following the untimely 
death of Dr. Brian Bronte-Stewart 18 months ago. 

The director of the unit will be Dr. A. F. Lever, 
who is at present a Leverhulme fellow at St. Mary’s 
Hospital Medical School. He intends to investigate 
water and electrolyte balance in normal and patholo- 
gical states. His interest is centred on the renin- 
aldosterone system—a hormonal system which links 
the kidney and the adrenal glands and by which the 
kidney can take part indirectly in the regulation of 
the excretion of sodium in the urine. This mechanism 
is closely linked to the aetiology of heart failure and 
high blood pressure, and the main clinical benefits of 
the work of the unit will probably lie in these fields. 
Several lines of research are planned. For example, 
there will be an investigation of the sodium regulation 
mechanism of fish, which are subject to wide variations 
in environmental sodium concentrations. The unit 
will also study Addison’s disease. in which the patient 
is unable to produce the hormone aldosterone. 
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Dr. Lever will be accompanied by two of his col- 
leagues at St. Mary’s, Dr. J. J. Brown and Dr. J. I. S. 
Robertson: all three have worked together on similar 
problems for some years. The team will also include a 
zoologist, Mr. M. Tree. Dr. Lever expects the unit to 
start work in the spring. 


Catalogue of Inventions 


Tax National Research and Development Corporation 
has a responsibility to assist development work in 
industry which is technologically novel and also likely 
to be financially beneficial to the nation. One of its 
chief means of putting itself across to industry is its 
six monthly bulletin Inventions for Industry. Unfor- 
tunately but perhaps inevitably, this bulletin has the 
failing of many parish magazines in that much of its 
material is familiar to those who have read the previous 
issue. Of special interest in issue No. 29, however, is 
the review of development which reports on projects 
as different as the production of a prototype table 
reproducing a relief map, a semi-automatic jelly tester 
and a particle size micrometer and analyser. Most 
of these projects are well under way and in some 
instances dates are given when firm orders can be 
taken. One especially novel project is the development 
of the sectional or multi-packet ships system devised 
by Hay and Smart (Projects), Ltd., which the Ministry 
of Public Building and Works has decided to apply to 
hopper barges used in conjunction with coastal dredgers. 
Also of interest is ‘Industrial Partners Sought”—a 
kind of good cause column—because it gives some 
insight into the corporation’s future interests. This 
time it is inviting participation of organizations in 
programmes concerned with flameproofing of organic 
materials, effluent treatment, and the applications of 
plasma and high temperatures. 


Too Cold to Live 


Hyvorumnmisa—the condition of patients whose body 
temperature has fallen below 35° C—is badly under- 
stood despite its frequency. Some scattered experience 
was codified by the British Medical Association in 
1964, but few hard facts were then available. The 
report of the Committee on Accidental Hypothermia 
of the Royal College of Physicians (Royal College of 
Physicians, London, 1966) adds some badly needed 
statistical and clinical material to the body of know- 
ledge about the condition. 

The committee analysed the records of all patients 
with hypothermia admitted to ten widely scattered 
British hospitals from February 1 to April 30, 1965. 
18,000 patients were included in the survey, and 126 
of these had temperatures below 35° C. Seventeen 
patients had primary hypothermia: in the other cases 
there were complications, mostly debilitating diseases, 
shock or brain damage. 

Forty-two per cent of the hypothermics were over 
65 years old. Many of these old people were living 
alone in poorly heated rooms, sometimes with inade- 
quate clothing. Others were severely ill from other 
causes. The other principal group, which made up 
nearly a quarter of the cases, consisted of infants 
under 1 year old. A number of these had malforma- 
tions of the brain, probably affecting the medullary 
centres concerned with temperature control. These 
infants mostly become cold in the ambulance on the 
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way to the hospital. Normal infants with hypothermia 
usually came from cold houses and had inadequate 
mothers. 
The death rate from hypothermia is high—forty- 
seven of the 126 hypothermic patients died. The 
death rate varies with the depth of hypothermia*- 
eleven of the fifteen with temperatures below 30° C 
died. Altogether seventeen died without attaining 
35° C, but the majority of the other deaths occurred 
2 or 3 days after regaining normal temperature. 
Hypothermia is thus a serious and fairly common 
condition, which can easily be recognized provided it 
is looked for. Some cases could undoubtedly be avoided 
by improving the living conditions of the very old. 
There also seems to be a case for using low reading 
thermometers where hypothermia is suspected. 


More Neutrinos at CERN 


CERN appears to be hopeful about the next neutrino 
experiments now being planned at Geneva. Since 
the first neutrino experiments at the laboratory, 
several improvements in technique have been carried 
out so as to increase the rate at which neutrinos are 
produced by protons from the 28 GeV proton synchro- 
tron, and the theoretical rate at which neutrons are 
likely to be detected is expected to have increased from 
something like one every ten or twenty days three 
years ago to hetween 10 and 100 events a day in the 
series of experiments due to begin in March 1967. 

Neutrinos are produced by extracting the proton 
beam from the accelerator, producing secondary 
particles by collision with the target, and counting 
on the decay of positive pions and kaons to yield 
neutrinos. The improvements which have been carried 
out in the past few months consist chiefly of a new 
focusing system, by means of which the immediate 
precursors of the neutrinos are first gathered by a 
magnetic horn and then brought into line by two 
magnetic correcting elements. The new arrangement 
is thought likely to prove roughly 1-5 times as effective 
as the previous one, so that the probability that a 
neutrino produced in the decay of a pion or kaon will 
pass through the heavy organic bubble chamber will 
be roughly three times as great as in the previous 
arrangement. The rebuilding of the focusing arrange- 
ment has also provided an opportunity for rearranging 
the 6,000 ton steel shield (lent by the Swiss Govern- 
ment) which is used to remove unwanted particles 
from the neutrino beam. Coupled with an increase in 
the size of the bubble chamber from 500 to 1,180 1., 
these improvements are likely to increase by a factor 
of 40 the number of neutrino events detected for 
each proton produced in the accelerator. The labora- 
tory at CERN is looking forward to the still greater 
efficiency there will be when the “Gargamelle” heavy 
liquid bubble chamber now being built at Saclay is 
completed in 1969. 

In the first experiments, in which the heavy liquid 
bubble chamber will be filled with propane, it is 
expected that neutrinos will interact with carbon 
atoms five times as frequently as with free protons. 
Events of the two kinds will be distinguished by using 
a magnetic field of 27,000 Gauss. There will be a few 
interactions between neutrinos and free protons each 
day, which implies that some time will go by before 
there are enough events to provide significant informa- 


tion about inelastic collisions between neutrinos and 
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protons. Even so, the time taken to yield significant 
results will be an order of magnitude less than that in 
which these were accessible only three years ago—a 
telling proof of how the existence of a gigantic proton 
accelerator is not a substitute for, but rather an incen- 
tive to, clever design. 


Locusts Come and Go 


Tas writers of the Bible would have learned much 
about the upsurges and recessions in the desert locust 
plague from a historical survey published by the Anti- 
locust Research Centre (Anti-Locust Memoir No. 8) in 
London. The insect (Schistocerca gregaria) covers 
most of Africa north of the Equator, and much of 
Western Asia—a total of twenty-nine million square 
kilometres in more than fifty countries. But locusts 
are always on the move, alone and in swarms. Breed- 
ing takes place in three principal areas at times which 
are closely associated with the local rainy seasons. 
In the spring (March to June), locusts breed in north- 
west and northern Africa and farther east as far as 
Pakistan. Locusts breed in the summer, between 
August and September, south of the Sahara and 
through Southern Arabia to Pakistan. The third 
winter breeding zone (October to January) covers East 
Africa and the Red Sea coast. 

Between one and three months after the onset of egg 
laying, the parent generation dies off, the young locusts 
pass through the hopper stage and develop wings, 
gather into swarms and migrate to other breeding 
areas. The spring swarms from North-west Africa 
and the Arabian Peninsula move southwards and 
eastwards into the summer breeding zone where they 
mature and lay eggs when the rains come. The swarms 
of the summer generation migrate to the north into 
the spring breeding zone, where they are joined by 
swarms of the winter generation also moving north. 

When conditions in two complementary breeding 
zones favour rapid maturation and gregarization a 
major plague can be set in train. The migration of a 
large swarm to a second suitable breeding area can so 
increase the numbers as to produce a plague such as 
the four which have been documented in this century. 
Climate is probably the principal influence favouring 
gregarization. In Oman in October 1948, a tropical 
cyclone probably concentrated locusts in an area made 
suitable for breeding by heavy rains. Rainfall permits 
lush growth of the plants on which the locusts Jay their 
eggs and on which the hoppers can gather; and if eggs 
are laid close together, the hoppers are more likely 
to form a band and move together. If breedi 
should be possible after the maturation of adults, 
further generations are possible and the increase in 
density may result in gregarization. 

Adverse climatic conditions are also frequently 
responsible for the decline of locust plagues. In the 
Somali Peninsula, after the partial failure of the short 
rains in 1955, many swarms of locusts were unable to 
find suitable breeding sites and many eggs were lost. 
Combined with heavy predation on the hoppers, this 
resulted in a recession of the plague until 1957. Preda- 
tors also help to keep plagues in check, and there are 
insect and frugal parasites which can reduce numbers 
considerably. 

It is clear from the survey that plagues always 
arise in the same general areas, where conditions 
favour an increase in density and gregarization. These 
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areas could, as the report suggests, be watched, by 
means of combined ground and aerial reconnaissance, 
for the build-up of swarms and with the aim of prevent- 


ing the development of plagues. 


Alarm about Aflatoxin 


ALARM was expressed at a recent meeting in Rome of 
the Food and Agriculture Organization of the United 
Nations about the amount of aflatoxin in peanuts and 
other protein supplements. Aflatoxin is produced by 
a mould called Aspergillus flavus on common foods 
such as peanuts, maize and even rice, if they are kept 
under bad storage conditions, and it is known to be 
carcinogenic. The maximum concentration of afia- 
toxin which is permitted was laid down in August last 
by a joint advisory group from the Food and Agricul- 
ture Organization and the World Health Organization, 
which took into account the urgent need to provide 
extra protein in some parts of the world, and estab- 
lished a level of 30 ug/kg of foodstuffs. Clearly the 
group would have preferred a lower figure, but felt that 
the danger of malnutrition was greater than the danger 
that aflatoxin would produce liver cancer in man. 

It has been known for some time that aflatoxin 
produces liver cancer in animals such as pigs, cows, 
rats, monkeys and turkeys (Nature, 192, 1095; 1961). 
What is not known is the extent to which this effect 
may be duplicated in man, but Dr. Bruce Nichol of 
the FAO said that it was suspected that some of the 
cases of liver cancer in countries producing ground-nuts 
could be attributed to aflatoxin. Dr. René Truhant, 
Director of the Centre de Recherches Toxicologiques 
in Paris, said that he was not satisfied with the level, 
or with the means of establishing it. Aflatoxin, he 
said, was 1,000 to 1,500 times more virulent than 
butter yellow, a butter additive which is prohibited 
all over the world. The toxic level has been estab- 
lished by experiments with monkeys, but he said that 
the tragic cases of food poisoning in Morocco, when 
people were crippled after consuming olive oil mixed 
with mineral oils, had shown how dangerous it may be 
to extend results obtained with monkeys to human 
beings. Monkeys had proved completely immune to 
the toxic agent in the oil—orthotricresylphosphate. 

Dr. P. C. Spensley of the Tropical Products Institute 
in London was more reassuring; he said that new 
methods of peanut harvesting, processing and storage 
had considerably reduced the aflatoxin content in 
recent years. In London last week he added that 
long term experiments with animals should continue 
to be carried out. So far as people are concerned, the 
new International Agency for Research in Cancer 
was conducting a statistical survey with WHO in 
countries where liver cancer is common. Dr. Spensley 
said that primary liver cancer is a tropical disease, 
so that there is clearly a correlation between the disease 
and climate; whether there is in fact a correlation 
between the disease and the presence of aflatoxin in 
food should be clear from the statistical survey. 


Myxomatosis in Australfa 


A NEW look at myxoma virus and its use in the control 
of rabbit populations is to be found in No. 56 of the 
quarterly review of Rural Research in C.SI.R.O. The 
virus was first successfully introduced from the United 
States into the Australian rabbit population in 1950. 
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During the first season the rates of mortality from 
myxomatosis in large populations of rabbits were as 
high as 99-8 per cent. By the following year, however, 
they had declined by about 10 per cent, and 3 or 4 years 
later they had declined to 80 per cent. It is probable 
that as a result of mutation, less virulent strains of 
the myxoma virus had appeared. 

The research group in the C.S.LR.O. Division of 
Animal Genetics has developed a simple and fast blood 
test for immunity to myxomatosis which should 
facilitate field studies and thus help to determine the 
circumstances in which the re-introduction of a new 
virulent strain of the virus would be practical to curb 
the number of rabbits (Sobey, W. R., Conolly, D., and 
Adams, K. M., Austral. J. Sci., 28, 54; 1966). Such 
a virulent strain of the virus is the Glenfield strain, 
anc this will kill nearly 100 per cent of a rabbit popula- 
tion provided it reaches them before they become 
infected by weaker immunizing field strains. Dr. 
Sobey proposes that when the proportion of susceptible 
rabbits in a population is less than 10 per eent, poison 
or other conventional methods of control should be 
used; when the proportion is 10-70 per cent, that these 
techniques should again be used, but that virus should 
be introduced after young susceptible rabbits appear; 


_ and that when the proportion of susceptible rabbits is 


greater than 70 per cent, virulent virus should be 
re-introduced just before and during the season when 
an adequate vector supply is likely. Sooner or later, 
the Australian rabbits will obviously develop a resis- 
tance to the Glenfield strain, and then a new virulent 
strain will have to be found. 


Synthetic Quartz 


ELxcrronics engineers will be glad to know of an 
improved process which can produce quartz of suffici- 
ently high quality to be used in place of natural 
crystals, 

Crystals of quartz play an important part in many 
modern electronic devices; quartz is a piezoelectric 
material, which produces electricity when subjected 
to stress, or a mechanical displacement when a poten- 
tial difference is applied across its ends. Quartz 
crystals can be used to provide stable and highly 
accurate standards of frequency and time, and are used 
in telephone systems, data networks and satellites. 


: Although quartz occurs abundantly in the Earth’s 
_ crust, only a small proportion can be used, and must 


be mined by hand to avoid damage. 

The technique has been developed by Bell Telephone 
Laboratories and the Western Electric Company, 
and is a development of the existing crystal growing 
methods. Quartz is almost insoluble in water, and 
has to be grown in a hot sodium hydroxide solution 
at high pressure. A vertical vessel which is hotter 
at the bottom than at the top is used; at the bottom 
small pieces of natural quartz are placed, and at the 
top a “seed” crystal is suspended. The pieces of 
natural crystal at the bottom dissolve, and are carricd 


_ by convection up the vessel; when they reach the 
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cooler region at the top, the solution becomes super- 
saturated, and the seed crystal acts as a source of 
new crystallization. The new work has shown that if 
lithium nitrite is added to the solution, the crystals 


produced are of much better quality, and can be used 


to replace natural crystals even for very high frequency 
operation. It is thought that the lithium nitrite 
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excludes water from the growing crystal, since infra-red: 

spectroscopy has shown that water or hydroxyl ions. 
are present in artificial crystals but absent from 

natural ones. 


Shy Bandicoot . ° 


Tue first investigation of the bandicoot has been 
completed by Eleanor Stodart of the Scientific and 
Industrial Research Organization in Canberra. 

The bandicoot (the name is Indian and means pig 
rat) is a nocturnal, and usually solitary, marsupial of 
the family Permamelidae. Of the four genera Thyla- 
comys is rare and Chaeropus is presumed extinct, but 
Perameles and Isoodon, the long and short nosed 
bandicoots, are still common in parts of Australia. 
They are of evolutionary interest, for they represent 
a group of ground-dwelling marsupials with teeth 
specialized for feeding on insects and flesh. In Pera- 
meles and Isoodon the hindfoot has four digits similar 
to those of the kangaroo-like animals. 





(By permission of the Australian News and Information Bureau.) 


In an enclosure which simulated natural conditions 
Perameles nasuta used its long nose to obtain food 
from holes which it dug in places to which it was 
attracted by the scent of the feod. This involved a 
great deal of snuffling, and sometimes a short squeak 
was heard. Possibly only half of the holes which the 
bandicoot instinctively digs provide food. Several 
of the short and long nosed bandicoots build shallow 
nests under cover, and here they spend the day. 
Other bandicoots may use hollow logs or empty rabbit 
burrows. The nest may serve as a nursery; one long 
nosed female seems to have fed her young after return- 
ing to them in the nest. The gestation period is 12 
days and 15 h, and the animal which climbs from the 
womb to the pouch at birth has well developed fore- 
arms and feet but is hairless, blind and earless. The 
pouch, unlike that of kangaroos and wallabies, has an 
opening which faces backwards and downwards. 

Bandicoots are usually solitary, and when two or 
three males were caged together they fought, sometimes 
to the death, although females seemed to ignore each 
other in similar conditions. They are furtive animals, 
highly sensitive to unusual noises and scents, and they 
are rarely seen, 
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Lords on the Brain Drain 


Ir seems a long time since anyone admitted that 
people emigrate to earn more money. The Lords were 
debating the Brain Drain and clearly agreed with 
Jord Windlesham, who said that it was a subject on 
which it is necessary for politicians, editorial writers 
and others to have opinions. 

Opening the debate, Lord Windlesham defined the 
problem by referring to the Willis Jackson and Swann 
Reports, and to the new committee under Dr. F. E. 
Jones. The British Government’s role, Lord Windle- 
sham said, would have to be a subtle one if the problem 
was to be solved; it would involve supporting in a 
sustained way the most exciting work. Beyond this, 
he said, there seems to be an inevitability about many 
of the forces leading to emigration. 

Lord Bowden, Minister of State at the Department 
of Education and Science 1964-65, said there was 
nothing new about the Brain Drain—it went back to 
the time when students went to Athens to study under 
Socrates and Aristotle. The problem was world-wide, 
he said, and he quoted figures showing the immigration 
into America of scientists and engineers (Table 1). 


Table 1 

Immigrants into the U.S.A. 
Country of origin Scientists Engineers 
France 26 56 
Germany 124 301 
Netherlands B4 102 
United Kingdom 155 507 


These figures come from The Research and Develop- 
ment Effort, an O.E.C.D. report, and represent the 
annual average between 1956 and 1961.] In every 
case, Lord Bowden said, the number of engineers was 
three times as great as the number of scientists. 


Table 2 


Number taking first employment overseas 
Scientists Engineers — 
With first With higher 


Year With first With higher 

degrees degrees degrees degrees 
1962 144 225 36 53 
1963 147 212 102 65 
1964 264 811 148 89 
1966 299 325 178 90 


Although these were not quoted in the debate, the 
statistics in the Swann Report for first employment 
show that more scientists than engineers go abroad, at 
least for their first jobs. These figures include, of 
course, emigration to countries other than the United 
States. 

In the debate Lord Bowden went on to discuss the 
space race and the defence budget of the United States. 
These had been begun, he said, as a means of providing 
work for engineers, but had been elevated into what he 
called “the most extravagant, highly organized and 
nonsensical system of outdoor relief ever organized 
by a great country in peacetime’. The impact of this 
on the rest of the world was enormous—it was begin- 
ning to appear that fields in India will remain unculti- 
vated in order that America should put a man on the 
Moon. i 

Viscount Eccles, a former Minister of Education, 
said that it was the high rates of taxation which drove 
people to emigrate. Lord Snow, a former Minister of 
State at the Ministry of Technology, agreed. Money, 
he said, is not everything, but it represents a chance to 


NATURE 





DECEMBER 31, 1966 vor. 212 
do one’s best work. “If one can cross the Atlantic and 
do good. work and earn $20,000 instead of £2,500”, he 
said, “it is an attraction, and it would clear the air if 
someone occasionally said so.” Lord Snow suggested 
that British universities might borrow an idea from 
the American universities, which engage their academic 
staffs for only nine months of the year; for the other 
three months, the staff are free to do exactly as they 
please. This was something which was not usual, or 
even approved of, in Britain, and it was one of the 
crying needs in Britain. “We also need some centres 
of excellence’, he said, and suggested that Britain 
might be able to produce about two or three. Lord 
Annan, Provost of University College, London, agreed 
in principle, but said that it would be better to arrange 
for two or three departments in a particular university 
to be excellent. There should be in each university 
certain departments which are internationally known. 
Lord Snow intervened to say that he did not think 
this would work, but Lord Annan said that by trying 
to produce universities which were excellent in every- 
thing, Britain would get indigestion. 

Lord Taylor said that he had always been in favour » 
of the Brain Drain, and he was now even more strongly 
in favour of it. Why was it respectable to go to a 
developing country and work, but not respectable to 
go to a country with a little more money than Britain 
has? Lord Taylor said he was going to Newfoundland 
to help run the university there; was this bad if you 
thought of Newfoundland as a developed country, 
and good if you thought of it as a developing one? 
The distinction, Lord Taylor implied, was meaningless. 
Lord Shackleton, for the Government, said that the 
problems for undeveloped countries were so serious 
that governments, including the British Government, 
would have to take the initiative in international 
discussion. 


University News: California Institute of Technology 


Howard H. Haciunp has been appointed manager of 
the Surveyor Project Office at the Jet Propulsion Labora- 
tory of the California Institute of Technology, in succes- 
sion to Robert J. Parks, who has returned to his former 
position of assistant laboratory director for Lunar and... 
Planetary Projects. 


Strathclyde 


Dr. Denis TAYLOR, head of Unesco Mission, Faculty of 
Engineering, University College, Nairobi, has been 
appointed to the new chair of electronic science and tele- 
communications in the School of Electrical Engineering 
as from April 1, 1967. He is well known for his work in 
the fields of radar systems, electronics and radiation 
problems. 


Appointments 


Dr. L. Levin has been appointed associate director 
(institutional relations) of the U.S. National Science 
Foundation. This position was established by the founda- 
tion in recognition of the increasing importance of its 
programmes for maintaining and improving the quality 
of science at institutions of higher education. Dr. Levin 
is well known for his work in the field of biochemical 
endocrinology. 
Dr. J. D. CARTHY, at present in the Department of % 
Zoology, Queen Mary College, University of London, © 
has been appointed to a new post of scientific director 
of the Field Studies Council. 


(continued on following page) 
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What Happens to Chemists? . 


by Dr W. R. H. BATTY and 
Pror. M. STACEY 


Chemistry Department, University of Birmingham 


Tas Chemistry Department, with one of the largest 
undergraduate and research schools in the United 
Kingdom, has been keen to record the initial and in many 
cases subsequent movements of its first and higher degree 
graduates for over twenty years. The overall picture 
presented by means of these figures may not be typical of 
other United Kingdom university chemistry departments, 
but it will be interesting and constructive for others to see 
them and to note in particular the distribution of graduate 
chemists among the various types of employers. 

Between 1949 and 1965 there were 811 B.Sc. and Ph.D. 
chemists in the department. Private and public manufac- 
turing industry claimed no less than 51 per cent, and the 
grammar schools 22 per cent, of all the graduates. In case 
it should be thought that this substantial proportion of our 
graduate chemists entering the school-teaching profession 
consisted of men with lower de qualifications, we 
should emphasize that eight of them had Ph.D.s and that, 
of those entering school-teaching with first degrees, 67 per 
cent had honours degrees, very large proportion of them 
in the first and second classes. Apart from the 416 people 
who entered manufacturing industry, and the 174 who 
went into school-teaching, 55 (or 7 per cent) taught at 
universities, 48 (or 6 per cent) worked for research councils 
and research associations, 35 (or 4 per cent) for the scienti- 
fic civil service, and 32 (or 4 per cent) went overseas. In 
this period between 1949 and 1965, 29 per cent of those 
leaving this department went into academic jobs, three- 
quarters of them into schools and one-quarter into 


The Swann Report, published in October this year, raised several 
questions about the jobs taken by sclence graduates from British 
universities. Statistics compiled since 1949 at one large department 
of chemistry suggest some answers, but also ralse some new questions 


universities. Non-academic posts took 68 per cent of our 
leavers. 


Flux of Chemists 


The majority of Ph.D. chemists entering industry were 
first assigned to research departments, where their post- 
graduate training in research methods could be applied to 
fairly fundamental topics. It was, however, by no means 
uncommon for such chemists to move, later in their 
careers, to the production and technical service depart- 
ments. The B.Sc. graduate chemists have tended to 
divide themselves fairly evenly between applied research 
and production departments, with a small number 
entering the purely commercial sides of industry or under- 
going a preliminary one-year graduate training scheme in a 
particular organization. 

Progress in chemistry depends on there being available 
adequate numbers of well-trained, alert and imaginative 
research workers, and normally this group means the six 
or seven year trained university Ph.D. scientist. Teble 1 
gives the overall situation for Ph.D. chemists from 1952 to 
1963. (Returns are incomplete beyond 1963, since a large 
proportion of these men are still holding overseas research 
fellowships.) In the twelve years referred to, some 
85 Ph.D. chemists accepted research fellowships, prinoi- 
pally in the universities of North America and Canada, and 
just under 80 per cent have returned to United Kingdom 
appointments after one or two years abroad. 

Our records show that the proportions of our leavers 
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Announcements 


Ar the anniversary meeting of the Royal Society, held on 
November 30, Prormsson P. M. 8. Biackerr, emeritus 
professor of physics, University of London, senior research 
fellow in the Imperial College of Science and Technology 
and part-time scientific adviser to the Ministry of Tech- 
nology, was re-elected president of the Royal Society. The 
other officers re-elected for the ensuing year were: 
Treasurer, Lord Fleck, formerly chairman of Imperial 
Chemical Industries, Ltd.; Biological Secretary, Sir Ashley 
Miles, director of the Lister Institute and professor of 
experimental pathology in the University of London; 
Physical Secretary, Professor M. J. Lighthill, Royal 
Society research professor at the Imperial College of 
Science and Technology; Foresgn Secretary, Professor 
H. W. Thompson, professor of chemistry in the Physical 
Chemistry Laboratory, Oxford. The following members 
were re-elected to the Council: Proressor M. S. BARTLETT, 
professor of statistics at University College in the Uni- 
versity of London; DR. S. G. Hooxsr, technical director, 
(Aero) Bristol Siddeley Engines Ltd.; Dr. J. C. KENDBEW, 
deputy chairman of the Medical Research Council 
Laboratory of Molecular Biology, Cambridge; Dr. R. D. 


KEYNES, director of the Institute of Animal Physiology, 
Babraham, Cambridge; Dr. N. Kura, reader in physics in 
the University of Oxford; 8m Sorry ZvuokEsman, chief 
scientific adviser to H.M. Government and Sands Cox 
professor of anatomy in the University of Birmingham. 
The newly elected members are as follows: PROFESSOB 
G. E. BLACKMAN, Sibthorpian professor of rural economy 
m the University of Oxford and director of the Agricultural 
Research Council Unit of Experimental Agronomy, 
Oxford; Prormssor W. A. Dumr, Master of Trinity Hall, 
Cambridge, and professor of mineralogy and petrology in 
the university; Prorzsson D. G. Evans, professor of 
bacteriology and immunology in the London School of 
Hygiene and Tropical Medicine; Mz. Q. B. R. Famprn, 
group technical director, Davy-Ashmore Limited ; PROFES- 
sor A. W. Jonnson, Sir Jesse Boot professor of organic 
chemistry in the University of Nottingham; PROFESSOR 
A. NEUBERGER, professor of chemical pathology in the 
University of London; Proruassor C. G. Purmires, pro- 
fessor of neurophysiology in the University of Oxford; 
Proressorn G. Porter, director in the Royal Institution, 
London; Prorgssorn C. A. Roaers, Astor professor of 
mathematics at University College in the University of 
London; Prorzsson T. S. WEsTOLL, J. B. Simpson 
professor and head of the Department of Geology in the 
University of Newcastle upon Tyne. 
e 
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engaging in this ‘extended training” reached a maxmum 
in 1959 when rather more than 70 per cent of our Ph.D. 
chemists took research fellowships abroad. The fairly 
steep increase in the proportions taking fellowships 
overseas between 1956 and 1959 can probably be associated 
with the novelty of the experience and also with the con- 
sequences of the ending of the provisions of the National 
Service Act. 


Table 1. APPOINTMENTS TAKEN BY PH.D. CHEMISTS FROM BIRMINGHAM 
BETWEEN 1952 AND 1968 (PEROENTAGES) 


University teaching 19 
School-teaching 8 
Manufacturing industry 47 
Public Industry 6 
Research counols, etc. 6 
Scientific civil service 9 
Miscellaneous 1 
Overseas 6 
Unknown 4 


Drain of Chemists 


We have also been able to infer, from our records, what 
proportions of those taking research fellowships overseas 
did not return to employment in Britain. Of those ob- 
taining Ph.D.s in 1957 and 1958, something like 60 per 
cent failed to return to Britain but, in succeeding years, 
the proportion not returning has been more like 20 per 
cent. Returns are not complete for the years after 1963, 
because a large proportion of men graduating since then 
and going overseas are still holding their first research 
fellowships. 

We have been able to follow the way in which our Ph.D, 
chemists have distributed themselves, year by year, 
between manufacturing industry, university teaching, and 
establishments financed directly or indirectly by the 
government. Throughout the period 1962-63 the pro- 
portion of Ph.D. graduates entering manufacturing 
industry—chiefly the chemical industry—has remamed 
steady at around 47 per cent. The industrial recession 
between 1958 and 1961 produced a slight decline in the 
proportions entering mdustry (to roughly 40 per cent), 
but by 1963 this proportion had risen to 60 per cent. This 
proportion of 40 per cent representing Ph.D. graduates 
going into industry is an effective reply to those who say 
that universities are merely “self-perpetuating institu- 
tions”. 

The proportions of our Ph.D. chemists entering govern- 
ment-assisted establishments have generally declined 
since the early fifties, when in one year more than half of 
them entered government-assisted establishments. By the 
late fifties the numbers entering government establish- 
ments were quite small, no doubt because of the diminished 
attractiveness of employment there with the ending of 
deferment and because of the general similarity of research 
departments in government-assisted establishments and 
universities. It 1s interesting, however, that in the sixties 
there has been an increase in the proportions of Ph.D. 
chemists entering government-assisted establishments. 
During the whole period 1952-63 the appointment of 
Ph.D. graduates to university posts has steadily increased. 
From 10 per cent or less in the early fifties, it has increased 


Table 2. FIRST APPOINTMENTS OBTAINED BY First DEGREE LEAVERS FROM 
BIRMINGHAM BETWREN 1949 AND 1065 (PERCENTAGES OF THE TOTAL OF 1,046) 


Ph.D course 46 
M.8e, or diploma course 4 
8chool-teaching 15 
Manufacturing industry 26 
Public tndustty 2 
Research councils, etc. 8 
Sclentific cıvıl service 1 
Miuscollaneous 2 
Overseas 1 
Unknown 1 
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to 30 per cent or so in several years in the sixties, and it 
seems as if the success rate for suitably qualified applicants 
is now beginning to level off at around 20-25 per cent of 
all Ph.D. chemists graduating each year. Similar figures 
are available for chemists leaving this department with 
first degrees in the years 1949-65. Table 2 shows the first 
employment of these graduates. 

The proportions staying on for Ph.D. courses and M.8c. 
courses have remained more or leas constant at 46 per cent 
and 4 per cent respectively, though the M.Sc. figure 
includes a few chemists reading for diploma courses in 
commerce and business management and in chemical 
engineering. It is pleasing that the proportion of B.Sc. 
chemists going into teaching in grammar and other second- 
ary schools has steadily increased since 1954, when 10 per 
cent or less of our output entered school-teaching, to its 
present level of roughly 20 per cent. The significant rise 
between 1954 and 1956 can undoubtedly be attmbuted to 
the loug-awaited improvement of toachers’ salaries and 
also to the help given by the Confederation of British 
Industries in publicizing the acute shortage of suitably 
qualified school-masters and school-mistresses. The fact 
that starting salaries, at least, for honours graduate 
school-teachers are now fairly competitive with other 
forms of employment has helped to provide a regular 
supply of recruits, although there are no grounds for 
complacency in this direction. 


Table 3. First EMPLOYMENT OF B.80. GRADUATES IN 1966 (PHROBNTAGES 
OF THE TOTAL NUMBER OF 97) 


Ph.D. course 88 
School-teaching 21 
Private industry 85 
Government-agsisted establishments 3 
Miscellaneous 2 


The increase in the number of B.Sc. chemists taking up 
teaching has no doubt been one of the reasons for the 
decrease in the supply to industry. In the years up to 
1955, between 30 and 40 per cent of first graduates 
entered industry, but in the late fifties this figure fell to 
between 10 and 20 per cent. Industry still absorbs 
about 20 per cent of chemists leaving the first degree course, 
however. Over the same period, government-assisted 
organizations have recruited only about 5 per cent of 
graduates, which suggests that posts of the experimental 
officer type, for which graduates with lower degrees are 
usually considered, are under strong competition from the 
more open posts in industry. 


Table 4. FIRST APPOINTMENTS OF PH.D. CHEMISTS FOR THE YEARS 1964-66 


(PHROENTAGES) 
1964 1965 1966 
Overseas fellowships 43 34 32 
U.E. fellowships 23 22 85 
Manufacturing industry 6 9 28 
Government-asslsted establishments 6 6 6 
School-teaching 3 8 — 


Table 3 brings this report up to date for the year 1966. 
Table 4 shows the first appointments of Ph.D. chemists for 
the years 1964-66. It is plain that (a) the proportion of 
bachelors staying for research has been falling slowly 
since 1963—an important factor here, no doubt, is the 
lmt on SRC and other awards; (b) the proportion 
appointed to manufacturing industry is continuing to rise 
sharply; and (c) the proportion entering school-teaching 
remains around a satisfactory level. It is also apparent that 
roughly one-third of our Ph.D. chemists each year are 
accepting overseas research fellowships before employ- 
ment. We have not included in these figures the large 
numbers of M.8c. and Ph.D. graduates who are foreign 
nationals and who have returned home after finishing 
their degree courses—a number which amounts to more 
than 60 in the years quoted. 
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Safeguards on Piutonium 


Will the diffusion of nuclear power statlons be followed by the 


by LEONARD BEATON 


proliferation of nuclear weapons? 
the use of 


And are existing safeguards on 


lutonium adequate? Leonard Beaton, a Canadlan 


strategic analyst working in Britaln, argues for tighter control of 
plutonium and in particular for the compulsory ownership of 
plutonium by the I.A.E.A. 


For the past decade, there has been a growing pressure 
for the diffusion of nuclear reactors throughout the world. 
They promise cheap power and such other important 
benefits as the desalination of seawater. Although the 
economic forecasts have generally been over-optimistic, 
commercial organizations are now placing contracts for 
nuclear power-plants. Figures now bemg quoted for large 
nuclear power projects—for example, in Scotland—are 
startlingly low and competitive with the most favourable 
hydro-electric sites. There is a strong chance, at least, 
that large scale nuclear power stations will soon take over 
the production of base load electricity where demand is 
sufficient to justify it. Over a period of time, it must be 
assumed that nuclear power will spread throughout the 
world. 

The spread of these power stations must also inevitably 
mean the production of plutonium in substantial quanti- 
ties. These quantities will steadily increase. No doubt 
this plutonium will vary in 1ts value as an explosive 
according to the extent that plutonium-240 has been 
allowed to develop as well as plutonium-239. But it 
seems that most if not all plutonium must now be assumed 
to be of use in nuclear weapons. In this context, it is 
obviously of major military importance that, as a pre- 
liminary example, a single reactor already built by Britain 
in Italy will produce about 1,000 kilograms of plutonium 
over 10 years. This plutonium is being separated in Britain 
and returned to Italy, though the Italian Government 
has the option (which it has not exercised) of selling it 
back to Britain. The military implications of this are 
obvious from the fact that (according to the best published 
estimates) a nuclear explosion can be made from 5-7 
kilograms of plutonium. 


Foreign Aid 


Of the 130-odd countries ın the world, it appears that 
only nine (the United States, the Soviet Union, Britain, 
France, China, Japan, West Germany, Canada and 
Sweden) can at present produce large nuclear reactors. 
For the foreseeable future, it is difficult to imagine more 
than about five others (perhaps Italy, India, Czecho- 
slovakia, the Netherlands and Belgium) coming into this 
category. This means that, where 115 of the, say, 130 
countries are concerned, the necessary plants will have to 
be built by foreigners. It is my argument that the political 
conditions under which these reactors are built will have 
a decisive effect on the spread of nuclear weapons to these 
115 countries; and that the present policy of all western 
governments—and especially the French, British and 
Canadian Governments—is irresponsible and should be 
drastically revised. 


. 


Nuclear reactors are not, of course, the only industrial 
facilities which have a bearing on the problem of the 
proliferation of nuclear weapons. But they are the main 
element ın the problem where the British Government 18 
concerned. Fuel supplies raise similar issues but are under 
the control of the uranium exporting countries—mainly 
the United States, Canada, South Africa, later Sweden, 
and possibly other lesser producers. Plutonium separation 
plants are important to a country trying to put itself in a 
position where it can quickly and easily produce nuclear 
weapons. One has already been built in India using 
equipment produced mainly in Britain and the United 
States. To repeat this policy generally would be to make 
the world-wide spread of plutonium much easier. But 
these plants are not nearly so difficult or important as the 
reactors themselves. Gaseous diffusion plants have not so 
far been built in non-nuclear countries; and there is no 
sign at present that they will be built on the soil of the 
non-industrial countries (the 115). 


Present Safeguards 


The important elements in any attempt by reactor 
exporting countries lke Britain to see that these do not 
result in the spread of nuclear weapons are: (1) the terms 
on which she builds plutonium-producing reactors; and 
(2) the terms on which she separates plutonium for others. 
At present, both these issues are regulated by what are 
called safeguards. The basis of the present safeguards 
system (which may be either bilateral or through the 
International Atomic Energy Agency) is the compulsory 
provision of records combined with powers of inspection 
to see that these records are accurate. I am not, of 
course, competent to argue about whether this system is 
foolproof. Those who are involved in it appear to have 
serious doubts about its ability to prevent leakages of 
small but steady amounts of weapons grade material. 
Though important, however, this technical problem is not 
my present concern. A prior issue is whether the system is 
(if airtight) an adequate basis for controlling the spread 
of the decisive element in one type of nuclear weapon 
around the world. 

Under safeguards as they are now understood, the 
industrial powers are prepared to build plutonium- 
producing reactors and to separate and return the result- 
ing plutomum. Thus a country with no scientific and 
industrial resources can and will acquire a plutonium 
stockpile as a by-produot of its electricity consumption. 
This growing stock (perhaps running into thousands of 
kilograms in quite small countries will) be subject to 
inspection either by Britain (or some other industrial 
power) or the I.A.H.A. It is notable that there has been 
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strong pressure from most countries for bilateral rather 
than I.A.E.A. safeguards; moreover, there may have been 
a preference in some countries for smaller rather than 
larger powers because of the inability of such a power to 
apply serious pressure if at some later date the agreement 
is denounced. 


Bifateral Agreements 

In my opinion, this entire system is fundamentally 
inadequate to the political load it is expected to carry. If 
a country at any time decides to take the decision to turn 
part of a large plutonium stockpile into nuclear weapons, 
the existence of an agreement negotiated many years 
before is most unlikely to stand in its way. Bilateral 
inspections themselves are unlikely in any case to endure 
for long periods of years (and possibly through new uses 
of the inspected materials in new facilities). J.A.H.A. 
inspection might prove more durable: but a general move 
of non-nuclear powers into weapons based on plutonium 
would inevitably be combined with a massive assault on 
the I.A.H.A.; and in any case the techniques of ridding 
oneself of inspection long before the day (accusations of 
spying, colonialism, and so on) are too obvious to need 
elucidation. The central fact overriding all agreements is 
the physical possession of the materials on national soil 
and undisputed ownership. Those who believe that the 
present notion of safeguards is adequate are putting their 
faith in the ability of a treaty to inhibit @ government’s 
actions on its own territory for decades and generations 
over a question which involves the most important form 
of physical power in the world. Yet no one would make 
comparable assumptions about the indefinite freedom of 
even minor investments from nationalization. The present 
notion of safeguards by inspected agreements is therefore 
completely out of touch with the political realities of a 
world of sovereign states. 

Does this argument imply that the benefits of cheap 
power (if nuclear power is cheap or becomes cheap) 
should be denied to the 115 ? It cannot, I think, be denied 
that all reactors put on foreign soil—and especially natural 
uranium reactors of the British-Canadian—French—-Swedish 
type—confer military options. But if there are decisive 
economic arguments for constructing such facilities (which 
was not true of the British reactors in Italy and Japan 
or the Canadian reactors in India and Pakistan*), they 
must, surely, be respected. These countries must be given 
the benefits of cheap power. But why must they be given 
the plutonium as well? Little or no consideration seems 
to have been given to the obvious possibility of agree- 
ments which withhold the plutonium from the control of 
the recipient country. This would not, of course, stop a 
government from denouncing its agreements and running 
its reactors for military purposes. But, in these circum- 
stances, it would have to find fuel which was available 
for an openly military programme and build its own 
separation facilities. There would not be the standing 
temptation to governments everywhere of a steadily 
growing stock of plutonium on their own soil and owned 
by them. 


Power without Plutonium 


There are three obvious ways to separate the provision 
of power from the provision of plutonium: 


(i) Article XTI of the I.A.E.A. Safeguards Convention 
gives the agenoy the right to deposit safeguarded 
materials in a place of its own choosing. Thus, national 
ownership would remain, but physical possession would 
be lost. This provision has been ignored in the general 
embarrassment sbout enforcing effective safeguards 
combined with hostility by many potential nuclear 
countries to I.A.E.A. arrangements. It does not, so far 


* One of the curmosities of the argumentation for Atoms for Peace pro- 
grammes ls that it 1s desirable to put an uneconomic nuclear reactor 1n, say, 
apan or Pakistan because other nuclear reactors will soon be more economical 
for power production. 
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as I know, apply to British bilateral agreements or 
those of a country like Canada with India and Pakistan. 
At the moment, it is an unutilized provision of a system 
which does not in any case apply to most reactors now 
being diffused to non-nuclear countries. 


(ii) The agreement of the receiving country to sell 
all plutonium produced to the I.A.E.A. or some other 
international agency. 

(iii) The agreement of the receiving country to sell 
all plutonium back to the country providing the reactor. 


At first sight the first of these policies seems the most 
attractive, but it may well prove to be the most difficult 
to implement. The fact that Article XI exists is, of 
course, & convenience: but the fact that it has become 
disused shows that there will be strong political resistance 
to it. There is already strong resistance to I.A.E.A. 
safeguards and many major agreemente are still being 
made outside them; and this resistance would grow if 
compulsory deposit became an I.A.E.A. practice. It must 
be conceded that there is a certain amount of justice in 
this position. A country paying for a reactor and for sub- 
sequent plutonium separation (as Italy has with Britain) 
owns the plutonium. A substantial investment has been 
made in the plutonium as well as the power. It is bound to 
ask why it should accept (1) I.A.H.A. determination over 
whether any future use is for peaceful purposes or not; 
(2) I.A.E.A. control over its mght to sell it to third parties; 
and (3) the denial of one value which plutonium has— 
namely, an option on nuclear weapons. The stockpile 
itself might have some bargaining value or even deterrent 
value and in & different political situation it could be 
converted into weapons. An option of this kind may not 
seem to most powers at present to be worth buying at a 
high price: but, if the country must in any case pay 
for plutonium in order to have power, it can legit- 
imately argue that ıt should acquire all these assets along 
with it. 


Compulsory Purchase 


A compulsory repurchase clause for the plutonium meets 
these objections. Provided the price is reasonable, the 
receiving country has not bought plutonium: it has only 
bought power. So it is not being deprived of the benefits 
of something it has bought. More important, it is getting 
the cheapest possible power: and it will be recalled that 
the justification for the diffusion of plutonium-producing 
plants was that there was an obligation on the industrial 
countries not to deny the cheapest possible power to the 
poor countries. An agreement for any given reactor 
under which the plutonium is compulsorily bought back 
provides cheaper power than one which (like the Anglo- 
Italian, Anglo—Japanese, Canadian—Indian or Canadian- 
Pakistani) more or less forces the receiving country to 
create a stockpile of plutonium. Governments seeking a 
facility for the production of the cheapest possible power 
should welcome a buy-back provision. 

The only non-military reason for wanting to create a 
plutonium stockpile (such as that now building up in 
Italy) is that plutonium will itself be an important fuel 
for future reactors. While no one would deny this, the 
implication of a decision now to create a plutonium stock- 
pile for all power purposes is that plutonium will in future 
either be in short supply or will be much more expensive 
than it is now. An I.A.E.A. or other international buy- 
back system could most easily be used to remove the basis 
for this objection—though it would also be possible under 
bilateral agreements. Countries selling back to, say, the 
J.A.E.A. could be guaranteed the right to purchase that 
amount of plutonium for peaceful purposes (the usual 
I.A.E.A. definitions) at any future date at the price paid 
plus interest compounded at an appropriate rate. This 
being an option which need not be exercised, it makes a 
sell-back arrangement financially superior to the present 
arrangements. Looking at the prospects from the point 
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of view of a national exchequer, the situation must appear 
as follows: 


(i) The selling-back country can acquire ite plutonium 
when and if it needs it at the world price if this has 
fallen and at the same cost as its own stockpile if the 
world price has risen; and, even in this case, the cost 
will be lower if the rate of interest charged is below the 
prevailing rate of interest on government loans in the 
country concerned. 


(ii) Under the present system, the accident of the 
plutonium production capacity which is created by 
present power needs will determine the size of the stock- 
pile. This bears no necessary relationship to future 
needs. It amounts merely to a long-term speculation 
(by governments which can ill afford it) in the price of 
plutonium. 


(iii) By the time plutonium-fuelled reactors are 
standard equipment for countries of this kind, plutonium 
may have ceased to be the appropriate fuel; or this 
may be the wrong kind of plutonium; or any number of 
other technical factors may have changed the basic 
economics of power production. 


Options on Bombs 


The real objection to accepting a compulsory buy-back 
provision is thus reduced to the stark military fact: the 
loss of the bomb option. This will undoubtedly be a 
genuine consideration with many atomic energy com- 
missions throughout the world. The search for this option 
has undoubtedly played a large part in Indian and 
Pakistani planning: and it has also influenced the Israeli 
atomic energy programme and the attempts by the 
Egyptians to acquire large reactors. This tendency can 
be expected to spread far and wide over the years. But 
the domestic political realities behind it are worth con- 
sidering. In almost every case, the pursuit of the bomb 
option is secondary and is the private activity of the 
U.S. Atomic Energy Commussion and certain politicians 
in the know. It is not usually at this stage a subject which 
has come before the cabinet for a policy decision; and 
treasuries are unaware that they are financing it. By 
forcing those who are pursuing these options out into the 
open, strong opposition to them on financial grounds will 
develop from within their own government. In India or 
Israel now, like France between 1952 and 1956, the option 
seems remote and governments have urgent demands on 
short resources, and especially foreign exchange resources. 
By isolating the bomb-option issue, it becomes a simple 
matter to refuse to provide reactors on this basis. It 
should also be possible to get all the industrial powers to 
work on this basis. And, if refusing foreign reactors with 
a buy-back clause for the plutonium means losing access 
to cheap power, no government is likely to make such a 
sacrifice in the unterest of bombs which ıt has not in any 
case decided that it wants. 


Plutonium Stockpile 


For the great industrial powers to decide on such a 
policy will involve them ın the acquisition of large stocks 
of special materials (that is, plutonium, uranium-233 or 
whatever it might be) by, in the ideal case, an inter- 
national organization. It can be seen from the present 
Anglo-Italian agreement—and from the very high price 
of plutonium——that at present there is a general desire to 
own it. Pricing policy in an I.A.E.A. monopoly situation 
will obviously be difficult. But, if failure to agree means 
that new reactor contracts cannot be made across frontiers. 
an appropriate price will be found. Serious study should 
perhaps also be given to the international financial 
arrangements which might be made to back this, the grow- 
ing world plutonium stocks, much of which would no 
doubt be leased as fuel at any given time. It might be 
found that the acquisition of large quantities of precious 
metals might have some function in expanding world 
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liquidity. The I.A.E.A. would, aftér all, possess the source 
of most of the world’s power. This ia a staggering 
asset. 

A buy-back system would allow a general spread of 
reactor capacity by the industrial nations without creating 
large and constantly increasing stocks of plutonium 
throughout the world. The availability of fuels on 
leasing arrangements would also remove the non-mulitfry 
incentive to build chemical separation plants for plutonium 
(and the justification for co-operation in such enterprises 
by the existing nuclear powers). This is what might be 
called the bulk proliferation problem: it is the big central 
problem of world-wide diffusion of the materials for nuclear 
weapons. On the present plans, thousands of kilograms of 
plutonium will be accumulating annually in the hands of 
dozens (and perhaps ultimately many dozens) of countries. 


Problems Unsolved 


If this bulk problem is brought under control, there 
remains & very serious range of problems which an 
I.A.E.A. buy-back system will not solve. These are: 


(i) The potential of the non-nuclear industrial countries. 
Countries with self-sufficient industrial capacity can only 
be dissuaded from nuclear weapons production by political 
means. The argument about the 115 is often confused by 
reference to the half-dozen (Canada, Germany, Japan, 
etc.) to whom reactor diffusion by others is unimportant 
They form a separate problem which is not relevant to this 
article. 

(n) Any countries in which reactors (especially natural 
uranium reactors) are built will inevitably gain a self- 
sufficient plutonium production capacity. This fact dic- 
tates extreme caution and reluctance in diffusing reactors: 
and ıt suggests that there is no case for such diffusion 
when the economics are not decisively superior. In spite 
of the lyricism of those who write of atoms for peace, the 
sunple fact is that all reactors now diffused have inferior 
economics to alternative systems of power production. 
The situation ın this respect is probably worse than it 
appears because of the habit in all governments of relying 
on atomic energy authorities for financial estimates which 
involve many disputable factors and in which they have 
@ strong interest in optimistic results. 


(iii) The spread of self-sufficient scientific, technical 
and imdustrial capacity. The diffusion of research and 
uneconomic power reactors has created a vested interest 
in national atomic energy teams which must be fed with 
projects and whose capacity for independent operation 
steadily increases, reducing slowly the number of the 115 
who are not self-sufficient and increasing the half-dozen 
who might be. This is a long-term but serious problem 
pointing towards restraint ın using aid and scientific 
co-operation to build up nuclear research and development 
establishments. 

(iv) The technical problem of leakages. This is presum- 
ably a problem involving small numbers of possible 
bombs. Nevertheless, it ıs important and is one more 
reason for extreme reluctance to diffuse reactors (or for 
holding back except where the economic case is decisive 
according to sound independent accounting standards). 


It is therefore my conviction that the industrial powers 
must act urgently to create a proper political basis for the 
continued construction of plutomum-producing facilities 
in other countries. They must drastically revise their atti- 
tude to safeguards, and recognize that only a removal of 
plutonium from the physical possession of receiving 
countries will provide an acceptable minimum basis for 
reactor diffusion. Buy-back 1s already a common pheno- 
menon in genuinely non-nuclear situations: as shown by 
the Canadian sale of unseparated plutonium to the United 
States and the return of East German and Czech fuel rods” 
to the Soviet Union. It should be urgently examined as 
the basis for all reactor diffusion. 
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BOOK REVIEWS 


STUDIES IN COMMUNICATION 


Communication and Culture 

Readings in the Codes of Human Interaction. By Alfred 
G. Smith. Pp. xi+626. (New York and London: Holt, 
Rinehart and Winston, 1966.) 64s. 


Oxe criterion for the inclusion of a passage in this large 
collection of edited readings was that it should be fully 
understandable by non-specialist American undergradu- 
ates, including those majoring in social psychology or 
journalism. Although it so frankly rolls off the assembly 
lines of the college book industry, no undue concessions 
have been made and much of the book is tough reading. 
For general readers it provides a useful conspectus of 
studies made during the past fifteen or twenty years in 
many different disciplines that converge on communica- 
tion: cybernetics, information theory and the mathe- 
matics of communication, of course, but also linguistics, 
the experimental psychology of small groups, investiga- 
tions by anthropological and sociological methods, some 
psychiatry, and semantics. The precision of the contribu- 
tions and the weight of scientific evidence behind them 
vary enormously, from mathematical statements of the 
amount of information per signal from a specified source, 
through anecdotal accounts of the difference between 
Americans and Latin-Americans in the distance apart at 
which they feel comfortable in conversation, to speculative 
neurology that might explain human memory. The 
overriding impression, however, is of indefatigable effort 
directed to intellectual dissection and analysis. The 
success of analysis in communications engineering proper 
has been a light—perhaps a will o’ the wisp—for many 
workers in allied fields. Despite the editor’s efforts it is 
difficult to beleve that the abstract conceptual analyses 
which lend the book ite high intellectual tone have been 
at all n for the more practical studies, for instance 
that “On Social Communication and the Metropolis”, 
or the account of class differences in modes of communica- 
tion in America, or Goffman’s discussion of varieties of 
failure in face to face communication, or the experimental 
studies designed to test Whorfian views on language and 
perception. 

In some areas the analysis has been mainly descriptive 
but extraordinarily minute, notably in the account 
given by the linguists of voice patterns, and the corre- 
sponding (though less advanced) analysis of gesture offered 
under the heading of kinesics. In spite of inflated jargon 
(for example, “the kinesically analysable stream con- 
current with vocalic behavior’’), there 1s evidence here of 
highly trained and subtle observation of the non-verbal 
elements in speech. 

Elsewhere the effort has been to find quasi-mathemati- 
cal statements of a complex system of social interactions. 
The attempt by Bavelas to geometrize the possible patterns 
of communication in a small group led to a succession of 
laboratory studies of artificially created networks of com- 
munication and the demonstration of various effects other 
than those that Bavelas predicted. Successive refine- 
ments of this kind are undoubtedly of interest, but it is 
not unreasonable to ask what relevance they have outside 
the laboratory. One contributor does make a gesture of 
applying the results to management techniques, but the 
conclusion that it is not most efficient to have completely 

-free communication, with all channels equal and no key 
men, seems rather a mouse after these mountainous 
travails. 
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It is noticeable that where new methods or lines of 
enquiry have been really ilummating (for example, 
Osgood’s studies with the semantic differential technique, 
and Davitz’s related studies of emotional expression) the 
constructing of generalized models and abstract conceptual 
frameworks is at a minimum. Where investigators 
Lave achieved something they are content to report their 
methods and findings intelligibly- and unpretentiously. 
This is not to suggest that the makers of theoretical 
systems sre deliberately covering their nakedness, but 
there is a danger that the new armchair psychology may 
divert too much effort from the potentially rewarding 
exploration of more concrete problems. 


D. W. HARDING 


UNLOVABLE CHILD OR 
AFFECTIONLESS MOTHER? 


Studies of Troublesome Children 


By D. H. Stott. Pp. ix+208. (London: Tavistock 
Publications; New York: Humanities Press, 1966.) 
32s. 


De. Storr is a clinical psychologist and original thinker. 
This book contains reports on two research projects and 
in the third part the author discusses the wider implica- 
tions of his research findings and gives a brief account of 
his own theory of human behaviour and motivation. 

Part 1 is based on a study of thirty-three delinquent 
children. The chief finding is that some delinquents come 
from apparently emotionally stable families. The author 
describes some of the remedies that might help such 
children—in particular, an enlarged school welfare service 
with the officers attached to individual schools rather than 
working from a central department. Improved schooling 
and supervision of leisure hours would play their part, 
but the important thing is “playing for time until the 
processes of maturation have in a measure caught up”, 
removing every source of stress, and “having someone at 
hand to deal with crises when they occur so that other 
people can be persuaded to exercise forbearance”, 

The second part is a report on @ research into truancy 
carried out at the invitation of Unesco with the co- 
operation of the Education Welfare Officers National 
Association. 305 truants were identified each with two 
controls, one a child from the same school with a birth 
date as near as possible to the delinquent, the second a 
neighbourhood control of the same sex and year group 
preferably living in the same street. Truants are found to 
be “a vulnerable group and their behaviour cannot be 
explained simply on the grounds that they come from a 
delinquent area but are otherwise stable’’—many diverse 
factors play a part. 

The first project was carried out by twelve qualified 
social workers who met the author frequently in case 
conferences; the second by 168 welfare officers, one of 
whom told me it was really quite simple, ‘you chose your 
child, you found the two controls, then did a special visit, 
filled in the questionnaires and sent them off”. Research 
by means of such questionnaires imphes that parents will 
be accurate and consistent in the accounts given. Dr. 
Stott admits that a parent may be biased against a 
particular child, but pointe out that ıt is unscientific to 
attribute a problem to maternal deprivation if, in fact, 
there is no clear indication of this in the history. On the 
other hand, he finds as the most frequent factor ‘‘stress in 
pregnancy”, and includes such diverse possibilities as 
illegitimacy, bad housing, death in the family, anaemia, 
excessive sickness. and toxaemua of pregnancy. This stress 
1s said to lead to ‘‘neural impairment or neural dysfunc- 
tion”. Buch neural dysfunction would seem to be almost 
as difficult to prove objectively as maternal deprivation. 
Dr. Stott seems to prefer the unlovable child rather than 
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the affectionless mother. Therapists may tend to stress 
postnatal factors as they feel that they are more modifi- 
able. 

Modifications of the original nine types of maladjust- 
ment first described in the Bristol Social Adjustment 
Guides are included. There is added a syndrome of incon- 
sequence. Many so-called psychopaths or conscienceless 
children would have this syndrome; they live in the present 
and their behaviour does not seem to be modified by past 
experience or future events. 

In the final chapter Dr. Stott gives his own theory of 
human behaviour and motivation. In each of us there is 
“an appraisal-response system” which scans the environ- 
ment for what is suitable or unsuitable. No entity is at 
the source of motivation except a neural structure, and 
impaired behaviour is often the result of self-protective 
dysfunctioning of the appraisal system. 

There is little reference to any positive contribution 
made by psychiatrists, though very severe cases might be 
referred to a child guidance clinic. There is a shortage of 
psychiatrists and psychologiste trained to work with young 
children, and it may be this which leads Dr. Stott to 
emphasize the importance of an enlarged school welfare 
service. It is, however, doubtful whether sufficient 
adequately trained welfare officers are available. Possibly 
this book makes the problem of delinquency seem almost 
too simple, and suggestions such as “if the home is un- 
modifiable the boy should go to a voluntary approved 
school so that the parents’ affection has a chance to 
revive” sidesteps the very many difficulties that are hkely 
to occur when the boy returns home if nothing has been 
done to help the parents. 

This book is provocative, deliberately 30, and can be 
recommended to school medical officers, teachers, educa- 
tional welfare officers and all concerned with the social 
misdemeanours of children. R. F. BARBOUR 


MAN, PAST AND PRESENT 


Origins of Man: Physical Anthropology 

By John Beuttner-Janusch. Pp. xxvii+674. (New 
York and London: John Wiley and Sons, Ltd., 1966.) 
728. 


Prormsson BEUTTNER-JANUSCH’s volume is in many 
respects better than most of the text-books on physical 
anthropology used in undergraduate courses at American 
universities. His book is well balanced, well planned, 
and up to date. It has plenty of technical detail, but is not 
over demanding. The material is presented in the usual 
two sub-divisions of the subject—man in the past and 
man in the present. 

The first half deals comprehensively with man’s primate 
affinities, and with pre-hominid and hominid evolution. 
As an introduction to this section are the basic evolu- 
tionary concepts of natural selection, mutation, adaptive 
radiation, parallelism and convergence, irreversibility 
and extinction. These are clearly explained in simple, 
non-quantitative fashion. Some of the problems of taxon- 
omy are discussed and guidance given on the designation 
of species and higher categories. Attention is commend- 
ably drawn to the usages of the International Code of 
Zoological Nomenclature, but quite insufficient warning is 
given against the practice of excessive, premature and 
unwarranted naming that goes on among primate palae- 
ontologists. The safeguard against this—the proper 
understanding of affinity and the statistical methods for 
its evaluation—should have been given prominence and 
worked examples presented. 

The remainder of this first section is made up of straight- 
forward descriptions of the various primate families and 
genera leading to a consideration of the more important 
fossil evidence bearing on hominid evolution. There is a 
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useful section on the material—bones, teeth and muscle— 
that has to be handled in evolutionary and comparative 
studies, but this would obviously need to be supplemented 
by practical classwork. 

In the second half of the book the author approaches 
the study of living man essentially from the point of view 
of the analysis of population variation. Here the author 
develops the notions of selection, fitness, mutatioff, 
genetic drift and hybridization in a more analytic and 
quantitative fashion, as appropriate data are, of course, 
available for living populations; the book scores in its 
substantial but judicious presentation of basic genetic 
information on man and other primates—on chromosome 
morphology, on the blood group systems, the haemo- 
globins and the serum proteins. 

I would have wished to see a rather more ecological 
analysis of contemporary populations, human and sub- 
human, but perhaps this topie is properly reserved for 
more advanced courses in human biology. 

J. 5. WEINER 


DEVELOPMENT 


Cell Differentiation and Morphogenesis 

By W. Beerman, R. J. Gautheret, P. D. Nieuwkoop, 
C. W. Wardlaw, V. B. Wigglesworth, E. Wolff and 
J. A. D. Zeevaart. (International Lecture Course, 
Wageningen, The Netherlands, April 26-29, 1965.) Pp. 
viii + 209. (Amsterdam: North-Holland Publishing 
Company, 1966.) 30 guilders; 60s.; $8.40. 


E. Wotrr’s general introduction to this book could, 
apart from a potted account of gene transcription, 
translation and regulation, equally well have been written 
thirty years ago. It is, moreover, carelessly written (or 
translated) (for example, “‘gurdle”’ for “‘girdle’”’, and the 
use of such words as “‘glomerules’’, “‘plurilayered”, ‘‘vil- 
losities’’, “‘organisator’’) and it is odd to find no reference 
to Waddington’s early work in an exposition largely 
concerned with induction and competence. 

This disappoimting opening is followed by Beerman’s 
excellent summary of recent work on the behaviour and 
function of Balbiani rings in relation to the transcription 
process and the regulation of protein synthesis, and then 
by two lectures on plant development. That by R. J. 
Gautheret is a useful account of the effects of growth sub- 
stances, glucose, light and cell interrelationships on root, 
bud and flower formation in tissue cultures; the other, 
by C. W. Wardlaw, is also concerned with metabolic and 
specific growth substances, and the importance of posi- 
tional relationships and metabolic differences leading to 
differential growth. Wardlaw’s statement that “... a 
phasic, or sequential synthesis of different proteins .. - 
with concomitant differential metabolism in tissues .. . 
could afford a basis for the eventual morphological 
differences between organs’ calls to mind what Paul 
Weiss said fourteen years ago, “*. .. just how to get from 
chemical activity to highly specific cytological and histo- 
logical structure and architecture, is not only unknown, 
but rarely even stated explicitly as a pressing problem”. 
His comments on “leaf” and “bud” proteins are inter- 
esting to a zoologist, and remind one of the work on 
“Vegetalizing” and ‘‘animalizing’’ proteins in Echino- 
derms. 

Nieuwkoop’s article on induction and pattern formation 
in animals is particularly clear and useful. It is the only 
one in the book in which such biophysical phenomena as 
selective adhesiveness are discussed. Zeevaart’s discussion 
of hormonal regulation in plant development is, however, 
somewhat heavy going, and in parts naive. He seems to 
imply that the problem of development would be solved 
if we knew how genes were regulated. This is far from 
the truth, and is rather like sayimg that one would know 
how a bridge was built if one knew how steel was made ! 
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The series ends with a lecture by Wigglesworth, osten- 
sibly on the hormonal regulation of differentiation m 
insects, but in fact covering a much wider field. It 1s, as 
one would expect, excellent, and good reading for anyone. 

Perhaps the most valuable aspect of the book is the 
very real umpression it conveys of the common ground 
that exists in the field of development in the botanical 
ahd zoological realms. It stimulates for this reason, and 
because it shows how much remains to be done; dis- 
appoints because of the first article, and a certain lack of 
depth; tantalizes, because one feels that an answer should 
be just around the corner. It would be ımproved by an 
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ANTIBODIES AND THEIR 
BIOSYNTHESIS 


Molecular and Cellular Basis of Antibody Formation 
Edited by J. Sterzl. (Proceedings of a Symposium held in 
Prague, June 1—6, 1964.) Pp. 683. (Prague : Publishing 
House of the Czechoslovak Academy of Sciences ; New 
York and London: Academic Press, 1965.) $20. 


Tue mechanism of antibody formation is one of the out- 
standing problems of biology, posing basic questions to all 
the many branches of science which contribute to mole- 
cular biology and the study of cell specialization. When 
most of the world’s outstanding workers are brought 
together for a symposium on this subject, the resulting 
publication must be of interest to all who are concerned 
with immunology. 

The report presents the entire symposium with the 
introductory lectures, followed by the mam subject 
matter divided into five groups. The firat is concerned 
with the nature of immunogenicity. The second group, 
on the characterization of antibodies, is subdivided into 
sections on the structure of the antibody molecule and 
antibody combining site, on the genetic determination 
of the peptide chains of antibodies and on the hetero- 
geneity of antibodies. The third group, on the inductive 
phase and primary response ın antibody formation, 18 
subdivided into three sections describmg the onset of 
antibody formation during development, the onset and 
dynamics of antibody formation studied with isolated 
cells, and the role of nucleic acids in antibody formation. 
The fourth group deals with the nature of the secondary 
response in antibody formation and the effects on this of 
ionizing radiation.» The report closes with two papers 
and a general discussion on theories of the mechanism of 
antibody formation. 

Many of the papers are presented in conventional 
journal form with substantial experimental detail, but 
others are more discursive and less well documented. 
There ıs also considerable variation in the length and 
clarity of presentation; one paper does not include the 
ulustrations which the discussion indicates were shown as 
slides at the symposium. With so many contributions 
covering such a specialized subject there ıs naturally 
considerable overlap, but this contributes to the continu- 
ity of the subject matter. The detailed discussions which 
appear at the end of each paper are of little value. The 
more geaeral discussions at the end of each section, 
however, serve a useful purpose in allowing the presenta- 
tion of results from preliminary experiments as well aa 
providing a forum for the further examination and corre- 
lation of points of interest raised in the individual papers. 

One naturally compares the report of this symposium 
with its predecessor describing the 1959 symposium which 
was also held under the auspices of the Czechoslovak 
Academy of Sciences. That the size has almost doubled 
is a clear indication of the increasing interest ın immuno- 
logy. It is perhaps particularly relevant that the mam 
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increase has occurred m the field of immunoglobulin 
structure which has now achieved the status of having an 
internationally accepted nomenclature. The proposals 
for immunoglobulin terminology are included in the 1964 
report and it is somewhat disappointing to find that in 
the interval before publication 1t was not possible to 
incorporate the new nomenclature in the presented papers. 

One is left with the final questions. What purpose does 
publication of such a symposium serve and to what extent 
18 this achieved in the present volume ? Many symposium 
contributions can be found in standard journals in almost 
identical form. This symposium ıs no exception but 
perhaps can claim that ıt has drawn together in one place 
information which ıs scattered over many diverse journals. 
As a balanced view of the accumulated evidence and 
current hypotheses on antibody formation it is quite 
successful, although its large size provides rather too 
much reading even for the enthusiast. The rapid advance 
in immunological research has meant that the delay of 
about two years in publication has detracted from the 
significance of some of the work. It can, however, be 
recommended as presenting a much more integrated and 
advanced view of the subject than would have appeared 


possible five years previously. J. E. FOTHERGILL 


NOBLE GAS ANAESTHETICS 


The Aetiology of Compressed Air Intoxication and 
Inert Gas Narcosis 

By P. B. Bennett. (International Series of Monographs 

in Pure and Applied Biology. Division: Zoology, Vol. 

31.) Pp. xvi+116. (London and New York: Pergamon 

Press, Ltd., 1966.) 35s. net. 


Or all the sagas of physiological exploration, few can equal 
the investigation of myoneural transmission as a demon- 
stration both of the rewards which follow the marriage of 
experimental method to hypothesis, and of the almost 
cathartic effect of uniting apparently opposing theories. 
First there was Claude Bernard’s classical experimental 
proof of a junctional area, then came the work of Dale, 
Feldberg, Brown, Voigt and many others directed towards 
a humoral transmission theory, and a little later that of 
Eccles, Katz and Kuffler emphasizmg the electrical 
phenomena of transmission, and so to the final proposition 
of the present theory bringing these two aspects together. 
This has been a story of dogged investigation based on 
hypothesis and the experimental proof or disproof thereof. 
The final dénouement had to await Hodgkin’s fine ex- 
ploration of demarcation potentials and their derivation 
from ionic asymmetry about the plasma membrane and 
the elegant proof that the potential predicted from 
observed ionic migrations during the stimulus transmission 
equalled that found by experimental measurement. 

A similar catalyst 1s necessary to bring together all the 
various aspects of the actions of inert gases on the central 
nervous synapses. Few will question that there is a 
missing link in the story, and the quest for it offers one 
of the great challenges to contemporary pharmacological 
mvestigation. Bo far, all the various theories accounting 
for the actions of anaesthetics on the central nervous 
system have been derived from those physical properties 
of the inert substances which appear to bear a direct 
relationship to ther potency as central nervous depres- 
sants. These theories have, for example, been based on 
the solubility of the agent in lipids (Meyer and Overton), 
their ability to form hydrates ın a microcrystalline form 
and so increase the impedance of nerve tissue (Paulmg), 
their capacity to produce a reversal of oil in water emul- 
sions and so possibly stabilize plasma membranes and the 
possible relationship of narcotic action to Van de Waal’s 
attractions (Featherstone and Muehbecker). Whatever 
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the mechanism, it would seem that the ultimate effect of 
anaesthesia or inert gas narcosis (a) may be related to a 
histotoxic anoxia, and (b) may be associated with some 
limitation in release of synaptic transmitters. 

Bennett has been working in this field for some years 
and here he has very successfully separated the wheat 
from the chaff in what can be a confusing field. The his- 
torical aspects of the subject are included incidentally and 
where appropriate in the development of each section of 
the book. The plan of the book progresses from the signs 
and symptoms of narcosis through its causes and so to a 
review of the mechanisms. The causes are differentiated 
from the mechanisms. In the former all the physical 
aspects of the gases which have been shown as related to 
their narcotic potency are reviewed and the rate of 
saturation of the brain tissue 1s discussed, while under 
the latter heading the method by which the molecules of 
gas can interfere in nerve transmission are discussed in 
some detail. 

An intermediate chapter discusses the relation of 
changes in carbon dioxide tension to the aetiology of 
narcosis, but concludes that these changes are only 
synergistic. 

Interference of the relay systems in the hypothalamus 
has been found from electroencephalograms, and the sig- 
nificance of these is reviewed. Despite the observation on 
page 67 that there is a difference in the degree of change 
as between anaesthetics of different potency, the pattern 
of change seems to be the same—s loss of alphe activity 
and the gradual appearance of slow waves of increasing 
slowness and decreasing amplitude. 

There is a change in the potentials evoked during nar- 
cosis by stimuli, and these are particularly well reviewed. 
The inference from these changes that the effect is at the 
postsynaptic rather than at the presynaptic membrane is 
interesting and is drawn from the earlier depression of 
the negative part of the evoked potential as compared 
with the positive. 

The penultimate chapter amplifies the section on 
mechanism by reviewing the changes in electrical activity 
of the brain, the evidence for synaptic block and the 
significance of the narcotic blocking action of ‘Azacyclonol’ 
(Frenquel) and other drugs. The author emphasizes the 
interest of these observations when he writes: ““The pre- 
ventive action of drugs in depth intoxication and in gas 
narcosis is only in its infancy. Yet here may be the key 
not only to prevention but also to the mechanisms them- 
selves of this baffling but enthralling problem’’. The final 
chapter brings the book up to date in a review of recent 
work which was published during the preparation of the 
book and there seems to have been nothing of importance 
published since. It is mainly concerned with the narcotic 
potency of neon and the fascinating synergism between 
this inert gas and oxygen which may itself, when in 
excess, produce a synaptic blocking action leading to 
histotoxic hypoxia. 

This ıs a stimulating and comprehensive survey which 
will hold the interest of all who are working in anaesthesia 
and on high pressure environments. It is a book of easy 
reference for investigating these problems. 

We await in anticipation the discovery of the missing 
piece which will turn this scientifically puzzling hotch- 
potch of theories into an aesthetically satisfying and 
complete picture, such as we have seen in the evolution 
of the theory of the myoneural transmission. 

T. Czom Gray 


ANIMAL FEEDING 


Recent Advances In Animal Nutrition 
Edited by J. T. Abrams. Pp. viii+ 261. 
J. and A. Churchill, Ltd., 1966.) 368. 


Booxs on animal nutrition are usually either descriptions 
of practical livestock feeding or cover more fundamental 
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matters such as the chemistry of nutrition, physiological 
functions and needs for individual nutrients. To a teacher 
or student, books of the first kind provide an appreciation 
of the agricultural situation to which new knowledge is 
applied, and the latter are essential as summaries of 
current theory. But further steps must be taken, particu- 
larly at honours degree and research levels. The overs 
and often apparent contradictions of the evidence whic 
forms the bases of summaries in conventional texte, and 
the difficulties of applying fundamental and reasonably 
factual knowledge to practice, should be appreciated. In 
practice many variables, such as fodder composition, 
environment and disease, influence performance and 
confuse the interpretation of experiments. Experimental 
techniques must also be examined with care. 

This new book, edited by Dr. Abrams, helps to take 
these steps of summarizing evidence and examining 
techniques by bringing together seven critical reviews 
by British workers. The overall size of the book has 
limited this approach, which is more detailed than that 
of a conventional text, to selected aspects of nutrition. 
The articles, in the main, discuss papers published since 
the late fifties, although older work is quoted if particu- 
larly relevant. They deal with the effects of processing 
on the nutritive values of foodstuffs, the nutritive values of 
herbage, aspects of poultry nutrition, protein and energy 
for bacon pigs, aspects of rat nutrition, vitemin A for 
ruminants and the balance trial and its limitations. The 
thought inevitably springs to mind that there could be 
subsequent volumes to cover other aspects of nutrition 
in the same sort of detail. 

The authors have dealt with their subjects in somewhat 
different ways. Two hundred references on foodstuffs 
processing, for example, are reviewed, but the reader is 
sometimes left to draw his own conclusions, and sum- 
maries of sections would be useful to students. At the 
other extreme, the chapters on poultry and protein and 
energy for pigs cite only 24 and 52 papers, and tables 
illustrating clear arguments in the text are derived mostly 
from experiments at one centre. There is no barm in this 
provided an uninitiated student does not assume that the 
review covers all recent research. Such differences are to 
be expected, and all reviews are well written, easily read 
and interesting. 

Most students prefer to buy conventional “‘reference”’ 
texts, but many would be well advised to read this book, 
which will be a valuable addition to libraries and the 
bookshelves of those engaged in research and teaching. 


I. A. M. Luoas 


PICTORIAL GEOLOGY 


Geology Illustrated 

By John S. Shelton. Drawings by Hal Shelton. Pp. 
xii+434. (San Francisco and London: W. H. Freeman 
and Company, 1966.) 80s. 


Tms book is an exercise in public relations. It contains 
no summaries, review questions, very few suggested 
readings, line diagrams or maps, or anything famtly sug- 
gestive of text-books and academicism. The text, which 
bears out this approach, avoids the more obtuse jargon 
of geology and is clearly written. Photographs are 
plentiful and good, and it is usually quite clear what 
features they are illustrating. Interpretation is aided by 
the block diagrams which frequently accompany the 
photographs. The everyday objects used to give scale in 
the pictures make a welcome change from the standard 
geoclogist’s hammer or compass. 

Although the book is called Geology IWustrated, it by 
no means covers the whole field of geology evenly, and 
most of the space is devoted to geomorphology, strati- 
graphy, sedimentology and simple structural geology. In 
these fields, however, it provides a very palatable intro- 
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duction. It is a pit} that almost every example in the 
book is American, as this must limit the book’s usefulness 
and appeal for readers outside the North American con- 
tinent. It is also a pity that the author has eschewed the 
text-book approach to such an extent that several notable 
omissions occur. For example, the relationship of dip 

d strike to one another could have been better explained 
with the use of line diagrams. Also no attempt ıs made 
to indicate the importance of the chemistry or mineralogy 
of magmas, or of the chemical relations between magmas. 

The book is aimed at those who take “introductory 
courses in geology for non-majors’. For anyone who 
wants an introductory book which will give him the 
“feel?” of the subject, this is a good buy, and it will 
probably find its way on to the shelves of many school 


and college libraries. ANGELA MARSHALL 


REFRACTORY METALS 


Chemical Thermodynamics in Nonferrous Metallurgy 

Vol. 3: Thermodynamics of Tungsten, Molybdenum, 
Titanium, Zirconium, Niobium and Tantalum and of their 
more Important Compounds. By Ya. I. Gerasimov, 
A. N. Krestovnikov and A. 8. Shakhov. Translated from 
the Russian by R. Kondor. Edited by M. Gleiser. Pp. 
ix+ 237. (Jerusalem: Israel Program for Scientific Trans- 


lations; London: Oldbourne Press, 1965.) 70s. 
Alloys of Niobium 
By D. A. Prokoshkin and E. V. Vasil’eva. Edited by 


A.M, Samarin. Translated from the Russian by N. Kaner. 
Translation edited by Molly Gleiser. Pp. xiv+336. 
(Jerusalem: Israel Program for Scientific Translations; 
London: Oldbourne Press, 1965.) 117s. 


Analytical Chemlstry of Zirconium and Hafnium 

By 8. V. Elinson and K. I. Petrov. (Analytical Chemistry 
of Elements Series.) Translated from the Russian by 
N. Kaner. Edited by D. Slutzkin. Pp. x+206. (Jeru- 
salem: Israel Program for Scientific Translations; 
London: Oldbourne Press, 1965.) 8le. 


THESE books are a welcome addition to the literature 
dealing with the properties of refractory metals. All 
three are of interest not only for the original Russian 
work they contain, but also because they provide, to 
varying degrees, an admirably condensed treatment of 
widely scattered material. 

Volume 3 of Chemical Thermodynamics in Nonferrous 
Metallurgy is a critical discussion of the available thermo- 
dynamic data relating to the compounds of tungsten, 
molybdenum, titanium, zirconium, niobium and tantalum, 
a separate chapter being devoted to each element. The 
data are presented in 246 tables, which indicate the method 
of preparation and probable errors in determination, as 
well as the preferred values based on a critical asseasment 
by the authors. At tho end of each chapter there is a 
valueble section on the high temperature oxidation and 
reduction reactions of the compounds listed. This is a 
very useful reference book, which can be strongly recom- 
mended to research workers and lecturers in pure and 
applied sciences engaged in the fields of extractive metal- 
lurgy, materials science, corrosion, chemical engineermg 
and physical metallurgy. The volume is well translated, 
and the material clearly presented. 

Alloys of Niobium, originally published in 1964, is a 
highly specialized reference book, solely concerned with 
the physical, chemical and mechanical properties of binary 
and ternary alloys of niobium; there is only a fleeting 
reference to methods of preparation and fabrication. The 
treatment is essentially factual, as can be gauged from the 
300 figures and 120 tables. The inclusion of much original 
Russian work makes possible a wider selection of data 
than in previous treatments of niobium alloys but, despite 
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the inclusion of 600 references, western literature does not 
seem to have been covered completely. There are some 
notable omissions, such as the work of Powers and Doyle, 
which makes Chapter 2 somewhat out of date. 

As the book will no doubt be used extensively by 
research workers in the refractory metal field, it is a pity 
that some hteral translations of technical terms have not 
been edited, and replaced by standard metallurgical 
terminology. The use of terms such as “packing defect” 
instead of “lattice defect” and “yield stage” instead of 
“yield point’? does not make for easy reading. — Some 
references appear incomplete, and some are plainly in 
error; for instance the Journal of the Institute of Metals 
has been confused with the Journal of Mctals on & number 
of occasions. The treatment of ternary alloys is, however, 
particularly useful, because previous books dealing with the 
overall properties and production of niobium have neces- 
sarily not had the space to deal with this aspect in great 
detail. In addition, this is the field to which origmal 
Russian work has made a great contribution in recent 

There is an interesting chapter dealing with the current 
development of industrial alloys, and the potential of such 
alloys in relation to other refractory metals. This rela- 
tively short piece reflects the fact that the majority 
of the information so far accumulated can still only be 
handled empirically, and that the underlying theory of 
alloying behaviour is still not understood. In such a 
situation, the wealth of information available in this book 
makes it an indispensable addition to the literature on the 
metallurgy of niobium. f 

The monograph dealing with the analytical chemistry 
of zirconium and hafnium is part of a series intended to 
cover the availablo methods of analysis for all the 
elements. Some 800 references are listed in the biblio- 
graphy, of which approximately a third are to Russian 
works. As the text is less than 200 pages, it follows that, 
although the necessary underlying principles are admirably 
presented in all cases, it will be necessary to make 
reference to the onginel work for complete details. 
Exhaustive, if condensed, descriptions of many analytical 
methods are indeed given in many cases, and 1t is surpris- 
ing how much information has been packed into this 
relatively small volume. Separate chapters deal with the 
separation of zirconium and hafnium from other elements, 
and their gravimetric, titrimetric, photometric and 
spectroscopic determination. Polarographic, radiometric. 
kinetic and activation methods, although listed in the 
index as a separate chapter, are covered in only five pages. 
Other chapters deal with the general chemical behaviour 
of these elements, and with the determination of impurities 
in zirconium and hafnium. 

There is no doubt that the authors have performed a 
very valuable and useful service by bringing together so 
much information into one small volume, and, together 
with the other monographs in this series, the book will 
surely become a standard reference text in this field. 

A. P. MiopownIk 


MODERN ANALYSIS 


Analytical Chemistry 

(Progress in Nuclear Energy Series IX.) Vol. 6. Edited 
by D. C. Stewart and H. A. Elion. Pp. v+260. (London 
and New York: Pergamon Press, Ltd., 1966.) 90s. net. 


Tas is the ninth book in the Progress in Nuclear Energy 
Series, and contains five articles on various aspects 
of analysis in this field. A third of the book is taken up 
with an article by Korkisch on ion exchange in mixed and 
non-aqueous media, which classifies separations partly 
by groups of elements and partly by eluant systems. The 
article is comprehensive, but it is so arranged that exten- 
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sive reading is needed to find the best system for a given 
separation: the separation of lithium from other alkali 
metals, for example, is dealt with on pages 6-10, 15, 68 
and 108. 

The article on anion exchange in nitrate solutions by 
Faris and Buchanan starte with an account of their work 


4 at the Argonne National Laboratory, and proceeds to 


show how this is confirmed and amplified by the work of 
others. It is perhaps not surprising to find some overlap 
with the review by Korkisch. The chapter ends with a 
description of spectrochemical methods for trace metal 
analysis. 

The past five or six years have seen the development 
of a wide range of organic derivatives of the oxyacids of 
phosphorus as reagents for the solvent extraction of 
metals. These may be used not only in solution but as 
stationary phases for paper or column partition chroma- 
tography. O’Laughlin reviews the applications, also giving 
information about methods for preparing the compounds 
and comments on the theory of extraction. The chapter 
on neptunium by Burney, Dukes and Groh and that on 
polonium by Lange are not confined to recent develop- 
ments but give comprehensive reviews of the analytical 
chemistry of the two elements including radiochemical 

y methods of measurement. 

In view of the widespread analytical use of ion exchange 
and solvent extraction, this book will be of interest to 
most inorganic chemists. It is well bound and produced 
and almost free from misprints, but I was surprised to find 
“elutrient”’ used repeatedly by Korkisch instead of eluant. 


D. A. Lamsre 


ELECTRONICS FOR BEGINNERS 


Electronics for Experlmenters In Chemistry, Physics 
and Blology 

By Leon F. Phillips. Pp. xii+266. (New York and 
London: John Wiley and Sons, 1966.) 45s. cloth; 30s. 
paper. 

Tms book is intended to assist chemista, physicists and 
biologists in the design of electronic instruments. It is 
obvious that in 266 pages the author can only give an 
introduction to the subject. At times, this lack of space 
has resulted in descriptions that are too terse to be readily 
understood by someone with no knowledge of physics or 
mathematics. Even more important, certain aspects of 
design procedure are omitted or glossed over. This could 
either result in an unsound or even dangerous design or 
produce the erroneous idea that design work is easy. 
This book must therefore be supplemented by a suitable 
course of lectures before the reader can attempt to invent 
his own circuits. Otherwise, he should study the many 
excellent designers’ handbooks available. 

The present book does, however, do much to introduce 
the student to the elements of design technique. There 
are several worked examples and illustrative circuits. 
These encompass most of the common cirsuite, such as 
amplifiers, oscillators, rectifiers and switches. This is 
preceded by a description of the various vacuum and 
semi-conductor devices and indications of their uses. The 
book is up to date and includes paragraphs on unijunction 
transistors, tunnel diodes and field effect transistors. 
Thus the student obtains a broad picture of what type 
of device and circuit will suit his purpose. The lack of 
space is again apparent in that rule of thumb techniques 
are introduced with little theoretical justification. 

Dr. Phillips has tried to reduce the mathematics to a 

«minimum. This is generally successful apart from an 

unfortunate lapse into matrix algebra in the opening 
chapter on circuit theory. The appendix on the subject is 
worse. This very short section can, however. be omitted 
and the remainder of the book only requires A-level 
calculus. 
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It would be good to see more space devoted to con- 
struction and testing. The choice of a suitable layout for 
the circuit, and the need to produce a soundly constructed 
instrument, can never be overemphasized. Perhaps a few 
hours spent with some back copies of the popular elec- 
tronics and radio constructional magazines would not bp 
amiss for the reader. Safety precautions such as fuses 
and earthing are worth describing in detail. These and 
the few other dubious points could soon be explained by 
a competent engineer—who could also keep a fatherly eye 
on any constructional work. The volume, then, is a useful 
introduction to electronics, and it is hoped that it will 
stimulate the reader to delve deeper into the subject. 


C. P. May 


CURIOUS ASTRONOMER 


Edmond Halley 

By Angus Armitage. (British Men of Bcience.) Pp. 
xu+220. (London and Edinburgh: Thomas Nelson and 
Sons, Ltd., 1966.) 428. net. 


“FORTUNATE Newton, happy childhood of science.” So 
wrote Einstein of the age that saw the foundation of the 
Royal Society. Among “‘the extraordinary assortment of 
characters who made up the membership of the Royal 
Society’, none was more prominent and, in his own way, 
more extraordinary than the eponymous subject of Dr. 
Armitage’s latest book. 

Armitage disclaims the intention of writing a definitive 
biography of Halley; he attempts rather a historical 
evaluation of Halley’s scientific researches. Halley, 
however, was no armchair scientist, and some account of 
his adventurous life ıs essential to an understanding of his 
work. For example, his early expedition to St. Helena to 
chart the southern skies, and his later voyages as master 
of the Paramour to investigate the variation of the 
magnetic compass, gave him a life-long interest in the 
problem of determining longitude at sea. Dr. Armitage 
livens his story of Halley’s life with delightful historical 
titbits, such as the information that the Tsar of Muscovy 
was wont to push members of his entourage (and Halley ?} 
through hedges in a wheelbarrow ! 

There are difficulties in attempting to describe and 
evaluate Halley’s scientific achievements. He l.ved in an 
age when a scientist could be versatile without being a 
dilettante. ‘For over sixty years he poured out discourses, 
papers and books on an indiscriminate variety of topics”, 
from atmospheric physics to stellar astronomy, thermo- 
metry to fossils. As the tireless accumulator of extensive 
observational data, he was constantly urging ‘‘the 
Curious”’ to “leave behind us observations that may be 
confided in, and to propose Hypotheses which after Ages 
may examine, amend or confute”. Dr. Armitage has 
successfully organized this mass of material into manage- 
able form by adopting a logical rather than chronological 
claasification. So complete an account of Halley’s work 
has not hitherto been published, and it is extremely valu- 
able. 

Nevertheless, its very completeness is in one respect a 
drawback. Researches which, standing by themselves, 
would ensure the reputation of Halley as a scientist seem 
paradoxically to lose effect by their very number. Halley’s 
stature as a scientist might have been better illuminated 
by concentrating on a few of the more important investiga- 
tions. In the end, Halley’s greatest contribution to science 
may well have been his constant encouragement of 
Newton, embittered by controversy, to proceed with the 
investigations that led to the appearance of Principia, 
which Halley edited and published at his own expense. 
Fortunate Newton, to have had so selfless a friend; and 
we are fortunate, too, in having Dr. Armitage to tell his 
story. «MICHAEL W. OVENDEN 
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NEW PHYSICS 


The New Age In Physics 
By Harrie Massey. Revised and enlarged edition. Pp. 386. 
(London: Elek Books, Ltd., 1966.) 63s. net. 


HE need to interpret the realm of physics research to 
the intelligent layman ıs ever present. Because of the 
wide range of subjects investigated, the professional 
physicist himself also requires non-technical accounts of 
those parts of the discipline which are remote from his 
own field if he is to maintain an overall picture of modern 
developments. Professor Sir Harrie Massey’s book The 
New Age in Physics fulfils the requirements of a ‘wide 
spectrum of people which includes the two examples 
mentioned. In this new edition of his book he presents an 
up to date account of the present state of all the major 
branches of physics research. No mathematics above 
fifth form level ıs required, but most fundamental points 
are given an adequate qualitative description. For 
example, the classification of nucleons, strange particles 
and mesons according to the mathematics of group theory, 
leading to the prediction of the properties of particles such 
as the Q- which have subsequently been discovered, 18 
illustrated by the geometrical properties of certain regular 


gures. 

The book starts with an exposition of wave mechanics 
and the uncertainty principle. Properties of electrons in 
solids are then explained with mention of topics such as 
the principles of the working of transistors, low tempera- 
ture physics, lasers and the Mossbauer effect. Then come 
chapters on relativity, particle acceleration and detection, 
nuclear physics and fission and high energy physics. The 
subjects of electrons in scolds and fundamental particles 
present the greatest challenge to the author in his task of 
providing qualitative explanations of mathematically 
based concepts. Finally there are chapters devoted to 
branches of extra-terrestrial physics where the description 
of observations is naturally more to the forefront and 
where the underlying physical explanation is often in 
terms of better appreciated, classical laws. Radio- 
astronomy, upper atmosphere and space research are 
included here. The author is in an excellent position to 
emphasize the British contribution to this last field. 
© Since the book is basically non-technical, the language 
can contain a greater sense of excitement than is thought 
to be permuasible in a normal scientific paper. For 
example, when discussing the Hoyle-Fowler idea of gravi- 
tational collapse as the explanation of quasi-stars, due 
account being taken of general relativity theory, Massey 
says: “No matter what the ultimate answer, the grandeur 
of the speculation is unsurpassed”. There are many 
illustrations, including colour photographs of the aurora 
and televised pictures of the Moon’s surface taken by 
lunar probes. J.J. QUENBY 


The Nature of the Lunar Surface 

By Wilmot N. Hess, Donald, H. Menzel and John A. 
O'Keefe. Proceedings of the 1965 IAU-NASA Sym- 
posium. Pp. viii+320. (Baltimore, Md.: The Johns 
Hopkins Press; London: Oxford University Press, 1966.) 
108s. net. 


Waat are the current controversies about the nature of 
the Moon ? The answers are set out lucidly in this report 
of the lectures and discussions of the 1965 International 
Astronomical Union—National Aeronautics and Space 
Administration Symposium. 

Previously published material is digested in some of the 
papers but, in others, relatively new concepts are extremely 
well argued. Hapke presents an eminently readable 
discussion relating to the important problem of the damage 
of lunar surface materials by corpuscular radiation; 
Ingrao, Young and Linski detail a rigorous analysis of 
the interpretation of infra-red measurements, with some 
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‘warnings for the unwary; and O'Keefe offers important 
arguments for ash flows, while Shoemaker argues for a 
fragmental layer resulting from meteoritio churning. 
Kuiper argues that the lunar surface is strong enough to 
support an astronaut, whereas Gold reserves judgment 
on this question. Urey and Levin differ in their opinions 
of the origin and development of the Moon. There are & 
many revealing differences of opinion among the specialists 
and ıt is stimulating to see them stated explicitly, particu- 
larly in the lengthy discussions which appear in the text 
and add very great interest to the publication. 
G. FIELDER 


Pulmonary Diseases and Anomalies of Infancy and 
Childhood 

By Milton I. Levine and Armond V. Mascia. Pp. xi -+ 

(New York and London: Hoeber Medical Division, 


368. 
Harper and Row, 1966.) $12; 968. 


Tax author’s preface to this book starts with the state- 
ment that it has been written primarily for paediatricians, 
radiologists and medical students. It is unlikely that a 
book suitable for such diverse categories of people could 
be written, and this one fails in its declared objective. 
The space devoted to clinical manifestations and treat- 
ment ıs often inadequate for the paediatrician who is f 
really looking for guidance, and not enough is said about 
radiographic interpretation for the radiologist. The 
references at the end of each chapter are by no means 
up to date and they derive almost exclusively from 
American journals. On the other hand, the contents 
must include almost every known intrathoracic disease of 
paediatrics, and the reproductions of the radiographs are 
excellent. This would, therefore, be a useful book on the 
shelves of a paediatric library although the individual 
paediatrician or radiologist could find a better use for $12. 
J. H. Huromison 


Conference on Librarlan-Statlstician Relations in the 
Field of Economic Statistics 

Edited by K. A. Mallaber. (Papers and Proceedings of a 

Conference sponsored by the Library Association and 

the Royal Statistical Society, 5th July, 1965.) Pp. 138. 

(London: The Library Association, 1966.) 40s. (L.A. 

members 30s.) 


TEs sıx papers presented at this Conference deal with the 
use of the library of the Royal Statistical Society, with 
the economics library and information service of an 
industrial firm, with the Board of Trade library services y 
to statisticians and their staff, with the librarian and 
financial analysis, with library and information services 
for the economist in London, the Midlands and the North 
of England, and with bibliographical co-operation between 
statisticians and librarians. The approach to relations 
between users (and potential users) of libraries and the 
organization of libraries ıs sound and realistic, but not 
lacking in imagination, and this is no less characteristic 
of the discussion of the papers which occupy rather more 
than half the book. For this reason the book is welcome 
and deserves the attention both of the new Social Sciences 
Research Council, and of the committee of the University 
Grants Committee and the Department of Education and 
Science now considering university libraries. If the latter 
committee can produce a report anything like as construc- 
tive and adequate, most librarians will be pleasantly 
surprised. But the present volume is worth publication 
merely for Mr. K. A. Mallaber’s comment about the 
absurdity of the current practice of attempting to use the 
inter-loan service to borrow publications costing only a 
few shillings and which are in print. That some libraries 
are prepared to resort to such loans costing at least twenty- 
five shillings apart from the charge for postage, however, 
reflects not merely a sad lack of realism but also the 
parsimony with which hbrary and librarian services are 
still in practice far too often treated. R. BRIGHTMAN 
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LUNAR OBSERVATORIES OF MEGALITHIC MAN ° 


By Pror. A. THOM 
The Hill, Dunlop, Ayrshire 


I gave shown elsewhere that megalithic man has left us 
sites which record the position of the Sun at the solstices 
with an accuracy which is limited only by the vagaries of 
refraction. One or two of these sites show a declination 
of 23° 64’ +I’ corresponding to the obliquity of the 
ecliptic at 1700 B.o. +140 years. 

Using the same technique, megalithic man has left 
records in stone of the maximum and minimum lunar 
declinations. In the sense that “‘solstice’’ means the 
standing still of the Sun, the Moon has four solstical 
positions. If the orbit of the Moon were exactly in the 
plane of the ecliptic the lunar solstices would be shown by 
the same marks as those for the Sun. But the lunar orbit 
is inclined to the ecliptic at an angle $ with a mean value 
which has remained constant at 5° 08’ 43” for thousands 
of years. Thus, as the line of nodes rotates (once ın 18:6 
years), the Moon’s solstices occur when its declination is 
+ (e+) where e is the obliquity of the ecliptic. In 
1700 8.0. e was 23° 53’ 49” (De Sitter) and in 1600 B.c. 
40” less. 

There are more than twenty places where megalithic 
man has left slabs or alignments or outhers to show one or 
other of these four declmations!. But six or seven sites 
show a great deal more and must be reckoned among the 
most important ın Britain. To understand their im- 
portance it is necessary to look a little more closely at the 
movements of the Moon. 

In the course of a lunar month the declination of the 
Moon goes through a cycle from a positive maximum to a 
negative maximum and back again. As already explamed, 
these maxima are limited by two boundaries (between 
which the declination oscillates) which show two periodici- 
ties. The first is the obvious one mentioned earher with an 
amplitude of +4 and a period of 18-6 years. Superimposed 
on this 1s a short period ripple with an amplitude of about 
+9’ and a period of 173-3 days or half an eclipse year. 
Fig. 1 shows the state of affairs as the Moon passed through 
one of the maximum positions (¢+#) ın the seventeenth 
century B.c. The dots show the monthly maxima. Each 
month the declination rose to one of these points and then, 
2 weeks later, fell to roughly an equal negative value. The 
dotted curve is the top of the 18-6 year cycle with a 
maximum of e+4= 29° 03’. Superimposed on this is the 
9’ ripple. 

Now A that megalithic man chose a suitable 
mountain peak (or notch) as a foresight and proceeded to 
observe one limb of the setting Moon near its maximum 
declination. He would mark the backsight or position 
where he had to stand to see the limb grazing the mountain 
at each monthly maximum. The position so found would 
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Fig. 1. Moon's declination around one of the maxima. 


oscillate @bout a mean position just as the dots in Fig. 1 
oscillate. Eighteen years later he would find the same 
limits for the one or two oscillations nearest the maximum. 
The natural thing to do is to mark e:ther the mean or the 
extremes. Since 18 years elapse between each set of 
observations he did not rely on memory but indicated the 
backsight and the foresight unequivocally. This is well 
shown at Fowlis Wester (Fig. 2) near Crief in Perthshire. 
Standing at tho centre of the ellipse and looking along the 
major axis, the high outlier A obscures the distant peak 
(Creag na Criche) but just allows the point P to be seen. 
This ıs shown in Fig. 3, which also shows how the Moon 
rose at its maximum declination. The points on the sky- 
line which have been determined astronomically (and 
checked on a second visit) are shown by small rings. 
Correcting for mean winter refraction, mean semidiameter 
and mean parallax, the declination of the Moon with ite 
upper limb grazing the point P is 29° 03’ or exactly (e+) 
at 1700 3.0. 


Creag na Criche 
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Part of the layout at Fowls Wester, (latitude 56° 248, 
longitude 8° 44 6’ W.). 


On Fig. 3 the dotted outline shows the horizon as seen 
(and measured) from the large atone which lies some 450 ft. 
to the east. So, using this stone as the backsight, the 
declination would be about 10’ greater and would cor- 
respond with the absolute maximum declination which, 
as we have seen, is some 9’ greater than the mean 
maximum. One, at least, of the stones in the other ellipse 
has been blasted, presumably to provide maternal for the 
small modern building which lies to the west. So we do 
not know to what extent the western end of the monument 
has been despoiled; there may have been a stone there to 
mark the lower mit of the ripple. 

It will be seen that the site is so carefully chosen with 
regard to the surrounding horizon heights that the line 
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Fig. 3. Bising Moon at mean maximum declination (dotted outline is 
from stone B). 


Altitade 





Fig. 4. Basa Rock from stones at Lundin Links (No. 408027). Moon 
rising with declination= —18° 44’. Note that s—i= 18°45. 


joining the ellipses succeeds in showing in both directions 
the equinoxial solar declination of +0-3°. As I have 
shown elsewhere, this is close to the value necessary to 
divide the year into two equal parts. The axis of the west 
ellipse also gives a declination of about 28° and thus, 
presumably with a mark on the nearby hill, showed the 
most northerly setting point of the Moon. 

An alternative method of observation to that evidently 
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used at Fowlis Wester 1s to use a fixed backsight ın such 
position that two peaks or notches on the horizon woul 
show either the two limits or the mean and the maximum 
This must have involved years of experiment until ı 
suitable site was found and yet these people have lef 
many sites showing how successful they were’. ‘Phe 
site near Dervaig in Mull is now ruinous but enougl 
remains to show that the alignment must have been clos 
to 190°. To the north, local high ground obscures the viev 
and so we look towards the south and see that the peal 
Carn Mhor lies on the line. It appears that the Moon in its 
most southerly position grazed the top of Carn Mhor. Thi 
positions of the upper and lower limbs at mean maximun 
declination arc pass near small notches. 

Examples of 6—¢ are also found. One discovered thi 
summer is at Lundin Links on the south coast of Fife 
The direction of the alignment of stones is such that i 
showed the Moon setting with a declination about — 18° 
The view is now obscured by buildings and trees, but thi 
Bass Rock (Fig. 4) can be seen and the rising Moon jus 
grazes the eastern fall of the rock when the declination i: 
— 18° 44’. At 1700 B.0., e— į was 18° 45’. Here apparently 
only the mean is shown unless indeed there is a mark nea 
the summit which I missed in the imperfect conditions o: 
visibihty which existed when I measured the profile. 

Another e— 4 site is found near Fishguard. The impres 
sive alignment Parc-y-mierw (SM 999359) is directed tc 
Mount Leinster. Geodetic calculation using the contour: 
on the Ordnance Survey of Ireland shows that the point 
where the massif runs into the sea as geen from the stoner 
gives the Moon’s lower limb when the declination was 
about 10’ below e—4. 

Enough has been said to show the great care which wat 
taken to place these sites to give an accuracy of nearly 
+1’. This is remarkable when we remember that the 
temperature effect on refraction is of this order and thai 
lunar parallax can range some + 2’, depending as it doe: 
on the Moon’s distance. During the years of experiment 
which must have been necessary to locate these backsights 
with this kind of accuracy the +-9’ ripple must have ob- 
truded itself. When we find its upper and lower limits bott 
recorded at a number of sites we see that there is no doubt 
it was well known to these people. It was not again knowr 
until it was discovered by Tycho Brahe (born a.p. 1546) 


Received September 12, revised October 10, 1966. 
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INCLUSIONS, BIREFRINGENCE AND STRUCTURE IN 
NATURAL DIAMONDS 


By Dr. M. SEAL 
Engelhard Hanovia, Inc., 497 Delancy Street, Newark, New Jersey 


Ir has been known since 1934 that natural diamonds may 
be classified on the basis of their ultra-violet and infra-red 
absorption spectra’. Since that date much work has been 
done on the physics of impurity and defect structure in 
diamonds, and currently four broad classes of diamond 
material have been recognized. They are designated 
types Ia, Ib, Ila and IIb (ref. 2). The characteristic optical 
absorption features of these several types can largely be 
explained in terms of the presence or absence of nitrogen 
in different forms. Type Ia diamonds contain nitrogen 
platelets which are typically a few hundred angstrom 
units across and a few atomic planes in thickness**. For 
an average type Ia giamend, there would be about 10% 
e 


platelets/em?. Kaiser and Bond® showed that type I 
diamonds can contain up to 0-23 per cent of nitrogen. 
This has been confirmed by Lightowlers and Dean‘, who 
used photon activation analysis, and by some experiments 
of mine in which diamonds were burnt in pure oxygen 
and the resulting gases analysed by gas chromatography: 
Lightowlers and Dean found up to 0-24 per cent nitrogen 
and I found up to 0-17 per cent nitrogen in the type I 
diamonds examined. Type Ib diamonds contain nitrogen 
but ın smaller amounts than type Ia and in dispersed 
form*?. This nitrogen is in substitutional positions in the 
diamond lattice and gives rise to electron paramagnetic 
resonance spectra as a result of the single unpaired 
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electron at each centre. Type II diamond in general 
does not appear to contain nitrogen’. Lightowlers and 
Dean, however, found 25-35 p.p.m. nitrogen in one type 
Ha diamond and my analyses by gas chromatography 
have shown the presence of somewhat larger amounts of 
nitrogen in some type II diamonds (up to ~ 300 p.p.m.). 
This is most probably caused by the presence of 
small regions of type I material in predominantly 


type II diamonds. Other type II diamonds did not 
show nitrogen in my experiments (detection limit: 
50 p.p.m.). 


Nitrogen is by no means the only impurity which occurs 
in natural diamonds. Optical spectrographic analyses have 
shown the presence of traces of numerous elements®?, the 
chief of which are silicon, aluminium, iron, magnesium 
and calcium. Type IIb diamonds differ most obviously 
from type Ia in that they show p-type semiconductivity 
because of the presence of acceptor levels between the 
valence and conduction bands!’. These acceptor levels 
probably arise from the presence of an impurity, but 
the nature of the impurity is unknown. Semiconduct- 
ing synthetic diamonds can be produced by doping 
with boron, beryllium, or aluminium, Gross inclu- 
sions of foreign materials also occur in some natural 
diamonds. During the nineteenth century several workers 
reported inclusions of such materials as quartz, pyrite, 
black carbon, ete.*, and there have been numerous 
subsequent identifications of various inclusions. 

It is also well known that natural diamond crystals can 
be quite inhomogeneous in their internal structure—a 
fact which has been amply proved by numerous studies 
reporting inhomogeneity in such properties as ultra- 
violet transmission, colour and  fluorescence!?-!8, 
alpha bombardment conduction, nature of cleavage 
faces’, X-ray diffraction topography **-®°, nitrogen plate- 
let concentration?, electrical conductivity, and behaviour 
on etching®?-**, The inhomogeneity may in some cases be 
caused by alternation of regions of type I and type II 
material, but much of it must be a result of more subtle 
changes in texture. In the present communication, I 
describe some new results and discuss their significance 
in relation to the inhomogeneity of diamonds. 

In much of the previous work on the ultra-violet topo- 
graphy of diamonds, mercury lamps were used as the light 
sources. The optical and long wavelength ultra-violet 
portions of the mercury spectrum were absorbed by 
filters, and it has been assumed that the effective wave- 
length was that of the strong mercury line at 2536 A. 
There is also, however, a line in the mercury spectrum at 
2967 A. This, though some twenty times less intense than 
the 2536 A line, would have much lower attenuation in 

“type I diamond. The 2967 A line might thus have been 
the dominant radiation in the recording of many of the 
published ultra-violet topographs. Such radiation does 
not serve to discriminate type I from type II diamond 
unambiguously since contrast can also arise from varia- 
tions in type I material which have slightly different 
absorption edges. I have photographed thin slices of 
type I diamond in light of various wavelengths in and 
near the absorption edge, using a continuous spectrum 
source and an ultra-violet spectrometer as monochromator, 
and recording the topographs by placing a photographic 
film immediately behind the diamond. One such diamond 
was uniformly transparent in the visible and long ultra- 
violet wavelengths, was opaque below 2800 A, and showed 
bands of different transparencies when photographed with 
light of wavelength 2850 A. A second diamond appeared 
uniformly transparent in the visible spectrum and at 
3250 A, was opaque at 2900 and 2800 A, and showed well 
defined internal structure (of the “central cross” type*) 
at 3100 A. In a similar ultra-violet examination three 
other diamonds did not show internal structure but were 
uniformly transparent at 3200 A and opaque at 2900 A. 
The resolution in these photographs was limited by the 
“contact-printing” technique used and the finite thick- 
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. 
ness of the diamonds, but the results do indicate that 
some of the contrast in ultra-violet topographs is caused 
by variations of type I material. 

It appears that all natural diamonds are birefringent*5-*6, 
Internal structure may become visible when diamonds 
are viewed between crossed polarizers, because of varia- 
tions in the birefringence'-**.27, It is possible by system- 
atic plotting of the positions of the extinction fringes to 
derive curves which are tangent to the principal optical 
planes*®, Such curves seem, in at least some cases, to 
have a definite relation to the etch patterns, ultra-violet 
topographs, etc., and thus confirm the conclusion that the 
birefringence of diamond is a result of the stresses set 
up by slight mis-matching of the properties of different 
layers. ' 

Examination of diamonds between crossed polarizers 
and at high magnification has revealed structure of a type 
which was described briefly in reference 16, but has not, it)” 
seems, been studied in detail before now. The structure 
consists of numerous small inclusions occurring in limited 
regions of certain diamonds and having the appearance 
shown in Fig. 1. This figure shows micrographs of a type 
I diamond from the Kimberley area, South Africa. The 
specimen was prepared by sawing the diamond into two 
approximately equal portions, the plane of sawing being 
{001}. The sawn face of one portion was polished, and 
the polished {001} face was etched by immersion of the 
crystal in fused potassium nitrate at 675° C for 15 min. 
A second parallel face was polished on the opposite side 
of the crystal to serve as a “window” for subsequent optical 
examination. Fig. la shows an area near the centre of 
the etched polished face. This micrograph was taken with 
normal unpolarized incident light (with a conventional 
microscope arrangement as used in metallography). 
Boundaries between ‘grains’? which etch in different 
ways have been revealed. Large etch pits, which appear 
as dark spots, can be seen in two of the four grains forming 
a cross in this picture. The other two are relatively free 
from the large etch pits. Fig. 1b shows the same area 
between crossed polarizers, viewed by transmitted light. 
The microscope was focused on the surface. Fig. lc-e 
was obtained by focusing the microscope below the 
surface: the planes of focus were respectively 15, 30 and 
15u below the surface. Fig. 1b-e thus shows the inclusions 
directly and reveals their appearance and distribution 
in depth in this particular region of a diamond. The 
series of micrographs shows that the inclusions are here 
confined to the grains the surface of which has the large 
etch pits. 

In general the inclusions appear as small dark and bright 
spots between crossed polarizers. The spots are well 
defined and must represent small regions containing 
birefringent material (if they were the strain fields around 
isolated individual sub-microscopic inclusions, the appear- 
ance would be that of numerous axial crosses). Nothing 
was visible in unpolarized light or phase contrast illumina- 
tion. The inclusions are fairly common—they were 
found in six out of twenty-four crystals of type I exam- 
ined. Five out of the six diamonds showed cross-like 
features in their centres either in etched sections or when 
viewed between crossed polarizers. The inclusions were . 
found in limited regions of the diamonds, which could be 
correlated with the topography as revealed by birefring- 
ence and etching. In such regions a reasonable estimate 
for their number would be 1-4x 108 inclusions/em’. 
Most of the inclusions appeared to be from 1 to 3u 
across. 

Where regions which contained the inclusions intersected 
an etched polished surface, large etch pits similar to those 
shown in Fig. la were found. There is a strong indication 
from the following quantitative correlation that the large 
etch pits were formed by the effect of the etchant one 
exposed inclusions. Consider an idealized model in which 
equal spherical inclusions are randomly distributed in ais. 
diamond matrix and imagine this matrix cut by a plane ~ 
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representing a polished surface. For spheres of diameter 
1-54 numbering 3x 108/em? (reasonable average values 
for the regions showing inclusions in Fig. 1), the surface 
would cut 45x 10‘ inclusions/em?. This number is in 
good agreement with the number of etch pits actually 
observed (5x 104/em? in the areas showing large etch 
piés in Fig. la). There is similar agreement in other 
regions. 

I have not been able to detect the inclusions within the 
diamonds without using polarized light, but careful 
examination of an unetched polished face on a diamond 
in which the inclusions were particularly numerous 
revealed the presence of a number of small dark imper- 
fections, These were a few microns across at the most. 
Analysis with an electron microprobe showed the presence 
of several elements besides carbon in these inclusions. 
Table 1 lists the elements detected in five inclusions. The 
presence of iron may not be significant since the diamond 
face was polished on a cast iron lap. 


Table 1. SEMI-QUANTITATIVE MICROPROBE ANALYSIS OF INCLUSIONS IN 
DIAMOND No, 403 








Inclusion Approximate impurity content (per cent) 
No. Al Si Fe Ca Mg 0 8 
1 — 0-9 09 03 0-3 1 _ 
2 2 — a piles 1-5 = 
3 — 0-8 — — — 12 — 
4 0-4 = — — — 5 0-2 
5 — 0-5 -— — — og — 


These inclusions are different in nature from the gross 
inclusions of foreign materials which are frequently 
found in diamonds. They are transparent and are only 
made visible by the use of polarized light. The impurity 
content as detected by the electron microprobe was low, 
even for the relatively large inclusions which are the 
subject of Table 1. They must therefore consist largely of 
diamond and contain the impurities either in solid solution 
or as clusters of fine precipitates the size of which is small 
compared with the total size of the inclusion. Friedel?> 
suggested that the overall birefringence of diamonds was 
produced by strains set up in a transformation involving 
a volume change which occurred as the diamonds cooled 
in the depths of the Earth. The segregation or precipita- 
tion of an impurity such as nitrogen, silica or alumina 
would be just such a change, and a slightly modified 
form of Friedel’s theory is probably correct. The layered 
and grain structure seen on etched surfaces? would 
then represent a combination of structure which arose 
during the original growth (in particular, layering 
caused by changes in the environment) and strue- 
ture which resulted from segregation of impurities 
such as nitrogen platelets and the inclusions reported 
here. 

Type II diamonds when etched with fused potassium 
nitrate show a characteristic surface texture (Fig. 23b of 
ref. 23). This texture is sometimes found locally on 
etched surfaces of type I diamonds, but it is not very 
common. Ifsuch texture is a reliable indicator of diamond 
type, the conclusion is reinforced that much of the 
observed layer and grain structure of type I diamonds is 
caused by variations in type I material, rather than by 
type I/type II banding. The same conclusion can be 
reached from study of the birefringence patterns, which 
in type IT diamonds have a characteristic appearance”? :?? 
(likened by Takagi and Langt! to a Japanese rice straw 
mat or tatami”). Such structure does sometimes occur 
locally in type I diamonds, but again it is not very com- 
mon. On this view, Tolansky’s theory?! that all diamonds 
are layer mixtures of type I and type II material is very 
much an over-simplification. Some parts may be like 
this, but the majority of type I diamonds are complex 
mixtures of layers and grains with different concentrations 
of nitrogen platelets (and perhaps of paramagnetic single 
atoms of nitrogen), with different concentrations of the 
impurities reported here (Table 1), and perhaps with 


other, as yet undetected, differences in the impurity and 
» 
° 








Fig. 1. Region near the centre of an {001} slice approximately through 

the centre of diamond No, 535 (type I: origin—Kimberiey area, South 

Africa). a, Etch structure. b-e, Appearance of diamond between crossed 

polarizers with focus at different levels in the slice. Position of plane of 

fecus: b, at surface; c, 15 below surface; d, 304 below surface; g, Tōu 
below surface. (x 255.) 
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defect. structure. There are also differences in the 
size distributions of the nitrogen platelets and the other 
precipitates, 

I thank Mr. A. J. Lincoln and Mr. W. H. Chang of the 
‘Research and Development Division of Engelhard Indus- 
tries, Inc., for the microprobe analysis. 
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METAL-LIGAND BONDING IN IRON-PORPHYRINS AND OXYHAEMOGLOBIN 


By Dr. J. E. FALK and Dr. J. N. PHILLIPS 
Division of Plant industry, C.S.1.R.0., Canberra, A.C.T. 
AND 


E. A. MAGNUSSON 


Avondale College, Corranbong, New South Wales 


THERE has been much discussion in recent years of the 
bonding: in. metalloporphyrins*!° generally and of the 
bonding of oxygen in oxyhaemoglobin and oxymyoglobin 
in particular*-*,. In this article we wish to outline some 
conclusions reached from recent physico-chemical studies, 
supported by molecular orbital calculations. 

Before any general understanding of the affinity of 
haems for additional ligands can be gained, it is essential 
to distinguish between effects which are felt in the metal- 
ligand o-bonds and those connected with the x-electron 
system of the molecule. It is also necessary to decide 
whether these effects originate in the porphyrin macrocycle 
or in the extra ligands themselves. When this kind of 
analysis is applied to oxyhaemoglobins it becomes 
obvious that the component of the iron-oxygen linkage 
is of great importance. As will be shown, this can be 
clearly seen by considering the affinities of oxygen 
for reconstituted haemoglobins®. It should be noted 
that effects which arise from the tertiary structure of the 
protein are beyond the scope of this analysis. 

0o Bonding. Porphyrins can be regarded as tetraco-ordinat- 

ing ligands which impose a near square-planar configura- 
tion on their metal chelates. In the iron chelates, two 
further ligands are readily co-ordinated to the metal in 
the z-direction (perpendicular to the zy porphyrin plane), 
giving essentially octahedral complexes such as the 
pyridine haemochromes. Overlap of metal hybrid 
orbitals with ligand orbitals may thus give rise to six 
co-ordinate o-bonds, four in the plane of the porphyrin 
and two in a direction perpendicular to it. 

The five orbitals of the 3d sub-shell are used in this way : 
the 3d» and 3dx,.,: orbitals (symmetry type eg) are 
incorporated in metal hybrids which are involved in the 
metal-ligand o-bonds, the 3dzy orbital is occupied, but, 
“by virtue of its symmetry, does not take part in bonding, 
while the dx orbitals (3dz2 and 3dyz in this nomenclature) 
are of the correct symmetry to combine with pz-orbitals 
of porphyrin nitrogen atoms and with the z-orbitals of 
perpendicular ligands as well. The latter are available, 
for example, in ligands like pyridine. In such a case the 
n-systems of the ligands and the porphyrin become 
linked via the 3dz, and 3dyz orbitals of the metal. Metal- 
ligand 7-bonding of this type is expected to be most impor- 
tant when the dez and dy, orbitals of the free metal ion 


are filled; it leads to a flow of charge away from the 
metal. 

Stabilities of haemochrome complexes. Table 1 sets out 
the stability constants'® of the haemochromes of meso-, 
proto-, deutero-, and diacetyldeutero-haems with pyridine, 
4-aminopyridine and 4-eyanopyridine. Of these three 
ligands, 4-aminopyridine is by far the strongest base 
(pK 9-35) and 4-cyanopyridine the weakest (pK 1:8). 
It is commonly assumed that the factors governing the 
binding of a proton to the ligand are the same as those 
governing formation of the metal—ligand o-bond. Ae- 
cordingly, for a given haem, we expect the order of 
affinities of the ligands to be the same as the order of 
their basicities, provided that the o-component of the 
bond between iron and pyridine dominates the bond 
strength, as usually seems to be the case. On the other 
hand, the x-type orbitals of these three ligands are able 
to mix with the dz-orbitals of the iron atom; hence we 
expect the metal—ligand -bond strength to be determined 
by the ability of the ligands to accept x-clectrons. For 
these ligands electron accepting power is in the order 
4-aminopyridine < pyridine < 4-cyanopyridine, so that the 


Table 1. AFFINITY OF SUBSTITUTED PYRIDINES FOR Fe(II)-PORPHYRINS 
A. Stability constants of bis-pyridine haemochromes* (log Ks) 
Ligand Deutero- Proto- Diacetyl- 

Ligand pKa Mesohaem haem haem deuterohaem 

4-Aminopyridine (9-35) 4:0 52 54 64 

Pyridine (5-17) 46 5-1 5-4 6-0 

4-Cyanopyridine (1-80) 5'8 6-7 6-5 58 

PK, of porphyrin 58 55 4-8 3-3 


B. Electronic effects of substitution and stabilization of bis-pyridine 
complexes of mesohaem* 


Ligand Log K’; Syt at 
Pyridine 4-6 0 0 
3-Aminopyridine 4-2 ~21 — O14 
4-Aminopyridine 4-0 -84 ~ 0-65 
3-Cyanopyridine 51 +82 +0-64 
4-Cyanopyridine 5-8 +79 +055 
3-Methylpyridine 5-25 ~03 ~ 0-08 
4-Methylpyridine 55 -08 ~0l4 


* Data from Lowe and Phillips, quoted in Falk”. , 

t Stabilization factor, Sy, calculated from the data of Lowe and Phillips 
by da Silva and Calado", Sy=(log K’s—2 log K'a)~ (log Ks~2 log Ka), 
K: and K’, are the stability constants of the complexes of pyridine and 
substituted pyridine, respectively, and Xa and K'a are the dissociation còn- 
stants of the conjugate acids of pyridine and substituted pyridine, respec- 
tively. 

} Hammett’s co-factor for substituents. 
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tendency to form z-bonds is the reverse of that for o-bond 
formation. 

Reading down Table 14 from 4-aminopyridine to 4- 
eyanopyridine, one would expect haemochrome stability 
to increase or decrease according to whether variation 
in the v- or the o-component of the metal-ligand bond is 
tee more significant. In fact, both these situations are 
shown in the table. With mesohaem, the stability con- 
stants increase with decreasing ligand basicity, suggesting 
that the m-component of the bond is the major variable. 
This conclusion is supported by da Silva and Calado’s 
analysis! of the experimental results shown in Table IB. 
They obtained an excellent linear relationship between 
the Hammett o-factor for the substituent in the substi- 
tuted ligand and the expression (log K’z —log Kz), termed 
by them the “stabilization factor’ (K’, refers to the 
stability constant of the complex of the substituted 
ligand, Kz to that of pyridine itself). 

In the diacetyldeuterohaem complexes in Table 1, on 
the other hand, o-bonding seems the more important. 
since the stabilities of the complexes and the basicities 
of the ligands both increase in the same sense. Complexes 
of deuterohaem and protohaem appear to correspond to 
intermediate situations. 

Electronic effects arising from the periphery of the 
porphyrin are also likely to influence the metal—ligand 
bond strength. The haems listed in Table 1 (meso., 
deutero-, proto- and diacetyldeutero-haems) differ in 
respect of the two groups at positions 2 and 4 which are 
ethyl, hydrogen, vinyl and acetyl respectively. The 
successive depletion of x-electrons from the inner atoms 
of the system as electron attraction in the side-chains 
increases is reflected by the steadily decreasing pK, 
values of the metal-free porphyrins themselves!®. The 
two effects of this are (a) to increase metal—ligand bond 
strength by enhancing the ability of the central metal 
atom to accept c-electrons from the perpendicular ligand, 
and (b) to decrease metal—ligand bond strength by redu- 
cing the donation of x-electronsto the perpendicular ligand. 
The latter occurs because the same dz-orbitals of the iron 
atom are involved in bonding with the x-systems of the 
perpendicular ligands and of the haem, so that electron 
attraction by side-chains increases the strength of the 
iron to porphyrin nitrogen x-bonds at the expense of 
the iron to pyridine nitrogen ~-bonds. 

Reading across the table from mesohaem to diacetyl- 
deuterohaem, one would expect haemochrome stability 
to increase or decrease according to whether the c- or 
the z-component of the metal-ligand bond is the more 
significant. With 4-aminopyridine, variations in metal- 
ligand o-bond strength appear more important than varia- 
tions in x-bond strength. With 4-cyanopyridine the situa- 
tion is more complex. The increase in stability from 
mesohaem to deuterohaem is presumably due to enhance- 
ment of the s-bond while the decrease observed from 
deutero- to diacetyldeutero-haem seems to indicate that 
the expected increase in o-bond strength has been offset 
by considerable weakening of the -component as electron 
withdrawal by side-chains becomes more severe. : 

Representative results from a series of molecular orbita 
calculations for these compounds are given in Tables 2 and 
3. The m-bond orders quoted are calculated by Coulson’s 
formula from the results of Huckel molecular orbital 
calculations so that it is trends rather than absolute values 
which are of significance. The competition between 
iron~pyridine and iron—pyrrole z-bonds is clearly displayed 
in Table 2, The effect of the pyridine substituent on the 
n-electron density in the dz-orbital of the iron is indicated 
in Table 3. The correlation of this x-electron density 
with the band I absorption maxima for these complexes 
may also be noted. 

The molecular orbital calculations are consistent with 
the qualitative arguments used here to interpret the data 
of Table 1 in terms of the importance of =-bonding in 
haem type complexes. Further evidence of the significance 
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of the n-bond in these compes is provided by the 
influence of pyridine substituents on the carbonyl stretch- 
ing frequency in the pyridine-carbon monoxide haem 
complexes studied by Caughey et al.*. 

Oxygenation of haemoglobin. For the present argument, 
haemoglobin may be regarded as ferro-protoporphyrin 
with a nitrogen atom of a histidine residue of globin 
bonded to the iron on one side of the plane’; apparently 
the site opposite the histidine is vacant!*, Addition of an 
oxygen molecule changes the high-spin ferro-haemoglobin 
to diamagnetic oxyhaemoglobin. Not only has spin- 
pairing been induced in the iron by the act of combination 
with oxygen, but in addition the two unpaired electrons 
of oxygen itself have become paired. 

Oxygen affinities of a number of native oxygen carriers 
have been studied in various media and under various 
experimental conditions by Rossi-Fanelli, Antonini, et al.‘?, 
The same workers have also obtained oxygen affinity 
data for reconstituted haemoglobins in which native 
globin and various haems other than protohaem are 
combined*. Among these reconstituted haemoglobins, 
effects caused by variation in the macromolecular environ- 
ment are minimized so that the nature of the haems must 
be the main factor affecting the oxygen affinities. The 
results are shown in Table 4. 

It is clear that there is a general trend towards lower 
oxygen affinities as n-electron density is withdrawn from 
the middle of the porphyrin towards electron-attracting 
substituents at the periphery. The obvious explanation 
for this is analogous to that given in the previous section 
for the similarly decreasing affinities of these same haems 
for the strongly x-bonding ligand 4-cyanopyridine. 

The correlation between oxygen affinity of the haemo- 
globin and, say, the pK, of the corresponding porphyrin 
is not as exact as was apparent in the data used by Falk!*, 
who compared reconstituted meso-, deutero-, and proto- 
haemoglobins with native chlorocruorin and obtained an 
essentially straight line relationship. The more recent. 
study of a reconstituted haemoglobin made by combining 
chlorocruorohaem with apohaemoglobin has produced a 
figure for the oxygen affinity quite different from that of 
the native compound’, indicating the importance of the 
tertiary structure of the protein. Effects of the macro- 


Table 2. CALCULATED 2-BOND ORDERS FOR FURTHER COMPLEXES OF 
HAEMS 

Mesohaem Diacetyideuterohaem 
Ligand Iron- iron- Iron- Iron- 
pyridine pyrrole pyridine pyrrole 

dn-paz bond dx~pxbond da~-pa bond da-pa bond 
4-Aminopyridine 0:362 0-499 0-360 0-402 
Pyridine 0-369 0-486 0-361 0-491 
4-Cyanopyridine 0-404 0-473 0-389 0-481 


Table 3. SPECTRAL DATA AND CALCULATED ELECTRON DISTRIBUTION 
DATA FOR FURTHER COMPLEXES OF HAEMS 
Deutero- Diacetyl- 
Ligand Mesohaem haem Protohaem deuterohaem 
4-Aminopyridine 0-801 (547 mu) 0-798 0-786 (557 mu) 0-775 (575 mz) 
Pyridine 0-848 (546 mu) «0-844 0-830 (555 my) 0-815 (571 ma) 


4-Cyanopyridine 0-862 (545 mu) 0859 0-849 (554 my) 0-834 (560 mu) 
The figures in the table refer to the electron density in the dx-orbital of 

iron which interacts with the two pyridine ligands both in the same plane, 

The yevelengthes (mz) of the absorption maxima of band I are given in 
rackets, 


Table 4., OXYGEN AFFINITIES OF NATIVE AND RECONSTITUTED HAEMO- 
GLOBINS*+4 
A. Reconstituted haemoglobina and myoglobins 
pK, of Haemoglobin Myoglobin 
Haem porphytin*® Logiist n Log Pust 

Meso 5-85 ~ 0-35 16 — 

Haemato —_ + 0-03 10 — 

Deutero 5-50 +014 1-7 — 0°63 

Proto 4-80 +0-36 27 — O13 

Chlorocruoro 3:75 +020 15 

B. Native oxygen carriers 
pK, of porphyrin* Log puat nt 

Protohaemoglobin 4:80 + 0°35 27 
Chlorocruorin 3-75 +15 45 
Protomyoglobin 4-80 -018 i 


* See ref. 10. 
+ Log py_= log pO, for 50 per cent oxygenation. 
tn Refers to the exponent term in the Hill equation. 
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molecular environment may also be reflected by values 
of the parameter n of the Hill equation greater than unity. 
The two results for myoglobin where n= 1 (see Table 4) 
are particularly valuable and it is to be hoped that 
additional data on this system will become available. 
That x-bonding is important in the binding of oxygen to 
haemoglobin was first suggested by Pauling‘ and inter- 
action between the dx-orbitals of iron and the pr-orbitals 
of the closer of the two oxygen atoms is a feature of his 
model. Because of conjugation between the metal- 
oxygen m-system and that of the porphyrin, and presuming 
that the metal~oxygen dr—pr overlap is not small, a 
structure of this type is in good agreement with the 
explanation of oxygen affinities given here. The same 
may be said of the more recent model due to Griffith? in 
which the oxygen molecule is considered to be parallel 
to the haem plane, permitting interaction of iron dx- 
orbitals with px-orbitals of both oxygen atoms. 
Numerous physical techniques}! have been applied to 
oxyhaemoglobin, but it is still not possible to say 
which of the two models is correct. Current X-ray 
structural evidence’ seems to favour Griffith’s model. 
A study of the oxygen adduct of Vaska’s iridium com- 
pound"*, which binds oxygen reversibly, shows that the 
oxygen molecule is bound in the manner suggested by 
Griffith. The increase in the oxygen atom—oxygen atom 
bond length, as well as the changes in other physical 
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properties, are strongly suggestive of marked metal- 
oxygen r-interaction” which, if present in oxyhaemoglobin 
would favour the explanation of oxygen affinities given 
in this paper. 
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EFFECT OF BRADYKININ ON THE HUMAN ISOLATED SMALL 
AND LARGE INTESTINE 


By Dr. D. J. FISHLOCK 
Department of Anatomy, London Hospital Medical College, London, E.l 


Unstit recently there has been very little investigation of 
the human alimentary tract by standard pharmacological 
techniques in vitro. This was probably because of the 
difficulty of obtaining healthy specimens and of oxygenat- 
ing so thick a tissue. The muscle strip preparation which 
is easily obtained at operation has proved to be a useful 
method of investigation. The problem of achalasia of 
the cardia stimulated work on the human oesophagus!?, 
the lower third of which is composed of smooth muscle. 
This was followed by observations on the behaviour of the 
aganglionic muscle in Hirschsprung’s disease (congenital 
megacolon) by Trounce and Nightingale*. Since then there 
has been some attempt to describe the normal pharma- 
cology of the human gastro-intestinal tract. The circular‘—* 
and the longitudinal muscles?! of the human colon have 
been investigated, and both preparations regularly ex- 
hibit relaxation to various nicotinic compounds without 
evidence of a cholinergic component and both show the 
remarkable inhibitory effect of 5-hydroxytryptamine. 
The behaviour of similar strips from the human jeju- 
num™ and ileum®1! has also been described and shown 
to be different from the colon. What emerges from this 
work is that there are certain regional differences both in 
the response to substances which act directly on smooth 
muscle and in the response to agents which stimulate 
the ganglia. This article describes the effect of bradykinin 
on different parts of the human alimentary canal and 
again shows that the response of the bowel wall varies 
from region to region. 

Longitudinal and circular muscle strips about 20 mm 
long and 1-2 mm wide were taken from the human 
jejunum, ileum and distal half of the colon. Muscle strips 
were taken only from regions that appeared healthy and 
had not been obstructed. None of the strips reported in 
this article came from patients with inflammatory disease 


of the bowel (for example, ulcerative colitis or Crohn’s 
disease). The strips consisted of full thickness bowel wall 
with the mucosa and submucosa removed. They were 
collected in the operating theatre and immediately placed 
in Krebs solution at room temperature and quickly 
taken to the laboratory. There they were set up in an 
isolated organ bath in Krebs solution gassed with 95 
per cent oxygen and 5 per cent carbon dioxide at 37° C 
and placed under a tension of 1-5 g. The preparation 
was left for 15-30 min by which time spontaneous activity 
had usually developed. Recording was made on a smoked 
drum with a direct-writing isotonic lever. The details 
of method have been previously described*. Synthetic 
bradykinin (Sandoz) was used in all experiments and the 
bradykinin placebo provided by Sandoz was frequently 
tested for activity. 

Jejunum. Nineteen longitudinal and seven circular 
strips were investigated. These were taken from sixteen 
patients, twelve of whom had duodenal or gastric ulcera- 
tion and four had neoplasms of the pancreas. All the 
longitudinal strips contracted to acetylcholine (usually 
maximal responses were obtained with 10-100 ng/ml.) 
and this could be antagonized by atropine (20 pg/ml. 
5 min) but was not affected by procaine (30 pg/ml. 30 
min) or hexamethonium (50 ug/ml. 5 min). All nineteen 
strips contracted in response to bradykinin and fifteen 
of them gave maximal responses with 0-2-1-0 ng/ml. 
Of the remainder, two were more sensitive giving maximal 
contractions at 0-005 ng/ml. and two less sensitive requir- 
ing 20 ng/ml. Most strips showed tachyphylaxis. The 
response to bradykinin could not be antagonized by 
atropine (Fig. 1), hexamethonium or procaine. The 
concentration of procaine used (30 ug/ml. 30 min) was 
found to be sufficient to antagonize the action of nicotine _ 
on the human ileum and colon*, The placebo was inactive _ 
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in comparable concentrations. Although the 
circular muscle showed the same sensitivity 
to acetylcholine, it was very insensitive to 
bradykinin, even when exposure was as long 
as 5min. With concentrations of 0-05 ng/ml— 
05 ug/ml. there was no response in six strips. 
Ag the higher concentration of 1:0 ug/ml. the 
spontaneous activity was inhibited and a 
very small contraction occurred. One strip 
relaxed on treatment with bradykinin 
(maximal response at 0-1 ug/mi.). 

flewm, Ten longitudinal and nine circular 
strips were taken from eight patients most of 
whom were suffering from neoplasia of the 
right side of the colon. All the strips con- 
tracted to acetylcholine (10-100 ng/ml.), and 
this response could be antagonized by atro- 
pine but not by procaine, All the longitudinal 
strips contracted on treatment with brady- 
kinin; maximal responses were usually 
obtained with 0 1-0-5 ng/ml. Tachyphylaxis 
was easily induced. Bradykinin could not 
be antagonized by atropine (50 pg/ml. 
5 min) or procaine (30 ug/ml. 30 min). 
In contrast, all the circular strips relaxed in 
the presence of bradykinin 0-5 ng/ml. and above (Fig. 2). 
This response could not be antagonized by procaine or 
hexamethonium (50 pg/ml. 5 min) but was completely 
blocked by pronethalol (30-50 ug/ml. 5 min). When 
pronethalol abolished the relaxation it did not unmask 
any contraction response. Bradykinin placebo was found 
to be inactive. 

Colon. Eleven strips of taenia coli and twelve strips 
of circular muscle from the distal half of the colon were 
taken from fourteen patients all of whom had carcinoma 
of the lower bowel. All the strips contracted with acetyl- 
eholine, but this tissue is not so sensitive as the small 
intestine’, The type of response to bradykinin of most of 
the taenial strips (9) was dependent on the concentration. 
At 5-100 ng/ml. relaxation occurred (Fig. 3), but as the 
concentration increased a biphasic response was obtained, 
that ia, relaxation followed by contraction. The contrac- 
tion was not a “washout” phenomenon. With higher 
concentrations (05-10 pg/ml.) the contraction pre- 
dominated sometimes without evidence of any relaxation. 
Atropine and procaine did not antagonize either part of 
the response. The two remaining taenial strips contracted 
to bradykinin at 10 ng/ml. and gave maximal responses 


10 ng/ml; 
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Big. 1. Contraction of the longitudinal muscle of the human jejunum excited by brady- 
A, Acetylcholine 0-5 ug/ml. (exposure 20 
P, bradykinin placebo 2-0 ng/ml; 
Lever magnifieation x 7. 


kinin, which is not antagonized by atropine, 
sec}; B, bradykinin 2-0 ng/ml. oe Q0 sec); 
AT, atropine 60 agimi. Strip length 12 mm. Tension 1-5 g. 
Time marks 1 min. 
2 


NATURE 





DECEMBER 31. 1966 


Vou, 212 


eae } y 


anasa S ATT d 


Fig. 2, Relaxation of the circular muscle of the human ileum elicited by bradykinin. 
A, Acetylcholine (40 ng/ml); B, bradykinin (exposure 80 see): B, = 0-5 ng/ml, and By= 
P, bradykinin placebo 0-5 ng/ml. Strip length 20 mm. 


Tension Lög. Lever 


magnification x7. Time marks 1 min. 


with 50 ng/ml. Most of the circular strips (9) relaxed 
from 5 ng/ml. to 1 pg/ml. Procaine and atropine did 
not alter the response, but pronethalol (25 pg/ml.) 
partially blocked it. The three remaining strips initially 
relaxed with bradykinin but gave contractions at higher 
concentrations (0-5-1-0 pg/mil.). The placebo was in- 
active. 

Kinins are pharmacologically active peptides which 
share common properties. These properties include: the 
production of hypotension, the increase of capillary 
permeability, the contraction of most isolated smooth 
musele preparations, broncho-constriction in the guinea- 
pig which can be specifically antagonized by salicylates 
and the production of pain when applied to a blister base 
on human skin??!. These effects make this group of sub- 
stances of particular physiological interest and of possible 
pathological significance. Bradykinin causes the con- 
traction of most isolated gut preparations so far tested™, 
except the rat duodenum which it relaxes‘. It is generally 
agreed that the contraction is the result of a direct effect 
on the smooth muscle cells!*, The longitudinal muscle 
of the human jejunum and ileum is very sensitive to brady- 
kinin, and the results of these experiments suggest that 
its action is a direct one and not mediated 
by the nervous elements in the bowel wall. 
The cireular muscle of the human jejunum 
appears to be insensitive, and a similar 
phenomenon has been described im the 
guinea-pig ileum by Brownlee and Harry'’. 
The circular muscle of the human ileum, 
on the other hand, regularly relaxed. It 
is possible that this effect is also a direct 
one, but, as pronethalol antagonized it, it 
may be the result of the release of catechol- 
amines. When the relaxation was pre- 
vented bradykinin did not cause contrac- 
tion. If bradykinin directly acts on musele 
cells, then these results suggest that the 
circular and longitudinal muscle layers of 
the human small intestine are intrinsically 
different. Brownlee and Harry™® came to 
a similar conclusion following their in- 
vestigation of the guinea-pig ileum. Colonic 
muscle showed both relaxation and eon- 
traction which appeared to be dependent 
on the concentration. Because atropine and 
procaine failed to antagonize the contrac- 
tion response it is likely that it was the 
result of direct stimulation of the musele 
cells, but the inhibitory response requires 
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tig. 3. Relaxation elicited by bradykinin at low concentra- 

tions Im the longitudinal muscle (taenia) of the human 

colon, A, Acetylcholine (0-2 ug/ml): B, bradykinin (ex- 
fo. 80 see), „B= 50 ng/ml. and B,=100 ng/ml, Strip 

ength 22mm, Tension 2g, Lever magnification « 7, Time 

marks 1 min. 

more investigation before its mechanism can be suggested. 
It is interesting to note that the human colon also shows 
this variability of response to histamine! . 

The effects of bradykinin on human intestinal muscle 
may be of important patho-physiological significance, 
but there does not appear to be a report of any other 
direct investigation. Pierce and Webster! isolated two 
peptides, kallidin-8 and kallidin-10, from human plasma 
when it had been activated by urinary kallikrein. Kalli- 
din-9 appeared to be identical with bradykinin and later 
it was shown that plasma contained an aminopeptidase 
capable of converting kallidin-10 to kallidin-9 (ref. 18). 
The precursor of these powerful kinins therefore is present 
in human plasma and ean be converted to bradykinin 
under experimental conditions, and there is some evidence 
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that bradykinin may be involved in the inflammatory 
response?™ 2°, It must be admitted that the mechanism 
of intestinal dysfunction in the inflammatory diseases of 
the bowel is quite unknown. If the bowel wall is as sensi- 
tive in vivo as it is under the experimental conditions 
described in this report, then there is a possibility that 
increased intestinal movements and spasm could be caus€d 
by very small amounts of bradykinin. A much more 
detailed study of the effects of bradykinin on the human 
bowel is required and the discovery of a specific antagonist 
would be of great use. : 

I thank Mr. Alan Parks, consultant surgeon at the 
London Hospital, for his encouragement and. for the 
facilities to carry out this work in his department... I 
also thank Miss J. V. Dewell for her technical assistance. 
This investigation was made possible by a grant from the 
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SENSORY EVOKED RESPONSES RECORDED SIMULTANEOUSLY FROM 
HUMAN CORTEX AND SCALP 


By Pror. R. G. HEATH and Dr. G. C. GALBRAITH 


Department of Psychiatry and Neurology, Tulane University Medical School, New Orleans, Louisiana 


Coorer et al. have observed that potentials evoked from 
human subdura and scalp by flashing are dissimilar when 
recorded over sensory specific cortex (occipital), but 
similar when recorded over unspecific cortex (frontal), 
Domino et al.*, however, found that sensory specific 
responses recorded from scalp and epidural leads over 
somatosensory cortex were similar in waveform, the scalp 
response merely being attenuated in amplitude. Neither 
study has thrown light on the existence of early and late 
components of potential within a response. Components 
of short latency, or “primary” components, are mediated 
by specific afferent pathways projecting on to limited 
cortical receiving areas. Components of long latency, or 
“secondary” components, on the other hand, depend on 
diffuse polysynaptic systems which have a widely spread 
cortical projection®. Because Domino et al. used an epoch 
of-only 125 msec in their computer analysis of evoked 
responses, late components did not show up. Similarly, 
the results of Cooper et al. are difficult to evaluate because 
those. authors photographically superimposed only ten 
sweeps of occipital scalp activity-—a technique which 
frequently fails to define signals of low amplitude. 


It is known that the membranes and fluid filled spaces 
surrounding the brain have the effect of averaging elec- 
trical potentials generated locally in underlying cortex#*, 
The cranium and scalp also participate in this process and. 
also act as a voltage attenuator. Because of the differences 
in the spatial and temporal distributions of electrophysio- 
logical activity mediated over specific and diffuse path- 
ways, it seemed possible that there may be systematic 
differences between scalp and cortex (with electrodes 
resting on arachnoid membrane) for the primary and. 
secondary components of the evoked response. 

To test for such differences, evoked responses were . 
obtained from two patients, No. B-15 (with Parkinson's 
disease) and No. B-16 (with temporal lobe epilepsy with 
character disorder). Cortical electrodes had been. imi- 
planted’ in both patients for therapeutic purposes. 
Electrode bundles were constructed from three dead soft 
annealed stainless steel strands, 0-002 in. in diameter, 
with contact points 2 mm apart and insulated with “Teflon’.* 
Similar scalp electrodes were placed over each cortical 
area (determined radiographically). Electroencephalo- 
graphic activity was amplified on a multichannel ink- 

. 


+ 











1536 NATURE 





N, N, ve aN H 
| | sav 
© L OCC- REAR ! 
á 
e 
H 
1 
| 1 Syv 
ROCC- L.EAR 4 l 
T 
i 
| Buy 
$ 
T 
t 
\ Suv 
1 
i 


FLASH CLICK 


| 200 j 

MSEC. 

Fig. 1. Summated evoked responses (N =100) to flash and click 
obtained in four separste recording sessions from patient No. B-16. 


Comparison between scalp (broken line) and underlying cortex (solid 

line). Active cortical leads were left striate cortex (L. OCC.), right 

striate cortex (R. OCC.) and right rostra} temporal gyrus (R. T. Je 

Recordings were monopolar with Indifferent electrodes on left, right, 

or both ears with the negativity of the active lead upwards. Calibrations 
are as indicated. 


writer (Grass Model 6) and permanently recorded on a 
frequency modulated tape recorder with a linear frequency 
response from 0-612 e/s. Activity from three pairs of 
leads: from the scalp and arachnoid membrane was 
recorded simultaneously. Reference electrodes for mono- 
polar recordings were placed variously on the forehead, 
left ear, right ear, and both ears. 

Sensory evoked potentials were elicited by means of a 
brief flash of light followed 500 msec later by a loud click 
about 120 dB relative to 0-002 dynes/em? (Audiometer 
Calibration Unit, Model 300, Allison Labs.). In each 
recording session the sequence of flashes and clicks was 
repeated ‘one hundred times at a rate slightly less than 
one each second. Simultaneously with the flash, a timing 
pulse was recorded on one channel of the tape recorder 
and was used later to trigger an off-line summation 
device (Nuclear Data ‘Enhancetron 1024’). During each 
recording session the patient reclined on a bed, partly 
within. a glass lined enclosure that diffused the light flash. 
The patients were told to pay attention at all times to 
the light and sound. 

The results obtained during four different recording 
sessions with patient No. B-16 are shown in Fig. 1. 
Various monopolar configurations can be seen, three from 
the occipital cortex (area striata) and overlying scalp 
and one from the right rostral temporal cortex and over- 
lying sealp. All the seale leads needed high amplification. 
An early positive component evoked by flash occurred in 
all three recordings from the occipital scalp (p,) and 
the cortex (P,). This component had a peak latency of 
65 msec. Between 100 and 300 msec, however, there were 
marked differences between the occipital scalp and the 
cortex. ‘The peak latencies for the first negative component 
varied from 108 msec in scalp (n,) to 132 msec in cortex 
(N,). Moreover, the occipital cortex had a well defined 
response (N,~P,.-M,), while the scalp showed only a 
positive wave (p,) of long duration. The photic responses 
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to flash from the temporal cortex and the scalp were, how- 
ever, similar throughout the first. 400 msec. Moreover, the 
response from both temporal leads was. similar to the 
responses recorded over occipital regions of the scalp. 
The N, component in the temporal cortex coincided 
precisely with the 108 msec n, component in leads from 
the occipital scalp. In addition, the general nature of the 
prolonged positive recording from the temporal cortex (P4) 
resembled that seen in all leads from the scalp (pa) 
These results suggest that the generalized secondary 
potential due to photic stimulation recorded from the 
occipital scalp in this patient may originate primarily in 
the temporal cortex. 

The responses evoked by clicks were similar in all the 
leads from the scalp, although they were most pronounced 
in the lead from the right occipital scalp. There was, 
however, no response to click in the occipital cortex nor 
was the repetitive discharge seen in the temporal cortex 
(N.-N,) apparent in recordings from the scalp. The 
peak-to-peak amplitude in one case (N,~P,) exceeds the 
P, response evoked by flash which is prominent in all 
recordings from the scalp. This suggests a local repetitive 
discharge as opposed, presumably, to the widespread 
cortical response to light which is indicated by the 
prominent p, component in all recordings from the sealp. 

Fig. 2 shows three comparisons between recordings 
from scale and cortex obtained simultaneously from 
patient No. B-15. All the leads from the scalp show 
identical n, and p, components evoked by flash as well 
as identical responses to clicks. While the n, component 
was similar for the occipital and parietal scalp leads, the 
temporal scalp component agreed instead with the N, re- 
sponse of longer latency seen in the temporal cortex. The 
auditory response is absent in the occipital cortex, but it 
occurs in the temporal and parietal cortex. The largest 
component of the auditory evoked response in the parietal 
cortex was not, however, reflected in the corresponding 
scalp potential. Instead, the auditory response in all 
leads to the scalp was similar in latency and wave form 
to the early components seen in temporal and parietal 
cortex. This suggests that the scalp response has a 
cortical origin and is not the myogenic response described. 
by Bickford eż al.*. 
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Fig. 2. Summated evoked responses (N = 100) to flash and click obtained 
simultaneously from patient No. B-15. Polarity and calibrations as in 
Fig. 1. Active cortical leads include right rostral temporal gyrus 
(R. TEMP.), striate cortex (R. OCC.). and right parietal cortex (R. 
PAR.). Indifferent electrodes were located on both ears, 
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An interesting observation in Fig. 2 is the reversal of 
polarity in the occipital response to flash. The positive 
scalp response (p,) occurring at about 70 msec agrees 
with the results shown in Fig. 1, and with other observa- 
tions", This suggests that the cortical response is at 
variance. Such a reversal in polarity has been recorded 
for both the primary evoked response and for tonic 
electroencephalogram activity at deeper levels of the 
cortex!}12, Positive activity recorded from the surface 
may be recorded as negative activity at depths of 400- 
1,000u. In the present experiments, cortical electrodes 
were located on the arachnoid mater. That this patient 
did show signs of cortical atrophy, however, is probably 
a result of encephalitis contracted in childhood. In this 
case the cortical electrode may record from a local region 
of abnormality, while the scalp electrode may represent 
@ mass response generated by a predominantly normal 
cortex (there were no signs of visual pathology). 

Our results demonstrate differences in both primary 
and secondary sensory evoked potentials recorded simul- 
taneously from the scalp and subjacent cortex in man. 
Differences between the scalp and the cortex suggest that 
(1) activity evoked in sensory specific cortex may spread to 
non-specific scalp leads, (2) non-specific secondary cortical 
evoked activity may spread to sensory specific scalp leads 
and (3) primary responses of scalp and cortex agree when 
recorded over sensory specific regions and secondary 
responses agree when recorded over non-specific regions. 
These results are consistent with the view that the 
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electroencephalogram from the scalp represents an en- 
semble of electrical activity being generated in wide- 
spread areas of underlying cortex. The primary and 
secondary components of a given scalp response may. 
depend on activity originating in a variety of cortical 
regions, and there is an obvious need for caution when 
functional and anatomic brain systems are postulated en 
the basis of evoked potentials obtained from the scalp. 

This work was supported by a grant from the Edward 
G. Schlieder Educational Foundation, New Orleans, 
Louisiana. 
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ALTERATIONS IN THE NUCLEIC ACID METABOLISM OF TISSUE 
CULTURE CELLS INFECTED BY MYCOPLASMAS 


By Dr. W. C. RUSSELL 


National Institute for Medical Research, Mill Hill, 


Interest in the mycoplasma group of micro-organisms 
has been aroused by their association with neoplastic 
tissue and by their presence as contaminants in a wide 
variety of tissue cultures'. The significance of their 
association with malignant disease is not yet understood, 
but it is interesting (if not directly relevant) that myco- 
plasmas in tissue culture can exhibit some of the properties 
of certain tumour viruses. Thus, some mycoplasmas 
resemble polyoma and Rous sarcoma, viruses in that they 
induce BH K21-C13 cells to form colonies in agar suspen- 
sion, and in certain cases the cells derived from these 
colonies grow with the random orientation similar to that 
shown by cells transformed by tumour viruses?, form 
tumours and transplant into young adult hamsters with 
much greater efficiency than control BHK21-C13 cells 
(unpublished observations). 

Some of the biochemical events associated with myco- 
plasma infection of BHK21-C13 cells have been investi- 
gated. There have been few reports of investigations of 
the metabolism of cells infected with mycoplasmas of 
known serotype. These have shown that the patterns 
of amino-acid?}4 and carbohydrate? metabolism in tissue 
cultures were altered when deliberately infected with 
mycoplasmas. No systematic study of the effect of 
mycoplasma, infection on nucleic acid metabolism has been 
carried out although there have been reports of myco- 
plasma contamination which gives rise to lability in host 
cell deoxyribonucleic acid*, to inhibition of the uptake 
of tritiated nucleosides’ and to cleavage of thymidine to 
thymine and deoxyribose’. 

In the experiments described here, cells of a continuous 
line® of hamster fibroblasts, BHK21-C13, were infected 
with three mycoplasmas, Af, fermentans (PG18) which 
gives rise te an inapparent infection of cells, M. orale IT 


London, N.W.7 


(CH20247) which similarly leads to an inapparent infec- 
tion, and the Negroni agent!*!, a fermenting organism 
closely related to M. pulmonis)? (hereafter referred to as 
such) which eventually gives rise to a cytopathic effect and 
degeneration of the cell sheet. Mycoplasmas were grown 
at 37° C in PPLO broth (‘Difco’) supplemented with 
20 per cent unheated horse serum and 10 per cent yeast 
extract (prepared as described by Herst?) containing 
phenol red (0-005 per cent). In the case of the fermenting 
organisms glucose was added to a concentration of 1 per 
cent and the pH of the broth was adjusted with sodium 
hydroxide to 7-2; for M. orale arginine was added to a 
concentration of 1 per cent and the pH was adjusted to 
7-0. Titrations of the mycoplasmas were made by making 
ten-fold dilutions in broth contained in screw capped vials 
and colour changes were noted after 7 days at 37° C (ref. 
14). BHK21-C13 cells were cultured as monolayers in 
Eagle’s medium supplemented with 10 per cent calf serum, 
10 per cent tryptose phosphate broth and containing 
100 u/ml. of penicillin and streptomycin. These cells were 
apparently free of mycoplasmas as determined by the 
standard methods of plating on PPLO agar. 

Cells were dispersed from monolayers by the action of 
trypsin—versene (0-125 per cent trypsin in 0-005 molar 
versene, pH 7-2) and washed in Eagle’s medium containing 
10 per cent unheated horse serum and 10 per cent tryptose 
phosphate broth with 100 t/ml. of penicillin (ETHo). 
The cells were then suspended in 9 ml. of ETHo and 1 ml. 
of broth infected with mycoplasma and shaken at 37° C 
for 30 min. Control cells were shaken with ETHo and 
mycoplasma broth heated at 56° C for 1 h. After infection, 
the cells were centrifuged at 500g for 10 min, taken up in 
ETHo and plated as monolayers at 37° C in 20 oz. bottles 


or in some cases in 80 oz. Winchester bottles, rotating 
. 
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. 
on their horizontaf axes)’. The added multiplicity of 
infection as determined by broth dilution was between 
one and a hundred. After 16 h the control and infected 
cells were checked for the presence of mycoplasmas by 
plating on PPLO agar. The activities of three enzymes 
concerned with nucleic acid metabolism, thymidine kinase, 
deoxyribonuclease and ribonuclease were measured. 
Enzyme assays were carried out on extracts of cells 
produced by scraping the cells off the glass, washing in 
the appropriate buffer, and disrupting by placing a cell 
concentrate for a few minutes in the bath of a ‘Soniclean’ 
ultrasonic cleaner. This latter procedure was generally 
sufficient to disrupt more than 90 per cent of the cells as 
determined by microscopic examination. The cell extract 
was centrifuged at 35,000g for 30 min, the supernatant 
removed and stored at —70° C until the assay was per- 
formed. 

Thymidine kinase was measured by the method of 
Furlong’! using carbon-14 thymidine as the substrate. 
The phosphorylated derivatives were separated from 
the radioactive substrate by spotting on to a small square 
(1 in.) of DEAE cellulose paper (Whatman D£81) and 
they were washed five times with 95 per cent ethyl alcohol. 
DNase was determined by incubating the enzyme extract 
in the appropriate buffer with carbon-14 DNA from 
B. subtilis and determining the amount of radioactivity 
rendered soluble after precipitation in 10 per cent cold 
trichloroacetic acid. Labelled DNA was prepared by 
growing a thymine requiring mutant of B. subtilis 168 
(obtained from Dr. Frank Rothman) in a defined medium?’ 
in the presence of labelled thymidine and extracting by the 
method of Marmur!*. RNase was estimated by a similar 
method using tritiated ribosomal RNA kindly supplied 
by Dr. J. A. Sonnabend. Radioactivity was measured in 
a scintillation counter using either a dioxane or toluene 
based scintillator fluid*. DNA was estimated by the 
diphenylamine method!®*, RNA by the orcinol reaction”® 
and protein using the method of Lowry?!. 

Under the experimental conditions which involve infec- 
tion of cells in suspension and plating out to form mono- 
layers there is a rapid cellular growth phase, the length 
of which depends on the density of the cells which are 
plated. In the uninfected cells this growth phase is accom- 
panied by a substantial increase in the thymidine kinase 
activity of the cells followed by a decline before completion 
of the growth phase and before the cell monolayer is formed. 
This pattern of events is shown in Fig. la where there is a 
three-fold increase in thymidine kinase activity during 
the first 20 h after plating, followed by a gradual decline. 
In cells infected with M. pulmonis there is a similar 
increase, but there is no decline and after 68 h the infected 
cells show more than ten times the activity of control 
cells. At that time the cell sheet shows signs of degenera- 
tion and by 92 h most of the cells are dying and the 
thymidine kinase activity is decreasing rapidly. In a 
similar experiment with M. fermentans where there is 
infection which is not apparent, the infected cells con- 
sistently show greater enzyme activity (see Fig. 1b) 
although in this case there is no divergence of the activities 
as occurs with M. pulmonis. In another series of experi- 
ments in which thymidine kinase activities were measured 
after 48 h, infection with M., fermentans, M. orale TI 
and M. pulmonis respectively gave rise to enzyme activity 
2:5, 4 and 50 times greater than in controls. 

Broth cultures of the mycoplasmas were examined for 
thymidine kinase activity by centrifugation at 20,000g 
for 30 min of a culture during a period of active growth; 
the deposit was washed and resuspended in a small volume 
-of buffer. (0-05 molar tris-hydrochloric acid, pH 7-9; 
0-1 molar potassium chloride and 3 mmolar mercapto- 
ethanol) to give a concentration factor of one hundred 

etimes, that is, about 10'-10!! viable organisms/ml. 

* Scintillator fluids consisted of: 10 g of 2-5-diphenyloxazole, 0°25 g 
of 14 bis-2(4-mothyl-5-phenyloxazolyl)-benzene, 180 g of naphthalene in 


1 L of dioxan or 5 g of Zediphenrloxazola; 0-50 g of 1-4 bis-2{4-methyl-5- 
phenyloxazolyl)-benzene in 1 J. of tolyene. 
e 
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The concentrated mycoplasmas were disrupted by ultra- 
sonication, centrifuged at 35,000g for 30 min and the 
supernatant was carefully withdrawn for enzyme assay. 
Table 1 shows that all the mycoplasma extracts were very 
rich sources of thymidine kinase. 


Table 1. THYMIDINE KINASE ACTIVITIES IN CONCENTRATES OF MYCOPLASMAS 


Thymidine kinase (mymoles Titre of mycoplasma 
of thymidine phosphory- broth before 
Mycoplasma lated/mg of protein) concentration 
Erperiment Xperiment Experiment Erporiment 
M. pulmonis 32 130 >10 <10 => 10°< 10" 
M. fermentans 62. 150 >10°<10" = >10*< 10° 
M. orale 11 _ 212 — > 10° <10 


To confirm the nature of the phosphorylated thymidine 
derivatives formed in the enzyme reaction a chromato- 
graphic technique** was used. Complete separation of 
thymidine and its phosphorylated derivatives could be 
achieved by chromatography on DEAE cellulose paper 
(Whatman DE81) for 4 h with 4 normal formic acid and 
0-10 molar ammonium formate as the descending solvent. 
The enzymes extracted from uninfected cells, from infected 
cells and from mycoplasmas all gave thymidine-5’-mono- 
phosphate as the chief product. Very small amounts , 
(<5 per cent) of thymidine-5’-diphosphate could also be 
detected. 

In an attempt to differentiate the extraeted enzymes 
from the various sources, their heat sensitivities at 63° C 
were investigated; at this temperature differences in the 
rate of inactivation of the enzymes extracted from cells 
infected with polyoma virus and control cells have been 
observed??. Table 2 indicates that the enzymes extracted 
from cells infected with mycoplasma appear to be slightly 
more heat stable than those from the mycoplasmas or from 
the control cells. Whether this difference is the result of 
the induction of a new enzyme, a change in conformation 
or a stabilization of a pre-existing one requires further 
investigation using purified enzymes. 

A similar series of experiments was carried out to ascer- 
tain the degrees of DNase activity. Preliminary investiga- 
tion showed that activity could be demonstrated in myco- 
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Fig. 1. Thymidine kinase activities in BH K21-C13 cells after infection 
with mycoplasmas. Cell extracts in 0-05 molar tris buffer pH 7-9; 0-1 
molar potassium chloride; mercaptoethanol 3 mmolar. Final assay mix- 
ture in a total volume of 0-20 mi. consisted of 1-35 umoles of ATP; 1-6 
pmoles of magnesium chloride; 10 moles of tris-hydrochloric acid 
pH 7:9; 0-2 ymole of mercaptoethanol; labelled thymidine (110 mymole; 
0-225 me./mmole); incubated at 37° C for 10 min. then cooled in an ice 
beth, and 0-05 ml, of sodium ethyldiaminotetraacetate (0-005 molar) was 
added; 0-16 ml. was spotted on to a square of DEAE cellulose paper (What- 
man DE81), washed at room temperature five times with 95 per cent 
ethyl alcohol, then carefully dried in a desiccator and placed in a toluene 
based scintillating fluid. The enzyme assays were linear for the concen- 
trations and time ofincubation used. Thymidine kinase specific activity 
is expressed as mumoles of thymidine phosphorylated/mg of protein. 
x, Infected; ©, control. 
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Table 2. STABILITY or THYMIDINE KINASE AT 63°C 


Time of 
Source of enzyme incubation Specific Percentage 
at 63° C (min) activity 
BH K21-C18 cells 20 h after in- 0 15-0 100 
oo fection with M. pulmonis 5 6-0 40 
<M. pulmonis 0 13-0 100 
5 1-2 9 
BHE21-C18 cells 20 h after in- 0 11:3 100 
fection with M. fermentans 5 3-4 30 
AL, fermentans 9 150 100 
0-3 2 
BHEMN-C13 cells 20 h after 0 10-0 100 
plating 5 0-2 2 
0 14-0 100 
5 0-8 6 


plasma extracts and in cells infected with mycoplasmas. 
This activity had an optimum between pH 7 and 8 and 
required the presence of magnesium ions. Uninfected cells 

d very low contents of enzyme, but sufficient activity 
of a similar nature could be obtained by extracting 
cells which had been photosensitized in the presence of 
neutral red*4; this latter procedure ruptures lysosomes 
and leads to disintegration of the cell and release of 
enzymes. In this case an acid DNase is also evident, 
presumably of lysosomal origin, and the absence of a 
similar enzyme in extracts of infected cells suggests that. 


È _ the activity is not due to activation of lysosomal enzymes. 











Further experiments were carried out using heat denatured 
(presumably single stranded) DNA as the substrate; 


„ħuclease activity was still apparent, but no differences in 


the pH optima of the extracted enzymes could be detected. 
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Fig.2. DNase activities in BH K21-C13 cells after infection with myco- 
plasmas. Final assay mixture consisted (in a volume of 0:30 ml.) of 


6-02 molar magnesium chloride, 0-075 per cent bovine serum albumin, 
1 yg of labelled DNA (450 c.p.m./ml.) from B., subtilis and 0-075 molar 
tris-hydrochloric acid buffer (pH 8). The mixture was incubated at 87° C 
for 10 min, cooled in an ice bath, and trichloroacetic acid was added to 
a concentration of 10 per cent. After 30 min the precipitate was centri- 
fuged down at 500g for 10 min at 4° C, and an aliquot of the puper: 
natant was transferred to a dioxan based scintillating fluid. Under these 
conditions less than 5 per cent of the radioactivity of the substrate DNA 
was acid soluble and the assays were linear for the time and concentra- 
tions used. Specific activity is expressed as c, .m./mi. in supernatant after 
acid precipitation/mg of protein. @—@®@, M. Sermentans; x+~-—> — x. 
M. pulmonis, O ---- O, uninfected cells. 


Fig. 2 shows the activity of DNase at different times 
after infection of BHK21-C13 cells with M. fermentans 
and M. pulmonis. Infection with M. fermentans leads to 
more than a twenty-fold increase in enzyme activity 


- between 20 h and 27 h, followed by a gradual decline, until 


> 


at 68 h there is no detectable difference between infected 
and uninfected cells. Infection with M. pulmonis gives 
riso to a more gradual and prolonged elevation of enzyme 
activity. 

Ribonuclease activity could also be demonstrated in 
mycoplasma extracts and in cells infected with myco- 
plasmas. The enzyme from all these sources had an 
optimum pH between 7 and 8 and magnesium ions were 
not required for the expression of the activity. When cells 
were infected with M. fermentans (Fig. 3) there was, as 
in the case of DNase, a rapid rise in activity between 20 h 
and 27 h followed by a gradual decline. A different pattern 
of activity occurred in cells infected with M. pulmonis; 
in this case there was a continuing rise in enzyme activity 
from 27 h to 68 h (by which time cells were beginning to 
degenerate). shes 
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Nuclease activity was observed fn several saprophytic 
and parasitic mycoplasmas by Razin et al., who studied 
the nucleases of M. laidlawii in detail. These workers 
found that the optimum pH for both DNase and RNase 
was about 8-8 and that omission of magnesium from the 
reaction mixture completely abolished DNase and RNase 
activity. The high pH optimum and the unusual requirg- 
ment for magnesium ions by the RNase have not been 
apparent in the experiments described here. 

The incorporation of tritiated thymidine and tritiated 
uridine into the DNA and RNA of infected and control 
cells was examined in a pulse labelling experiment. At 
various times after infection medium was removed. from... 
replicate cultures of cells in 1 oz. bottles and- replaced: 
with 2 ml. of prewarmed medium containing either tritiated 
uridine or tritiated thymidine (2-5 ye./ml.). After incuba- 
tion for 1 h at 37° C the medium was removed and an. 
aliquot was stored at — 70°C. The cells were scraped off, o o 
washed in saline buffered with phosphate and stored at 
— 70° C until processing. Fig. 4 shows that the uptake of 
tritiated thymidine was inhibited to varying degrees asa 
result of mycoplasma infection. This effect is most notable 
in the cells infected with M. pulmonis; with M. fermentans - 
infection there is relatively little disturbance of the DNA. 
metabolism. To ascertain whether this inhibition of 
thymidine uptake by M. pulmonis infection is the result of 
competition for the thymidine by mycoplasmas in the 
medium, aliquots of the latter were examined for radio- 
activity before and after precipitation with cold trichloro- 
acetic acid. Fig. 5 shows that the inhibition of uptake of- 
tritiated thymidine into the infected cells is reflected in the 
greater amount of radioactivity found in the supernatant. 
medium of infected cells. Furthermore, in the medium 
from the cells infected for 19 h a significant proportion of. 
this radioactivity can be precipitated by cold trichloro- 
acetic acid, suggesting that at this time thymidine is 
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rig 4. Uptake of tritiated thymidine into BH. K21-C13 cells after 
infection with mycoplasmas. Cells were pulse labelled with tritiated 


thymidine and disrupted by a few seconds sonication and an aliquot was 

removed for determination of DNA content by the diphenylamine reac. 

tion’, The remainder of the sampio was acidified in cold 10 per cent 
trichloroacetic acid and, after stand ngat 4° C for 2h, the precipitate was © 

removed to an oxoid membrane filter and washed three times with 5 per 

cent trichloroacetic acid in 95 per cent ethyl alcohol. The membrane was ; P 
thoroughly dried in a desiccator and then added to a toluene based 


scintillating fluid. $, Infected cells; (C), control cells. 
* 
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being metabolized," presumably into the DNA of myco- 
plasmas. 

Fig. 6 demonstrates that in a similar series of experi- 
ments with tritiated uridine, infection with M. pulmonis 
leads to an inhibition of the uptake of this nucleoside. 
In this case, the proportion of acid insoluble radioactivity 
inthe supernatant medium is low, which indicates that the 
decrease in RNA synthesis as determined by uptake of 
tritiated uridine is not primarily caused by competition 
for the radioactive nucleoside by mycoplasmas in the 
supernatant medium. 

Extracts of cells infected with mycoplasma were also 
examined for their ability to cleave thymidine to thymine 
by the method of Horoszewicz and Grace**; all were 
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Fig. 5, Radioactivity in supernatant medium of cells after 1 h pulse of 
tritiated thymidine. Cells were pulse labelled for 1 h as described in the 
text. Aliquots of the supernatant were directly assayed for radio- 
activity by placing in dioxan based scintillating fluid. Equal aliquots 
were also acidified with cold trichloroacetic acid to 10 per cent and 
standing at 4° C for 30 min were centrifuged at 500g for 10 min and 
supernatant was assayed for radioactivity as above. Corrections were 
made for differential quenching effects. W, Radioactivity in super- 
natant; [C], radioactivity in supernatant after addition of cold trichioro- 
acetic acid to a concentration of 10 per cent. 


A 
< 200 
PA 
m, 
> 
£ 
à 
“100 
7 19 
h 
$ INFECTED 
INFECTED 







10 


CONTROL 
CONTROL 


Counta x ł0*/minjml. 
ow 


7 19 
h 


Fig. 6. A, Uptake of tritiated uridine into BH K21-C18 cells after infec- 
tion with M. pulmonis. Cells pulse labelled with tritiated uridine (des- 
oribed in the text) were disrupted by a few seconds of sonification and an 
aliquot was removed for determination of RNA content. The remainder 
of the sample was acidified in cold 10 per cent trichloroacetic acid and 
after standing at 4° C for 2 h the precipitate was centrifuged (500g for 
10 min at 4° C) and washed twice with cold ethanol and ether (50 : 50) 
and then incubated overnight at 37° C in 0-3 molar potassium hydroxide. 
The digest was cooled and acidified to 10 per cent with cold trichloro- 
acetic acid and an aliquot of the supernatant was removed for radioactive 
assay in dioxan based scintillating fluid, $, Infected; , control. 
B, Radioactivity in supernatant medium of cells after 1 h pulse of 
tritieted uridine. Assay as described in caption to Fig. 5. W, Radio- 
activity In supernatant; [], radioactivity in supernatant after addition 
of cold trichloroacetic acid to a concentration of 10 per cent. 
e 
e 
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positive in this respect. It thus seems possible that the 
inhibition of uptake of the tritiated nucleosides into 
cells infected with mycoplasma may be partly due to 
degradation of radioactive substrate by such a mechanism. 

These experiments have demonstrated that considerable 
changes can occur in the nucleic acid metabolism of cells 
infected with mycoplasmas. Of particular interest is the 
observation that the thymidine kinase activity of infected 
cells is enhanced; this enzyme is important in the regula- 
tion of the precursors for the synthesis of DNA and it has 
been suggested that it is one of the key enzymes in the 
control of mitotic activity in the cell.2?7 The alterations 
in nuclease activity after infection of cells with myco- 
plasmas further demonstrate that in the infected cell the 
cellular nucleic acid must be exposed to many more 
environmental hazards. It is relevant to note that myco- 
plasma contamination can give rise to chromosomal 
aberrations?*-?* and it may be that these arise as an 
indirect result of changes of the type reported here. Of 
further importance is the finding that mycoplasmas 
themselves are rich sources of nucleases and thymidine 
kinase and it is therefore not surprising that their intro- 
duction into the cell results in alterations in the nucleic 
acid metabolism. It is not clear from these experiments 
whether the elevation in cellular enzyme levels is the 
direct result of intracellular growth of the mycoplasmas 
or whether the symbiotic relationship which is established 
is sufficient to disturb the normal cellular regulatory 
mechanisms and thus give rise to abnormal enzyme release. 
Further investigations with purified enzymes will be neces- 
sary to decide which of these mechanisms is operating. 

With regard to the possible role of mycoplasmas in 
oncogenesis it does not seem entirely inconceivable that 
alterations in the cellular nucleic acid metabolism, such as 
described in these investigations, could lead to permanent 
genetic changes which in certain circumstances could give 
rise to neoplastic transformation. 

These experiments again emphasize the dangers that 
may befall the unwary investigator who attempts to 
evaluate changes in cellular nucleic acid metabolism, 
perhaps as the result of virus infection, without consider- 
ing the possibility of mycoplasma contamination. 


Received October 31, 1966. 
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CHANGES IN MITOTIC INDEX INDUCED BY COLCHICINE 
By D. DAVIDSON 


Department of Biology, Western Reserve University, Cleveland 


AND 


R. D. MacLEOD* and MAUREEN O'RIORDAN 


Department of Botany, University of St. Andrews 


THE mitotic index, the percentage of cells in division, is 
known to increase in actively dividing cell populations 
which have been treated with colchicine. This increase, 
which has been frequently described?, is detected in the first 
few hours of treatment and is caused by the accumulation 
of cells at metaphase. This increase in mitotic index may 
be maintained for 12-24 h if root meristems are exposed to 
colchicine continuously; for example, it is 20-1 after 
24 h in 0-025 per cent colchicine, compared with a control 
value of 12-5*, ‘The effect of colchicine, however, does not 
wear off for several hours, even after shorter treatments, 
and arrest of metaphase continues to occur. Thus the 
increase in mitotic index caused by the arrest of meta- 
phase is maintained after treatment has ceased. The dis- 
advantage of continuous treatments with colchicine is that 
prolonged metaphase delay masks other effects of the 
drug, for example, any effect on the duration of the mitotic 
eyele. 

We report here that the mitotic indices of root apical 
meristems treated with 0-025 per cent colchicine for only 
3 h continue to increase over a period of 24-36 h. This 
period of increase is followed by a period in which the 
mitotic index falls; the values found are lower than those 
in control roots. The interest of these observations. 
particularly that of the increased mitotic index, is that the 
rise in the number of cells in mitosis is caused only to a 
limited extent by metaphase delay. Part of the increased 
mitotic index appears to be a result of the presence, in 
division, of tetraploid cells which have completed one 
mitotic cycle since the beginning of the colchicine treat- 
ment. Colchicine appears to have a stimulatory effect 
sometime during the mitotic cycle; it is this stimulation 
that results in the increase in the number of cells seen in 
division 1-2 days after treatment. We will also show that 
this stimulation of the mitotie cycle induced by colchicine 
is reversed by indolyl-3-acetic acid. 

Beans ( Vicia faba) were grown in aerated distilled water 
until lateral roots were present. They were treated with 
an aqueous solution of colchicine (0-025 per cent) or a 
mixture containing 0-025 per cent colchicine and 4:2 x 10-4 
molar indolyl-3-acetie acid. 

Changes in mitotic index after treatment with colchicine. 
In control roots grown for these experiments the mean 
mitotic index was about 6. After treatment with colchicine 
the mitotic index increased. The initial increase, detected 
3 h after the beginning of treatment, is caused by the 
arrest of mitosis at metaphase. The increase continues, 
however, and is still detectable 24-36 h after treatment. 
The extent of the increase and the period over which it is 
found. vary from experiment to experiment. In one case 
the increase was maintained for 48 h (Table 1). In general, 
however, the mitotic index begins to fall by 48 h and 
shows low values by 54-72 h after treatment. 

The response of root meristems to a short treatment 
with 0-025 per cent colchicine changes during 72 h. 
At first there is an increase in the mitotic index and this 
is followed by a fall to values that are lower than those 
of the controls. The cause of the rise in the mitotic index 
algo changes; at first it results from the accumulation of 


arrested metaphases, but later it is also caused by a 
stimulation. of the whole mitotic cycle. The basis for this 


latter suggestion is the frequency of tetraploid cells seen 


* Present address: Department of Biology, Western Reserve University, 
Cleveland, Ohio. 


in division 1 day after treatment of roots with colchicine 
(Table 2). 


Frequencies of tetraploid cells in mitosis. Cells arrested - pero, 
at metaphase sooner or later revert to the interphase ` 


condition and the restitution nuclei that they form are. 

tetraploid. The presence of these tetraploid cells in mitosis. 
indicates that restitution has occurred and has been. fol- 
lowed by a complete mitotic cycle. Restitution leads toa. 


fall in the mitotic index and so it reduces the increase > 


caused by metaphase arrest; thus the mitotice index of. 
roots fixed several hours after colchicine treatment is a 
result of a balance between the effects of metaphase arrest” 
and of restitution. The presence of tetraploid cells within 
24 h of treatment with colchicine shows that arrested. 
metaphases do not remain in that condition for extended 
periods; when tetraploid cells undergoing mitosis occur 
with a high frequency (Table 2) it suggests that the 
majority of metaphases arrested by colchicine undergo 
restitution within a few hours of their initial arrest. 
When the tetraploid cells enter mitosis they then make a 
contribution to the mitotic index, and so the high value 
found 24 h after treatment with colchicine is based on cell 
samples that include tetraploid cells in mitosis, and cannot 
be caused solely by arrested diploid metaphases. 

We have compared the mitotic indices and the prophase: 
metaphase ratios of normal and treated roots and have 
related them to the frequency of tetraploid metaphases 
present in roots exposed to colchicine. In treated roots 
the mean mitotic index is 13-5; this is significantly different 
from 5-79 which is the mean for untreated roots (P < 0-01). 
‘Thus the increase in mitotic index is significant although 
it occurs 24 h after the end of treatment. The prophase: 
metaphase ratio is 0-26: 1 in treated roots and 4-1: 1 in 
eontrol roots, which indicates an excess of metaphases in 
treated roots, and it appears to show that the high mitotic 
index is a result of metaphase arrest. The frequency of 
tetraploid metaphases must, however, be considered, 
and they clearly make a large contribution to the mitotic 
index (Table 2). 

The mean percentage of tetraploid metaphases is 
67-2. If the 1,007 tetraploid metaphases are subtracted 
from the total number of metaphases their number is 
reduced from 1,499 to 559. It also reduces the mitotic 
index from 13-5 to 6-73 (control figure, 5:79) and changes. 
the prophase : metaphase ratio from 026:1 to 0-76: 1. 
Thus without the tetraploid metaphases the mitotic index 


Table 1. Mrrotic INDICES IN Roots or Vicia faba TRRATED WITH 0-025 

PER CENT COLCHICINE FOR 3 H AND FIXED AT DIFFERENT TIMES 
No. of Cells 

Time after fateral Totalin Mean number of Mitotic: 

colchicine (h) roots Total division mitoses/root index 
12 10 5,700 1,233 128-8 + 10-14 20-5 
24 10 6,000 917 917+ 7-96 15-2 
36 10 6,000 1,027 1027+ 8-91 Wd 
48 10 6,000 843 84-3+ 8°86 14-1 
60 10 6,000 377 87-7 + 6-76 628: 
72 9 4,400 194 199+ 4-66 4-47 
87 6 3,600 35 58+ 1:22 Lo 


Table 2. NUMBERS OF CELLS IN MITOSIS AND PERCENTAGE oF TETRAPLONÐ 
METAPHASES IN UNTREATED AND TREATED Roots OF Vicia faba 


Mean Percentage: 
Roots Celis Mitotic mitotice of tetraploid 
Total Mitotic index index metaphases 
Treated with 
colchicine 13,873 1,873 13-5 13-3+1-26 672467 
Control 12,735 738 579  581+129 — 


Roots were treated with 0-025 per cent colchicine for 3 h and fixed 24 ly 
later. Eight laterals were used for each fixation; 1,500 interphases-and the 
accompanying mitotic cells were scored in each root. 


. 
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P e 
of roots treated With colchicine would show no marked 
increase and the two values 6-73 and 5-79 are not dissimilar. 
The high mitotic index found 24 h after treatment is 
therefore caused to a considerable extent by cells that 
underwent restitution and then completed a whole mitotic 
eyele during the experiment. We conclude from this 
wsult that some cells that would not normally divide 
have been stimulated to do so after treatment with 
colchicine; those are either the tetraploid cells, which can 
be identified, or some diploid cells that cannot be dis- 
tinguished from the rest of the meristem. At least in the 
case of the tetraploid cells the stimulus must have been 
exerted during interphase. (It cannot be simply a stimu- 
lation to enter mitosis; restitution nuclei must complete 
the G,, S and G, phases before they can enter mitosis, 
and, therefore, any effect on them must operate during 
interphase.) 

High frequencies of tetraploid cells in division have 
been reported*-*. These cells may show some degree of 
synchronization in division’-*, and this may have been 
induced by the colchicine. The previous reports all in- 
dicate that restitution must have started soon after 
colchicine treatments commenced. The high frequencies 
of tetraploid cells found in mitosis within a day of be- 
ginning a colchicine treatment—that is within the duration 
of a normal mitotic cycle of Vicia faba—support our view 
that the high mitotic index in treated roots is a result of 
some stimulus during the mitotic cycle. Further evidence 
to support our hypothesis comes from the effects of treat- 
ment with indolyl-3-acetic acid. 

Effects of indolyl-3-acetic acid. Roots were treated for 
3 h with 0-025 per cent colchicine or a mixture containing 
0-035 per cent colchicine and 4-2 10-3 molar indolyl-3- 
acetic acid. They were fixed immediately after treatment 
or after a recovery period of 24 h. After 3 h of treatment, 
indolyl-3-acetic acid appears to have no effect on the 
changes induced by colchicine; mitosis is arrested at 
metaphase-—that is, there ia no reversal of the inhibition 
of anaphase—and the prophase : metaphase ratio is not 
different from that found in roots treated only with 
colchicine. After a further 24 h, however, it is clear that 
indolyl-3-acetic acid has affected the response of the 
roots. The most striking effect is that the mitotic index 
has been reduced from 17-2 to 6-0—a value which is very 
similar to that of the control roots (Table 3). There was 
no immediate change in the response of roots to colchicine 
when indolyl-3-acetic acid was present. so that the effect 
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of the acid in reducing the mitotic index 24 h after treat- 
ment had ended suggests an effect during interphase. This 
effect nullifios the mitotic stimulation induced by col- 
chicine. 


Table 3. Mrrotic INDICES In Roors OF V. faba TREATED WITH COLCHICINE 


Cells 
Interphase Mitotic Mitotic index 
Control 5,583 417 6-95 
Colchicine 4,969 1,031 172 
Colchicine + indoly!-3-acetic 
acid 5,689 361 6-0 


Roots were treated for 3 h with 0-025 
containing 0-025 per cent colchicine an 
acid and fixed 24 h later. 


r cent colchicine or a mixture 
42x10 molar indolyl-3-acetic 


It is becoming clear that colchicine induces many 
changes in root meristems and is more than just a useful 
tool for the inhibition of anaphase. The changes in the 
mitotic indices of treated roots, the increase and then the 
decrease, suggest that one consequence of treatment with 
colchicine is an alteration in the balance of the factors 
that control the mitotic cycle in root cells. Prolonged 
treatment with 0-1 per cent colchicine is followed by 
changes in DNA, RNA and protein synthesis in Allium 
roots’ although this was a result, at least in part, of the 
presence of polyploid cells. Shorter colchicine treatments, 
as reported here, seem to stimulate the mitotic cycle r 
within 24 h. This period of stimulation is followed later 
by one of suppression. The mechanisms underlying these 
changes are unknown; they could involve changes in the 
concentrations of stimulators and (or) inhibitors, or they 
may represent changes in the amount of a single growth 
factor. In the latter case it would be necessary for the 
growth factor to show both stimulatory and inhibitory 
properties for a range of concentrations. Indolyl-3-acetie 
acid shows such characteristics. It seems significant 
that while it can act as an inhibitor when given with 
colchicine, as we have shown, it acts as a stimulator when 
given 24 h after the end of a colchicine treatment*. 

This work was supported by a Scientific Research 
Council scholarship and a grant from the American 
Academy of Arts and Sciences. 
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1-ADAMANTANAMINE HYDROCHLORIDE PROPHYLAXIS FOR 
EXPERIMENTALLY INDUCED A/EQUINE 2 INFLUENZA VIRUS INFECTION 


By Pror. J. T. BRYANS, Dr. W. W. ZENT, Pror. R. R. GRUNERT and Dr. D. C. BOUGHTON 


Department of Veterinary Science, University of Kentucky, Lexington, Kentucky, and Pharmaceuticals Research Division, 
Industrial and Biochemicals Department, E. I. du Pont de Nemours and Co., inc., Wilmington, Delaware 


1-ADAMANTANAMINE hydrochloride (amantadine HCl) 
has. a- prophylactic and therapeutic effect in type A 
influenza virus infections of model tissue culture, chicken 
embryo and mouse systems'*. The results of a double 
blind evaluation of prophylactic and therapeutic activity 
of the compound for man have extended the laboratory 
findings to a natural host—virus system**. 

Infection of horses by type A influenza viruses presents 
an objectivé clinical picture and epizootiological pattern 
in the field very similar to that which occurs in epidemic 
influenza A of man’. The type A equine influenza viruses 
are represented by two antigenically related but non- 


reciprocally immunoantigenic variants, influenza A/equine 
1 and influenza A/equine 2. Initial laboratory investiga- 
tions have shown that these two viruses are susceptible 
to the antiviral action of amantadine. Thus a yolk sac 
injection of 0-5 mg amantadine HCl 30 min before allan- 
toic cavity infection with 7 HID,,’s* of influenza A/equineg: 
2/Lexington/3/63 reduced the infectivity from 94 to 36 
per cent (51-55 eggs/group). No protection was observed 
when the level of infection was increased by a factor of ten. 
With 8 L.D,.’s of a mouse-adapted line of this same virus, 


* EID 50 per cent of the egg infeetive dose. 


LEDs, 50 per cent of the 
lethal dose. 


i 


# chick embryo. 
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multiple oral doses of 10 mg/kg/4 h from 30 min before 
to 95-5 h after infection resulted in an insignificant in- 
crease in survivors from 16 to 35 per cent but a highly 
significant increase in the mean survival time from 8-1 
to 11-1 days (forty mice/group; P= 0-01). By comparison, 
influenza A/equine 1/Prague/56 proved to be more sus- 
ceptible when tested under comparable conditions in the 
With an infection of 370 EID,,’s, the 
infectivity was still reduced from 92 to 13 per cent. 
Similar activities have been seen in tissue culture systems 
using chick embryo monolayers. 

The results of the present double blind experiment in 
horses inoculated with the A/equine 2 strain indicate that 
amantadine acts as an efficient prophylactic drug limiting 
infection by this virus in its natural host. 

Tolerance of horses for amantadine was determined by 
a single and a multiple oral dosage of graded amounts of 
drug. The results of a series of tests established that 
amantadine in aqueous solution was rapidly absorbed; 
that the dosage contemplated for efficacy test produced 
tissue concentrations comparable with those found to be 
prophylactically effective in mice; that multiple dosage 
at such concentrations did not result in accumulation of 

-drug in lung or liver and did not produce signs of toxicity. 
, A twice daily schedule of a 20 mg/kg dose for 11 days was 
Selected for the test against virus infection. 

The A/equine 2 virus used to inoculate the test horses 
was recovered from the lung of a foal which died as a 
result of an infection of Streptococcus zooepidemicus 
secondary to influenzal pneumonia. The virus was passed 
once by intratracheal inoculation of a foal with lung tissue 
suspension from the original case. Penicillin was used in 
the inoculum to control the streptococcus. Lung tissue 
from the inoculated foal was prepared as a 20 per cent 
w/v suspension in a blender with 2 per cent bacteriological 
peptone broth. The supernatant solution of this suspension 
contained 105-5 #ID,, of virus/ml. 

Fourteen yearling horses which were free of haemag- 
glutination inhibiting (HI) serum antibodies for the virus 
were treated by oral intubation twice daily at 8 a.m. and 
4 p.m. for 11 days, seven with a 20 mg/kg dose of amanta- 
dine HCl, and seven with placebo under double blind, 
random distribution conditions. The amantadine HCl 
was used as a 10 per cent aqueous solution. The placebo 
was 10 per cent mannitol. Two hours after the third dose 
each animal was inoculated intranasally with 10 ml. of 
virus suspension. Inoculation was carried out with a 
hypodermic syringe and an 11-in. plastic catheter multiply 
perforated near its tip so as to distribute the inoculum 
uniformly on to the posterior nasopharyngeal mucosa. 

Disease produced by inoculation of healthy horses, kept 
in stalls, with either “low passage” chicken embryo or 
“horse passed” A/equine 2 virus does not result in the 
production of unequivocable clinical signs*. The sup- 
pression of the clinical signs of disease as a result of 
treatment with amantadine could not be used as a reliable 
index for the efficacy of the drug. Efficacy of treatment 
was therefore assessed by determining the length of time 
after inoculation during which virus could be recovered 
from treated and control horses. 

An attempt to isolate virus from the nasopharynx of 
all animals was made daily for 11 days after inoculation. 
The samples were obtained with a 2x 2 in. gauze sponge 
held in a 20 in. stainless steel wire loop encased in rubber 
tubing. The instrument was pushed into the animal’s 
nose. After use, sponges were placed in small glass vials, 
soaked with a few millilitres of 2 per cent peptone broth, 
tightly capped, iced during transport to the laboratory, 

. and stored.at —70° C. Cross-contamination of samples 
> was controlled by the use of individual stomach tubes and 
‘sterilized nasopharyngeal sampling instruments for each 
h The samples were obtained daily before the drug or 
placebo was administered. 
‘Samples were prepared for the isolation of viruses by 
exprossing the fluid from the sponge with a 20 ml. sterile 
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hypodermic syringe. The liquid w&s eollected in a small 
capped test-tube. After centrifugation at 3,000 r.p.m. 
for 10 min, the supernatant solution was decanted to a 
second tube, penicillin and streptomycin were added and 
this material was used to inoculate 10- or 12-day-old 
chicken embryos. Virus isolation and identification were 
carried out by standard techniques’, 

The results of this test are summarized in Table Î. 
Virus was present in the nasopharynx of all the horses 
treated with placebo (four out of seven for as long as 
8 days), but only in three of the seven horses treated with 
amantadine and then only for 1, 3 and 5 days, respectively. 

Investigations of the mode of action of amantadine in 
tissue culture systems have indicated that it does not 
kill the viruses, does not block virus absorption to the 


cell, but does block penetration’. The virus absorbed to. 


cells in the presence of amantadine remains infective. 
If these findings were extrapolated to the natural host— 


virus system in the present investigation, it would be — 


expected that virus would be removed from the treated. 


horse by normal body clearance mechanisms before in- 
fection could progress to an appreciable extent. The 


results of attempts to isolate virus from horses treated 
with amantadine indicate that virus was removed quite 
rapidly; in fact, it was not recovered at all from four of 
the seven treated animals. 


Table 1. PROPHYLACTIC EFFECT OF AMANTADINE IN HORSES EXPERIMENTALLY. 
EXPOSED TO INFLUENZA A/EQUINE 2 VIRUS 


Virus recovery f No. of horses* 
(days) Amantadine Placebo 

0 4 
1 i 
2 1 
3 1 L 
4 
5 1 
6 
7 1 
8 4 

YVirus/horse days t 9 44 


+ Amantadine HCl and placebo (mannitol) administered by oral intubation 
as 10 per cent aqueous solutions to provide a 20 mg/kg dose twice daily 
(8-9 a.m. and 4-5 p.m.) for 11 days. Virus inoculated intranasally 2 h after 
the third dose of drug. 

x= 42-986; P=0-01, 
No. of successive days virus isolated. 


Amantadine used prophylactically in mice has been 
reported to have no demonstrable effect on the immune 
response’. In horses the A/equine 2 viruses produce HI 
antibody but only in relatively low titre. Inoculation with 
low embryo-passage virus may not even produce any 
demonstrable antibody, but such animals become immuno- 
logically sensitized. If they are given either a second 
intranasal inoculation of virus or an injection of inactivated 
virus, they respond by rapid production (secondary 
response) of HI antibody*®. If amantadine completely 
prevented infection by the virus used in this experiment, 
it might be expected that the horses from which virus 
could not be recovered 24 h after inoculation would fail 
to become conditioned to produce a secondary antibody 
response. 

Serum was obtained from each horse before inoculation 
and at weekly intervals thereafter for 6 weeks. The results 
of HI tests with these sera (Table 2) indicate that there 
was no primary antibody response but that a secondary 
antibody response did occur in two horses, one a control 
and the second treated with amantadine. All the horses 
were then given an injection of inactivated virus, and 
additional serum samples were obtained, 3, 5, 7, 10 and 12 
days after vaccination. Serological results obtained for 
the period after vaccination (Table 2) demonstrate that 
each horse in the experiment was sensitized by inoculation 
to produce a secondary antibody response. This is inter- 
preted as indicating that all horses became infected as a 
result of inoculation during the period of medication. 
The level of infection in the horses treated with amanta- 
dine was, however, significantly lower than that in the 
control horses, as judged by virus isolation. 

. 


. 
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Table 2, HAEMAGGLUTINATION-INHIBI TION ANTIBODY RESPONSE TO [NooU- 
LATION AND VACCINATION* OF AMANTADINE-TREATED AND NON-TREATED 
Horses WITH INFLUENZA A EQUINE 2 VIRUS 


HI antibody titres 


Group Horse Days after inoculation Days after vaccination 
No. 0 7 2 5 7 10 12 
Placebo 1 -t rs ~ ~ 10 20 40 40 
2 - ~ - - 10 40 40 40 
6 - ~ ~ - ND} ND ND ND 
e 9 4 40 40 40 40 60 160 160 
10 ~ - S - = 5 10 10 
li - - - - ~ 10 20 20 
12 ~ - - - ND ND ND ND 
Amantadine 3 - - - ~ - 20 20 20 
4 - - = = ~- 5 20 20 
& - - 10 10 10 80 80 80 
7 - ~ - ~ - 5 10 10 
8 - ~- - - - 10 20 20 
13 - 20 40 40 80 8&0 160 160 
14 - - - - 10 40 40 40 
ue Injection of 100 chick cell agglutination units of inactivated A/equine 
rus. 
Titre 1: 5. 
Sera lost. 


Control of influenza is complicated by the inability to 
produce vaccine containing a current antigenically aber- 
rant epizootic strain sufficiently rapidly to immunize the 
population at risk. Data presented here indicate 
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that both the type A equine viruses are sensitive to the 
antiviral activity of amantadine in model test systems 
and that the compound is prophylactically effective in 
the natural host-A/equine 2 influenza virus system. 
Should comparable activity for this compound exist for 
future antigenic variant type A equine influenza viruses, 
amantadine may be applied to limit the spread of disease 
caused by such a variant virus until a vaccine ean be 
prepared. 
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BY ADP AND THROMBIN 


By STEFAN NIEWIAROWSKI* and Dr. DUNCAN P. THOMAS 


Vascular Laboratory, Lemuel Shattuck Hospital and Department of Medicine, 
Tufts University School of Medicine, Boston, Massachusetts, U.S.A. 


Two of the most important physiological agents which 
produce aggregation of platelets are adenosine diphos- 
phate (ADP)! and thrombin?-5. The purpose of the present 
investigation was to compare the kinetics of platelet 
aggregation in vitro when ADP and thrombin were acting 
separately, as compared with when they were acting 
together. A technique was developed in which both 
platelet aggregation and plasma clotting could be in- 
vestigated in the same sample of platelet-rich plasma. 
The experiments performed demonstrated that ADP 
and thrombin have a synergistic effect in aggregating 
platelets but not in clotting plasma. 

Human and rabbit platelet-rich plasma was obtained 
by centrifugation at 120g for 10 min. Washed platelets 
were prepared by the technique of Kaser-Glanzmann 
and Lischer®, and the pH adjusted to 7-4 using tris 
buffer. The platelet-rich plasma had a pH of 7-5-8-0. All 
blood was collected and stored using either siliconized 
or plastic equipment. Highly purified human thrombin 
was kindly supplied by Dr. Staffan Magnusson and Dr. 
J. H. Milstone. 

Aggregation of platelets was investigated by two 
methods. The decrease in optical density that occurred in 
a suspension of platelets during aggregation was recorded 
by a technique modified from that used by Born’. Changes 
in optical density were measured at room temperature 
with a spectrophotometer after the addition of ADP and/or 
thrombin. The chief modification consisted of continuous 
direct mechanical stirring of the platelet suspension, 
which was continued while the readings were made. 
The second method consisted of investigating platelet 
aggregation by direct visual observation, observing the 
events occurring in plasma rich in platelets or in a platelet 
suspension. The sequential end points were: (a) the 
formation of the first visible platelet aggregates; (b) the 
formation of larger aggregates with a “‘snow-flake” 
appearance; (c) the formation of the first fibrin threads 
(clotting). The apparatus used for investigating platelet 
aggregation by this latter technique is shown in Fig. 1. 

* Present address: Department of Physiological Chemistry, Medical 


School , Bialystok, Poland, 
e 





Fig. 1. The apparatus forinvestigating aggregation and plasma clotting 

by a direct visual technique. The stirrer with the attached three-way 

adapter and lumbar puncture needle is in the middle. On the left is a 

light source and on the right a magnifying glass, through which the 

incubation mixture in the test-tube is observed. ADP and/or thrombin 

are placed in the test-tube initially, and the platelet suspension is later 
added by means of a syringe, as illustrated. 
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The aggregating agent is placed in a clear polystyrene 
plastic test-tube and the platelet suspension is rapidly 
injected by a syringe through a three-way adapter 
attached to a lumbar puncture needle. The needle 


‘is attached to a stirrer, which rotates at 350 r.p.m. 


The relative quantities used were 0-8 ml. of platelet sus- 
pension, 0-1 ml. of ADP (or thrombin), and 0-1 ml. saline 
(or adenosine). In experiments in which the inhibitory 
effect of adenosine was tested, platelets were pre-incubated 
with adenosine for 3 min before the addition of ADP or 
thrombin, All determinations were performed at 26°- 
28°C. The concentrations of ADP and thrombin are 
expressed’ as- final concentrations. Concentrations of 
ADP were determined according to the modified enzyme 
method of Adam’. 

Platelet aggregation by ADP and thrombin, as investi- 
gated by a modification of the Born technique, is shown in 
Fig. 2. It can be'seen that the reaction is dependent on 
the concentration of ADP. Low concentrations of ADP 
(5 x 10-8 moles/I.) were without effect; thrombin (0-1 U/ml.) 
produced only a small change in optical density. These 
solutions, however, when mixed together produced a 
striking aggregation, which was much more pronounced 
than could be explained solely by an additive effect. The 


results: obtained with a visual aggregation technique 


are presented in Fig. 3, which shows that aggregation 
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Fig. 2. The synergistic effect of ADP and thrombin on platelet aggrega- 
tion, investigated by an optical density decrease technique. Change in 
optical density of rabbit platelet-rich plasma is measured after the 
addition of varying concentrations of ADP, thrombin, and ADP plus 
thrombin. Total volume of the platelet suspension was 2-5 ml. The curves 
are: © ©. ADP, 5x10 moles/mi.; O ©, thrombin, 0-1 
ujrml.; © @, ADP, 2x107 moles/ml.; O --- O, thrombin, 0-1 

v/ml.+ADP, 5x 10~* moles/mlL; x x, ADP, 10-* moles/ml. 
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Fig: 3. Platelet aggregation time depicted as a function of the concen- 

tration of ADP in the presence (©) and absence ( @) ofa constant amount 

of thrombin (0-1: t/ml.). Thrombin alone at this concentration failed to 

produce: platelet aggregation. ee plasma, mean data in six 
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Figs. 4 and 5. Formation of platelet aggregates with a “‘snow-flake” 

appearance (Fig. 4), and the appearance of fibrin threads (Fig. 5), as.a 

function of thrombin concentration, with (Q) and without (@) a constant 

amount of ADP (5x 10-7 moles/l.). Thrombin alone (0-06 U/ml.) and 

ADP alone (5x107 moles/l.) failed to induce platelet “‘snow-flake” 
formation. Rabbit platelet-rich plasma. 


times are a function of the concentration of ADP. The 
synergistic effect of ADP and thrombin for initial platelet 
aggregation is most evident at lower concentrations of 
ADP, between 10-? and 5x 10-? moles/l. Figs. 4 and 5 
show platelet ‘‘snow-flake” formation, and clotting times 
as a function of the concentration of thrombin. At the 
concentration of thrombin used (0-06-1-:0 u/ml.), the 
synergistic effect of ADP and thrombin was observed 
only for the formation of initial and “‘snow-flake” platelet 
aggregates (Fig. 4). In contrast, the rate of formation of a 
fibrin clot was not affected by the presence of ADP in the 
system (Fig. 5). It was also found that washed platelets 
were rapidly aggregated by thrombin, but not by ADP. 
As shown in Fig. 6, however, ADP was found to accelerate 
the aggregation rate of washed platelets by low concen- 
trations of thrombin. The synergistic effect of ADP and 
thrombin on platelet aggregation was confirmed in samples 
of blood from thirty rabbits and ten normal subjects. 
Highly purified thrombin was found to produce platelet 
aggregation and also to act synergistically with ADP. The 
general relationship between the aggregating and clotting 
activities of commercial thrombin and highly purified 
thrombin was the same, which suggests that the aggre- 
gating activity of thrombin represents an intrinsic- pro- 
perty of the molecule. A possible explarfation of thee 
observed ADP-thrombin synergism is that thrombin 
releases from platelets other aggregating substances 
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. besides ADP, such as fibrinogen and serotonin, which act 
‘as ADP co-factors.® To test this a suspension of washed 
platelets was incubated with thrombin at a final con- 
centration of 0:03 u/ml. Aggregation of platelets occurred 
at about 60 sec after addition of thrombin, and after 
incubation for 10 min the platelets were centrifuged at 
500g for 10 min. The supernatant was found to have 
hgh aggregating activity when tested with platelet-rich 
plasma. This activity was found to be stable when tested 
after 5 min at 100° C, but disappeared after dialysis against 
physiological saline for 16 h. Table 1 shows the results 
of the chemical determination of the concentrations of 
ADP and the aggregating activity of this supernatant as 
compared with standard ADP solutions, saline washings 
of platelets (platelets treated with 0-9 per cent sodium 
chloride instead of thrombin), and the supernatant of 
platelets that had been frozen three times in dry ice 
mixed with ethanol, and then thawed at 37° C. The 
aggregation activity shown in Table 1 is given as the lowest 
dilution at which aggregation is still visible. It can be 
seen from this table that the ADP content of platelet 
extracts is somewhat higher than could be assumed from 
a comparison with the aggregating activity of a standard 
ADP solution. It is possible that some inhibitors present 
in platelet extracts (for example, AMP) interfere with 
ADP action. 


Table 1. CONCENTRATION OF ADP AND AGGREGATING ACTIVITY OF HEATED 
(6 MIN ar 100° C) PLATELET EXTRACTS TESTED ON RABBIT PLATELET-RICH 


PLASMA 
End point 
Solution ADP concentration of aggregation 
(ug/ml) (dilution) 
ADP standard solution 50 1: 80 
Supernatant of platelets 
treated with thrombin 17 1:20 
Sa atant of platelets 
rozen and thawed 20 1: 20 
Saline washings of platelets 7 1:26 


Table 2. INFLUENCE OF PLATELET EXTRACTS AND THROMBIN ON THE 
AGGREGATION OF WASHED RABBIT PLATELETS 


Aggregation time of washed platelets by 


Heparin concentration Supernatant of platelets 
in the system Thrombin (0-03 t/ml.) treated with thrombin* 

- 72 sec 50 sec 

0-06 U/ml. > 120 sec > 120 sec 


* Final concentration of thrombin was 0-03 u/ml. 


The influence of a supernatant of platelets treated with 
thrombin on the aggregation of washed platelets was 
also investigated (Table 2). The supernatant showed 
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e 
» Fig. 6. Influence of ADP on the aggregation time of washed platelets by 
varying concentrations of thrombin. ADP aloné in this system does not 
produce platelet aggregation. Mean data from six rabbits, @, Thrombin 
alone; ©, thrombin with ADP (10 moles/l.). 
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aggregating activity which could. be satisfactorily ex- 
plained by the presence of thrombin together with the 
potentiating effect of ADP released by thrombin. The 
inhibition of this aggregating activity by heparin also 
indicated that it was due to thrombin. No evidence was 
found, therefore, that thrombin released in significant 
amounts from platelets any substance which atts as an 
ADP co-factor. 

Finally, the relative influence of adenosine on aggrega- 
tion of rabbit and human platelets induced by ADP or 
thrombin was investigated. Aggregation induced by ADP 
could be completely blocked by concentrations of adeno- 
sine that only slightly inhibited aggregation induced by 
thrombin (Fig. 7). When doses of ADP and thrombin 
were chosen which produced comparable initial aggrega- 
tion times of platelet-rich plasma, concentrations of 
adenosine at least one hundred times greater than those 
required to inhibit completely aggregation induced by 
ADP failed to inhibit aggregation induced by thrombin. In 
six normal human subjects, adenosine (10-* moles/l.) com- 
pletely inhibited (>120 sec) aggregation produced by 
ADP (2x 10-§ moles/l.) (Fig. 7). Aggregation induced by 
thrombin was only slightly prolonged by 10-3 molar 
adenosine, from mean times of 18-25 sec. Comparable 
results were obtained in rabbits, although their platelets 
were somewhat less sensitive to ADP and thrombin than 
human. platelets. The effect of adenosine on the aggrega- 
tion of washed platelets induced by thrombin: was very 
similar to its effect on platelet-rich plasma, except that. 
washed platelets were more sensitive to thrombin. Only 
at low doses of thrombin (final concentration < 0-2 u/ml) 
was adenosine able to inhibit completely the aggregation 
of washed rabbit platelets. 
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Fig. 7. Effect of varying concentrations of adenosine (10-2 — 10~* moles/t,) 

on aggregation of human citrated platelet-rich plasma by ADP (2 « 10-* 

moles/l.) (O) and thrombin (0-5 nerd (@). Mean data in six normal 
subjects. 


Synergism between ADP and thrombin was not found 
by O’Brien? in his experimental system. Several 
authors®1%11 observed that thrombin. released ADP 
from platelets and suggested that this release may be 
responsible for the aggregating activity of thrombin. 
We have demonstrated, however, that ADP and thrombin 
act synergistically in producing platelet aggregation, and 
that this synergism is not solely an additive effect of 
the release of ADP from platelets induced by thrombin. 
This is clearly seen, for example, when the curves of 
optical density decrease shown in Fig. 2 are analysed. The 4 
aggregation of platelets in plasma produced by the simul- 
taneous addition of very small amounts of ADP and 
thrombin was several times more pronounced than could 
be expected from a simple additive effect of ADP released 
by thrombin. Furthermore, ADP alone does not aggregate 
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washed platelets, yet it nevertheless accelerates their 
aggregation by thrombin. 

The mechanism of the aggregating effect of ADP and 
thrombin still remains unsettled despite much investiga- 
tion. Several theories have been put forward to explain 
the action of ADP on platelets'**, Born! has suggested 
that ADP bombards specific receptor sites on the surface 
of the platelet, thus producmg a configurational change 
which leads to aggregation. Salzman et al. have more 
recently suggested that ADP inhibits the splitting of 
ATP by ATPase; inhibition of platelet membrane ATPase 
by its normal product, ADP, leads to exposure of adhesive 
sites, thus permitting aggregation. 

Aggregating activity appears to be connected directly 
with the thrombin molecule and not with thrombokinase 
(activated factor X) contaminating commercial thrombin 
preparations. The aggregating activity of crude and 
purified thrombin was found to be similar, as was previously 
observed by Shermer et al., It would seem that the 


_ presence of fibrinogen, or a related protein, on the platelet 


surface is essential for platelet aggregation by thrombin!®". 
When platelets are depleted of fibrinogen after treatment 


-with proteolytic enzymes, they no longer react with 


thrombin. According to Grette!®, thrombin acts on the 


` platelet membrane; however, the identity of its substrate 


and the connexion between its hydrolysis and the release 
reaction are unknown. Recently, Davey and Lüscher”? 
presented experimental evidence against the involvement 
of fibrinogen in platelet aggregation by thrombin. They 
found no correlation between fibrinogen clotting and 
platelet aggregating activity of various snake venoms 
and thrombin, Furthermore, platelets of patients with 
congenital afibrinogenaemia, lacking any traces of immuno- 
logically detectable fibrinogen, are well aggregated by 
thrombin and ADP#!. Our experimental evidence also 
suggests that platelet aggregation by thrombin is not 
related to fibrinogen-fibrin conversion. We found that 
ADP, while accelerating platelet aggregation by thrombin, 
does not increase the rate of formation of fibrin threads 
in platelet-rich plasma. 

Several authors have claimed that aggregation of 
platelets induced by thrombin is mediated by way of the 
release of ADP1.2.23. Haslam!!:*4 found that enzymes 
which remove ADP from the test system, such as venom 
ADPase and pyruvate-kinase, completely prevent aggre- 
gation induced by thrombin. Our results indicate, however, 
that when doses of ADP and thrombin are used which 
are equally effective in producing platelet aggregation, 
adenosine fails to block aggregation induced by thrombin 
at a dose that completely inhibits aggregation induced by 
ADP. If thrombin were to aggregate platelets merely by 
the release of ADP it would be difficult to understand 
why thrombin continues to aggregate platelets in the 
presence of a concentration of adenosine one hundred 
times greater than is necessary to inhibit completely 
aggregation induced by ADP. It is concluded, therefore, 
that the effect of adenosine is in fact limited to inhibiting 
ADP released by thrombin, and that thrombin aggregates 
platelets by way of a mechanism that is not solely mediated 
by ADP. 

We found that the aggregating effect of a supernatant 
of platelets treated previously with thrombin could be 
adequately explained by the presence of released ADP. 
No experimental evidence was found for the release by 
thrombin of other aggregating substances, such as an 
“ADP cofactor”, from washed platelets. The aggregating 
effect of thrombin on platelets therefore cannot be 
explained by the release reaction because ADP alone 


“does not. champ washed platelets but thrombin does. The 


release of ADP by thrombin may potentiate, however, the 
action of this enzyme on platelets. On the other hand, the 
inhibition of ADP by its chemical analogues, or the removal 
of ADP from the system, may delay the action of thrombin. 

A theory which attempts to explain the mechanism of 
platelet aggregation has to satisfy the following experi- 
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mental observations. (a) A synergtstig effect of ADP and 
thrombin on platelet-rich plasma; ADP also potentiates 
the effect of thrombin on washed platelets, despite its own 
inability to clump such platelets. (b) The inhibition by 
adenosine of aggregation induced by ADP at doses that 
only slightly inhibit aggregation induced by thrombin. 
(c) The antagonistic effect of ADP and bacterial toxins. 
Jeliaszewicz et al.*5 have recently found that some pfe- 
parations of staphylococcal toxins clump platelets, which 
at the same time lose their sensitivity to ADP. (d) Recent 
comparative investigations on the thrombocytes of lower 
vertebrates have shown that they are ‘aggregated by 
homologous thrombin, but not by ADP, which is never- 
theless present in the thrombocyte**. We believe that. it 
is very difficult to explain these observations on the basis 
that platelet aggregation occurs simply by way of a 
mechanism which involves ADP, with ADP acting as a 
“final common pathway”. On the basis of our observa- 
tions, and other data from the literature, it appears more _ 
reasonable to suggest that ADP and thrombin probably 
act on separate sites on the platelet surface in producing 
aggregation. oo 

Recently, Bull and Zucker?” found that ADP produced 
rapid swelling of platelets, which changes their shape from 
disks to irregular spheres. Similar observations have 
been described by MacMillan and Oliver and by 
O’Brien*. It is possible that such platelets with a changed 
shape are more reactive to thrombin in biophysical terms 
than are normal platelets. 

The synergistic effect of ADP and thrombin which we 
have observed may have important implications in 
haemostasis. According to the work of Marr, Barboriak 
and Johnson®*, ADP and thrombin both form within a few 
seconds at a site of vessel injury. During haemostasis, the 
action of ADP and thrombin on platelets may therefore 
be virtually simultaneous, and not sequential, as has 
usually been assumed. An early synergistic action between 
ADP and thrombin may indeed be a prominent feature of 
platelet aggregation at sites of tissue damage. 

We thank Mrs. Marsha Cohen for her technical assistance. 
This work was supported by a grant from the National 
Heart Institute of the U.S. National Institutes of Health. 
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° ERADICATION OF LEUKAEMIC CELLS (LI210) BY METHOTREXATE 
AND METHOTREXATE PLUS CITROVORUM FACTOR 


By Dr. A. GOLDIN, J. M. VENDITTI, Dr. I. KLINE and N. MANTEL 


Drug Evaluation Branch and Biometry Branch, National Cancer Institute and Microbiological Associates, Bethesda, Maryland 


INCREASING attention has been focused on the possibility 
of eradicating the total population of leukaemic cells in 
cases of clinical leukaemia by means of intensive short- 
term therapy’. Investigations with transplantable 
leukaemia in mice have shown that it is possible to 
eradicate the leukaemic cell population, and that the 
degree of success is a function of the number of tumour 
cells introduced into the animal®’, Thus, as the number 
of tumour cells in the inoculum was increased, it was 
necessary to increase the dose of methotrexate’, in order 
to eradicate the population of leukaemic cells. Further- 
more, the chemotherapeutic effectiveness of drugs is 
usually diminished with progressive increase in the number 
of leukaemic cells in more advanced leukaemia®’. 

Friedkin eż al. related the therapeutic effectiveness of 
methotrexate (MTX) to the “killing action” on leukaemic 
cells**, and Skipper et al.1:? made a detailed theoretical 
study of the processes involved in the therapeutics of 
experimental leukaemia. Theoretical results have in turn 
been applied to the treatment of clinical leukaemia*-5. 

it was demonstrated earlier that in the treatment of 
leukaemia £1210 it is an advantage to delay administra- 
tion of citrovorum factor after treatment with the folic 
acid antagonist aminopterin'-, In addition, evidence 
was obtained to suggest that delayed administration of 
citrovorum factor (CF) may be advantageous when 
administered together with methotrexate (MTX). The 
improved therapy in these experiments was shown by 
increases in the survival time of the animals greater than 
those observed in treatment with folic acid antagonists 
alone, On the other hand, simultaneous administration 
of a folic acid antagonist and CF was less effective in 
increasing the survival time of leukaemic mice than was 
the folic acid antagonist alone. The present investigation 
was undertaken to determine the relative effectiveness of 
single treatment with MTX, MTX administered simul- 
taneously with CF, and MTX with delayed administration 
of CF, in the total eradication of leukaemic cells. 

The method used has already been described!?. The 
leukaemic cells (£1210) were inoculated subcutaneously 
into the right hind leg of BDF 1 ((C57BL/6 female x 
DBA]2 male) F,) male mice at the designated inoculum, 
and MTX and CF were administered as single subcutaneous 
injections in opposite axillae 3 days after the inoculation 
of leukaemic cells. The animals were observed for toxicity, 
leukaemic growth at the site of inoculation of leukaemic 
cells and survival time. As in previous studies, most of 
the toxie animals died before the leukaemic control 
` animals, thereby distinguishing toxic and tumour deaths. 
The experiments were brought to an end 60 days after the 
inoculation of leukaemic cells. 

The results show that MTX followed by treatment with 
200 mg/kg of CF 12 h later is more effective in achieving 
tumour-free survival in mice than MTX alone or MTX 
together with simultaneously administered CF. As shown 
ia Table 1, over the inoculum range used (2 x 108—2 x 10? 
inoculum cells per mouse), MTX plus delayed administra- 
tion of CF gave a total of thirty-four survivors as opposed 


g . 


to fifteen survivors for MTX alone, eight survivors for 
MTX with simultaneously administered CF, and six 
survivors for the controls. With MTX plus delayed CF, 
survivors were obtained at inoculum doses as high as 
2x 104 cells per mouse. With MTX alone, and MTX and 
simultaneous CF, survival was observed only up to the 
inoculum level of 2 x 10° cells per mouse. With controls 
not receiving MTX the six survivors were all at the lowest 
inoculum level used, which was only 1 per cent of the 
highest inoculum at which delayed CF produced some 
“oures”. Similarly, MTX with delayed administration of 
CF was more effective in increasing the survival times of 
the animals at all the inoculum levels examined. The 
number of survivors and the survival time of the animals 
also show that MTX plus simultaneously administered CF 
was not so effective a therapy as MTX alone. 

It is of interest to examine the improvement in therapy 
given by MTX plus delayed administration of CF. In 
previous investigations with aminopterin, the improve- 
ment was attributed to greater protection by CF of the 
host compared with the leukaemic cells. When the CF 
was administered 12-24 h after aminopterin, the action of 
the folic acid antagonist on the leukaemic cells was 
essentially complete, while the CF was still capable of 
protecting the host against the toxicity of the antagonist. 
This permitted higher doses of the folic acid antagonists 
to be used with a resultant therapeutic advantage. Simul- 
taneous administration of citrovorum factor with amino- 
pterin gave a decreased therapeutic response, which 
apparently resulted from more extensive protection by 
CF for the leukaemic cells than for the host. Our 
results are consistent with the previous findings. 

MTX alone (1,000 mg/kg) was toxic for the animals, and 
CF administered simultaneously or delayed provided only 
limited protection against the lethal toxicity of this dose. 
In a number of cases with simultaneous and delayed 
administration of 1,000 mg/kg of MTX plus CF, however, 
the animals were protected against the toxicity of the 
MTX so that increased survival time was noted. 

Five hundred mg/kg of MTX alone was also quite toxic 
for the animals, and only one animal definitely survived 
drug toxicity. Delayed administration of CF at this dose 
gave appreciable protection from lethal toxicity, while 
most of the effectiveness against tumours was apparently 
retained. Survivors of drug toxicity outlived untreated 
controls, several “cures” being noted among them. With 
500 mg/kg of MTX and simultaneous CF, considerable 
protection was afforded against drug toxicity, but 
apparently the CF also partially overcame the therapeutic 
action of the MTX, so that the increases in survival time 
and number of “‘cures’’ were not quite so extensive as 
those observed with the delayed administration of CF. 

At 250 mg/kg the MTX was still quite toxic. Those 
animals that escaped toxicity, however, did show sig- 
nificant increases in survival time and a number of 
animals survived for the term of the experiment. A dose 
of 250 mg/kg MTX plus delayed administration of CF 
gave a definite reduction in lethal toxicity, and in the 
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animals that survived toxicity the increases in survival 
time were maintained. There was again a definite increase 
in the number of survivors. This is of particular interest 
= because one would not reasonably expect that there could 
= be an increase in the therapeutic effectiveness of the 
@ 250 mg/kg dose of MTX on delayed administration of the 
CF. The increased number of survivors can be attributed 
» to the retention of the therapeutic effectiveness of this 
dose of MTX. Apparently 250 mg/kg of MTX may be 
curative, but many of the animals succumb to drug 
toxicity. With delayed CF, more animals survive drug 
soxicity and there is a greater chance that long-term 
survival and cures will be obtained. A dose of 250 mg/kg 
of MTX plus simultaneously administered CF gave good 
protection against the toxicity of the MTX, but there was 
. also some loss in therapeutic effectiveness, so that this 
treatment was not quite so effective as MTX alone. There 
“were, however, several survivors of leukaemia with this 
therapy. 
At a dose of 125 mg/kg of MTX alone lethal toxicity was 
still evident, but toxicity survivors showed definite in- 
o creases in survival time. Delayed administration of CF 
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prevented lethal toxicity in many* cages, with. little loss: 
in anti-leukaemic potency, and some animals were “‘cured”’. 
The simultaneous administration of CF again produced: 
some loss in therapeutic effectiveness. os) 
The lowest dose of MTX used alone (63 mg/kg) increased ~ 
survival times and yielded survivors of leukaemia at the 
lower inoculum levels. A similar result was obtained with 
63 mg/kg MTX with delayed CF. Simultaneous af- 
ministration of CF, however, reduced drug effectiveness. 
somewhat. There was a total of 113 toxic deaths among the 
200 animals treated with MTX alone. The protection 
against drug toxicity with simultaneous addition of CF is 
shown by the fact that the number of toxic deaths was 
reduced to only fifty. Delayed CF was about as effective 
as simultaneous CF and the total number of toxie death 
was reduced to forty-eight. ay 
The experiment shows that there is a definite increase 
in the margin of safety for MTX. when it is used 
delayed administration of CF. There is a reduction in the 
risk of lethal toxicity for a selected dose of MTX, bu 
therapeutic effectiveness is retained. The range of doses  — 
of MTX which can be used is increased when administra- | 































x Table 1. EFFECT OF SIMULTANEOUS AND DELAYED CF ON METHOTREXATE (MTX) THERAPY IN PRODUCING SURVIVORS OF MICE BEARING LEUKAEMIA E1Q10% - 
;, MTX alone MTX +200 CF** MTX +200 Cp+> Controls : 
MTX Surv. Surv. Surv. CE Surv. 
dose Toxic Tumour deaths day Toxic Tumour deaths day Toxic Tumour deaths day dose Toxic Tumour deaths day: 
(ng/kg) deaths (days) t 60 deaths (days) 60 deaths (days) { 60 (mg/kg) deaths (days) 600 
ve Inoculum 2 x 10° cells per mouse 
1,000 8 9 8 0 8 0 800 0 94, 10* “8 
500 8 0 3 11%, 12%, 13 0 3 (124, 13 0 400 0 95, 10, 1i Q 
250 7 n 0 1 9, 10,114, 14 o 3 115, 12% 0 200 © 9%, 10° 0 
125. 5 31,13, 14 8 0 9, 104, 12 0 0 104, 11%, 12 0 100 0 9, 104,11 0 
63 3 E F S 12 6 G 94, 104 0 @ 9, 167, 114, 13 9 0 0 9, 10°, 11 ü 
Total: 29/40 0/40 12/46 0/40 12/40 0/40 0/42 0/42 
Tnoculum 2 x 10° cells per mouse 
1,000 8 0 6 18, 22 o 7 45 0 800 Oo 10, 11°, 12? 0 
500 8 0 4 137, 15,17 0 4 16, 20°, 24 a 400 0 10, 11%, 12% a 
250 4 16, 17%, 20 0 @ 124,18, 1# 0 i 13, 15%, 16,17,18 6 200 0 10, 114, 12%, 13 0 
125 © 12, 149, 15°, 16,18 0 1 16, 145,123, 16 0 © 12,13, 147, 153,17? 0 100 0 108,11, 12, 14% -8 
63 1 12, 13, 14°, 163,17 0 @ 165, 115, 138 8 11, 18, 14°, 15, 17? 9 9 0 10, 115, 12, 13 0 
Total: 21/40 440 11740 0/40 12/40 0/40 0/42 0/42 
Inoculum 2 x 10* cells per mouse 
1,000 8 0 7 25 0 5 21, 28, 25 0 800 O 11, 125, 43, 14% 9 
500 8 0 1 167, 177, 18, 21° o 1 16°, 17%, 19, 37 i 400 0 423, 13, 14", 15. Dove 
250 2 19, 217, 23, 26,31 0 © 154, 163, 17 0 © 167, 17, 217, 24 2 200 Q 127,137, 14,16 0: 
» 125 2 16,17, 18", 23 0 0 13, ge, 15. 16, 17. 0 0 16, 177, 18, 19? 2 100 © 12, 137, 145, 15,16° oO 
63 2 14, 16, 17°, 20 0 O 123, 144,15 0 © 14°, 15, 167,177,18 0 0 O 327, 13%, 145,16 0 
. ‘total: 22/40 0/40 8/40 0/40 6/40 5/40 0/42 0/42 
Tnoculum 2 x 10° cells per mouse 
1,000 8 0 7 83 0 8 0 800 1 13%, 145, 15* 9 
500 8 0 O 177,185, 19, 20,25 0 3 22,27 3 400 O 14, 15, 16°, 17 0 
250 4 16, 26 2 1 16, 17, 18, 22, 28 2 1 18,21 5 200 0 1,12, 13, 14°, 15% 0 
125 © 17,18, 20, 218, 22, 0 1 13, 14, 15°, 17, 18, 0 0 14, 16, 18, 19, 20°, 0 100 0 13, 14°, 15, 16, 18 0 
23 19 21, 33 
63 0 15,19, 208 2 QO 12, 14, 15, 18", 17? 0 O 16°, 17, 18, 21 3 0 QO 12,144, 154, 177 0 
Total: 20/40 4/40 9/40 2/40 12/40 11/40 1/42 0/42 
Inoculum 2 x 10° cells per mouse 
1,000 8 0 8 0 4 22,26 2 800 O 14%, 15, 164, 18 0 
500 7 1 1 17, 19, 20, 22 3 1 24,34 5 400 0 14,15 1 
250 5 3 1 17, 19%, 20, 21, 25 0 1 19, 21, 25 4 200 0 14,16 3 
125 1 17, 19", 21, 22 2 0O 15°, 16, 17, 18, 22 1 0 20° 5 100 0 14, 16°, 17, 18, 20 2 
63 0 16, 23, 26 O 15, 16, 17%, 197 2 O 17, 19*, 49 2 0 © 145, 15*, 16, 17, 19 0 
“otal: 21/40 11/40 10/40 6/40 6/40 18/40 0/42 6/42 
Total: 118/200 15/200 50/200 3/200 48/200 34/200 1/210 6/210 


ł 
which succumbed, 





* Subcutaneous treatment three days after leukaemic inoculation. CF 200, mg/kg, administered either immediately before or 12h after injection of MTX: 
‘ + 
+ Hight mice per treatment group. Ten mice per group for untreated controls. ; 
Days mice succumbed with palpable local tumours. When more than one animal died on a particular day, a superscript indicates the number of mice” * 
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tion of CF is delayed. Higher doses can thus be ased and, 
` because there is more safety and no loss of effectiveness 
even at ordinarily therapeutic. doses, the number of 
survivors of toxicity is increased and there is a greater 
opportunity for animals to survive leukaemia. 
This study was supported in part by a contract from 
the Cancer Chemotherapy National Service Center, U.S. 
ational Cancer Institute. 
+ Skip’ pper Te E H.E., Schabel, jun., F. M., and Wilcox, W. S., Cancer Chem. Rep., 
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EFFECT OF ANTI-TRANSGLUTAMINASE IN VIVO 


By Dr. I. 


J. WAJDA and Pror. H. WAELSCH 


New York State Psychiatric Institute and College of Physicians and Surgeons, Columbia University, New York 


We have already reported an increase in mouse liver 
transglutaminase after the intraperitoneal administration 
of pertussis vaccine or bacterial endotoxin'. Salmonella 
typhosa lipopolysaccharide in doses of 100 pg/20 g body 
weight doubles the level of the enzyme within 16-18 h. 
Such an increase can be prevented by pretreating the 
animals with high doses of cortisone. This article reports 
a similar effect produced by anti-transglutaminase 
y-globulin. We followed the method of specific inhibition 
of antibody production®, using y-globulin obtained from 
rabbits immunized with a purified preparation of trans- 
glutaminase. 

Transglutaminase was assayed in mouse livers homo- 
genized with three parts (w/v) of 0-25 molar sucrose 
solution. The homogenate was centrifuged at 100,000g 


and the clear supernatant was used for the assay. Whole © 


mouse liver was used for each estimation and the homo- 
genate was tested in duplicate. The results of each 
experiment are the average of 6-10 animals. The enzyme 
activity is expressed in terms of the specific activity*. 
Male Swiss albino mice of 18-20 g body weight were 
used for the enzyme assays. Lipopolysaccharide from S. 
typhosa was suspended in 0-9 per cent saline and 100 ug 
injected intraperitoneally into each mouse. The animals 
were killed 16-18 h after injection. Other groups of mice 
were pretreated with anti-transglutaminase y-globulin 
obtained from the serum of rabbits immunized with pre- 
parations of guinea-pig liver transglutaminase purified 
ten to fifteen times*. The specific activity of the purified 
‘enzyme varied between 1,500 and 2,500 u/mg in different 
-preparations used for immunization of rabbits. Mice 
received one dose of 2 mg of y-globulin by intraperitoneal 
injection 4 days before the administration of endotoxin. 

' Male rabbits of mixed breed, weighing 3-3-5 kg, were 
given sixteen intravenous injections, administered at the 
rate of four per week, of a purified preparation of trans- 

-o- glutaminase. The schedule of injections was that de- 
. seribed by Kabat and Mayer’, and each animal received 
a total of 58 mg of protein during the course of immuniza- 
tión. Hight days after the last injection the animals were 
bled either by a cardiac puncture or from the ear vein. 
‘The serum was prepared and stored frozen. The y-globulin 
fraction was obtained from the rabbit antiserum by two 
methods: In experiment 1 we used the salt fractionation 
technique described by Kekwick*. In experiment 2 we 
used y-globulin which was precipitated according to the 
method described by Nicol and Deutsch’. In the first 
experiment the y-globulin was dialysed against distilled 
water overnight at low temperatures to free the solution 
of irritating sulphates. Sodium chloride was afterwards 

° 


added to the suspension to make a 0-9 per cent solution 
and neutralized to pH 76 with 0-1 normal sodium 
hydroxide. All solutions were centrifuged. at 25,0009 for 
20 min to remove the sedimentable material and the 
protein content was estimated by the biuret method. 
y-Globulin was prepared similarly from the control rabbits 
(normal y-globulin). 

The presence of anti-transglutaminase antibodies was 
confirmed by the Ouchterlony method? using agar gel 
double diffusion and by immunocelectrophoresis*®. The 
anti-transglutaminase sera which showed high titres 
were used to prepare y-globulins which also gave 
precipitation lines of identity when tested on agar gel 
plates. The normal y-globulin and the normal serum gave 
no precipitation lines. 


Table 1. Liver TRANSGLUTAMINASE IN MICE 
No.of Enzyme 


Exp. No. Treatment animals (ujmg) SE. P value 
Normal 10 2468 +I 
Control Endotoxin. 
00u/mot 10 53-3 +283 
Nowinal y-globulin 
and endotoxin 55-0 27-3 
1 Anti-transglutaminase 
y-globulin and 
endotoxin 10 39-6 +24 0001< P<O01 
2 Anti-transglutaminase 
y-globulin and 37-2 218 P<O0001 
endotoxin 
3 Three injections of 
antiserum and 
endotoxin 7: 58-23 +38 6 <P<07 


Table 1 shows the results of three experiments in whieh 
the enzyme levels of mice treated with endotoxin alone 
were compared with the values obtained from animals 
which also received y-globulins or antiserum. 

In experiment 1 we used y-globulin obtained from anti- 
sera of high titre by salt fractionation according to the 
method described by Kekwick*. Double precipitation 
with 18 per cent and 12 per cent sodium sulphate gave us 
a solution of y-globulin which, after overnight dialysis 
against distilled water, was resuspended in 0-9 per cent 
sodium chloride and neutralized to pH 7-6 with 0-1 normal 
sodium hydroxide; 2 mg of this y-globulin was given by 
intraperitoneal injection to a group of mice. Four days 
later these animals were injected with 100 ug of endotoxin, , 
and killed 16 h later. The concentrations of trans- 
glutaminase in the livers were estimated and the results 
were compared with those for a group which received the 
endotoxin alone. Statistical analysis of those results 
shows that there is a significant decrease in transglut- 
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aminase in mice pretreated with anti-transglutaminase 
y-globulin. 

In experiment 2 we used y-globulin obtained from 
another group of rabbits injected with purified trans- 
glutaminase. Crude y-globulin preparation was obtained 
using the method of Nicol and Deutsch’. We used only 
one precipitation with ethanol (20 per cent final concentra- 
tion) which gave a crude y-globulin preparation; after cen- 
trifugation the precipitate was taken in 0-9 per cent sodium 
chloride and adjusted to pH 7-6 with 0-1 normal sodium 
hydroxide. The further experimental procedure was 
similar to that already described. The transglutaminase 
levels were again significantly lower in this group of 
animals when compared with another group which did 
not receive y-globulin. 

Another group of mice was treated similarly with the 
y-globulin obtained from normal rabbits. This y-globulin 
had no influence on the usual rise of transglutaminase 
produced by injection of bacterial endotoxin. 

Yet another group of mice (experiment 3) received three 
injections of antiserum of high titre; 0-2 ml., 0-4 ml. and 
another of 0-4 ml. of antiserum were given subcutaneously 
on 3 consecutive days. On the day after the last injection 
the animals were injected with endotoxin. The trans- 
glutaminase levels remained at the same height as in the 
group injected with endotoxin alone, and statistical 
analysis shows that they do not differ significantly. 

Most antibodies to enzymes will inhibit the action of 
those enzymes when tested in vitro and many of the 
properties of enzymes and their actions were elucidated 
using the three component systems'*-4, Detailed analyses 
of the same system in vivo are scarce because of the lack 
of precise assay methods and because of the complexity 
of such reactions in a living animal. 

For the same reason, it is rather difficult to draw too 


-> many conclusions from our results, but the fact that the 


increase of transglutaminase after bacterial endotoxins 
ean be influenced in vivo by the specific antibodies to the 
enzyme makes possible further study of the role of trans- 
glutaminase in hypersensitive or autoimmune states. As 
reported previously, the increased activity in the enzyme 
after pertussis administration represents an increase of 
transglutaminase with the properties of the enzyme 
present in untreated animals. The specificity of the 
antibody against transglutaminase, and its subsequent 
inhibitory effect against such an increase, seems to 
indicate that we are dealing with an anti-transglutaminase 
action which can be studied using immunological tech- 
niques. 

Bacterial endotoxins are known to be strong adjuvants 
for antibody formation when given up to 48 h after, but 
not before, antigenic stimulation’®. Taliaferro and Jaro- 
slow?! proposed that the augmentation of the antibody 
response may depend on the presence of increased amounts 
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of nucleic acid derivatives releasetl {fom cells as. a result 
of damage by endotoxin. 

Cortisone given before, or simultaneously with, a lethal 
dose of endotoxin protects the majority of mice’. Kind’ 
reported protection from death due to histamine in mice 
injected with pertussis vaccine. In our previous work we 
have found?! that cortisone is able to reduce the increase 
of transglutaminase produced in mice by adninistratfon 
of bacterial endotoxin. The role of corticosteroids in sup- 
pressing the immunological responsiveness is well estab- 
lished, but their mode of action is not clear. Some of the 
responses may be due to their anti-inflammatory action’. 
We have shown that the rise of transglutaminase can play 
an important part in experimental autoimmune disease’. 
We used strains of mice which were completely sensitive 
and completely resistant to allergic encephalomyelitis®®. 
We were interested to find that the increase in liver 
transglutaminase after bacterial endotoxins can also be | 
significantly reduced by the anti-transglutaminase anti- 
bodies. ee es 

On purely biochemical grounds, and on the basis of 
our results, we suspect that transglutaminase. is involved. 
in the formation of tissue specific antigens. At present. 
the data permit only the general hypothesis that the 
enzyme is involved in one of the steps of the immune 
response. The preparation of the transglutaminase anti- 
sera may be useful in elucidating the particular location 
of the action of the enzyme. 

This work was supported in part by grants from the 
U.S. National Institute of Neurological Diseases and 
Blindness, and from the Supreme Council, Thirty-third 
Scottish Rite Masons of the Northern Jurisdiction, United 
States of America. 
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REVERSAL OF THE ATPase REACTION IN MUSCLE FIBRES BY EDTA 


By Dr. G. A. DREWS and Dr. W. K. ENGEL 


National Institute of Neurological Diseases and Blindness, National Institutes of Health, U.S. Public Health Service, 
Bethesda, Maryland 


THe myofibrils of striated muscle from humans and other 
species contain histochemically demonstrable nucleotide 
triphosphatase, called ATPase after the usual substrate. 
Within the myofibrils, this ATPase activity has been 
localized histochemically in the A bands, excluding their 
H band portion, in human skeletal muscle by light 
microscopy, and in rat heart by electron microscopy?-+. 
This is the same localization as that of myosin shown by 


fluorescent antibody'-!° and extraction''-'* techniques, 
and so the histochemical activity has been attributed to 
myosin ATPase. 

Human skeletal muscle consists of two basic types of 
fibres, which are morphologically and histochemically 
distinct throughout their length (Fig. 1), called “type $” 
and “type II” fibres. The muscles biopsied for diagnostic 
purposes (biceps brachialis, vastus lateralis, gastrocnem- 
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jus, deltoidius, ang Yibalis anterior) normally contain 
about an equal mixture and equal sizes of the two fibre 
types in a mosaic pattern, which is seen best in cross 
sections (Fig. 2). 
-The degree of myofibrillar ATPase activity is indicated 
by the amount of cobalt sulphide deposited. It is high in 
o TI fibres and low in type I fibres (Fig. 2). (Complete 
histochemical profiles of skeletal muscle fibres are de- 
soribed in detail elsewhere! 1*,) The different reactivities of 
fibres could be a reflexion of absolute differences in the 
total amount of myofibrillar ATPase; different phases 
of an activity-inactivity cycle; false quantitating techni- 
cal factors; or the activity of only one sub-type (isozyme) 
of myofibrillar ATPase in the histochemical conditions 
imposed. The last possibility has not received any 
theoretical or experimental histochemical support, 
although slight qualitative biochemical differences have 
been noted recently between myofibrillar ATPase from 
red and white muscles of animals?’. 





Fig. 1. Regular ATPase, longitudina ‘section with two dark type H 


fibres above, one light type I fibre below, {x e. 375.) 





Fig. 2. Fig. 3. 
Fig. 2. Regular ATPase, cross section, with type H fibres dark and 
type I fibres light. (x 150.) 
Fig, 3. ATPase activity reversed by EDTA, section serial to Fig. 2; 


type H iibres light and type I fibres dark. 


Fresh biopsies of human skeletal muscle were taken and 
rapidly frozen, cut on a eryostat at 10u, placed on cover 
slips, dried!*, incubated for 20 min in the histochemical 
medinm? (0-005 molar ATP, 0-02 molar sodium bar- 
biturate buffer, 0-018 molar calcium chloride, pH 9-4, 
37°C), and the colour was developed!*®. Control serial 
sections, not pretreated with ethylenedinitrilo tetraacctic 
acid (EDTA), were always incubated in the substrate 
medium with the test sections. The effect of incubating 
muscle seetions for 1 h in distilled water containing 
EDTA (with pH controlled by 0-1 molar hydrochloric acid 
or sodium hydroxide), washing in barbiturate buffer 
(pH 9-4) for 3 min, and then running the routine ATPase 
reaction (pH 9-4) was investigated. 

The effects were equal for EDTA concentrations of 0-01 
molar and 0-001 molar. When the pH of the EDTA solu- 
tion was less than 4-0, no ATPase activity was demon- 
strable. When EDTA was at pH 40-47, there was reversal 
of the activity of the fibre types, with maximum effect at 
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pH 45. This was a true reversal, with an increase of the 
activity of type I fibres and a decrease of the activity of 
type II fibres (Fig. 3). With EDTA at pH 48-54, both 
fibre types showed equal activity, with the greatest 
equality at pH 5-0. Above pH 5-5, the standard pattern 
of dark type II fibres and light type I fibres began to 
emerge, until pH 10-0. The histochemical localization of 
ATPase after treatment with EDTA at pH 4:5 was 
partly myofibrillar. There was certain activity of inter- 
myofibrillar structures in the specimens, but only the 
variations in the myofibrillar ATPase reaction after 
treatment with EDTA at pH 4-5 will be described here. 

The reversal of the pattern of fibre activity after 
pretreatment with EDTA at pH 45 was the same for all 
three nucleotide triphosphates ATP, ITP and UTP, 
but no staining was obtained when AMP, ADP and DL-%- 
glycerophosphate were used as histochemical substrates. 
ATP at 0-002 molar was as effective as at 0-005 molar. 
The reversal caused by EDTA (pH 4-5) was also the same 
when 0-6 molar potassium chloride was incorporated in. 
the ATPase incubation medium. The myofibrillar 
ATPase activity induced by EDTA was completely 
inhibited by 2-5 mmolar p-chloromercuribenzoate (PCMB) 
or 0-1 molar iodoacetate incorporated in the ATPase 
incubation medium. It was also totally inhibited by 
incorporation of N-ethylmalidimide (NEM) (0-03 mg/ 
10 ml.) in the EDTA (pH 4-5) solution used for pretreat- 
ment, followed by the regular ATPase solution with 
0-05 molar potassium chloride added. 

By contrast, no reversal of fibre types with regard to 
their standard pattern of ATPase activity was obtained 
by the following treatments. 

(a) Pretreatment of the sections for 1 h with ethylene 
bis (oxy ethylene nitrilo) tetraacetic acid (EGTA) (first 
dissolved in 10 molar sodium hydroxide) as 0-01 molar 
and 0-001 molar solutions in 0-1 molar sodium hydroxide 
at pH 4-5 and 7-0 (obtained by adding 0-1 molar hydro- 
chloric acid). At pH 4-5, EGTA inhibited all subsequent 
ATPase activity, and after treatment with EGTA at 
pH 7-0 the pattern of activity was the usual one, which was 
also true of the EDTA solution at pH 7-0. (6) Pretreat- 
ment of the sections with distilled water at pH 4:5 
and 5-0, adjusted with 0-1 molar hydrochlorie acid. 
(c) Pretreatment of the sections with PCMB (2-5 mmolar, 
pH 9-4) for 15 min?®%t, This inhibitor reduced activity in 
both fibre types, but the original pattern persisted. 
{d} Pretreatment of the sections with PCMB (2-5 mmolar, 
pH 9-4) for 15 min, followed by washing in 4-9 mmolar 
2,3-dimercaptopropanol (BAL) or 25 mmolar cysteine 
for 30 min at pH 9-4, both of which brought back activity 
but in the original pattern. (e) Incubation of the sections 
in the regular ATPase medium (pH 9-4) which in addition 
contained 0-6 molar potassium chloride, preceded by 
incubation in: 0-85 molar sodium chloride, pH 4:5 for 
l h; 0-6 molar potassium chloride, pH 4-5, for 1 h; 0-2 
molar sodium barbiturate, pH 4-5, for 1 h; or water, 
pH 4-5, for lh. 

The reversal in fibre pattern caused by treatment with 
EDTA could not be changed back to the standard pattern 
or even to a pattern of equal activity in both fibre types 
by any of the following processes carried out after incuba- 
tion in EDTA and before incubation in ATPase. (a) Wash- 
ing the sections in tris buffer (0-005 molar) at pH 7-4 
for 1 h and 16 h. (6) Dialysis against 0-6 molar potas- 
sium chloride and tris buffer (pH 7-4) for 16 h. (e) Incuba- 
tion of the sections with one of the following agents 
(in 0-02 molar sodium barbital buffer, pH 9-4) for 1 h and 
18 h, followed by incorporation of the same molar con- 
centration in the ATPase incubation solution: 10, 1, 0-1. 
0-01 and 0-001 mmolar magnesium chloride; 0-01 molar 
calcium chloride; 0-01 molar cobalt chloride; 0-01 molar 
zine nitrate; 0-01 molar manganese chloride; 0-01 
molar potassium chloride; 0-01 molar sodium chloride- 
0-0025 molar L-cysteine. (d) Incubation of the section: 
for 35 min in 0-02 molar barbiturate buffer, pH 4-5, con- 
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taining 10 mmolar calcium chloride and (or) 10 mmolar 
magnesium chloride, and incorporation of the same 
concentration of ion in the subsequent regular ATPase 
incubation solution. Additional incorporation into the 
ATPase incubation solutions of 2-5 mmolar L-cysteine or 
10 mmolar sodium sulphite after treatment with 10 
momolar calcium at pH 4:5. (e) Incubation of the sections 
in 12 mmolar NEM in ATPase buffer (pH 7-0) for 40 min, 
followed by the regular ATPase solution with 0-05 molar 
potassium chloride, pH 9-4. No ATPase activity was 
obtained in these sections. 

For comparison with histochemical investigations of 
myofibrillar ATPase, biochemical studies of myofibrils 
seem more appropriate than actomyosin studies and 
analysis of extracted myosin least comparable. There 
remain certain differences, namely: (a) the histochemical 
sections are always dried before investigation, and thereby 
possibly altered somewhat®, and (b) the basio histo- 
chemical reaction for ATPase used in the present investiga- 
tion is always carried out at pH 9-4 in the presence of 
0-018 molar calcium ions and no magnesium ions (except 
for possible contaminants in the tissue or in the ATP). 
These and other factors might be responsible for the fact 
that reversal of myofibrillar ATPase activity in red and 
white muscles has not been described biochemically. 

The two histochemical effects, activation of type I 
fibres and inactivation of type LI fibres, are both caused 
by EDTA, but the mechanisms are not necessarily identi- 
cal. The myofibrillar ATPase of type II fibres that is 
inhibited by EDTA has been attributed to myosin'+18, 
The ATPase of the type I fibres that is activated by 
EDTA treatment is of uncertain nature. 

The best known effect of EDTA is as a chelating agent. 
If this action is the significant one in the present investiga- 
tion, the action of EDTA may be to remove something 
from the myofibril (or adjacent region), or ıt may iteelf 
be bound to the myofibril and act as a blocking agent. 
The irreversibility of the EDTA effect may result from the 
fact that EDTA removes a substance that is different 
from those which were unsuccessful in reversing the 
EDTA effect; EDTA may remove & substance, resulting 
in irreversible changes in the ATPase protein; or EDTA 
may bind irreversibly to the ATPase protein. 

Neither the inhibition nor the activation effect of EDTA 
in our histochemical study could be reversed by prolonged 
washing to remove EDTA or replacement of ions which 
may have been chelated, that is, magnesium, calcium, 
cobalt, zinc, manganese, potassium and sodium ions. If 
removal of one or more of these ions was responsible for 
the effect of EDTA it was not easily replaceable. ‘The 
irreversibility produced by EDTA, whatever its mechan- 
ism, seems to be dependent on low pH, which could make 
the ATPase protein more susceptible to EDTA, because 
at pH 4:5 EDTA is a less effective means of chelation 
than at pH 7:0. According to some authors, EDTA is 
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not bound to myosin in 0-6 molare potassium chloride 
solution®?:33, while others suggest that EDTA and high 
concentration of ATP bind to myosin A at sites of tightly 
bound calcium®*, Binding of EDTA to myofibrils in tissue 
sections has not been investigated. If binding of EDTA 
plays a part in the phenomena reported here it is by a 
mechanism not readily available to EGTA, for example, 
through magnesium ions. Another possibility is that 
substrate inhibition of ATPase occurs in the type IL 
fibres after treatment with EDTA, because the inhibition 
of actomyosin ATPase (0:075 molar potassium chloride, 
slight magnesium) by excessive substrate is promoted 
remarkably by EDTA*. 

While the mechanism of reversal of myofibrillar ATPase 
activity caused by EDTA in type I and type IT muscle 
fibres remains uncertain, we suggest the possibility that 
this ATPase is present as a different isozyme in the two 
muscle fibre types, one activated by EDTA and another 
inhibited by EDTA. It is evident from this work that 
speculation regarding different functions of muscle fibres 
based on the degree of their myofibrillar ATPase activity 
requires great caution, because their relative degrees are 
reversed by EDTA. Histochemical reversal of the relative 
degree of another enzyme activity, lactate dehydrogenase, 
between the two muscle fibre types is also known. 

Mr. Guy Cunningham provided technical assistance. 
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SENSITIZATION TO SKIN ALLOGRAFTS AFTER KIDNEY PERFUSION IN RATS 
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Converse, Ballantyne and Woisky! have shown that a 

rabbit skin allograft must be in continuous contact with 

its host for at least 48 h to mduce sensitivity against 

further skin challenges from the specific donor. Similar 

results have been observed in mice by Henry and Dammin* 

and MoKhann and Berrian?. In dogs, however, perfusion 
* Established investigator of the American Heart Association. 


of a donor renal transplant for only 6 h is adequate to 
elicit heightened resistance to a second set kidney graft 
from the same donor in 650 per cent of the recipients‘. 
This rapid development of immunity to renal transplants 
in dogs might be produced by the early access of antigenié 
stimuli to the host by way of the direct vascular 
connexions. . 
e 
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As a result of these findings, we have undertaken a 
preliminary investigation to evaluate the ability of short 
term renal perfusion in recipient rats to incite the ac- 
celerated second set phenomenon when these animals are 
later challenged with skin grafts from the kidney donor‘. 
Strober and Gowans have described similar investigations 
with renal allografts in rodents’. The present work is 
intended to determine the time required to sensitize 
effectively host rate by kidney perfusion. 

Male and female adult rats of the outbred Sprague— 
Dawley strain were used as specific hosts. After the rats 
had been anaesthetized with pentobarbital, a skin mn- 
cision was made on the internal aspect of the leg to 
facilitate exposure of the femoral vessels; the artery was 
cannulated with number 50 polyethylene tubing, and the 
vein with a number 90 tube. Heparin (1,000 U.8.P. units) 
was given intravenously to each host. 

Kidney donors were inbred rats of the Lewis strain, 
weighing 100-200 g. After anaesthetization with pento- 
barbital, the left kidney and its associated vessels were 
exposed through a midline incision; later, heparin (1,500 
U.S.P. units) was injected into each donor. The sorta 
and vena cava were ligated cephalad to the origin of the 
renal vessels and the major abdominal vessels were 
cannulated with number 90 polyethylene tubes just caudal 
to origin of the renal artery and vein. These cannulae, 
about 2 in. long, were selected to provide a tight friction-fit 
with the tubes already inserted into the femoral vessels 
of the host; a short piece of number 160 tubing was used 
to couple the two venous cannulae. The period of renal 
ischeemis required to complete the vascular anastomosis 
in twenty-three recipients was 5-16 min with a mean of 
8 min. 

Each host perfused a donor kidney for a predetermined 
period varying between 30 min and 6 h. In all instances, 
the blood suppply provided the only contact between the 
host and graft tissues as the kidney was placed on a 
sterile gauze which was near to, but not touching, the 
host. At the end of the perfusion interval, the host 
femoral vessels were ligated, the kidney discarded, and 
the alin incision closed. 

The hosts were allowed to recover from the effects of the 
operations for 1-2 weeks; they were then given a code 
number and transferred from Cincinnati to New York. 
After acclimatization for 1 week, each Sprague-Dawley 
recipient received a fitted akin allograft measuring 1-3 x 1-3 
cm from an inbred Lewis rat according to the procedure 
previously described. All Lewis rats used in this in- 
vestigation were isogenic animals obtained from Micro- 
biological Associates (Bethesda), and therefore could 
serve interchangeably as specific donors. Commencing 
on the fourth or fifth day after skin transplantation, daily 
akin stereomicroscopy was used to evaluate the vascular 
changes in all skin until the time of the homograft 
reaction’. Rejection of a skin graft was taken as the time 
when complete cessation of blood circulation, thrombosis 
and haemorrhages in the graft vasculature were noted by 
stereomicroscopic observations. The individual who scored 
the survival of skin grafts had no information concerning 
the type of treatment used to sensitize each host. 

Dempster’ has demonstrated that the ‘“individual- 
specific’ antigens derived from a dog kidney can sensitize 
recipients to second set renal lants from the donor. 
In addition, if a second set skin allograft from the specific 
donor were now applied, it would be destroyed in an 
accelerated fashion (the second set phenomenon)??-}%, 
Work in the rat has shown that additional skin allografts, 
beyond the second set tissues, show no further shortening 
of survival time but are destroyed at a rate similar to that 
of second grafts’*4, provided that the time interval 
between the operations is selected to avoid a white graft 
reaction? 445, In the present work, these observations 
have been made the basis of a test system to evaluate 
host sensitization. Thus, in this report, a second skin 
graft from an isogenic donor was applied to each specific 
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host within 2 weeks after the rejection of a first set chal- 
lenge graft. The two seta of skin grafts transplanted 
according to the schedule already described tended to be 
rejected in approxmately the same time when the 
hosts were adequately immunized by exposure to antigens 
from the donor kidney. Thus, when the second challenge 
skin graft showed a survival time similar to that for tho 


b; 


first graft, the recipient was considered to have been + 


effectively sensitized by the renal perfusion. On the other 
hand, when the second challenge skin graft was rejected 
faster, even by 1 day, when compared with the first 
challenge, the hosts were judged to be unimmunized by 
the renal perfusion. 

Table 1 illustrates the findings in twenty-three control 
animals in which skin from the isogenic Lewis strain was 
transplanted to normal and unconditioned Sprague— 
Dawley recipients. The mean survival time for the first 
set skin allografts was 10-8 days with a range of 7-17 days. 
The specific second set grafts survived for an average of 
6-8 days with a range of 6-12 days; the difference in the 
mean survival time between the first and second set akin 
grafts was 4 days. For some unknown reason, in one 
instance out of the twenty-three controls, the first and 
second set grafts showed similar survival times. In the 


remaining twenty-two animals, however, the second set ¢ 


graft was destroyed in an accelerated fashion. 

The mean survival time of third set grafts in the 
controls (Table 1) was 6-7 days which is similar to that 
noted for the second set tissues. In only one out of the 
eight rate was the difference in survival time between the 
second and third grafts more than 1 day. A difference of 
only a single day in graft survival can be attributed to the 
experimental procedure in whichone daily stereomicro- 
scopic examination was made. In the rapid course of an 
accelerated rejection the end point in an individual rat 
could have been missed by a few hours. 


Table 1. SURVIVAL OF SKIN ALLOGRAFTS IN TWHNYY-THREY UNTREATED 


(Donors, inbred Lewis; hoste, outbred Sprague-Dawley) 


(Days) 
Difference between first 
First set Becond set Third set and second set survival 

11 6 6 5 
17 12 7 5 
10 7 6 8 
10 8 7 2 
11 8 8 5 
4 S 7 1 
18 6 6 7 # 
11 7 4 
10 9 1 

9 6 3 
14 5 9 é 
10 6 4 ha 
16 6 10 

9 F 2 
10 8 2 
12 6 6 
10 7 8 

7 7 0 

7 6 1 

8 6 2 
16 6 10 

7 6 1 

Average 108 6-8 6-7 


The results in Table 2 show the effect of sensitization by 
renal perfusion on the host response to first and second 
set challenge skin allografts. The recipient animals were 
divided into four groups according to the time interval 
of perfusion. The mean period for survival of first challenge 
grafts for each group varied from 10 to 13 days. For these 4. 
animals, the mean survival of second challenge grafts 
was between 7-7 and 9 days. It is obvious that average 


survival periods do not enable clear distinctions to be * 


made among the four groups; however, because successive 
grafts were transplanted to each host, the difference in 
survival time between the two challenge grafte on in- 
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dividual animals can be contrasted. Thus, each recipient 
can be evaluated independently of the group and each 
serves as its own control. 

When each animal is considered separately, it is ap- 
parent from the resulta shown in Table 2 that none of the 
recipients in group 4 was successfully immunized after a 
renal perfusion interval of 30 min. In group B, one out of 
mx rats treated with perfusions for 1-5—2°3 h showed height- 
ened resistance as evidenced from the identical survival 
times for both the first and second challenge grafts. In 
group O following a 3—4 h perfusion, two animals were 
effectively sensitized. When the donor kidney was per- 
fused by the host circulation for 5-6 h, three of the five 
hosts showed positive reactions because they demon- 
strated the same time course for rejection of their first 
and second challenge grafts. 


Table 2. EYFRCT OF ee PHRYUBION ON Host Ragronsx TO CHALLENG- 
@ BELT Rats 


GRAFTS IN 
Donors, inbred Lewin; host, outbred Sprague~Dawley 
Difference in survival 
Group Perfamon Challenge skin survival (days) between first and 
(h) First graft Second graft second graft (days) 
A 0-5 7 2 
05 12 8 4 
0-5 10 8 2 
05 9 7 2 
0:5 10 8 2 
0-5 12 8 4 
Average 10:8 T 
B 1:3 1 8 3 
15 9 8 1 
1-5 12 7 5 
15 8 8 0 
2 2A 8 16 
2-3 14 10 4 
Average 18 8 
Qo 3 6 6 0 
3 7 6 1 
3 18 8 5 
8 20 13 7 
3 7 7 0 
4 iL 6 5 
Average 10-7 77 
D 5 10 10 it 
5-75 15 12 3 
6 8 8 0 
6 7 7 0 
6 9 T 2 
Average 10 9 


A point which must be considered with the present test 
system is the possibility that the antigenic stimulus 
responsible for inducing transplantation immunity derives 
from the donor white blood cells which were already lodged 
in the kidney tissue and the renal vascular system at the 
time of its excision from the donor animal. During the 
perfusion procedure, these cells may be washed into 
the host and later provoke the production of antibodies 
against donor grafts. As indicated in Table 2, the pro- 
gressive incidence of sensitized animals 1s related to the 
increasing perfusion interval. These observations suggest 
that loosely attached cells in the kidney do not provide 
all the antigenic stimulation in sensitization by renal 
perfusions because, even during the shortest interval 
used, more than 100 ml. of host blood passes through the 
rat kidney. Such & volume should easily wash out any 
donor cells trapped within the renal vascular system. If 
such cells were important in host sensitization, it would be 
expected that even perfusion for 80 min would be 
sufficient to immunize a significant number of the recipients 
tested. 

In order to determine whether living cells washed out 
of the kidney by the host blood supply eventually produce 
the heightened resistance in the host, four additional 
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experiments were carried out, In éhis test, two separate 
perfusions of kidneys from Lewis rats’ were performed for 
1-5 h in each of the Sprague-Dawley hosts with a 7 day 
interval between them. The animals were then tested 
with two successive challenge skin grafts. The stereo- 
microscopic findings showed a considerable decrease in the 
period of homograft rejection between the first and second 
challenge skin grafts, with a mean difference of 2-5 dats 
between the successive grafts. This indicatés that the 
dislodged renal or blood cells are not likely to participate 
in the formation of hypersensitivity, otherwise an ac- 
celerated rejection of the first challenge skin should have 
occurred. 

Finally, two other experiments were performed in which 
the vascular system of the donor organ was “washed” out 
with 2 ml. of host blood before perfusion for 6 h. In one 
animal the second challenge graft showed no further 
shortening of survival time, but was rejected at the same 
rate as the first. From the resulta in Table 2 ıt would be 
expected that, on the average, one in two teat recipients 
would have been effectively sensitized by perfusion of 
6 h; it appears that the deliberate washing out of the 
donor cells from the renal vasculature failed to alter the 
host sensitization toward the repeat set skin grafts. From 
these experiments, it can be concluded that donor white 
blood cells released into the host blood circulation were 
not the chief source of antigen from the perfused kidney. 
A previous investigation with dogs also demonstrated 
that donor white cells carried over to the recipient with a 
renal transplant did not elicit transplantation immunity 
in the recipient*. 

It is concluded that perfusion of a kidney transplant 
in the rat for 5-6 h was adequate to immunize at least 
one out of two recipients. Shorter intervals of perfusion 
sensitized correspondingly fewer animals. These findings 
contrast with previous investigations! of skin grafts in 
which at least 48 h was required to condition a normal 
animal; this relatively long period needed for sensitization 
with skin may simply reflect the time required for new 
growth of blood and lymphatic vessels, thereby permitting 
adequate entry of antigen into the recipient or of host 
cells into the graft. 

The present results agree qualitatively with those of 
Strober and Gowans*, who showed sensitization after 
perfusions for 5h, but not after 1h. On the other hand, our 
work shows some sensitized rats with perfusion intervals 
as short as 1h. The differences in these observations may 
in part be accounted for by our use of successive grafts 
to detect individual host sensitivity. Under these con- 
ditions, positive responses in a given animal were not 
negated by exceptionally long survivals of grafts in others 
within a given test group. 

We thank Mrs. Charlotte Jackson, Mr. Byron Pappas, 
Miss Gail Hawthorne and Mr. Barry Gradman for tech- 
nical assistance. We also thank Dr. ©. A. Stetson, jun., 
for many helpful suggestions. This work was supported 
by a contract with the U.S. Atomic Energy Commission 
and the John A. Hartford Foundation, Ine. 
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LETTERS TO 


ASTRONOMY 


Density Evolution Hypothesis for Quasars 


ASSUMING that the red-shifts of quasars are cosmological, 
Longair’, and Roeder and Mitchell’, have suggested that 
the present available distmbution of flux-densities at 
178 Mo/s, S174, of quasars against red-shift implies that the 
radio luminosity, P, of quasars which exist at cosmic 
epoch ¢ is a decreasing function of t. This would be an 
important conclusion for cosmology, because the natural 
inference is that the anomalous steep radio source counts 
are also due to this evolution in luminosity, rather than to 
any variation in the spatial density of sources. This 
conclusion seems premature, however, because the present 
available data for quasars can also be interpreted as the 
result of a decrease ın the source density with t. 

The arguments of Longairt, and of Roeder and Mitchell’, 
which involve comparing the brightest luminosities found 
for quasars in different ranges of red-shift, might have some 
force if there were some physical significance to be 
attached to the brightest luminosity attained by quasars 
in any region of space. It seems more reasonable, how- 
ever, to think of the distribution of luminosities as due to a 
probability dispersion. That is, taking any partioular cos- 
mological model we suppose that the number of sources 
per unit comoving co-ordinate volume at the cosmic epoch 
corresponding to red-shift z, having log,,P m the range 
F to F+ dF, is of the form 


plz) . AF—F(2)}. dF 
(the luminosity function) 


SPUI a 


and p(z), F(z) are given functions of z. 
Then the total number of sources per steradian that 
exist out to red-shift z would be 
Z 
p(x) r*(x) dr(x) 
so = | 
@) A {1+} k r(x} (2) 


where r(z) is the co-ordinate distance, and k the curvature 
in the given cosmological model. 

Two particular cases of (1) have been considered by 
Davidson’, and more recently by Longair‘, in efforts to 
account for the steep Cambridge radio source counts. 

(a) The “luminosity evolution hypothesis”, p(z)= po 
constant, and (b) the ‘density evolution hypothesis”, 


F(z) =F, constant. In case (a) F(z) was taken to have the 
form 


(1) 


OO 
where | 


Fle) =Fotm logis (1+2) 
and in case (b) p(z) was taken to have the form 
e(z)= po(1+2)¥ (4) 


both these evolutions being truncated at an epoch cor- 
responding to some red-shift z,, that is p(z)=0 for z>z, 
(the particular value of z, does not affect the present work 
provided it is greater than 2). To obtain consistency at 
178 Mc/s with the source counts, the integrated back- 
ground, and the observed n,.(}).d} distributions (the 
‘number of sotirces having log,,P in the range F to F +d¥, 
which are observed to have flux-densities greater than S), 
Longair‘ found it necessary to suppose that the evolutions 


(3) 
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represented by (3) and (4) only occurred for the brightest 
radio sources, which he tentatively identified with the 
quasars. 

Given a sample of sources with known red-shifte, 
luminosity functions of the form (1) may be tested by 
considering the distribution of {}—F(z)} against N(z): 
the number of sources in any range of ‘‘corrected’’ 
luminosity per unit “weighted”? volume should be inde- 
pendent of z. The form of the probability function p does 
not affect this test. Thus we can test hypotheses (a) and 
(b) for quasars by plotting 


FP" =F —m logis (1 +z) (5) 


against 
Shee _ [FU +2)¥ r(x) de(a) 
H(z) = N (z)/Po =f fl +4% r¥(2)}8 (8) 
where 
{r3(z)} (1+z) 


J = logros + logio +a logye{1 +z) (7) 


{1+ dk re) 
S (W m o/s-) is taken from the revised 30 catalogue, 
the spectral indices a from Kellerman, or Pauliny-Toth, 
Wade and Heeschen*, and the red-shifts z from refs. 7-9. 
The errors involved in this procedure due to departures 
from the spectral form S(v) a v~* are largest for the sources 
of largest red-shift, but are unlikely to be larger than 
+0-1 in F (our units for ¥ are the most natural for this 
type of analysis, and may be converted to logio (W 
ster-! ¢/a-1) by adding 2 log,,0 to to the right-hand side of 
equation (7), where c is the velocity of light in m/sec, and 
t, is the Hubble time in sec, that is by adding 52-13). 








<M (z), M = 5-7 
Fig. 1. Serer A of quasars at 178 Mo/s against “weighted” volume in 
2 


the Binstein-de Sitter model. Curves representing the 8C cutoff for 
various values of the tral index are shown. Rectangular boxes 


speci 
marked A, B respectively should contain equal numbers of sources on the 
denmty evolution hypothesis. 


The two cases suggested by Longair* for the Einstein—de 
Sitter model (k=O, r(z)=2{1—(1+z)4}) are shown in 
Fig. 1 (density evolution: M=65-7, m=0) and Fig. 2 
(luminosity evolution: M=0, m=3-0), respectively. The 
cut-offs umposed by the 30 limiting flux level of 9 flux 
units (10-3* W m~! c/s-!) depend on the spectral index 
a, and we have drawn the cut-offs appropriate to «= 0-6, 
0-8, 1:0. Then if equation (3) holds, the three regions of 
Fig. 1 denoted by the letter A should contain equal 
numbers of sources, and similarly for the regions denoted 


~~, 


ay 


` 


oe 
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by B. And if equation (4) holds, equal numbers of sources 
should be found in the regions denoted by O, and by D, 
respectively, in Fig. 2. The numbers found are A: 3,2,2; 
B: 1,1,1; and O: 5,5,4; D: 0,4,3. In view of the 
smallness of the sample, it cannot be said that either the 
luminosity or density evolution hypotheses are inconsistent 
with the present available data, in the Einstein—-de Sitter 
model. A similar situation will obtain in other cosmo- 
logical models (different values of m and M will be re- 
quired, of course, to obtain consistency with counts, etc.), 
with the exception of the steady state model. 








1. 
0-05 0-10 0-15 0-20 
t(z) 
Fig. 2. “Corrected” luminosity of quasars against volume in the Kinstem— 


de Sitter model. Rectangular boxes marked O, D respectively should 
contain equal numbers of Sd on the luminosity evolution 


This latter model requires M and m to be axiomatically 
zero, and Fig. 3 shows the distribution of luminosity 
against volume (k= 0, r(z)=z in equations (6) and (7) ). 
Rees and Sciama? have pointed out that the present data 
are not consistent with that model, by considering the 
S—z diagram: this inconsistency is even clearer in Fig. 3. 
Equivalent regions of the diagram are denoted by #, by F, 
and by @ respectively, and the numbers found are H: 
0,1,3; F: 1,0,4; G: 1,3,8, showing a systematic in- 
crease with red-shift of the numbers found. This method 
of presentation has the advantage that it takes account 
of the large dispersion in spectral indices found among 
quasars: the work of Rees and Sciama assumed that 
x = 0-8 for all quasars. 





0-05 


0-10 
(2) 
Fig. 8. , Luminoalty of quasars against volume in the steady state model. 


O15 0-20 


In conclusion, although it is not possible, in other 
cosmological models, to test between the luminosity and 
density evolution hypotheses for quasars by means of 
identifications in the 30 catalogue, a sufficiently large 
number of measured red-shift of quasars in the 40 
catalogue (limiting flux level 2 flux units) should make it 
possible to test between these hypotheses. 

I thank my supervisor, Prof. W. H. McCrea, for advice 
and criticisms, and Dr. D. W. Sciama, Mr. M. Rees and 
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Small Diameter Components in the Crab 
Nebula at 1,422 Mc/s 


Previous radio surveys of the Crab nebula at frequencies 
greater than 80 Mc/s show a generally smooth and slightly 
asymmetrical distribution of radio brightness with an 
angular extent of about 5 min of arc. The spectral 
index of this radiation is quite umform over the source 
(approximately — 0-25 to —0-35) and can be explained 
as synchrotron emission. Recently, considerable interest 
has been aroused by the detection at Cambridge of a 
small diameter source which comprised 30-50 per cent of 
the radiation at 26-5 Mc/s. This source was found to 
have an extraordinarily high spectral mdex (— 1:2), so 
that at 408 Me/s it contributes only about 2:5 per cent of 
the total flux. Subsequently, observers at Parkes? reported 
the results of a lunar occultation at 404 and 1,420 Mo/s. 
In addition to the large scale structure, smaller com- 
ponents of size less than 1 min of arc were also detected 
at both frequencies. These were found to correspond to 
regions of intense optical emission, and are labelled A, B 
and O in Fig. 1. 

The purpose of this communication is to report recent 
observations of the Crab nebula using the Jodrell Bank 
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Fig.1. The various radio features are shown superimposed on the optical 
polanzation map of Woltjer’. The dotted parallelogram sh the 
possible limite on the position of the ved s0 
marks the low frequency oe ee ven by An etal.*®; the * 
X-ray source lies along the line X—2X’. oltjer’s Gagran is centred on 
R.A. 05 h 81 m 81-58, Deo. +21° 58° 55” (1950 0), which us the south- 
west component of the central double star. The top left ıs the north- 
east corner. (Scale: 5 4 divisiop 1’ arc.) 
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Mark I-Mark II interferometer at 1,422 Me/s (ref. 4). By 
tracking the Crab at many hour angles the fringe ampli- 
tude and phase were measured at a number of projected 
baselines up to 2,000 4. At projected spacings greater than 
about 800 2 the large scale structure iscompletely resolved, 
so that at these baselines-the fringe visibilities represent 
oly the small scale components. Each antenna responded 
to right hand circular polarization. 

The most distinguishable feature is an apparently un- 
resolved source of flux density 7-5 + 1:6 x 10- W 
m-~* (o/s)-! situated in the north-west region of the 
nebula within the boundaries shown by the broken lines 
in Fig. 1. In addition, an upper limit of 1-5 x 10°* W 
m~? (c/s)-+ (0:14 per cent of the total intensity) can be 
placed on any unresolved component at the position S of 
the low frequency source which was reported by the 
Cambridge observers. This implies that, if their position 
is correct, the spectrum must cut off sharply between 408 
and 1,422 Mc/s, with a special index in excess of — 2:5 at 
the latter frequenoy. 
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In view of the fact that the Parkes occultation results? 

also failed to reveal this source, we shall consider an 
alternative possibility, namely, that the low frequency 
source is not in the position S but is the source reported 
here. Its spectral index would then be constant up to 
1,422 Mo/s, since the 21 om flux lies almost exactly on 
the extrapolated spectrum of the slope —1-2 (Fig. 2). 
Furthermore, it would not have been detected at 404 or 
1,420 Mo/s in the Parkes occultation measurement because 
it is situated near the boundary of the unocculted portion 
of the source. Even if it were just inside the occultation 
boundary the component of motion normal to the Moon’s 
limb would probably have been too slow to render it 
detectable. This alternative location of the low frequency 
source would imply a re-interpretation of only the 
occultation emersion. profile at 26-5 Mo/s (ref. 2), which 
appears to be much less distinct than that obtained at 
immersion. Further, it is possible, as Davies et al.* have 
suggested, that the subsequent Cambridge 408 Mejs 
interferometer measurements? correspond to the features 
A, B and O found from the Parkes occultation rather than 
the low frequency source by itself. From lunar occulta- 
tions of the Crab at 4 1:4, 5 and 7-5 m, Artyukh et al.5 
found three small sources. The position quoted for one 
of these (II) is consistent with the small source reported 
here, but its spectrum appears to be at variance with our 
resulta. 
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Additional components are also in evidence in the 
interferometer results at 21 om. Our limited number of 
baselines are not sufficient, however, to specify them 
completely. It appears that, if these components are 
single and gaussian in two dimensions, there are more 
than two, and their individual sizes are in the range of 
0-3’ to 1’ arc. They comprise approximately 3-5 per cent 
of the total power. This is consistent with the concen- 
trations observed in the Parkes occultation. 

An interesting question, not yet resolved, is whether 
there is any connexion between the X-ray source* and the 
low frequency source. Although the alternative position 
of the low frequency source is now much closer to the 
line containing the centroid of the X-ray source (Fig. 1), 
the two positions do not appear to coincide exactly. 
Nevertheless, some association seems likely in view of the 
extremely high surface brightness of the low frequency 
source. Fig. 1 also shows the positions of stars which lie 
close to the low frequency source in order of their angular 
distances from the most probable position. On the con- 
tinuum photograph taken by Baade® there is a more 
intense region centred 0-7’ west and 1:2’ north of the 
double star at the centre of the Crab, which appears to 
be surrounded by a faint ring-like feature about 0-6’ in 
diameter. This also coincides with a magnetic field 
anomaly shown in the optical polarization measurements 
of Woltjer’. Changes in light intensity in this region have 
been reported by Oort and Walraven". 

All these features suggest that there may be a centre 
of intense activity in the north-west region of the Crab 
nebula. Further detailed investigation of this region may 
well elucidate some of the problems concerning both the 
X-ray source and the low frequency source, and their 
connexion with the history of the supernova. 

I thank Dr. R. G. Conway for his interest and col- 
laboration in the observations, and Professor F. G. Smith 
for his encouragement. This work was carried out during 
the tenure of an Overseas Special Scholarship from the 
National Research Council of Canada. 
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PLANETARY SCIENCE 


Evidence other than Optical Radar 
Backscatter for the Existence of an 
Accumulation of Dust between 70 and 140 
km at Low Latitudes 


Two groups of workers!* have reported enhanced back- 
scattering at low latitudes from the region of the upper 
atmosphere between 70 and 140 km, and their observa- 
tions have been interpreted as indic_ting the existence of 
accumulations of meteoritic dust in that region. Others: 
have doubted the existence of the backscattering fram 
heights above 75 km and thus to the dust region. I would 
like to point out that other evidence is available that makes 
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the existence of the dust region, and thus the back- 
scattering, reasonably certain. 

There is likely to be dust in this region because the 
observable paths of most meteors are known to lie between 
65 to 100 km5. There are accumulations of dust in this 
region because noctilucent clouds are observed’ and even. 
artificially created’. The particles at the noctilucent 
cloud level (75 to 98 km) have been sampled directly* 
with rockets both when the clouds were present and when 
they were absent. Tho results yield an integrated size 
distribution of the nuclei of particles of noctilucent 
clouds. They also yield the total concentration in a verti- 
cal column through the noctilucent cloud, and direct 
evidence that the nuclei have fluffy, filamentary shapes. 
When the noctilucent clouds were absent, the total particle 
concentration was at most one thousand times less than the 
8 x 10° particles per am? which was the density when 
noctilucent clouds were present. The scattering function 
expected from these noctilucent cloud data is calcu- 
lated below. Finally, Milarov® has measured the bright- 
ness of the day-sky at these heights in the absence of nocti- 
lucent clouds with a rocket-borne photometer and found 
clearly defined scattering layers at 85 km for the middle 
latitudes in Russia and 92 km for the northern latitudes. 

The scattering function expected for the sounding data 
on noctilucent clouds will now be estimated and then 
compared to the measured values. If it ıs assumed 
that there is some peculiarity in the mesopause which 
causes the occasional thousand-fold increase in concentra- 
tion'*, then it is reasonable to assume that the lower 
concentration prevails at this height throughout the lower 
latitudes. (The dust seems to be made visible as noctilucent 
clouds by this increase in concentration. The formation 
of coatings of a volatile substance’ has been calculated 
to yield no increase in scattering if the coating smooths 
the fluffy surface of the nuclei while increasing their 
diameters.) If the size distribution remains the same at 
the lower concentration, therefore, the total scattering 
function can be calculated for the distribution. The cross- 
section used for each particle size was that calculated by 
Colombo and Fiocco! for totally reflecting spheres illumi- 
nated with ruby light. An enhancement of each cross- 
section by a factor of ten was considered a fair estimate 
for the actual particles. 

The total scattering function so found for the lower 
concentration in the 85 km region is about 2 x 10-3 
om-', (A thickness of 4 km was assumed for the noctilucent 
cloud region®.) In view of the particle shapes the esti- 
mated scattering function could be expected to increase 
by the factor of ten to 2 x 10-4 om-!. The resulte of 
Mikirov® agree quite closely with the latter 
number. This latter value of the calculated 
scattering function should now be com- 
pared with the optical radar values. 
Colombo and Fiocco! quoted approximately 
10-12 cm- for the region 70 to 140 km. 
McCormick et al.* found approximately 
10-42 om for the 120 km region. More 
recent data" place the measured value of 
the scattering function for the 70 and 
90 km region at approximately 10-24 em~}. 
Preliminary results of Clamesha et al.” 
also yield a scattering function of 10-4 
cm~ at 75 km. The Rayleigh scattering 
function expected for the U.S. Standard 
Atmosphere™ at 85 km is 3 x 10-5 om~. 
Thus the observed scattering function of 
10-2 om at 85 km is clearly above 
Rayleigh scattering from a model atmo- 
sphere and indicates an accumulation of 
dust in that region. 

The agreement between the other 
evidence’- for the 85 km dust region 
and the backscatter evidence® #113 makes 


the existence of the dust region and areas 
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the reported backscattering from, it reasonably certain. 
This work was supported in part? by grants from the 
U.S. Advanced Research Projects Agency and the U.8. 
National Aeronautics and Space Administration. 
S. K. Poutrnny 


University of Maryland. 
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The Breconshire End-moraine 


CHARLESWORTH! wrote that the Newer Drift glaciation of 
Wales reached Swansea Bay and included much of the 
Vale of Glamorgan (Fig. 1). Recently the line of the 
“South Wales End-Moraine” has been modified? along its 
western , and Bowen? believes that... “The last 
glaciation of Gower must .. . be Saale”, which 
modification of part of the southern limit of Charlesworth’s 
line. 

The superficial material of the Brecon Beacons, once 
mapped as glacial‘, is now thought to be mainly peri- 
glacial’. Only cirque-glaciers existed on the Beacons 
during the last glaciation, the longest being that of Cwm 
Cerrig Gleisiad (1,440 m, 4,900 ft.). Outside the morainic 
material deposited by these glaciers lies solifluction debris, 
often 30 m, 100 ft., or more thick. Pemglacial material is 
also widespread on the Fforest Fawr, the westwards 
continuation of the Beacons. Solifluction deposits are 
no less common south of the mountains, from whence 
ice was posed to have moved towards the Bristol 
Channel?, Partioularly fine solifluction terraces exist 
in the upper Tawe valley, which, Charlesworth stated, 
contained “ .. . a big glacier”, during the Newer Drift 
glaciation. 

North of the Beacons the Usk is filled with glacial 
deposits, while the right-bank tributaries, especially the 
Caerfanell and Tarell, contain kame deposits across their 
mouths. Upstream only periglacial (solifluction) deposits 





Fig. 1. Glacial limta in Southern Wales. A, The South Wales end-morfin 


1920). B, The Smestow cold period or Liandaf moraine Ntohell. 1090): 
end-moraine, D, The probable continuation of the seme 
moraine, “Arrows indicate the probable direction of ice flow. 
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mantle the tributary v valleys. The same pattern 1s repeated 
for valleys which run north off the Fforest Fawr. Kame 
deposits do not extend more than 3-5 miles up these 
valleys. In addition, ridges of glacial drift occur on 
Mynydd Illtyd, a plateau at 300-360 m, 1,000-1,200 ft. 
O.D., as if deposited against the flanks of the mountains. 

The Usk is largely floored with kame deposits on both 
sid@& of the river. Pocock* wrote that terraces led down 
from the nk Md of the Beacons to merge with the south 
bank kame terrace of the Usk, believing them to be lateral 
deposits of glaciera which fed into the Usk glacier. These 
terraces are now thought® to be periglacial, the kame 
deposits of the Usk blocking the valley mouths. One 
cannot, therefore, accept that during the last glaciation 
of this area glaciers fed off the Beacons into the Usk. 

The kame-like deposits of the Usk west of Talybont 
contain Silurian erratics’ derived from outcrops north of 
Brecon, from the Eppynt or from the region around 
Builth Wells. Ridges of drift exist on top of general 
deposits on the valley floor near Llandetty church where 
the valley is constricted, which may be crevasse infillings. 
If these ridges are crevasse infillings, they indicate the 
existence of a glacier which moved eastwards towards, 
or past, Abergavenny and melted in situ. If this is the case, 
it is possible that the ice mass west of Talybont also melted 
tn stu. This explains the presence of kame-like deposits, 
not always identifiable as kame terraces, in the Usk valley. 

The lowland of the Llynfi and its tributaries between the 
Usk and Wye is floored mainly with glacial deposits, 
many of which look like kames. Silurian erratics occur 
in this region which can only have been derived from 
areas to the north. No distinguishable terminal moraines 
exist in the region or in the Usk valley west of Talybont. 
Within the Wye terminal moraines occur as far east, at 
least, as Hereford!:?:, becoming smaller upstream. I 
am not aware of moraines crossing the valley above 
Builth, which appears to be buried under material de- 
posited by dead or slowly moving ice. 

The Eppynt (475 m, 1,550 ft. O.D.) is partially cloaked 
with glacial debris varying from boulder clay to kame and 
glacio-fluvial deposits. There are deposits of boulder clay 
within the Radnorshire valleys east of the Wye, while 
drumlins exist on the plateau between the Wye and Bach 
Howey which indicate movement of ice eastwards. Ice 
movement off the higher parts of this plateau into the 
Bach Howey at a later date is evidenced by moraines in 
the valley. 

The nature of the glacial deposits suggests that those of 
the Usk and Llynfi lowlands formed with and beneath 
stagnant ice, while those of the Wye, with its terminal 
moraines and terraces, were formed by active ice. The 
Wye area is complicated in that the part between the 
river and the Black Mountains is an area of kame-like 
deposition. Pocock® referred to this as a kame terrace, 
although there is no comparable terrace on the north 
bank of the river. Thus dead ice deposits occur between 
the Wye and the Black Mountains while the valley floor 
18 characterized by deposits of active ice. Upstream from 
Builth Wells there is a similar association, drumlin-lke 
features occurring near the Wye, while the lowland 
towards Llandrindod Wells is mantled with deposite 
of dead ice. The drumlinoid features may have been 
formed by ice moving sluggishly in an almost stagnant 
ice-field. The same pattern of 1ce movement may have 
occurred in the lower part of the valley. 

The escarpment of the Black Mountains and its continus- 
tion, Mynydd Llangors, rises to the soyth-east of the Llynfi. 
This is thrice breached, at about 590, 320 and 345 m, 
1,780, 1,080 and 1,140 ft., O.D., but there is no evidence 
that ice passed through these breaches during the last 
glaciation, although in pleces along the escarpment 
boulder clay occurs at altitudes of about 350 m, 1,250 
fe. This appears to be an older deposit than that of the 
Radnorshire hills or Eppynt. Overflow channels also exist 
at altitudes around 350 m, 1,250 ft., in this region, al- 
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though it is not known when they were operative. The 
kame-like deposits along the foot of the Black Mountains 
continue into the Llynfi lowlands and have an upper sur- 
face around 150 m, 500 ft., and a series of small channels 
appears to flow eastwards, at altitudes of around 140 m, 
450 ft., out of the Llynfi basın. These culminate in a major 
channel which is entrenched some 25 m, 80 ft. below the 
general level of the plateau which lies between the south 
side of the Wye at Glasbury and the Black Mountains. 
It discharged into the main Wye valley at Ffordd Fawr. 
Less well developed channels also exist in the area. I 
believe these carried the sub-glacial drainage from the 
Llynfi lowlands into the Wye when these lowlands were 
covered with stagnant ice and I suggest that the kame-like 
deposits of this area formed when the sub-glacial water 
table was linked with these channels, because kame 
deposits are not found at altitudes much higher than the 
floors of these channels. 

The deposits within the Usk, tonguing into its right- 
bank tributaries, suggest the former existence of an. ice- 
sheet supplied from the north which pushed-up against 
the Beacons and melted tn situ, depositing kames. The 
upper level of kame deposition, in the west of the area, 
is around 250 m, 800 ft. Eastwards the altitude declines 
to about 150 m, 500 ft. at Talybont. This suggests that 
the sub-glacial drainage of the Usk region was to the east, 
and was separate from that of the Wye. There is therefore 
no difficulty in interpreting the kame deposits of the Usk 
and Llynfi/Wye as forming under the same ice sheet, 
although their upper level of deposition differs by as much 
as 100 m, 300 ft., as they formed in different sub-glacial 
drainage basins. 

The glacial deposits on Mynydd Lltyd differ in character 
from the kames of the valley as a result of the different 
altitudes at which the two deposits occur, the kames being 
formed below the water table in the ice. 

The reason why ice in the Usk basin stagnated in situ 
is now apparent. Ice entered the area from the north. 


As the ice melted the high ground of the Eppynt divided 
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the ice sheet into two parts, one in the Builth Wells 
lowlands and one in the Usk valley. Consequently the ice 
to the south became dead and melted in situ, as in the 
Llynfi basin. The Wye, however, is aligned north/south 
for some 10 miles below Builth Wells so that, as the ice 
sheet decayed, a valley glacier was still able to exist in it. 
The terminal moraines in this section of the valley testify 
to the existence of the glacier. 

Although the southern limit of this ice sheet has been 
traced, little is known about its other borders. Watson®-!2 
has shown that the area between the east/west watershed 
of Wales, south of the Dyfi/Severn line, and around Cardi- 
gan Bay, was free of ice during the last glaciation and that 
periglacial (solifluction) terraces exist in the Wye valley 
above Llangurig!*. Pissart?? also described pingos near 
Llangurig, developed on outwash material. This suggests 
that the ice sheet lay east and south of Llangurig, pro- 
bably on the semi-circle of high ground around Rhayader. 
The western limit of the ice may be represented by the 
Tregaron moraine, and it is unlikely to have spread north 
to the Severn. 

I believe that a local Mid-Wales ice-cap existed during 
the Last Glaciation and that much of it melted tn sttu, 
the southern limit of the ice cap being the Breconshire- 
end moraine. 

I thank Mr. E. Watson and Mr. F. Synge foi their 
advice and encouragement. 

C. A. Lewis 

Department of Geography, 
University College, Dublin. 
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Clara-Knockrath Unconformity in South-east 
Ireland 


During a recent re-examination of the Trooperstown 
Hill area, about 2-26 miles N.N.W. of Rathdrum m Co. 
Wicklow, I found an exposure of the unconformity 
between the Clara Series and Knockrath Series which 
had been postulated on structural grounds}. 

The unconformity 1s exposed in the stream which flows 
down the northern flanks of Trooperstown Hill, some 460 
yd. 8.8.W. of Trooperstown Bridge, where in figure 2 
of ref. 1 the Knockrath strata are shown striking N.W. 
and vertical, that is, about 10 yd. west of the position 
previously postulated. About a foot away from this verti- 
cal occurrence the attitude of the Knockrath siltstones 
and slates changes to a sub-horizontal one, and a few 
inches of Clara mudstones can be seen resting on top of 
them. It is unfortunate, therefore, that by chance in this 
small e the angular discordance is generally small, 
while a short distance away it might easily have been close 
to 90°. Nevertheless the strong deformation of the rocks 
under the unconformity 18 clearly visible and polished 
and thin sections show slight angular discordance in most 
places, while large angular discordances are shown 
locally. The base of the Clara Series is marked by a very 
fine-grained band of chert, nearly colourless in thin- 
section and often finely laminated, with an average thick- 
ness of 0-5 mm. Above this comes an iron-rich layer 
(mostly magnetite with some lmonite), generally about 
0-5-1-5 mm in thickness. A few similar layers, less con- 
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tinuously developed, may also ocewr m this basal position 
of the mudstones, but are absent at &xposures more than 
a few yards from the unconformity. There is evidence of 
some redistribution of this iron in the basal Clara rocks, 
while there is also abundant iron staining and impregna- 
tion in the rocks immediately under the unconformity 
(generally to a depth of about 5-10 mm). 

The discovery of this exposure is important in confirm- 
ing the unconformity previously postulated Between the 
Clara and Knockrath Series. It is fortunate that in the 
Trooperstown area the basal Clara rocks and the under- 
lying Knockrath Series have completely escaped the 
Caledonian deformation, which was fairly severe in most 
of southeastern Ireland. It 1s, however, a reflexion of the 
common rigidity of the underlying previously deformed 
Pre-Cambrian rocks, which have often resisted further 
folding during the Caledonian orogeny, deformation 
being confined largely to movement along faults and shear- 
zones. In the Trooperstown area a fracture-cleavage 
develops in the Clara rocks within 200-400 yd. of the 
outcrop of their base, and this passes quickly into a true 
cleavage. 

The Clara Series most probably represents some part 
of the Cambrian System in southeastern Ireland, as it 
was apparently deposited unconformably on both Knock- 
rath and Bray strata after they had suffered strong 
orogenic deformation and prolonged erosion. It is, also 
succeeded conformably by the Dunganstown Sandstones, 
which, on the basis of lithological comparison and thick- 
nesses of strata in the two limbs of the Leinster synclino- 
rium, are almost certainly of Arenig age (cf. the Ribband 
Series of Harper*). Small brachiopods found in Clara rocks 
in 1959 were inconclusive for dating’, but 1t 1s hoped that 
current micropalacontological investigations may prove 
more helpful on this point. 


W. E. TREMLETT 
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sl teal, Gros Ankh the Terrestrial 
mosphere 


Ney and Pepin! inferred from the photometry of a stellar 
photograph from Gemini 9 that “either Link’s layer does 
not exist at all or it 1s at lower altitude than 80 km”. I 
should lke, therefore, to point out that I arrived at the 
second alternative of their conclusion as early as the year 
1948, on the basis of a comparison of extinction and 
twilight phenomena’. This conclusion is also to be found 
in my review work’, 

It is, however, necessary to admit that the observations 
made by the astronauts have brought some confusion into 
the matter. The luminous layer as observed in the high 
atmosphere by Glenn and his successors has been success- 
ively explained as a parasite reflexion on the wedge windows 
of the cabin, as an airglow emission at 5577 A, and, when 
its intensity was found to differ from the known value, as. 
an airglow continuum, and ultimately as the diffusion of 
the moonlight in the high absorbing layer, the first men- 
tion of which is to be found as early as the year 1895 by 
Hausdorff‘. Feoktistov’, the first scientist in space, 
observed that the high layer illuminated by the Moon 
appeared to be brightest below the Moon and that its 
intensity decreased with the angular distance from the e 
Moon, which seems to prove that there ıs a diffusion 
component in the light of the layer. 

The photometric results of Ney and Pepin are not quite 
convincing. Photometry of a distorteds stellar imagp 
projected on the bright background of the layer (illumin- 
ated by the Moon) is as delicate a matter as the use of a 
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photographic emulsions which is sensitive to the wide 
spectral interval. 

It is therefore possible that the high absorbing layer, 
which, as I have shown’, is thick, can condense locally at 
its upper boundary at the level where noctilucent clouds 
also ocour (80 km). Terrestrial observations also place a 
certain optical discontinuity at this level. 


Astronomical Institute, 
Academy of Sciences, 
Budečská 6, 

Prague 2. 
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PHYSICS 


Fall-out over Australia from Nuclear Weapons 
tested by France during July 1966 


¥RENox nuclear weapons testing, at a site in the Tuamotu 
Archipelago in the South Pacific Ocean, started in July 
1966 with low-yield explosions in the atmosphere at 1534 
a.m.T. on July 2, and 1605 a.m.r. on July 19. A third 
test on July 21 was described as a safety experiment and 
did not involve a nuclear reaction, while the fourth test 
in the series did not occur until September 11. Before 
these tests, fall-out over Australia comprised only very 
low concentrations of aged debris from the stratosphere 
arising from high yield atmospheric tests carried out 
before the partial Test Ban Treaty of 1963. Because of 
this situation, there could be unambiguous detection of 
fresh fission products arriving from the first two French 
tests of July 2 and 19. Preliminary results obtained from 
the Australian fall-out monitoring network are briefly 
reported and discussed here for the period July 1 to 
September 15. Fall-out over Australia from the first 
two explosions was virtually complete by September 15, 
while debris from the fourth test had not reached Australia. 

The monitoring of strontium-90 and caesium-137 from 
fall-out has operated continuously in Australia since 
1956 (refs. 1-4). An additional monitoring programme 
similar to that previously used during major nuclear 
weapons tests was instituted at the beginning of the 
French tests. Thus from July 1, 1966, the following 
measurements were also made: iodine-131 in daily milk 
samples (chosen to represent proportionately all milk 
being consumed in nine major population centres); total 
B activity in daily fall-out deposited at twenty-four 
stations throughout Australia; specific fission products in 
daily air samples taken at five stations. The geographical 
distribution of the sampling network is indicated in 
Fig. 1. The milk samples were collected through the 
co-operation of authorities responsible for supervising 
milk production and distribution. The Commonwealth 
Bureau of Meteorology operated the equipment collecting 
the fall-out deposition and air samples. The measure- 
ments of radioactivity were made by the X-Ray and Rad- 
ium Leboratory of the Commonwealth Department of 
Health. 

The concentration of iodine-131 in daily milk samples 
from the nine centres is summarized in Fig. 2. Fig. 3 
shows the total 8 activity in daily fall-out deposition from 
seven of the twenty-four stations; it also includes daily 
rainfall totals. An association between rainfall and fall- 
out is apparent from these plots. The seven stations were 
selected becatse they gave the most interesting and 
representative information; they imelude the highest 
levels of total 8 activity observed during the period. 


NATURE DECEMBER 31, 1966 vor zt2 ` 


Fall-out over Australia from the explosion of July 2 
was detected first on July 16 in the Perth deposition 
sample. Data on the tropospheric winds in the southern 
hemisphere during this period suggest that the debris 
was transported in the tropospheric westerlies at levels 
between 20,000 and 40,000 ft. so that it passed over 
South America, South Africa, the South Atlantic Ocean 
and South Indian Ocean. This is consistent with the 
evidence obtained in the Ghost balloon experiment’ in 
which a constant level balloon, drifting at an altitude of 
about 40,000 ft, moved from the region of French Poly- 
nesia to Australia in a westerly direction in 7-10 daya, on 
three successive circuits. 

The total B activity measured in the daily fall-out ý 
deposition at a station can be used to compute the : 
external y radiation dose from the fall-out. For simplicity, ` 
the measured level of B activity is assumed to extend 
uniformly over an infinite plane; no account is taken of 
roughness of terrain, weathering effects or shielding 
afforded by buildings, all of which are known to reduce the 
actual radiation dose delivered significantly. The calou- 
lated y dose represents an upper limit to the external dose 
to the whole body which can be expected from the fall-out. 
For each station, the y doses co: ending to the daily 
samples were integrated to infinity and then summed for | 
the periods July 16-31, August 1-15 and August l6- . 
September 15; they are presented in Fig. 4. Beoause of 
the strong dependence of fall-out on rain as the primary 
agency scouring debris from the lower atmosphere, the 
total rainfalls for the respective periods are included in 
the three maps in Fig. 4 as generalized isohyets. It 1s 
evident from the maps that from July 16-31 most fall-out 
occurred in Western Australia and that from August 
1-15 the fall-out was mainly in Central Australia and 
Queensland. It seems reasonable to suppose that the two i 
areas of fall-out correspond, respectively, to the first and 
second explosions, but firm conclusions must await the 
measurement of times of origin of the fission products in . 
samples of fall-out. ! 

The fission productes in the fall-out which gave rise to t 
these external y radiation doses ranged in age between 2 
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Fig. 1. The 2 Feographical distribution of the additional network for | 
monitoring fall-out, introduced on Pee’ enivibe samples of fall- : 


out deposition for measurement of ty are n at the 1 

twenty-four stations 2: five of them © also provide daily airsamples “, 

for analysis for sp c fission products. The haded areas indicate the . 

location and extent of the dairying districts from which the dally milk , 
semples are drawn for iodiıne-181 assay. 
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weeks and 10 weeks. It follows that rather more than 

70 per cent of the total radiation dose from the fall-out 
deposit would occur within a year of the explosions. This 

_? allows a straightforward comparison to be made between 
i these external y doses and the annual natural background. 
radiation to specific organs and tissues. The highest y 

* dose calculated for the fall-out detected in the network 
over Australia during the period July 1-September 15 is 

0-28 mr. at Charleville. Shielding and other factors would 
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reduce the actual whole body dose at, Charleville to much 
less than 0-1 mrad’ which is insignificant by comparison 
with the average annual natural background radiation of 
about 100 mrad. 


or ————————— J 


Fig. 3. Total 2 activity ın dally aro deposition ffm seven of fhe e 
twenty-four l irran pein the period d 1 to September 15, 1080; 
they Include the penest oe, 1008 of to 


network during tha ot po nhio 
stations, Tum dated le p! activity in a sample 18 0 05 ne.fm*, 
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JULY 16-31, 1966 


AUGUST 1—15, 1966 





External y radiation doses for the twenty-four stations caloulated 
tolai B activities in the September i depositions for July 16-31 
. fone 1-15, afid A 16-Septamber 15, 1906. The total external 
in mr, from -out d od is given as the enorcled 
dumber; o indicates that the to aoa we was less than 0-Ol mr. Total 
rainfalls for the respeottvo,poroda are included as generalized isohyets 
nmm, 


The concentrations of iodine-131 in milk from the nine 
centres form & pattern which is consistent with the total 
8 activity data obtained from the network of twenty-four 
stations. The only concentrations of particular signifi- 
cance were observed in the samples from Perth in Western 
Australia commencing in late July, and from Malanda 
and Innisfail in Queensland in early August. Much 
lower concentrations were observed elsewhere, and in 
Sydney and Melbourne, the most populous areas of 
Australia, virtually no iodine-181 was found in milk 
during this period. 

The youngest members of the population would be 
expected to have the highest concentrations of iodine-131 
in thyroid followimg fall-out of fresh fission products, 
because their diet is predominantly fresh cows’ milk and 
their thyroids are small. In November 1965, the Australian 
National Radiation Advisory Committee’? adopted a 
radiation protection guide for iodine-131 in fall-out from 
nuclear weapons tests. The Committee believed that the 
radiation dose to the thyroid incurred by drinking milk 
containing 200 pe. iodine-131/l., averaged over a year, 
would not constitute a significant threat to the health of 
the Australian population. The Committee added that, 
following the calculation by the UN Scientific Committee 
on the Effects of Atomic Radiation’, a young child would 
receive a radiation dose to its thyroid in a year of about 
840 mrad as a result of such a concentration of iodine-131 
in its diet. On the same basis, the radiation doses to 
thyroid incurred by such children in Perth and in the 
Malanda—Innisfail area following consumption of fresh 
cows’ milk during the period July 16 to September 15 
are calculated to be about 21 and 25 mrad, respectively. 
These measurements show that the levels of radioactivity 
were far below those regarded as having biological 


significance’. 
W. J. Grsss* 


D. J. Stevens} 
E. W. TITTERTONĖ 


Australian Atomic Weapons Tests Safety Committee. 
J. R. MoRroNEY$ 


Commonwealth Department of Supply, 
Melbourne. 


Received November 7, 1966. 


* Director, Commonwealth Bureau of Meteorol 
Director, Commonwealth X-ray and Radium Laboratory. 
Dean of the Research School of Physical Sciences and Head of the 
aa rhea of Nuclear Physica, Australian National University. 
Secretary, Atomic Weapons Tests Safety Committee, 


* Gibba, W. as i Moroney, R., Slovana, D. J., Titterton, E. W., and Wilson, 


G.U., 28, 44 (10 
+ Riicer W.» Gibbs, W. J., eiea 7. R., Stevens, D. J., and Titterton, 
B. W., Austral, J. Scs., 28, 417 (1966). 


? Bonnyman, J., ga eby J. 0., Molina-Ramos, J., and Sewell, D. K. B., 
Austral, J. Sor., » 411 (19 66). 

‘Alsop, R. J. Le Bonnyman, J., D eby, J. C., Molina-Ramo, J., and 
Sowell, D. K? B., Austral. J. Set. ‚41 (1986). 

Tay, E., Tachfield, B. W., and Bolot, 8S. B., WMO Bulletin, 15, 124 

‘Knapp, I H. A., US Atomio Energy Communon, Report TID 16457 (July, 


dutraka National Radiation Advisory Commies Report to the Prime 
Mrnsstor (November, 1965). 

* UN Setentific Committee on ths Effects af Atomic Radiation, Report to the 

UN General Assembly (1964). 


Random Packing of Spheres in Non-rigid 
Containers 


EXTENSIVE investigations! have been carried out on the 
packing and subsequent stability of randomly packed 
beds of equal, rigid spheres. It was of specific interest. 
therefore, to obtain precise information on the limiting 
packing density which can be obtained. Qualitative values 
ranging between 0-60 and 0-64 have usually been obtained, 
depending on the mode of packing, and Scott? actually 
measured this value very carefully for “dense” and “loose” 
random packings of bed sizes up to 10,000 balls and then 
extrapolated it to infinitely sized beds. In the present 
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investigation Scott’s work with non-zigid containers has 
been extended. 

In order to eliminate corrections for wall effects and 
end effects balloons made from special rubber, similar 
..to that used in oxygen breathing apparatus, were used as 
~ the bed containers. The bed packings consisted of glass 
balls nominally 3 mm (0-118 in.) in diameter and type 
316 stainless steel ball bearings 0-125 in. in diameter. 
Since their dimensions were not known, the diameters 
and volumes of random glass balls were measured and 
found to be 0-1186 + 0-0008 in. and 0-7363 + 0-0121 cm?, 
respectively; the ball bearings were purchased with 
diametrical tolerances of + 0-001 in. 

Beds were packed in batches of 10,000-150,000 balls 
each by counting the required number of balls and 
dropping them randomly into the rubber balloons, after 
which the air was evacuated from the balloons (Fig. 1). 
Most of the runs were carried out without further handling 
(loosely packed), but in several cases the beds were 
vibrated for. 45. min on a sieve shaker (densely packed) 
before complete evacuation of the balloons. 

The balloon and balls were then submerged in ‘Lucite’ 
columns 5-45 or 11-45 in. in diameter filled with water 
containing ‘Aleonox’, The columns were originally cali- 
brated by adding the liquid from a burette in increments 
1 in. high (markings were inscribed on the column in a 
lathe). The increments in the smaller column averaged 
382-5 + 0-5 cm? and showed that the column diameter was 
very constant. Thereafter, increments of 100 c.e. of water 
and ‘Alconox’ were added to the column and the changes 
in level were measured on an inclined manometer (15° to 
he horizontal). These were then used to determine the 
volumes of liquid displaced by the beds enclosed in the 
alloons. The volume of the empty balloons was also 
measured by displacement of liquid in the column. 


determined by means of carefully machined aluminium 
cylinders of known volume. These were immersed in the 
columns and the water displacement measured as before. 
The variation between measured and calculated volumes 
was +1-25 per cent. 

The results of this investigation are shown in Table 1. 
In general, all the void fractions obtained for the various 
beds investigated, with both glass and stainless steel 





Fig. 1. Typical randomly packed bed of glass spheres 3 mm in dlameter, 
contained in a rubber balloon. 
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Table 1. VOIDAGE FOR PALTOS BNALOEN BANDOMLY PACKED BEDS OF 


SPHERES n 
Voidage* 

No. of spheres Glass Stainless steel 
in bed “Loose” packed “Dense” packed t “Loose” packed 
10,000 0:362 + 0-007(14) 0-356 + 0-009(3) 0-360 + oor 
20,000 0-367 + 0-006(13) 0-362 (1) 0-367 + 0-006(11) 
60,000 0-360 + 0-004(15) 0-332 (1) 0-368 + 0-001 (6) 
70,000 0-360 + 0-002(16) 0-345 + 0-006(2) 0-368 + 0-008 (4 
80,000 0:360 + 0-005(18) 0-343 + 0-007(5) 03g +0003 (3 
90,000 0-356 + 0-002(11) 0-347 + 0-002(3) 

150,000 0-371 (1) 


* Numbers in parentheses denote the number of individual runs made. 
+ Beds vibrated for 45 min on a sieve shaker before complete evacuation 
of the balloons. 


packings, were identical. On the other hand, vibration of 
the beds appeared to cause a further significant compaction 


of the spheres, although the number of runs carried out was 


not sufficient to establish the exact magnitude. ‘These 
results are also in agreement with those obtained- by 
Hatch et alt, who found that vibration of randomly 
packed beds of spheres caused a significant decrease in 
void fraction. 

The voidage did not vary with the size of the bed; 
Scott?, on the other hand, found that. up to a bed size of 
10,000 balls the packing fraction varied inversely as the 
cube root of the number of balls. It is possible, therefore, | 
that the large number of balls in the beds investigated 
here could be assumed to be essentially the infinite 
number extrapolated by Scott. The average values of 
0-362 and 0-365 for the glass and stainless steel beds, 
respectively, were in excellent agreement with the extra- 
polated value of 0-363 for dense packing obtained ‘by 
Scott. 

The average density of the densely packed glass beds 
was 0-348, which was almost 4 per cent less than the- 
average non-vibrated bed. 

We thank W. E. Winsche, J. Chernick and C. J. Rase- 
man for their suggestions and advice, and F. Kulesa 
for the experimental work which he carried out. This 
work was performed under the auspices of the U.S. 
Atomic Energy Commission. 
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Electrical and Piezo-electrical Properties of 
Dental Hard Tissues 


Bassett and Becker! and Shamas and Lavine? have 
demonstrated that electric potentials occur when speci- 
mens of bone are subjected to mechanical stress. Shamas- 
and Lavine have indicated that these effects can be 
explained in terms of classical piezo-electricity, and not a 
semiconductor mechanism as suggested by Bassett and 
Becker; part of the argument against the semiconductor 
mechanism concerns the dependence of resistivity on 
temperature. 

The structure of the dental hard tissues has much in 
common with that of bone and therefore it is of obvious 
interest to determine whether similar effects occur. 
Furthermore, because there is a substantial difference 
between the mineral contents of dentine and enamel, 
and because enamel contains no collagen, information 
may be forthcoming on the mechanism of the generation 
of the potential. 

In the present preliminary investigation, elephant 
enamel and dentine from a wart-hog tusk were used in 
order that relatively large specimens could be tested; 
apatite (Ca,9(PO,),(OH),) was also used tê confirm that 
this crystal was not piezo-electric. Measurements were 
made of the electric potentials arising from compressive 
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stresses; the specimen was connected to a cathode ray 
oscilloscope by way of an electrometer valve. Parallel 
sp&cimens yere also prepared for the measurement of 
electrical resistance (at 50 c/s using a resistance-capacity 
bridge) at 50°-120° ©. 

We were unable to discern any piezo-electric effect 
with the mineral apatite (as expected), or with enamel. 
With dentine, however, results comparable with those 
obtained using bone were observed (Fig. 1). The electrical 
response appears to vary non-linearly with stress—con- 
trary to the findings of Fukada and Yasuda*. If the 
strain (u) is a polynomial function of E, however, the 
departure is in the expected sense of (AH ðu) decreasing*. 

The resistivity of enamel was somewhat higher than 
that of dentine, so that the lack of response could not be 
attributed to charge decay. Collagen shows pronounced 
piezo-electric effects‘, and therefore the differences 
observed between enamel and dentine may possibly be 
attributed to the fact that enamel has no collagen. 

_ Shamas and Lavine showed a number of calcified tissues 
and other insulators obeyed a law of the type p=A exp 
(e/T), where A is the resistivity as T approaches infinity 
and cis‘ constant. Fig. 2 shows a plot of the resistivity 
(9) of dried dentine as a function of temperature in the 
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Fig. 1. Plot of piezo-electric potential in millivolts as a function of 
compressive stress, ©, Bone; A, dentine. 
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form of log ọ against 1/T. Clearly, within the limits of : 
experimental error, a law of the type suggested by Shamas 
and Lavine also applies to dentine. The value of ¢ 
deduced for dentine is compared with that of other tissues 
in Table 1. It follows, therefore, that for dentine the 
value of “‘c” is of the same order of magnitude as for the 
other materials, and thus, following the line of argument 
of Shamas and Lavine, there is nothing to suggest that 
it is a semiconductor. 
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Magnetic Dispersions 


Durnine the manufacture of magnetic recording tape & 
dispersion of acicular yFe,0, particles in a suitable lacquer 
is spread on to plastic film and is passed through a. strong. 
orientating magnetic field before appreciable drying has 
occurred. It has been found that if the orientated coating 
is passed while still fluid through a second magnetic field 
acting in the opposite sense to the orientating field, both. 


the orientation and original remanence are destroyed _ oe 


at a certain critical field-strength (Fig. la, b). This 
phenomenon, which has been named “Dorf effect”, is 


Hoe. 
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Fig. 1. Dorf characteristics of a typical magnetic dispersion. æ, Orien- a 
tation ratio versus reverse field; 6, remanence versus reverse field, 
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related to the rheological breakdown and consequent 
disturbance in the dispersing medium, induced by the 
rotation of elongated elements of the magnetic particle 
structure. It can thus be used as a highly sensitive 
method for the study of such structures, and in the field 
of general rheology. A machine which automatically 
measures the Dorf effect and which is suitable for the 
routine checking of dispersions during manufacture is 
currently in use. 

Dorf values of dispersions range widely depending on 
the formulation of the medium, the concentration of the 
magnetic particles and their saturation magnetization. 
Particle size, intrinsic coercivity and the level of initial 
orientation are not importart, while preparation methods, 
standing time and temperature influence the results to 
some extent. From experiments with many dispersions of 
different magnetic particles, and mixtures with non- 
magnetic powders, it has invariably been found that the 
Dorf value of a dispersion varies linearly with the concen- 
tration of magnetic particles over a very wide range. 
Broader experience, however, is required to understand the 
significance of the many slopes and intercepts of these 
curves. 

An orientated magnetic dispersion consists of a mesh 
structure of “particle strings” immersed in a structured 
fluid medium. From Fig. 1 it is seen that the application 
of a reverse field has little effect until a threshold or yield 
value is reached at which, it is thought, the torque 
imparted to certain “‘strings’’ is not only sufficient to 
detach them from the magnetic forces of the mesh, but 
also to cause disruption in the surrounding medium 
structure, so enabling them to rotate. As the field is 
increased, other “strings” become involved and the 
process continues to the Dorf value and beyond where 
re-orientation of the oppositely disposed structure takes 
place. The Dorf condition is one of balanced moments 
between those particles which have been rotated and the 
unaffected ones. 

Many interesting phonomena have been observed during 
the course of this work which will be fully reported 
elsewhere. 
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THE SOLID STATE 


Shear Compliance of Hot-worked Pyrolytic 
Graphite 

WueEn hot-worked at temperatures above 2,500° C, pyro- 
lytic graphite is transformed into a material with character- 
istics which approach those of single crystals of natural 
graphite. For example, the density is greater than 
2:2 glem? (compared with an X-ray density of 2-26), 
while the two coefficients of thermal expansion are 
identical to those of single crystals. Such a material has 
been made for the Centre d’Etudes Nucléaires de Saclay 
(France) by Carbone Lorraine. It has a high lustre and 
cleaves extremely easily along the basal plane albeit with 
a certain amount of corrugation (see Fig. 1). Transmission 
electron microscopy shows that many areas extending 
over 1000 A along the a-axis aro free of tilt boundaries. 
The concentration of dislocations is very variable but it 
appears to be somewhat greater overall than that of 
natural graphite. 

The Si, compliance of such a material, that is, the com- 
‘pliance governing the shear of the basal plane, has been 
measured before and after hot-working. The only pub- 
lished measurement of S,, until now is that of Baker and 
Kelly*, “who found values of 1 + 1 x 10° em?/dyne, 
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Fig. 1. A typical area of hot worka grhit showing basal one 


using crystals of natural graphite. They measured the 
frequency of cantilevered specimens vibrating yeni- 
dicular to the basal plane. The contribution of the S44 
compliance in such a system is particularly difficult to: 
estimate. It was decided, therefore, to use a new more 
direct. method. 

A compound specimen was made from two lengths of 
pure aluminium (~ 5 em long) of square cross-section’ 
{x 7 mm side), and a graphite specimen (~ 5 mm thick 
perpendicular to the basal plane) with the same cross- 
section. The parts were joined, using thin layers of epoxide 
resin, with the graphite sandwiched between the two metal 
rods so that a common. axis ran through the centre of the 
square cross-section. Measurements were made of the 
resonant frequency of the compound rods in torsion with 
and without the graphite specimen using a Förster “Elasto- 
mat’. It can be shown that the S,, of the graphite is given, 
approximately, by 


TEE (ESA) 


where G4 = shear modulus of aluminium, La = length 
of one metal rod, Le = half the thickness of the graphite 
specimen, fa = resonance frequency of the metal rods 
bonded together without graphite, and f = resonance 
frequency of the compound specimen. 
Great care needs to be taken with the hot-worked 
graphite because it cleaves very easily, but typical results 
are as follows: fa = 14,200 c/s, f (for a typical high tem- 
perature pyrographite) = 8,640 c/s, and f (for three speci- 
mens of hot-worked graphite) = 4,188, 2,494, 4,194 ¢/s. 
From this the compliance of a high temperature graphite 
can be calculated as 0°13 x 10-* em?/dyne which, when 
hot-worked, increases to 0-60, 0-80, 2-40 x 10-* em*/dyne. : 
This approaches the values quoted! for single crystals of * 
natural graphite. 
It should be noted, however, that the internal friction 
of the hot-worked graphite is extremely large and the 
resonance peak is quite asymmetric (presumably as a 
result of damping which is highly dependent on amplitude), 
so that the values quoted above need to be corrected. 
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Fatigue Cracle Propagation in Metals 
PRARSON has shown that for many materials a small 
internal fatigue crack of length 1, which propagates in a 
wide sheet of thickness ¢ (under conditions approximating 
plane strain with the peak tensile stress amplitude 
GaKoy, the yield strength), grows at a rate given by 


e é dl/aN ~7 x 107(K/E)*6 (1) 


where N is the number of stress cycles, E is Young’s 
modulus, and K ~oa(l/2)! (the stress-intensity factor). It 
is. interesting to consider how this result can be reconciled 
with the results of fracture mechanics, 

McClintock?-* has shown that, under these conditions, 
the size rp of the circular plastic zones at the crack tips is 
given by 


tp = K/op* (2) 


where op is a representative flow stress (6, in the absence 
of strain hardening). The amount by which the crack 
hinges open at the tip on the tensile stroke, the blunting 
displacement s, is given by 


s= K*/Eop (3) 


The geometry is illustrated in Fig. la. There is evidence" 
which confirms the usefulness of these formulae. 

Thus, as the crack hinges open, plastic flow begins 
along the tip. At the surface of the sheet, plasticity can 
spread inwards (that is, there is a local condition of plane 
stress). In the interior, however, the condition is 
approximately one of plane strain. At the end of the 
tensile stroke, plastic flow has spread throughout a zone 
of size fp and the crack has opened by the amount s at 
its tip. In effect, the cylindrical plastic volume (1/4)rp*t 
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Fig. 1. a, Loaded crack geometry, not to seale, with the bulge and ears 
omitted for clarity; b, unloaded crack geometry, not to seale, showing 

the striations or ears, and the collapsed bulge. 
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may be regarded as having split. along OC, creating the 
gap ABC (see Fig. la): As the gap opens, however, plastic 
flow blunts the tip so that it does not reach C. The 
process of crack growth is dictated by the requirement 
that the volume of material within the plastic zone be 
conserved as its elastic perimeter increases from mrp to 
wrp+s. Thus material is sucked in as the crack opens, 
leaving an inward bulge of new surface. The volume 
of this bulge is 


V = (rps/2)t= (K4/2Hoy3)t (4) 


When the sheet is unloaded, the relaxation of the sur- 
rounding elastic material will cause the bulge to collapse 
plastically (Fig. 1b), and it will flatten out with the forma- 
tion of striations (ears) as described by Laird’. Suppose 
that the plastic flow that led to the formation of the bulge 
cannot be fully reversed. This is consistent with the 
observations of McEvily et al.? on polymer sheet, and with 
the arguments of Laird’. Let us postulate that some frac- 
tion g of the original gap volume is conserved when the 
bulge is folded to the dimensions shown in Fig. 1b (k is a 
mean height). This volume is 


h.t.Al/2 = q( K5/2EBop?)t (5) 


so that ; 
dl/dN = (g/h) (K*/Eop*) (6) 


This result is very similar to that obtained by MeEvily 
and Johnston’ from Weertman’s® model of crack propaga- 
tion. Their result, however, does not predict one increment 
of crack growth per eyele. ; 
The problem now is to choose suitable values for gh 
and op. For the first cycle opœoy seems reasonable, but 
after a few cycles the material ahead of the crack tip will 
become extremely hard if dl/dN<<rp, and op may approach 
the true tensile fracture stress. Also a tri-axial state of 
stress will develop in the interior ahead of the crack tip, 
and this will raise the required tensile stress further still. 
Under these conditions some cleavage may occur with 
certain materials and environments. Without any further 
justification, it is very remarkable that if we replace ep 
by Ejn, where m is a numerical parameter, then we have 


WAN = (qm'/h) (K/E)* (7) 


a result close to Pearson’s observations, equation (1). 
From Pearson’s data taking gq~0-1, h~ 10-5 in., we find 
mw48. Similarly, the values g/h~ 10‘, m~ 25 give very 
good agreement with the crack propagation data col- 
lected by Donaldson and Anderson? for steels and alloys 
of aluminium, titanium, nickel, molybdenum and mag- 
nesium, but the values are not in good agreement. with 
the data of Boettner and McEvily™ on copper. alloys. 
In their tests, however, the conditions ca<oy and rp<t 
were not met, so that plastic relaxation normal to the 
sheet was substantial. The concept of ‘‘sucking-in” to 
conserve material as the crack opens predicts that dl/dN 
should be reduced as rp approaches t (side-sucking can 
occur, that is, the formation of shear lips), and. this may 
account for Boettner and McEvily’s results, and for the 
general observation that fatigue cracks slow down when 
they achieve plane stress conditions. 

It appears that the problem posed by Frost and 
Dugdale!? and Liu" is resolved. They suggested that as 
a crack grows it may remain geometrically similar to 
itself (that is, real crack growth is indistinguishable from 
“growing” the crack by magnifying it). If this is true, 
then dimensional analysis requires that di/d.N be propor- 
tional to l, and this leads to a K? relation. Similarly, 
theories which set dl/dN proportional to rp, or to 8, give 
a K? relation. The introduction of the constant k destroys 
this symmetry and overcomes this objection to a K* 
relation. 

Tt is important to consider the dimensions involved in. 
this geometric model. For a crack propagation rate of 
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2x 10-5 in.J/eycle, we find rp~3 x 10-4 in., and «6 x 10-6 
in. Thus dl/27,/30, so that the crack tip takes about 30 
cycles to reach a point originally at the periphery of its 
plastic zone. Hence the material near the crack tip has 
been very severely cycled and it is appropriate to use large 
values for op, as assumed. 

T thank S. Pearson for allowing me to see his manuscript 
before its publication, my colleagues here for their helpful 
criticism of the manuscript, and the Central Electricity 
Generating Board for permission to publish. 
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Fatigue Crack Propagation in Metals 


Prarson! has recently discussed the problem of the rate 
of growth of a fatigue crack. He tabulated values of the 
stress intensity factor K necessary to cause a crack to 
grow under a repeated tensile loading cycle at a certain 
velocity in a number of alloys and showed that the ratio 
of K to the Young’s modulus Æ of the material was roughly 
constant. The fact that the fatigue crack growth rate 
characteristics bear no relation to any mechanical property 
other than E has been demonstrated previously by Frost®?, 
who pointed out, however, that any such relationship 
applies only to pure metals or to alloys having the same 
growth rate characteristics as the base metal and in which 
the growth rate is independent of the tensile mean stress 
in the loading cycle. For example, although the growth 
rate characteristics of annealed and cold-rolled copper are 
the same, those of the various aluminium alloys may differ 
widely?-*. Complex alloys, such as the high-strength 
aluminium alloys, can have their crack growth charac- 
teristics affected markedly by microstructure; brittle 
second phase particles are known to provide easy fast 
fracture initiation sources. It is this introduction of 
elements of fast fracture into the growth process which 
causes the growth rate characteristics of the various 
aluminium alloys, having the same Young’s modulus, to 
be different from each other and from the base metal and 
thus invalidates Pearson’s generalization. Although the 
three copper-aluminium alloys tested by Pearson gave 
similar K/E values, a different value would certainly have 
been obtained for a zinc~aluminium alloy. To obtain 
similar K/E values for brass and aluminium alloy, for 
which he quotes similar K values, Pearson takes a value of 
E for brass similar to that for the aluminium alloy. Most 
authorities quote an elastic modulus of brass nearer to 
that.of the titanium alloy (for which he quotes a K value 
different from that for brass) than to that of the aluminium 
alloy. It would seem, therefore, that the constancy of K/E 
-obtained. for the materials tested by Pearson must be 
considered fortuitous. 

The crack growth rate characteristics (expressed in 
terms of unit stresses) of pure metals and simple alloys, 
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in which there is no marked meanestress effect, would, to 
a first approximation, be expected to be a function of Æ 
simply because the opening of a crack in an elastic: sheet 
is inversely proportional to E and crack growth rate must 
depend on crack opening. Frost? has already shown. that 
the crack growth characteristics of mild steel, copper and 
aluminium are not markedly dependent on tensile mean 
stress and are roughly proportional to 1/H?. | e 

We propose a theory of fatigue erack growth, based 
solely on a consideration of the changing crack. tip 
geometry as the crack opens and closes, which not. only” 
gives stress and crack length dependences of the type. 
found experimentally, but also predicts in certain materials 
the material crack growth coefficient itself. Materials are 
classified into three groups, namely those in. which 
(a) crack growth is a result of irreversible plastic deforma. 
tion due to slip processes at the crack tip and is not sen- 
sitive to tensile mean stress; (b) crack growth as in {a} but: 
with some micro-cleavage at the crack tip; and (¢) crack 
growth as in (a) or (b) but with some macro-cleayage at 
the crack tip, caused by brittle particles in the structure; 
this gives rise to a marked dependence on tensile mean 
stress. 

The theory we suggest applies strictly to materials of- 
group (a). The fracture mechanism assumed is that that 
part of the blunted crack tip profile under load, which is 
subjected to tensile strains, retains this length when the 
load is removed and thus increases the initial crack length. 
Initially, it is assumed that the strains around a loaded . 
crack are given by the elastic solution; for a crack grow- 
ing under a repeated tensile loading cycle, on a plane 
lying normal to the sheet thickness (that is, stage IT 
growth as defined by Forsyth*), this gives the relationship 


Gq"l ( 1) 


where 1 is the half-length of a central transverse crack in 
a wide thin sheet, da the semi-range of the applied alternat- 
ing stress and n the number of cycles. In an elastie—plastic 
material of yield stress F, plasticity effects at the crack 
tip will cause the loaded tip profile to become blunter than 
predicted by elastic theory. A plasticity correction, 
derived from Dixon’s* work on plastic strains around 
cracks, is applied to the crack tip profile and modifies 
equation (1) to 


(2) 


Results?-+ obtained on thin cracked sheet specimens have 
shown that, for a variety of materials, the crack growth 
rate can be represented by the empirical relationship 


— 3 

In ASa’l 
where A is a material constant which may or may not 
depend on tensile mean stress. Values of A and 256/E*Y 
for three metals, which might be expected to conform to 
group (a) (that is, no marked dependence on mean stress 
T), are compared in Table 1, where the value of Y is 
taken to be that pertaining to the cyclically worked 
material ahead of a growing crack. 

The corresponding crack growth characteristics of 
materials conforming to groups (b) and (c) cannot be 
calculated directly because the amount of cleavage 
occurring each cycle cannot be estimated. In the 
aluminium alloys the size and distribution of brittle 
inclusions will determine the element of fast fracture ® 


(3) 


Tablo 1 
E ¥ A 
Material (tons/in.*) (tons/in.*) experimental 250 EY 
x 108 x 1-8 x10* 
Mild steel 13-4 16 0-09 ode 
Copper 7-6 10 O37 0-44 
Aluminium 45 6 15 21 
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which must be added: to the growth rate in pure 
aluminium; thus, although the E values are similar, 
growth rate characteristics which are quite different are 
obtained and these depend on tensile mean stress. The 
growth rate in aluminium alloys has been shown experi- 
mentally to be given by 


e 
j a = A(1 + QT jèl (4) 
dn 


Frost and Denton’ find that A has the same value for all 
the aluminium alloys tested, but Q depends on the par- 
tieular alloy. Pelloux*® has confirmed, by metallographical 
examinations of fatigue fracture faces on different high- 
strength aluminium alloys, that the growth rate in the 
matrix of each alloy is the same, but different amounts of 
fast fracture cracking occur, resulting in different overall 
growth rates in the various alloys. 

The 1/H** factor in Pearson’s equation is unsound 
physically; if to a first approximation the loaded crack 
deforms according to elastic theory, E can be present in 
any crack growth relationship only as a factor 1/Ẹ or 
1/E*, and any plasticity correction must contain some 
term defining the flow stress of the material. 

N. ELF 
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CHEMISTRY 


Effect of Temperature on the Neutralization 
of Hydronium lons in the Radiolysis of 
Water Vapour 


It has been suggested}? that the yield of hydrogen atoms 
from the decomposition of water vapour induced by 
radiation is dependent on temperature. The main evidence 
in support of this is the observation? that the yield of 
hydrogen gas from water + cyclohexane (5 mole per cent, 
total pressure ~ 1-5 atm.) increases by an amount cor- 
responding to G ~ 3-6 over the temperature range 240° to 
_ 300°C (where G is the yield in molecules/100 eV of energy 
absorbed). In the ranges 100-240° and 300-350° C, 
< GI) was reported to be essentially independent of tem- 
“perature. The marked increase in G(H,) over a relatively 
~ marrow temperature range was explained in terms of the 
effect of the extent of hydration of the hydronium ion on 
- neutralization. Thus it was assumed that at temperatures 
below ~ 240° C recombination of electrons with a hydrated 
ion gives one hydrogen atom per ion 


e~ + H,O* (H,0)n > H + (n + 1) H,O 


whereas, at temperatures above 300° C, neutralization of 
the unhydrated ion (or a low molecular weight hydrate) 
gwes two hydrogen atoms per ion 


e- + H,O+-—> 2H + OH 
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The postulated change in the extent. of hydration. of the 
hydrogen ion with temperature is consistent with the 
enthalpy of hydration obtained from mass spectrometric 
studies’, 

We have previously measured the contributions of 
neutralization of the hydronium ion and of other (“resi- 
dual”) processes to the yield of deuterium atoms from deu- 
terium oxide at temperatures between 100° and 190°C 
(refs. 4 and 5). Light propane was used as scavenger and. 
the yield of deuterium atoms was measured as deuterium 
hydride. In the presence of an efficient scavenger of 
electrons, such as sulphur hexafluoride, the formation of 
deuterium atoms from hydronium ions is suppressed. 
The depression of the yield of deuterium hydride by 
sulphur hexafluoride, therefore, gives a measure of the yield 
from the neutralization process. The value obtained in 
this way, G(D)nydronium = 2:7 + 0-8, corresponded to 
the formation of one deuterium atom per ion. The residual 
yield in the presence of sulphur hexafluoride, attributed 
mainly to the decomposition of excited deuterium oxide®, 
was G(D)residuat = 4°9 + 0-5. The molecular yield 
measured as deuterium (D.) was G(D,) = 0-64 + 
0-05. 

We have now extended this work to temperatures 
between 200° and 400° C, using light cyclohexane instead 
of propane as a scavenger for hydrogen atoms because 
of its higher thermal stability. The experimental con- 
ditions were similar to those used by Anderson et al.* for 
the water + cyclohexane system. 

The experimental arrangements have been deseribed*. 
A 1,000 c. y-ray source of cobalt-60 was used and the 
energy absorbed in deuterium oxide (EZ), in cyclohexane 
(En) and in the mixture (Ew) was calculated from the 
measured dose in the nitrous oxide dosimeter (taking 
G(N,) = 12), on the assumption that the absorbed energy 
was proportional to the electron density. 





150 200 250 300 350 400 
Temperature (° C) 


Fig. 1. Dependence of yield on temperature in the »-radiolysis of üeus 

terium oxide and cyclohexane (D,0~1 gi, By/Epe019) o O, 

GHD); O, 4H): A, GOH Filled points are with ~ 0-1 mole per 
cent sulphur hexafluoride. 


Fig. 1 shows the yields from deuterium oxide + cyclo- 
hexane. (Density of deuterium oxide ~ 1 gm L, By/Hy = 
0-19, G(X): = molecules of X/100 eV absorbed by the 
mixture.) Within experimental error, GHD), is inde- 
pendent of the temperature between 140° and 390° C, 
both in the absence and presence of sulphur hexafluoride. 
The yield of protium (H,) is markedly dependent on 
temperature, increasing from G(H,): = 0-9 at 140° C to 
15-5 at 400° C. G(H,), is not affected by the addition of 
sulphur hexafluoride. Deuterium (D) was also 
formed, and the yield, G(D,). = 0-60. + 0-05 (molecules/ 


100 eV absorbed by deuterium oxide), was independent of © 


temperature and unaffected by sulphur hexafluoride. 


we 
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For the system deuterium oxide + propane it has been 
shown’? that energy absorbed in both the deuterium 
oxide and propane fractions contributes to the yield of 
deuterium hydride and that the mixture law holds over 
the whole concentration range from pure deuterium oxide 
to pure propane. Assuming that this holds for the case 
of deuterium oxide + cyclohexane, the total deuterium 
hydride yield is given by G(HD): = fw G(HD)» + fa 
G(HD); (where fo = Ew/E:, fr = EnEn and GHD)», and 
G(HD)j are the yields at fa = 0 and fw = 0, respectively) 
and the total yield of deuterium atoms from deuterium 
oxide, G(D)y (= G(HD),) can be calculated. This gives 
G(D)o = 7-6 + 1:0 in the absence of sulphur hexafluoride 
(assuming G(HD)} = 4:3 (ref. 5)) and G(D), = 5-1 + 0-2 
in the presence of sulphur hexafluoride (assuming G(HD), 
= 0). These values for the yields of deuterium atoms 
from deuterium oxide are in good agreement with those 
obtained at temperatures up to 190°C using propane as 
scavenger. 

‘The increase in the total yield of hydrogen gas with 
temperature, up to ~ 350° C, is similar to that observed 
by Anderson et al.?. We found, however, that the total 

yield did not become independent of temperature above 
300° C, as reported by these workers, but continued to 
nerease up to the highest temperature used (~ 400° C). 

The only effect of temperature on the formation of 
hydrogen from deuterium oxide + cyclohexane is a change 
in the yield of protium (H,) and, furthermore, G(H.): is 
not influenced by sulphur hexafluoride (Fig. 1). It is 
apparent that this temperature effect is not related to the 
neutralization of the hydronium ion. The marked increase 
of G(H,): with temperature above 200° C is not fully 
understood at present and requires further investigation. 
Tt may be caused by a chain reaction involving transients 
from cyclohexane. (The increased decomposition of the 
cyclohexane at temperatures above ~ 200° C is apparent 
pos from the increase in the methane yield in this region 
(Fig. 1).) 

We conclude from our results that the yield of deu- 
terium atoms from deuterium oxide vapour is independent 
of the temperature of radiolysis, at least between 100° 
and 400° C, and that the recombination, hydronium ion + 
electron, gives one atom of deuterium per ion over the 
whole of this temperature range. Thus, if the extent of 
hydration of the hydronium ion does change over the 
temperature range considered, this change does not have 
any measurable effect on the radiolytic decomposition of 
water, 
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Syntheses of Optically Active «-Amino-acids 
from «-Keto-acids by Hydrogenolytic 
Asymmetric Transamination 

< Many asymmetric syntheses of «-amino-acids have been 

““reported'-\",.. Several of these were made on the non- 

enzyme synthesis of optically active amino-acids from 

their corresponding «-keto-acids!:t:15-15.16, 
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In the course of a study of shydrogenolysis in this 
laboratory, it was found that sodiufh phenyiglycinate in 
aqueous solution was hydrogenolysed easily to ammonia 
and phenylacetic acid by the use of palladium on charcoal, 
palladium hydroxide on charcoal’, or by other catalysts. 
Making use of this finding, new asymmetric syntheses of 
various -amino-acids from their corresponding «-keto- 
acids and from optically active D- and L-phenylglycin®@in 
aqueous solution were investigated. The schematic route 
of this synthesis is 


Rk—CO—COONa 
o—CH—COONa j 


R-—-C—-COONa 








NH, g—-C-COONa ; 
R ¥ eee 
R—CH-—COONa -—-CH—COON 
Catalyst | a ae 5 
e-—CH—COONa 9—-CH,—COONa 
* TEER, 


40-60 per cent optically active a-amino-acids “were. 
usually obtained by this synthetic method. Some of the- 
results are listed in Table 1. Pontes 


Table 1. OPTICALLY ACTIVE AMINO-ACIDS PREPARED BY HYDROGENOLYT! 
ASYMMETRIC TRANSAMINATION cee 


(alii of tali of DNP 
Configu- Confign- amino-acid, amino-acid 
ration Catalyst Yield* ration 5 N HCL} LN NaOH 
of Ph- (%) of (optical (optical 
glycine product purity %) purity %). 
ala L Pd-C 36 L +60 (41) +918 (64) 0 
a-NH,bu L Pd-C 40 L +73 i +430 (44) 
glu D Pda-(OH),-C 25 D — 17-9 (66) +893 9-(49)- 


* Sodium salts of phenylglycine (0-01 mole) and a-keto-acid {0-01 mole) 
were kept at room temperature for 30 min with 20 ml. of water. After this 


hydrogenation and hydrogenolysis were carried out. The yield shown is after 
one reerystallization, ; 


+ The specific rotations were measured after one recrystallization. 
į The specific rotation was measured in glacial acetic acid. 


A typical synthesis is as follows: 1-02 g (0-01 mole) 
«-ketobutyric acid and 1-51 g (0-01 mole) L-phenylglycine 
({a]3¥ = +168°, 5 normal hydrochloric acid) were: dis- 
solved in a mixture of 10-0 ml. of 2 normal sodium 
hydroxide and 10 ml. of water. After standing for 30 min 
at room temperature, the solution was hydrogenated and 
hydrogenolysed with 2-50 g of 10 per cent palladium on 
charcoal (initial pressure 40 lb.). After 24 h of reaction, 
the catalyst was removed by filtration. The catalyst was 
washed repeatedly with water. The filtrate was concen- 
trated to about 25 ml. and 6 normal hydrochloric acid 
was added to bring the pH to about 1. The precipitated 
phenylacetic acid was extracted with ether. The aqueous 
solution was evaporated to dryness. The amino-acid 
hydrochloride was extracted with absolute alcohol and 
the undissolved sodium chloride removed by filtration. 
The alcoholic solution was evaporated to dryness and the 
remaining amino-acid hydrochloride dissolved in 15 ml. 
of water. The aqueous solution was applied to a ‘Dowex’ 
50 x 2 column (hydrogen form, 100-200 mesh, 2 cm x 
13 em). a-Hydroxybutyric acid and other non-amino- 
acid acidic materials were eluted with water, and «-amino- 
n-butyric acid was then eluted with 1 normal aqueous 
ammonia. Fractions containing the amino-acid were 
combined and evaporated to dryness. 0-71 g of crude 
a-amino-n-butyric acid was obtained. 0-61 g of this crude 
a-amino-n-butyric acid was recrystallized by being dis- 
solved in water and precipitated with alcohol. 0-36 g was 
precipitated [a]; = + 7-3°, optical purity 36 per cent. A® 
part of the crude «-amino-n-butyric acid was converted 
to its DNP derivative by treatment with 2,4-dinitro- 
fluorobenzene**,?’. The DNP-«-amino-n-butyrice acid was 
isolated by column chromatography ore ‘Celite: gnd. 
showed an [a]? of +43-0° in sodium hydroxide. The 
difference of optical purity of DNP- and free «-amino-n- 


e 
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butyric acid could be*explained by fractionation during 
the isolation of free amino-acid. 

These results throw light on the synthesis of iso- 
ootopine’*, 1.-(arginine) -t-(alanine) from L-arginine and 
pyruvic acid in alkaline solution by catalytic hydro- 
genation. This type of asymmetric synthesis is under 
further investigation. 
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Factors affecting the Mobilities of Anions 
in Nylon 

Marshall and Medley have drawn attention to the possible 
influence of the cation on the diffusion of acid dyes in 
nylon? and express doubts as to the general validity of the 
explanation offered by McGregor, Peters and Petropoulos? 
for the rapid increase with concentration of the diffusion 
coefficient of an acid dye anion in nylon. 

It should be emphasized that the system studied by 
Peters et al. resembles more closely an anion-exchange 
process than the coupled diffusion of a proton and a dye 
anion into the polymer since one would expect the system 
to have been at all times substantially in equilibrium with 
respect to the protons in the nylon. In this special case 
it is not illogical to concentrate attention on a plausible 
expression for the activity of the dye anion, which has 
presumably a much greater “affinity” than the displaced 
anion or anions, and to ignore the influence of the proton 
as such, 

We have, however, realized for some time (unpublished 
work) that, as Doremus has recently pointed out, a 
concentration dependence of the form D= D,(1/1— «@) 
can also be predicted for such an anion exchange on the 
basis of the coupling of the anion fluxes that arises from 
the diffusion potentials in the system. Such phenomena 
have been extensively discussed by Helfferich'-*. Both 
the explanation offered by McGregor, Peters and Petro- 
poulos? and the explanation offered by Doremus? for the 
concentration dependence of the diffusion coefficient of an 
acid dye anion when undergoing this ion-exchange process 
are inherently over-simplified. McGregor ef al.? consider 
only a plausible expression for the variation of the chemical 
potential of the dye anion with concentration. Doremus* 
« considers only the effect of the diffusion potentials set up 
during the ion-exchange process. 

In any general analysis, the diffusion behaviour can be 
expected to be.influenced both by the coupling of the ionic 
fluxes, demanded by the zero-current condition and 
nvanifested as & diffusion potential, and by the variation 
of the chemical potentials of the components of the 
system with the concentrations of the various components. 
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As there are no independent measurements available 
that can provide unambiguous information as to ‘the 
variation of the chemical potentials with concentration 
in these systems, all the existing treatments of the diffusion 
of ionic dyes in polymers contain gross assumptions on this 
erucial point. Since this thermodynamic information is 
not available, at the present state of knowledge the 
question as to the origin and general validity of relation- 
ships of the form D = D,(1/1— a), for a dye anion diffusing 
in nylon, remains open. It is, however, not to be expected 
that such complex phenomena can ever be fitted within the 
rigid confines of such simple analyses, except in a limited 
and quasi-theoretical sense. This becomes very clear 
when these processes are described in terms of the pheno- 
menologieal equations of non-equilibrium thermodynamics, 
as one eannot even take for granted the applicability of 
the simple diffusion equations to these problems’. 
R. MCGREGOR 
R. H. PETERS 
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Structure of the Conjugate Acid of 
p-Nitroso-N,N-dimethylaniline 


INFORMATION about the structure of the ion formed when 
p-nitroso-N,N-dimethylaniline (I) accepts a proton can 
be derived from the high resolution proton magnetic 
resonance spectrum, and it is possible to discriminate 
between the oxygen protonated form (IT) and the nitrogen 
protonated form (ITT). 
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H H 
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CH CH CH CH 
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The 60 Me/s proton spectrum of the ring hydrogens of 
the conjugate acid of (I), shown in the upper portion of 
Fig. 1, was measured at 33-5° C using a solution of the 
aniline (c. 0-5 moles/l.) in trifluoroacetic acid containing a 
low concentration (<0-05 moles/l.) of tetramethylsilane 
as internal reference. Owing to the basic nature of the 
aniline’ and the marked acidic properties of the solvent 
trifluoroacetic acid’, the aniline is almost completely con- 
verted to the corresponding trifluoroacetate salt in solu- 
tion. (Note. An upper limit to the concentration of the 
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unprotonated aniline in this solution can be set at about 
5x10-* moles/l. because of the absence of observed 
absorption for this solution (1 em path length) in the 
range 600-850 my which can be attributed to the n=>n* 
transition of the nitroso group of (I) (ref. 3).) 

The ring protons of the conjugate acid of (I) give rise 
to the ABCD spectrum shown in Fig. 1. This spectrum 
was analysed by a refinement method devised by Wallace‘, 
and yielded the set of chemical shifts and coupling 
constants given in Table 1. About forty of the theoretically 
possible fifty-six transitions are of significant intensity and 
the refined theoretical spectrum, which corresponds to the 
parameters given in Table 1, is shown beneath the experi- 
mental spectrum in Fig. 1. As can be seen from Fig. 1, the 
fit with respect to line position and intensity is satisfactory. 


Table 1. CHEMICAL SHIFTS AND COUPLING CONSTANTS FOR THE RING 
HYDROGENS OF THE CONJUGATE ACID OF p-NITROSO-N,N-DIMETHYL- 
ANILINE IN TRIFLUOROACETIOC ACID 


Spin system = 7 (° K) Shift* Coupling constant 
Hs 445-5410 Joy= +1118 
Ba Jse= +1077 
Ha 449-7 41-0 
ABCD 306-7 Jam +227 
das= +199 
H; 468-8 + 1-0 
dias= ~O-51 
H, 490-24 1-0 
Jiag= ~O-49 


* C/s (at 60 Mc/s) downfield from tetramethylsilane. 


The ring protons give rise to an ABCD system and thus 
it is apparent that rotation about the C,—N bond is not 
sufficiently rapid to cause collapse of the H,, H, chemical 
shift or the H,, H; shift. Rotation about the C,—N bond 
at 33-5° C therefore corresponds to the kinetic region of 
lifetime. broadening*. The width of the individual lines of 
the ABCD spectrum in excess of the width as a result of 
the inhomogeneity of the magnetic field was found to be 
1540-5 c/s using a method analogous to that described 
earlier’. The re-orientational process may not be the sole 
cause of this broadening because, for example, there may 
be an increment to line width as a result of incompletely 
collapsed nuclear quadrupolar coupling with the nitrogen 
nuclei. If all the broadening is taken to be a result of 
internal rotation about the C,—N bond, however, analysis 


Lid 


SE Sens Oe RN Oe ENR See Seep SET SEN N 
18 2-0 22 24 26 
ES ; qt Scale (p.p.m.) 
Fig. 1. Observed (upper) and calculated (lower) proton magnetic 
nce spectra (at 60 Mc/s) of the ring protons of the conjugate acid 


resona: 
of p-nitroso-N,N-dimethylaniline (about 0-5 moles/l. in trifluoroacetic 
; acid) at 33-5° C. 
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in terms of slow exchange or lifetime broadening’ can be 
carried out using the equation 1/+= $(W — W,), where + is 
the mean lifetime in seconds between re-orientations, W is 
the observed line width at half height in c/s and W, is the 
line width in the absence of lifetime broadening. This 
allows an upper limit to the first order rate constant 
£(=1/+) for the re-orientational process to be set at 
6:3 sec-?. Thus by means of the Eyring equation? 


= 


it is possible to obtain, taking the transmission coefficient 
x as unity, a lower limit to the free energy of activation- 
AG* of 16-8 kcal/mole for internal rotation about: the- 
C,—N bond at 335° C. re 
This lower limit is substantially greater than the free. 


ue exp (-AG*/RT) 


energy of activation for the analogous internal rotation in 


unprotonated p-nitroso-N,N-dimethylaniline® (AG* = 121 
+0-°5 kcal/mole at 33-5°C). If it is assumed that thè 
entropy of activation does not differ greatly for these two — 
internal rotations, it follows that there is an increase in” 
barrier height on passing from (I) to its conjugate acid. 
This increase in barrier height indicates that oxygen 
protonation predominates, because oxygen protonation — 
would lead to an increase in partial double bond character 
in the Ce—N bond? and therefore would cause an increase. — 
in barrier to internal rotation about this bond. Addition, 
of a proton to the dimethylamino nitrogen atom would 
lead to a decrease in x-character in the C,—-N bond® and 
thus would cause a decrease in barrier. 

The conclusion that oxygen protonation predominates 
is in agreement with that reached earlier by Taylor and: 
Baker’, and is consistent with the absence of n->1* 
nitroso absorption in the region 600-850 my. (see earlier 
Note). i 

It is of interest that the ortho coupling constants Js, and 
Jy, inerease significantly on passing from unionized 
p-nitroso-N,N-dimethylaniline (Js= Js= +91 e/s)® to 
the conjugate acid of the aniline in trifluoroacetic acid 
(Jos= +11-18 c/s, Js= +10-77 c/s). The markedly in- 
creased coupling between H, and H, and between H, and 
H, attributable to increased partial double-bond character 
in the C,—C, and C—C, bonds, indicates that the quino- 
noid form (IIa) makes a relatively large contribution to 
the actual electronic structure of the oxygen protonated 
cation (IT). 

The negative sign of the para coupling constants. Jys 
and Jas for the conjugate acid of p-nitroso-N,N-dimethyl- 
aniline is of particular interest. This sign (opposite to that 
normally found for para coupling constants in substituted 
benzenes!*) is consistent, with the negative para. coupling 
constants for p-benzoquinone and structurally related 
molecules!!. 
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Ultrastructural Localization of 5-Hydroxy- 
tryptamine in Blood Platelets 


Tux blood platelets of various animals, including man, 
contain 5-hydroxytryptamine (5HT) and can take up this 
affine from plasma and other incubation media. The 
amine seems to be stored by a mechanism which requires 
metabolic energy, because metabolic inhibitors (such as po- 
tassium cyanide and chloro-mercuribenzoate) or elimina- 
tion of glucose from the incubation medium lead to a rapid 
loss of platelet 5HT (refs. 1 and 2). On the basis of the 
results of differential centrifugation experiments, as well 
as of electron microscope investigations, it has been 
postulated that platelet 5HT is localized in special sub- 
cellular organelles in a similar way to aromatic mono- 
amines in nervous tissue’-*. Some investigators think 
that the 5HT might be associated with the «-granules or 
vacuoles of the platelets’*. 5HT storing particles have 
not, however, been clearly demonstrated up to now at an 
ultrastructural level. The present communication shows 
that platelet 5H'T is at least partially localized in special 
submieroscopic organelles which are not identical with 
a-granules. 

Blood platelets from several species were isolated as 
previously described’, and treated in vitro or in vivo (see 
Fig. 2). The platelet pellets were divided into two parts. 
One of these was fixed with 2 per cent osmium tetroxide 
in 0-1 molar phosphate buffer, pH 7-4, for 1 h at 4° C. 

he other part was fixed with 3 per cent glutaraldehyde*® 
in 0-1 molar phosphate buffer, pH 7-4, for 4-6 h at 4° C, 
kept overnight in 0-1 molar Epeep ate buffer, pH 7-4, con- 
taining 7 per cent sucrose, tnd then overfixed for 1 h in 
osmium tetroxide. After fixation, the pellets were de- 
hydrated in graduated concentrations of alcohol as well 
as in propylene oxide and embedded in ‘Epon’. Ultra 
thin “silver” sections were cut on a microtome. The 
sections were either not treated further or were contrasted 
with uranyl acetate and lead citrate. 

Normal platelets of rabbits, guinea-pigs and man fixed 
with osmium tetroxide only show typical ultrastructures 
such as mitochondria, «-granules, vacuoles and glycogen 
grains (Fig. 14). If the platelets are fixed in glutar- 
aldehyde as well as in osmium tetroxide (Fig. 1B), how- 
ever, another type of organelle with a vacuole-like struc- 
ture appears. These are usually smaller than «-granules 
(500-1500 A), and most of the rabbit platelet sections 
contained several. A single membrane surrounds a very 
dense osmiophilic body which is frequently somewhat 
detached from the membrane (this may be an artefact). 
In fact, in some of the structures the osmiophilic content 
might have been partially or completely lost, leaving a 
more or less empty vacuole. 

A semiquantitative determination of the dense osmio- 
philic bodies was carried out in order to compare their 
number with the spectrophotofluorimetrically measured 
platelet 5H'T. The number of dense bodies in each 800u* 
surface area of platelets? was counted in three sections. 
In some of the experiments, the «-granules were estimated 
in a similar way. 

The following findings support the assumption that the 
osmiophilic substance in the vacuoles is mainly 5HT. 

(a) Reserpine administered in vivo (for example, to 
rabbits) significantly diminishes the number of osmiophilic 
bodies as well as the 5HT content of the platelets, while 
the number of «-granules remains unchanged (Fig. 2). 

(b) When platelets from reserpinized rabbits are in- 
cubated with large amounts of 5HT for 0-5 h, the number 
of dense bodies significantly increases, as does the content 
of SHT. The organelles which reappear are very similar 
in shape to those of normal platelets, except that the 
tsrmiophilic bodies are somewhat smaller. 

(c) Platelets of species rich in 5HT (for example, 
rabbits) contain many more organelles than do platelets 
e 
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poor in 5HT (such as those of humans or guinea-pigs) 
(Fig. 2). 

(d) After incubation of normal guinea-pig platelets with 
5HT, the number of osmiophilic vacuoles increases 
together with the 5HT content (Fig. 2). 

(e) Histamine and adenosine triphosphate (ATP) are 
also present in platelets and also disappear, after treat- 
ment with reserpine; but unlike 5HT they do not pre- 
cipitate with glutaraldehyde and seem not to react with 
osmium tetroxide in aqueous solution. It seems that the 
black compound formed in vitro with free 5HT and 
osmium tetroxide alone does not precipitate immediately 
and this might explain why 5HT cannot be visualized by 
osmium. tetroxide fixation alone. 

(f) Catecholamines, which like 5HT react with glutar- 
aldehyde and osmium tetroxide in vitro, are contained in 
platelets in a concentration less than one tenth that of 
5HT (refs. 10-12). 


Fig. 1. 
A, Fixation in osmium tetroxide only. 
followed by osmium tetroxide. 
a, a-granules; M, mitochondrium; Gi, glycogen; V, vacuole; DB, dense 
osmiophilie bodies: DB1, dense body only partially filled. 


Electron micrograph of normal rabbit platelets (x 38,000). 
B, Fixation in glutaraldehyde 
Dense osmiophilic bodies are visibie. 
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We therefore conclude that the dense osmiophilic 
organelles described in platelets after double fixation with 
glutaraldehyde and osmium tetroxide contain 5HT. 
These organelles are probably sites of storage of 5HT in 
platelets. 
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Erythrocyte Phagocytosis by Human 
Lymphocytes 

Durna an examination of cell reactions occurring in 
cultures. of mixed human peripheral blood lymphocytes, 
red cell phagocytosis by lymphocytes was seen in mixtures 
of incompatible (A.B.O.) cell suspensions. 

It has been reported that phagocytosis of erythrocytes 
by human peripheral blood polymorphonuclear neutro- 
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Fig. 1. A small lymphocyte phagocytosing a lysed red cell, =- 


phils, eosinophils and monocytes takes place in the 
presence of rabbit antiserum to human red cells’, anti-A. 
and anti-B isoagglutinins? or Rh antibodies*. Neither of 
these authors reported erythrocyte phagocytosis by 
lymphocytes under the experimental conditions used, — 
Using the simple technique described later, it is, however. 
possible to demonstrate erythrophagocytosis by blood 
lymphocytes (Fig. 1). EES 

Leucocyte suspensions from normal donors were pros _ 
pared by collecting 20 ml. of venous blood into # sterile ~ 
McCartney bottle containing 1,000 u of heparin. These 
were incubated for 60-90 min at 37° C to allow erythro- 
cyte sedimentation, and the leucocyte-rich supernatant | 
plasma which also contains sufficient numbers of red cells 
for the test was removed. Such cell suspensions were 
used immediately either by mixing (1) equal volumes 
(2 ml.) of cell suspensions from two individuals, (2) equal 
volumes (2 ml.) of a cell suspension and a plasma pre- 
pared by centrifugation of a cell suspension, or by adding 
to 3 ml. of a leucocyte suspension a small drop of capil- 
lary blood obtained by fingerprick. Sterility was main- 
tained during incubation at 37° C, and smears, stained 
with Leishman’s stain, were examined at times ranging 
from 15 min to 24 h after mixing. 

Table 1 shows the numbers of each blood group (A.B.0.) 
mixture examined. Red cell agglutination was present 
only in the fourteen incompatible mixtures and in these 
cultures erythrocyte phagocytosis was marked. Control 
cultures and mixtures lacking an incompatible iso- 
agglutinin either showed no activity or phagocytosed 
erythrocytes could be found only infrequently. 

Counts (total of 2,000 leucocytes counted on each slide) 
were carried out on two typical incompatible mixtures of 
cell suspensions. Table 1 shows the percentage of all the 
lymphocytes present which had phagocytosed erythro- 
cytes at the times given. Some of the phagocytic lympho- 
cytes showed an increased cytoplasmic volume and 
changes in chromatin pattern (Fig. 2). 

Of the other leucocytes present in incompatible 
mixtures, up to 97 per cent of the neutrophils may 
contain one or more red cells and phagocytosis by eosino- 


Table 1. EXAMINATION OF HUMAN BLOOD GROUPS FOR ERYTHROCYTE PHAGOCYTOSIS 
No. of : Percentage of lymphocytes 
mixtures Cell suspensions Plasma Capillary blood phagocytic 
‘examined oO A AB o A 15-17 min 72-80 min 155 min 
&. + (5) + (4) 
Bo + (2) + (1) 
r + + 16 43 2 
Bos + (2) + (2) 
1 + 
$ + + 7 7-8 105 
ae + (1) + D 
1 + (1) + (1) 
ers + + (1) + @ + CL) . ry 


The mixtures nbn ay are shown in each horizontal: column by + and the number of donors used by the figures in parentheses. 
irteen of group O, four of group A, three of group B and one of group AB. 


donors bled, there were 


e 
Of the twenty-one 
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Fig.2. A lymphocyte with increased and vacuolated cytoplasm contain- 

ing the remains of a red cell, A lysed red cell fragment is attached to the 

surface of the lymphocyte and the nucleus shows the formation of coarse 
chromatin strands (140 min incubation). 


phils and monocytes was also seen. Phagocytic cells of all 
types decreased in numbers after 2-3 h of incubation 
and generally 30-60 min after mixing was the optimal 
time for examination. 

Lymphocytes are capable of phagocytosing Staphylo- 
coccus aureus, Streptococcus viridans’, Leishmania donovani 
and Histoplasma capsulatum’. The ability of a small 
percentage of these cells to phagocytose erythrocytes, 
rapidly lyse and digest them is of interest in offering 
further proof of the reactive potential of the lymphocyte 
and in suggesting its possible role in the intravascular 
clearance of incompatible cells? and antibody coated 
cells in vivo. 
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Continuous Culture of Normal Human 
Leucocytes from Peripheral Blood 


Tux modification of the techniques of Moorehead et al. 
for the culture of human leucocytes from peripheral blood 
has made possible numerous investigations of chromo- 
somes from a variety of material and after a variety of 
treatments. These techniques have also stimulated work on 
lymphocyte response to antigens such as phytohaemag- 
glutinin (PHA)? which has been shown to be an absolute re- 
quirement for the initiation of these short term cultures’. 
It has been obvious that a long term culture (one that 
econtinues to divide for at least several weeks) of normal 
leucocytes in the absence of antigens such as PHA would 
be of great interest with regard to general leucocyte 
behaviour and the response of chromosomes to varying 
environments. e 
hére have recently been some indications that this 
might be possible. For example, in a short term culture of 
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peripheral blood leucocytes from patients. with chronic 
myelocytic leukaemia, in the absence of PHA only “im- 
mature’ leukaemic granulocytic cells undergo division‘. 
Long term culture has been achieved with human lympho- 
blasts from Burkitt’s lymphoma using a suspension 
culture technique’, There is also a technique for the 
continuous culture of human lymphoblasts from a patient 
with acute leukaemia, which again utilizes only suspension 
cultures’, and a technique for short term suspension cul- 
ture (5 days) for normal peripheral blood lymphocytes 
of lower mammals’, 

This communication reports a method for the long term 
culture of normal leucocytes from the peripheral blood of 
normal human subjects without the use of mitogenic 
substances such as PHA, and describes some behaviour 
of these cells in cultures. 

In our experiments three normal male subjects showing 
normal white blood cell and differential count were used 
for this investigation. 

For separation of leucocytes 10-15 ml. of venous blood 
was placed in sterile centrifuge tubes and kept at room 
temperature for about 1 h. The plasma (which contained 
the leucocytes) was pipetted into sterile centrifuge tubes 
and centrifuged at 94-3g for 5 min at room temperature. 
The supernatant was discarded and the cells were re- 
suspended in 10 ml. of Eagle’s complete medium con- 
taining 15 per cent pooled human serum. Occasionally, 
centrifugation was necessary to separate the leucocyte 
containing the plasma from the red cells; in that case 
the buffy coat was resuspended in the Eagle’s medium. 

For culture the cells were placed in milk dilution bottles 
at a concentration 1-2 x 10° cells/10 ml. of medium. 
They were incubated at 37-5° C in an atmosphere contain- 
ing 5 per cent to 6 per cent carbon dioxide. The cells 
began to settle within 12 h. The medium was changed 








Fig. 1. Photomicrograph of altered mononuclear cells grown in con- 

tinuous culture for 5 days and stained with Wright's stain. (a) Round 

cell with reticulated nucieus; w yt ami cell with blastoid nucleus. 
x 800. 
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Fig. 2. Photomicrograph of mononuclear cells grown in continuous 
culture for 7 days. All types of cells are present. (a, x 80; b, = 160.) 


twice a week. Collection of the cells consisted of trypsin- 
ization (0-25 per cent, 1-2 min), centrifugation at 94-3g 
for 5 min and fixation in 3:1 acetic alcohol. The cells 
were stained with Wright’s, Giemsa, orcein or any standard 
stain after air drying on slides. These cells could also be 
grown easily on cover slips and fixed and stained directly. 

Changes in the morphology from that generally observed 
in cireulating mononuclear cells can be seen as early as 24 
h after the initiation of the culture. The well packed, 
darkly stained nuclear material begins to unfold and in 
some instances the change is complete after 24 h. The 
rate of change tends to vary from one culture to another. 
Within a culture 85 per cent of the cells will show an 
observable alteration in morphology within 7 days. 

There are four apparently different cell types im- 
mediately observable in these cultures. They are round 
cells with a reticulated nucleus; round cells with a blastoid- 
type nucleus; fibroblastic cells with a reticulated nucleus 
and fibroblastic cells with a blastoid-type nucleus. Those 
cells with a reticulated type darkly violet stained (Wright’s 
stain) nucleus are indistinguishable from the reticulum 
cells found in the reticulo-endothelial system (Fig. 2)%. 
The cytoplasm is stained pink. The other nuclear type 
has fine violet stained chromatin, two bluish nucleoli, 
and pinkish blue cytoplasm (Wright’s stain). The nuclei 
are indistinguishable from those of blast cells’. 

All cell types are present during the first 7 days of culture 
(Fig. 2). Normally, within 2 weeks the culture consists 
mainly of blastoid cells (fibroblastic and round) and 
eventually there are no cells present with reticulated 
nuclei. If the cultures are maintained normally the cells 
with a generally round configuration tend to predominate 
and concomitantly the mitotic activity appears to 
decrease markedly after 2-3 weeks. 

In some cultures we have, by design, grown mainly 
fibroblastic cells, by taking advantage of the fact that 
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they come off the glass surface in*the presence of trypsin 
in a shorter time than do the rounded cells, making it 
possible to separate the two types from a mixed popula- 
tion. Cultures of the fibroblastic type have so far been 
kept viable and active for 3 months. These fibroblasts 
are indistinguishable from skin fibroblasts and are grown 
best in the medium commonly used for skin. They respond 
normally to colchicine and it is easy to fipd sufficint 
metaphases on each slide to investigate and karyotype a 
population of cells. 

The differences in cell morphology may well be related to 
division sequence. The same alterations which are seen 
when a blastoid nucleus changes to a reticulated nucleus 
and then again to a blastoid nucleus are commonly seen in 
dividing cells, and may represent a resting cell population, 
beginning to divide and then becoming quiescent again. 
It is of some interest that these cells can be grown without 
any added antigenic agents such as PHA. The ability of 
circulating mononuclear cells to multiply and alter their 
normal configuration must be added to the list of 
potentialities of these cells. 

This work was supported by a Program Project Grant. 
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Observations on the Origin of 
Lymphocyte-like Cells in Mouse Bone Marrow 


APPRECIABLE numbers of lymphocyte-like cells are found 
in the bone marrow of mice!? and other mammals*-‘, 
Their origin has intrigued investigators for many years*. 
Yoffey*-‘ considers that these cells have a haematogeneous 
origin, while Osmond and Everett? find no evidence for 
the influx into the bone marrow of large numbers of blood 
lymphocytes. Evidence is accumulating that mitochon- 
drial content is a useful criterion for characterization of 
lymphocytes*-* and that electron microscopy may help to 
elucidate the origin of some lymphocyte-like cells*. The 
present investigation was undertaken to compare the 
number of mitochondria in lymphocytes from blood and 
lymphocyte-like cells in bone marrow and to examine the 
ultrastructure of the latter. 

The material for the mitochondrial investigations was 
obtained from six 49 day old virgin female mice from each 
of the C57BL/Sp, PL/Sp and MAf/Sp strains. Fifty 
blood lymphocytes and fifty bone marrow lymphocyte- 
like cells from each mouse (total 300 cells/tissue/strain) 
were examined. Preparation of Janus green stained 
supravital specimens of bone marrow, counting of the 
mitochondria and measurement of the cells was carried 
out as previously described*. Blood films were prepared 
as follows. The mice were bled by severing the great 
vessels on the left side of the neck and the blood was z 
collected in a 3 ml. centrifuge tube containing 0-1 ml. of 
a 0-2 per cent solution of heparin in physiological saline. 
A portion of the heparinized blood was taken up in a 
heparinized pipette and a small drop was run on to a 
chemically clean, dust-free coverslip, Which was ethen 
inverted and gently placed on a slide which had been 
prepared previously with Janus green B so that the drop 
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spread evenly between slide and coverslip. The latter 
was then rimmed with vaspar (25 per cent ‘Vaseline’ and 
78 pew cent paraffin) to seal and support it on the slide. 
The preparations were allowed to stand for 20 min at 
room temperature in a covered slide box and then read. 

Differences between strains were found in the mito- 
chondrial content and the size of the cells examined. 
TRe results, obtained when cells from blood and bone 
marrow were compared, however, were similar in all 
strains. For brevity, therefore, only results from the 
C57BL mice are presented. Differences were analysed by 
Student’s ¢ test. 

Cells from both sites ranged from 4-8—11-8y in diameter. 
Blood lymphocytes were larger (P < 0-001) and contained 
more mitochondria (P < 0-001) than corresponding cells 
from bone marrow (Table 1). Inasmuch as previous 
studies®? indicated the presence of at least two popula- 
tions of lymphocytes with different mitochondrial con- 
tents in thymus and spleen, the differences in mitochondrial 
content of blood and bone marrow cells could have been 
due to different proportions of two populations. To test 
this possibility, the fitness of the data to unimodal and 
bimodal normal distribution curves was determined by 
means of a specially programmed IBM 7074 computer. 
The computer was used to divide the data into a series of 
population pairs. The mean and standard deviation for each 
population of each pair as well as its proportion were 
determined and the mean and standard deviation of the 
data as a single population were calculated!*:1, The likeli- 
hood of a single normal distribution and the likelihood of a 
double normal distribution for each of the population pairs 
were determined!*4!, A chi-square on three degrees of free- 
dom was then calculated from the maximum likelihood dis- 
tribution parameters?’ and the probability (P) of a single 
population was determined. The analyses indicated, first. 
that the data fit a two-population curve significantly 
better than a one-population curve, and second, that 
there still were appreciable differences in the mitochondrial 
content of both populations from blood and bone marrow 
(Table 1). 

Another possibility considered was that larger lympho- 
cytes have more mitochondria than smaller ones and, 
therefore, the larger blood lymphocytes would have more 
mitochondria than the smaller bone marrow cells. Com- 
parison of the number of mitochondria in cells of similar 
size from each site showed that those from blood con- 
tained significantly more mitochondria in all size cate- 
gories which we examined (Table 2). These data suggest 
that, using mitochondrial content as the criterion, either 
the lymphocyte-like cells of the bone marrow were not 
derived from the blood to any great extent or blood 
lymphocytes lost mitochondria after entering the bone 
marrow. 

Bone marrow for electron microscopy was obtained from 
the right femur of 63 day old virgin female C57BL mice 
and processed as previously described’. If the lymphocyte- 
like cells in the bone marrow were derived from blood 
lymphocytes by loss of mitochondria after they entered 
the bone marrow, frequent degenerating mitochondria 
would be expected in cells other than those of the erythro- 
poietic series or evidence of shedding of mitochondria 
would be expected. Degenerating mitochondria, however, 
were observed only in erythroid cells and there were no 
indications of mitochondrial shedding. 
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Fig. 1. Electron micrograph of bone marrow showing an extruded 
nucleus (N) with scant cytoplasm and a cell with a similar but larger 
nucleus and more cytoplasm. (xe. 20,300.) 





Fig. 2. 


g Electron micrograph of bone marrow demonstrating several 

reticulocytes (R) and a normoblast (Nb) the nucleus of which is almost 

completely extruded but still attached by a narrow neck of cytoplasm. 

The cytoplasm of the aia ‘oun that of the reticulocytes. 
x :600, 


The electron micrographs showed the presence of large 
numbers of cells consisting of nuclei with dark chromatin 
and an extremely thin rim of cytoplasm (Fig. 1). Other 
cells had similar but larger nuclei and more cytoplasm 
(Fig. 1). The electron micrographs also provided many 
examples of extrusion of these nuclei from cells considered 
to be normoblasts inasmuch as their cytoplasm was 
similar to that found in reticulocytes (Fig. 2). Of all the 
forms encountered, the extruded nuclei resembled most 


Table 1. SIZE AND MITOCHONDRIAL CONTENT OF LYMPHOCYTES FROM BLOOD AND LYMPHOOYTE-LIKE CELLS FROM BONE MARROW 


_ Actual observations 


Site Size Mitochondria/ 
(u) cell x 
Blood 7-49 (0-06)* 24-9 (0-4)* 27t 
Bone marrow 635 (0-06) 11-9 (04) 70 


Mice were 49 days old, C57BL strain. 
* Means and standard errors. 


Computer analysis for the two-population hypothesis according to mitorhondriai content 


Population (1) -gpulation (2) 


P % Mitochondria/cell % Mitochondria/oell 
< 0-001 Í 95 23-8 (6-1)§ 5 44-4 (4-198 
< 9-001 84 9-8 (3-5) 14 23-4 (5-4) 


squares witl*three degrees of freedom calculated according to the formula 7? = 2 (natural log of La — natural log of Z,) where Ls is the likelihood of a 


tr 
bitnoadl and L, the Hkelihood of a unimodal distribution”. 


These figures represent the probability that there is a single and homogeneous population. 


0-001, we concluded that we were dealing with at least two populations of cells. 
§ Means and standard deviations. 
* 
. 


Inasmuch as the probability of this hypothesis is less than 





: 
iy 
: 
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Table 2. MrrocHOXDRIAL CONTENT OF BLOOD AND BONE MARROW LYMPHOCYTES OF SIMILAR ȘJZES 
Cell size (x) . 
Bouro 4-00-5-59* 5-60-6-39 6°40-7-19 7°20-7-99 8:00-8:79 8°80-9-59 9680-11-99" 
Mitochondria 16-8 (1-2)+ 21-2 (1-1) 22:9 (0-5) 25-6 (1-6) 26-7 (0-8) 30-9 (2-5) 32-2 (18) 
__ No. of cells 9 26 119 21 92 8 25 
Bone marrow 
Mitochondria 9-3 (0-4) 10-3 (0-6) 12-9 (0-6) 12-5 (1-6) 182 (L7 — 22-2 (4-4) 
No. of cella 87 59 108 15 25 0 6 
Pt <0-001 <0-001 <0-001 < 0-001 < 0-001 <0-05 


Mice were 49 days old, C57BL strain. 


* Represents pools of two or three size categories, each having a range of 0-794 inasmuch as fewer than six cells were found in some or the adjacent 


categories, 


+ Figures are means and standard errors and represent the number of mitochondria per cell. 
+ P indicates the level of significance of the differences between the mitochondrial contents of blood and bone marrow lymphocytes, 


closely the small lymphocytes seen in preparations of bone 
marrow when viewed with the light microscope. Similar 
observations about the lymphocyte-like cells in the 
thymus'*-"4 and spleen?! have been made previously. 

In summary, the present investigations suggest that, 
in mice, there is not a large influx of blood lymphocytes 
into the: bone marrow, but rather the data suggest that 
many of the lymphocyte-like cells in the bone marrow 
originate from local erythropoietic cells. As a consequence 
of these observations considerably more of the cells in 


‘mouse bone marrow must be considered as erythropoietic 


than has hitherto been suspected. This raises the question 
of whether mitosis of erythropoietic forms is sufficient to 
account for all the erythroid cells present or whether an 
additional mechanism such as repeated cycles of extruded 
nuclei rebuilding cytoplasm and giving rise to erythrocytes 
may also function. 

This investigation was supported in part by U.S. Publie 
Health Service research grants and by an institutional 
grant to the Detroit Institute of Cancer Research Division 
of the Michigan Cancer Foundation from the United 
Foundation of Greater Detroit. The computer pro- 
gramme was written by W. Moore, an undergraduate 
research participant at the University of Michigan, and 
Prof. Robert. M. Berk and Prof. Paul S. Dwyer, Depart- 
ment of Mathematics, University of Michigan (a copy will 
be published). We thank the Wayne State University Com- 
puting and Data Processing Center for the computer time 
and for the use of the Center’s other facilities. The 
electron micrographs were prepared by Mr. W. Barany 
under the supervision of Dr. A. V. Loud. 
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In vitro Studies of Aggregation of 
Non-mammalian Thrombocytes 


Non-MAMMALIAN thrombocytes are nucleated cells which 
have been shown to have a haemostatic function parallel- 
ing that of mammalian platelets. Thrombocytes are 
active in the promotion of clots! and clot retraction?, and 


respond in vivo to damage of the vessel wall by aggregating 

to form a plug’. Platelets have been shown to aggregate oo. 
in the presence of adenosine diphosphate (ADP)! and. 
therefore it seemed pertinent to study aggregation of 


thrombocytes with compounds and techniques used: in 
the study of platelets. Although the term thrombocyte is 
frequently used as a synonym for the mammalian platelet, 
in this paper it is used solely to describe the nucleated, 


non-mammalian haemostatic cell. i 


The animals used for this study were the domestic. 
chicken (Gallus gallus), alligator (Alligator miasissip- 
piensia), turtle (Pseudemys scripta), smooth dogfish 
(Mustelus canis) and spiny dogfish (Squalis acanthias). 
Blood was collected from the heart of the turtle and_-alli- 
gator, from the wing vein of the chicken and from the 
caudal artery or vein of the dogfish. Sodium citrate 
(0-15 moles/l.) was used as an anticoagulant unless. other- 
wise stated. Siliconized. glassware was used for all- the 
procedures except those in which the clotting times were 
measured. The experiments were performed. at room 
temperature. The test system included 1-8 ml. of thrombo- 
cyte preparation or plasma, and 0-2 ml. of test compound 
or saline. The reactants were mixed, in a cuvette coated 
with silicone, either by a polyethylene paddle driven by a 
stirring motor at 1,000 r.p.m. or by manual shaking. 
Visual observation, both macroscopic and microscopic, as 
well as photometric scanning, was used to determine 
whether aggregation occurred. The latter technique was 
not particularly useful as the presence of other cells did 
not allow sufficient change in optical density at 600 mp to 
detect small aggregates. The stability of the plasma and 
cells was checked by determining the times of recalcifica- 
tion and the efficiency of clot retraction before and after 
experiments. These controls demonstrated that when 
measured by these parameters cells and plasma underwent 
no marked changes during the period of the experiment. 

Preparations of thrombocytes ranging from about 
30-80 per cent were made by a single spin or differential 
centrifugation at relatively low centrifugal forces. Pre- 
parations consisted of the suspended thrombocytes in the 
plasma supernatant of the final spin (Table 1). The relative 
centrifugal force and time of centrifuging often had to be 
modified because blood samples from different animals of 
the same species sometimes differed in haematocrit and 


Table 1. SEPARATION OF THROMBOCYTES BY CENTRIFUGATION 


Method 
(RCF x min)* 


Dogfish a 20x4t 20 


Temperature 
CoO 


2) 50x4 s 


Turtle 130 x5 
Alligator 


¢ 
Chicken (1) 70x 5t 
(2) 130 x 5 
. 
* RCF, Relative centrifugal force. ecs 
t Layer above red blood cells pipetted off and recentrifuged at second 


speed, 
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Fig. 1. Effect of extract of dogfish erythrocytes on human platelets. 

The curves have been adjusted for percentage of change in optical density 

due to saline alone. @. 10 molar ADP; A, 10* molar ADP; 
W. dogfish erythrocyte extract (1 mg/ml.). 


apparent viscosity. The best preparations were those 
made from turtle blood. 

ADP in concentrations of 10-*-10-? moles/l. did not 
cause aggregation of thrombocytes in any of the above 
mentioned species. A series of experiments utilizing 
dogfish thrombocytes indicated that (1) 10-4 molar ADP 
with additional Ca++ (2-5 moles/l.) did not produce 
aggregation in citrated preparations; (2) ADP did not 
produce aggregation in preparations made with heparin; 
and (3) thrombocyte preparations made in native plasma by 
utilizing low temperatures’ did not aggregate on addition 
of ADP. Extracts of dogfish erythrocytes* aggregated 
human platelets (Fig. 1) but not dogfish thrombocytes. 
Other compounds which have been implicated as agents 
which induce or inhibit aggregation were tested on citrated 
preparations of thrombocyte and were shown to be 
inactive (Table 2). The exception among this group of 
compounds was thrombin. Crude preparations of turtle 
and smooth dogfish thrombin were made from barium 
sulphate eluates’ activated by saline extracts of lung and 
skin, respectively. Turtle thrombin preparations were 
dialysed against 0-15 molar sodium chloride containing 
0-1 molar citrate while dogfish preparations were dialysed 
against 0-3 molar sodium chloride containing 0-35 molar 
urea and 0-1 molar citrate. Dilute concentrations of these 
thrombin preparations produced aggregation of their 
respective thrombocytes without producing visual evi- 
dence for the formation of fibrin. 

The experiments demonstrated that thrombocytes were 
not aggregated by ADP in vitro when tested under 
conditions which cause aggregation of platelets. Other 
substances which induce aggregation, with the exception 
of crude thrombin, were also without effect. It appears 
likely that the mechanism by which ADP causes aggrega- 
tion of platelets is either absent or non-functional in the 
thrombocytes. Whether the effect produced by the 
crude thrombin preparations is due to thrombin cannot be 
confirmed until pure thrombin preparations for these 
species become available. 


Table 2, EFFECT on THROMBOCYTES OF THE TURTLE OF COMPOUNDS WHICH 
INDUCE OR INHIBIT AGGREGATION OF PLATELETS 


. Final concentration 
(moles/!.) Aggregation 

Adenosine diphosphate 102—104 - 
Adenosine monophosphate 104—107 - 
Adenosine triphosphate 104—107 - 

A Hvdronytrymami joio = 

e Hydroxy ne 10--—-10- = 
pinaphrine 10—10 - 
Norepinephrine 1074—10 - 

Crude thrombin ? + 


NATURE 


DECEMBER 31, 1966 9 vor. at2 


This research was supported by grants from Boston 
University Graduate School, the National Heart Institute 
and the U.S. National Science Foundation. 


Frank A. BELAMARICH 
Marearetr H. FUSARI 
DaviD SHEPRO 
Marsa Kien 

Department of Biology, 

Boston University, 

Boston, Massachusetts, and 

The Marine Biological Laboratory, 

Woods Hole, Massachusetts. 

!? Doolittle, R. F., and Surgenor, D. M., Amer. J. Physiol., 208, 964 (1962), 

E as a A., and Eskridge, R, W., Thrombos, Diathes. Haemorrh., 9: 

3 Stalsberg, H., and Pyrdz, H., Thrombos. Diathes. Haemorrh., 9, 291 (1963). 

* Born, G. V. R., and Cross, M, J., J. Physiol., 168, 178 (1963). 

š Mustard, J. F., Hegardt, B., Rowsell, H. C., and MacMillan, R. L., J. Lab. 

Clin. Med., 64, 548 (1964). 
© Hellem, A. J., Scand. J. Clin. Lab. Invest.,12, Suppl. 51, 71 (1960). 


7 Biggs, R. P., and Macfarlane, R. G., Human Blood Coagulation and its 
Diserders, third ed., 373 (Blackwell, Oxford, 1962). 


Demonstration of Fibrin in Tissue 
Haemorrhages 


In forensic medicine the coagulation of a haemorrhage is 
considered to be a sign of a reaction occurring in vivo. It 
is well known that staining of specimens mounted in 
paraffin is unreliable for the demonstration of fibrin in the 
coagulum. 

Gitlin et al.1 have demonstrated fibrinogen in human 
tissues by Coons’s fluorescent antibody method and have 
also used this method to examine fibrin in coagula formed 
of plasma and fibrinogen*®. Several investigators have 
demonstrated by this method the presence of fibrin in 
various disease conditions. We have not, however, found 
any reports of the applicability of the fluorescent antibody 
method for the demonstration of the fibrin network in 
human tissue haemorrhages. 

We have used the fluorescent antibody method for the 
demonstration of fibrin in traumatic tissue haemorrhages, 
using samples taken at autopsy. Samples from about 150 
autopsies were examined by this method and the results 
were compared with those from histological staining of 
frozen sections and paraffin sections from the same 
haemorrhages. 

Antiserum was prepared by immunization of rabbits 
with human fibrin clotted from fibrinogen (96-7 per cent 
clottability) with thrombin. The fibrin was pulverized 
sufficiently so as to pass through a No. 1 needle and was 
given as a single intramuscular dose of 20 mg/kg body 
weight, using ‘Aluminagel’ as an adjuvant. Three weeks 
later the immunization was continued by intravenous 
administration of 1 mg of fibrinogen three times weekly for 
4 weeks. The rabbits were bled dry on the seventh day 
after the last injection. The antifibrin serum obtained was 
absorbed with human serum to remove other antibodies, 
and the specificity of the resulting antifibrin was determ- 
ined by Ouchterlony’s double gel diffusion and immuno- 
electrophoresis. After absorption, only the band against 
fibrinogen was visible. 

To label the antibody the rough globulin fraction 
separated with saturated ammonium sulphate was con- 
jugated with fluorescein isothiocyanate‘ after analysis 
against physiological saline. The unfixed dye was removed 
by multiple absorption with ground rabbit liver’. The 
specificity of the conjugate in the specimens was controlled 
by absorption of the conjugate with human fibrinogen, 
which resulted in the disappearance of the specific fluores- 
cence. Furthermore, the fluorescence was clearly weakened 
by blockage of the antigen in the specimen with unlabelled 
antibody before the actual fluorescence staining procedure. 

The sample of tissue haemorrhage which was removed at 
autopsy was rapidly frozen in a mixture of carbon dioxide 
ice and acetone or in carbon dioxide snow. Sections 
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10u thick were cut with an ice microtome and dried with 
an electric fan on object glasses. For the fluorescent anti- 
body investigation the section was washed in physiological 
saline for 4-5 min to remove soluble fibrinogen from the 
tissue and the haemorrhage (since the antibody also is 
o fixed in fibrinogen). The washed sections were covered 

“with conjugate in a moist chamber and left for 30 min, 
after which the conjugate was rinsed off and the section 
was washed for 1 h in moving Coons’s saline solution. 
The section was then covered with buffered glycerine and 
a cover glass, and examined under Reichert’s ‘Binolux’ 
microscope, with a mercury high pressure lamp as a 
source of ultra-violet light. 

Sections were made from the same block, following 
the fluorescence section, and were stained by the following 
methods: Mallory’s phosphotungstic acid-haematoxylin 
(PTAH)*, Lendrum’s 44/41 Masson and Martius scarlet 
blue (MSB)*, and Glenner’s Rosindole’. The frozen 
sections were first fixed on object glasses with formalin, 
formalin plus 5 per cent sublimate, and Carnoy’s fixative, 
respectively. Specimens mounted in paraffin were also 
made from the tissue haemorrhage examined by the 
fluorescence method, and were stained by the above 
techniques. A few in vitro blood clots were examined by 
the same methods. 

By the fluorescent antibody technique a clearly visible 
network of fibrin was demonstrated in all the in vitro 
coagula and in most of the tissue haemorrhages that had 
clearly occurred in vivo and shortly after death. 

With the histological staining methods fibrin was 
demonstrated in only about 50 per cent of the haemorrhages 
in which it was seen by the fluorescent antibody tech- 
nique. Of these staining techniques, PTAH and 44/41 
Masson were the best, after the fluorescence technique. 
The fibrin network was usually visible more clearly and in 
more cases in frozen sections than in the corresponding 
paraffin sections. In the latter the fibrin networks evidently 
tend to be masked by fixed blood cells and blood proteins. 
The fibrin network is better revealed in frozen sections 
that have been fixed after slicing, because the cells and 
soluble proteins have been washed from the surface of the 
sections. 

Further investigations of the significance of fibrin in 
tissue haemorrhages as a sign of a vital reaction are in 
progress. 
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BIOLOGY 
Polyploidy and Nuclear Fusion 


Tue idea that chromosomes can double repeatedly by 
‘internal growth” without mitosis was put forward by 
G. Hertwig! and others to account for the giant (polytene) 
chromosomes in the salivary glands of Diptera. Berger? 
showed that in larvae of Culex (2n=6) the epithelial 
nuclei of the ileum undergo a succession of such internal 
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divisions with a multiplication of separated chromosomes 
up to a maximum of forty-eight or ninety-six (thirty-two- 
ploid). Geitler* described even higher grades of polyploidy 
in many tissues of Gerris (Hemiptera). He was at first 
inclined to attribute this to nuclear fusion; but following 
Berger’s observations and his own further work, Geitler 
adopted the same explanation and has greatly extended 
the general theory of “‘endomitosis’’~*. e 

There is no reason to question the occurrehce of endo- 
mitosis, which is described in the nurse cells of the ovary 
in Drosophila’ and in many other tissues*-*. It has recently 
been invoked to explain polyploidy in the honey bee. 
The purpose of this note, however, is to call attention to 
the fact that polyploidy in insects can also arise through | 
nuclear fusion’, ; 

I have recently reported that in the bug Rhodnius in 
extreme starvation (30-40 weeks), when virtually all 
reserves have been consumed and most of the mitochondria 
in the fat-body cells have degenerated into “cytolysomes’’, 
some of these cells break down; others fuse with their 
neighbours to produce cells with two or three nuclei, and in 
many of these multinuclear cells the nuclei themselves 
fuse to form bizarre structures in which the component 
elements can often be distinguished even when the 
intervening membranes have disappeared”. 

During the renewed growth and cell division, which 
commence 4 or 5 days after a single meal of blood in 
such insects, the highly polyploid nuclei undergo mitosis; 
sometimes normal mitosis; sometimes abnormal, with 
triradiate or irregular metaphase plates. Up to about 
500 mitochondria have been estimated at metaphase 
(probable diploid number, sixteen). 

It seems likely that the enormous polyploid nuclei with 
multipolar mitotic figures, reported during delayed wound 
healing in Rhodnius'', are likewise the result of nuclear 
fusion. Polyploid nuelei are far more plentiful in the fat 
body of Rhodnius after extreme starvation, but binucleate 
cells and polyploid nuclei with a patchy distribution occur 
also in insects that have not been starved for long periods. 
It is probable that this occasional polyploidy also is due to 
nuclear fusion. Endomitosis, however, occurs regularly in 
the fat body of Rhodnius as in other Hemiptera, for 
diploid nuclei are absent during the larval stages; most 
nuclei are tetraploid from the time of hatching. 


V. B. WIGGLESWORTH 
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University of Cambridge. 
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Effect of Host Pregnancy on Pupal 
Production by the Tsetse Fly 


Tae rabbit flea, Spilopsylius cuniculi, is entirely dependent 
for its own reproduction on its host becoming pregnant;* 
it has been postulated that a factor, required by the flea 
for ovarian development, is only present during the last 
week of host pregnancy’. It has also been shown that the 
corticosteroids and oestradiol stimulate ntaturation pf ¢he 
ovaries and accelerate the rate of defecation®. ‘These 
findings suggested the possibility that reproductivity might 
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be increased in blood sycking insects, such as tsetse flies, 
if the females were fed on pregnant hosts. 

In 4964, nearly 350 fertilized females of Glossina 
austent were fed on pregnant goats and a similar number 
on non-pregnant goats. The females fed on pregnant goats 
lived significantly longer and produced significantly more 
and heavier pupae than the controls‘. The investigation 
wag started towards the end of a toxic period, believed to 
have been def to slight insecticidal contamination, and the 
control values were sub-standard. It was decided to await 
the following year’s goat breeding season and to undertake 
a second series of experiments, the results of which are 
discussed below. 

When it seemed certain that the seven experimental 
goats were pregnant, a continuing series of alternating 
experimental and control cages was set up; each 
cage held twenty-five, 4 day old, fertilized female G. 
austeni. This continued until parturition. In cages set up 
towards the end of the 5 month gestation period flies had 
progressively fewer feeds from pregnant hosts, but as 
found in the previous year even a small number of feeds on 
pregnant hosts sufficed to establish the superiority of the 
experimental flies over the controls. 

In all, nearly 1,050 females were fed on pregnant goats 
and a similar number on non-pregnant individuals. By the 
end of the fifth reproductive cycle, when the flies were 
8 weeks old, 61 per cent of the experimental flies were still 
alive compared with 39 per cent of the controls; the 
difference is significant (y3= 101-1; P<0-001), The 1,048 
experimental flies had produced 2,865 pupae, the 1,044 
control flies had produced only 1,852 pupae, and the mean 
weight of the former was 1 mg greater. The larger pupal 
yield from the experimental flies was a result of both 
better survival and an improved rate of reproduction. By 
dividing the crude data into sub-experiments of 200-250 
experimental flies and plotting their pupal yields against 
the host gestation period, a trend has been revealed which 
suggests that the effect of the beneficial factor on pupal 
yield increases to become maximal in the ninth to four- 
teenth week of pregnancy and then operates at a lower 
level. 

By the end of the fourteenth reproductive cycle when 
the flies were 20 weeks old, 398 experimental females had 
produced 1,963 pupae with 11 per cent of the females 
surviving, whereas 399 control females had produced only 
920 pupae with 3 per cent of the females surviving. The 
period during which these flies were fed on pregnant goats, 
before parturition necessitated their transfer to non- 
pregnant goats, ranged from 134 days for the first cage to 
be set up to 71 days for the last. 

Clearly, feeding G. austeni on pregnant hosts greatly 
increases their reproductive ability. Should the gestation 
period of their wild hosts coincide with the early rains, the 
great increase in tsetse populations which may occur at 
this season could be in part due to host pregnancy, and not 
entirely to the amelioration of climatic conditions. It is 
important to know whether in nature female tsetse are 
attracted in greater numbers to, say, pregnant oxen than 
to non-pregnant or male individuals, possibly by a differ- 
ence in scent. If this is so, the results described above could 
-be attributed to the more avid feeding of female tsetse on 
pregnant animals, and not necessarily to some factor in the 
‘blood of the pregnant hosts. 
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Photoperiodic Stimulation of Egg Laying 
in the Land Snail Helix aspersa 


WE report here early results of an investigation of the 
relation between photoperiod and various aspects of the 
physiology and reproduction of the land snail, Helix 
aspersa. It was suggested recently that maturation of 
gametes may be initiated by annual temperature fluctua- 
tions and is perhaps correlated with changes in illumina- 
tion. There does not seem to be much information on the 
influence of light. Induction of egg laying in the pulmonate 
pond snail Lymnaea palustris given light periods of 13-5 h 
or more has been reported and interruption of the dark 
period on a short day schedule is also effective. 

Our observations were made on mature H. aspersa 
collected from their natural habitat in a well watered 
garden in California. In this habitat, active individuals 
are observed throughout the year. Copulation and egg 
laying reach a peak in late June and early July. Observa- 
tions of laboratory maintenance, growth, and reproduc- 
tive behaviour of these animals have recently been 
reported?:, 

On July 15 and again on September 15, 1965, forty 
animals were brought into the laboratory and divided into 
four groups of ten. In two of the groups the distal half of 
the optic tentacles was removed with fine scissors. The 
remaining two groups were sham operated in an adjacent 
region of the foot. Each group of animals was placed in a 
vented clear plastic container with moist garden soil and 
grass clippings, and placed in one of two incubators at a 
temperature of 17° C. Automatically controlled fluorescent 
lighting provided a regime of 15 h of light and 9 h of dark 
in one incubator and 9 h of light and 15 h of dark in the 
other. A group of animals without tentacles and a group of 
sham operated animals were placed in each incubator on 
the dates mentioned. Light intensity was 60-80 ft.-candles 
at the surface of the clear container. The snails were kept 
supplied with fresh lettuce. 


Table 1. NUMBER OF EGG CLUSTERS 
15 h light and 9 h dark 9h light and 15 h dark 
Date of Sham Tentacle Sham Tentacle 
collection operated removed operated removed 
July 15, 1965 2 6 Oo. 0 
September 15, 1965 6 (1) 6 (2) 0 (1) 0 


Numbers in parentheses indicate the number of animals in each group 
which have died since the start of the experiment, 


Table | indicates that egg laying was observed in both 
detentacled and sham operated snails when they were 
maintained on a schedule of 15 h of light each day. The 
number of eggs in a cluster ranged from twenty-two to 
sixty-one. 

In this stylommatophoran genus the eye is borne at the 
tip of the tentacle and clearly the response is not necessarily 
mediated by the eye. Removal of the optic tentacles in 
certain pulmonate slugs produces an increase in the 
number of oocytes in the ovotestis®. It should. be noted 
that no egg laying oceurred in any group we observed in a 
9h light regime. Hence, whether or not such an increase 
is produced in Helix, removal of the optie tentacles is not 
a sufficient stimulus to lay eggs. 

Histological and physiological investigation of this 
response is in progress. 

Gwen J. STEPHENS 
ROVER Č. STEPHENS 
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Culture of Adult Human Skin: in vitro Growth 
and Keratinization of Epidermal Cells 


ADULT human skin has been successfully cultured by 
several methods, but progress has been slow because the 
cells in the outgrowth have never been satisfactorily 
identified. Light microscopy has shown that fibroblasts 
grown on glass surfaces may assume a pavement-like 
appearance and mimic the growth pattern of epithelial 
cells}. To avoid this, several investigators have attempted 
to eliminate fibroblasts from growing cultures'-*. In none 
of these experiments was it conclusively shown that 
growing cells are epithelial and undergo keratinization, 
although these assumptions appear to be valid. 

A relatively simple method has been used to culture split 
thicknesses of adult human skin in our laboratory, and 
they have survived for up to 10 weeks. Epidermal cells 
migrated from the margins of the culture and became 
keratinized. These findings were confirmed by both 
histological and electron microscopic examination. 

From each of four male and four female surgical patients, 
aged from 38 to 72 yr, twenty to thirty biopsy specimens 
of skin, each 0-3 cm in diameter, were removed from the 
abdomen or mid-back; a total of 180 biopsies were so 
obtained. With the patients under general anaesthesia, the 
operative sites were prepared with ‘pHisohex’ and alcohol. 
Each specimen was washed twice for 10 min in sterile 
Hanks balanced salt solution, and placed in a drop of 
chicken plasma at the bottom of a 50 mm plastic Petri 
dish. A drop of chick embryo extract was added to the 
plasma, The dishes were placed in a humidified incubator 
at 35° C in an atmosphere of 5 per cent carbon dioxide in 
air. When a clot had formed, 2 ml. of Eagle’s minimal 
essential medium supplemented with 1 per cent glutamine, 
antibiotics (streptomycin, penicillin, tetracycline and 
amphotericin to a final concentration of 100 ug, 100 v, 
and 10 ug/ml. respectively), and 10 per cent calf serum 
were gently pipetted into each dish. The medium was 
changed every 3 days and the specimens were examined 
daily with an inverted microscope. 

Of the explants 168 out of 180 grew in a manner similar 
to that described previously?. After a lag of 2 to 10 days, 
cells migrated from a part of or from the entire circum- 
ference of the explant and gave rise to two separate and 
distinct populations, polygonal epithelial cells (Figs. 1 and 


2) and spindle shaped fibroblasts. In a few specimens, only ` 


epidermal cells appeared to grow from the explant. By 
the fourth week, the cell sheet usually attained a radius of 
twenty to thirty cells. Many epidermal cells, singly or in 





Fig. 1. Epidermal cells of polygonal shape in outgrowth from a skin 
explant contain nuclei with prominent nucleoli. One of these cells is in 
mitosis (arrow). Jenner~Giemsa stain ( x 100). 
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Fig. 2. Outgrowth from a skin explant shows polygonal epidermal cells, 
Two of these cells have keratinized (arrows) and contain pyknotic 
nuclei. Jenner~Giemsa stain ( x 100). 


groups, began to keratinize (that is, became translucent 
and were either anuclear or contained a pyknotic nucleus), 
and floated in the medium. As they became detached 
from the cell sheet, the holes were rapidly filled as a result 
of both mitotic activity and migration of neighbouring 
cells. After 2-2-5 months, the growth of fibroblasts 
increased; they encircled and eventually crowded out the 
epithelium. 

When glass was used as a surface, the growth of the 
cultures was less successful. When growth occurred, it was 
slower than on the plastic surface and ceased after 3-4 
weeks. 

Paraffin sections of the explant and its outgrowth were 
stained with haematoxylin and eosin, phosphotungstic acid 
and haematoxylin, Jenner-Giemsa’s stain, or Mallory’s 
trichrome stain, and were examined by light microscopy. 
The epidermal and keratinized cells possessed the same 
staining characteristics as the normal Malpighian cells and 
keratin, respectively. Glycogen was demonstrated in some 
epidermal cells, but neither melanin nor melanocytes could 
be found in the outgrowths examined. 

For electron microscopy, specimens of cultured explants, 
still in their plastic Petri dishes, were fixed in cold 3 per 
cent glutaraldehyde in phosphate buffer for 1 h, post- 
fixed in 1 per cent buffered osmic acid for 15 min, rapidly 
passed through graded alcohols and embedded in ‘Epon’. 
The plastic dish was removed from the polymerized 
‘Epon’ by cutting through both with a shearing force. 
Thin sections were examined with an electron microscope. 
So far, investigations of two specimens, cultured for 4 and 
6 weeks respectively, have been completed. The pertinent 
findings are here summarized. Within the outgrowth of the 
explant the cells which showed an epithelioid growth pat- 
tern were clearly epidermal since they contained tono- 
filaments which terminated on desmosomes (intercellular 
bridges) (Fig. 3). In this region, the cells were one to 
fifteen layers thick and their long axes paralleled the 
surface of the specimen. In the lower part of the specimen, 
the epidermal cells were similar in appearance to those in 
the Malpighian layer of healthy skin. They contained a 
nucleus surrounded by a perinuclear “clear” zone which 
was free of tonofilaments. The latter were present in thg 
middie and outer zones of the cytoplasm, usually in 
groups (Fig. 3). Within these aggregates, the tonofilaments 
remained distinct and were about 60 A wide. In addition 
to the ribonucleoprotein particles and organelles usually 
seen in the cytoplasm of epidermal cell8, some cells ton- 
tained clusters of glycogen granules of varying size. These 
granules are not present in healthy epidermis, but are seen 
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in inflamed or senile skip. Immediately peripheral to the 
explant the cells in contact with the plastic surface were 
predominantly epidermal; however, rare fibroblasts or 
necrotit cells were also found in this location. The cells 
in the upper part of the specimen were usually keratinized. 
These cells, surrounded by a thickened outer membrane 
(Figs. 3 and 4), had usually lost their nuclei, granules and 
orggnelles, and were filled with filaments, about 100 A 
wide, separated by spaces translucent to electrons. These 
spaces, in the sections examined, did not contain the 
amorphous electron dense material that is present in some 
keratinized cells in normal skin. Some of the keratinized 
cells contained structures which were morphologically 
consistent with lysosomes’. Desmosomes were usually not 
found between these keratinized cells, perhaps accounting 
for the observation that such cells floated in the nutrient 
medium. 

These findings make it obvious that epidermal cells 
can be grown from split-thickness, adult human skin 
explants. These cells keratinize in a manner similar to 
that observed in normal epidermis, as is shown by the 
increased width of keratin fibres when compared with 
that of tonofilaments, the disappearance of desmosomes 
between keratinized cells, and the increased width of 
the outer cytoplasmic membrane. It was shown that in 
the immediate vicinity of the explant one cannot assume 
the absence of fibroblasts from outgrowths showing an 
epithelioid growth pattern. We found, however, so few 
fibroblasts in these regions that one might, for practical 
purposes, consider such areas to be composed solely of 
epidermal cells. 

The method outlined for the culture of adult human skin 
is simple and results in a high percentage of successful 
takes. Although there are differences between the epider- 





Fig. 3. Section of outgrowth shows stratified epidermal cells. The lower- 
most cell contains a nucleus (NV); mitochondria (m); a Golgi apparatus 


(g), gd groups of tonefilaments (£). Desmosomes (d) are present between 

the loWer cells, but not between the upper ones. The uppermost cell, 

surrounded by a thickened cytoplasmic membrane (arrow), is keratinized. 
A myelin figure (my) is shown. Leatl citrate stain (x ¢. 14,650). 
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Fig. 4. Section of part of two adjacent keratinized cells in the outgrowth. 

An intercellular space (is) separates the thickened outer cytoplasmic 

membranes. The cells contain electron dense filaments, about 100 

wide, separated by electron translucent spaces. Lead citrate stain 
(x 40,500). 


mal outgrowths in these cultures and the normal epidermis, 
the great similarities between the two would indicate that 
these cultures could serve as a useful experimental model 
for prolonged in vitro investigation of skin. 
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Simple Method of Differentiating Erwinia 
carotovora Variety ‘Atroseptica’ from 
E. carotovora and E. carotovora Variety ‘Aroideae’ 


In Northern Ireland black leg and tuber rot of the potato 
are caused by Erwinia carotovora variety ‘Atroseptica’ 
(van Hall) Holland, but two other soft rot coliforms, 
namely, Æ. carotovora (Jones) Holland, and Æ. carotovora 
variety ‘Aroideae’ (Townsend) Holland, are also involved, 
particularly in the tuber rotting phase of the disease. 
The same three organisms have also been found to be 
associated with the disease in Romania’. The isolation 
of soft rot Erwiniae (Pectobacteria) has recently been 
simplified by the introduction of selective media?*, These 
media utilize as a diagnostic characteristic the ability of 
the bacteria to liquefy pectate gel and therefore do not 
differentiate between Æ. carotovora, E. carotovora variety 
‘Aroideae’, and E. carotovora variety ‘Atroseptica’. 
Attempts to distinguish between the pectolytic varieties 
of Erwinia have been carried out using standard biochemi- 
eal and physiological testst-7. There is uniformity in the 
reactions of these varieties to these tests despite, in some 
cases, the diverse origins of the organisms. Results have 
shown that the soft rot coliforms comprise a biochemically 
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Fig. 1. 


Growth of E. carotovora (left) and E. carotovora variety ‘Atro- 
septica’ (right) after 48 h of incubation at 27° C. 


well defined group difficult to separate with absolute 
certainty. 

It was noted? that after 24 h of incubation at 27° C on 
heart infusion agar, well separated colonies of E. carotovora 
and Æ. carotovora variety ‘Aroideae’ appear larger than 
those of H. carotovora variety ‘Atroseptica’, and the 
following agar medium was devised to emphasize this 
difference in colony size: 28 g of nutrient agar (‘Oxoid 
C.M.3°); 5 g of yeast extract (‘Difco’); 5 g of glucose; 
11. of distilled water. The medium is autoclaved at 15 Ib. 
pressure for 15 min and cooled to 60° C. Sterile 0-5 per 
cent, 2,3,5-triphenyl tetrazolium chloride (10 ml.) is 
added to the 1 L. of medium and 15 ml. samples are poured 
into sterile Petri dishes. After drying the surface of the 
medium overnight at a temperature of 37° C, aqueous 
suspensions of the bacterial isolates are spread over the 
surface so that single colonies can develop (Fig. 1). After 
24 h of incubation at 27° C the single colonies of either 
E. carotovora or E. carotovora variety ‘Aroideae’ reduce 
the triphenyl tetrazolium chloride to insoluble red forma- 
zan, develop pink to red—purple centres and attain a 
diameter of about 1-5 mm. The single colonies of Æ. 
carotovora variety ‘Atroseptica’ remain colourless and less 
than 0-5 mm in diameter. After 48 h of incubation the 
E. carotovora variety ‘Atroseptica’ isolates reduce the 
triphenyl tetrazolium chloride, but the single colonies 
remain small and this differentiates them from the larger 
and more deeply coloured colonies of either Æ. carotovora 
or E. carotovora variety ‘Aroideae’ (Fig. 1). 

Comparisons of growth on the above medium with and 
without triphenyl tetrazolium chloride showed no differ- 
ence, apart from colour, in colony morphology; the 
addition of triphenyl tetrazolium chloride merely makes 
observations easier by bringing about this change in 
eolony colour. 
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Resistance to Water Transport in Plants— 
a Misconceptién? 


PROFESSOR LEVITT! argues that the chief resist&ince to 
water transfer through the soil-plant-atmosphere eon- 
tinuum is in the liquid path through the plant, and not 
in the gaseous path from plant to atmosphere as con- 
cluded by Gradmann? and van den Honert’. The basig of 
his argument is that while water potentials ame appropriate 
to transfer of the liquid through the plant, vapour pres- 
sures should be used in the Ohm’s law analogue of the 
flow from plant to atmosphere, because gas diffuses in 
response to a vapour pressure gradient. 

As water vapour pressure is uniquely related to water 
potential, either may be used to express energy differences 
in the Ohm’s law analogue. Unfortunately, the permis- 
sible expression of both water potentials and. water 
vapour concentrations in terms of pressures introduces a 
trap. Although Levitt’s comparison of resistances appears 
dimensionally correct, it is, unlike those of Gradmann 
and van den Honert, actually between the hydraulic 
resistance of the plant, and the diffusive resistance from 
plant to atmosphere. Philip‘ has recently drawn attention 
to ‘the considerable differences between these factors 
which are normally expressed in this context in units of 
{time] and [time/length] respectively. 

For this reason, Levitt’s argument cannot be accepted 
as demonstrating a misconception by Gradmann and 
van den Honert. 
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Resistance to Water Transport in Plants— 
Whose Misconception? 


Levirr! has re-interpreted an analogue proposed by 
Gradmann and yan den Honert, and concluded that the 
chief resistance to flow through a plant is in the liquid 
and not in the vapour phase. l 

It is now generally conceded that the Gradmann—van den 
Honert analogue is satisfactory only in the most general 
terms. This is mainly because of differences in the nature 
of the potentials and resistances in each segment of the 
pathway, particularly between leaf and air, where there is 
a phase change from liquid to vapour. Even so, the 
original conclusions remain valid. These are that control 
is exercised in the vapour phase, where the stomata are 
located, and that control elsewhere would result in desic- 
cation of the plant beyond the control zone. 

A good test of Levitt’s conclusion about the importance 
of liquid phase resistance is to consider what happens when 
it is removed. Levitt states that leaf water potentials are 
normally higher than —50 bars. In fact, few plants 
survive at potentials below this value®. If the roots of a 
plant are in pure free water and the resistance to flow in 
the liquid phase is somehow made negligible, the water 
potential of the leaf cells will rise to values approaching 
zero. A change in water potential from —-50 bars to zero 
will bring about a change in water vapour pressure? at the 
surfaces of the leaf cells of only about 5 per cent, or 1-5 
torr in the example Levitt quotes. Since, in Levitt® 
example, the drop in water vapour pressure from the cell 
surfaces to the external air was 15 torr, removing all 
resistance to water flow in the liquid phase could not 
increase transpiration by more than about 10 per genk. 

This paper was written while one of us (J. V. L.) was.on 
leave of absence fromthe National Institute of Agricultural 
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1 Levitt, J., Nature, 212, 527 (1966). 
* Slatyer, a O., Plant-Water Relationships (Academic Press, London, in the 
press). 
> Guggenheim, E. A., and Prue, J. E., Physicochemical Calculations, 178 
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Several other letters on this subject have been received, 
together with a note from Professor Levitt. A selection of 
these will appear in a later issue.—Epiror, Nature. 
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Light Induced Effects in Bone 


Some recent reports on photoelectric effects in human 

: bone by Becker and co-workers have been interpreted as 
evidence that bone exhibits semiconducting properties, 
including photoconductivity!*. The present investigation 
leads to the conclusion that the effect of light on bone is 
simply heating, which is often difficult to distinguish from 
photoconductivity. The reported photoelectric effectst? 
can probably be attributed to such an “artefact”. 

Samples of human bone were cut from a clinically 
normal femur which was obtained through an amputation 
necessitated by diabetic gangrene of the toe, and from a 
disarticulated femur purchased from a biological supply 
house. Fresh bovine femur and ivory samples were also 
investigated. Rectangular sections 10-25 mm on a side and 
2~3-5 mm thick were cut from the dense cortical bone with 
a hand saw and polished with abrasive paper. The fresh 
bone was subjected to room temperature and humidity for 
two weeks before study. 

Silver epoxy electrodes were used in two configurations. 
For bulk conductivity they were placed on opposite faces 
of the specimen (Fig. la), and an earthed guard ring was 
uséd to eliminate surface currents. For comparison, one 
electrode was placed on the cross-section perpendicular to 
the bone axis (Fig. 1b), for this is the configuration said?)* 
to lead to PN junction behaviour*. As a guard ring was 
not used, the total was a combination of volume and 
surface currents. 

Samples were held by ‘Teflon’ screws in a light-tight 
metal box and illuminated through an optical shutter. 
Currents were measured with a picoammeter and a dual- 
channel recorder, the second channel recording the output, 
as amplified by a microvoltammeter, from a copper- 
constantin thermocouple fastened with cement to the rear 
(non-illuminated) surface of the sample. A mercury cell of 
1-4 V supplied the biasing voltage. Illumination was by a 
100 W mercury lamp and a 17 W tungsten lamp; Corning 
glass filters isolated different regions of the spectrum. 

Fig. 2a shows the rise and decay of current induced by 
the tungsten lamp in a fresh human bone sample with 

` electrodes arranged for bulk current. The shape of the 


 gurve is the same as that in Fig. 2b for the same sample 


with electrodes on perpendicular faces (PN arrangement), 
and. both are similar to the curves previously published!. 
The dark current varied with the sample, and changed 
with electrode arrangement. The per cent change in 
gurrent on illumination, per degree change in temperature, 
however, was roughly the same for a given sample whether 
the electrodes were in the bulk or PN arrangement. The 
temperature response of the rear face of the sample is 

* Bocher et al. assume that the electrode on the cross-sectional surface 
contacts collagen. fibres primarily, while the other contacts apatite crystals 


pi y, making the arrangement act like a system of PN junction diodes 
n parallel. 
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shown below the current curves. (The front face response 
was roughly twice as great.) si i 

Similar curves were obtained with the mercury lamp. 
Again, both electrode arrangements gave roughly the 
same per cent increase in current per degree. 

Fresh cow bone, ivory, and human bone obtained from 
a biological supply house gave results similar to those 
of fresh human bone. For the entire group of samples the 
increase in current with temperature ranged from 10 to 
75 per cent/° C. The dark current range was 0-3.x 107- 
0-7 x 10-!° amp, and the temperature increase. 0-05-0-5" C. 

To distinguish photoconductivity from heating, the 
mercury lamp was used with two filters registering almost 
the same intensity on a thermopile with a flat response: 
a ‘Corning 4-97’, passing radiation in the range 3,400 A 
<2<6,400 A plus some infra-red l-3y<A<28u, and a 
‘Corning 2-64’, passing radiation in the range 6,500 A 
<A<3-5u. The result was that the two filters caused the 
same current increase. To make certain the small amount 
of infra-red transmitted by the ‘4—97’ was not responsible, 
both filters were used together. The current increase was 
then only a fraction of that induced by the ‘4-97’ alone. 
If the second filter was inserted after there had been an 
increase in the current from the first filter, the current 
dropped as if the shutter had been closed. As all wave- 
lengths are completely absorbed in the opaque bone, and 
since wavelengths shorter than 6,400 A produce the same 
increase in current as wavelengths greater than 6,500 A, 
one must conclude that this is the result of heating rather 
than photoconduetivity. The slow response, about 100 sec, 
supports this conclusion. 


{a} (b) 


TOP VIEW 
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<————— LONG AXIS OF BONE ————— 
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= CROSS - SECTION j 


Fig. 1. 


Electrode placement. (a) For bulk conductivity. Earthed guard 
ring eliminates surface currents. ( 


b) PN arrangement. 
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Another piece of evidence for heating is that human 
bone samples from the biological supply house, although 
exhibiting the same per cent increase in current per degree 
as fresh bone, had dark currents two orders of magnitude 
lower (lower water content), and a current increase on 
illumination of 50-100 per cont rather than the 2-3 per 
cent of fresh bone. According to the curves of Becker et al.? 
for the conduetivity of bone versus temperature, fresh 
bone exhibits currents of 10-8 or 10- amp, and a current 
change of a few per cent over 20° C, while the current in 
dried bone changes by more than an order of magnitude, 
from 10- to 0-5 x 10-1! amp, in the same interval. In the 
present investigation, where the temperature change on 
illumination is a fraction of a degree, one would expect a 
current change of a few per cent for fresh bone and 
~ 100 per cent for dried bone, solely from heat. This is 
exactly what was observed. 

Several additional checks were made. The intensity 
from the mercury lamp at some distance from the thermo- 
pile was measured to be 2x 104 uW/em?. The predicted 
increase in temperature for a sample 2 mm thick with a 


‘specific heat of 0-5 at that position should be 0-00125 


degrees/sec, which was approximately the rate observed. 
In another check, various filters which passed different 
regions of the spectrum were inserted between sample 
and lamp. The ratio of the current produced with the 
filter to that without was, for each filter, the same as the 


- ratio of the intensity with the filter to that without. 


We conclude that if there are photocurrents in bone 
they must be less than 5 per cent of the currents measured. 
This would imply photocurrents less than 0-1 per cent of 
the dark current for fresh human bone. The question then 
arises whether it is meaningful to regard such small 
currents as semiconducting in character, as most insulators 
exhibit photoconductivity to some extent. 

This work was supported by the National Institute of 
Dental Research, the National Institutes of Health, U.S. 
Department of Health, Education and Welfare, and by 
the Division of Biology and Medicine, U.S. Atomic Energy 
Commission. 

We thank Professors H. Kallmann and M. Pope for 
stimulating discussions, R. Laupheimer for help with 
electronics, and D. Davis for sample preparation. 


Grace M. SPRUCH 
Morris H. SHamos 


Biophysies Research Laboratory, 
Department of Physics, 

New York University, 

New York, N.Y. 
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Influence of Ethylenediamine Tetraacetate 
and Calcium lons on Vascular Tension 


Ir is well known that the contractility of muscles is 
suppressed after removal of the calcium ions from the 
extracellular liquid and that injection of a small quantity 
of calcium ions into a fibre of skeletal muscle induces 
contraction. A definite quantity of intracellular calcium 
ions is necessary to establish the association of actin and 
myosin in the presence of ATP, and, therefore, the activity 
of actomyosinatepase to provoke contraction!-*. During 
stimulation of the skeletal muscle fibre, calcium ions are 
taken fromthe extracellular liquid and are restored 
later?-!° No uptake of calcium has been detected during 
contraction in smooth muscle'!??, 

‘The contractile proteins of vascular muscle exhibit 
physical and chemical behaviour which is different from 
that of skeletal muscle!*-17, We assume, therefore, that 
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Fig. 1. Tension of carotid samples; (1) given 5 mmolar EDTA at the : 
first signal (marked by faint dots above time scale); (2) given 6 mmolar : 
EDTA at the second signal and 5 mmolar calcium chloride at the third 
signal; (3) given 5 mmolar EDTA at the fourth signal and 6 momolar: ; 
magnesium chloride at the fifth signal. <—>1 time interval of 1 min; ; 


tension interval of 176 x 10° dyne/em*; initial tension, 345-365. 108 a 
dyne/em*, 3 ni a 


some mechanism, other than that of skeletal muscle, is. 
responsible for tonic contraction in smooth muscle!*. For: 
this reason, we investigated further the influence of ethyl- 
enediamine tetraacetate (EDTA) and calcium jons on- 
vascular tension and contraction. In order to remove any 
stress, vascular sections from cow carotids 15-20 mm long 
were kept for about 45 min in a bath of 100 ml. of Tyrode 
solution at 37°C. The Tyrode solution was free: from. 
calcium and magnesium. When the equilibrium of tension 
was reached, different quantities of EDTA (pH 7-4) were 
added. Fig. 1 shows that the addition of 5 mmolar EDTA 
provokes a progressive increase of tonus which sets in 
after a latent period of several seconds up to 2 min and 
may last for 10-20 min before it slowly dies down. -It 
seems paradoxical that an equivalent amount or more of 
calcium added to EDTA shortly after the onset of contrac- 
tion, during the rise of tension, will stop the contraction 
within a few seconds (curve 2). If calcium is applied 
before EDTA, no contraction occurs. The influence of 
ealcium ions is not specific. It does not matter. which one 
of the bivalent cations (calcium, magnesium, iron, cobalt, 
copper, manganese) is added in order to form a chelate. 
Addition of greater amounts of EDTA may sometimes, 
but not always, provoke a contraction, even if the vessel 
is bathed in normal Tyrode solution. The muscle of rat 
diaphragm and of rectus abdominalis does not contract 
in similar conditions under the influence of EDTA. The 
active transport of potassium and sodium is cancelled 
by EDTA. Our results make it unlikely that EDTA 
provokes contraction of the vascular muscle by depolariza- 
tion of the muscle membrane. We believe rather that. it 
acts within the cell where it favours the syneresis of tono- 
actomyosin through a binding of free calcium and mag- 
nesium ions which leads to shrinkage of the muscular cell. 


L. Laszr 


Institute for Cardiovascular Research, 
University of Fribourg, 
Switzerland. 
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Action Potentials of Single Muscle Fibres 
evoked by Stimulation via the Recording 
e Micro-electrode 


Most experiments for recording the action potentials of 
striated muscle by means of intracellular electrodes are 
carried out with isolated curarized muscles. If non- 
curarized muscles in’ situ are used, it is very difficult to 
immobilize éhem so that artefacts appear! and the elec- 
trode can easily break. To overcome these difficulties the 
stimulation of only one fibre through the intracellular 
recording electrode was tried. Where the stimulus was 
applied intracellularly, a positive stimulation pulse was 
used. The action potential then appeared during the 
pulse**, The amplitude of the recorded action potential 
during such a positive pulse, however, decreases with 
increase in the stimulation pulse (Fig. 1) because of the 
decrease of the impedance of the membrane during the 
action potential‘. This decrease of the impedance produces 
a decrease of the recorded stimulation voltage (which is 
proportional to the strength of the stimulus), because the 
stimulus is a constant current. The recorded action poten- 
tial is a summation of the true action potential and this 
fall in voltage. A higher stimulus will therefore cause a 
smaller recorded action potential. 

This deformation made it desirable to evoke potentials 
after cessation of the stimulus. On the analogy of extra- 
cellular anodal break stimulation—where the action 
appears also after the stimulus—we have tried using a 
negative pulse for stimulation so that the action potential 
appears after cessation of the pulse. 

Depending on the strength or duration of the pulse, one 
or more action potentials will appear. An increase of 
this strength or duration causes an increase in the number 
of action potentials (Fig. 2). The time interval between 
these action potentials increases progressively and an 
increase of strength or duration of the stimulus 
decrease of the time intervals (Fig. 2). 
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We have checked the nature of the action potential of 
these recordings using the property of action potentials to 
propagate along the muscle fibre. We have therefore 
used two electrodes (one stimulating and recording elec- 
trode and one recording electrode) in one fibre. It appeared 
that there was a propagation along the muscle fibre in our 
experimental set-up. 

The experiments as they are described here can be 
performed on animals as well as on human subjects in situ. 
In our opinion this is a useful addition to the more con- 
ventional methods for studying the effect of pharmaca and 
diseases on the electrical properties of striated muscle. 


A. DEN HERTOG 
W. LAMMERS* 
D. v. D. Most VAN Sprisk 


Institute for Medical Physics, 
Da Costakade 45, Utrecht, 
The Netherlands. 


* Present address; Department of Pharmacology, State University, 1 
Bloemsingel, Groningen, The Netherlands, 
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Transport of Ammonia by the Small Intestine 
of the Golden Hamster 


HYPERAMMONAEMIA is thought to be a cause of hepatic 
coma. Ammonium which is contributed to the general 
circulation by the alimentary tract is derived from the 
degradation of protein and urea!, Ammonium chloride is 
absorbed readily from the small intestine in vivo, but a 
more precise characterization of ammonium transport 
can come only from in vitro investigations. Our report 





a b 
Fig. 1. Muscle fibre response after positive intracellular stimulation. a, Stimulation current =1-0 x 10-7 amp; 


amp; e, stimulation current = 2-0 x 107 amp. 


¢ 


b, stimulation current = 1-5 x 10-7 


Ordinate, 10 msec/division; abscissa, 50 mV/division. 
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Fig. 2, Muscle fibre response after negative intracellular stimulation, a, Stimulation current =6 x 107 amp; b, stimulation current =8 x 10-7 
amp; e, stfmulation current=1x10-* amp. Ordinate, 10 msec/division; abscissa, 50 mV/division. 
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provides preliminary data on the movement of ammonium 
ions across the small intestinal mucosa of the golden 
hamster. 

The everted sac of an isolated intestine is suitable for 
investigation of ion transport. Segments of duodenum, 
jejunum and ileum (4-8 cm) were prepared by the method 
of Wilson and Wiseman?. Particular care was given to 
cleansing both surfaces of the bowel so that secretions 
containing ammonium, debris and blood were removed. 
Sacs were incubated in Krebs-Ringer bicarbonate and 
0-3 per cent glucose? for 1 h at 37° C in an atmosphere of 
95 per cent oxygen and 5 per cent carbon dioxide or 95 
per cent nitrogen and 5 per cent carbon dioxide. Identical 
solutions bathed both sides of the gut wall. Mucosal 
volumes were 35-50 ml. and serosal volumes were 0-9-1-8 
ml. The initial serosal volume was measured with a 
calibrated syringe, and the final serosal volume was 
calculated by adding the change in weight of the sac 
after incubation to the volume originally introduced. 
Ammonia nitrogen was determined by a modification of the 
diffusion method of Seligson and Hirahara‘. 

Control sacs, incubated in ammonium-free medium, 
liberated small amounts of ammonia nitrogen, which 
averaged 0-006 mmoles/l. in the mucosal fluid and 0-163 
mmoles/], in the serosal solution. The appearance of 
equivalent quantities in unincubated sacs suggested that 
this ammonium was extrinsic, not metabolic. 

The simultaneous movement of ammonium, glucose, 
water, sodium and potassium was investigated at con- 
centrations of ammonia nitrogen of 3-06-7-39 mmoles/I., 
a range physiologically suitable for the intestinal tract 
of man>. Ammonium transport was measured by three 
parameters: (a) percentage increase in serosal concentra- 
tion (mmoles/l.) of ammonia nitrogen; (6) percentage 
increase in total amount (umoles) of serosal ammonia 
nitrogen; and (c) umoles/mg dry weight of ammonia 
nitrogen transferred from the mucosal to the serosal 
surface. Under aerobic conditions duodenal segments 
did not transport ammonium in either direction, while a 
small serosal accumulation occurred in the jejunum. 
Tleal sacs showed a significantly greater mucosal to serosal 
movement of ammonia nitrogen than did the other bowel 
segments. Differences in water, sodium, potassium and 
glucose transport were not significant. Results are sum- 
marized in Table 1. 

The effect of various metabolic inhibitors on ammonium 
transport in the ileum was assessed (Table 2). Comparison 


Table 1. COMPARATIVE TRANSPORT OF AMMONIUM, GLUCOSE, SODIUM, 
POTASSIUM AND WATER BY EVERTED SACS OF SMALL INTESTINE IN THE 
GOLDEN HAMSTER 


Jejunum Ileum P 
No. of sacs 8 12 
Ammonia nitrogen transport ~ 0:033~-0:125 0:047-0-273 <0-01 
(zmoles/mg/h) (0-045) (0-131) 
Percentage change — 15-62 33-174 <0-01 
(umoles) (84-3) (94-8) 
(mmoles/I.) — 14-30 14-99 <0-001 
8-4) (59-5) 
Water transport —1:3-12-8 0-2~15-5 > 0-6 
(ul. /mg fh) (5-2) (6-1) 
Glucose ch 0-103-0-508 0-272-0-861 >01 
gmoles/mg/h (0:318) (0-457) 
odium transport ~0°760-1:67  —0-140-1:73 > 0-6 
(emoles/mg/h) (0-512) (0-695) 
Potassium transport ~0-011-0-053 — 0-054-0-060 >09 
(umoles/mg/h) (0-018) (0-016) 


Probability was determined by the t test. 


Table 2. Errgor or INHIBITORS ON AMMONIUM TRANSPORT BY EVERTED 
Sacs OF ILEUM IN THE GOLDEN HAMSTER 


Ileal ammonia nitrogen transport 


Inhibitor No. of Percentage Percentage 
sacs change change 
(umoles/mg/h) (umoles) (mmoles/l.) 
95 percent nitrogen 6 —0-59-0-034 —30-15 3-29 
ee (~ 0-004 (— 1-0) (13-3) 
Sodium ¢yanide 1 x107 3  —0-098-0-012 — 84-5 — 3-22 
(~ 0-037) (— 13-3) (10-3) 
2,4-dinitrophenol1x10-° 3 — 0-013-0-025 —4-17 13-23 
0-002 (3-7) (17-0) 
1x10“ 5 -0-030-0-050 ~ 14-13 1-2 
(~ 0-003) (- 3-0) (%2) 
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with aerobic transference quofients revealed highly 
significant inhibition by anaerobeosis, 1x10- molar 
sodium cyanide and 1x 10-* molar and 1x 10-3 molar 
2,4-dinitrophenol (P<0-001 by each inhibitor in all 
parameters of ammonia nitrogeh transport). Despite 
these changes, the final serosal to mucosal ratio of am- 
monia nitrogen was greater than oge in sixteen of seven- 
teen sacs tested. e 
From the above data it is evident that afthough some 
mucosal to serosal movement of ammonium occurs in the 
jejunum, preferential transport of ammonium takes place 
in the ileum of the golden hamster. Active transport 
cannot be inferred, however, since we have not attempted 
to demonstrate ionic movement against an electrochemical 
gradient. The positive transference of ammonium even 
in the presence of minimal or negative water transport 
indicates that solvent drag is not the cause of the observed 


changes. Inhibition by cyanide and dinitrophenol points 


to an energy-dependent transport system, and so it is 
reasonable to suspect that aerobic metabolism may be 
essential for ammonium movement against a concentra- 
tion gradient. 

It is suggested that the movement of ammonium across 
the ileal membrane of the golden hamster may occur by.a 
process other than that of simple diffusion. 

This investigation was supported by a public health 
research grant from the U.S. National Institute of Arthritis 
and Metabolic Diseases. 
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Gluconeogenesis by the Human Kidney 


GLUCONEOGENESIS has been demonstrated in slices of 
renal cortex removed from rats fed on ammonium 
chloride, whereas rats fed on sodium bicarbonate showed 
a marked reduction in renal glucose production!. Gluco- 
neogenesis by the rat kidney is closely related to the 
hydrogen ion concentration of the incubation media and 
it occurs in the presence of a variety of substrates. 

There have been no convincing reports of renal gluconeo- 
genesis in men and so we have investigated this problem 
further. This preliminary report is based on results 
obtained from ten patients with chronic bronchitis and 
irreversible obstructive airways disease. When they were 
investigated all patients were fasting, and none received 
therapy which was likely to influence the acid-base con- 
dition, the renal or hepatic function or the metabolism of 
glucose. 

Duplicate determinations of pH, gas tensions, am- 
monium, glucose and electrolyte concentrations were 
made on arterial and renal venous blood sampled simul- 
taneously by means of a needle in the brachial artery 
and a No. 9 NIH catheter in the renal vein, respectively® 
In each patient sampling of arterial and venous blood was 
undertaken at least twice during a 40 min period, when 
two measurements of renal plasma flow were also made. 

Renal plasma flow was determined by means of ,the 
Wolf modification of the Fick principle? and, with the 
exception of glucose, thee other methods used in this 
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investigation were the same as those previously reported 
from this laboratory®*, The concentration of glucose in 
arterial and renal venous blood was determined, as soon 
as poen after collegtion, by the method of Middleton 
and Griffiths®. 

Results showed that the concentration of glucose in 
renal venous blood exceeded that in arterial blood in all 
patients wifh chronic obstructive airways disease, 
irrespective of the degree of respiratory failure. The 
negative (arterial versus venous) difference for glucose 
was noticed in many patients whose arterial partial 
pressure of carbon dioxide and pH were within the normal 
range. The mean difference between renal venous and 
arterial concentrations of glucose for the group was 
10-2 mg/100 ml. (range 1 to 28 mg/100 ml.). Determina- 
tion of the rate of renal glucose production by these 
patients showed that this was 7-166 mg/min (mean 
57 mg/min) and that it was inversely related to the 
arterial pH (P < 0-001, Fig. 1) and directly related to the 
bidirectional release of ammonia by the kidney (P < 0-001, 
Fig. 2). 
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Fig. 1. Demonstration of the inverse relationship between arterial pH 


and renal glucose production. 
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Fig. 2. Showing a significant relationship between the rate of glucose 
“production by the kidney and iho) piaireotlonal release of ammonia by 
ne kidney. 


‘These findings provide evidence for gluconeogenesis by 
the human kidney in patients with chronic obstructive 
airways disease, and are consistent with the findings that 
in rats glucose production by the kidney is inversely 
related to the pH of the media in which this is taking 
"placet. “Whether this also occurs in normal individuals 
is difficult to determine with certainty owing to the fact 
that the difference between arterial and venous concen- 
trations of glucose is likely to be very small when the 
regal blood flow is normal, and may not, therefore, be 
detectable by present methods, The fact that the con- 
-centration of glucose in renal venous blood was never lower 
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than that in arterial blood, even in those patients with 
relatively normal arterial gas tensions and pH, sug- 
gests that renal gluconeogenesis does also occur in the 
normal kidney. 

The conditions of the present investigation did not 
make it possible to define the source from which glucose 
is produced by the kidney. The fact that the rate of renal 
gluconeogenesis appears to be closely related to the rate 
of ammonia production under resting conditions, and that 
both these metabolic processes are directly related to 
increases in hydrogen ion concentration in patients with 
hypercarbia, suggests that they might both come from a 
common substrate, possibly glutamate. Support for this 
hypothesis may come from a personal communication 
from Chain, who reports that glucose is readily produced 
from glutamate labelled with carbon-14 when this is 
incubated with renal cortex from rats. 
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Inspiration and Expiration Inhibitory System 


In his classical investigation of brain-stem transection im 
vagotomized animals, Lumsden!-‘ mentioned peculiar 
changes of respiration. Mid-pontine transection caused 
apneusis and transection of the medulla produced gasping. 
The effect of stimulating the vagus was observed by Wyss®. 
Stimulation at high and low frequencies caused the 
expiration and inspiration respectively. 

Several investigators have recorded unit activities of the 
medullary respiratory neurone, but little is known about 
the unit discharge when respiration is modified by mid- 
pontine or medullar transection. During the inspiratory 
response caused by low frequency vagal stimulation®, the 
expiratory neurones were inhibited and the inspiratory 
bursts gave way to a continuous firing, the frequency of 
which remained unchanged compared with that of control 
inspiratory discharges. On the other hand, the inspira- 
tory discharges were arrested by high frequency vagal 
stimulation. The expiratory bursts were prolonged, but the 
discharge frequency of expiratory neurone did not change. 
Thus, vagal stimulation was inhibitory; stimulation at 
low and high frequencies inhibits the expiratory and the 
inspiratory neurones, respectively. An attempt was 
made to record the respiratory discharges of the medulla 
during apneusis as well as during gasping. Rabbits were ` 
anaesthetized with urethane (1-2 g/kg body weight) and 
bilaterally vagotomized. The ‘respiratory. discharges of. 
the medulla were recorded by a steel electrode, and the 
medulla was transected just caudal to the striae acousti- 
cae, so as to cause gasping. Immediately after transection, 
the expiratory bursts gave way to continuous firing at a 
constant discharge frequency. The inspiratory discharges 
appeared inhibited. A similar finding was observed during 
the premortal gasping, as shown in Fig. 1. For causing 
apneustic breathing, the mid-pontine transection was made 
before sectioning vagi in order to avoid any dislocation of 
the electrode. When the vagi were cut the inspiratory 
neurones discharged continuously for a considerable 
time, but at the same rate. The expiratory bursts were 
inhibited. 

Thus, either expiratory or inspiratory neurones were 
inhibited in the vagal stimulations and in the brain-stem 
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Fig. 1., Expiratory discharges of the medulla (read from upper left to 
lower right) and the respiratory movements. A, In the eupnea; B, in 
the premortal gasping. 


transections. The apneusis is the same as the inspiratory 
response to low frequency vagal stimulation and the 
gasping is quite similar to the expiratory response to high 
frequency stimulation, so far as the changes of respiratory 
discharges are concerned. Furthermore, the former 
is the exact reverse of the latter. 

According to Lumsden!~, Pitts’ and Wang’, respiration 
is a periodic inhibition of inspiration and the apneusis is a 
release phenomenon from the inspiration inhibitory 
system, or in his terminology, from the pneumotaxic 
centre of the pons. The gasping was regarded as a “relic 
of some previous respiratory mechanism”. This concept 
has been seriously challenged by Hoff’, who laid primary 
emphasis on gasping in the genesis of respiratory periodi- 
city. The striking contrast between apneusis and gasping 
shown in these results suggests that gasping, like apneusis, 
. may be a release phenomenon, but from an expiration 
inhibitory system. There are probably two inhibitory 
systems in the brain-stem, that is, the inspiration and 
expiration inhibitory system. The former is activated by 
high frequency vagal stimulation and depressed by mid- 
pontine transection. The latter is activated by low 
frequency stimulation and diminished by rostral tran- 
seetion of the medulla. 
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Alterations in the Cauntercurrent 
Gradient by Lesions in the Median 
Eminence e 


Ir is well established that hypertorfic urine is produced in 
the kidney by means of a countercurrent multiplier system 
and that the formation of such urine requires a hyper- 
osmotic medullary interstitium. It'is accepted that agti- 
diuretic hormone regulates the osmolality ofethe urine so 
produced by altering the permeability characteristics of 
the distal areas of the nephron. 

According to the countercurrent hypothesis the forma- 
tion of dilute urine requires only that the permeability 
of the distal convoluted tubule and the collecting duct. be 
reduced to some low level. Thus, even in the face of an 
osmotic gradient across these epithelia little or no tubular 
water will be reabsorbed. Variations in osmolality can 
be accomplished by alterations in the permeability of the | 
tubules and not necessarily by any change in the osmolal- 
ity of the medullary interstitium. Little is known about: - 
the relation between urine and interstitial osmolality in- 
steady state conditions. Indeed, there is some controversy 
as to whether the medullary interstitium is less con- 
centrated during water diuresis than during hydropenia. 
Many investigators have reported that during water 
diuresis in dogs the medullary interstitium has a reduced 
concentration of sodium!?, It has also been reported, 
however, that rats with diabetes insipidus? show no 
change in the sodium concentration of the interstitium. 
Saikia‘ reported that in rats in water diuresis there is-a 
“small and doubtfully significant” reduction in the medul- 
lary sodium concentration. Kobinger®, however, reports a 
reduction in the papillary sodium concentration of rats 
in severe water diuresis compared with rats kept without 
water for 36h. It is not clear whether these results repre- 
sent a species difference or are the result of some experi- 
mental artefact. The present work was done in an attempt: 
to answer this question and to determine whether any 
positive correlation exists in the rat between urine 
osmolality and interstitial osmolality during essentially 
steady state conditions. 

Twelve normal rats and thirty-six rats with varying 
severity of diabetes insipidus were used in these experi- 
ments. Diabetes insipidus was induced by placing bilateral 
electrolytic lesions in the median eminence. Electrodes 
were placed stereotaxically at a point 6 mm anterior to the 
interaural line, 0-5 mm lateral to the midline, and at a 
depth of 1 mm above the sphenoid. Two m.amp of direct. 
current were passed for 15 sec. After operation the rats 
showed an increased water intake and urine output. The <- 
variation was, however, considerable. Some rats drank 
almost their body weight in water each day after operation © 
and produced hypotonic urine of almost equal volume. 
Others showed only a moderate increase in urine output: 
and a much smaller decrease in urine osmolality. We 
obtained rats which excreted urine ranging in osmolality 
from 178 mosmole/kg water to 2,608 mosmole/kg water. 
In addition, ‘five rats with partial to severe diabetes 
insipidus (urine osmolalities between 497 and 899) were 
deprived of water for 24 h. Urine was collected from those 
rats during the last 4 h of water deprivation and its 
osmolality determined. 

All rats were kept in individual metabolism cages for 
2-20 weeks after surgery. Daily urine volume, water 
intake and urine osmolality were measured. No rat was 
used until stable values were achieved. On the morning 
of the experiment the urine excreted during the night was 
collected and its osmolality determined. The rat was 
killed with a sharp blow on the head and the left kidney* 
removed immediately. The kidney was sliced in half 
along the long axis and a small portion from the cortex 
and tip of the papilla removed for analysis of sodium 
(expressed as m.equiv./kg wet weight? as previously 
described’. The time required to remove and weigh the 
kidney sections was approximately 1-2 min. 





[Na] ratio papilla/cortex 





DO O A i 4. 


ee SS | 
2,400 2,800 





0 400 800 1,200 1,600 2,000 
Urine osmolality mosmole/kg water 


Fig. 1. Urine osmolality plotted against countercurrent gradient for 
sodium. @, Operated; ©, dehydrated operated; O, non-operated. 


Fig. 1 shows all the separate results for each animal. The 
abscissa is urine osmolality and the ordinate is the ratio 
of sodium concentrations, papillary tip to cortex. This 
ratio has the advantage of giving a numerical value to the 
concentration gradient within the kidney. The solid line 
on Fig. 1 represents the calculated regression line (y= 
1-59 + 0-00088 x). It is clear from Fig. 1 that there is a 
highly significant correlation between urine osmolality 
and the magnitude of the countercurrent gradient 
(r= 0-80). 

It is also clear from these results that alterations in 
urine osmolality over any range are not simply the result 
of altered tubular permeability. The countercurrent 
gradient is reduced as urine osmolality is also reduced. 
Such a reduction is possible only by reducing the solute 
content of the papilla or increasing the water content. 
Neither could result from a simple reduction in the re- 
absorption of water in the collecting duct. Reduction 
of the tip to cortex gradient for sodium may result from a 
change in renal haemodynamics. Changes in medullary 
blood flow or glomerular filtration rate are possibly respon- 
sible for the altered gradient?*. A second possibility is 
an alteration in the rate of sodium reabsorption from the 
ascending limb or collecting duct. In view of the fact 
that antidiuretic hormone is known to stimulate sodium 
transport? and to affect medullary blood flow? it is 
difficult to decide between these two alternatives. 
We believe that it is probable that both factors con- 
tribute to the regulation of the gradient. In any event 
it is important to note that changes in urine osmolality 
do not result simply from changes in tubular permea- 
bility during steady state. 

This work was supported by grants from the U.S. Public 
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Institute, U.S. Public Health Service. Í 

RICHARD L. MALVIN 
MapELINE M. Fusco 
Department of Physiology, 
University of Michigan, 
Ann Arbor, Michigan. 
! Boylan, F. W., and Asshauer, E., Pfliiger’s Arch., 276, 99 (1962). 
* Perimutt, J. H., Amer. J. Physiol., 202, 1098 (1962). 


* Baer, J. E., Brooks, A. V., Noll, R. M., and Beyer, K. H., J. Pharm, Exp, 
Therap., 187, 319 (1962). 


* Saikia, T, C., Quart. J. Exp. Physiol., 50, 158 (1965). 


$ Kobinger, W., Naunyn-Schmiedebergs Arch. Exp. Path. u. Pharmakol., 246, 
@ 538 (1964). 


$ Mariani, T., and Malvin, R. L., Proc. Soc. Exp. Biol. and Med., 119, 881 
* Abbrecht, P. H., and Malvin, R. L., Amer. J. Physiol., 201, 754 (1961). 


* Berliner, B. W., Levinsky, N. G., Davidson, D. G., and Eden, M., Amer. J. 
Med., 24, 730 (1948). 


? Fiiair, H. 8., Dempsey, E. F., and Leaf, A., J, Gen. Physiol., 45, 529 
“1 Phurau, K.s Deetjon, P., and Kramer, %®., Pfliiger’s Arch., 270, 270 (1960). 


, . 


. 


NATURE 


DECEMBER 31, 1966 


CYTOLOGY 


Cell Culture of Fibroblasts from 
Clupea harengus Gonads 


Recent advances in animal cell culture have been largely 
restricted to warm-blooded vertebrates, particularly 
mammals. Cells of fishes have been given limited attention 
in culture investigations, although they include the 
majority of species in the vertebrate fauna. Wolf et al.' 
were the first to prepare cultures of fish cells using tryp- 
sinization and commercial mammalian media, but they 
incubated their cultures at 19° C rather than at the higher 
mammalian cell incubation temperature. They cultured 
cells of several freshwater species and Wolf later estab- 
lished a cell line with rainbow trout cells®. Roberts*: 
prepared cell cultures of several freshwater centrarchids 
for chromosome study. 

So far as we know the only report of marine fish cell 
cultures is that of Clem et al.*, who described cell cultures 
from the grunt (Haemulon flavolineatum) taken from 
Florida waters, and also worked with four additional 
marine species. They followed standard trypsinization 
procedures, but obtained the best results by increasing the 
molar concentration of sodium chloride in the Hanks BSS 
used in preparing the growth medium. They incubated 
their cultures at 20°C. 

Townsley et al.* reported cell proliferation of tissue 
explants, that is tissue culture, of several North Atlantic 
marine fishes. They grew explants in Medium 199 plus 
10 per cent human serum. They found that cod dorsal fin 
explants grew best at 5° C, showed limited growth and 
attachment at 20° C, and failed to survive at 25°C and 
37°C. On the basis of these results, they adopted an 
incubation temperature of 5° C. 

In the present study, several Clupea harengus taken near 
Metinic Island off the Maine coast were obtained from 
commercial fishermen. Specimens were kept in sea water 
at approximately 4° C for 12 h after death. Gonads were 
then removed under aseptic conditions, flooded with 
cold Hanks BSS, and stored in the refrigerator at about 
2° C for an additional 12 h. 

Eight gonads, including both testes and ovaries, were 
trypsinized by the procedure of Roberts*. Leighton tubes 
with coverslips were seeded with a cell suspension pre- 
pared in Eagle’s MEM, calf serum, and L-glutamine. 
Penicillin-streptomycin was added at the rate of 100 U/ml. 
of medium. The tubes were incubated for periods of 4, 5 
and 6 days at 20°C. At these times 1 pg of colchicine/ml. 
of Hanks BSS was added in volumes approximately equal 
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Fig. 1. Fibroblasts in primary cell culture from Clupea harengus gonads. 


Haematoxylin and eosin ( x 1,100). 
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Fig. 2. Dividing cell in primary culture from Clupea harengus gonads. 


Aceto-orcein ( x 1,100). 


to that of the growth medium, giving a final colchicine 
concentration of about 0-5 ug/ml. After exposure to the 
colchicine for 12-16 h, aceto-orcein preparations were 
made for chromosome counts. In addition, some cover- 
slips were stained with haematoxylin and eosin. 

Complete monolayers were not obtained during the 
course of this experiment, but considerable attachment and 
proliferation occurred. The cultured cells appeared to be 
fibroblasts (Fig. 1). The cells were highly vacuolated, 
in sharp contrast to the appearance of freshwater fish 
cells in culture. This may have been a consequence of the 
hypotonicity of the growth medium. Numerous dividing 
cells were seen (Fig. 2); fourteen metaphase chromosome 
groupings were counted, ten of which gave counts of 
fifty-two. One cell gave a count of fifty chromosomes, and 
three cells gave a count of fifty-three. Metacentric, acro- 
centric, and possible telocentric chromosomes were visible, 
and varying chromosome sizes were represented among 
the karyotype. 

This study was supported by a U.S. National Science 
Foundation grant. We thank Mrs. Carol Ouellette for 
technical assistance. 
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Technique for Investigation of Sex 
Chromatin in Amniotic Membrane of Rat 
Foetuses 


Sex chromatin in the amniotic cells of rat foetuses is 
useful for sex diagnosis before the development of the 
gonads, especially in view of the fact that sexual dimor- 
phism is not conspicuous in other tissues’. To be a 
simple and accurate technique, however, the preparation 
of amnion for the examination of sex chromatin requires 
some special precautions. Absolute or 95 per cent alco- 
hol has been habitually used as the fixative*, but we 
feel that it is troublesome because it shrinks the cells 
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and coagulates the mucopolysagcharides. Cells of rat 
foetuses have several heterochrorhatic bodies!3, and 
consequently sex chromatin is not easy to distinguish 
when the cells shrink. Furthermorg, the amnion in young 
rat foetuses has a considerable content of mucopoly- 
saccharides which when coagulated hinder fixation and 
make the cells difficult to see. To overcome these difficul- 
ties we have used 50 per cent glacial acetig acid as #he 
fixative, and have obtained with it good fixation and 
swelling of cells, which makes it easier to differentiate 
sex chromatin from chromocentres. 

The following procedure was adopted. The uterus wall 
was cut and foetuses were removed together with their 
enveloping membranes; the ehorion was peeled off and 
the amnion was opened and separated from the foetus by 
eutting the umbilical cord; the amnion was immersed 
immediately in 50 per cent glacial acetic acid for 30 min 
at room temperature; it was extended over an albumin- 
ized slide with care to avoid folding of the amnion; later it 
was scratched gently with a razor blade and spread over 
the slide; histological preparations were dried at room 
temperature, hydrolysed in normal hydrochlorie acid for 
10 min at 60° C and stained with carbol and fuchsin®. 

Sex chromatin was found in 10 per cent to 35 per cent. 
of amniotic cells of female foetuses while male foetuses 
only showed 0 per cent to 4 per cent of cells with a sex 
chromatin-like body (Fig. 1). 





Fig. 1. Sex chromatin in cells from a 14 day old rat foetus. 


This technique was consistently used to prepare 
amniotic cells from rat foetuses. It was, however, also 
successful in the few cases in which it was used to determ- 
ine the sex of mouse foetuses. 
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RADIOBIOLOGY 


Possible New Approach to the Evaluation 
of Radiation Injury of Bone Marrow 


Ir is well established that injury to bone marrow plays 
a main part in death from radiation. Fluorescence 
microscopy with acridine orange was explored by Meisel 
et al.) as a technique for evaluating such injury in cell 
populations. With the same technique Breivis* also 
quantified cellular damage induced in rat marrew *by 
chloroethylamines and X-rays. This technique enabled 
them to determine the number of damaged cells in the 
e 
e 
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marrow samples after Xeirradiation or chemical treatment. 
‘Their approach, how@ver, does not take into consideration 
the fagt that killed cells are rapidly disposed of by the 
body. We have recently explored the problem of evaluat- 
ing radiation injury of the bone marrow, using three 
different approaches: (1) analysis of the changes in the 
distribution of cellular dry mass by interference micro- 
scepy*?; (2) analysis of the changes in distribution of 
cell size with the Coulter counter’; and (3) analysis of 
the changes in the ability of the cells to survive attacks 
from cytotoxic agents in dye exclusion tests. The results 
from the studies of changes in cellular dry mass and cell 
size were published previously’. The investigation of 
changes in ability to survive cytotoxic agents is reported 
here, and suggests that cells killed by radiation disappear 
rapidly from the cell population. This can be estimated 
indirectly with cytotoxic dyes or by the combination of a 
non-toxic dye and a cytotoxic agent. 
ixperimental animals used were LAF, male mice 
weighing approximately 20-33 g and 8-9 weeks of age 
from Jackson Memorial Laboratory, and Swiss-Webster 
albino mice of the same weight and age from our own 
stock. Four tests were carried out: (1) the eosin test, 
(2) the trypan blue test, (3) the trypan blue-sodium 
desoxycholate test, and (4) the eosin-trypan blue test. 
Eosin dye was chosen for the test because it is cytotoxic’? 
and, at the same time, can differentiate healthy cells from 
dead or injured ones. Trypan blue, a presumably non- 
toxic dye, was used in control experiments. In a third 
test, sodium desoxycholate, a cytotoxic agent, was used 
for comparison with the cytotoxic effect of eosin, and 
trypan blue was added to serve as an indicator of cell 
death or injury. A fourth test with the combination of 
eosin and trypan blue was also used to decide whether 
the same cells were stained by both dyes. Because of a 
temporary shortage of the LAF, mice, Swiss~Webster 
mice were used for the latter test. Since the mice differed 
from those in the other three tests, two separate control 
groups, one for eosin, one for trypan blue, were used in 
addition to the eosin-trypan blue group for this test. 
Eighty LAF, mice were used for each of the first three 
tests. Seventy animals (seven animals daily for 10 days) 
from each test group were given a whole body X-irradia- 
tion dose of 800 r. (200 kVp, 20 m.amp, 0-5 mm copper 
filter, H.V.L., 1-35 mm copper). The remaining ten 
animals in each test group were not irradiated and 
served as non-irradiated controls. After irradiation, one 
animal from each test was killed with a lethal dose of 
ether at the following intervals after irradiation: 10 min, 
1, 2, 3, 4, 5 and 22 h. A non-irradiated control animal 
was killed at zero hour. This was repeated for 10 days 
until a total of ten animals for each interval was reached. 
A total of fifteen Swiss-Webster male mice was used in the 
eosin-trypan blue test. Of the fifteen animals, five were 
used for the eosin-trypan blue group, five for the eosin 
-control group, and five for the trypan blue control group. 
No irradiation was used for this test. 

Immediately after the death of an animal, one femur was 
excised and the marrow was washed out with a stream of 
the same dye solution used for each particular test. A 
25 gauge needle was used for washing the contents of the 
femurs into a 15 ¢.c. test-tube containing 2 c.c. of the same 
dye solution. Cell clumps were dispersed by gentle 
aspiration ten times through a 25 gauge needle. A drop 
of the cells suspended in the dye solution was then 
deposited on a microscope slide, and a cover glass was 
sealed with petroleum jelly over the drop. The cells 

were counted under the high dry objective. A total of 
1,000 cells from each animal was counted. The number of 
stained. cells was recorded. A 3 min time limit was set 
for the counting of each 100 cells, with the exception of 
the 22 h post-irradiation period, in which case 6 min 
were allowed fot each 100 cells because of the scarcity of 
surviving cells. The counting time was strictly observed 
because the number of stained cells increases with time. 
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The dye solutions for the first three tests were made in 
the following concentrations: 0-05 per cent eosin for the 
eosin test, 0-02 per cent sodium desoxycholate and. 0:05 
per cent trypan blue in the same solution for the trypan 
blue-desoxycholate test, and 0-05 per cent trypan blue 
for the trypan blue test. A solution containing 0-05 per 
cent eosin and 0-05 per cent trypan blue was used for the 
eosin~trypan blue test. Likewise, the solutions for the 
trypan blue control contained 0-05 per cent trypan blue 
and the eosin control contained 0-05 per cent eosin, All 
the solutions were made up in normal saline. 

The results show that in the eosin test 44 per cent of the 
non-irradiated marrow cells were stained. The percentage 
rose slightly to 46 per cent 10 min after irradiation, and 
reached a peak of 53 per cent at 1 h after irradiation. 
It dropped back to near normal level (45 per cent) at 2 h 
after irradiation, and gradually continued to drop further 
during the subsequent time intervals until reaching a 
24 per cent low at 22 h after irradiation. In the trypan 
blue test, the stained cells in the non-irradiated cell 
population were only 13 per cent; the percentage rose to 
15 per cent 10 min after irradiation, and dropped to 14 per 
cent 1 h after irradiation. The drop continued gradually 
to 9 per cent at 4 h after irradiation but reverted almost 
to normal at 22 h after irradiation. In the trypan blue- 
desoxycholate test, except for the zero hour (non-irradi- 
ated) and the 22 h intervals, the percentages of stained 
cells followed a pattern similar to, but sornewhat lower 
than, that of the eosin test. The percentages at the zero 
hour and the 22 h, however, were somewhat higher than 
those in the eosin test. Curves were constructed by 
plotting the percentage of stained cells against the time 
since irradiation to illustrate the similarities and differ- 
ences of the first three tests (Fig. 1). In the case of the 
eosin-trypan blue test in which non-irradiated Swiss- 
Webster mice were used, the results revealed a clear 
difference between the two dyes. Out of the 35 per cent 
stained cells, about 28 per cent were stained with both 
dyes. About 7 per cent of them were stained with eosin 
alone. None was stained with trypan blue alone. The 
percentage of cells stained with trypan blue was 11 per 
eent higher than that of the trypan blue control group 
for this test. This is apparently caused by the toxicity 
of the eosin. The cells were invaded by the eosin first, 
and, a few minutes later, by the trypan blue. The trypan 
blue control group showed 17 per cent stained cells, and 
the eosin control group 33 per cent. These values differed 
somewhat from those of the eosin test and trypan blue 
test where LAF, mice were used. This is probably a 
reflexion of strain difference. 

In our view, the results indicate that: 

(1) Trypan blue stains only dead or severely damaged 
cells and is probably slightly toxic to cells, Eosin and 
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Fig. 1. Monse bone marrow injury after 800 r. whole body X-irradiation 

as reflected in various dye exclusion tests, Note the high percentages of 

stained cells in the pre-irradiation control marrow (zero hour) and the 

gradual decrease in percentages of stained cells in the 2 h to 22 h post- 
irradiation period. 
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desoxycholate in the concentrations used here are highly 
toxic to bone marrow cells. Eosin invades the cell but 
does not always kill it immediately. Some cells can still 
exclude trypan blue following the invasion of eosin for 
some time. 

(2) Few cells killed by radiation remain in the marrow 
population after the first hour following the irradiation. 
This is supported by the fact that 2 h after irradiation the 
number of stained cells began to fall below the level of 
the non-irradiated control in tests 1-3. The dead cells 
were rapidly disposed of by the body. 

(3) The cella killed by radiation which disappear from 
the marrow are probably the same cells which are sensitive 
to eosin and desoxycholate. The fact that a high percen- 
tage of these eosin—desoxycholate sensitive cells present 
in the non-irradiated marrow was no longer found in the 
marrow a few hours after irradiation supports this view. 
This fact strongly suggesta, though does not prove, that 
cells sensitive to radiation damage are also sensitive to 
eosin, desoxycholate, and possibly other cytotoxic agents. 
These results may lead to a new approach to the problem 
of evaluation of bone marrow or blood injury resulting 
from irradiation. By counting the cells susceptible to 
eosin or desoxycholate in vitro in the irradiated marrow, 
the percentage of cells killed by irradiation can be approx- 
mated indirectly by comparison with a standard value of 
non-irradiated marrow. 

This work was supported by a grant from the U.S. 
Public Health Service. 
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X-ray-induced Mutations in Extracellular 

Phage 
TonizinG radiation produces mutations in a wide vanety 
of living organisms, but its effectiveness as a mutagenic 
agent for extracellular virus particles is uncertain!~‘. 
We investigated the mutagenic effects of ionizing radiation 
on free virus particles using the sensitive screening 
system provided by ry mutants of bacteriophage T4 
(ref. 5). In this report, results will be described which 
show that rfr reverse mutations in T4B ry phage can be 
induced by X-irradiation of aqueous suspensions of the 
phage. 

Samples of phage, suspended in nutrient broth to protect 
them from indirect effects of the radiation, were exposed 
to varying doses of X-rays. These samples, together with 
unirradiated control samples, were allowed to undergo 
single growth cycles in sensitive host bacteria so that any 
latent rý reverse mutations induced by the radiation 
would be expressed. The frequencies of rjy revertanis 
(that 18 reverse mutants) in the various progenies were 
determined by plating the latter at appropriate dilutions 
with, first, a non-selective host strain, Æ. cols 8/6, to de- 
termine the total titre, and then a selective host strain. 
E. colt 112-12 (Ah), to determine the titre of the r 
revertants. 

The phage involved in these experiments contained 
two genes for rapid lyms, an ry mutant, r,, and an ry 
mutant, f,» each derived by single-step mutation from 
untreated T4B wild-type phage, and both combined in 
the same genome before these experiments by a cross 
between the single-mutant parent strains. The presence 
of an ry mutant gene in the experimental phage eliminates 


NATURE 


1595 


lysis inhibition’, which would othérwijse be expressed by 
rit revertants, as a complicating selection factor in the 
experiments. The rm mutant, f, was selected for use in 
these tests because of its low spontaneous reversion 
frequency. 

The medium in which phage were irradiated (H broth) 
contained, in each litre of distilled Water, 8 g of ‘Bacto’ 
nutrient broth, 5 g of ‘Bacto’ peptone, 5 œ of sodi 
chlomde, and 1 g of glucose. H broth was used also as a 
diluent and as a medium for growth of host bacteria. 
Other media used included HHA top end bottom agar’ 
for plating and indole broth (0:1 g of indole, 8 g of nutrient 
broth, 5 g of ‘Bacto’ peptone, 1 g of glucose, and 1 1. of 
distilled water) for single growth cycles of phage. Host 
bacteria were concentrated from log phase cultures and 
stored during the experiments at 4° C. 

The results of experiments in which parental phage 
were irradiated with four doses of X-rays are summarized 
in Fig. 1. It may be seen that the frequency of rfr re- 
vertants in progeny phage was increased by irradiation of 
parental phage. The factors of the increases were 2:2, 
6-4, and 21-0 at doses of 25, 5-0 and 10-0 e7 equiv., 
respectively. 

Some rīt revertants were present in the parental 
phage stock, and so it was necessary to consider the 
possibility that the higher frequencies of rfr revertants 
observed among progeny phage when parental phages 
were irradiated might reflect a favoured survival and 
multiplication of existing rfr revertants rather than the 
induction of new rý mutations. To test this possibility, 
“reconstruction” experiments were carried out, in which 
riz revertants were added to parental phage in numbers 
sufficient to mask any additive increase in frequency 
which might occur by mutation, but small enough to 
reveal @ multiplicative increase caused by selection. The 
supplementary rfr phage for these experiments were 
obtained by removal of several hundred revertant plaques 
from platings of the parental phage stock on the selective 
host, 112-12 (ah). The rf revertants which were added to 
the parental phage should, therefore, have been 4 repre- 
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sentative sample of these already present. A single dose 
of X-rays, 250 kr.,“was given. Control experiments, in 
whicheno rfr revertants were added to the parental phage, 
were carried out at the same time. 

‘he results of these tests are summarized in Table 1. 
The last column shows that the factor by which the 
frequency of rfr (revertant) in progeny was increased by 
irfadiation pf parental phage was reduced from approx- 
mately 9 in the control experiments to approximately 1-5 
in the “reconstruction”? experiments. The factor of in- 
crease in rt frequency due to radiation in the “‘re- 
construction” experiments was not materially changed by 
a ten-fold difference in the number of rfr particles added 
to the parental phage, as between tests (a) and (b). 
There is thus no indication that selection in favour of 
parental rfr phage in radiated samples increases as the 
frequency of these phages is reduced. These results indicate 
that only a small part of the merease in rfr frequency 
which was observed to be induced by radiation in control 
experiments can be accounted for by selection. It may be 
concluded, therefore, that the greater part of this increase 
is a result of the induction of new rfr mutations, 


Table 1. TESTS FOR SELHOTION IN FAVOUR OF RavmRTants (r$ PHAGH) 
IN IRRADIATHD PHAGE SUSPENSIONS DURING EXPHRIMANTS 


Frequency of Frequency of revertant x 10* in 
Teast Type of re t progeny phage 
experiment x10°In Unirradiated Trradieted Irradiated? 
paren’ (250 kr.)  Unirradiated 
phage 
(a) Control 4:37 523+0-881 45816 8-78 + 0 878 
Reconstruction 124 1814808 2380+27-6 1-:82+0321 
(b) Qontrol 8-25 6-01+0368 4704+444 95441-59 
Reconstruction 1870 1198+697 15694218  1-84+0-264 


The standard errors of frequencies of revertanta (r$) in progeny phage are 


estimated from variability in five replicate axpermments. Teste (a) and (b) 
differ in the number of revertante added to the parental p ın the recon- 
struction experiments; the similar results in the two teta indicate that selection 
in favour of revertants in irradiated phage suspensions during the experiments 
is Independent of their absolute frequency. Survival after irradiation waa 
approximately 0-5 per cent. 


Tho frequency of rfr revertants in the progeny of 
irradiated T4 ry phage increased non-linearly with dose 
(Fig. 1). The increasing slope of this dose-effect curve 
might reflect either of two causes: increasing selection in 
favour of rfr phage with increasing radiation dose; or 
the interaction of two or more radiation effects, in either 
the phage particles or the medium, to produce mutations. 
It is not possible, on the basis of the present experiments, 
to choose between these alternative explanations. 

I thank Dr. H. B. Newcombe for his help and Mrs. 
Alexa Saundera for technical assistance. 


D. F. Brown 
Atomic Energy of Canada Ltd., 
Chalk River Nuclear Laboratories, 
Chalk River, Ontario, Canada. 
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Method for Proton Irradiation of Rats 


Tun discovery of intense proton fluxes in the Earth’s 
magnetic flelds and in solar flares has provoked consider- 
able interest ın the effects of proton irradiation of bio- 
logical subjects. Because of the great number of low 
energy protons in space the effects on the skin are of 
particular interest, and laboratory methods have been 
sought which provide a proton flux such as might be 
encountered in space. 
sAn effective? relatively inexpensive method for irradi- 
ating small animals with protons has been devised at 
Texas Nuclear Corporation, Kustin, Texas. This method 
. 
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makes use of a 3-2 MeV positive ion accelerator to provide 
13 MeV proton fluxes of up to 10? protons/om?/min in 
conjunction with a “ferris wheel” animal holder which 
rotates about the end of the accelerator drift tube, in 
which the protons are produced. Using the system, rats 
have been given proton surface doses ranging from 100 = 
to 2,500 rads. g 

Protons are produced using a 3-2 MeV Van de Graaff 
accelerator with the *He(d,p)*He reaction. Deuterons, 





Fig. L Irradiation geometry. 





| 
| PROTON SOURCE ` 


Fig. 2. Depth dosa geometry. 


~, 
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accelerated to 1-7 MeV, are focused through a 0-0002 in. 
molybdenum foil into a thin walled, two atmosphere, gas 
reaction chamber which is 6 cm long and 1 cm in diameter. 
The incident deuteron energy is adjusted so that the re- 
action resonance (at a deuteron energy of about 450 keV) 
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independent of depth to the end of the proton range at 
this proton energy. The depth dose profile was found to 
rise slightly at the surface and then to remain constant to a 
depth of about 1-7 mm, where it slowly dropped to about 
75 per cent of the previous value. 





occurs near the centre of the reaction chamber. The The proton flux was based on the following expression. 
Proton flux (counts in detector) (interrupted counting factor) (detector distance)? ° 
cm? (detector area) (detector efficiency) (rat distance)? 7 


reaction chamber has been machined from aluminium and 
the cylindrical wall is only 0-006 in. thick. The reaction Q 
value is 18-35 MeV (ref. 1), but the protons leaving the 
chamber at 90° to the incident deuteron beam have an 
initial energy of 14:8 MeV and are then degraded to 
13 MeV by the *He gas in the chamber, the 0-006 in. 
chamber wall, and about 11 in. of air before they impinge 
on the rats. 

The radiation geometry is shown in Fig. 1. Ten rats 
are rotated in “ferris wheel” fashion about the proton 
source so that about half of each rat is exposed to the 
proton source at any given time. The rate of rotation is 
lr.p.m. The rats are held in aluminium mesh cylinders 
which are supported at each end by the rotator. 

Protons are monitored directly with a caesium iodide 
scintillation detector mounted just outside the periphery 
of the “ferris wheel”. A thin lead strip wrapped around 
the circumference of the rotator provides shielding of the 
proton detector except for five holes ın the lead strip, 
equally spaced between every other wire mesh cylinder, 
which line up with the face of the detector. This arrange- 
ment gives an interrupted count five times during each 
revolution of the “ferris wheel”. The device is calibrated 
before irradiation by comparing an interrupted count with 
an uninterrupted count. 

The caesium iodide detector crystal has an effective 
area of 0-654 om? and an efficiency of only 90 per cent 
because of crystal edge effects and crystal holder scattering. 
The detector is optically coupled to a photomultiplier tube 
the output of which is fed into a linear amplifier and dis- 
criminator. The discriminator output may be fed into a 
multichannel pulse height analyser or into a sealer. 
Generally, the detector is biased just above noise with 
the multichannel analyser and the biased signal is then 
fed into a scaler. 

The general dose expression is 





rad—gram 
Dose (rads) = 1-6 x 10-* Mev M(E) 
MeV—cm? © protons — 
gran—proto em* /’ 


where 1:6 x 10-8 comes from the definition of the rad; 
M(E) is the mass stopping power; and ® is the proton 
flux incident on the area. 

Plotted values for mass stopping power, which is @ 
function of particle energy and thus of particle penetra- 
tion, were not used in calculating the doses. Instead, 
because of the cylindrical geometry, a flat depth dose 
deposition curve was assumed and the range of the 
13 MeV protons in tissue equivalent material (0-19 mg/em*) 
was divided into the energy of the protons. This gave an, 
average value for M(E). This estimate can be verified as 
follows. The linear travel of a proton is approximately 
0-19 mg/cm* whether the proton enters the animal on a 
radius line toward the centre of the cylinder or on a 
chord line. Protons entering on a chord line do not 
penetrate the animal as deeply as protons entering on 
radius lines. The largest portion of the loss of proton 
energy is close to the end of its travel in the Bragg peak. 
Fig. 2 shows that since the cross-section of the rate is 
cylindrical, the Bragg peak moves closer and closer to the 
surface as 8 increases. An integration of deposited energy 
for a fixed point source and a rotating cylinder indicates 
that the dose deposited as a function of depth 1s almost 


The factor 1/7 was used because a surface dose calculation 
was desired and only the diameter of tho rats intercepted 
the beam at any one time. The effect of the aluminium 
mesh screen was to retard the proton incident energy to 
11 MeV over about 30 per cent of the area of the animals. 

Many irradiations have been carried out using this 
procedure in co-operation with the School of Aerospace 
Medicine. These experiments have been concerned with 
lethality effects, gross morphological examinations, car- 
cinogenesis, general pathological studies, and with 
culturing skin explants from irradiated animals. 

This work was supported by the School of Aerospace 
Medicine. 

L. D. ENGLAND 
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PHARMACOLOGY 


New Oral Chelating Agent for Treatment of 
Wilson’s Disease 


THERE is some doubt? about the relevance of abnormal 
copper metabolism to the pathogenesis of hepato-lenticular 
degeneration (Wilson’s disease), but the most important 
aspect of therapy at present is the mobilization and 
excretion of tissue copper and the reduction of absorption 
of copper from the gastro-intestinal tract. The majority 
viewpoint was well expressed by Scheinberg when he 
wrote ‘‘. . . it is difficult to beleve, from the evidence 
already at hand, that chronic copper toxicity is not the 
pas > EAE a the present time, the oupruretic 

ug of choice is penicillamine (88-dimethy] i 
introduced in 1956 (ref. 3). a ER 

Measures designed to minimize the intake of copper into 
the body have, however, been less succeasful. It is dif- 
ficult to achieve a diet which is low in copper, because of 
the ubiquitous distribution of copper. The usual thera- 
peutic regimen includes some agent which binds copper 
in the gut and reduces its absorption. Potasarum sulphide 
has been most widely used for this purpose, although there 
is some doubt as to its copper-binding efficacy*. 

Cation exchange resins, such as carbo-resin, have been. 
used with good results on copper balance*-*, but they are 
unpleasant to take and patients eventually rebel. Re- 
cently, a chelating agent came to our attention which has 
a Pene stability constant for copper than for any other 
metal’. 

Very little of this agent, diethylenetriamine penta-acetic 
acid (DTPA), is absorbed from the gastro-intestinal tract 
when given orally*, and when given intravenously 95 per 
cent to 100 per cent is excreted unchanged in the urme 
within 24 h°, so that a test of its value in the reduction of 
the absorption of copper from the gastro-intestinal traet 
seemed worthwhile. 

The following experiments were carried out in a patient 
with Wilson’s disease in the Clinical Study Center at this 
hospital. The patient was on a metabqlic diet containing 
little copper. A baseline study of copper absorptfon" after 
an oral dose of copper-64 (500 uo. ın the form of nitrate 
or acetate) was obtained. 

e 
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O.p.m./ml. (corrected) 





Time (h) 
r De. 1. Radioactivity $ plasma after oral administration of copper-64 


He.). O, Control; @, copper mven $+ h after DTPA; A, copper 
given 5 min after DIES; ye copper-f4 and DTPA were ‘premixed. 


Three further, similar, oral studies with copper-64 were 
carried out at weekly mtervals. In the first of these the 
dose of labelled copper was given 3-4 h after a dose of 
calcium trisodium DTPA (0-2 ml. of 25 per cent solution); 
in the second, the labelled copper was administered 5 min 
after an oral dose of 0-2 ml. of 25 per cent DTPA, and, in 
the third experiment, the labelled copper and 0-2 ml. of 
DTPA were mixed before administration. Radioactivity 
of plasma was measured in a well counter; dietary and 
faecal copper were estimated by a modification of Eden 
and Green’s technique. 

The radioactivity found in the plasma is shown in Fig. he 
It is clear that when a dose of lebelled copper was given 
3—4 h after a dose of DTPA there was no significant change 
in the time required for activity to reach a maximum 
(T max.) or in the amount of radio-copper absorbed. A 
slight delay in 7 max. and a 20 per cent to 30 per cent 
reduction in absorption were evident when the labelled 
copper and DTPA were given within a few minutes of one 
another; and when they were mixed before admunistra- 
tion, a significant increase in T max. and 75 per cent to 
80 per cent reduction in the absorption of labelled copper 
were found. 

Table 1 shows the average daily faecal copper expressed 
both as ug of copper/g of stool and as total copper during 
three metabolic periods, with the patient kept on a known 
constant diet of low copper content. The first period was 
a control one; during the second period the patient was 
given 0:02 ml. of DTPA with each meal and, during the 
third, he was given both DTPA and penicillamine, 1 g/day, 
in divided doses. The marked increase in stool copper, 
with DTPA alone, and with DTPA plus penicillamine, is 
evident. The greater increase when penicillamine was 
added suggests that, in addition to cupruresis, penicill- 
amine may effect increased excretion of copper mto the 
gastro-intestinal tract. 

More detailed investigation must establish the mmimal 
dosage of DTPA that will alter the positive copper 


Tablo 1. AVERAGH DAILY FAROAL CoPPar 


(ug/e) Total (ug) 
Control 128 3,745 
* TPA alone ° 315 6,309 
TPA and penicillamine 87-3 7,864 


Patient (H. 0.) 24 h faecal copper (average) while on constant diet with low 
copper content, A 
e 
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balance in Wilson’s disease to a negative one without 
affecting the absorption of iron or other essential metals, 
such as calcium and manganese. The stability constants 
for these other metals with DTPA’ make it likely that. 
significant reduction in the absorption of copper can be 
achieved without detriment to absorption of other 
essential elements. 

This work was supported in part by a grant from the 
Medical Education and Research Fund. 
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Effect of Adrenaline, Noradrenaline and 
Isoprenaline on Hepatic Bile Secretion of 
Anaesthetized Dogs 


Many reporta of the influence of adrenaline on bile secre- 
tion have been published in recent years. Engstrand! 
reported an initial increase followed by a decrease, but 
others?* have reported decreased biliary output after 
administration of adrenaline. Ramprasad and Sirsi’ also 
found decreased biliary output when noradrenaline was 
infused. The effect of isoprenaline (isopropylarterenol), 
which is thought to be a specific, beta-adrenergic stimulant" 
on bile secretion, does not, however, appear to have been 
investigated so far. The present work was undertaken. 
to study this aspect. 

Because the effects of adrenaline and noradrenaline 
are of very short duration’, attempts were made to study 
the minute by minute changes in the rate of bile secretion 
immediately after the administration of drugs 

Healthy adult dogs (6-8 kg) of both sexes were anaes- 
thetized by subcutaneous injection of paraldehyde (1-5 
c.c./kg). Paraldehyde was preferred because the other 
commonly used anaesthetics such as barbiturates and 
ether®:?° have been reported to depress the bile secretion. 
Preliminary experiments indicated that paraldehyde had 
less effect on bile secretion. The trachea was cannulated 
to avoid disturbances of respiration during the experiment. 
The common bile duct and the cystic duct were located 
after laparotomy and the common bile duct was cannulated. 
with a suitable polythene tube. The cystic duct was 
ligated and bile was collected in small tared tubes (3 mm x 
3 em) at 2 min intervals. The output of bile per min was 
calculated by weighing the tubes immediately after 
collecting the bile. The drugs were injected through the 
femoral vein. Six or seven dogs were used to elucidate. 
each response. 

Fig. 1 shows the effects of varying doses of adrenaline, 
noradrenaline and isoprenaline on bile secretion. The 
results are expressed as mg of bile seoreted/kg body weight/’ 
min. 

Adrenaline at a dose of 0-01 ug/kg produced a slight 
decrease in the output of bile; 0-1 pg/kg and higher doses 
of adrenaline evoked an initial rise followed by fall in the. 
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rate of bile secretion. The augmented effect was seen 
almost immediately after the injection and lasted for a 
period of about 2 min, after which the rate dropped 
markedly below the normal level and reached the normal 
level within 10 min. Noradrenaline caused an immediate 
reduction in the rate of bile secretion. 0-01 pg/kg of 
noradrenaline produced only a slight effect, but 0-1 pg/kg 
and higher doses produced a marked depression of bile 
secretion which lasted for 10-15 min, after which the rate 
returned to normal. Isoprenaline, even m doses as small 
as 0-01 ug/kg, produced a remarkable augmenting effect 
on the rate of bile secretion. The higher doses (0-1 pg/kg 
and higher) first increased markedly and then decreased 
the output. The augmenting effect lasted for about 
2-3 min and the depressant effect for about 8-10 min. 
The normal rate was resumed 10-15 min after the injec- 
tion. 

The effects of adrenaline, noradrenaline and isoprenaline 
depended on the dose in ranges 0-1-10 pg/kg, 0-1-10 pg/kg 
and 0:01-10 yug/kg, respectively. No drug exhibited 
tachyphylaxis in any dose. 

Table 1 summarizes the comparative response of hepatic 
bile flow to the varying doses of adrenaline, noradrenaline 


Rate of bile secretion (mg/min/kg) 





2 4 6 8 10 12 


Time (min) 


Fig. 1. Effects of varying doses of adrenaline, noradrenaline and iso- 
renaline on bile secretion of dog. A, B, noradrenaline; 


Adrenaline; 
, oprenahne. O, 0-01 reig: e 0l ugfkg, A, 100 ugikg; á, 
velkg. 
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Table 1. COMPARISON OF BILIARY Rusronga TO VARYING DOSBS OF ADRENA- 
LINA, NORADRENALINH AND IsqpRENALING 
Qfean values of sıx experiments) 
Percentage change in bile output $ 
Drug 0 01 g/kg Olyghkg © lygfke 10 ukg 
+ve -ve* +Vve -ve +Vve -~ve +ve -ve 
Adrenaline - 72 182 19-0 236 84-8 5 37 627 
Noradrenaline - 102 - 21. 80-5 - 408 
Isoprenaline 27:2 - 46:8 158 81-2 84:4 163-5 & 8 


* +ve, Increase in bile output; — ve, decrease in bile @utput. 


and isoprenaline. Adrenaline in all doses caused &4ugment- 
ing and inhibitory responses of more or less equal ampli- 
tude, noradrenaline only inhibitory response, and although 
isoprenaline produced eagumenting followed by inhibitory 
responses, the augmenting effect was stronger than the 
inhibitory effect. 
The finding that adrenaline can produce initial aug- 
mentation and then inhibition of biliary secretion is in 
accord with the observation of Engstrand', and contradicts 
the results of other workers*-* who observed only inhibi- 
tion of biliary output with adrenergic drugs. The 
augmentory effect of adrenaline is of very short duration 
and is followed by strong and relatively prolonged inhibi- 
tion, so that it is likely to have passed unobserved by 
those who studied changes in volume of bile at intervals 
of more than 5 min. Such intervals would only show the 
result of the augmentory and inhibitory effects of the drugs. 
The effects of adrenergic drugs on hepatic bile secretion 
have been related by previous workers to their influence 
on systemic and portal circulation’. It is generally 
accepted that there is sudden release of fluid from paren- 
chyma cells after injection of adrenaline’. Such an effect 
can cause an immediate increase in the volume of the bile 
and perhaps affords the explanation for initial increase 
in the volume of the bile seen after adrenaline, and 
presumably isoprenaline, administration. 
The fact that noradrenaline shows only a depressant 
effect, isoprenaline a marked stimulant effect and adren- 
aline both the effects of equal amplitude suggests that 
alpha and beta adrenergic receptors’ are involved in the 
depressant and stimulant actions respectively of adrenergic 
drugs on bile scretion. 
We thank Dr. R. L. Nikore for his encouragement 
during the progress of this work. 
A. V. KASTURE 
D. 8. SENGVEKAR 
A. K. DORE 

Laboratory of Pharmacology, 

Department of Pharmacy, 

University of Nagpur, 

India. 

1 Engstrand, L., Ada Chir. Scand., Suppl., 146 (1949) 

> Downs, A. W., and Eddy, N. B., Amer. J. Physiol, 48, 102 (1919). 

* Skakun, N. P., Bull. Ezp. Biol. and Med. (U.8.8.R.), 45, 474 (1958). 

* Archdeacon, J. W., Danforth, I. T., and Dummit, G. D., Amer. J. Physiol., 

178, 499 (1954). 

* Chambrol, E., and Sallet, J., O. R. Soc. Brol., 121, 538 (1936). 

* Ramprasad, C., and Sirst, M., Ind. J. Physiol, Pharmacol., 3, 101 (1959). 

7 Ahiquist, R. P. A, and Levy, B., J. Pharmacol., 187, 146 (1959). 

* Axelrod, J., ef al., J. Pharmacol. Bap. Therap., 127, 251 (1951). 

* Snyder, O. D., Physiol. Rev., 22, 70 (1942), 


Effect of Centrally Active Drugs on the 
Action of Coumarin Anticoagulants 


Previous investigations have shown that pretreatment 
with barbiturates reduces the prothrombin response to 
coumarin anticoagulants, presumably by stimulating the 
metabolic breakdown of the coumarin drugs’. Hrdina, 
who was interested in the effect of centrally active drifigs 
on the response to anticoagulants, confirmed this effect 
of barbituratest. On the other hand, compounds of the 
morphine type were found to enhance the response to 
coumarins (Hrdina, personal communication), ad to 
inhibit enzymes which metabolize drugs in the liver’. 
The present experimenfs were designed to determine 
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whether tranquillizers os antidepressants exert an effect 
on the coumarin response which might correlate with the 
nature of their central effects. 

Guinea-pigs were pretreated with representative tran- 
quillizers and an antidepressant for 4 days, after which 
their prothrombin response to a standard dose of aceno- 
coumarin‘ was determined. In each mstance, the dose of 
cenwally active drug used was approximately the highest 
tolerated for four daily administrations. Acenocoumarin 
4-5 mg was injected intraperitoneally on day 3 and day 4. 
All animals were killed 24 h after the last dose of aceno- 
coumarin, and cardiac blood was obtained for prothrombin 
estimation as previously described‘. Table 1 lists the 
compounds investigated and the results noted. 

The values obtained with saline controls and barbital 
pretreatment are consistent with previously published 
results! indicating that barbital suppresses the pro- 
thrombin response to acenocoumarin; however, neither 
reserpine nor chlorpromazine had a similar effect. In 
fact, the data suggest that these tranquillizers exaggerate 
rather than suppress the prothrombin response. 


Table 1 
Dose No. of Prothrombin time (sec) 

Compound mg/kg animals Average* Bange 
Saline — 9 88 (0) 64-118 
Barbital 140 42 (0 30-47 
Chlorpromazine 2:5-50 T 126 (1 78—180 + 
Reserpine 0-5-1:0 8 188 (4 67-180 + 
Desi e 5-10 8 82 (0 40-171 





* Values over 180 seo were taken as 180 seo in calculating averages. Tho 
number of animals with values over 180 seo 1s recorded ın parentheses. 


Table 2. PLASMA ACHNOOOUMARIN CONCENTRATIONS (mg/l.) IN GUINEA-PIGS 
16 H AFTER A SINGLE IxTRAPHRITONWAL DOSE (4 5 HG) WITH AND WITHOUT 
PRWIRWATWENT 


Plasma level 
Pretreatment No. of (mg/l. at 1-5 bh) 
animals Range Average 
5 16-33 20-6 
Teserpine (0 (0 5 mg/day intraperitoneally 6 12-84 221 
11-26 17-3 


a a 2:5 mg/day intraperi- 7 
toneally for 3 days) 


The apparent exaggeration of prothrombin response to 
acenocoumarin might be related to higher drug blood 
levels reflecting inhibition of acenocoumarin metabolism. 
To test this possibility, the plasma acenocoumarim level 
was investigated in guinea-pigs following a single intra- 
peritoneal dose (4-5 mg) with and without tranquillizer 
pretreatment. Previous investigations! have shown that 
pretreatment may alter the plasma acenocoumarin level 
1-6 h after dosage. In that investigation pretreatment 
with barbiturates resulted in levels at 1-6 h which ranged 
from 2 to 12 mg/l. (nine animals), compared with 16-51 
mg/l. (eleven animals) in control animals without pre- 
treatment. In the present investigation (Table 2) similar 
levels were found in the control group, and the levels in 
animals treated with reserpine and chlorpromazine were 
not significantly different from those in the controls. 
Thus the exaggerated prothrombin response following pre- 
treatment with the centrally active drugs (Table 1) is 
not explained by a significant change in drug metabolism 
as reflected by the acenocoumarin plasma level 1:5 h 
after dosage (Table 2). 

Our present work confirms previous reports that barbital 
pretreatment reduces plasma acenocoumarm levels and 
prothrombin response in the guinea-pig. On the other 
hand, pretreatment with the tranquillizers chlorpromazine 
and reserpine results in an exaggerated prothrombin 
response without a significant change m plasma aceno- 
coumarin levels. The antidepressant, desipramine, has 
n® influence on prothrombin response. 

It may be significant that the tranquillizers, which 
caused an exaggerated response to acenocoumarin, also 
enhance NAD synthesis in response to nicotinic acid‘, 
whilg bgrbiturates and the antidepressant enhance neither 
sensitivity to acenocoumarin peat NAD response to nicotinic 
acid. 
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IMMUNOLOGY 


Maternal Origin of the Group Specific (Gc) 
Proteins in Amniotic Fluid 


THE origin of the amniotic fluid proteins is at present a 
source of controversy. Existing information about these 
proteins, which has been derived mainly from paper 
electrophoresis!—*, immunoelectrophoresis?:* and immuno- 
diffusion’, has divided investigators into those who believe 
that the amniotic fluid proteins arise from foetal serum 
and those who consider that their origin is maternal. 
A recent article!’ has shown, by a combination of acryl- 
amide disc electrophoresis and immunodiffusion, that the 
proteins of the amniotic fluid originate at least partly 
from maternal serum. It was found that haptoglobin 1-1 
was present in all amniotic fluids derived from mothers 
of this type, while it was absent in the corresponding cord 
sera. Immunoglobulin A was also present only in amniotic 
fluids and corresponding maternal sera and absent in 
cord sera. In addition, transferrin and ceruloplasmin 
values approximated those of the maternal rather than 
those of foetal sera. 

One of the interesting protein groups observed in 
amniotic fluids is the group specific (Go) protems which 
are genetically determined. In 1959 Hirschfeld"! demon- 
strated the reproducibility of the immunoelectrophoretic 
patterns of the Gc group. Three distinct phenotypes were 
found in normal human sera. In a fashion analogous to 
the haptoglobins, the notations Ge 1-1, Go 2-1 and 
Go 2—2 were adopted. 

The present communication reports the Ge patterns in 
twelve sets of maternal sera, foetal sera and amniotic 
fluids as determined by immunoelectrophoresis. The pro- 
cedures and materials used have been described pre- 
viously’* except for anti-human Go-serum (obtained from 
Lloyd, Inc., Cincinnati, Ohio) which was prepared 
in rabbits. Our work?’ has shown that the two pro- 
teins, haptoglobin l-1 and IgA, which were present 
in amniotic fluid and maternal sera, were absent in 
foetal sera. It was not shown in this preliminary study 
that any protein present in cord sera was absent in 
maternal sera and amniotic fluid. We have used the 
Go group for such a demonstration. Where mother and 
foetus belong to a different Go type, the type of the 


Table 1. COMPARISON OF Gc PROTEIN PATTERNS IN MATBRNAL SARA, 


OTIO FLUIDS AND Forra, SERA 


Ge typing sæt No. Maternal sera Amniotic fluid Foetal sera 
1 2-1 2-1 2-2 
2 2-1 2-1 2-2 
8 2-1 2-1 1-1 
4 2-1 2-1 1-1 
5 1-1 1-1 2-1 
6 1-1 1-1 2-2 
7 2-1 2-1 2-1 
8 2-1 2-1 2-1 
9 2-1 2-1 2-1 

10 1-1 1-1 1-1 
ll 1-1 1-1 1-1 
12 1-1 1-1 1-1 


Amniotic find was obtained by noodle as aspiration at the beginning of labour. 
Before use, it was concentrated times by dialyais against solid sucrose, 

ternal serum was drawn within 57 h after delivery and cord (foetal) serum 
was obtained immediately after birth. The twelve sets studied have been 
grouped according to typing (1-6 and 7-12) rather than the order of testing. 
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amniotic fluid should show the source of this protein in 
the fluid. 

Table 1 records our results. It is apparent that where 
the maternal and foetal Ge patterns differed (sets 1-6), 
the amniotic fluid pattern and the maternal serum 
pattern were the same. These findings, together with 
our previous work, strongly suggest that all proteins in 
the amniotic fluid are of maternal origin. 

This work was supported in part by grants from the 
U.S. National Cancer Institute, the U.S. National Insti- 
tutes of Health, the U.S. Public Health Service and the 
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Relationship between Human Luteinizing 
Hormone and Human Chorionic Gonadotropin 


Previous analysis of a rabbit hyperimmune serum to 
sheep luteinizing hormone (LH) showed seven components 
which cross-reacted with sheep LH and follicle stimulating 
hormone (FSH), bovine thyroid stimulating hormone 
(TSH), as well as pregnant mare’s serum (PMS) and 
human chorionic gonadotropin (HCG)!. The hormone 





Figs. 1-6. 

twice. The “slender” line(s) referred to in the text have been retouched in Figs. 1, 2, 4, and 5. HLH, human LH; OLH, ovine LH: 

LH; ELH, equine LH; BTSH, bovine TSH; OFSH, ovine FSH; ALH, anti-OLH serum absorbed with sheep tissaes. Note: the inter- °* 
actions between anti-LH and PMS, ELH, BLH, and BTSH are not relevant to this study. 
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was injected subcutaneously in Freund's complete 
adjuvant in weekly doses of 1 mg éor 6 weeks, and, after 
a 10 mg booster dose in the seventh week, the animal was 
rested and bled for the first time in the tenth week. 
Thereafter, with insignificant vaniations, the animal was 
given 1 mg of hormone every other week and bled in the 
weekly interval between injectigns. Certain samples 
from between the twenty-eighth and fifty-second blee@ings 
were pooled and used in the experiments. °At the begin- 
ning of this period a total dose of 51 mg LH had been 
given over a period of 14 months. This communication is 
concerned especially with the cross-reaction of this 
antiserum with HCG and HLH and the relationship 
which this shows between the two hormone preparations. 

The lines pertinent to this study, those opposite HLH 
and HCG, were strengthened using a technique similar to 
continuous antiserum feeding, as in the agar gel double 
diffusion plate (Fig. 1), compared with Figs. 2, 5 and 6, 
which were not prepared by this technique. In Figs. 
2, 3, 5 and 6, where antiserum to sheep LH abserbed with 
sheep tissues (ALH®t) is reacted with homologous hormone 
(OLH), some of the seven precipitin lines (resulting from 
the seven components mentioned already) can be seen, 
but no attempt was made to delineate and clarify these 
lines as in the previous experiments. It should be noted 
that the anti-sheep LH serum was absorbed with sheep 
tissues under carefully controlled conditions and the 
completeness of the absorption afterwards tested by several 
procedures. Thus the possibility of cross-reaction between 
non-hormonal human and sheep proteins was eliminated. 

Fig. 1 clearly shows three common antigens (three 
precipitin bands) shared by HLH and HCG and a fourth 
line, the second from the HLH well, which does not appear 
opposite the HCG well. The slender line nearest the 
HCG well is remarkable in that it maintained this charac- 
teristic appearance under varied experimental conditions. 
It can also be seen in Figs. 2-5. 

Shortening the exposure time of photographs resulted 
in better definition of the slender line referred to here 


Agar double diffusion studies of antigenic relationships between HLH and HCG. Figs. 3 and 4 are stained; Mig. 4 is magniiede 


BLH, bovine 
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partictlarly, but with less of definition of some lines 
fortunately of less interest (Fig. 2). When this same 
preparation was washed and stained as described by 
Crowle*, the slender liye was even more clearly defined 
as shown in Fig. 3 and its enlargement (Fig. 4), despite 
the, additional weakening of other lines due to washing 
out in the staining process. In fact, with the higher 
magMiification,in Fig. 4, where it lies opposite and nearest 
the -HCG well, it can now be seen to be double, each 
component establishing continuity with a line opposite 
the HLH well. The two lines run close together and are 
parallel. In Fig. 4 they can clearly be seen crossing mid- 
way between the HLH and HCG wells to join the corre- 
sponding lines opposite the HLH side. Their disposition 
indicates that the two antigens concerned are shared by 
both HLH and HCG, and it is clear that a preparation 
such as that shown in Fig. 1 was inadequate to demon- 
strate the double nature of the slender line opposite the 
HCG well. 
Further manipulation of the photographic exposure time 
provided additional evidence of the dual nature of this 
line. When short exposure time was applied as in Fig. 5, 
this seemingly single slender line opposite HCG was shown 
clearly, but at the same time its connexion with the line 
complex opposite sheep LH was obscured. On the other 
hand, longer exposure, as shown in Fig. 6, renders the 
slender line invisible opposite the HCG well, but clarifies 
its interaction with lines opposite sheep LH, It can be 
seen that there is a lack of identity (continuity) with 
the strong line complex nearest the antiserum well, but 
identity (continuity) is established with two lines more 
peripherally nearest the ovine LH well which were 
previously’ shown to represent LH and HCG. 
HLH and HCG therefore share, in unequal proportions, 
four antigenic components. On the basis of information 
gained in our previous study from agar gel diffusion, 
immunoelectrophoresis, and haemagglutination, three of 
these lines can be identified with some certainty. The 
line closest to the antiserum well represents an FSH con- 
taminant and the two slender lines nearest the antigen 
wells (Fig. 4) represent HLH and HCG, a spatial relation- 
ship similar to that noted by Paul and Ross’. The 
precipitin line specific for the LH/anti-LH reaction is 
closest to the HCG well, and the line specific for the 
HCG/anti-LH reaction is closest to the HLH well. They 
eross at a point midway between the two wells to join 
identical lines on the other side. This interchange of 
position tends to verify the logical assumption that there 
was less HLH in the HCG preparation than in the pituitary 
extract. The close proximity of the two components is 
consistent with their similar molecular weights which are 
considered to be approximately 30,000 (ref. 4). The 
nature of the fourth component is not yet certain. 
These findings indicate that HLH and HCG molecules 
represent distinct antigenic entities. They disagree with 
the point of view expressed by many*5-* that these 
molecules are either identical or partially so, but agree 
with the conclusion of studies with antiserum to HCG 
by Isersky et al.1° that the cross-reacting element in 
HCG represents a pituitary LH contaminant. 
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Graft of Histocompatibility Genes in 
Sublines of Inbred Mice 


A PROGRAMME of routine skin grafting is used at the 
Laboratory Animals Centre to check the homogeneity of 
our colonies of inbred mouse strains with respect to histo- 
compatibility genes. The donor and recipient mice are 
usually six to eight generations apart. During the transfer 
of these inbred colonies from conventional buildings to 
isolated buildings free from pathogens it became necessary 
to graft between mice separated by two to sixteen 
generations. 

In all our colonies, mice ten generations apart have 
accepted each other’s homografts. The same may be 
said of mice separated by twelve generations for most 
colonies, and of those separated by as many as fourteen 
and sixteen generations from some colonies. On the other 
hand, mice from some colonies have rejected grafts when 
six generations apart. A study of the results led to the 
conclusion that the number of rejections and minor in- 
compatibilities are characteristic of particular mouse 
strains rather than of the genetic distance between donor 
and recipient. 

Subline divergence was probably first systematically 
investigated in 1954 by McLaren and Michie’, and was 
also mentioned by Billingham, Brent, Medawar and 
Sparrow?. It has recently been studied both by Linder? 
and Kindred‘, using the graft of histoecompatibility genes 
between sublines of mice. The single-line system of 
mating used in our colonies was instituted to reduce this 
intra-strain variation as much as possible, and it has been 
successful in that out of 529 mice that received grafts we 
found a total of only 2 per cent rejections. Subline diver- 
gence was, however, apparent in those strains from 


. which mice showed graft rejection when six generations 


apart (found also by Paterson, personal communication). 
Because of these findings, we suggest that for a large scale 
grafting experiment it would be unwise to use animals 
outbred beyond two generations from the primary type 
eolony. 
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Induction of Neoantigen (G) in Human 
Amnion (“WISH”) Cells by Herpes Virus A 


Previous work has described the presence of a specific 
soluble complement fixing! and precipitating? antigen in 
some human tumours. This antigen, called G, was first 
found in the aqueous phase after the extraction of HeLa 
cells with fluorocarbon}, and since then in other human 
cell lines of malignant origin®:*. G antigen has not been 
found in cells of a variety of non-malignant adult and 
embryonic human tissues’, and with only one exception, 
in non-malignant* cell lines. An apparent correlation has 
recently been shown between the presence of the G 
antigen and the heterotransplantability to the hamster 
cheek pouch of several sublines of the KB cell’. 

There is no predictable pattern of G antigen occurrence 
among the human tumours that have been investigated. 
A similar apparently random distribution of a similar 
antigen has been described recently by McKenna and 
Prier in canine tumours’. It seems possible that some 
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Fig. 1. 


Fig. 2. 


Fig. 1, Centre well: HeLa G Ab. Peripheral wells: (1) HeLa G; (2) “WISH” + herpes 


virus A; (3) “WISH”; (4) “WISH” + vaccinia virus, 


Fig. 2, Centre well: HeLa G Ab absorbed with human non-malignant human tissue 


extract. Peripheral wells: same asin Fig. 1. 
common event occurred to the human cells that contain 
x antigen. Such an event might occur in vivo during the 
development of the neoplasm, or in vitro after cells are 
placed in culture. 

The appearance of neoantigens in various cells in vitro 
following cellular transformation with polyoma virus, S V 4, 
virus and certain adenoviruses is well established’-!!. We 
set out to determine whether G antigen could be induced 
in cells by other viruses. Our early work using adenovirus 
Type 12 was unsatisfactory because the virus was pro- 
pagated in HeLa cells and it was felt that G antigen might 
earry over to the G negative cells. Two other unrelated 
viruses, vaccinia and herpes virus A, were selected for 
investigation. 

Six strains of herpes virus A and one strain of vaccinia 
were isolated from active human infections at the Division 
of Laboratories of the Pennsylvania Department of Health. 
Five of the herpes strains were isolated from herpes 
labialis lesions and one strain was isolated from a case of 
herpetic encephalitis. AIl the viruses used in experiments 
were within three or four passages removed from the 
patients and were grown in African green monkey kidney 
cell cultures. Monolayers of “WISH” strain of human 
amnion line were grown in 32-0z. prescription bottles with 
Eagle’s minimal essential medium supplemented with 5 
or 10 per cent inactivated calf serum. After complete cell 
sheets were established they were washed with Hanks 
solution and infected with 1 ml. of each virus strain at 
103-104 TOID,./ml. in a total volume of 50 ml. of 
Eagle’s medium. Twenty-four hours later, the cell sheets 
were washed twice with Hanks solution and the cells 
gently seraped from the glass. The incubation temperature 
was 36°C. The cell suspensions were lightly centrifuged, 
and re-suspended in 1 ml. of distilled water. These suspen- 
sions were frozen and thawed three times and tested 
against antiserum by microimmunodiffusion tests for the 
presence of G antigen as previously deseribed?. 

A typical pattern of results is shown in Figs. 1 and 2. 
Amnion cells infected with all five herpes virus strains 
from herpes labialis lesions contained an antigen identical 
with G antigen. This antigen was not present in cells 
infected with either vaccinia virus or the encephalitic 
herpes virus strain. Preliminary experiments using com- 
plement fixation tests suggest that the G antigen is not a 
viral antigen although it first appears in cell extracts 
between 6 h and 12 h after infection, a time corresponding 
to the synthesis of infectious virus. 

Whether or not a cause and effect relationship exists 
between herpes infection, appearance of G antigen and 
consequent or subsequent malignancy is not known. It is 
possible that infection of cells by certain viruses results 
in an alteration of the antigenic mosaic of the cells which 
simulates the antigenic pattern of malignant cells. Roane 
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and Roizman'* have described altered 
antigenic activit% pf HEP-2 cells after 
infection with herpes virus A. Tanaka 
and Southam™ described a synergistic 
effect between herpes virus A ans 3- 
methylcholanthrene in the production 
of murine papillomate which was direetly 
dependent on the* amount of eee ee 
virus inoculated. Kissling and Addison“ 
showed that the survival time of hufman 
diploid cells heterotransplanted to the 
hamster cheek pouch could be increased 
after infection of the cells with soveral 
viruses. The animals injected with cells 
infected with herpes virus died on the 
eighth day after inoculation and exhibited 
signs of complications in the central ner- 
vous system. The extension of the survival 
time of the cells so infected is, however, 
clearly evident in their report. 

Wyburn-Mason™ described six patients 
between the ages of 60 and 70 who devel- 
oped recurrent herpetic lesions around the mouth and 
subsequent carcinomata at the sites of the herpetic lesions. 
If it can be assumed that G antigen is a specifie factor 
related to tumours, these results further strengthen the 
hypothesis that herpes virus A may be oncogenic. 

This work was supported by a grant from the U.S. 
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BIOCHEMISTRY 
Lipase Activity in Black Pepper 


CULINARY spices have been used through the ages for their 
flavour appeal and stabilizing effects in foodstuffs!, but 
only recently has their effectiveness as antioxidants in 
edible fats been clearly demonstrated?*. Spices, par- 
ticularly black pepper, are notorious for their high 
microbial content*:> and appropriate techniques! have 
been developed by spice processors to overcome this 
problem of potential food spoilage. The lipolytic activity 
of spices has received little scientific attention and it was 
therefore of interest to obtain some quantitative in- 
formation on five spices used extensively in the baking 
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indusġry. Table 1 illustrates lipolytic activity observed in 
samples of commerciqjly available material. 

The assays were carried out on defatted samples by the 
method? of Templeton and Carpenter®. Activities are 
expressed in terms of @ercentage conversion of elive oil 
substrate, after 4 h of incubation at 37° C, to free fatty 
acel calculated as oleic acid. 

e activity demonstrated by black pepper instigated 
an ‘Investigation of the properties and location of the 
lipdlytic enzyme in the seed of Piper nigrum. A sample of 
whole seed from a consignment grown in Sarawak was 
obtained in the normal state of preparation for commercial 
milling. The black outer pericarp was removed from a 
number of seeds with a scalpel. The resulting fractions were 
ground to pass a 100 mesh B.S. sieve, and after complete 
extraction of petroleum ether solubles the activities in 
both seed fractions were estimated’. This preliminary 
assay revealed that under the test conditions the outer 
pericarp and residual seed converted 26 per cent and 7 per 
cent respectively of their substrates to free fatty acid. 

A larger sample of outer pericarp was prepared by the 
abrasion of whole seeds in a mechanical sieve shaker and 
collection of material which passed through a 70 mesh 
B.S. sieve. This material, which was free of whole seeds 
and appeared to consist entirely of the black outer pericarp, 
was ground to pass through a 100 mesh B.S. sieve and 
defatted by prolonged soxhlet extraction with petroleum 
ether (boiling range 40° C-60° C) followed by air drying. 
Aqueous extraction of the resulting product at 10° C did 
not significantly alter the lipolytic activity in the residue. 
The lipolytic enzyme is therefore considered to be associ- 
ated mainly with the outer pericarp and to be insoluble in 
water. For this reason the temperature optimum for the 
enzyme system was determined in an olive oil and water 
substrate. The temperature optimum was determined by 
incubation of 0-5 g samples intimately blended with 0-45 g 
of olive oil (B.P. grade) and 0-2 g of distilled water at tem- 
peratures ranging between 25° C and 50° C for 4 h periods 
followed by quantitative extraction with petroleum ether 
and titration of the free fatty acids formed. Blank values 
calculated from the acid value of the olive oil were taken 
into account. The maximum acid production occurred at 
46° C in the test conditions. The substrate composition 
was chosen as a result of the observation that lipase in 
oatmeal exhibits maximum activity in a substrate of 
similar composition (unpublished results of Vedova and 
Weeden). 


Table 1. COMPARATIVE VALUES OF LIPOLYTIO ACTIVITY IN CULINARY 


SPICE: 


Percentage conversion 


Spice of triglyceride substrate 
Black pepper 50 
Cayenne pepper 62 
Paprika 3-9 
Ground cinnamon 54 
Ground ginger 57 


* Average of values obtained on samples from three different sources, 


Lipolytic activity can be reduced by partial dehydration 
of ground pepper at ambient temperature; an irreversible 
process and complete inactivation can be achieved by 
heating sealed samples at 100° C for a 3 h period. 

Lipolytic activity has been demonstrated in the outer 
pericarp of Piper nigrum, but such activity could be 
bacterial in origin. To our knowledge a correlation between 
microbial count and lipase activity in this seed has never 
been made. 

The observed temperature optimum is rather high for 
either plant or fungal lipases and, in the absence of know- 
ledge concerning growth and storage conditions of the 
particular pepper examined, no means of distinguishing 
the- possible enzyme source appears to be available. The 
degree of activity, encountered in black pepper is consistent 
with that assigned to other seeds’? in which the lipase is 
known to be specific for the seal species and not fungal. 
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The possibility of the presence of lipolytic activity in 
culinary spices was brought to our attention by Mr. F. R. 
Townsend as a result of his personal observations. 
Err HALBERT 
Doveras G. WEEDEN 

Central Laboratory, 

Australian Biscuit Company, 

Homebush, N.S.W. 

1 Heath, H., Rep. Prog. App. Chem., 48, 512 (1963). 

* Aggarwal, J., and Sethi, S., Nature, 166, 518 (1950). 

3 Chipault, J., Food Res., 17, 46 (1952). 

+ Yesair, J., and Williams, O., Food Res., 7, 118 (1942). 

5 Fabian, F., Food Res., 4, 269 (1939). 

€ Templeton, W., and Carpenter, B., Analyst, 78, 726 (1953). 

? Martin, H., and Peers, F., Biochem. J., 55, 523 (1953). 


Ultramicro Enzyme Analysis of Testosterone 


MertuHops which use enzymes for the analysis of steroid 
hormones deserve attention because they have greater 
specificity than chemical and physico-chemical methods. 
The low sensitivity and low degree of accuracy of current 
methods for the determination of coenzymes, however, 
have limited the use of enzymes for the determination 
of those steroid hormones that occur in low concentra- 
tions in tissues and body fluids such as blood. This 
communication reports a solution to this problem, and it 
uses an enzyme cycling procedure to increase sensitivity, 
and the measurement of labelled steroid to increase 
accuracy. 

The system described here for testosterone can be used 
for almost any steroid, with slight modifications which will 
be reported later. It utilizes 38- and 178-hydroxysteroid 
dehydrogenase’, an enzyme with two reactive sites, which 
catalyses the oxidations of 38-hydroxyl and 178-hydroxyl 
groups, which require NAD as hydrogen carrier: 


NAD+ + testosterone — NADH + 
At-androstene-3,17-dione (1) 


After destruction of excess NAD by mild alkaline treat- 
ment?, NADH is measured in the following cyclic reaction 
system: 
NADH + a-ketoglutarate + NH] — NAD+ 
+ glutamate (2) 


NAD+ + testosterone-4-4C -> NADH 
+ A‘-androstene-3,17-dione-4-4C (3) 


In reactions (1) and (3) 8-hydroxysteroid dehydrogenase 
from Pseudomonas testosteroni of very high purity? was 
used. In reaction (2) beef liver glutamic dehydrogen- 
ase was used. Both enzymes were separated from con- 
taminating coenzymes by gel filtration on ‘Sephadex 
G-25° at pH 7-12, in a phosphate buffer in aseptic condi- 
tions. The steroid dehydrogenase was run together with 
highly purified human serum albumin. The enzymes were 
stored in the cold in 50 per cent glycerol solution. Reac- 
tion (1) required 10-5 molar NAD which had been treated 
with hydrochloric acid to destroy NADH, 40-50 Talalay 
units of ®-hydroxysteroid dehydrogenase, 15-20 ug of 
human serum albumin and testosterone dissolved in 50 pl. 
of propylene glycol, made up to a total volume of 0-55 ml. 
with 0-03 molar pyrophosphate buffer, pH 9-1. After 
incubation at 30°C for 60 min the excess NAD was 
destroyed by making the solution 0-02 normal with 
regard to sodium hydroxide and heating for 15 min at 
60° C (ref. 2). The pH was then adjusted to 8-8 with 
hydrochloric acid and the cycling reagent was added. 
This consisted of a final concentration of 3x 10-74 molar 
ADP, 5x 10-3 molar «-ketoglutarate, 0-10 molar NH}. 
0-16 mg of purified glutamic dehydrogenase, 80 u of 
8-hydroxysteroid dehydrogenase, and 6x 10-§ molar 
testosterone-4-4C (specific activity 0-56 ¢./mole) dissolved 
in 5 ul. of methanol in a total volume of 0-95 ml. Greater 
substrate concentrations were inhibitory and it is prob- 
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Fig. 1... Cycling reaction with testosterone. The steroid was dissolved in 
50 wl. of propylene glycol with or without 5 gl. of methanol. Inhibition 
of methanol is shown. ©, No methanol; @, methanol. 


ably advantageous to decrease these concentrations 
further. Methanol in reaction (1) was also found to be 
inhibitory. The enzyme concentrations used in this 
' reaction gave 94 per cent oxidation of 5-8 x 10-7 molar 
testosterone after 30 min of incubation at 38°C. A 
greater enzyme concentration, or incubation for up to 
90 min, did not increase the percentage of oxidation. 
After cycling for 60 min at 30°C the reaction was 
stopped and the steroids were extracted by the addition 
of dichloromethane. Testosterone and A*-androstene-3,17- 
dione were then separated on purified Whatman No. 1 
filter papert. Aliquots were counted on planehets in a 
windowless gas flow counter and the oxidation of testo- 
sterone to A*-androstene-3,17-dione was calculated from 
the relative conversion. Special precautions were neces- 
sary to keep all glassware and reagents free from con- 
tamination by nicotinamide nucleotides. Blank values 
corresponded to about 10-14 moles of testosterone. On a 
logarithmic scale a linear relationship was obtained 
between 3-5 x 10- and 3-5 x 10-° moles of testosterone in 
the original sample (Fig. 1). This relationship is obtained 
because the substrate concentration in reaction (3) must 
be kept relatively low and decreases progressively during 
the course of the reaction. The cycling yield at the lowest 
initial concentration of testosterone was about 4,400, but 
it rapidly decreased when the initial testosterone con- 
centrations were increased. The sensitivity obtained is 
from two to five times that reported for the electron 


$ capture detector, used in conjunction with gas chromato- 


graphy after formation of the chloroacetate derivative of 
testosterone, 

Human serum albumin was supplied by Dr. J. 
Killander, Uppsala. 

Hans CARSTENSEN 
The Laboratory for Research on Steroid Hormones, 
Akademiska Sjukhuset, 
Uppsala. 
1 Marcus, P., I., and Talalay, P., J. Biol. Chem., 218, 661 (1956). 
2 Lowry, O. H., Passonneau, J. V., Schulz, D. W., and Rock, M, K., J. Biol. 
Chem., 286, 2746 (1961). 

z ry Squire, P. G., and Porath, J., Biochim. Biophys. Acta, 89, 398 


* Bush, I. E., Biochem. J., 50,370 (1951). 
è Brownie, A. C., van der Molen, H. J., Nishizawa, E. E., and Hik-Nes, K. B., 
dJ. Clin, Endocrinol, Metab., 24, 1091 (1964). 


Tyrosine Metabolism in Human Scurvy 


-TYROSINE is catabolized in the liver. One of the steps 
involved is the oxidation of p-hydroxyphenyl pyruvic 


a acid to 2: 5-dihydroxyphenyl] pyruvic acid. The enzyme 
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system which catalyses this reaction, p-hydroxyphgnyl- 
pyruvic hydroxylase, is believed to gequire ascorbic acid 
as a cofactor. If the reaction is blocked, p-hydroxyphenyl 
pyruvic acid accumulates and is excreted in increased | 
amounts in the urine. Other patlfways for the remowal 
of p-hydroxypheny] pyruvic acid are utilized, for example, 
conversion to p-hydroxyphenyl aceti¢ and p-hydrox#® 
phenyl lactic acids, and these compounds can also ge 
excreted in increased amounts in the urine. The excretion 
of excessive amounts of these substances in urine “is 
known as tyrosyluria. 

This condition occurs in premature infants fed on a 
diet which is deficient in ascorbic acid, but which contains 
large amounts of protein!. Tyrosyluria has been found 
in idiopathic steatorrhoea, in thyrotoxicosis, and in 
rheumatoid arthritis’. The condition was corrected in all 
the patients after they had been treated with large doses 
of ascorbic acid. It was therefore assumed that the 
tyrosyluria was caused by an inadequacy of dietary 
ascorbic acid. One of us (R. R.), however, has observed 
that tyrosyluria occurs in children with fibrocystic disease 
of the pancreas and that it is not corrected by saturation 
of the patients with ascorbic acid. This casts doubt on the 
view that lack of dietary ascorbic acid may inhibit liver 
p-hydroxyphenylpyruvie hydroxylase activity and so 
cause tyrosyluria. We have, therefore, investigated the 
excretion of tyrosine metabolites and tyrosine itself by 
patients with scurvy. 

Twenty-four hour specimens of urine were collected 
from five adults and one 6 year old child who were suffering 
from frank scurvy. The clinical diagnosis in every case 
was subsequently confirmed by carrying out ascorbic acid 
saturation tests. The specimens were examined chromato- 
graphically for tyrosine metabolites by the method of 
Robinson et al.*, and for tyrosine using the method of 
Chadwick et al. None of the patients excreted excessive 
amounts of tyrosine and none showed signs of tyrosyluria. 

Further urine specimens were examined after the pati- 
ents had been saturated with ascorbic acid. There was.no 
significant difference in the excretion of tyrosine or its 
metabolites before and after saturating the patients with 
ascorbic acid. 

We conclude that a deficiency of dietary ascorbic. acid 
does not cause tyrosyluria. Our results do not preclude 
the possibility that scorbutic patients may metabolize 
abnormally a loading dose of tyrosine. 

Tyrosyluria may occur in patients with parenchymatous 
liver damage’. Boscott and Cooke’s work was carried 
out on patients with conditions in which liver damage 
can occur and this could account, at least in part, for the- 
tyrosyluria they observed?. 

R. ROBINSON 


Group Pathological Laboratory, 
Lakin Road, Warwick. 


F. G. WARBURTON 


Pathology Laboratory, 

Hope Hospital, Salford, 6. 

1 Levine, 8, Z., Dann, M., and Marples, E., J. Clin. Invest., 22, 551 (1943). 

? Boscott, R. J., and Cooke, W. T., Quart. J. Med., 28, 307 (1954). 

? Robinson, R., Ratcliffe, J., and Smith, P., J. Clin. Pathol.,12, 541 (1959). 

+ Jhadwick, J. M., Fawcett, J. 8., and Warburton, F. G., Amer. J. Olin. 
Nutrit., 7, 721 (1959). 
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Effect of an Antihistamine on the Increased 
Vascular Permeability induced by Leucocyte 
Lysosome Fractions 


In previous publications!* I reported the production of 
immediate increases in vascular permeability in rat tissues 
treated with a basic protein fraction extracted from lyso- 
somes of exudate polymorphonuclear (PMN) leucocytes. 
It was suggested that the permeability effect was c&ugdd 
by the release of vasotropic mines from tissue mast cells 


m . 
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by a component of the lysosomes?-*. Part of the evidence 
cited in support of, tifis mechanism was the significant 
inhibition of tissue reaction to the extract after treatment 
of rats with an antihistamine drug. This observation, 
hawvever, was made im animals treated with a large dose 
of the antihistamine, and no consideration was given to 
seon-specific effecte of such a dose on vascular response to 
generalized inflammédtory stimuli. Additional experiments 
with appropriate controls for non-specific effects of the 
atttihistamine have now been performed. This com- 
munication reports results which confirm our earlier 
conclusion. 

Rats were injected intravenously with 6 mg of chlor- 
pheniramine maleate/100 g body weight as before?, and 
intracutaneous injections of the lysosomal protein fraction 
were given 5 min later. Other animals received no pre- 
treatment and served as controls. Additional skin sites 
were injected with histamine, compound 48/80 (a hist- 
amine liberator), serotonin (5-HT) and bradykinin (agents 
which act on vascular permeability independently of the 
release of histamine). Tissue reactions were scored as 
exudations of circulating Evan’s blue dye. Table 1 shows 
that this dose of antihistamine caused complete or nearly 
complete inhibition of the response to histamine, 48/80 
and the lysosome fraction, whereas the responses to 
serotonin and bradykinin were only partly inhibited. 
Other rats were injected intracutaneously with smaller 
doses of lysosomal extract and 48/80 (see Table 1). These 
animals were pretreated with a reduced dose (0-6 mg/100 g) 
of the antihistamine drug. Low doses of the antihistamine 
depressed the 48/80 response to one-third of its control 
value and that of the lysosome fraction to even lower levels. 
On the other hand, responses to serotonin and bradykinin 
were almost as large as the reactions obtained in untreated 
rats. It is thus reasonable to assume that the bulk of the 
inhibition of inflammatory response to the lysosomal 
fraction in our original experiment resulted from specific 
effects of the antihistamine. It seems clear that only a 
small part of the inhibition observed in rats treated with 
06 mg of antihistamine/100 g body weight can have 
arisen from non-specific actions of the drug. 

In an ancillary experiment, rats were injected intra- 
eutaneously with 0-5 ug of protein of the lysosome extract 
obtained from exudate PMN leucocytes (rabbit) and with 
the same dose of a protein fraction extracted in identical 
fashion from peripheral PMN leucocytes of this species. 
Unlike the preparation from exudate cells, the lysosome 
fraction derived from circulating leucocytes fails to disrupt 
mesenteric mast cells in vitro. Investigations now in 
progress (Janoff, A., and Seegers, W., to be published) 
show that the mastocytolytic component of the lysosome 
is present in circulating PMN leucocytes in an inactive 
form and becomes activated in cells which appear in 
exudate fluids. The lysosome fraction prepared from 
peripheral PMN leucocytes, as expected, was not in- 
flammatory in rat skin. 

Finally, cutaneous inflammatory responses to the 
lysosome fraction were compared in rats and rabbits. In 
the former species mast cells abound in the skin; however, 
in rabbit skin their numbers are considerably reduced. 
The lysosome fraction (5 ug of protein/skin site) and 48/80 
(0-5 ug) produced nearly maximal exudation of circulating 
protein-bound dye within 10-15 min (4+ reaction), but 


Table 1. EFFECT of CHLORPHENIRAMINE MALEATE ON INFLAMMATORY 
REACTIONS IN RAT SKIN 
No. Average response/ug of agent injected 
Pretreatment of Hist- rady- 
rats amine EPP* 48/80 5-HT kinin 
None 8 8+ to 44 to 54+/10 44+ to 34/10 
. 4+/2-0 5+/10-0 5+ /1-0 
6 mg chlorpheniramine/ 8 0/20 1+/100 1+ to 34/10 2+/1-0 
100 g body weight 2+ /1-0 
None k 2+/1L0 2+/05 3+/005 3+/05 2+/05 
0-6 mg chlorpheniram- 5 0/10 Trace/ 1+7 2+ to 1+ to 
ine/100 g body weight 05 005 $4+/05 2+/05 


&+, {ntense blue weal (raised), 20 mm or more in diameter. Trace, Faint 
bhae spot (flat), 3 mrm or less in diameter. 
>. aTi Leucocyte lysosome cationic protein fraction (prepared as described 
in ref. 1). 
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neither agent gave any skin blueing in rabbits at.the same 
doses and within the same time interval. Others have 
reported blueing reactions in rabbit skin treated with 
similar lysosome fractions, but the reaction is not im- 
mediate and requires about 2 h to reach its peak (refs. 5 
and 6, and Cochrane, C. G., personal communication). 
This response may result from a different component of 
the lysosome, which acts on permeability of vessels by a 
mechanism independent of mast cells. 

From these experiments, as well as those reported 
earlier?4, it is concluded that the immediate increase in 
vascular permeability in rat tissues treated with lysosomal 
basic protein results from the disruption of mast cells and 
the release of vasoactive amines. 

This work was supported by U.S. Public Health Service 
grants. 

AARON JANOFF 
Department of Pathology, 
New York University School of Medicine, 
New York. 
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Role of 3,4-Dimethoxyphenethylamine in 
Schizophrenia 


In 1962, Friedhoff and Van Winkle reported the detection 
of 3,4-dimethoxyphenethylamine (DMPEA) in the urine 
of schizophrenic patients but not in that of normal 
individuals!. Attempts to confirm these findings have led 
to conflicting results. Two independent groups have 
verified that DMPEA is indeed produced by a high per- 
centage of mental patients?*, but another has also found 
it in the urine of control subjects as well‘; yet others 
have been unable to detect it in either®.®. A recent report’ 
has presented a convincing correlation between the appear- 
ance of the “pink spot” equated with urinary DMPEA, 
and the diagnosis of schizophrenia. The interest in this 
specific base stems both from its close structural kinship 
to mescaline, a well established psychotogen, and from its 
implication in the metabolic chemistry of the endogenous 
catecholamines. 3,4-Dihydroxyphenethylamine (dop- 
amine) serves, in normal metabolism, as the precursor of 
noradrenaline and epinephrine, but it has been argued 
that an abnormal methylation might occur preferentially 
in psychotics. This specific conversion, yielding DMPEA, 
has been shown in vivo?’ Alteration of dopamine meta- 
bolism has been observed in schizophrenic patients® 
and this has been associated with abnormal transmethyla- 
tion’, An important question has not been answered; 
is DMPEA a psychotomimetic agent in normal human 
subjects ? 

This present communication reports a study conducted 
to ascertain the psychotropic efficacy of DMPEA in non- 
schizophrenic adult volunteers. Graded dosages of the 
amine hydrochloride were administered per os, at levels 
that ranged from 20 pg/kg to approximately 6-8 mg/kg 
body weight. Three experiments on three separate 
subjects were conducted at this highest level, and each 
received 500 mg of the amine salt. Yet another subject 
received a total of 900 mg distributed over a 7 day period. 
In no instance were any behavioural or psychotropic 
effects noted, nor were there any indications of autonomic 
disturbance. Analysis of the urine of one subject receiving 
100 mg showed that, although 3,4-dimethoxyphenylacetic 
acid was the primary excretory product and accounted 
for more than half the administered dose, unchanged 
DMPEA could still be detected from the original ingestion. 

If DMPEA is eventually established as a component 
characteristic of the urine of schizophrenics, its presence 
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must be interpreted as a result of a state of abnormal 
metabolism. The absence of any psychogenic properties 
speaks against its participation as a causal agent in the 
aetiology of the disease. 

Note added in proof. After this communication was 
accepted, a report appeared that presented experimental 
_@ data substantially in agreement with those presented here 

? (Hollister, L. E., and Friedhoff, A. J., Nature, 210, 1377; 

1966). 
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Gastric Hypersecretion following Intra- 
duodenal Injection of Pancreatic juice or 
Non-absorbable Antacid 


We have carried out a series of experiments intended to 
explain the increase in gastric secretion found in the dog 
when the pancreatic ducts are ligated or when all pan- 
creatic juice is diverted to the outside. This hypersecretion 
was first demonstrated by Greenlee’, who transplanted 
a segment of duodenum containing the principal pancreatic 
duct into a subcutaneous position where it could drain to 
the outside, and then anastomosed the residual duodenum 
end-to-end to re-establish intestinal continuity. This 
gastric hypersecretion was also found by MelIlrath? when 
the principal pancreatic ducts were ligated. Some authors 
feel that this phenomenon could be explained by gastrin 
released from the pancreas, but we think that obstruction 
to the duodenum with consequent release of duodenal 
and antral gastrin is responsible for the increased gastric 
secretion observed. 


CI Before pancreatic fistuic 


After pancreatic fistula 
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Rig. 1,- The two histograms show the mean volume and acid responses of the denervated 
gastric pouches in the seven dogs to a standard test meal of commercial dog food. The 
differences in-acid and fluid level were significant in each collection period (P <3 per cent). 
The ‘differences were even more significant in the last two collection periods (P< 0-1 
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Vig. 2. Instillation of pancreatic juice into the duodenum 80 min after 

a test meal produced a very significant increase in pouch volume and 

acid secretion compared with pre-instillation levels (P <(-1 per cent). 
Diagram shows mean values of all experiments on six dogs. 


To test our hypothesis we first prepared seven dogs 
with denervated gastric (Heidenhain) pouches. These 
dogs were fed test meals of standard proprietary dog food. 
The volume and total acid produced in response to the 
meals were measured every 10 min in each dog for two or 
more experiments. At a second operation a polyviny! 
catheter was inserted into the main pancreatic duct of each 
dog, after the accessory pancreatic duct had been ligated*. 
Pancreatic secretion was thus effectively diverted to the 
exterior without duodenal obstruction. The dogs secreted 
200-300 ml. of pancreatic juice daily, which was collected 
in balloons and fed back to the dogs. When the feeding 
experiments were repeated we found, much to our surprise, 
that the gastric secretory response to feeding was very 
significantly lower when the pancreatic juice was diverted 
to the outside than when it went directly into the duo- 
denum. The differences in fluid volume and acid production 
before and after creation of the pancreatic fistula in the 
twenty-one paired experiments were significant for each 
collection period (P <5 per cent). For the last two of the 
six collection periods the significance of the 
difference was even greater (P < 0-1 per cent) 
(Fig. 1). 

Since external diversion of pancreatic 
juice had reduced the secretion of the 
stomach in response to test meals, we wanted 
to know whether increasing the amount of 
pancreatic juice or alkali in the duodenum 
would stimulate gastric secretion. We took 
six more dogs with a denervated gastric 
pouch, this time with plastic duodenal 
cannulas. When we fed these dogs, collected 
gastric juice as before, then injected pan- 
creatie juice into their duodena, a very 
significant rise in gastric secretion immedi- 
ately became evident (P<0-1 per cent) 
(Fig. 2). This increase was also clearly seen 
after injecting a commercial antacid prepara- 
tion (‘Phosphalugel’) into fed dogs, or pan- 
creatie juice into the duodenafof fasting glogs. 

The fact that gastric secretion in response 
to a test meal as reduced when pancreatic 
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juicg was diverted to,the outside, and increased when 
either pancreatic juige or ‘Phosphalugel’ was injected into 
the duodenum, suggests that pancreatic secretion into the 
„ duodehum may, by elevating duodenal pH, release the 
duodenal gastrin destribed recently by Emås* and this 
release of gastrin is inhibited by acid®. 
~~ ae GEORGE STacHER 
First Surgical Clinic, 
Wenna, Aufgtria. 
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Isolation of Formaldehyde from Betaine, 
Dimethylglycine and Sarcosine 


HANDLER et al.t have observed an increased uptake of 
oxygen and a positive colour test for formaldehyde when 
dimethylglycine and sarcosine are incubated with a 
washed liver sediment. Mackenzie et al.? found that 
formaldehyde can be isolated as the dimedone derivative 
after incubation of dimethylglycine or sarcosine with 
liver homogenates. When choline and betaine were 
incubated with liver homogenates, formaldehyde was not 
isolated. 

Formaldehyde was demonstrated as an intermediate of 
betaine, dimethylglycine or sarcosine oxidation®. By using 
a trapping agent, formaldehyde can be isolated as the 
dimedone derivative when bacterial intact cells are in- 


cubated with betaine, dimethylglycine or sarcosine 
(Table 1). 
Table 1, PRODUCTION OF FORMALDEHYDE BY BACTERIAL CELLS 
0-1 molar potassium 3 per cent 
Substrate phosphate buffer, pH 7-4 sodium chloride 
Betaine 3-8 46 
Dimethylglycine 15 8-1 
Sarcosine 4:3 52 


The organism Achromobacter cholinophagum is grown 
on the medium‘ reported previously and betaine is used 
at a concentration of 0-5 per cent. 0:5 g of substrate 
is incubated for 30 min at 30° C on a shaker with 0-2 g of 
semicarbazide hydrochloride and 0-4 g of intact cells. 
The total volume of the incubation mixture is 100 ml. 
The yields of formaldehyde are corrected from the endo- 
genous activity and expressed as mg of the dimedon 
derivative isolated. The purified formaldemethone has 
the same melting point (188° C) as the authentic substance. 

It is apparent that three methyl groups of betaine are 
converted to formaldehyde by the isolated marine bac- 
terium‘, 

I thank Dr. D. R. Idler for advice during the course of 
this work. 

H. S. SHIEH 
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Electron Microscopic Investigation of the 
Shape of Fibrinogen Nodules: a Model for 
Certain Proteins 


Previous electron microscopic examinations with shadow 
casting revealed that fibrinogen consists of a beadlike 
sequence of between three and five nodules. These 
nodules are supposed to have a spherical appearance’, 
and to be between 30 A and 220 Al-*, Nodules of human 
fibrinogen derived from native blood were measured in two 
different directions after shadow casting and a difference 
of up to 20 per cent was noted in one of the nodules. It 
was therefore presumed that the configuration of the 
particles did not fully coincide with that of a spherule®. 
This communication reports investigations carried out on 
purified beef fibrinogen with the view of determining its 
form more precisely by the use of negative staining 
techniques. 

(1) A small drop of an aqueous solution of purified beef 
fibrinogen (6 mg/ml.) was placed on the surface of 1 per 
cent phosphotungstic acid (the pH was brought to 6-0 by 
addition of normal sodium hydroxide). Fibrinogen was 
spread on the sodium phosphotungstate surface and was 
then picked up by gently touching the surface with 
a specimen grid coated with ‘Formvar’. Any excess 
phosphotungstic acid was blotted with filter paper. 

(2) A drop of purified beef fibrinogen solution was 
applied to a specimen grid coated with ‘Formvar’ and 
excess fluid was blotted. A drop of sodium phospho- 
tungstate was then added and blotted. 

Under the electron microscope the particles of fibrinogen 
prepared in either of these ways showed considerable 
variation in size, in shape, and also in the pattern in 
which they were arranged (Fig. 1). 

A comparison of the electron microscope pictures of 
fibrinogen particles with a series of crystalloid forms 
revealed that the fibrinogen nodules are related to a 
pentagon-dodecahedron. Depending on the position of 
the three main axes of the dodecahedron, which are of 
different lengths, the particles appear to have various 
shapes, sizes and patterns (Fig. 2). A construction table 
of thirteen different views of a pentagonal dodecahedron 
in parallel projections™ led to the identification of about 
70 per cent of the observed fibrinogen particles as dodeca- 
hedrons (Fig. 2). Dodecahedrons could also be traced in 
thin sections of fibrin fibres fixed in osmium tetroxide 
and embedded in methacrylate and ‘Vestopal W’. The 
external diameter of the dodecahedral shaped fibrinogen 
nodules was about 230 A. Work is in progress to determine 
the exact lengths of the different axes of the fibrinogen 
nodules, which is a steric problem?*, 





Fig. 1. Bovine fibrinogen negatively stained with sodium phosphotung- 
state. The fibrinogen nodules are of a polyhedral shape. (xe. 172,500.) 
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There is a possibility that some contamination could 
have arisen from macromolecular matter within the 
fibrinogen material used. This can be excluded, however, 
because the structure building element of fibrin fibres pre- 
pared from purified fibrinogen and from native blood is a 

pentagon dodecahedral shaped particle of the size of the 

-@fibrinogen nodule’*. Another source of error could be a 

J change in shape of the protein due to the action of buffer 
substances or embedding medium. This can be excluded 
by using different embedding media and buffers when 
preparing the fibrin fibres for investigation. Barbital- 
sodium buffer, phosphate buffer and methacrylate, and 
also ‘Vestopal W° had no effect on the dodecahedral shape 
or size of the structural building units of the fibrin fibres*®. 
Work is in progress to investigate the influence of con- 
taminations on the shape of fibrinogen particles in different 
species. . 

It would seem that fibrinogen as well as a number of 
structural proteins of maramalians and micro-organisms 
exhibit a form which is most probably a pentagonal 
dodecahedron. There is a strong indication that some 
protein. components of the cell membrane, parts of the 
mitochondrial matrix, the ciliar filaments of ciliated cells 
and even myoglobin consist of elementary particles similar 
to a dodecahedron. The pentagon-dodecahedron model 
deserves special attention because it enables linear 
associations of model chains of different lengths to be 
constructed without changing the number of units 

$ involved by simply altering the mode of association of the 
units (vertex to vertex, edge to edge, or plane to plane). 
Steric branching of the chains is feasible and it is possible 
to construct helices with different pitch angles (Fig. 3). 

The steric possibilities of the pentagonal dodecahedron 
could be of importance for the functional properties of 
certain proteins. By merely tipping the dodecahedral 
models slightly it is possible to achieve a shortening or 
lengthening of the linear model chains of up to 17-5 per 
cent. With this tipping over mechanism, shortening of 
linear chains of proteins, contraction of cells, changes of 
volume between cell compartments or movement of cilia 
could be explained as an active process on a defined 
structure. When the dodecahedron models are arranged 
in a plane, gaps occur between the model units. These 
gaps widen or close when the units are rotated slightly. 
Such a mechanism could be the cause of differential 
permeability of membranes for molecules of equal sizes 
and symmetrically distributed electrical charges’®. By the 
suggested rotation mechanism it would be possible to mask 
or unmask active sites of structurally bound enzymes as 
well as the attackable sites of a proteinaceous substrate. 











0-05 um 


Fig. 2. Examples of fibrinogen nodules in different views which are in 
good agreement with the construction of the dodecahedrons in the middle 
columns. (x e. $33,350.) 
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Fig. 3. Examples of linear chains built up from dodecahedral particles, 
a, Vertex to vertex; b, edge to edge; c, plane to plane; and of helices 
with d, 72°, and e, 144° “intermolecular” rotation angle. 


Such mechanisms would be energetically favourable 
reactions. 

A considerable number of combined investigations with 
morphological, biochemical and biophysical methods will 
be required to determine to what extent the proposed 
model can be accepted. 

This work was supported by the Deutsche Forschungs- 
gemeinschaft. 
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Giessen, Germany. 
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Removal of the Chloroplast Fragments from 
Plant Extracts by the Octanol Flotation 
Method 


THE separation of some plant cell components is compli- 
cated by the presence of dispersed chloroplast fragments. 
Several procedures for removing these are used; they are 
based on the denaturation of these fragments, and include 
heating, precipitation by acids or alcohols':*, emulgation 
with chlorocarbons and (or) fluorocarbons®* and adsorp- 
tion techniques®*, All these methods facilitate the 
sedimentation of the chlorophyll containing material 
to the bottom of the centrifuge tube or at the interphase 
between denser solvent and water layer in the form of a” 
large cake. Such treatments, in addition to the variable 
denaturation of soluble proteins’, cause serious if not entire 
loss of the minor cell components as a result of co-precipita- 
tion. . . 
A new approach to fractionation of plant sap, deseribed 

here, involves the applicatfon of the flotation principle, 
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able 1. EFFICIENCY oy pax DIFFERENT CLARIFICATION METHODS 


e Percentage of leaf proteins remaining 
‘Treatment* Nicotiana tabacum L. Amaranthus 
d variety ‘Samsun’ caudatus L. 
= Octanol flotation 100 100+ 
+ Butanol td 7 74 
Chloroform 94 92 
‘Freon 113° 198 —t 


Aliquots of plant ext (in 0-01 molar citrate, 0-02 molar sodium salph- 
ite, pH 7-5) wore emulsified With 10 per cent (v/v) of the respective agents and 
coptrifi for 10 min at 10,000 r.p.m. Portions (10 ml.) of clear sap were 
mented for 50 min at 50,000 r.p.m. The pellets were redissolved and made 
to 1,000 ml. with 0-01 molar citrate, pH 7:5. The absorbancies at 260 mu 
were expressed as percentages, taking the highest values as 100. 
t The extract was not completely clear until the high speed centrifugation 
been carried out. 
$ The extract remains deep green even after repeated emulgation. 


not yet used in plant biochemistry. It permits simul- 
taneous separation of the plant sap constituents into three 
distinct zones; a top layer of chlorophyll, protein and 
lipid complexes; a bottom layer of cell wall fragments 
and starch grains (after the first low speed centrifugation) 
or of the gel-like proteinaceous sediments (after further 
high speed centrifugation). The clear water phase con- 
tains the soluble material. 

A simple flotation method, independent of the ionic 
strength of the water phase, can be realized as follows. 
Into the crude plant extract, containing 10 per cent (w/v) 
saccharose, n-octanol (or n-decanol) is pipetted in a 
quantity which depends on that of the original leaf 
material used. It was found that 0:05-0-1 ml. of octanol/g 
of wet weight is sufficient for most plants at any develop- 
mental stage. The mixture is well emulsified so that the 
chloroplast fragments change into distinct microscopical 
oily droplets. The emulsion is centrifuged for 15 min at. 
3,500g. Plant extracts containing natural stabilizers such 
as glycoproteins or surfactants (for example, saponins) 
must be centrifuged for 5-10 min at 10,000-20,000g. The 
compact jelly-like cake which forms on the top is scraped 
from the wall of the tube and can be obtained easily from 
the water phase by filtration through a fine nylon sieve or 
through gauze. A clear white starch pellet remains on the 
bottom of the tubes, and this is contaminated only on its 
underside by the rest of the cell fragments. 

In cases when the water phase is further subjected to 
differential ultracentrifugation it is advantageous to 
separate the large debris and the starch by low speed 
centrifugation before emulgation. The flotation procedure 
ean then be carried out with simultaneous opposite 
sedimentation of the particles in the ultracentrifuge. 

Comparison of the efficiency of different methods (Table 
1) shows that octanol flotation allows careful treatment of 
plant extracts. The specific properties of the method 
described could be applied to investigation or analysis 
of viruses or various plant constituents such as starch 
grains, membranes and enzymes. 

M. Grou 
Department of Plant Pathology, 
Institute of Experimental Botany, 
Czechoslovak Academy of Sciences, 
Na Karlovce 1, Praha 6. 
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Interaction of Thyroid Hormone with 
. Histone from Calf Thymus Nuclei 


in a previous investigation of the interaction of thyroxine 
with serum albumin! it was shown that cationic sites on 
the protein are involved in the binding reaction. We 
therefore thought it of interest to investigate the inter- 
action of thyroid hormone with basic intracellular proteins, 
such as histones. S 
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Fig. 1. Scatchard plot of the experimental data for the binding of T4 
and 'T3 to histone from calf thymus nuclei, at pH 7-4 and 30° C, ©, T4; 
©., T3, Equilibrium dialysis was used for investigation of binding. 
Dialysis was performed in 0-06 molar potassium phosphate buffer in a 
total volume of 10 ml. (5 ml. inside and 5 mi, outside the dialysis sac) 
containing 0033-0-54 umole of histone; 0-001187-0-280 umole of ‘T'4 
or T3 and 6-8 «moles of EDTA. An average molecular weight of 20,000 
was assumed for histone. 


The binding of thyroxine (T4) and triiodothyronine 
(T3) to histone was examined at 30°C in 0-06 molar 
phosphate buffer, pH 7-4, by means of equilibrium dialysis 
as described previously’, with the difference that the 
tubing used for dialysis had not been pretreated with nitric 
acid. T4 and T3 preparations, labelled with iodine-131, 
and slightly contaminated with inorganic labelled iodide 
(2-5 per cent) were used to determine the degree of 
binding to histone from calf thymus nuclei at pH 7-4 
and 30°C in 0-06 molar potassium phosphate buffer’. 
The histone preparation consisted of basie proteins only, 
because all the proteins migrated towards the cathode 
during electrophoresis on paper in glycine and acetate 
buffer, pH 8-6. The binding of thyroxine to cytochrome e 
(amorphous powder) from horse heart and with erystalline 
egg-white muramidase was also examined. 

Fig. 1 shows a plot of the results according to the 
Scatchard equation®?: ẸJA = nk — ký where 9 is the 
average number of moles of T4 (or T3) bound/mole of 
histone, A is the concentration of free T4 in equilibrium 
with bound hormone, n is the maximum number of moles 
of T4 bound/mole of histone, and k is the association 
constant for binding at each site. Fig. 1 shows that the 
binding affinities as measured by nk (the limiting value 
of X/A as ¥ tends to 0 in the equation) are 7-6 x 104 
l./mole and 2-5 x 104 1./mole for T4 and T3 respectively. 
Both T4 and T3 are bound at a large number of binding 
sites on the basic protein with relatively weak association 
constants. It was not possible to extend the points 
beyond those shown in Fig. 1 because of the insolubility 
of mixtures of the thyroid hormones with histone at 
higher concentrations of the hormones at pH 7:4. 

The binding which resulted at two different molar 
ratios of histone to hormone is shown in Table 1. There 
are apparently no strong specific binding sites for either 
T4 or T3 in the histone mixture (Fig. 1), but the results 
in Table 1 show that appreciable amounts of added 
hormone are bound under the experimental conditions. 
The binding characteristics for the interaction of T4 
and histone as shown in Fig. 1 are similar to those ob- 
tained by Laurence? for the binding of the anion 8-anilino- 
naphthalene-1-sulphonic acid to various histone fractions 
at pH 4-6. 

Thyroxine also bound to the basie proteins cytochrome 
c and muramidase (lysozyme) but with less affinity than 
it showed for histone. In the experimental conditions 





Table 1. BINDING OF THYROXINE AND TRITODOTHYRONINE TO HISTONE 
Molar ratio of Percentage of total ` 
Hormone histone : hormone hormone bound hi 
Thyroxine 475:1 RO 0-0017 
4:1 80 0-34 
Triiodothyronine 475:1 60 0-0013 
24:1 58 0-22 


* ¥, Moles of hormone bound/mole of histone. 
Equilibrium dialysis was carried out at pH 7-4 and 30° C in a total volume 
of 10 ml. as described in Fig. 1. The dialysis mixture contained a constant 


quantity of 0-54 umole of histone (5-4 10-* molar) and the quantity of <3 ¥ 


hormone was varied to give the molar ratios of histone to hormone listed in < 
the second column. i 
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described in Fig. 1, the binding affinities of cytochrome e 
and muramidese for T4 were about 40 per cent and 16 
per cent, respectively, of that observed for histone. 
Litwack‘ has shown that the interaction of both T4 
and T3 with muramidase leads to an inhibition of enzyme 
activity. 
The mechanism of the action of thyroid hormone is 
not known, but the hormone (T4 or T3) appears to have a 
direct stimulatory effect on the biosynthesis of cell 
protein’, This effect has been postulated to take place 
by the regulation of RNA synthesis in the nucleus’. 
Histones have been shown to inhibit DNA-dependent 
RNA synthesis’, and so the significance of the interaction 
of thyroid hormone and histone lies in the possibility 
that a specific histone and nucleic acid complex in the 
nucleus may be a site of thyroid hormone action. 
This work was supported by a grant from the U.S. 
Public Health Service. 
Mutton TABACHNIOK 
Niononas A. GIORGIO, JON. 

Department of Biochemistry, 

New York Medical College, 

Fifth Avenue at 106th Street, 

New York City, N.Y. 

1 Tabachnick, M., J. Biol. Ohem., 238, 1242 (1964). 

* Scatchard, G., Ann. N.Y. Acad. Soi., 51, 660 (1849). 

+ Laurence, D. J. R., Biochem. J., 98, 410 (1966). 

t Litwack, G., Biochim. Biophys. Acta, 67, 601 (1068). 


* Sokoloff, L., Kaufman, 8., Campbell, P. L., Francis, C. M., and Gelboin, 
H. V., J. Biol. Ohem., 238, 1482 (1963). 


* Tata, J. R., and Widnell, O. O., Biochem. J., 88, 604 (1966). 
! Huang, B. O., and Bonner, J., Proc. U.S. Nat. Acad, Sci., 48, 1216 (1962). 


Inducible p-Malic Enzyme in Escherichia coli 


D-Marıo acid is usually referred to as the unnatural form 
of malic acid and is considered to be metabolically inert. 
We find that extracts of Æ. cols cells which have been grown 
on, or in the presence of, p-malate contain an inducible 
D-malic enzyme which catalyses the reversible reaction (1), 
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Fig. 1. Pyridine nucleotide reduction by D- andL-malate, Each cuvette 
d= 06 om) contained in 1:50 ml which consisted of 100 wmoles of 
~amino, 2-methyl, 1,4-gropanediob hydronhiono acid buffer pH 00, 

4 umoles of magnesium de; 0-4 mg of TPN or DPN; 25 umoles of 

potassium D- or L-malate and 0 8 mg of extract. Reaction was started 

with enzyme and 5 wmoles of tra-EDTA added where indicated. 


DPN. The fact that DPN reduction proceeded beyond 
a malate dehydrogenase equilibrium position to 
completion ruled out either direct oxidation of p-malate 
to oxalacetate or a previous isomerization of D-melate 
to t-malate, which then reduced DPN. The slow and 
significant reduction of TPN by D-malate, ın contrast 
with its rapid reduction of DPN, was also consistent 
with the absence of isomerization of D-malate before 
its oxidation, since any u-malate formed would 
have rapidly reduced TPN. Finally, no conversion of 
p-malate to L-malate could be detected after 2 h of in- 
cubation with extract in the absence of added pyridine 
nucleotide. 


as well as a constitutive, partly inducible, L-malic enzyme— Although not shown in Fig. 1, the reduction of pyridine 


(EC 1.1.1.40 t-malate: TPN oxidoreductase, decarboxy- 
lating) which catalyses reaction (2). 


pD-Malate + DPNt=pyruvate + CO,+DPNH+H* (1) 
L-Malate + TPN+=pyruvate +CO,+TPNH+H+t (2) 


E. colt (K12 or Crookes strain) was grown on a medium 
consisting of: 1-4 g of potassium phosphate (K,HPOQ,); 
0-6 g of potassium phosphate (KH,PO,); 0-2 g of 
ammonium sulphate; 0-02 g of magnesium sulphate 
heptahydrate/100 ml. of distilled water. D- or L-Malic acid 
(0-2 per cent), glucose (1 per cent) or glycerol (1 per cent) 
was added as the carbon source and the medium was 
adjusted to pH 7:0. After 24 h growth at 30° C, the 
cells were collected, washed once and extracts prepared 
by sonication and centrifugation at 20,000g for 30 min. 
The p(+) and L(—) malio acids, purchased from Calbio- 
chem, were more than 99 per cent pure. 

Fig. 1 demonstrates the oxidation of D- and L-malate 
by extracts of E. cols grown on D-malate in the presence 
of pyridine nucleotides, as measured spectrophoto- 
metrically. With L-malate, TPN reduction proceeded to 
completion, indicating the presence of L-malio enzyme 
catalysing reaction (2). On the other hand, DPN re- 
duction by 1-malate rapidly reached an equilibrium 
position catalysed by L-malate dehydrogenase (reaction 
(3)), then continued slowly owing to the “pull” exerted 
by endogenous oxalacetate decarboxylase activity (re- 
action (4)). The latter is probably that associated with 
the t-melic enzyme! and was inhibited by EDTA. 
D-Malate caused rapid and complete reduction of 


L-Malate + DPN+=oxalacetate + DPNH + Ht (3) 
Mgt+ 
Oxalacetate——> pyruvate + CO, (4) 


nucleotides by D-malate and of TPN (but not DPN) 
by t-malate was inhibited by EDTA and stimulated by 
Mgt+ or Mn++. p-Malic enzyme also required a mono- 
valent cation such as K+, NH,+ or Rbt for activity; 
Nat, Lit and Cs+ were inert. 

Further evidence for the occurrence of reactions (1) 
and (2) was obtained by measuring the products of oxida- 
tion of D- and t-malate by extracts with triphenyltetrazo- 
lium (TTZ) as the terminal electron acceptor (Table 1). 
The products of L-malate oxidation, which was stimulated 
by added DPN, were a mixture of oxalacetate and pyru- 
vate, which showed that oxalacetate decarboxylase, 
while appreciable, did not prevent some accumulation of 
oxalacetate. In the presence of TPN, t-malate was 
oxidized exclusively to pyruvate as required by reaction 
(2). D-Malate, in the presence of DPN (or TPN), was 
also oxidized exclusively to pyruvate, as required by 
reaction (1). Here the failure to detect oxalacetate could 
not be ascribed to oxalacetate decarboxylase activity. 
The amount of TTZ reduced was about 20 per cent less 
than the amount of the product(s) formed, indicating 


Table 1. PRODUCTS OF D- AND L-MALATE OXIDATION 


Additions TTZH Oxalacetate Pyruvate 
(umoles) 

None 0-01 0 0 

N 0-01 0 0 
DPN 002 0 0 
D- te o-18 0 0-36 è 
D-Malate + DPN 2°68 0 334 
D-Malate+ TPN 041 o 0-27 
L-Malnate 0 85 0 29 046 
I-Malate+ DPN 1-87 0 63 174 
L-Malate + TPN 5 98 0 7 52 


Each tube contained. 100 umoles of diol buffer, H 0, 4 «moles of - 
nesraum chloride; 10 moles of glutathione; 5 mg o: 2, b5 mg od D-Mmala 
grown cell extract and, as indicated, 50 ~zmoles of potassium D- or I-malate 
and 02 mg of DPN or TPN. Velume was 10 mi. Incubation was fot 30 
min at 30° C. 
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e able 2. EYFEOTOF CARBON SOUROH ON ENZYMN ACTIVITY 


e Carbon source 
Enryme D-Malate L-Malate Glucoso Glycerol 


D-Mallc engyme 
L-Malio dehydrogenase 
Fumaraso 
Aconitase 44:8 
9 dehydrogenase * a 21 
444 403 882 


Vathes are s activities, 100 44 ss/min f protein (4As for 
nyie n poeifio siminjmg of p (bA us 


that some reduced pyridine nucleotide was oxidized. by a 
competing pathway. 

The effect of various compounds utilized as carbon 
source for growth on the activity of D- and 1-malic 
enzymes in cell extracts was examined. As & control, the 
levels of several other enzymes—t-malate, d-isocitrate 
and luctate dehydrogenases, aconitase and fumarase— 
were also measured. It is seen (Table 2) that the formation 
of p-malic enzyme was induced only by D-malate and not 
by r-malate, glucose or glycerol. With cells grown on the 
last three compounds, the concentrations of p-malic 
enzyme were so low that they could not be measured by 
direct optical assay because of traces of DPNH oxidase 
activity in the extracts, and the TTZ reduction test had 
to be used. L-Malic enzyme and L-malate dehydrogenase 
were present in appreciable amounts in cells grown on 
glucose or glycerol and both enzymes were induced by 
growth on D- or r-malate. Some induction of fumarase 
and aconitase, but not of d-isocitrate and lactate dehydro- 
genases, by D- or L-malate was evident. It may be con- 
cluded that the structural gene for L-malic enzyme can be 
regulated independently of the gene for p-malic enzyme 
and that these genes are probably not on the same operon. 

These experiments demonstrate the presence of an 
inducible enzyme in H. colt which catalyses an oxidative 
decarboxylation of D-malate to pyruvate and carbon 
dioxide in the presence of DPN and mono- and di-valent 
cations. We have also found that this enzyme is present 
in & number of other micro-organisms—A. aerogenes, 
Pseudomonas fluorescens and Huglena gractlis—grown in 
the presence of p-malate and that it occurs as a consti- 
tutive enzyme in Rhodospirillum rubrum. p-Malic enzyme 
accounts for the ability of these cells to grow on D-malate 
as a source of carbon by converting p-malate to pyruvate. 
Growth then occurs on the latter compound. The occur- 
rence of a gene for D-malic enzyme, usually unexpressed, 
in a variety of cells is of interest, but its significance is 
obscure, for D-malate is not known to occur as a natural 
product. p(+)-f-Isopropylmalate is an intermediate in 
leucine biosynthesis* and undergoes an oxidative decar- 
boxylation to a-ketoisocaproate. This compound, how- 
ever, reacts poorly with D-malic enzyme. DL-B,8-Dimethyl- 
malate is oxidatively decarboxylated to a-ketoisovalerate 
by a soil micro-o ism grown on pantothenate as 4 
carbon source?. Although this compound is oxidized by 
D-malic enzyme, there is no reason to believe that the 
latter is involved in pantothenate catabolism in Æ. colt. 
It is noteworthy that all three p-malate enzymes, like the 
inducible L-malic enzyme of L. arabinosus‘, utilize DPN 
as co-enzyme. The purification and properties of D-malic 
enzyme are under investigation. 

This investigation was supported by a grant from the 
U.8. Public Health Service. 

JOSEPH R. STERN 
C. 8. HEGRE 
Department of Pharmacology, 
Bchool of Medicine, 
Western Reserve University, 
Cleveland, Ohio. 
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PSYCHOLOGY 


Eye Movements and Electroencephalogram 
Activity during Sleep in Diurnal Lizards 


In & recent study of the sleep behaviour of a reptile 
(tortoise) it has been reported that a paradoxical or rapid 
eye movemont stage was not observed during extended 
periods of aleep!4. Eye movement patterns of the turtle 
family are not so prominent as are those of certain other 
reptilians, for example the chameleon, a diurnal lizard. 
Assuming that the organization of eye movements in the 
waking state might be reflected during sleep, and because 
the lizard is phylogenetically more advanced than the 
turtle, we studied the sleep pattern of two species of 
chameleons: Chameleo jacksoni and O. melleri. Not only 
are their eye movements of extraordinary range, but their 
visual acuity is also superb. Retinal structure is claimed. 
to be superior to that of man®, 

Observations of four lizards (two of each species) were 
made for periods of 2—4 h at frequent intervals and during 
all phases of their circadian sleep—waking cycle for a 
6-8-month period. For each lizard specific minute to 
minute observations were recorded of eye movements of 
both eyes but mostly of one eye, together with lid size 
and closure, and body position during a number of 2-3-h 
sleep periods. After several months of direct observation, 
stainless steel wire electrodes, insulated except at their 
tips, were implanted for chronic use in the brain sub- 
stance of the two O. melleri anaesthetized with ether. 
Small burr holes were made and the implanted electrodes 
fixed to the skull with dental cement. Additional chronie 
electrodes were placed in the cervical muscles and the 
muscle mass at the root of the tail. Electroencephalogram 
(EEG) and electro-oculograph resordinge were obtained 
intermittently for 3-4 weeks in both animals; some 
recording sessions lasted for as long as 8 h. Histological 
verifications of electrode placoment sections were made of 
both brains. In one, the electrodes were in the forebrain, 
in the other in the optic chiasm. 

Chameleons are slow-moving, arboreal lizards with pre- 
hensile tails. They capture their insect prey through @ 
combination of their extraordi visual acuity, wide 
ranging flexibility of oculomotor control (200° horizontal 
travel for each eye) and highly acourate tongue propelled 
with lightning speed at a target distance of up to 
18 in. : 

In the hours just before sunset, the animal typically 
settles on a branch, curls up his tail in watch-spring 
fashion, and remains still, though constant independent 
scanning eye movements of varying amplitude persist. 
During this pre-sleep state the lizard will not attack 
insects and will even ignore those which alight on its 
body. Progressive relaxation occurs. The head and the 
belly come to rest on the branch; the clawed feet assume- 
a loose straddling position and no longer grasp the branch 
tightly. Shortly after sunset the circular eyelids close, 
eyeballs are retracted and the animal appears to be asleep. 
Unless disturbed, the animal will generally remain in this 
position throughout the night. 

During this behavioural sleeping state, rapid eye move- 
ments can be clearly observed beneath the closed lids. 
The eyes move independently in all meridians in brief 
bursts for 1-7 min. Occasionally, eye movement periods 
with closed lids during sleep last 12 min. Between the 
eye movement periods, there are periods of no eye move- 
ments of similar variable length. In addition to the closed- 
lid periods of eye movement, open-lid periods of eye move- 
ment also occur during which the other eyelid may 
remain closed. Thus, either eye may act as a sentinel 
over short periods. During this uniocular scanning, no 
change in the sleep posture is noted. The latter half of the 
night’s sleep has not been systematically monitored, but 
periods of rapid eye movement appear to be definitely less. 
frequent. 
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Fig. 1. Telencephalic EBG recordings of the three identiflable states of consciousness in 
Paper per aped. lines A to D—10 mm/sec; Hne E—25 mm/se0,) Underlinings 
spikes geen ponent dar during sleep. Arrow on line D identa- 
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the chameleon. 
mark bursts of hi 


fles onset or stimulation by light flash. 


The resting muscle tone recorded from the dorsum of the 
neck, and the dorsal and ventral tail musculature, show 
little change during sleep. At no time is there a sharp 
diminution or disappearance of muscle potentials. 

The EEG tracings were recorded from electrodes in the 
telencephalon. Three physiological “states” of con- 
sciousness associated with distinct EEG patterns can be 
reco The differing EEG patterns remain fairly 
uniform through the entire sleep period (see Fig. 1): 

(1) Alert or vigilant (observed after body movements or 
following stimulation by light or touch). During this state 
rhythmic EEG activity occurs at 10-12 o/s with a mean 
amplitude of 30-35 uV. Periods (1-10 sec) of desynchron- 
ized. activity at lower amplitudes interrupt the regular 
rhythmicity. These periods tend to be longer during 
extreme vigilance. 

(2) Resting or drowsy. The EEG pattern isvery regular at 
7-9 c/a and 35-45 uV in amplitude. As sleep supervenes, 
4-6 o/s higher voltage spikes appear in the tracing. 

(3) Sleep. The rhythmical activity slows to 6-8 o/s 
and alternates with lower voltage 13-18 c/s waves. The 
bursts of 4-6 c/s high-voltage “spikes” of 60-80 pV are 
more frequent and are superimposed on the latter activity. 
These clusters occur every 6-12 sec, are quite distinct and 
completely disappear with a return to vigilance. During 
rapid eye movements with closed lids, d the sleep EEG 
activity seems to persist unchanged. If the lids open in 
response to a light flash, the EEG reverts to either a 
resting or vigilant tracing, although no change in the sleep 
posture is seen. 

Hesrt rate was generally observed to be 18-22 beate/min 
when the animal was awake and 11~14 beats/min when 
asleep. 

These observations establish that from EEG activity 
there is in the chameleon a waking (vigilant) state and 
two other levels: a drowsy (resting) and a sleep state. 
More detailed investigations of the chameleon are required 
before it is finally established that the sleep record bears 
no relationship to the periodicity of the mammalian EEG 
sleep record’. Independent (that is, non-conjugate) rapid 
eye movements ocour during sleep of the chameleon, but 
so far no clear EEG change from the phase of rapid eye 
movement to that of no eye movement has been recorded. 
Additional electrode placements need to be monitored 
before this conclusion can be validated. 

Evidence of oculomotor functioning is behaviourally 
reflected during certain phases of sleep in mammals, and 
therefore atudies of the type of eye movements seen during 


sleep in lower species might clarify certain aspects of the 


state of rapid eye movement in the higher forms. For 
example, in all mammals studied, including man, voluntary 
(that is, searching) eye movements and involuntary (that 
is, reflex) eye movements are conjugate; however, in 
infra-mammalian vertebrates the former are disconjugate 
whereas only the latter are conjugate**. Thus, depend- 
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e 
ing on whethey it is conjugate gr aie 
conjugate, the patern of eye movement 
in the chameleon affords an indication 


oculomotor org&nization is operative 
during sleep. The eye movement 
pattern is clearly Sisconjugate duffhg 
sleep in the chameleon, and therefore 
the notion is supportéd that jhe 
prevailing oculomotor patterns existing 
in the waking state are also seen in the 
sleep state. Accordingly, it can be 
speculated that, during rapid eye move- 
ment sleep in man, eye movements are 
mostly of a voluntary type? and 
not reflex in nature. It has been shown, 
however, that occasionally the dream 
content in man may mimic stimulus, 
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reflex eye movement patterns at which 
time they are observed’. 

We thank Dr. Herndon G. Dowling, curator of reptiles, 
the New York Park Zoo, New York, for valuable assistance 
throughout this study; he procured the chameleons and 
demonstrated the details of their brain anatomy. 
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Satiation and Exploratory Activity 


In his interesting article “Effect of a Previous Explora- 
tory Activity on the Exploration of a Simple Maze’’, 
Dr. M. S. Halliday states that most theories suppose that 
the motivation involved in exploratory activity 18 aroused 
directly by novel stimuli, and that the strength of the 
motivation involved will therefore have little or no 
relation to deprivation. The other type of theory, by 
contrast, suggests that motivation might build up ın the 
rat when it 1s not explorimg and would be reduced by 
exploration. Thus exploration of one environment should 
reduce the motivation and so reduce the amount of 
exploration, immediately afterwards, of another quite 
different environment. If, on the other hand, the motiva- 
tion is aroused primarily by the stimul in the environment, 
exploration of one environment should not reduce explora- 
tion of another dissimilar environment. 

One important object of research on learning with rats 
is to provide a model for learning in more complex 
organisms, including human beings. It is useful to 
formulate the paradigm as explicitly as possible, even if 
the experimental design minimizes the effect of some of 
the variables. A more explicit theory? of the first class Gan. 
be put forward, based on experiments like those of Harlow 
on monkeys, and their counterpart on human beings, that 
there is a basic drive, as fundamental as the ey 
biological drives and much more resistant to satjptipn, to 

“process information effectively”. As part of this aaa 


it is postulated that ‘fin element of uncertainty is a « 
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powesful factor ın determining whether an activity will be 
sought out, and whether it will be continued once initiated. 

Provided the haan te is not too great, so that the 

of handling ıt in any effective 

fashion, and provided that there appears to be some 

pattern of resolution of the uncertainty, 1t can be regarded 
critical characteristic of many activities’’*. 

Much of thg force of this theory turns on the interpreta- 
tidg of “effectively”. The interpretation of this term is 
discussed in some detail in the original paper. It will be 
clear, however, from the outline just given, that Dr. 
Halliday’s results would agree with the predictions from 

“this theory, given certain additional stipulations about the 
nature of the “information” and the degree of sophistica- 
tion of the rat. One would usually simply welcome a 
confirmation of a theory without further comment; how- 
ever, there are two points which should perhaps be made 


ao this stage of the research, particularly because Dr. 


Halliday’s tasks are simpler, from an informational stand- 
point, than many others which might be used later, either 
for other organisms, or even for other rats: 

(1) If the information processing theory is more 
adequate than the ‘‘novel stimuli” or “curiosity” form of 
explanation, then Dr. Halliday’s results may not always be 
confirmed with experimental subjects of greater complica- 
tion than rats, or with rats in a more complicated explora- 
tory situation, or even with some of the rats in his study. 
This is important, because a repetition of the study by a 
different investigator with some changes in the subjects, 
the environment or the conditions might produce a less 
convincing result, thus weakening his primary conclusion 
—which in my opinion is sound. 

(2) The slight and non-sigmificant difference between 
the groups in the final 30 sec of the second trial may be 
more umportant than it appears at first sight, and Dr. 
Halliday may be doing his experiment less than justice 
in dismissing 1t as “‘too slight to merit much attention”. 
In view of the bearing which it might have on the nforma- 
tion processing activity it should be followed up with 
perhaps & larger number of subjects and/or a different 
method of statistical analysis. 

D. C. Fraser 
Memonal University of Newfoundland, 
St. John’s, Canada. 
1 Halliday, M. S., Nature, 208, 432 (1966). 
2 EARE 0., Basto Concepts m Modern Psychology (Heffer, Cambridge, 
1 Fraser, D. 0., Audio- Visual Language J., 3, 2 (1065). 


After Effects from Entoptic Movements 


THE well known after effeot of movement is normally 
generated by moving the images of external objects 
across the retina’. The present study shows that an after 
effect can also be generated by moving the retinal images 
of internal (entoptic) structures of the eye. These struc- 
tures are normally invisible, because of selective retinal 
adaptation, until their shadows are artificially made to 
move across the retina. 

Two such fixed structures are the retinal blood vessels 
and ‘‘Haidinger’s brush”. 

The receptor cells he at the back of the retina, behind 
the blood vessels and other structures. A receptor lying 
behind a blood vessel is always in shadow, eo it is per- 
manently adapted to a slightly more sensitive level than 
its neighbouring receptors. If the shadows are made to 
scan across adjacent receptors, a whole tree-like pattern 
of blood vessels becomes visible. This can be done by 
putting illumination through the sclera, and by oscillating 
the light source. The pattern dies away rapidly when the 
motion of light and shadows is stopped, presumably 
Because of selective adaptation. 

We were the two subjects. The head was clamped by 
a bite bar and the left eye shaded. The real image of a 
bright source of light was cast Sn the sclera of the right 


NATURE 


y 
DECEMBER 31, 71966 vom 2i2 ‘ 


eye, near the temporal margin. Tho i e was made to 
scan downwards across the sclera and fly back, being 
suppressed during flyback, at a rate of 1 e/s. Ths 
trans-scleral hight illuminated the retina, so that the 
pattern of blood vessels was seen moving repetitively 
upwards through an estimated 5-10 min of visual arc. 
The visual field was made totally dark, apart from the 
shadows of the blood vessels, by means of half a blackened 
table tennis ball placed close to the eye, leaving & small 
area of sclera exposed to receive the scanning image. 
Unfortunately, it was impossible to exclude some parts of 
the stimulating apparatus from the peripheral visual field. 

After scanning for 30 sec the image was held stationary 
on the solera. 

A pronounced downward after effect was observed, 
taking the form of a downward drift of the entire tree- 
like pattern. Both the pattern and the drifting after 
effect persisted for 2—10 sec. 

If the image scanned the sclera upwards, the shadows 
were seen to move downwards and the after effect was 
upwards, as expected. If the image moved to the left, 
the shadows moved to the right and after effect was to 
the left, also as expected. 

The after effect is not unexpected. The necessary con- 
dition is movement of images across the retina, and 
although the blood vessels themselves are stationary, their 
shadows do scan across the retina under these conditions. 
This result conflicts with that of Wohlgemuth?, however, 
who found that uniform translatory movement of the 
entire visual field produced no after effect. It ia just 
possible that in the present investigation the after effect 
would not have appeared without the apparatus visible 
in the extreme periphery, but this seems unlikely, as the 
after effect covered the entire visual field, not just the 
visual area near the apparatus. 

Haidinger’s brush? is a small shadowy object which 
subtends a visual angle of 2°-3°, shaped like a bow tie 
or spindle, which is seen on viewing s bright uniform field 
of plane polarized light. The plane of polarization must 
change continually, otherwise the brush fades in about 
0-5 sec, presumably owing to selective adaptation. This 
phenomenon is the only known way in which the verte- 
brate eye can detect the polarization of light. It is prob- 
ably due to unidentified dichroic structures in the fovea, 
perhaps in the cones themselves. 

An aluminized screen was illuminated by blue polarized 
light. A piece of ‘Polaroid’ and a deep blue filter were 
held in the projection beam, mounted in a ball race and 
rotated at 1 rp.s. On viewing the screen, the observer 
saw Haidinger’s brush within the foveal visual field, 
rotating in the same direction as the ‘Polaroid’. After 
30 sec the rotation of the ‘Polaroid’ was stopped. A brief 
(less than 0-5 sec) but pronounced after effect of apparent 
rotation in the opposite direction was reported. 

This work was carried out under a research grant from 
the Science Research Council. 

S. M. Ansris 
J. ATKINSON 
Department of Psychology. 
University of Bristol. 
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AGRICULTURE 


Rapid Method for Saponification of Milk Fat 
and Subsequent Quantitative Estimation of 
the Lower Fatty Acids 
Tur quantitative estimation of the lower fatty acids of 
milk fat by gas-liquid chromatography has caused some 
difficulty in the past. The methyl esters, particularly f | 
methyl butyrate, are undesirably volatile. The free ae 
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have low volatilities which, in conjunction with association 
and adsorption on the column and apparatus, often result 
in long retention times and badly tailing peaks. In either 
case, standard deviations of estimates tend to be large. 
In addition, the traditional procedures used for saponi- 
fication of milk fat are time consuming. 

Free fatty acids (C,-C,,) have been separated using a 
‘“ efficient column (stainless steel 5 ft. x 0-055 in. 
nal diameter) packed with 10 per cent ‘Carbowax 
į terephthalic acid on a silanized support?. The use 
‘ column for quantitative investigations has not 
ported. In this laboratory we have developed a 
shod for quantitative gas-liquid chromatography 
r acids (C,-C,,) of milk fat based on this column 
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rshort chain (O,-C,) acids. Tem 
flow, 60 ml./min; column, see text. 


ture, 165° O; 
of the method of Keeney* was used to 
rapidly. 0-3 g of well mixed fat were 
D ml. of a solution containing 50 mg of 
froxide per ml. of isopropanol for 30 min 
nd-bottomed flask. The solvent was then 
Fer reduced pressure at 80° C, the soaps 
fad the free acids extracted with 6x1 ml. 
t diethyl ether. The ethereal solution was 
Ated at 52° C and 0-7 ul. were injected on to the 
ography column. The conditions for gas-liquid 
orap of the free fatty acids (C,-C,,) are shown 
able 
xcollent separations of C,-C,, acids were obtained on 
is high efficiency column in 10 min, and quantitative 
peasurements for five injections of a standard mixture of 
cids were in good agreement (Table 2). In addition five 
)'3 g portions of a sample of butterfat were each saponified 
‘separately and analysed for O,-C,, acids by gas-liquid 
chromatography. The agreement between measurements 
was satisfactory in this case also (Table 2). 


Table 1. CONDITIONS FOR CHROMATOGRAPHY OF Frar Aoms CeO 


Qhromatograph Eye pan chromatograph. 
Column dimensions 6ft. x PO 4 om internal diameter 
60/80 mesh acid-washed, dimethyl dichloro- 
Ph ane trentea “Chromosorb W”. 
ZO RT cent ‘Carbowax 20 Af’ terephthalic actd. 


l Bold support 


Stationary phase 
Column temperature 


Carrier gas Argon at 75 mi /min 
Detector Flame AeA a 
Analysis tume About 10 min. 
Table 2 COMPOSITION OF FATTY AcID MIXTURES 
Standard mixture Acids an butterfat 
Acid Alean area Mean area 
per cent S.D." per cent S.D,* 

Butyrlo (C4) 19-81 +038 18:98 +28 
Capro: (0-8 10 08 +007 15-48 £0°84 
Caprylic (C-8) 8:92 +088 16-03 +018 
Caprio e338} 30-78 £036 24°24 £015 
Laurio (0-12) 29-47 +0 47 81-32 +0-24 
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Although our quantitative work has bepn limited , to 
milk fat we have noticed that this column is@ffective at ° 
lower temperatures in separating C-C, acids, including 
iso-C, and iso-C, (Fig. 1). With longer columns and & 
smaller proportion of stationary liquid to s8lid support 
it should be possible to obtain complete separation of 
iso-C, from C; m a very short time. Packed eqlufnns with 
this very stable stationary phase could then be used to 
give rapid quantitative separations of rumen acids. ° 

Further details of this work will be published elsewhere. 


K. HUTTON 
R. C. SEELEY 


Department of Agricultural Biochemistry, 
University of Newcastle upon Tyne. 
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ANTHROPOLOGY 


Africa and Pleistocene Overkill? 


Dr. Marntin’s paper! calls for comment, both on questions 
of fact and of interpretation, at least in regard to what he 
writes about Africa. 

It is a pity that he bases his faunal data on the book by 
Cooke’, which was written in 1963 and published before the 
volume on Olduvai Gorge (published in 1965)*, ın which 
there was revision of some earlier studies as well as the 
publication of various new genera and species. Dr. 
Martin does give this latest volume in his list of references, 
but his only mention of it in the text appears to be “In 
Africa . . . certain authors have regarded drought as the 
cause of Late Pleistocene extinction” followed by a very 
summary dismissal of the idea. Moreover, there is no 
reference, either in the list of references or in the text, to 
the work of the two leading authorities on African 
Pleistocene faunas—Professor Arambourg of Paris and 
Professor Deitrich of Berlin. 

We are told that the lists of African genera shown in 
Table 2 consist of extinct and living African genera that 
are “estimated to exceed 50 kg adult body weight”, but, 
when we turn to the table, we find in Part A Oercopithe- 
coides, Parapapio and Lycyaena. What evidence is there 
that these two primates and this rather small hyaena 
weighed 50 kg? A large male Papio of any species 18 
almost certainly heavier than either Cercoptthecoides or 
Parapapio could have been, but the author does not allow 
Papito in Part O of his table. It would seem unlikely that 
Lyoyaena ever attained a body weight of 50 kg any more 
than Hyaena does today, but Hyaena is listed in Part C. 
The spotted hyaena Croouta certainly seems to qualify, 
but it ıs ẹ much more heavily built animal than the 
striped hyaena. One wonders whether there is any good 
reason to believe that Australopithecus weighed as much 
as 50 kg. It is also doubtful if it should be listed as a 
distinct genus from Paranthropus. Most people now 
allow the latter only sub-generic rank. 

Turning to Part B of the list, we find Stylohipparton and 
Eurygnathohippus treated as two separate genera. This 
ignores the evidence which was published in 1965 (ref. 3) 
that they represent one and the same species. Further- 
more, @ number of genera which are on record from East 
African Middle Pleistocene deposits and which became 
extinct at the end of Bed IV times are omitted. Presum- 
ably this is beoause Cooke’s outdated list? was relied on. 
For example, Xenocephalus, Thaleroceras and Parmularius 
are all missing while Pulttphaganoides is listed in Part A, 
whereas it was shown clearly, in the Olduvai volume’, 
that it is a creature which persists into the period covered 
by Part B. In Part A genera such as Nyanzachoerus, œ 
Ectopotamochoerus, Promesochoerus, Menelikia, are all 
ignored, which puts the whole piotre out of balance. If 
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coroparative gables of this sort are to serve any useful 

* purpose, they must be complete, accurate and as up to 
date as possible. I am aware that a few zoologists treat 
Strepstceros and Tragelaphus sa synonyms, but the 
majority d& not, and it is hard to see why the. wild 
ass of Somaliland and Abyssinia—Asinus—is omitted 
altogethér. , 

Dr. Martin uses the carbon-14 date for the carbonized 
wdod found in the Acheulean levels of Kalambo Falls as 
evidence to date the Acheulean sites at Bed IV Olduvai, 
Olorgesaihe, etc.; at these sites there is good faunal 
and geological evidence to support a much more remote 
age. Many prehistorians do not accept the Kalambo age 
of 58,000 B.P. as having any bearing on the age of the 
Acheulean cultures of Africa as a whole. There are two 
alternative possibilities which make it most dangerous to 
extrapolate from the evidence of this single site (which 
lacks fauna) in, order to attempt to date the Acheulean. 
These two possibilities are (a) that the Acheulean assemb- 
lage at Kalambo represents a persistence of a people 
making hand-axes in an isolated habitat, in the same 
way that certain tribes m Kenya’s northern desert 
areas were still using stone tools and assemblages which are 
scarcely distinguishable from Oldowan which evolved only 
a few thousand years ago; (b) that the carbon-14 date 
obtained from the wood may soon not be valid for the 
Acheulean culture found with it, because the site was 
waterlogged in Gamblian times and the wood may have 
become deeply impregnated with fresher carbon derived 
from the peaty waters. 

Turning next to the suggestion that it was Palaeolithic 
“overkill”, at the end of the Middle Pleistocene in Africa, 
that was responsible for the extinction of many genera, it 
may be possible that man, using such a hunting weapon 
as the bolas, contributed to the control of the herbivorous 
animals (in the same way that lions and leopards do), but 
one would have thought that neither played a chief part 
in causing the extinction. Had they done so, surely more 
of the numerous other genera which survived should also 
have been killed off. 

Part B of Table 2 (ref. 1) shows that, with very few 
exceptions, it was those genera that had become too big 
—the giant forms—whioch died out at the end of Bed IV 
times. It seems likely that, as the climate deteriorated at 
the end of Middle Pleistocens, the animals that needed 
the greatest number of calories suffered most, while their 
smaller contemporaries survived into the Upper Pliocene. 
We know from Hay‘ that, at the end of Bed IV times, 
there was a period of desiccation. 

Finally, if the activities of the Stone-age hunters are to 
be invoked to explain the extinction of large numbers of 
herbivores at the end of the Middle Pleistocene, and if in 
spite of these activities some fifty genera managed to 
survive into the Upper Pleistocene, it is difficult to explain 
why the much more numerous Upper Palaeolithic, Stillbay 
and Mesolithic hunters of the Upper Pleistocene and Post- 
Pleistocene times (equipped as they were with projectile 
points) had so little effect on the remaining fauna. Yet 
we know that when Europeans first arrived in the African 
game lands they found them teeming with herds of tens of 
thousands of very many species. 
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Constant in Duplicated Television Viewing f 


ConsipEr the proportion of the audience viewing tele<_ 
vision at some time ¢ who also view a given programme on ~ .¥, 
the same television channel at a certain time s on another 
day of the week. It is then known that for all different, 
times ¢ this proportion remains approximately constand 
In its most general form this finding is best expy 
by the empirical relationship da= krr: + 0-01 
the proportion ds: of the total population who vig 
channel at both times s and ¢ and the two audieng 
or “ratings” r, and re, where k is an empirical 
greater than 1. The part played by the cg 
programme in attracting an audience there 
seem to act differentially across the pop 
summed up simply by the level of the a 
attracts. 
This simple empirical finding suggests a 
in which the audience at any time s is regą 
by sampling the tth individual from theg 
with a probability which is related fix 
size r, at time 8 and second to the i 
intensity of viewing v;. The latter quay 
with the programme being shown and 
daily total hours viewed by the tth ind 
the hours viewed by the average indiv, 
Ignoring that in this model the ‘‘r 
without replacement from a finite 
that the probability pi, of the tth 
sth segment of time is given as a 
Pitt, Assuming now that tv 
different days are sufficiently far e 
to be independent, the proportion . 
n individuals who view at both tim: 
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where v; and vf are the th individual's int 
on the two days. The summation ter! 
stant for all pairs of times s and t, and 
relationship therefore agrees with 
result dy=kryr:. 

The constant k can be calculated eithe 
observed duplications ds, as k= Ldee/ Uren) 
summation is over all times s and t on 2 days, o) 
daily intensities of viewing vj, and vf, as k= 
where the summation is over all individuals 4. It ¥ 
shown that these two expressions are mathemat 
identical. 

Examination of English and American viewing d.i 
obtained by TAM, Research Services and ARB under 
variety of conditions—for example, both recent and fiv 
or more years ago, for all transmission times on differen 
days of the week, for adults in general as well as for house- 
wives and for the popular ‘‘set-on” type of audience 
measure, and for four different audience measurement 
techniques—has shown that the values of k for any pair 
of days can vary from as little as 1-2 to as much as 2-5, 
but the relationship ds:= krr; still holds within the 
average limits of fit of + 0-01. 

This possible explanation of the empirical duplication of 
viewing law in terms of the general intensity of people of 
viewing now provides a basis for examining the patterns of 
television viewing in general, and the wider implications | 
of this finding are being investigated. 
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